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Introduction: Proteomics to Study Disparities in Sepsis

	Each year, ~50 million patients worldwide (1.7 million of whom are Americans) develop sepsis,1 or life-threatening organ dysfunction as a result of a dysregulated host response to infection.2 This primary infection can be viral, bacterial, fungal, or parasitic.3 The most common infections include community-acquired pneumonia (CAP), intra-abdominal infections, and urinary tract infections (UTIs).3 If left untreated, sepsis can progress to septic shock, a state where cellular and metabolic abnormalities are severe enough to substantially increase mortality.2 Annually, ~11 million patients (~350,000 Americans) die from sepsis or septic shock.1, 4 However, disparities exist in sepsis mortality based on patients’ backgrounds and primary infection sources. Mortality rates are higher in African American/Black, Native Hawaiian, American Indian, and Alaskan Native populations compared to the Non-Hispanic White population.5-10 Interestingly, mortality rates in Asian American and Hispanic populations tend to be similar to or lower than that of the Non-Hispanic White population.9, 10 Additionally, intra-abdominal infections are associated with high mortality rates, due in part to a high number of pathogenic organisms located in the central part of the body.11-15 Socioeconomic and biological (e.g., differences in inflammatory or coagulant factors or allele frequencies) factors may contribute to these disparities, but the underlying mechanisms remain to be elucidated. This dissertation applies plasma proteomics to study molecular-level factors that contribute to positive sepsis survival outcomes in both Non-Hispanic White and African American/Black patients with primary intra-abdominal infections or UTIs. The following sections of this chapter will summarize known causes, characteristics, and factors contributing to sepsis survival and racial/ethnic disparities in sepsis. This chapter will also describe how plasma proteomics can be used to study these factors and recent technological advancements, challenges, and limitations of plasma proteomics.

1.1 Causes, Characteristics, and Prognostic Indicators of Sepsis
1.1.1 Primary Infections
	Sepsis can develop from any type of infection (Figure 1.1), but certain infections more commonly progress to sepsis, particularly CAP, intra-abdominal infections, and UTIs.3 Less common primary infection sources include skin, the central nervous system (CNS), and endocarditis.12, 13 Five to ten percent of sepsis cases may not have an identifiable infection source13, 16 due to the difficulty in diagnosing an infection and determining the causative pathogen.17 Rapid diagnosis of the primary infection source and sepsis is crucial so that treatment can be started as quickly as possible to prevent septic shock.17 
CAP and UTIs are primarily caused by the Gram-positive Streptococcus pneumoniae18 and the Gram-negative Escherichia coli, respectively.19 Other bacteria can cause CAP (e.g., Haemophilus influenzae) and intra-abdominal infections or UTIs (e.g., Enterococcus faecalis);14, 18, 19 however, E. coli is one of the most common causes of intra-abdominal infections.14 Fungal infections, such as those caused by Candida albicans, can also result in intra-abdominal infections or UTIs.14, 19
CAP results in over 1.5 million hospitalizations annually in the U.S. and refers to a lung infection that develops outside the hospital (i.e., the community) in a patient that has not recently been hospitalized.18 CAP disproportionately affects the elderly, with patients 65 years and older


Figure 1.1. An overview of the causative pathogens, infection sources, comorbidities, and patient and socioeconomic risk factors that contribute to sepsis heterogeneity. Abbreviations: CAP = community-acquired pneumonia; UTI = urinary tract infection. Created with Biorender.com.


ten times more likely to be hospitalized than patients younger than 65 years of age.20 CAP from S. pneumoniae infections are decreasing in incidence, partially due to many eligible Americans receiving the pneumococcal vaccine, but other bacteria and viruses are increasingly being identified in CAP patients.13, 18
	Intra-abdominal infections impact ~500,000 Americans annually12 and include various infections of different levels of severity and pathogenic sources.14 The most common subtype is secondary and tertiary peritonitis, followed by biliary tract infections, abscesses, and pancreatic infections.14 Sepsis secondary to intra-abdominal infections is more severe and carries a higher mortality rate than sepsis secondary to other primary infections, which may partially be a result of pathogenic organisms’ ability to thrive in this central part of the body and the subsequent pro-inflammatory host response.11-14  
	UTIs are highly prevalent both in the U.S. and worldwide, with an estimated 10.5 million and 150 million cases, respectively, each year.19, 21-23 Females and the elderly are particularly vulnerable to UTIs.21, 24 Approximately one in two women experience at least one UTI in their lifetime, as UTIs commonly recur.21, 24 UTIs are classified as uncomplicated UTIs, which affect otherwise healthy individuals, or complicated UTIs, which are commonly attributed to catheter usage.19, 25-27 Complicated UTIs may be more likely to develop into sepsis, as they are associated with additional factors compromising the urinary tract or host defense.19, 25-27

1.1.2 Sepsis and Septic Shock
Certain subgroups of the population, such as newborns, the elderly, people who are immunocompromised, people with chronic diseases (e.g., liver or kidney disease), and people with weakened immune systems (e.g., individuals with HIV/AIDS or diabetes), are at an increased risk of having an infection progress to sepsis or septic shock (Figure 1.1).28 Rapid diagnosis and treatment with the correct drug (e.g., anti-fungals for fungal infections, antibiotics for bacterial infections) are necessary to reduce that risk.
According to the Sepsis-3 guidelines, patients who have a suspected or confirmed infection are assessed using the quick Sequential (Sepsis-Related) Organ Failure Assessment (qSOFA).2 If sepsis is present, a patient will exhibit decreased mental capabilities, a systolic blood pressure of ≤100 mm Hg, and a respiratory rate of ≥22/min.2 Additional evidence of organ dysfunction lends to calculation of the full SOFA score. SOFA is a scoring system on a scale of 0-5 (with 0 being a normal adult and 5 being severely ill) that combines data from different organ systems (neurologic, blood, liver, and kidney) to assess their performance.29 A patient’s SOFA score increasing by 2 or more points is associated with a 10% increase in in-hospital mortality and classifies a patient as septic.2 While incredibly useful, SOFA has inherent limitations in that it cannot predict which individual patients will survive, and patients with certain pre-existing conditions (e.g., renal or respiratory failure) or elevated baseline levels of creatinine may be scored incorrectly.29 Therefore, it is important to take into account other factors, such as lactate levels and/or evidence of biochemical organ dysfunction (e.g., levels of C-reactive protein [CRP], prothrombin, or procalcitonin [PCT]), to diagnose sepsis.2 
A patient that is in septic shock is clinically defined as someone who needs a vasopressor to maintain an arterial blood pressure of ≥65 mm Hg and a serum lactate level >2 mmol/L in the absence of hypovolemia.2 Compared to sepsis, septic shock is also characterized by more severe deviations from normal in regard to levels of lactate and other biochemical markers previously mentioned.2 As a result, organ dysfunction is more severe and the number of failing organs is higher than in sepsis, leading to the death of >40% of septic shock patients in-hospital.2 
1.1.3 Molecular Characterization of Primary Infections and Sepsis
	On a molecular level, the host response to different primary infection sources is largely similar. Genome-wide expression profiling of the top 10% most variably expressed genes revealed that more than 1,000 genes associated with early mortality from sepsis are similar between fecal peritonitis and CAP.30 Cell death, necrosis, T-cell activation, and endotoxin tolerance were significantly enriched functions of these genes.30 The leukocyte transcriptional response revealed that over 4,000 genes (~20% of all genes measured) associated with sepsis were similar across six primary infection sources (respiratory, abdominal, urinary, cardiovascular, skin, and CNS).31 Among the most common infection sources (respiratory, abdominal, and urinary), ~70-75% of the genes that changed in sepsis patients were similar.31
	However, some differences in the host response to various primary infection sources have been noted. When comparing genome-wide expression profiling between sepsis secondary to fecal peritonitis or CAP, 263 genes (~11% of probes used to represent genes) related to interferon signaling and antigen presentation were upregulated in CAP.30 This difference may be due to some CAP patients having a viral infection instead of a bacterial infection.30 Also, a gene expression score specific to abdominal sepsis (innate immune-related genes NLRP1 and PLAC8, with the metabolic gene IDNK) was more effective at diagnosing abdominal sepsis than the FAIM3:PLAC8 ratio, a CAP-derived biomarker.32 Over 3,000 genes (~15% of all genes measured) in the leukocyte transcriptional response were unique to skin, abdominal, cardiovascular, or CNS infections.31 Hemostasis, cytokine signaling, the innate and adaptive immune systems, and metabolism pathways were also differentially regulated across the infection sources.31 Based on protein biomarker levels, patients with abdominal sepsis had a stronger inflammatory and cytokine response than patients with respiratory infections and less vascular integrity.31 Decreased vascular integrity was also observed in UTIs and cardiovascular and skin infections.31 Patients with abdominal infections and UTIs also had the highest coagulant levels.31 Sepsis secondary to CAP could be distinguished from sepsis secondary to intra-abdominal and bloodstream infections and UTIs through increased levels of glycerophospholipids and acylcarnitines.33 However, no metabolites could distinguish between sepsis secondary to intra-abdominal and bloodstream infections and UTIs.33 Sepsis versus septic shock could be distinguished in CAP with increased levels of putrescine and the glycerophospholipid PCaeC34:1.33 In intra-abdominal infections, this distinction occurred with an increase in symmetric dimethyl arginine and decreased levels of glycerophospholipids.33 However, in UTIs, metabolites could not distinguish sepsis from septic shock.33
On a molecular level, the pathophysiological mechanisms of sepsis are complex and not fully elucidated.34, 35 However, the host immune response is a key factor, with sepsis characterized as an imbalance between pro- and anti-inflammatory responses (Figure 1.2).34, 36 Upon infection, receptors such as Toll-like receptors (TLRs) enable host innate immune cells, such as leukocytes and epithelial and endothelial cells, to recognize pathogens through pathogen-associated molecular patterns (PAMPs).34-39 Inflammation becomes excessive and harmful to the host through the release of damage-associated molecular patterns (DAMPs).34, 35, 39-43 The binding of PAMPs and DAMPs to TLRs activate the cytokine storm, the complement cascade, and the coagulation system.34, 36, 44, 45 The effect of the innate immune system on the coagulation system (“immunothrombosis”) promotes thrombin generation and fibrin deposition while impairing anti-coagulant activity.34-36, 46 Simultaneously, sepsis is also characterized by a state of immune suppression, leading to the apoptosis of immune cells (e.g., B, T, dendritic, and antigen- presenting cells) and decreased pro-inflammatory cytokine production.34, 36, 39, 44, 47-50


Figure 1.2. In sepsis, receptors such as Toll-like receptors (TLRs) allow immune cells to recognize pathogen-associated molecular patterns (PAMPs; red dots on TLRs) to phagocytose pathogens. However, the binding of PAMPs to TLRs also activates the pro-inflammatory response, characterized by the cytokine storm and complement cascade. The immune system also promotes thrombin generation (“immunothrombosis”), with anti-coagulant activity impaired. Severe immune suppression simultaneously takes place, leading to immune cell apoptosis. This balance is precarious. Inflammation also impacts glucose metabolism, which switches macrophages between pro- or anti-inflammatory types. Altered metabolism also leads to the production of reactive oxygen species. Sepsis damages the endothelium system, leading to more permeable cell-cell junctions for pathogens to exploit for movement. Abbreviations: TLR4 = Toll-like receptor 4; PAMPs = pathogen-associated molecular patterns. Created with Biorender.com.

Metabolism is also altered in sepsis due to mitochondrial dysfunction, leading to the generation of reactive oxygen species.35, 36, 51-56 Altered glucose metabolism affects the activity of immune cells, such as M1 (pro-inflammatory) and M2 (anti-inflammatory) macrophages.52, 53, 57-59 Sepsis also damages the actin cytoskeleton of cells, impacting the stability of endothelial cells, cell-cell junctions, and vascular permeability.60 Overall, this unbalanced host response and excessive inflammation eventually leads to organ dysfunction and death.35, 61, 62 

1.1.4 Treatment Strategies, Prognostic Indicators, and Areas to Address
	Rapid diagnosis and initiation of treatment is essential, as the chance of advancing to septic shock rises 4-9% for every hour treatment is delayed.63 Broad-spectrum antibiotics are typically administered first, followed by an antibiotic specific to the causative pathogen.64 If a fungal infection is suspected, anti-fungals can be given instead of antibiotics.64 Intravenous fluids and vasopressor medications are also important treatment strategies.64 However, treatment is not straightforward, as time is of the essence and different fluid resuscitation strategies appear equally effective in treating patients based on 60-day mortality rates.65 
	There is not a definitive set of prognostic indicators for sepsis. Factors such as age, lactate and (anti)coagulant levels, SOFA score, type of infection (e.g., bacterial, fungal), Gram stain (for bacterial infections), and the presence of comorbidities can help determine a patient’s prognosis.66, 67 However, SOFA scores cannot predict individual patients’ prognoses,29 and determining the pathogenic cause is not effective timewise.17 The addition of molecules such as CRP, PCT, interleukin (IL)-6, and soluble urokinase plasminogen activator receptor have shown only moderate success in prognostication and have not been widely studied in clinical settings of large, diverse patient populations.68 It is also unlikely that a single molecule will be a sufficient biomarker to add to clinical measurements.68 Better prognostic indicators could therefore be crucial in developing more personalized and effective treatment strategies for sepsis. 
	Various ’omics studies have aimed to identify genes, proteins, and metabolites that could serve this purpose. Several molecules have been found that differentiate between a patient who will survive sepsis compared to those who do not as early as the point of hospital admission.69-78 These molecules are related to the following functions or pathways: inflammation; acute phase, host defense, and stress responses; complement system; coagulation and thrombolysis; transport and metabolism of lipids, bile acids, and fatty acids, specifically -oxidation, gluconeogenesis, glycolysis, and the citric acid cycle; lipid homeostasis and binding; oxidative stress; mitochondrial functions; iron ion transport; and cytoskeletal/cellular assembly and movement, particularly microtubule dynamics, cytoskeleton protein binding, and cartilage development.69-78 
These previous studies of sepsis survival have largely focused on Non-Hispanic White patients,72, 73, 75, 77 with a smaller number focusing on Brazilian patients (whose ancestral backgrounds were not detailed).69, 70 Only two cohorts have included Asian patients,71, 78 and only a single cohort has included African American/Black patients.74 Additionally, most of the patients in these studies had respiratory infections69, 70, 74, 78 or an unspecified bacterial infection.71, 73 Only two cohorts have included patients with primary intra-abdominal infections,72, 78 and none have included patients with primary UTIs. 
Therefore, there is an urgent need to examine factors that contribute to sepsis survival outcomes in diverse populations in terms of primary infection source and patients’ racial/ethnic background. While markers that are specific to different infection sources or patient groups may be helpful, prognostic indicators that are universal across heterogeneous sepsis patients will be the most useful clinically. Prognostic and diagnostic markers are needed given the urgency of beginning treatment and the difficulty of diagnosing infections. 

1.2 Racial/Ethnic Disparities in Sepsis 
1.2.1 Evidence of Racial/Ethnic Disparities in Sepsis 
Hospital data from several decades have suggested disparities in sepsis incidence rates between patient groups based on race/ethnicity. African American/Black sepsis patients have twice the incidence of sepsis, higher rates of hospitalization, and longer hospital stays than Non-Hispanic White sepsis patients.79-83 Hispanic patients appear to have similar overall incidence rates of sepsis compared to Non-Hispanic White patients.80 African American/Black patients are also an average of 9-10 years younger than Non-Hispanic White patients6, 84, 85 and Hispanic patients80 when hospitalized with sepsis. However, another study suggests that Black and Hispanic patients are both younger than Non-Hispanic White and Asian patients.84 Native American patients are younger than all other racial/ethnic groups when hospitalized with sepsis.86 African American/Black patients are more likely to develop sepsis secondary to surgical site infections than Non-Hispanic White patients,87, 88 Black patients who identified with a second racial/ethnic group,87 and patients with Asian, Native American, or other racial/ethnic backgrounds.87 Hispanic patients also have an elevated risk of developing sepsis after surgery.89
Racial/ethnic disparities in sepsis mortality rates have been demonstrated via hospital data from ~200,000 to ~2.5 million patients as recently as 2019 (Figure 1.1).5, 7, 9, 10 While African American/Black, Native Hawaiian, American Indian, and Alaskan Native sepsis patients have a higher rate of death from sepsis than Non-Hispanic White sepsis patients,5, 7, 8 Asian American and Hispanic/Latino sepsis patients have lower rates of death from sepsis than Non-Hispanic White patients.10, 90, 91 One study demonstrated higher mortality rates for all Non-White patients after adjusting for patient characteristics, but after adjusting for hospital characteristics, only Asian/Pacific Islander and Non-White, Black, Hispanic, or Asian/Pacific Islander patients had higher mortality rates.85 When stratifying by primary infection source, African American/Black patients have a higher incidence and fatality from genitourinary sepsis compared to Non-Hispanic White patients.83
It is difficult to characterize disparities among patients from other racial/ethnic groups due to a lack of inclusion or a generalizing of other groups. Multiple studies have classified all Non-White and Non-Black patients together as “other.”79, 81, 83, 85, 88 There are contradictory findings regarding if these “other” patients have lower or higher incidence rates than White patients,79, 83 or these patients have not been discussed.81 “Other” patients also appear to have higher rates of organ dysfunction and longer hospital stays;83 however, when stratified by specific groups, Hispanic sepsis patients have been reported to have shorter hospitalization stays than Non-Hispanic White sepsis patients, while Asian American/Pacific Islander and multiracial patients had similar length of stays.82
	There are limitations with several of these studies that may prevent the generalization of results. First, clinical definitions of sepsis and septic shock changed in 2016.2 Several studies selected patients for inclusion in studies based on patient coding with the International Classification of Diseases, Ninth Revision (ICD-9).6, 7, 79-81, 83 Although it is not expected that patients would be classified differently based on race, ICD-9 codes may incorrectly identify infection, organ dysfunction, and sepsis patients.6, 79-81, 83, 88 New ICD-9 codes for sepsis were introduced in 2002, which may have complicated reproducible patient selection.81, 85 This is especially true for older studies that examined patient data before 2002.79, 81, 83 ICD-10 was introduced in 2015, again changing coding for sepsis.7, 91 Other studies used multiple cause of death data, which includes deaths in non-hospital settings88, 90 and others only examined patient data from a limited geographical location.6, 7, 80, 81, 85 Adjusting for socioeconomic factors that affect disparities is also challenging.5, 6, 82, 85, 87 Lastly, the definition of race is not straightforward or similar across these studies. For instance, self-identification of race may be limited among critically ill patients,80 leading to biased or incorrect clinical assumptions.82 Therefore, larger studies of patients of various racial/ethnic backgrounds and geographical locations should be analyzed with standardized selection methods.
Notably, some studies have reported no disparity in mortality from sepsis based on patients’ racial/ethnic backgrounds due to inconsistencies in patient inclusion criteria and selection methods, data used, hospital type, and differences in socioeconomic variables.84, 92 Moore et al. concluded that mortality was similar between Black and White patients.93 Kokoefer et al. did not find differences in hospital or intensive care unit mortality across any racial/ethnic background but did find that Native American and African American sepsis patients were younger than Non-Hispanic White sepsis patients.86 The age at which patients are diagnosed or die from sepsis across racial/ethnic backgrounds is generally consistent with previous findings.6, 84, 85 Additionally, African American sepsis patients had the highest baseline creatinine level and SOFA score and lowest hemoglobin levels, while lactate levels were lowest in Asian American and Native American sepsis patients. This finding suggests molecular-level differences even if mortality rates are similar.86 An analysis of >1 million sepsis patients demonstrated that Black patients had a higher hospitalization rate for sepsis but lower hospital mortality rates than White patients.94 
	Disparities have also been observed in primary infections, except intra-abdominal infections, perhaps because of the heterogeneity of those infections. Racial disparities related to survival outcomes from sepsis secondary to intra-abdominal infections will be discussed in Chapter 2. Black patients have a higher rate of CAP than White patients and are more likely to have severe CAP,95, 96 while Hispanic patients have similar rates compared to White patients.96 Non-White patients have higher odds of developing catheter-associated UTIs than White patients.97 Black women have reported lower odds of recurrent UTIs compared to White women, but this may be attributed to underestimates of diagnoses in Black women.98 Non-Hispanic Black and Hispanic patients were more likely to be admitted to the hospital with UTIs than Non-Hispanic White patients, although comorbidities and neighborhood income levels largely explained this disparity.99 In Chapter 3, racial disparities in survival outcomes from sepsis secondary to UTIs will be explored. 
	The impact of race/ethnicity on sepsis survival outcomes is not well understood, as evidenced by contradictory findings. While most studies demonstrated disparities in mortality rates,5, 7, 8, 83, 94 others highlighted socioeconomic or other factors that explained disparities84, 85, 93 but not mortality.86 It is likely that in addition to socioeconomic factors, other biological and molecular-level factors also contribute to sepsis survival outcomes. This dissertation tests the hypothesis that proteins changing between sepsis survivors and non-survivors also have changes associated with patients’ racial/ethnic backgrounds.

1.2.2 Socioeconomic Factors and Comorbidities that Contribute to Disparities
	Several socioeconomic factors, both at the individual and community level, contribute to disparities in sepsis survival outcomes (Figure 1.1). First, geographical region may play a role, as sepsis mortality is highest across racial/ethnic groups in the southeastern U.S.91, 100, 101 Non-Hispanic White patients have higher mortality rates in Appalachian states and Nevada, while Non-Hispanic Black patients have higher mortality rates in California.91 South Carolina patients living in a medically underserved area (MUA) were more likely to be hospitalized with sepsis than those living in a non-MUA despite similarities in disease severity and comorbidities.102 Sepsis mortality rates were five times higher in Hawaii compared to Los Angeles, although this may be due to differences in healthcare and how deaths were coded.7 Patients in the northeastern U.S. have higher rates of recurrent UTIs than in other regions of the U.S.98 These findings may be due to individual level factors (e.g., age, comorbidities) more than community-level factors (e.g., number of physicians, unemployment rate).100
	Income level93 and insurance status are other factors that may associate with sepsis survival outcomes and may also correlate with each other. Black and Hispanic sepsis patients have been reported to more likely live in ZIP codes with high poverty rates compared to White sepsis patients.80 Similarly, individuals who lived in MUAs were reported to be more likely to have Medicaid, identify as Black, and be younger than those living in non-MUAs.102 Black and Hispanic individuals are also more likely to be uninsured.103, 104 Lower income levels and/or poor health insurance (or the lack thereof) may lead to the presence of many comorbidities, delayed care, and subsequently higher sepsis severity. 
	A Danish study showed that sepsis incidence is higher in patients with only primary or secondary education.105 In the U.S., patients with less than a high school degree are more likely to be diagnosed with sepsis106 and may be uninformed about the signs (e.g., fever, fatigue, severe pain localized to the infected area, sleepiness, mental confusion, shortness of breath)107 and severity of infection and sepsis in a timeframe essential for seeking treatment.103
	Process and quality of hospital care may also impact treatment and subsequent outcomes from sepsis. However, findings have been inconsistent regarding patients’ likelihood to be admitted to the hospital or intensive care unit (ICU) with sepsis based on racial/ethnic background.80, 108 Black sepsis patients were less likely to receive treatment consistent with guidelines compared to White, Hispanic, and Asian sepsis patients,84, 109 potentially a result of differences in hospital type (e.g., academic).84, 103, 109
	 Chronic conditions, such as diabetes, HIV/AIDS, and kidney and liver disease, increase patients’ risk of developing infections that lead to sepsis, having more severe disease progression, and dying from sepsis (Figure 1.1).110 These comorbid conditions may also contribute to racial/ethnic disparities in sepsis. Diabetes, HIV/AIDS, and kidney disease disproportionately impact Black patients while cancer and lung disease disproportionately affect White patients.6, 80, 83, 84, 111
While socioeconomic factors contribute to disparities in sepsis incidence and mortality, there are residual differences unexplained by these factors.6, 9, 10, 80, 84, 85, 102, 112 Understanding the biological response to infection may help explain these residual differences. However, there are few studies that examine molecular-level changes in sepsis in patients of diverse racial/ethnic backgrounds. In Chapters 2 and 3, proteomic factors that are associated with sepsis survival outcomes will be explored in geographically and racially/ethnically diverse cohorts of sepsis patients. Age and sex are accounted for in these studies, and differences in frequencies of comorbidities such as liver and kidney disease and diabetes were not observed (Section 1.2.2). However, due to small sample sizes, other socioeconomic factors discussed were unable to be addressed in Chapters 2 and 3. 

1.2.3 Biological Factors that Contribute to Disparities
Black and White CAP patients experienced differential gene activation related to zinc finger, metal binding, and iron homeostasis genes.113 In human endotoxemia models, healthy individuals of African descent had reduced procoagulant114 and inflammatory115 responses (specifically thrombin-antithrombin complexes, prothrombin fragments, D-dimer, factor Xa, IL-1 receptor agonist, CRP, and serum amyloid A) compared to healthy Caucasian individuals. Baseline levels of CRP were reported higher in Black compared to White individuals.116 African (Zulu) individuals also have higher baseline levels of factor VIII (F8) than Caucasian and Indian individuals and higher baseline levels of von Willebrand factor (VWF) than Indian individuals.117 Correspondingly, African American/Black women have higher VWF baseline levels than Caucasian women.118 African American/Black individuals also have higher baseline levels of F8, D-dimer, and plasmin-antiplasmin than Caucasian, Hispanic, and Chinese American individuals,118 while Chinese American individuals had lower levels of D-dimer.118 African American/Black and Chinese American individuals have lower levels of intracellular adhesion molecule 1.118 Two nephropathy risk alleles of apolipoprotein L1 (APOL1) common in African American/Black individuals are associated with a higher risk of developing sepsis.119, 120
Differences in inflammatory and coagulation genes and markers have all been characterized at baseline, in endotoxemia models, or in a primary infection, but not in the context of sepsis or septic shock. It is likely, therefore, that the host response to infection and sepsis in patients from a variety of racial/ethnic backgrounds (Figure 1.1) is highly heterogeneous.121 Analysis of diverse cohorts of sepsis patients is necessary to better identify factors that influence sepsis survival outcomes. In Chapters 2 and 3, discovery-based plasma proteomics is used to uncover molecular-level changes between survivors and non-survivors within and across racial/ethnic groups.

1.3 Proteomics Approaches 
	Proteomics is a powerful approach to study proteins and pathways related to sepsis survival outcomes and is reflective of the host’s condition more so than transcriptomics.122 Proteomics can aid in understanding factors that contribute to sepsis survival and help design personalized treatment strategies for sepsis patients, especially those from disparate backgrounds. The analysis of large cohorts (hundreds or thousands of patients) is needed for proteomics analysis.123 It may be easier to obtain larger sample sizes when working with plasma, as it is minimally invasive and relatively simple to obtain (in comparison to organ biopsies).124 However, automation of sample preparation and data acquisition is subsequently needed to facilitate this analysis. In the following sections, an overview of plasma proteomics and the value of automation strategies for plasma sample preparation will be discussed. In Chapters 2 and 3, semi-automated plasma proteomics was used for the analysis of patient samples.

1.3.1 Discovery-Based Plasma Proteomics
	Discovery-based proteomics is the study of all proteins (the proteome) produced in an organism, tissue, cell, or bodily fluid (as opposed to targeted proteomics that focuses on a specific protein or proteins).125-127 Information about protein expression, modification, transportation, interaction, and dysfunction can be obtained.125-127 Various techniques can be used in proteomic studies, such as Western blotting or enzyme-linked immunosorbent assays. However, liquid chromatography coupled to mass spectrometry (LC-MS) is the gold standard because it is high throughput, provides high mass accuracy, can identify thousands of proteins in a complex sample, and does not require antibodies.127 As used in this dissertation, discovery-based proteomics commonly relies on shotgun proteomics, wherein peptides from biological samples are analyzed via LC-MS to provide information about the corresponding proteins.
Plasma is mostly comprised of water (~90%), but includes other components, such as tissue leakage and IL proteins, mineral salts and ions, carbohydrates, nucleic acids, and metabolites.124, 128, 129 Plasma is collected by adding anti-coagulants (e.g., ethylenediaminetetraacetic acid or lithium-heparin) to whole blood followed by centrifugation.130 The complexity of plasma presents significant analytical challenges. For example, the dynamic range of plasma protein concentration is greater than ten orders of magnitude, ranging from serum albumin at mg/mL levels to IL-6 at pg/mL levels, requiring front-end sample preparation strategies prior to MS analysis.124
In bottom-up proteomics workflows (Figure 1.3), plasma samples are typically prefractionated via immunodepletion (described in Chapters 2 and 3) or enrichment to reduce the dynamic range of plasma and increase low-abundant protein identifications. Protein concentration is determined using an assay, such as bicinchoninic acid (BCA; described in Chapters 2 and 3), Bradford, or Lowry assay. Proteins are digested using the enzyme trypsin or a mixture of trypsin/Lys-C, producing lysine and arginine-terminated peptides at the C-terminus (described in Chapters 2 and 3). Peptides generated from protein digestion are desalted to remove interfering species/chaotropic agents prior to reversed-phase (RP) high-performance LC- MS analysis. Quantitative options can rely on either label-free or peptide chemical tagging strategies (e.g., Isobaric Tag for Relative and Absolute Quantitation [iTRAQ]131 or Tandem Mass Tags [TMT]132-135), which enable multiplexing (i.e., multiple samples can be analyzed simultaneously) and relative quantification at the expense of additional desalting steps and sample loss. TMT tagging was used in Chapters 2 and 3. Briefly, TMTpro tags feature up to 18 different combinations of heavy carbon and nitrogen (13C and 15N) isotopes at various locations in the tag’s structure so that 18 unique samples can be labeled and combined for simultaneous analysis. 
Enhancements to proteome depth and a reduction in sample complexity can also be achieved through the addition of peptide fractionation steps, including strong cation exchange or high pH RP fractionation (the latter described in Chapters 2 and 3). These steps are considered “offline,” or not directly connected to the LC-MS. “Online” separation with long LC gradients (e.g., 2-3 hours) coupled with offline fractionation allows for deeper proteome coverage of >4,500 protein identifications at the expense of time.136
Detection and quantification of TMTpro-labeled peptides can be performed using higher- energy collision-induced dissociation (HCD) fragmentation in MS/MS scans. MS/MS scans allow for similar precision with increased identifications compared to MS3 or MSn scans.137-139 When undergoing HCD fragmentation, the TMTpro tags cleave into 18 unique reporter ions whose intensities correspond to that peptide’s intensity across the 18 samples. For each peptide spectral match (i.e., spectrum that matches to a peptide), the reporter ion intensity is summed to produce the peptide intensity, and then all peptide intensities for a protein are summed to give the overall protein intensity. 
LC-MS/MS data are searched against a known protein database (typically UniProt via software such as Proteome Discoverer, described in Chapters 2 and 3) to determine protein identifications and relative quantification based on TMT reporter ion intensities. Data is subjected to further steps, such as normalization to a quality control (QC) reference sample,


Figure 1.3. Overview of bottom-up plasma proteomics protocol used to process plasma samples. Plasma is either pre-processed by depletion or enrichment or maintained as a crude sample. Typically, protein concentration is determined via an assay such as BCA, Bradford or Lowry assay so that a certain protein mass is digested with trypsin and then subjected to instrumental analysis. In some instances, peptide samples are labeled by chemical reagents and/or subjected to further separation by using fractionation techniques. Figure was created with Biorender.com. Abbreviations: HAP = high abundant proteins; LAP = low abundant proteins; iTRAQ = isobaric tags for relative and absolute quantification; TMT = tandem mass tags; SCX = strong cation exchange; RP = reverse-phase; LC-MS/MS = liquid chromatography-tandem mass spectrometry. Reproduced from Mol. Omics, Vol. 18, King, C. D, et al., Proteomic Changes Associated with Racial Background and Sepsis Survival Outcomes, © 2022, with permission from the Royal Society of Chemistry.140

filtering and false-discovery assessment, and statistical comparisons across groups to answer biological questions.

1.3.2 Automation of Plasma Proteomics
Over the past two decades, there have been tremendous advances to automate proteomics experiments. These advancements are toward efforts to analyze large-sample sets that provide the statistical power necessary to answer clinically-based biological questions or test and validate biomarker candidates. Several biotechnology companies have introduced a variety of sophisticated robotic liquid handler platforms (Table 1.1) that can be integrated with a variety of apparatuses for sample preparation. New technologies have also been introduced for contact-free liquid transfer (as low as 2.5 nL) from 384-well and 1536-well microplates using acoustic droplet ejection technology (Beckman Coulter).141, 142
Several groups have contributed to developing automated protocols for plasma proteomics projects for LC-MS/MS analysis130, 143-157  using the microlab star liquid handler (Hamilton; N = 1,005 samples) with a multiple affinity removal system Top 14 (MARS-14) column for depletion;130, 144, 146, 147, 158 the Biomek i7 workstation (Beckman Coulter; N = 96 samples in ~5 hours);151 and the Hamilton Vantage system (N = 64 samples in ~2 hours; Table 1.1).145 Mann et al. developed the Plasma Proteome Profiling protocol for small volumes of crude plasma (1 µL of plasma, N > 1200 samples).143, 148, 149, 159 These techniques and systems have previously been reviewed by King et al.140
Implementing robotic liquid handlers into proteomics workflows have helped streamline experiments, increase throughput, and reduce sample-to-sample variation among large sample-sets.130, 143-151 The major limitation with the use of the liquid handlers is the cost of the instrument and their integrations and consumables, the latter of which is usually vendor specific. The benefits of robustness, reproducibility, and time consumption for large-scale efforts can justify the costs ($5,000 – $300,000) of robotic platforms. However, these instruments require highly sophisticated and skilled users, so there will likely be start-up time to teach users to develop and implement protocols, perform routine maintenance, and troubleshoot potential issues that may arise during operation. 
A primary consideration for proteomic analysis of plasma samples is whether prefractionation is necessary for the assay. Ideally, crude plasma would be analyzed to avoid any drawbacks from prefractionation steps and to save time due to less sample processing steps; however, this may require longer gradients and sophisticated data analysis platforms. Various prefractionation strategies can be incorporated into sample preparation workflows to reduce the complexity and dynamic range of plasma samples, such as immunodepletion, affinity enrichment, and physicochemical-based separations.160-164
Immunodepletion, the most common prefractionation strategy, removes high abundant proteins (HAP) from the plasma sample to increase the proportion of low abundant proteins (LAP).164 Immunodepletion techniques are simple and reproducible but suffer from nonspecific binding, resulting in the removal of more proteins than expected and/or varying efficiencies of targeted protein removal. Another drawback is that additional concentration steps are typically required after depletion. A possible solution is to use a recently developed technique that utilizes nanotechnology for HAP removal.165 Conversely, in affinity enrichment, certain classes of proteins are trapped on a solid support to equalize LAP and HAP concentrations, and it is typically used to study post-translational modifications.166, 167 Other prefractionation strategies are based on physicochemical principles such as molecular weight, charge, hydrophobicity, and 
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Table 1.1. Liquid handlers for laboratory automation available for research.
	Vendor
	Instrument
	Integrated Apparatus
	Throughput
(# samples)
	Pipetting Volume
	Desk Capacity

	Agilent Technologies
	Assay Map Bravo
	BenchCel, centrifuge, plateLoc, barcode labeler, miniHub, vacuum filtration station, peltier, orbital shaker and magnetic bead station
	96-384
	0.003 - 250µL
	9

	Beckman Coulter
	Biomek i7,
Biomek i5
	Barcoding, vacuum, positive pressure, heating and cooling, shaking and incubating, plate reader, plate stacking, liquid level sensing
	96-384
	0.5 - 5000µL
	45

	Eppendorf
	epMotion 5075vt
	Thermal module, thermomixer, vacuum unit
	8
	0.2µL – 1mL
	12

	Gilson
	Pipetmax®
	Orbital Shaker
	8
	1 - 200µL
	9

	Hamilton
	Microlab Vantage, Microlab STAR, Microlab NIMBUS, Microlab Prep
	Barcode reader, Internal plate gripper, heater shaker, positive pressure module, plate sealing, vacuum station, incubator shaker, heater cooler, thermal cycler, h motion
	96-384
	0.5 - 1000µL
	72

	Hudson Robotics
	SOLO Liquid Handler, Micro 10x Robotic Benchtop 12-channel dispenser
	Heating and cooling nests, incubators, magnetic bead nests, automatable centrifuges, microplate readers, plate crane robotic arm, and microplate stacker
	12
	500nL – 10mL
	12

	Opentrons
	OT-2
	Thermocycler module, temperature module, Magnetic module
	96-384
	1-1000µL
	11

	PerkinElmer
	Janus, SciClone G3, Zephyr G3
	PlateStak, plate readers and shakers
	96-384
	0.5 - 5000µL
	32

	Sirus Automation
	OmniTasker
	Vortex, sonicate, barcode scanning, serial dilution, weigh, cap/uncap, vial sorting, powder dispensing
	8
	2 -50mL
	36

	Tecan Freedom EVO
	Fluent, Freedom EVO, Tecan D300e Digital Dispenser
	Barcoding, Carousel, Tip storage, Heating and cooling, plate reader, mixing and shaking, vacuum SPE, Magnetic separation, Thermal Cycler, Sample fractionation, Colony picking, Centrifuge, Positive pressure
	8-384/1536
	0.0025 -125µL
	72


Deck Capacity: Indicates the number of positions available. 


isoelectric point.162, 164, 168 These techniques tend to be simpler and less expensive than others because they do not require antibodies, but they can present challenges with reproducibility and standardization. In addition to each method’s benefits and drawbacks, automating each technique has its own pros and cons.140
When performing immunodepletion, another consideration is how many HAP to target for removal. Immunoaffinity columns, a popular method for immunodepletion, capture a certain number of HAP on the stationary phase using antibodies specific to HAP while moderate abundant proteins (MAP) and LAP flow through the column and are collected. Currently available commercial products target varying numbers of HAP for removal, enabling the depletion of 50-99% of HAP, but the benefits plateau at removing 12 or 14 HAP.164, 168-171 Subsequently, the ProteoPrep20 Plasma Immunodepletion Kit and the SuperMix System, the latter of which removes MAP following an initial immunodepletion step, have been discontinued.172-174 Viode et al. recently described a depletion strategy using percholoric acid for protein precipitation as part of an automated workflow, which doubled the number of protein identifications from crude plasma and remained cost-effective and robust.175 Currently commercially available products that have been integrated into automated workflows, including HAP targets, are summarized in Table 1.2. 

1.3.3 Considerations Associated with Automation of Plasma Proteomics Workflows
There are many factors that must be considered when applying automated protocols to plasma samples. First, the goal of the project must be very clear. One must consider balancing sample preparation time with increasing sample throughput. Chemical labeling and peptide fractionation can improve sample throughput and allow for deeper coverage of the proteome, respectively. However, chemical labeling can result in sample loss, and peptide fractionation will increase sample preparation and analysis time. Therefore, the improvement of the quality of the dataset by reducing sample complexity must be weighed against this time loss. In addition, it is important to be mindful of available volumes for plasma experiments. Core facilities may have limited sample availability per researcher (~100 µL); therefore, it is imperative to optimize experiments using small volumes. If well-plates are being used, then the user will also be limited in the volume available to perform experiments.
Each part of the bottom-up plasma proteomics workflow is essential to obtain high-quality data. Thus, several QC checks should be implemented within workflows to ensure reliable results.176, 177 Examples of QC checks include, but are not limited to, ensuring prefractionation strategies (particularly important with column-based strategies), digestion efficiency, labeling efficiency, and LC-MS/MS acquisition are reproducible. These checks will allow for the quick removal of contaminants and ill-suited samples, reagents, and/or buffers before spending time and costs on future steps. They also help to minimize the number of repeat runs needed to generate good replicate data. Additionally, all samples should be treated identically to reduce variation. Ideally, this would entail using reagents from the same source and lot.

1.3.4 Automation of Plasma Proteomics in this Dissertation
In this dissertation, immunodepletion was used to prefractionate plasma samples via an immunoaffinity MARS-14 column. This method was chosen due to its reproducibility and the simplicity of immunodepletion with an already-existing high performance LC (HPLC) setup. The top 14 proteins were chosen for removal to try to identify as many LAP as possible. By 
Table 1.2. List of commercial immunodepletion products used in semi-automated protocols. 
	Proteins
	MARS HSA;1 Pure-Proteome Magnetic Beads3
	Pure-Proteome Protein A & G Magnetic Beads3
	MARS1 & High Select2 HSA/IgG
	MARS-61
	MARS-71
	MARS-141
	High Select 142

	Albumin
	✔
	
	✔
	✔
	✔
	✔
	✔

	α-1-acid-glycoprotein
	
	
	
	
	
	✔
	✔

	α-1-antitrypsin
	
	
	
	✔
	✔
	✔
	✔

	α-2-macroglobulin
	
	
	
	
	
	✔
	✔

	Apolipoprotein AI
	
	
	
	
	
	✔
	✔

	Apolipoprotein AII
	
	
	
	
	
	✔
	

	Complement C3
	
	
	
	
	
	✔
	

	Fibrinogen
	
	
	
	
	✔
	✔
	✔

	Haptoglobin
	
	
	
	✔
	✔
	✔
	✔

	IgA
	
	
	
	✔
	✔
	✔
	✔

	IgD
	
	
	
	
	
	
	✔

	IgE
	
	
	
	
	
	
	✔

	Ig G
	
	✔
	✔
	✔
	✔
	✔
	✔

	IgG (Light Chains)
	
	
	
	
	
	
	✔

	IgM
	
	
	
	
	
	✔
	✔

	Transferrin
	
	
	
	✔
	✔
	✔
	✔

	Transthyretin
	
	
	
	
	
	✔
	


[bookmark: _heading=h.gjdgxs]Vendors: 1Agilent Technologies, Inc. (Santa Clara, CA). 2ThermoFisher Scientific (Waltham, MA). 3Millipore Sigma (St. Louis, MO).

using an HPLC system with a refrigerated autosampler compartment and fraction collector, throughput was increased while the need for manual input was decreased. Using a single HPLC system with a MARS column allows ~120 samples to be depleted per week if running constantly (~40-minute gradient per injection, following the manufacturer’s recommendations).178 This method has previously been employed with a 96-well plate for collection, further increasing throughput.144, 146 More HPLC systems can also increase throughput but require more personnel to operate. Thermo Fisher Scientific’s High Select Top 14 has been explored in our laboratory as an alternative to MARS columns, since High Select can be automated in 96-well plate format (i.e., deplete 96 samples in ~30 minutes), but it is less efficient at removing HAP.179, 180 
After manual concentration with spin filters, the BCA assay, tryptic digestion, and TMTpro tagging steps were automated in 96-well plate format on a Biomek i7 liquid handler workstation. The 16-plex version of TMTpro and one QC pool sample per batch resulted in six batches (or 90 samples) that could be prepared simultaneously. High pH RP fractionation was then performed using an HPLC system similar to immunodepletion. Fractions were manually concatenated and prepared for LC-MS/MS analysis. Further details are described in Chapters 2 and 3.

1.4 Overview of Dissertation
As described in Section 1.3, proteomics allows for a comprehensive study of the relative levels of hosts’ proteins during sepsis, which can be used to advance the understanding of the biological response to an infection, drivers of survival outcomes from sepsis, and to identify potential biomarkers for sepsis prognosis. There is also a need to understand the biological response to infection and sepsis survival outcomes in patients from diverse racial/ethnic backgrounds across multiple primary infection sources. 
 In Chapter 2 of this dissertation, proteomic differences between sepsis survivors and non-survivors who had primary intra-abdominal infections were analyzed. Data was further stratified by patients’ racial/ethnic background (Non-Hispanic White or African American/Black) to understand survival outcomes within and across racial/ethnic groups. In Chapter 3, this work was extended to another primary infection source (UTIs), as it was noted that primary infection source may affect the host response to infection and have various effects on different patient subgroups. In Chapter 4, a secondary and comprehensive analysis of data from Chapters 2 and 3 was conducted to identify universal changes between sepsis survivors across infection sources and potential protein candidates for predictors of sepsis survival outcome. Finally, Chapter 5 details conclusions and future directions of this work.
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CHAPTER 2

Proteomic Changes Associated with Racial Background and Sepsis Survival Outcomes

2.1 Introduction
In the United States, more than 1.5 million Americans are diagnosed with sepsis annually and ~16% of these patients do not survive within twelve days post-hospital admission.1 Sepsis is life-threating organ dysfunction caused by a dysregulated host response to infection.2 Intra-abdominal infections, a leading source of sepsis,3-7 are highly heterogeneous, with a wide range of disease severity, pathogenic sources, and infection subtypes.8 Sepsis severity is associated with higher mortality from intra-abdominal infections, potentially due in part to a high number of pathogenic organisms that result in a pro-inflammatory state.3, 6-9 
Racial and ethnic disparities exist in both the incidence and mortality rates of sepsis patients from a variety of backgrounds.10-15 For instance, African American/Black patients have twice the incidence10, 16 of sepsis than Non-Hispanic White patients and have higher hospitalization17 and mortality15, 18-20 rates. Higher incidence in this population is observed across multiple primary causes of infection.21-24 Factors such as socioeconomic status, chronic disease burden, healthcare access, quality of patient care, and aging contribute to disparities in sepsis incidence and mortality, but data suggest there are residual differences unexplained by these factors.12, 15, 16, 18, 19, 25-27 Interestingly, differences in the host innate response that are collinear with racial and ethnic backgrounds have been observed.28-36 For instance, zinc finger, metal binding, and iron homeostasis genes differed in Black and White community acquired pneumonia (CAP) patients.28 Several differences in inflammatory and coagulation factors have also been reported between individuals of African and European/Caucasian ancestry.29-34 Additionally, apolipoprotein L1 alleles are common in African American/Black adults and are associated with a higher risk of developing sepsis.35, 36 Therefore, molecular studies which investigate sepsis patient outcomes must be done using diverse cohorts to further understand the biological response to infection.
Previous molecular studies investigating sepsis patient outcomes have identified proteins and metabolites involved in immune response, coagulation, metabolism, and cellular assembly and movement pathways that consistently differ between sepsis survivors and non-survivors.37-46 However, most of these studies have been conducted with small cohorts (N < 40) that are not racially or ethnically diverse and that focus on sepsis secondary to CAP. Whether or not there are any molecular changes associated with sepsis survival that can partially explain disparities in incidence or mortality in African American/Black patients has not been explored.
Herein, we employed quantitative proteomics to examine a patient cohort that included both Non-Hispanic White and African American/Black patients to identify proteins associated with differences in survival from sepsis due to intra-abdominal infection. Plasma samples were obtained from patients enrolled in the Protocolized Care for Early Septic Shock (ProCESS) cohort,47 which was a randomized trial comparing alternative six-hour fluid resuscitation strategies in septic shock patients across 31 academic US hospitals.47 Effectiveness of these strategies was measured by the rate of death 60 days and 1 year post-emergency department (ED) admission, with treatment strategies showing equal effectiveness.47 We chose the ProCESS cohort because it is diverse with regards to geographical location, patients’ racial and ethnic background, and primary cause of sepsis. This study focuses on the subset of patients that developed sepsis from primary intra-abdominal infections (N = 107 total) to minimize effects due to heterogeneity in infection source. This is the first study to evaluate if molecular changes can partially explain disparities in sepsis survival outcomes for African American/Black patients.

2.2 Methods
2.2.1 Ethics Statement, Study Design, Patients, and Plasma Collection 
The Institutional Review Boards at the University of Pittsburgh and all 31 hospitals approved the parent trial, and this sub-analysis was approved by Vanderbilt University. We conducted a study using patients enrolled in ProCESS, a randomized, multicenter trial comparing alternative six-hour fluid resuscitation strategies for septic shock.47 From March 2008 to May 2013, 1,341 septic shock patients were enrolled across 31 US EDs.  Details and eligibility criteria of ProCESS have been described previously.47, 48 
	A total of 107 ProCESS patients were selected for this study based on self-identified race (Non-Hispanic White or African American/Black), primary infection source (intra-abdominal infection), and availability of plasma. Site and etiology of infection were based on criteria previously described.48 Plasma samples were collected at ED admission when patients were enrolled in the ProCESS cohort and prior to treatment (“time zero”). Survivorship was defined as a person’s status at 90 days post-ED admission. There was no reported impact of resuscitation strategy on patient survival outcomes.47 Therefore, treatment group was not included as a covariate in this study.
Plasma samples were analyzed using a discovery-based, quantitative proteomics workflow with automation of sample preparation steps in a 96-well plate format. Plasma was depleted of abundant proteins, and TMTpro-labeled peptides were subjected to high pH reverse-phase (RP) fractionation. Fractionated peptides were further separated and detected with liquid chromatography-tandem mass spectrometry (LC-MS/MS) analysis (Figure 2.1). Details are described below.

2.2.2 Immunoaffinity Depletion of High-Abundant Proteins
The multiple affinity removal system Hu-14 (MARS-14) column (Agilent; Santa Clara, CA, USA) was used to deplete albumin; immunoglobulins (Ig) G, A, and M; transferrin; haptoglobin; antitrypsin; fibrinogen; 2-macroglobulin; 1-acid glycoprotein; apolipoproteins AI and AII; complement C3; and transthyretin. Two 40-L aliquots of crude plasma were each injected on to a MARS-14 column following the manufacturer’s protocol. Unbound fractions were concentrated using a 10K molecular weight cutoff concentrator (Millipore Sigma; St. Louis, MO, USA) at 14,000 x g at 4 C for 12 min. The two concentrated aliquots were combined into one sample and frozen at -80 C until further analysis. Protein concentrations were measured using a bicinchoninic acid (BCA) protein assay (Thermo Fisher Scientific; Waltham, MA, USA). A quality control (QC) sample was made by pooling equimolar amounts of each sample (N = 107) at the protein level. 

2.2.3 Protein Digestion and Desalting
Digestion, desalting, and labeling steps were performed on a Biomek i7 liquid handling workstation (Beckman Coulter; Atlanta, GA, USA). Protein (60 g) was denatured in 100 mM ammonium bicarbonate buffer, reduced with 200 mM dithiothreitol (Thermo Fisher Scientific; Waltham, MA, USA) for 55 min at 55 C and alkylated with 200 mM iodoacetamide (Thermo Fisher Scientific; Waltham, MA, USA) for 30 min at room temperature. Each sample was incubated with trypsin/Lys-C (Promega; Madison, WI, USA) at 50:1 sample:enzyme ratio for 14
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Description automatically generated]Figure 2.1. Plasma proteomics workflow. Samples from each group were randomized into eight batches such that each batch contained one QC pool and at least one sample from each of the four sample groups (Non-Hispanic White survivors, Non-Hispanic White non-survivors, African American/Black survivors, and African American/Black non-survivors). The BCA assay, digestion, desalting, and TMTpro labeling steps were performed using a Biomek i7 liquid handling workstation, allowing for six batches to be prepared simultaneously. After TMTpro pooling, batches were fractionated and analyzed via LC-MS/MS, and raw data was processed with Proteome Discoverer 2.3. Figure was created with BioRender.com. Abbreviations: MARS-14 = Multiple Affinity Removal System Top 14; BCA = bicinchoninic acid; TMTpro = Tandem Mass Tags pro (16-plex); RPLC = reverse phase liquid chromatography; LC-MS/MS = liquid chromatography-tandem mass spectrometry. Reproduced from Mol. Omics, Vol. 18, Kapp, K. L., et al., Proteomic Changes Associated with Racial Background and Sepsis Survival Outcomes, © 2022, with permission from the Royal Society of Chemistry.49 
 

h at 37 C and then acidified with 5% formic acid (FA). Digested samples were desalted on a TARGA C18 filter plate (The Nest Group; Ipswich, MA, USA) using a positive pressure apparatus. Samples were dried using centrifugal evaporation and frozen at -80 C.

2.2.4 Tandem Mass Tag (TMT) Labeling and Batch Design
Samples were randomly assigned to 8 TMTpro batches, with 15 patient samples plus a QC sample in each batch (see Table B2.1 for batch assignments). Batches were balanced across numbers of patient survivors and non-survivors and patients’ racial/ethnic backgrounds and ages.
	Each sample was reconstituted in 100 mM triethyl ammonium bicarbonate (Millipore Sigma; St. Louis, MO, USA), and 25 g was labeled with a TMTpro reagent following the manufacturer’s protocol (Thermo Fisher Scientific; Waltham, MA, USA) using the Biomek i7 workstation. Each TMTpro reagent was solubilized in anhydrous acetonitrile (ACN) and added to a sample in a 1:8 sample:tag ratio. After 1 h of incubation, the reaction was quenched with 5% hydroxylamine (Millipore Sigma; St. Louis, MO, USA). Samples were pooled and the ACN dried via centrifugal evaporation. Pooled samples were then acidified with 5% FA, desalted as previously described, and frozen at -80 C.

2.2.5 Basic RPLC Offline Fractionation
	Pooled samples were reconstituted in loading buffer (1.0 mM ammonium formate, 2% ACN, pH 10) and loaded (295 g) onto a Zorbax 300-Extend-C18 column (Agilent; Santa Clara, CA, USA). The gradient was as follows: 0-7 min, 0% B; 7-13 min, 0-16% B; 13-73 min, 16-40% B; 73-77 min, 40-44% B; 77-82 min, 44-60% B; 82-96 min, 60% B. Mobile phase A was 4.5 mM ammonium formate, 2% ACN (pH 10), and mobile phase B was 4.5 mM ammonium formate, 90% ACN (pH 10).50 One fraction was collected per minute, for a total of 96 fractions. These fractions were pooled into a final set of 24 concatenated fractions, which were dried by centrifugal evaporation. Fractions were reconstituted in LC-MS grade water with 0.1% FA and frozen at -80 C.

2.2.6 LC-MS/MS Analysis
	Each fraction (1 g) was injected onto a Dionex UltiMate 3000 LC system coupled to a Q-Exactive HF mass spectrometer (both Thermo Fisher Scientific; Waltham, MA, USA) operated in positive mode. Peptides were loaded onto a commercial C18 trap column (75 m i.d. x 2 cm, 100 Å, 3 m; Thermo Fisher Scientific, Waltham, MA, USA) prior to separation on an in-house C18 packed column (100 m i.d. x 30 cm, 100 Å, 2.5 m) with a pulled tip over the following 185 min gradient: 0-14 min, 2% B; 14-17 min, 2-16% B; 17-145 min, 16-25% B; 145-150 min, 25-85% B; 150-158 min, 85% B; 158-160 min, 85-4% B; 160-185 min, 4% B. Mobile phase A was 0.1% FA and mobile phase B was 0.1% FA in ACN. Full MS spectra were collected in the Orbitrap (350-1500 m/z, 120,000 resolution, automated gain control [AGC] 3.0E6, maximum injection time 50 ms). The instrument was operated in data-dependent acquisition (DDA) mode to acquire the top 15 MS/MS spectra in the Orbitrap using higher-energy collisional dissociation (normalized collision energy 28%, isolation width 0.7 m/z, AGC 1.0E5, 45,000 resolution) and dynamic exclusion of 30 seconds. Fractions were analyzed in duplicate injections.	 



2.2.7 Data Analysis
	RAW files were analyzed using Proteome Discoverer v2.3 software (Thermo Fisher Scientific; Waltham, MA, USA). All technical replicates and fractions from each batch were combined into one result file and searched against the UniProt human reviewed protein database (01/14/21, 42,294 sequences) using SEQUEST-HT. The following modifications were included: fixed modification of cysteine carbamidomethylation and variable modifications of methionine oxidation, TMTpro on lysine residues and peptide N-termini, acetylation and methylation on protein N-termini, and methionine loss with acetylation. A maximum of two trypsin miscleavages were allowed. TMTpro was set as the quantification method in Proteome Discoverer, and reporter ion quantification was based on intensity with a reporter ion signal-to-noise threshold of 10. The selected protein groups will be referred to as proteins in the rest of this analysis. The mass spectrometry proteomics data have been deposited to the ProteomeXchange Consortium (http://proteomecentral.proteomexchange.org/) via the PRIDE51 partner repository with the dataset identifier PXD030476.
	Peptides were filtered to only include those identified with high confidence (<1% false discovery rate [FDR]) and their corresponding proteins. This protein list was further filtered to those with at least two peptide spectral matches (PSMs). TMT reporter ion intensities of quantified proteins were normalized using a modified two-step process involving within-batch and across-batch normalization.52, 53 Within-batch normalization was based on the intensity of the pooled sample, and across-batch normalization was based on the geometric mean of the pool’s reporter ion intensities. These normalized data were used for further statistical analysis.
We used linear regression methods to identify protein factors associated with survival and race. In the regression model, the protein intensity was the dependent variable. For each protein factor, two regression models were fitted: one with only 90-day survival (yes or no) as the independent variable, and one with survival, race, and the interaction between them as independent variables. Because the time point of sample collection was prior to randomization into treatment group and because treatments showed equal effectiveness,47 treatment group was not included as a covariate in this study. All models were also adjusted for age, and robust standard errors were calculated to account for the batch clusters. We excluded N = 901 proteins with reporter ion values missing in QC channels and/or that were detected in 20 samples or less (<19% of all 107 samples) due to small sample size. Mean group difference with 95% confidence interval, as well as p values, were reported for each included protein and each comparison. P values were adjusted using FDR to account for multiple comparisons. Adjusted p values < 0.05 were considered statistically significant. Analyses were performed using R version 4.1.1 and the rms package.54 
Fold change values were calculated for each protein by dividing the mean of survivors’ TMT levels by the mean of non-survivors’ TMT levels. Fold change cutoffs were established using a power analysis strategy previously described.55 Briefly, at a power of 0.8 and significance level of 0.05, this strategy accounts for technical variation (i.e., variation in TMT reporter ion abundances for each protein across technical replicates), biological variation (i.e., variation in TMT reporter ion abundances for each protein across biological replicates, or patients within the same subgroup), and the number of technical and biological replicates.  Specific criteria for this study included: 1) N = 2 technical replicates, and 2) the smallest possible number of biological replicates in a patient subgroup. Resulting fold change cutoffs were ≥1.48 or ≤0.67 for comparisons of survivors vs. non-survivors; ≥1.62 or ≤0.62 for comparisons of Non-Hispanic White survivors vs. non-survivors; and ≥2.52 or ≤0.40 for comparisons of African American/Black survivors vs. non-survivors. These cutoffs were overly strict for this analysis, as we used the cutoff corresponding to the protein for which the smallest number of patients (biological replicates) in that subgroup had reporter ion values.
Ingenuity Pathway Analysis (IPA) was used to identify significant biological pathways and functions (Benjamini-Hochberg [B-H] corrected p < 0.05). Search Tool for Retrieval of Interacting Genes/Proteins (STRING)56 was also used to identify clusters of differentially-expressed proteins and significantly enriched Kyoto Encyclopedia of Genes and Genomes (KEGG) or reactome pathways at medium confidence (minimum interaction score = 0.400). 

2.2.8 Western Blot Analysis
	To measure plasminogen (PLG) and C-reactive protein (CRP), which are implicated in intra-abdominal infections and sepsis,57-60 Western blot analysis was performed. Ten samples were randomly selected from each of the four sample groups, except for African American/Black non-survivors (N = 4). Proteins were fractionated by SDS-PAGE (120 V loading, 160 V for ~70 min) and transferred to a nitrocellulose membrane using a wet transfer at 100 V for 70 min. After incubation with 5% non-fat milk in Tris-buffered saline with Tween-20 (TBST; 50 mM Tris, 150 mM NaCl, pH 7.5, 0.1% Tween-20) for 60 min, the membrane was washed 4 x 4 min with TBST and incubated overnight with antibodies against CRP (Abcam ab227507, 1:10,000, Cambridge, UK) or PLG (Abcam ab180046, 1:1,000, Cambridge, UK) at 4 C. The membrane was washed 4 x 4 min with TBST and incubated with a 1:10,000 dilution of fluorescent-labeled anti-rabbit (IRDye 800CW; Li-Cor Biosciences, Lincoln, NE, USA) secondary antibody for 30-60 min. Blots were washed 4 x 4 min with TBST prior to imaging using a ChemiDoc MP imaging system (Bio-Rad; Hercules, CA, USA). ImageLab v6.1 software (Bio-Rad; Hercules, CA, USA) was used for protein band quantification.

2.3 Results
2.3.1 Patient Characteristics 
Overall, of the total 107 patients in this study, 62 (58%) survived and 45 (42%) did not survive 90 days post-ED admission. Demographic characteristics were collected upon enrollment in ProCESS and randomization into a treatment group (Table 2.1). Survivors were significantly younger than non-survivors (p = 0.003) by eight years, and notably, the number of surviving African American/Black patients was lower than the number of surviving Non-Hispanic White patients. There were no significant differences in frequencies of kidney and liver comorbidities between survivors and non-survivors.

2.3.2 Differentially-Expressed Proteins Associated with Survival	
In total, 1,639 proteins (82,320 peptides, 820,209 PSMs) from an initial 2,540 proteins were analyzed with linear regressions (survival only model; Figures 2.2 and 2.3). After FDR adjustment (adjusted p  0.05), 180 proteins (11.0% of the 1,639 proteins in regression) had significant fold changes between survivors vs. non-survivors (Figure 2.2 and Table B2.2). The most statistically significant pathways associated with survivors were: hepatic fibrosis/hepatic stellate cell (HSC) activation (HF/HSCA), tumor microenvironment, wound healing signaling, and glycoprotein VI signaling (Figure 2.4). Other pathways are broadly related to inflammation and metabolism (Figure 2.4) and are consistent with prior reports of changes in sepsis survivors.37-46 Furthermore, PLG and CRP, proteins that are commonly implicated in sepsis,57, 58

Table 2.1. Demographics of the Patients Selected for this Study.
	Characteristic
	Survivorsc
	Non-Survivorsc
	Statistic

	Non-Hispanic White/
African American/Black (N)
	41/21
	38/7
	

	Age (years)a
	57 ± 15
	65 ± 14
	0.003

	Renal Failure (N, %)b
	13 (21.0%)
	13 (28.9%)
	0.889

	History of Chronic Dialysis (N, %)b
	7 (11.3%)
	4 (8.9%)
	0.163

	History of Cirrhosis (N, %)b
	7 (11.3%)
	10 (22.2%)
	2.332

	History of Hepatic Failure, Encephalopathy, or Coma (N, %)b
	2 (3.2%)
	4 (8.9%)
	2.510

	History of Chronic Hepatitis or other Liver Disease (N, %)b
	8 (12.9%)
	12 (26.7%)
	3.250


aAverage ± 1 standard deviation; p-value statistic was calculated using a two-tailed t-test. bNumber of patients who responded “yes” and percentage of total within survival outcome group; 2 statistics were calculated using contingency table analysis. cNumber of plasma samples. Bold denotes significant differences between survivors and non-survivors (p < 0.05 or 2 > 3.841).
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Figure 2.2. Data analysis workflow. TMT reporter ion intensities for proteins were normalized and analyzed using linear regression models with and without race stratification (see Section 2.2). Proteins were first filtered to those with p  0.05, then to those with an FDR-adjusted p  0.05 and significant fold change values (see Section 2.2). Figure was created with BioRender.com. Reproduced from Mol. Omics, Vol. 18, Kapp, K. L., et al., Proteomic Changes Associated with Racial Background and Sepsis Survival Outcomes, © 2022, with permission from the Royal Society of Chemistry.49
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Figure 2.3. Volcano plot of protein log2 of averaged TMT reporter ion abundances’ ratio of survivors to non-survivors as a function of p-value (N = 1,639 proteins in the regression model). Light purple points indicate proteins with insignificant p-values (p ≥ 0.05) and/or insignificant fold change values (1.48fold change0.67), and dark purple data points indicate proteins with both significant p values (p < 0.05) and fold change values (≥1.48 or ≤0.67). Dashed lines indicate p-value and fold change cutoffs. Abbreviations: IL1R2 = interleukin-1 receptor type 2; VCAM1 = vascular cell adhesion molecule 1; CCN2 = cellular communication network family member 2. Reproduced from Mol. Omics, Vol. 18, Kapp, K. L., et al., Proteomic Changes Associated with Racial Background and Sepsis Survival Outcomes, © 2022, with permission from the Royal Society of Chemistry.49 
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Description automatically generated]Figure 2.4. IPA canonical pathway analysis of proteins (N = 180) with both significant FDR-adjusted p values (p < 0.05) and fold change values (≥1.48 or ≤0.67). Canonical pathways were identified from the IPA library using Fisher’s exact test adjusted for multiple hypothesis testing using the Benjamini-Hochberg correction. Abbreviations: B-H = Benjamini-Hochberg; GP6 = glycoprotein VI; Th1 = T-helper 1; Th2 = T-helper 2; LXR = liver X receptor; RXR = retinoid X receptor; IGF-1 = insulin-like growth factor-1; NK = natural killer; PPAR = peroxisome proliferator activated receptor ; PD-1 = programmed cell death - 1; PDL-1 = programmed cell death - ligand 1; HOTAIR = HOX transcript antisense RNA; OOC = osteoblasts, osteocytes, and chondrocytes; MAPK = mitogen activated protein family of kinases; IL = interleukin; FXR/RXR = farnesoid X receptor/retinoid X receptor; VDR/RXR = vitamin D receptor/retinoid X receptor; PKR = protein kinase receptor. Reproduced from Mol. Omics, Vol. 18, Kapp, K. L., et al., Proteomic Changes Associated with Racial Background and Sepsis Survival Outcomes, © 2022, with permission from the Royal Society of Chemistry.49 

were verified as positive controls (processed images in Figure 2.5A). PLG levels were significantly higher in survivors compared to non-survivors (Figure 2.5B, p = 0.038), and CRP
levels were not significantly different between survivors and non-survivors (Figure 2.5D). Similar results were obtained with race-stratified data (Figure 2.5C and 2.5E).  
Protein levels between survivors and non-survivors in Non-Hispanic White and African American/Black patients were then independently compared using linear regression analyses of 1) survival outcome from race-stratified data and 2) the interaction of survival outcome and race. 

2.3.3 Differentially-Expressed Proteins Associated with Survival Outcome within Racial Groups
In the first comparison, after FDR adjustment (adjusted p  0.05), there were 55 (3.4% of the 1,639 proteins in regression) and 65 (4.0%) differentially-expressed proteins when comparing survivors and non-survivors in either Non-Hispanic White or African American/Black patients, respectively (Table B2.3; Figures 2.6A and 2.6B). A majority of these differentially-expressed proteins were lower in survivors (i.e., 51 proteins [3.1%] in Non-Hispanic White survivors and 61 proteins [3.7%] in African American/Black survivors). Only four differentially-expressed proteins were higher in survivors of both Non-Hispanic White or African/American Black backgrounds (Figures 2.6A-C).
	 Nineteen (1.2%) proteins in survivors were differentially-expressed in both African American/Black and Non-Hispanic White patients (Figure 2.6C). The directionality of change in survivors is mostly lower in expression and is also similar in both racial groups. It is likely that these 19 proteins represent proteins universally related with sepsis patient survival outcomes regardless of racial and ethnic background. Eight of these 19 proteins are in STRING networks in both racial groups, although they are connected differently between racial groups (Figures 
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Figure 2.5. Comparison of Western blot and MS (summed total TMT reporter ion intensity) results for plasminogen (PLG) and C-reactive protein (CRP). (A) Western blot images of PLG and CRP. Samples (N = 10) from each group were randomly assigned to lanes across two gels. The African American/Black non-survivor group had fewer samples (N = 4). The bands are labeled according to the sample group. Contrast of raw images was adjusted accordingly for quality in ImageLab, and images were exported as TIFF files. Box plots comparing TMT MS and Western blot intensities for PLG in (B) all patients and (C) in race-stratified groups and for CRP in (D) all patients and (E) in race-stratified groups. For all patients, the two groups are (left to right) non-survivors (light blue boxes) and survivors (orange boxes). * indicates p < 0.05 and *** indicates p < 0.001, as determined by two-tailed t-tests. For race-stratified groups, the four groups are (left to right) non-Hispanic White non-survivors (green boxes), non-Hispanic White survivors (purple boxes), African American/Black non-survivors (red boxes), and African American/Black survivors (blue boxes). * indicates p < 0.05 and ** indicates p < 0.01, as determined by 2-way ANOVAs with replication and Tukey-Kramer post-hoc tests. The horizontal line in the boxes represents the median and the X represents the mean. Western blot intensities were normalized within each gel to the total sum intensity of each gel and across gels to the geometric mean of the total sum intensities. Abbreviations: PLG = plasminogen; CRP = C-reactive protein; TMT = tandem mass tag; WB = western blot. Reproduced from Mol. Omics, Vol. 18, Kapp, K. L., et al., Proteomic Changes Associated with Racial Background and Sepsis Survival Outcomes, © 2022, with permission from the Royal Society of Chemistry.49
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Figure 2.6. Analysis of data stratified by race. Volcano plot of protein log2 of averaged TMT reporter ion abundances’ ratio of survivors to non-survivors as a function of p-value (N = 1,639 proteins in the regression model) in (A) Non-Hispanic White and (B) African American/Black patients. Light grey data points indicate proteins with insignificant p-values (p ≥ 0.05) and/or insignificant fold change values (1.67fold change0.62 in Non-Hispanic White patients and 2.52fold change0.40 in African American/Black patients). (A) Pink data points indicate proteins with both significant p values (p < 0.05) and fold change values (≥1.67 or ≤0.62) in Non-Hispanic White patients (N = 55 proteins). (B) Blue data points indicate proteins with both significant p values (p < 0.05) and fold change values (≥2.52 or ≤0.40) in African American/Black patients (N = 65 proteins). Dashed lines indicate p-value and fold change cutoffs. Example proteins are highlighted. (C) Venn Diagram of the overlap of differentially-expressed proteins (pink and blue proteins from (A) and (B)) between survivors and non-survivors in Non-Hispanic White and African American/Black patients. (D) IPA canonical pathway analysis of the proteins in (C) (i.e., N = 55 differentially-expressed proteins in Non-Hispanic White patients and N = 65 differentially-expressed proteins in African American/Black patients). Canonical pathways were identified from the IPA library using Fisher’s exact test adjusted for multiple hypothesis testing using the Benjamini-Hochberg (B-H) correction. * indicates pathways significant in both racial groups, # indicates pathways significant in Non-Hispanic White patients only, and + indicates pathways significant in African American/Black patients only. Pink bars refer to Non-Hispanic White patients, and blue bars refer to African American/Black patients. Abbreviations: IL1R2 = interleukin-1 receptor type 2; VCAM1 = vascular cell adhesion molecule 1; CCN2 = cellular communication network family member 2; IL1RL1 = interleukin-1 receptor like 1. BHCE = cholinesterase; IGFALS = insulin-like growth factor-binding protein complex acid labile subunit; IGFBP3 = insulin-like growth factor-binding protein 3; GPLD1 = phosphatidylinositol-glycan-specific phospholipase D; HRG = histidine rich glycoprotein; IGF2 = isoform 2 of insulin-like growth factor II; B-H = Benjamini-Hochberg; IGF-1 = insulin-like growth factor-1; Th1 = T-helper 1; Th2 = T-helper 2. Reproduced from Mol. Omics, Vol. 18, Kapp, K. L., et al., Proteomic Changes Associated with Racial Background and Sepsis Survival Outcomes, © 2022, with permission from the Royal Society of Chemistry.49 


2.7A and 2.7B). These eight proteins are primarily involved in antigen processing and presentation, phagocytosis, and immunoregulatory interactions between lymphoid and non-lymphoid cells. Interestingly, there are also differentially-expressed proteins in survivors that are specific to African American/Black (N = 46 proteins [2.8%]) or Non-Hispanic White (N = 36 proteins [2.2%]) patients (Figure 2.6C). In either racial group, we consistently observe that most differentially-expressed proteins are lower in survivors. 
HF/HSCA is the most significant pathway associated with proteins in race-stratified comparisons (Figure 2.6D), and this pathway is consistent with or without race stratification (Figure 2.4 and Figure 2.6D). The most differentially-expressed proteins in this pathway in 
either racial group are highlighted in Figures 2.6A and 2.6B: cellular communication network family member 2 (CCN2), interleukin (IL)-1 receptor type 2, vascular cell adhesion molecule 1 (VCAM1), and IL-1 receptor-like 1. Insulin-like growth factor-1 (IGF-1) signaling and the tumor
microenvironment pathways were significant pathways represented in Non-Hispanic White patients. T-helper (Th) 1 and 2 activation, wound healing signaling, Th2 pathway, and the complement system were significant pathways represented in African American/Black patients. Similar biological processes and network clusters were identified with STRING.

2.3.4 Proteins with Significant Race-Survival Interaction
In the second comparison, we performed a linear regression with a race-survival interaction term, which resulted in 49 proteins (3.0% of the 1,639 proteins in regression) displaying a statistically significant race-survival interaction (adjusted p  0.05, Table B2.4). In
a heat map analysis, two clusters of proteins were observed: a small cluster that is higher in survivors and a larger cluster that is lower in survivors (Figure 2.8A). Patients generally 



Figure 2.7. STRING networks of differentially-expressed proteins between survivors and non-survivors in (A) Non-Hispanic White patients and (B) African American/Black patients. Disconnected nodes are hidden. Protein nodes with an outer gray circle indicate proteins that are differentially expressed in both racial groups. Protein nodes with an outer gray circle and a colored inner circle represent proteins that are differentially expressed and in a STRING network in both racial groups. Red = CCN2 (or CTGF); Orange = THBS2; Green = EFEMP1; Blue = VCAM1; Pink = IGFALS; Light Blue = CANX; Purple = HLA-A; Black = LILRB4. All protein name abbreviations can be found in Table B2.3. Reproduced from Mol. Omics, Vol. 18, Kapp, K. L., et al., Proteomic Changes Associated with Racial Background and Sepsis Survival Outcomes, © 2022, with permission from the Royal Society of Chemistry.49 




Figure 2.8. (A) Heatmap with clustering of N = 49 proteins with significant race-survival interactions (FDR-adjusted p  0.05). ClustVis61 was used to create a heatmap from the log10 of TMT reporter ion intensities for these proteins across N = 107 patients. The columns correspond to individuals, while the rows correspond to proteins. Rows are centered; unit variance scaling is applied to rows. Imputation is used for missing value estimation. Both rows and columns are clustered using correlation distance and average linkage. (B-E) Box plots of log10 TMT intensities of example proteins with significant race-survival interactions (FDR-adjusted p  0.05): B) C4b-binding protein  chain (C4BPA); C) C4b-binding protein  chain (C4BPB); D) Serum paraoxonase/arylesterase 1 (PON1); E) Isoform 2 of human leukocyte antigen (HLA) class I histocompatibility antigen, A  chain (HLA-A). The horizontal line in the box represents the median and the X represents the mean. * indicates p < 0.05 and ** indicates p < 0.01, as determined by 2-way ANOVAs with replication and Tukey-Kramer post-hoc tests. For both the heatmap and box plots, green represents Non-Hispanic White non-survivors, purple represents Non-Hispanic White survivors, red represents African American/Black non-survivors, and blue represents African American/Black survivors. Reproduced from Mol. Omics, Vol. 18, Kapp, K. L., et al., Proteomic Changes Associated with Racial Background and Sepsis Survival Outcomes, © 2022, with permission from the Royal Society of Chemistry.49 


clustered based on survival outcome. However, some proteins clustered by racial background of the patient, suggesting heterogeneity at the molecular level with this patient cohort.
Half of the proteins with significant race-survival interaction (described above) are also differentially-expressed in the first race-stratified comparison. Example proteins with statistically significant race-survival interaction are shown in Figures 2.8B-E. C4b-binding protein  (C4BPA) and  chains (C4BPB; Figures 2.8B and 2.8C, respectively) are examples of proteins whose association with survival are specific to one of the racial groups. We note, however, that both adjusted p and fold change values are only significant in C4BPA in African American/Black patients. Serum paraoxonase/arylesterase 1 (PON1; Figure 2.8D), appears higher in survivors of both racial groups, which is consistent with other studies. 62-66 Isoform 2 of human leukocyte antigen (HLA) class I histocompatibility antigen, A  chain (HLA-A) is decreased in survivors of both racial groups (Figure 2.8E).
These 49 proteins are involved in acute phase response (APR) signaling and the complement system. More specifically, natural killer (NK) cell mediated cytotoxicity was an enriched KEGG pathway in STRING analysis. STRING also identified a local network cluster of proteins with functions related to the complement and coagulation cascades and lipoprotein particles. Type I interferon binding and receptor activity was also enriched (Figure 2.9).

2.4 Discussion
Alterations in inflammation and coagulation biomarkers (IL-6, tumor necrosis factor, IL-10, thrombin-antithrombin complex, and D-dimer) between survivors and non-survivors were previously identified in the ProCESS cohort using enzyme-linked immunoassays (ELISAs) and latex agglutination assays.67 However, whether other molecular changes or pathways are 

Figure 2.9. STRING networks of the proteins with a significant race-survival interaction term. Disconnected nodes are hidden. All protein name abbreviations can be found in Table B2.4. Reproduced from Mol. Omics, Vol. 18, Kapp, K. L., et al., Proteomic Changes Associated with Racial Background and Sepsis Survival Outcomes, © 2022, with permission from the Royal Society of Chemistry.49

associated with sepsis survival in a diverse cohort have not been investigated. In this study, we used a semi-automated plasma proteomics workflow to analyze plasma samples (N = 107) from African American/Black and Non-Hispanic White sepsis survivors and non-survivors with primary intra-abdominal infection from the ProCESS cohort.47 
HF/HSCA was the most significant pathway represented between survivors and non-survivors. HF/HSCA, its proteins, and related inflammatory molecules and pathways have previously been reported as altered in sepsis survivors compared to healthy controls38 and in sepsis and inflammatory studies,42, 68-77 and it may be an early sign of liver dysfunction, which can affect patient outcomes.78, 79 Other pathways that are significantly represented in survivors in this study are those related to lipid metabolism, such as liver X receptor/retinoid X receptor activation and atherosclerosis signaling, which are commonly implicated in proteomic studies of sepsis secondary to CAP or hospital-acquired pneumonia.37, 38, 42, 55, 62-66 These previous studies 
that have observed similar findings have included proteomics, transcriptomics, genomics, and metabolomics strategies.
	We note that ~25% of the differentially-expressed proteins we observed were 30 kDa, and kidney function has been shown to impact the plasma levels of these low molecular weight proteins.80 However, because we did not observe significant differences in the frequencies of renal failure or history of dialysis between survivors and non-survivors, kidney function is not driving observed proteomic differences based on survival outcome.



2.4.1 Molecular Pathways Associated with Survival Outcomes in African American/Black Patients
Sepsis mortality rates from intra-abdominal and other causes of primary infection are disproportionately high in underrepresented populations, such as African American/Black adults, and are not completely explained by differences in socioeconomic factors.12-16, 18, 19, 25-27 To understand potential molecular aspects of disparities in sepsis mortality rates amongst African American/Black adults, we re-analyzed our proteomics data by stratifying patients based on self-identified race and conducting linear regressions with an interaction term of survival outcome and race. 
In these analyses, HF/HSCA was still the most significant pathway represented in both racial groups. A majority of differentially-expressed proteins in the HF/HSCA pathway were decreased in survivors of African American/Black and Non-Hispanic White racial groups. In this pathway, CCN2 and VCAM1 changed consistently in survivors from both racial groups and should be further explored as potential prognostic biomarkers associated with patient survival. Decreased levels of these proteins in survivors suggest less pro-inflammatory activity, specifically less angiogenesis, proliferation of chondrocytes, leukocyte migration, and collagen production.68, 69, 71 
Notably, VCAM1 levels were increased in phenotypes associated with higher inflammation and mortality in the ProCESS cohort.81 Via Luminex immunoassays or ELISAs, VCAM1 has been decreased in survivors in a cohort inclusive of African American/Black patients71 and in Taiwanese patients82, 83 and is overall a predictor of sepsis mortality.84, 85 RNA-sequencing analysis (RNA-seq) and Western blotting have indicated that VCAM1 levels directly correlate with inflammation in control mice and mice with systemic inflammatory response syndrome.86 Additionally, similar trends have been demonstrated with CCN2 via mRNA expression in sham and cecal ligature and puncture rats,69 and via Western blotting in the peritoneal cavity of peritoneal dialysis patients.70 These previous studies, both at the proteomic and transcriptomic level, support our findings that VCAM1 and CCN2 could potentially be prognostic biomarkers for patients from a variety of racial/ethnic backgrounds.
However, several pathways related to the host immune response were significantly represented in African American/Black survivors, specifically the complement system and pathways related to T cell activation and proliferation. On the other hand, IGF-1 and tumor microenvironment pathways were significantly represented in Non-Hispanic White survivors. Although these pathways have not been discussed previously in African American/Black sepsis patients, RNA-seq has implicated genes related to Th2 induction and complement activation in African American patients with atopic dermatitis.87 ELISAs have shown that Th2-related cytokines lead to disease flares in African American systemic lupus erythematosus (SLE) patients.88 Single nucleotide polymorphisms (SNPs) in genes important for Th1 and Th2 immunity and T regulatory cell-mediated immunosuppression have been identified in African American women that greatly increase breast cancer risk.89 Our findings extend the implication of T cell and complement pathways in various immune-related diseases to sepsis in African American/Black patients. Our findings may point to a specific difference in the adaptive immune response between African American/Black and Non-Hispanic White patients that may partially explain differences in patient response and ultimately sepsis survival outcomes.
We also identified 49 proteins with significant race-survival interactions, simply implying that race and survival outcome together influence protein levels. These 49 proteins are involved in the APR and complement system, the latter of which is also significantly represented in African American/Black patients. Some of these proteins, such as PON1 and PLG, have similar changes in protein level in survivors from both racial groups. On the other hand, C4BPA and C4BPB are examples of proteins which appear to change differently in survivors based on racial background, further implicating the complement system (specifically complement regulation) as a point of potential difference between racial groups. Additionally, interferon / receptors 1 and 2, HLA-A, and leukocyte immunoglobulin-like receptor subfamily B member 4 have significant race-survival interaction terms, suggesting that type I interferon binding and receptor activity and NK-cell mediated cytotoxicity are also specific aspects of the innate immune response that may be different between racial groups. These findings may also implicate downstream pathways, such as the Janus kinase-signal transducer and activator of transcription (JAK-STAT),90 as areas of the immune response that differ between racial groups and could be explored in future studies.
Gene expression profiling of neonatal sepsis patients has revealed that in early sepsis, several genes related to interferon 1 signaling are decreased in survivors and that increased interferon 1 signaling is associated with mortality.91 Additionally, plasma levels of type I interferons were increased in African American patients with SLE compared to White patients with SLE in a luciferase assay.92 Conversely, genotyping of SLE patients revealed a SNP in the mitochondrial antiviral signaling protein gene, which can induce type I interferon expression, found almost exclusively in African American patients that correlated to low type I interferon and pro-inflammatory molecule production.93 Correspondingly, single-cell RNA seq showed an association between higher degrees of European ancestry and increased type I interferon activity in early infection of influenza.94 In regard to the HLA system, a polymerase chain reaction-based study revealed that 11 alleles of HLA-A were frequently observed in African Americans, but were observed with low frequencies or not observed at all in other racial/ethnic groups in the U.S.95 Different polymorphisms in HLA-A based on race/ethnicity can affect susceptibility to different immune-related diseases, such as multiple sclerosis and S. aureus infections.96-98 Although these previous studies have either been in neonatal sepsis patients or other immune-related diseases, they provide genomic and transcriptomic support for variations in the type I interferon signaling pathway and HLA system based on race/ethnicity and the subsequent impacts on adult sepsis survival that we observed. 
While highlighting similarities between racial groups, our study also suggests immune response differences between African American/Black and Non-Hispanic White survivors. Race-specific and common proteins across both groups highlight proteome heterogeneity in sepsis patients and the need for larger studies with patients from diverse racial/ethnic backgrounds. Diversity in patient cohorts will help to better explain residual differences in patient outcomes.
	Langley et al. also have studied sepsis survivorship in a diverse cohort using an integrated plasma proteomics and metabolomics approach.42 Their cohort included a majority of Black CAP patients, but also included White patients.42 Fifty-six proteins were differentially-expressed between survivors and non-survivors at ED admission in their study and were primarily involved in the complement and coagulation systems and fatty acid transport.42 Their findings in sepsis patients from CAP were generally consistent with our study in sepsis patients from intra-abdominal infection. Proteins such as fatty acid binding protein 4 and Fc fragment of IgG binding protein are decreased in survivors from both studies (Tables B2.2 and B2.3).42 
The limited number of proteomic studies with diverse sepsis patient groups, along with consistency of studies to date (i.e., racial background, primary infection source),37-40, 42, 43, 99 requires further exploration of the role of HF/HSCA, APR, coagulation, complement, and lipid metabolism in sepsis. Future studies should include a larger number of African American/Black patients and explore changes in other primary infection sources such as urinary tract infection (as presented in Chapter 3). Additionally, targeted proteomic studies could be used to characterize changes in the aforementioned pathways in African American/Black patients in comparison to Non-Hispanic White patients. 
Future studies could also extend to other ’omics to further explore differences in sepsis survival outcomes, particularly in the immune system. One previous transcriptomic study compared gene activation in Black and White CAP patients, but did not explore sepsis risk or outcome from CAP.28 This study identified zinc finger, metal binding, and homeostasis genes as differentially activated between the racial groups.28 We did not identify proteins with similar functions as differentially-expressed in the present study, possibly due to a difference in primary infection source and/or differences in cohort design related to disease severity. Another transcriptomic study found 28 inflammation/immune system genes that were differentially-expressed between survivors and non-survivors of sepsis.100 The majority of significant proteins in our study also have inflammatory/immune-related functions, although they do not correspond directly to the genes identified previously. This could be because the previous study collected samples between days 2-4 post-ED admission and only studied Caucasian patients.100 Additionally, mRNA levels do not correlate well with protein expression during stress responses like sepsis.101 Sepsis-related inflammatory changes are also highly variable on a transcriptional level.102 Previous genomic studies have associated apolipoprotein L1 alleles that are common in African American/Black adults with a higher sepsis risk and disease severity,35, 36 but not mortality.35

2.4.2 Study Strengths and Limitations
	A major strength of this study is the inclusion of plasma samples from both Non-Hispanic White and African American/Black patients. Biological pathways implicated in this work are consistent with prior studies, and key proteins associated with survival are also consistent across racial background. The primary cause of infection, intra-abdominal, is well established, and the ProCESS cohort is geographically diverse, which are additional study strengths.
	Our group has previously demonstrated that age affects the plasma proteome of 50-65 and 70-85 year old sepsis patients, with differences noted between these age groups in APR signaling, coagulation, lipid metabolism, and reactive oxygen species generation pathways.55 Therefore, age was included as a covariate in regression models. All ProCESS hospitals were academic, which eliminates hospital type as a contributing factor to differences observed in this study, as it has been shown to impact sepsis disparities.27, 103 We also only analyzed samples from patients with primary intra-abdominal infection to eliminate variability in infection source.
We utilized a randomized, blinded study design and ensured samples from each study group were included in every TMT batch in order to minimize error and bias in sample preparation. We opted to use MS/MS quantification to increase identifications, which is reasonable for an exploratory study such as this one. MS/MS methods produce higher identifications and fewer missing values than MS3 methods with similar levels of quantitative precision.104-106
	Limitations of this study begin with our sample size, which was a total of N = 107. While this is larger than most similar studies examining proteomic differences between sepsis survivors and non-survivors,37-41, 43, 46, 99 we note that this sample size could be improved. Sufficient sample size is critical due to the heterogeneity within and across racial and ethnic groups,26, 42 and more representation in patient cohorts is necessary.37-40, 43, 99 
Prior to our regression analysis, 901 proteins (35.5% of identifiable proteins) were filtered out due to missing TMT values. This loss may be due to batch effects caused by the stochastic nature of DDA.107 Data-independent acquisition strategies would potentially improve the dynamic range of plasma proteins measurable.108, 109 
	Another limitation is the study design which did not control for co-variate factors (e.g., sex,13, 15, 17, 20, 21 geographical region,13, 15, 20, 25, 110, 111 income,11, 16 education,11, 112, 113 health insurance,26, 114, 115 and the presence of comorbidities [such as cardiovascular disease,13, 116 diabetes,12, 13, 16, 21, 27, 114 and HIV/AIDS14, 21, 27, 114]) that may impact patients’ plasma proteomes and contribute to sepsis disparities. 

2.5 Conclusions
	Plasma proteomics analysis was conducted on a racial and ethnically diverse cohort of samples from sepsis survivors and non-survivors with primary intra-abdominal infection. Overall, this study highlights liver cell activation as a key pathway that can differentiate sepsis survivors from non-survivors at the point of ED admission while also emphasizing the role of inflammation and lipid metabolism in sepsis survival. Liver cell activation was significantly represented in patients regardless of racial/ethnic background. We also identified several differentially-expressed proteins that were specific to Non-Hispanic White or African American/Black survivors. Proteins with significant race-survival interactions were related to the acute phase response and complement system, which are key inflammatory pathways related to sepsis. Additionally, several pathways related to the host immune response were significantly represented in African American/Black patients. These findings may help explain the residual differences in patient outcome unexplained by socioeconomic factors and highlight the need for future studies in diverse patient cohorts. 
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CHAPTER 3

[bookmark: _Hlk126327947]Pathways Associated with Positive Sepsis Survival Outcomes in African American/Black and Non-Hispanic White UTI Patients

3.1 Introduction
Urinary tract infections (UTIs) are common infections worldwide and in the United States, with an estimated 150 million cases worldwide each year.1, 2 Higher prevalence of UTIs is associated with increased age and female sex, with ~50% of adult women experiencing at least one UTI in their lifetime.1, 3 Recurring infections are also common in women. 1 UTIs, usually caused by uropathogenic Escherichia coli (UPEC),2 can affect healthy individuals or patients that require catheter usage.2, 4, 5 UTIs can progress to sepsis and septic shock when not properly treated, greatly increasing patient mortality rates.6-8
[bookmark: _Hlk136014513] Racial and ethnic disparities exist in UTIs9, 10 and sepsis.11-15 Non-White patients have higher odds of developing catheter-associated UTIs than White patients.9 Black women have reported lower odds of recurrent UTIs compared to White women, but this may be attributed to underestimates of diagnoses in Black women.10 African American/Black UTI patients have higher incidence and case-fatality rates from genitourinary sepsis than Non-Hispanic White UTI patients.16 Disparities in sepsis mortality rates have been demonstrated in cohorts ranging from ~200,000 to ~2.5 million patients, with patient data as recent as 2018.11, 13, 15, 17 Interestingly, a study by Kokoefer et al. did not find differences in hospital or intensive care unit mortality across racial/ethnic backgrounds but did find that African American sepsis patients were younger than and had higher creatinine and lower hemoglobin levels than Non-Hispanic White sepsis patients.18 Socioeconomic factors, access to and quality of healthcare, systemic racism, and chronic disease burden are partial contributors to disparities in sepsis, but notably, differences in patient mortality rates still exist after accounting for these factors.12, 15, 17, 19-22 Therefore, disparities in sepsis survival outcomes are likely related to socioeconomic and biological factors. 
Various studies have suggested molecular-level responses that collineate with racial/ethnic backgrounds and the host immune response, particularly in zinc finger, metal binding, and iron homeostasis genes;23 inflammatory and coagulation factors;24-26 and apolipoprotein L1 alleles.27, 28 More generally, proteins and metabolites in immune response, coagulation, metabolism, and cellular assembly and movement pathways differ between survivors and non-survivors in primarily Non-Hispanic White patients with community-acquired pneumonia (CAP).29-38 
Our laboratory previously demonstrated similarities and differences in the plasma proteome of African American/Black and Non-Hispanic White survivors of sepsis secondary to intra-abdominal infections (see Chapter 2).39 Proteins related to hepatic fibrosis/hepatic stellate cell activation, such as vascular cell adhesion molecule 1 (VCAM1), were decreased in survivors of both racial groups and suggested universal changes in sepsis patients.39 However, proteins related to the complement system and T-cell activation and proliferation were only significantly represented in African American/Black survivors.39 The expression levels of several acute phase and complement proteins, as well as proteins associated with type I interferon binding and receptor activity and natural killer-cell mediated cytotoxicity, were associated with both the racial background of the patient and sepsis survival outcome.39 However, sepsis mortality rates differ based on primary infection source, especially between intra-abdominal infections and UTIs.40 Transcriptomics and metabolomics analyses have suggested a source-specific host response to sepsis.41, 42 
[bookmark: _Hlk136014576][bookmark: _Hlk135227439][bookmark: _Hlk136014665]Here, we are interested in better understanding the molecular response to UTIs and how this response is related to sepsis survival outcomes in patients with different racial backgrounds. The initial insight from this study may partially explain disparities in sepsis survival outcomes. Quantitative proteomics was applied to plasma samples from African American/Black and Non-Hispanic White patients (N = 166) enrolled in the Protocolized Care for Early Septic Shock (ProCESS) cohort, a randomized trial comparing fluid resuscitation strategies in septic shock patients across 31 academic US hospitals. 43 Various treatment strategies showed equal effectiveness on patient mortality. 43 The ProCESS cohort included diversity with regards to geographical location, patients’ racial and ethnic background, and primary cause of sepsis.

 3.2 Methods
3.2.1 Ethics Statement, Study Design, Patients, and Plasma Collection 
ProCESS was a multicenter trial comparing fluid resuscitation strategies for septic shock from March 2008 to May 2013.43 Across 31 US academic emergency departments (EDs), 1,341 patients were enrolled in the trial.43 Details and eligibility criteria have previously been described,43, 44 and the Institutional Review Boards (IRBs) at the University of Pittsburgh and all 31 hospitals approved. 
	For this sub-analysis, which was approved by the Vanderbilt University IRB, ProCESS patients were selected based on self-identified race (African American/Black or Non-Hispanic White), primary infection source (UTI),44 and availability of plasma. A total of N = 166 patients were selected for this study. Plasma samples were collected at “time zero,” which referred to the point of ED admission and enrollment in the ProCESS cohort prior to treatment, and survival outcomes refer to a patient’s status 90 days post-ED admission.39 Treatment group was not included as a covariate in this study.43 
[bookmark: _Hlk135225957]Plasma samples were analyzed using a bottom-up, quantitative proteomics workflow in a randomized and blinded fashion. The workflow featured immunodepletion, automation of several sample preparation steps, and tandem mass tag (TMTpro) labeling. Following TMTpro labeling, peptides were fractionated with high pH reverse-phase (RP) fractionation and further separated and detected with liquid chromatography-tandem mass spectrometry (LC-MS/MS; Figure 3.1A). An overview is described below and details were described previously (see Section 2.2).39 Selected proteins from our workflow have previously been validated via Western blotting (see Section 2.2).39

3.2.2 Sample Depletion and Digestion
	Two 40-µL aliquots of crude plasma were injected onto a multiple affinity removal system Hu-14 (MARS-14) column (Agilent; Santa Clara, CA, USA) to deplete the top 14 most abundant plasma proteins. Immunodepletion was performed following the manufacturer’s protocol with quality control (QC) samples run daily (unpublished results). The two unbound fractions were concentrated, combined, and frozen at -80 °C until further analysis. A bicinchoninic acid (BCA) protein assay (Thermo Fisher Scientific; Waltham, MA, USA) was used to determine protein concentration. A QC sample was made by pooling equimolar amounts of each sample (N = 166) at the protein level.
	Using a Biomek i7 liquid handling workstation (Beckman Coulter; Atlanta, GA, USA), in-solution digestion of protein (60 µg) was performed in 100 mM ammonium bicarbonate buffer for each sample. Protein was reduced with 200 mM dithiothreitol, alkylated with 200 mM iodoacetamide, and digested with trypsin/Lys-C at a 50:1 sample:enzyme ratio. Digested samples were desalted with a C18 filter plate and a positive pressure apparatus, dried using centrifugal evaporation, and stored at -80 °C until further analysis.

3.2.3 Sample Tagging
	Samples were randomly assigned to 12 TMTpro batches, with each batch containing one QC sample and at least one sample from each study group for a total of 15 patient samples (see Table C3.1 for batch assignments). Each batch was balanced for survival outcome, racial/ethnic background, and age. Peptide samples (25 µg) were reconstituted in 100 mM triethyl ammonium bicarbonate and labeled with a TMTpro reagent following the manufacturer’s protocol in a 1:8 sample:tag ratio (Thermo Fisher Scientific; Waltham, MA, USA). Samples in each batch were pooled, acetonitrile (ACN) solvent was removed with centrifugal evaporation, and peptides were desalted as previously described.39 Pooled TMTpro batches (295 µg) were fractionated using basic RPLC offline fractionation to a final set of 24 concatenated fractions.39, 45 Each fraction (1 g) was reconstituted in LC-MS grade water with 0.1% formic acid (FA) and stored at -80 °C.

3.2.4 Liquid Chromatography-Tandem Mass Spectrometry (LC-MS/MS) Acquisition
LC-MS/MS analysis was performed as previously described,39 but with a shorter LC gradient. Each fraction (1 g) was injected in duplicate onto a Dionex UltiMate 3000 LC system coupled to a Q-Exactive HF mass spectrometer (both Thermo Fisher Scientific; Waltham, MA, USA) operated in positive mode. Peptides were loaded onto a commercial C18 trap column (75 m i.d. x 2 cm, 100 Å, 3 m; Thermo Fisher Scientific, Waltham, MA, USA) prior to separation on an in-house C18 packed column (100 m i.d. x 30 cm, 100 Å, 2.5 m) with a pulled tip over the following 160 min gradient: 0-2 min, 2% B; 2-5 min, 2-7% B; 5-88 min, 7-16% B; 88-133 min, 16-25% B; 133-140 min, 25-85% B; 140-146 min, 85% B; 146-148 min, 85-4% B; 148-160 min, 4% B. Mobile phase A was 0.1% FA and mobile phase B was 0.1% FA in ACN. 

3.2.5 Data Analysis
RAW files were analyzed using Proteome Discoverer v2.5 software (Thermo Fisher Scientific; Waltham, MA, USA). All technical replicates and fractions from each batch were combined into one file and searched against the UniProt human reviewed protein database (02/04/22, 42,264 sequences) using SEQUEST-HT. Selected protein groups will be referred to as proteins in the rest of this analysis. The mass spectrometry proteomics data have been deposited to the ProteomeXchange Consortium (http://proteomecentral.proteomexchange.org/) via the PRIDE46 partner repository with the dataset identifier PXD039509. Peptides were filtered to only include those identified with high confidence and their corresponding proteins, which was further limited to those with at least two peptide spectral matches. TMTpro reporter ion intensities of quantified proteins were normalized both within and across batches,47, 48 and normalized data were used for further statistical analysis.
Linear regression methods were used to identify protein factors associated with survival and race. For each protein factor, intensity was the dependent variable, and two regression models were fitted: one with 90-day survival (yes or no) as the independent variable, and one with survival outcome, race, and their interaction as independent variables. Robust standard errors were used to account for batch clusters, and all models were adjusted for age and sex. 
We excluded proteins (N = 809) with reporter ion values missing in QC channels and/or proteins that were detected in ≤20 samples (<12% of all 166 samples) due to small sample size. P-values were adjusted using the Benjamini-Hochberg (B-H) false discovery rate (FDR) procedure to account for multiple comparisons, and adjusted p-values < 0.05 were considered statistically significant. Analyses were performed using R version 4.2.1 and the rms package.49 
Fold change (FC) values were calculated for each protein by dividing the mean of sepsis survivors’ TMTpro levels by the mean of sepsis non-survivors’ TMTpro levels. FC cutoffs were established using a power analysis strategy previously described:50 ≥1.62 or ≤0.62 for comparisons of survivors vs. non-survivors; ≥1.76 or ≤0.57 for comparisons of Non-Hispanic White survivors vs. non-survivors; and ≥2.51 or ≤0.40 for comparisons of African American/Black survivors vs. non-survivors. These cutoffs correspond to the protein for which the smallest number of patients in that subgroup had reporter ion values.
Ingenuity Pathway Analysis (IPA) and Search Tool for Retrieval of Interacting Genes/Proteins (STRING) 51 were used to identify significant biological pathways and functions (B-H corrected p < 0.05 and minimum interaction score = 0.400, respectively). 

3.3 Results
3.3.1 Patient Characteristics
Demographic characteristics of the subset of ProCESS patients (N = 166) selected for this study are shown in Table 3.1. Most patients (74%) survived from sepsis secondary to UTIs 90 days post-ED admission, and ~27% of the patients in this study self-identified as African American/Black. Notably, African American/Black sepsis survivors had a significantly lower percentage of females (34%) than the other three study groups (64-80%; χ2 = 15.271). Survivors were 6-11 years younger than non-survivors, and notably, African American/Black non- survivors were five years younger than Non-Hispanic White non-survivors (68 years vs. 73 

Table 3.1. Demographics of the UTI ProCESS Patients Selected for this Study.
	
	Survivors
	Non-Survivors
	

	Characteristic
	African American/
Black 
	Non-Hispanic White
	African American/
Black
	Non-Hispanic White
	Statistic

	N
	35
	88
	10
	33
	

	Age (years) a
	62 ± 18
	62 ± 17
	68 ± 14
	73 ± 14
	0.012, 0.470, 0.453 

	Female (N, %)b
	12 (34%)
	56 (64%)
	8 (80%)
	25 (76%)
	15.271

	Renal Failure
(N, %)b
	4 (11%)
	13 (15%)
	2 (20%)
	6 (18%)
	-

	History of Dialysis
(N, %)b
	0 (0%)
	5 (6%)
	0 (0%)
	1 (3%)
	-

	Diabetes (N, %)b
	13 (37%)
	31 (35%)
	3 (30%)
	15 (45%)
	1.328


aAverage ± 1 standard deviation. P-values were calculated using a 2-way ANOVA with interaction and are for survival outcome, race, and the race-survival outcome interaction, respectively. bNumber of patients and percentage of total within group. χ2 statistics were calculated using contingency table analysis. – indicates where frequencies were too small to calculate a χ2 statistic. Bold denotes significant differences between groups (p < 0.05 or χ2 > 7.815).

years, respectively). Differences in patient age were driven by survival outcome (p = 0.012) and not racial background (p = 0.470). There was no difference in the frequency of comorbidities such as diabetes and renal disease across patients.

3.3.2 Differentially-Expressed Proteins and Pathways Associated with Survival
The proteomics workflow subjected ProCESS patient plasma samples to a bottom-up approach relying on LC-MS/MS (Figure 3.1A). An initial 3,219 proteins were identified (183,725 peptides), and of those, 2,410 proteins (175,511 peptides) were analyzed with a linear regression model (survival only model; Figure 3.1B). After FDR adjustment (adjusted p < 0.05), 248 proteins had significant differences in relative protein levels between sepsis survivors and non-survivors across all patients (Figure 3.1B, Figure 3.2A, and Table C3.1).
From IPA, synaptogenesis signaling was the most significantly altered pathway between survivors and non-survivors (B-H p = 0.006), and germ cell-Sertoli cell junction signaling, eukaryotic initiation factor 2 (EIF2) signaling, and tight junction signaling (all B-H p = 0.025) were also altered (Figure 3.2B). Other significant pathways associated with survival outcome broadly relate to inflammation, the endothelial system, and metabolism (Figure 3.2B). Similarly, in STRING analyses, cell adhesion and immune processes (such as complement and T-cell regulation) were highly enriched, as well as metabolic (e.g., fatty acid) and calcium ion binding functions (data not shown). The most enriched cellular components included proteins localized to immune cells, actin filament bundles, and neuromuscular junctions. Cadherin-17 (CDH17), myristoylated alanine-rich C-kinase substrate (MARCKS), VCAM1, and adapter molecule crk  (CRK) are examples of proteins decreased in sepsis survivors (Figure 3.2A). Acute phase protein histidine-rich glycoprotein (HRG) was the only differentially-expressed protein increased 


Figure 3.1. General (A) sample preparation and (B) data analysis workflow. Plasma samples from sepsis patients with primary urinary tract infection were obtained at hospital admission with survival outcome referring to a patient’s status 90 days post-admission. Sample preparation included tryptic digestion and TMTpro labeling and was partially automated using a Biomek i7 workstation. Fractionated TMTpro batches were analyzed via LC-MS/MS. Normalized TMTpro reporter ion intensities for proteins were analyzed using linear regression models with and without stratification by patients’ racial/ethnic backgrounds (see Section 3.2). Differentially-expressed proteins are considered as proteins with an FDR-adjusted p < 0.05 and significant fold change values (see Section 3.2). Figure was created with Biorender.com. Abbreviation: LC-MS/MS = liquid chromatography-tandem mass spectrometry. Reproduced from Shock, Kapp K. L., et al., Pathways Associated with Positive Sepsis Survival Outcomes in African American/Black and Non-Hispanic White UTI Patients, © 2023, 10.1097/SHK.0000000000002176.
Figure 3.2. (A) Volcano plot of protein log2 average TMT reporter ion abundances’ ratios of sepsis survivors to non-survivors as a function of FDR-adjusted p-value (N = 1,112 proteins with un-adjusted p < 0.05). Grey data points indicate proteins with non-significant adjusted p-values (adjusted p ≥ 0.05) and/or non-significant fold change values, and dark purple data points indicate proteins with both significant adjusted p values (adjusted p < 0.05) and fold change values. Dashed lines indicate p-value and fold change cutoffs. Example proteins are labeled. (B) Ingenuity Pathway Analysis of proteins (N = 248) with both significant FDR-adjusted p values (p < 0.05) and fold change values. Canonical pathways were identified from the IPA library using Fisher’s exact test adjusted for multiple hypothesis testing using the Benjamini-Hochberg correction. Abbreviations: VCAM1 = vascular cell adhesion molecule 1; MARCKS = myristoylated alanine-rich C-kinase substrate; CRK = adapter molecule crk; CDH17; HRG = histidine-rich glycoprotein; B-H = Benjamini-Hochberg; EIF2 = eukaryotic translation initiation factor 2; RA = rheumatoid arthritis; IL-17A = interleukin-17A. Reproduced from Shock, Kapp K. L., et al., Pathways Associated with Positive Sepsis Survival Outcomes in African American/Black and Non-Hispanic White UTI Patients, © 2023, 10.1097/SHK.0000000000002176.












in sepsis survivors.

3.3.3 Differentially-Expressed Proteins and Pathways Associated with Survival within Racial Groups
[bookmark: _Hlk129204433]	We assessed survival outcome from within African American/Black and Non-Hispanic White patient groups using a linear regression model with survival outcome and race as independent variables for 2,410 proteins. After FDR adjustment (adjusted p < 0.05), 122 (5.1% of the proteins in regression) and 47 (2.0%) proteins were differentially-expressed between sepsis survivors and non-survivors among Non-Hispanic White or African American/Black patients, respectively (Table C3.3; Figures 3.3A and 3.3B). Protein ELYS and interleukin (IL)-5 receptor subunit α (both adjusted p < 0.001; Figure 3.3A) were higher in Non-Hispanic White survivors compared to non-survivors. HRG and immortalization up-regulated protein (adjusted p = 0.003 and 0.007, respectively; Figure 3.3B) were higher in African American/Black survivors compared to non-survivors. 
Differentially-expressed proteins associated with survival outcome across African American/Black and Non-Hispanic White patients include examples such as: 60S ribosomal protein L12 (FC = 0.05 and 0.30, respectively); lysine-tRNA ligase (FC = 0.05 and 0.33, respectively); 40S ribosomal proteins S3 (FC = 0.04 and 0.41, respectively) and S21 (FC = 0.09 and 0.51, respectively); inositol polyphosphate 1-phosphatase (FC = 0.06 and 0.41, respectively); heterogeneous nuclear ribonucleoprotein L (FC = 0.04 and 0.44, respectively); and X-ray repair cross-complementing protein 6 (FC = 0.10 and 0.40, respectively). For these example proteins, p-values were < 0.001 in both groups, with the exception of 40S ribosomal protein S3 in Non-Hispanic White patients (p = 0.048).



Figure 3.3. Analysis of data stratified by patients’ racial/ethnic backgrounds. Volcano plot of protein log2 of averaged TMTpro reporter ion abundances’ ratio of sepsis survivors to non-survivors as a function of FDR-adjusted p-value (N = 1,216 proteins with un-adjusted p < 0.05) in (A) Non-Hispanic White and (B) African American/Black patients. Light grey data points indicate proteins with non-significant FDR-adjusted p-values (adjusted p ≥ 0.05) and/or non-significant fold change values in Non-Hispanic White patients and African American/Black patients. Dashed lines indicate p-value and fold change cutoffs. Example proteins are labeled. (A) Pink data points indicate proteins with both significant FDR-adjusted p-values (adjusted p < 0.05) and fold change values in Non-Hispanic White patients (N = 122 proteins). (B) Blue data points indicate proteins with both significant FDR-adjusted p-values (adjusted p < 0.05) and fold change values in African American/Black patients (N = 47 proteins). (C) Venn Diagram of the overlap of differentially-expressed proteins [pink and blue proteins from (A) and (B)] between survivors and non-survivors in Non-Hispanic White and African American/Black patients. (D) Ingenuity Pathway Analysis of the proteins in (C) (i.e., N = 122 differentially-expressed proteins in Non-Hispanic White sepsis patients and N = 47 differentially-expressed proteins in African American/Black sepsis patients). Canonical pathways were identified from the IPA library using Fisher’s exact test adjusted for multiple hypothesis testing using the Benjamini-Hochberg (B-H) correction. Abbreviations: RPS21 = 40S ribosomal protein S21; RPS3 = 40S ribosomal protein S3; RPL12 = 60S ribosomal protein L12; HNRNPL = heterogeneous nuclear ribonucleoprotein L; KARS1 = lysine-tRNA ligase; XRCC6 = X-ray repair cross-complementing protein 6; INPP1 = inositol polyphosphate 1-phosphatase; IL5RA = interleukin-5 receptor subunit α; AHCTF1 = protein ELYS; IMUP = immortalization up-regulated protein; HRG = histidine-rich glycoprotein; B-H = Benjamini-Hochberg; EIF2 = eukaryotic translation initiation factor 2. Reproduced from Shock, Kapp K. L., et al., Pathways Associated with Positive Sepsis Survival Outcomes in African American/Black and Non-Hispanic White UTI Patients, © 2023, 10.1097/SHK.0000000000002176.

Differentially-expressed proteins (N = 17) whose abundances were lower in survivors compared to non-survivors across Non-Hispanic White and African American/Black patients (Figure 3.3C) were primarily ribosomal proteins or ribonucleoproteins involved in translation and metabolic pathways. These proteins are localized to the urogenital system and female reproductive organs. Overall, most differentially-expressed proteins that were associated with positive survival outcomes were identified within a single group (Figure 3.3C), and the abundances of these proteins were primarily lower in sepsis survivors compared to non-survivors.
[bookmark: _Hlk135058557]	Differentially-expressed proteins (N = 122) in Non-Hispanic White patients were associated with survival outcome and mapped to several enriched biological processes and molecular functions in STRING (Table C3.4), including cell adhesion, calcium binding, and the cytokine response. Enriched STRING clusters included IL signaling; Janus kinase-signal transducer and activator of transcription (JAK-STAT) gene and protein expression following IL-12 stimulation; selenoamino acid metabolism; and extracellular matrix (ECM) organization. These pathways have been reported as functional in immune cells (i.e., macrophages and neutrophils), actin bundles of the cytoskeleton, the ECM, and polyribosomes. However, no canonical pathways were significantly altered between Non-Hispanic White sepsis survivors and non-survivors in IPA (Figure 3.3D).
[bookmark: _Hlk135058580]	Differentially-expressed proteins in African American/Black patients (N = 47) associated with survival outcome were significantly involved in EIF2 signaling, telomere extension, and stearate biosynthesis I via IPA (Figure 3.3D). These findings suggest DNA replication, protein translation, and metabolism may influence positive patient survival outcomes from sepsis in this group. Correspondingly, many metabolic and catabolic processes were enriched in STRING (Table C3.4), as well as the following Reactome pathways: eukaryotic translation termination, peptide chain elongation, selenoamino acid metabolism, and selenocysteine synthesis. 

3.3.4 Proteins with Significant Race-Survival Outcome Interaction
	To further assess protein changes across sepsis patients, we included a race-survival outcome interaction term in the linear regression model with race as an independent variable. Seventy-one (2.9% of the proteins in regression) proteins had a significant race-survival outcome interaction (adjusted p < 0.05; Table 3.2). EIF2 signaling was a significant canonical pathway, and STRING analysis revealed involvement in tumor necrosis factor (TNF) response, translation, and metabolism pathways (Figure 3.4; Table C3.5). Across our within-group analyses (Figure 3.3) and this race-survival outcome interaction term (Table 3.2), 16 proteins overlapped (Figure 3.5). Similar trends in expression levels were observed across these 16 proteins in sepsis survivors and non-survivors from both racial groups. Notably, the abundance levels for all these proteins were highest in African American/Black sepsis non-survivors. These proteins were primarily involved in EIF2 signaling, but other translation and metabolic pathways were also implicated (Figure 3.6). 

3.4 Discussion
	Molecular changes associated with sepsis survival from patients with primary UTIs are not known. A prior proteomic study in UTI models and patients who developed sepsis proposed lipopolysaccharide-binding protein, clusterin, and VCAM1 as diagnostic markers of sepsis.52 While all three of these were identified in this study and our previous analysis, only VCAM1 was differentially-expressed between survivors and non-survivors.39 Others have identified 
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Table 3.2. Proteins with a Significant Race-Survival Outcome Interaction.
	
	
	
	
	
	Fold Change Valuesb

	
	Accession Number
	Gene
	Protein Name
	p-valuea
	Non-Hispanic White
	African American/
Black

	
	P49748
	ACADVL
	Very long-chain specific acyl-CoA dehydrogenase, mitochondrial
	<0.001
	0.29
	0.11

	§
	P33121
	ACSL1
	[bookmark: _Hlk132980308]Long-chain-fatty-acid--CoA ligase 1
	<0.001
	0.60
	0.02

	§
	Q13444
	ADAM15
	Disintegrin and metalloproteinase domain-containing protein 15
	<0.001
	0.84
	0.36

	
	Q9NX46
	ADPRS
	ADP-ribose glycohydrolase ARH3
	0.023
	0.55
	0.11

	*
	Q8WYP5
	AHCTF1
	Protein ELYS
	<0.001
	1.89
	0.80

	
	O95433
	AHSA1
	Activator of 90 kDa heat shock protein ATPase homolog 1
	<0.001
	0.36
	0.07

	
	O95841
	ANGPTL1
	Angiopoietin-related protein 1
	<0.001
	1.01
	0.49

	
	Q92619
	ARHGAP45
	Rho GTPase-activating protein 45
	<0.001
	0.82
	1.76

	
	Q92747
	ARPC1A
	Actin-related protein 2/3 complex subunit 1A
	0.047
	0.68
	0.14

	
	Q13510
	ASAH1
	Acid ceramidase
	0.001
	0.89
	0.51

	§
	P36543
	ATP6V1E1
	V-type proton ATPase subunit E 1
	<0.001
	1.07
	0.22

	
	Q16864
	ATP6V1F
	V-type proton ATPase subunit F
	0.024
	0.84
	0.31

	§
	Q9BUT1
	BDH2
	3-hydroxybutyrate dehydrogenase type 2
	<0.001
	0.67
	0.03

	
	P07357
	C8A
	Complement component C8 α chain
	0.033
	1.00
	1.34

	
	Q03591
	CFHR1
	Complement factor H-related protein 1
	0.014
	0.86
	1.44

	
	O43529
	CHST10
	Carbohydrate sulfotransferase 10
	0.002
	0.64
	1.50

	
	Q6V1P9
	DCHS2
	Protocadherin-23
	<0.001
	0.41
	4.94

	§
	Q96HY6
	DDRGK1
	DDRGK domain-containing protein 1
	<0.001
	0.70
	0.05

	
	Q86TI2
	DPP9
	Dipeptidyl peptidase 9
	0.043
	0.56
	0.09

	
	P47813
	EIF1AX
	Eukaryotic translation initiation factor 1A, X-chromosomal
	<0.001
	0.81
	2.15

	
	Q9HC35
	EML4
	Echinoderm microtubule-associated protein-like 4
	<0.001
	0.47
	0.07

	
	Q15303
	ERBB4
	Receptor tyrosine-protein kinase erbB-4
	0.001
	0.99
	0.41

	§
	P38117
	ETFB
	Electron transfer flavoprotein subunit β
	<0.001
	0.34
	0.05


Table 3.2 (cont). Proteins with a Significant Race-Survival Outcome Interaction.
	
	
	
	
	
	Fold Change Valuesb

	
	Accession Number
	Gene
	Protein Name
	p-valuea
	Non-Hispanic White
	African American/
Black

	
	Q96AC1
	FERMT2
	Fermitin family homolog 2
	0.018
	0.46
	0.09

	
	P49915
	GMPS
	GMP synthase [glutamine-hydrolyzing]
	0.048
	1.01
	0.23

	§
	P42357
	HAL
	Histidine ammonia-lyase
	<0.001
	0.36
	0.06

	§
	P04439-2
	HLA-A
	Isoform 2 of HLA class I histocompatibility antigen,
A α chain
	<0.001
	0.67
	0.12

	§
	P09651
	HNRNPA1
	Heterogeneous nuclear ribonucleoprotein A1
	<0.001
	0.59
	0.26

	
	P14866
	HNRNPL
	Heterogeneous nuclear ribonucleoprotein L
	<0.001
	0.44
	0.04

	§
	Q9GZP8
	IMUP
	Immortalization up-regulated protein
	0.001
	1.11
	2.63

	
	P49441
	INPP1
	Inositol polyphosphate 1-phosphatase
	<0.001
	0.41
	0.06

	
	Q15046
	KARS1
	Lysine--tRNA ligase
	<0.001
	0.33
	0.05

	
	O60268
	KIAA0513
	Uncharacterized protein KIAA0513
	0.002
	1.04
	2.21

	*
	Q6ISS4
	LAIR2
	Leukocyte-associated immunoglobulin-like receptor 2
	<0.001
	0.32
	0.99

	§
	P56470
	LGALS4
	Galectin-4
	<0.001
	0.31
	0.03

	
	Q96L50
	LRR1
	Leucine-rich repeat protein 1
	0.033
	1.18
	2.23

	*
	Q32MZ4
	LRRFIP1
	Leucine-rich repeat flightless-interacting protein 1
	<0.001
	0.52
	1.02

	
	Q9NTJ4
	MAN2C1
	α-mannosidase 2C1
	<0.001
	0.54
	0.16

	
	Q9ULC4
	MCTS1
	Malignant T-cell-amplified sequence 1
	<0.001
	0.65
	2.02

	
	Q10469
	MGAT2
	α-1,6-mannosyl-glycoprotein 2-β-N-acetylglucosaminyltransferase
	0.005
	0.86
	0.53

	*
	Q9Y2G1
	MYRF
	Myelin regulatory factor
	0.012
	0.42
	0.96

	
	P22059
	OSBP
	Oxysterol-binding protein 1
	0.021
	0.60
	0.11

	§
	Q96BN8
	OTULIN
	Ubiquitin thioesterase otulin
	<0.001
	0.71
	0.30

	§
	P68402
	PAFAH1B2
	Platelet-activating factor acetylhydrolase IB subunit α2
	<0.001
	0.63
	0.24

	§
	P35558
	PCK1
	Phosphoenolpyruvate carboxykinase, cytosolic [GTP]
	<0.001
	0.25
	0.02

	
	O00625
	PIR
	Pirin
	0.020
	0.39
	0.04


Table 3.2 (cont). Proteins with a Significant Race-Survival Outcome Interaction.
	
	
	
	
	
	Fold Change Valuesb

	
	Accession Number
	Gene
	Protein Name
	p-valuea
	Non-Hispanic White
	African American/
Black

	
	Q00169
	PITPNA
	Phosphatidylinositol transfer protein α isoform
	<0.001
	0.43
	0.07

	§
	Q9Y263
	PLAA
	Phospholipase A-2-activating protein
	<0.001
	0.75
	0.26

	§
	Q8NHP8
	PLBD2
	Putative phospholipase B-like 2
	<0.001
	0.91
	0.37

	*
	Q15063-6
	POSTN
	Isoform 6 of Periostin
	<0.001
	0.55
	1.05

	*
	Q15063
	POSTN
	Periostin
	0.049
	0.49
	1.01

	
	Q08752
	PPID
	Peptidyl-prolyl cis-trans isomerase D
	<0.001
	0.88
	1.25

	
	P43686
	PSMC4
	26S proteasome regulatory subunit 6B
	0.002
	0.65
	0.26

	§
	Q8N8N7
	PTGR2
	Prostaglandin reductase 2
	<0.001
	0.27
	0.04

	
	P10155
	RO60
	60 kDa SS-A/Ro ribonucleoprotein
	<0.001
	0.30
	0.05

	
	P30050
	RPL12
	60S ribosomal protein L12
	<0.001
	0.30
	0.05

	§
	P36578
	RPL4
	60S ribosomal protein L4
	<0.001
	0.80
	0.13

	
	P63220
	RPS21
	40S ribosomal protein S21
	<0.001
	0.51
	0.09

	
	P23396
	RPS3
	40S ribosomal protein S3
	<0.001
	0.41
	0.04

	
	Q9NUL5
	SHFL
	Shiftless antiviral inhibitor of ribosomal
frameshifting protein
	0.001
	0.40
	0.06

	
	A0MZ66
	SHTN1
	Shootin-1
	0.001
	0.43
	0.14

	§
	P05455
	SSB
	Lupus La protein
	<0.001
	0.37
	0.02

	
	Q9Y365
	STARD10
	START domain-containing protein 10
	0.049
	1.04
	0.05

	
	P43405
	SYK
	Tyrosine-protein kinase SYK
	0.017
	0.92
	2.17

	
	P37173
	TGFBR2
	TGF-β receptor type-2
	<0.001
	0.63
	0.49

	
	Q9P016
	THYN1
	Thymocyte nuclear protein 1
	<0.001
	0.28
	0.04

	
	P32971
	TNFSF8
	Tumor necrosis factor ligand superfamily member 8
	0.002
	0.87
	0.50

	*
	P45379
	TNNT2
	Troponin T, cardiac muscle
	<0.001
	0.21
	1.18

	
	P12956
	XRCC6
	X-ray repair cross-complementing protein 6
	0.003
	0.40
	0.10

	§
	O75191
	XYLB
	Xylulose kinase
	0.042
	0.40
	0.06


Table 3.2 (cont). Proteins with a Significant Race-Survival Outcome Interaction.
	
	
	
	
	
	Fold Change Valuesb

	
	Accession Number
	Gene
	Protein Name
	p-valuea
	Non-Hispanic White
	African American/
Black

	
	Q76KX8
	ZNF534
	Zinc finger protein 534
	0.049
	1.50
	1.70


ap-values were calculated using a linear regression model and adjusted using FDR. bFold change values refer to comparisons of survivors/non-survivors. Bold denotes proteins that are also differentially-expressed (have within-group FDR-adjusted p < 0.05 and meet fold change cutoff) in both Non-Hispanic White and African American/Black survivors. * indicates proteins that are differentially-expressed in Non-Hispanic White survivors only. § indicates proteins that are differentially-expressed in African American/Black survivors only.


Figure 3.4. STRING network of proteins with a significant race-survival outcome interaction term (N = 71). Disconnected nodes are hidden. Node color represents key functions, and line thickness indicates the strength of protein interactions from all interaction sources. Blue represents proteins with metabolic functions, red represents proteins involved in translation, and green represents proteins involved in the tumor necrosis factor (TNF) response. Reproduced from Shock, Kapp K. L., et al., Pathways Associated with Positive Sepsis Survival Outcomes in African American/Black and Non-Hispanic White UTI Patients, © 2023, 10.1097/SHK.0000000000002176.




Figure 3.5. Box plots of log10 TMTpro intensities of the 16 proteins that change in both Non-Hispanic White and African American/Black survivors are shown. The horizontal line in the box represents the median and X represents the mean. * p < 0.05, ** p < 0.01, and *** p < 0.001, as determined by two-way ANOVAs with replication and Tukey-Kramer post-hoc tests. Purple represents Non-Hispanic White non-survivors, pink represents Non-Hispanic White survivors, dark blue represents African American/Black non-survivors, and light blue represents African American/Black survivors. Abbreviations: THYN1 = thymocyte nuclear protein 1; ACADVL = very long-chain specific acyl-CoA dehydrogenase, mitochondrial; 60S ribosomal protein L12; RO60 = 60 kDa SS-A/Ro ribonucleoprotein; KARS1 = Lysine-tRNA ligase; AHSA1 = activator of 90 kDa heat shock protein ATPase homolog 1; RPS3 = 40S ribosomal protein S3; INPP1 = inositol polyphosphate 1-phosphatase; PITPNA = phosphatidylinositol transfer protein α isoform; HNRNPL = heterogeneous nuclear ribonucleoprotein L; EML4 = echinoderm microtubule-associated protein-like 4; RPS21 = 40S ribosomal protein S21; MAN2C1 = α-mannosidase 2C1; SHFL = shiftless antiviral inhibitor of ribosomal frameshifting protein; XRCC6 = X-ray repair cross-complementing protein 6; FERMT2 = fermitin family homolog 2. Reproduced from Shock, Kapp K. L., et al., Pathways Associated with Positive Sepsis Survival Outcomes in African American/Black and Non-Hispanic White UTI Patients, © 2023, 10.1097/SHK.0000000000002176.


Figure 3.6. Ingenuity Pathway Analysis of the differentially-expressed proteins (N = 16) in both Non-Hispanic White and African American/Black sepsis survivors that also have a significant race-survival outcome interaction. Canonical pathways were identified from the IPA library using Fisher’s exact test adjusted for multiple hypothesis testing using the Benjamini-Hochberg correction. Abbreviations: B-H = Benjamini-Hochberg; EIF2 = eukaryotic translation initiation factor 2; DNA = deoxyribonucleic acid; mTOR = mammalian target of rapamycin; eIF4 = eukaryotic translation initiation factor 4F; p70S6K =P70 S6 kinase; tRNA = transfer ribonucleic acid. Reproduced from Shock, Kapp K. L., et al., Pathways Associated with Positive Sepsis Survival Outcomes in African American/Black and Non-Hispanic White UTI Patients, © 2023, 10.1097/SHK.0000000000002176.

differentially-expressed proteins involved in coagulation, the acute phase response, lipid homeostasis, and iron ion transport as associated with sepsis severity.53 Our laboratory previously used plasma proteomics to study sepsis survival in a diverse cohort of patients with primary intra-abdominal infection (see Chapter 2), identifying proteins related to hepatic fibrosis/hepatic stellate cell activation (e.g., VCAM1) that were decreased in sepsis survivors (see Section 2.3.2).39 However, proteins related to the complement system and T-cell activation and proliferation were significantly represented in African American/Black survivors (see Section 2.3.3), and the expression levels of several acute phase and complement proteins were dependent on survival outcome and self-identification within African American/Black or Non-Hispanic White racial/ethnic groups (see Section 2.3.4).39
Here, we examined survival outcomes from sepsis secondary to UTIs in African American/Black and Non-Hispanic White patients (N = 166) from the ProCESS cohort43 with the goal of understanding disparities and the molecular response to UTIs that may both be associated with sepsis survival outcomes. Because the host response to sepsis may be source-specific,41, 42 and because mortality rates differ between sepsis secondary to intra-abdominal infections and UTIs,40 it was important to examine the question of racial disparities in another primary infection source. Survival outcomes were assessed at 90 days post-ED admission. Overall, our plasma proteomics analyses suggest that sepsis survivors, regardless of racial background, experience less inflammation and have a corresponding higher degree of endothelial barrier integrity than non-survivors. Sepsis survivors also appear to have greater anti-oxidant levels and more beneficial actin dynamics than non-survivors. Several key inflammatory and/or endothelial system proteins that support these findings were lower in sepsis survivors than non-survivors, such as: growth-regulated α protein; S100A8; S100A9; multiple collagens; TNF receptor superfamily member 1A; VCAM1; prostaglandin reductase 2 (PTGR2); MARCKS; calmodulin; multiple cadherins; cAMP-dependent protein kinase type I-α regulatory subunit; Ras-related C3 botulinum toxin substrate 1; and nectins 2 and 3. 
[bookmark: _Hlk135226327][bookmark: _Hlk135227217][bookmark: _Hlk135227267]These changes are consistent with others’ reports of sepsis survival and disease severity of UTIs via discovery and targeted LC-MS/MS, enzyme-linked immunosorbent assays, real-time reverse transcription polymerase chain reaction, and Western blotting.54-61 Similar to our previous analysis of patients with primary intra-abdominal infection, proteins related to inflammation and hepatic fibrosis/hepatic stellate cell activation were decreased in sepsis survivors,39 including VCAM1 (see Section 2.3.2), which has also been proposed as a diagnostic biomarker for sepsis secondary to UTIs.52 Therefore, these pathways and related molecules may be key factors involved in sepsis survival across primary infection sources, especially soluble forms of proteins like VCAM1. Interestingly, pathways related to the endothelial system were not significantly altered in our previous analysis of patients with primary intra-abdominal infection,39 suggesting possible source-specific responses. 
[bookmark: _Hlk135226569]Lower levels of nectin 2 may indicate decreased UPEC invasion,62 and several differentially-expressed proteins enriched in female reproductive and genital systems were observed. These findings suggest that inflammation and endothelial barrier integrity in the urogenital system may be important in survival outcomes related to sepsis secondary to UTIs. Tissue-specific responses based on the primary infection site may be important aspects to investigate in future studies.



3.4.1 Factors Associated with Survival Outcomes and Racial Background of Patients
[bookmark: _Hlk135226586]	Metabolism was not significantly impacted in Non-Hispanic White sepsis survivors but was altered in African American/Black sepsis survivors. For example, PTGR2 was differentially-expressed in African American/Black survivors compared to non-survivors, but this was not the case in Non-Hispanic White survivors. Lower levels of proteins such as PTGR2 and long-chain-fatty-acid--CoA ligase (ACSL1) suggest altered metabolism and less inflammation in African American/Black survivors compared to non-survivors.63-65 Similar changes in ACSL1 have been demonstrated with whole genome microarrays.64, 65 Metabolism, particularly fatty acid transport and β-oxidation, were also heavily implicated in sepsis survivors in an integrated proteomics and metabolomics dataset from a cohort of mostly Black sepsis patients with primary CAP.34 Future work should focus on these pathways as targets for improving patient survival outcomes in sepsis.
[bookmark: _Hlk136010053]	We identified 71 proteins with a significant race-survival outcome interaction term, including proteins involved in a variety of metabolic processes and the immune response, specifically in the response to the cytokine TNF and regulation of T-cell proliferation. Previously, we identified pathways related to T-cell activation and proliferation that were only significantly altered in African American/Black sepsis survivors with primary intra-abdominal infections (see Section 2.3.3).39 Human leukocyte antigen class I histocompatibility antigen, A α chain protein had a significant race-survival outcome interaction term in both this and our prior study39 (see Section 2.3.4) and is known to have several polymorphisms across racial/ethnic backgrounds that affect the immune system.66, 67 Future studies are needed to understand T-cell activation, regulation, and/or proliferation functions in diverse racial and ethnic patient populations. Zinc finger protein 534 was also identified in this set of 71 proteins. Metal-binding genes, such as zinc finger genes, impact the immune response68 and previously were reported as altered between White and Black CAP patients in a transcriptomics study.23
	Most importantly, when we compared results from two statistical approaches to understand the impact of racial/ethnic background, 16 proteins overlapped and were identified as having the most substantial relevance to racial/ethnic background and sepsis survival. These proteins were decreased in survivors from both racial groups. Interestingly, few of these proteins have previously been identified in studies of UTIs or sepsis from any primary infection source. Six of these proteins are involved in translation initiation, particularly EIF2 signaling, and are decreased in survivors at the early timepoint of hospital admission, suggesting that survivors may be experiencing greater degrees of translation shutdown as an acute response to sepsis, or prior as a result of the UTI. Although persistent shutdown is detrimental, initially, translation shutdown is beneficial toward preserved cellular energy, a regulated cellular stress response, and less cytokine production.69, 70 African American/Black sepsis non-survivors had the greatest abundances of these proteins, which may also suggest that translation is a partial contributor to these patients’ survival post-ED admission. Overall, these 16 proteins provide novel changes in sepsis secondary to UTIs and because they change similarly across racial groups should be explored as prognostic biomarkers for sepsis. 

3.4.2 Study Strengths and Limitations
While a sample size of 166 patients (45 of whom identified as African American/Black) is larger than most similar studies,29-33, 35, 38 sample size could be improved in future studies, especially among African American/Black patients. Only patients with primary UTIs were selected to control for heterogeneity from multiple infection sources. All ProCESS hospitals were academic, so hospital type was not a source of variation in this study. All regression models were adjusted for age and sex because age affects the plasma proteome of sepsis patients, and both age and sex affect the risk of developing UTIs.1, 3, 50
However, information about various socioeconomic factors that could contribute to disparities, such as patients’ geographical region, income, and health insurance status,11, 13, 15, 19, 21, 71-77 were not included in the original study design43 and therefore not included as covariates. Additionally, ProCESS did not enroll healthy, non-infected patients or patients who were infected, but not septic.43 Therefore, there were no non-septic controls in our analysis to allow for comparisons across pathophysiological conditions, representing a key limitation to this work.

3.5 Conclusions
	Quantitative proteomics analysis of plasma samples from a racially and ethnically diverse cohort of sepsis survivors and non-survivors with primary UTI suggests that proteins in the immune response and endothelial system impact patient survival after ED admission. Sepsis survivors experienced less inflammation, less endothelial barrier damage, and greater anti-oxidant levels than non-survivors. These changes may be particularly relevant in the urogenital system. While several differentially-expressed proteins were identified within Non-Hispanic White (mostly related to the immune system) or African American/Black (primarily metabolic proteins) patients, early translation shutdown was experienced universally by all sepsis survivors in this study, regardless of racial background. These studies have provided molecular insight to factors that may contribute to sepsis survival from UTIs and partially explain potential differences in outcomes for racial and ethnic groups. Larger scale studies which examine diverse patient cohorts across various primary sources of infection and other racial and ethnic groups are still warranted to better explain disparities in patient survival.
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Toward Prognostic Protein Biomarkers for Sepsis Survival Outcomes

4.1 Introduction
Sepsis is a major public health concern, as ~1.7 million Americans are affected annually.1 Currently defined as life-threatening organ dysfunction caused by a dysregulated host response to infection,2 approximately one-third of sepsis patients die as a result of sepsis each year.3 Sepsis is also the leading cost of hospitalization in the U.S. at ~$62 billion.4 If sepsis is untreated, it can advance to septic shock, a state characterized by severe cellular and metabolic abnormalities.2 This advancement from sepsis to septic shock can take place on a timescale of hours; for every hour that treatment is delayed, the chance of developing septic shock increases as much as ~10%.3 Once in a state of septic shock, ~40% of patients will not survive.2
	Sepsis is highly heterogeneous, leading to difficulties in treatment and subsequent high mortality rates.5 Heterogeneity results from a variety of host factors (e.g., age, sex, comorbidities, racial/ethnic background), infection sites, and pathogenic organisms.6 Many of these factors also interact with each other to affect incidence and mortality rates. The very young (<5 years old) and the elderly are at an increased risk of both developing and dying from sepsis.7 The clinical presentation of sepsis also appears to differ based on age.8 The effect of sex on sepsis mortality is inconclusive,6 although sex impacts incidence rates for urinary tract infections (UTIs), a common primary infection, whereby women have higher rates of UTIs.9, 10 The presence of one or more comorbidities (e.g., cancer, kidney or liver disease, immune suppression) is also known to increase sepsis incidence and mortality rates.11 Compared to Non-Hispanic White patients, patients from African American/Black and indigenous backgrounds have higher mortality rates,12-17 while patients from Hispanic and Asian American backgrounds have similar or lower mortality rates.16, 17
The most common primary infections are respiratory (community-acquired pneumonia caused by Streptococcus pneumoniae),18 intra-abdominal (typically caused by Gram-negative Escherichia coli),19 and UTIs (primarily resulting from E. coli).20, 21 Other bacteria, such as Enterococcus faecalis, or fungi such as Candida albicans, are also common causes of infections that develop into sepsis.19, 20 Infections of the skin, central nervous system (CNS), and the cardiovascular system are less common causes of sepsis.22, 23 
Various studies have identified molecules that could help characterize a sepsis survivor at the point of hospital admission.24-33 Proteins and metabolites involved in the immune response, coagulation, metabolism, and cytoskeletal structure have been identified and can aid sepsis prognosis and personalized treatment.24-33 However, most of these studies have focused on Non-Hispanic White patients with respiratory infections.24-33 Only two of these studies analyzed samples from patients with primary intra-abdominal infections27, 33 and none have included patients with primary UTIs. These studies were also small in sample size (N < ~40),24-28, 30-33 and some did not include females26, 27 or specify the sex of patients.28
  Previously, we applied quantitative proteomics to plasma samples from Non-Hispanic White and African American/Black patients (N = 273) enrolled in the Protocolized Care for Early Septic Shock (ProCESS) cohort, a trial comparing fluid resuscitation strategies in septic shock patients across 31 academic US hospitals.34 We first analyzed samples from patients (N = 107) with primary intra-abdominal infections, identifying proteins related to hepatic fibrosis/hepatic stellate cell activation (HF/HSCA), the immune response, and lipid metabolism as key factors associated with sepsis survival outcomes (Chapter 2).35 Next, we analyzed samples from patients (N = 166) with primary UTIs (Chapter 3).36 Proteins associating with sepsis survival outcomes were also related to HF/HSCA, and included other proteins, such as those with endothelial system and translation regulation functions.36 These separate analyses revealed possible source-specific responses to sepsis as well as responses that were only characterized within a single racial/ethnic group.35, 36 However, some proteins that differed based on survival outcome (primarily related to the immune system) changed similarly in both racial/ethnic groups in both analyses, suggesting possible universal changes in sepsis survival mechanisms across diverse patients.35, 36  
A useful prognostic biomarker, or set of biomarkers, for assessing likely patient outcomes from sepsis in the clinic should be universal. Diagnosing primary infections and characterizing the causative pathogen of sepsis has been very difficult.37 In emergency departments (EDs), critical care units, and intensive care units, time is critical for guiding the course of treatment,3, 37 and waiting on results from lengthy bacterial culture tests is futile. One potential direction is to guide clinical treatment strategies more efficiently with biomarkers that can inform clinicians of patients most likely not to survive sepsis. This notification would allow clinicians to be more aggressive and earlier with treatment after ED admittance. We leveraged pre-existing datasets35, 36 (Chapters 2 and 3) to identify factors associated with sepsis survival outcomes across two primary infection sources and racial/ethnic backgrounds at hospital admission. The insight from this secondary analysis may help identify universal changes in sepsis and subsequently prognostic markers for sepsis survival.   


4.2 Methods 
4.2.1 Ethics Statement, Study Design, Patients, and Plasma Collection 
Patients (N = 1,341) were enrolled in ProCESS, a trial comparing three fluid resuscitation strategies for diverse septic shock patients across 31 U.S. academic EDs.34 Each treatment strategy showed equal effectiveness on patient mortality.34 Details of the ProCESS study and patient eligibility criteria have previously been described,34, 38 and the Institutional Review Boards (IRBs) at the University of Pittsburgh and all 31 hospitals approved ProCESS. The Vanderbilt University IRB approved this and previous analyses.35, 36 
Previously, plasma samples from N = 107 patients with sepsis secondary to intra-abdominal infections (Chapter 2) and N = 166 patients with sepsis secondary to UTIs were analyzed using quantitative bottom-up proteomics (Chapter 3).35, 36 Patients were selected based on plasma sample availability, primary infection source (intra-abdominal or UTI), and self-identified race (African American/Black or Non-Hispanic White). All samples were collected at “time zero,” which ProCESS defined as the point of ED admission, enrollment in the trial, and before any treatment. 34 “Survivor” and “non-survivor” refer to a patient’s status 90 days post-ED admission. 

4.2.2 Sample Preparation and Data Acquisition
Plasma samples were divided into two groups based on primary infection source, and each group was analyzed using a bottom-up, quantitative proteomics workflow in a randomized and blinded fashion. Details were described previously.35, 36 Briefly, plasma samples were first immunodepleted using a multiple affinity removal system top 14 (MARS-14) column (Agilent; Santa Clara, CA) and protein concentration was determined via an automated bicinchoninic acid assay (BCA). Two quality control (QC) pool samples were made by combining equimolar amounts of 1) all intra-abdominal samples (N = 107) and 2) all UTI samples (N = 166). Tryptic digestion and tandem mass tag (TMTpro) labeling was then performed using a Biomek i7 automated liquid handler. The intra-abdominal and UTI groups were composed of 8 and 12 TMTpro batches, respectively. In each group, samples were randomly assigned across the batch. Each batch contained one QC pool sample. Peptides were fractionated with high pH reverse-phase fractionation and further separated and analyzed with liquid chromatography-tandem mass spectrometry (LC-MS/MS). RAW files were searched against the UniProt human reviewed database (01/14/21, 42,294 sequences) using SEQUEST-HT in Proteome Discoverer v2.3 (Thermo Fisher Scientific; Waltham, MA) for the intra-abdominal data and against the UniProt human reviewed database (02/04/22, 42,264 sequences) using SEQUEST-HT in Proteome Discoverer v2.5 for the UTI data.
	The mass spectrometry proteomics data have previously been deposited to the ProteomeXchange Consortium (http://proteomecentral.proteomexchange.org/) via the PRIDE39 partner repository with the dataset identifier PXD030476 (intra-abdominal) and PXD039509 (UTI).

4.2.3 Data Normalization
	Previously, TMT reporter ion intensities of quantified proteins in each dataset were normalized using a modified two-step process involving within-batch and across-batch normalization as previously described.35, 36, 40, 41 To combine the two datasets for this analysis, TMT reporter ion intensities of quantified proteins (N = 1,818) that overlapped in both datasets were normalized using the corresponding QC pool channel in each batch (N = 20). This step was considered “within batch” normalization. Across batch normalization was performed for each protein by dividing the geometric mean of the QC pool channel TMT reporter ion intensities (20th root of the product of all QC pool channels’ intensities) by the QC pool channel intensity to create a scaling factor. The within-batch normalized TMT reporter ion intensities were then multiplied by this scaling factor to calculate the across-batch normalized data. This data was used for further statistical analysis.

4.2.4 Data Analysis
	First, a linear regression method was used to identify protein factors associated with survival outcome. For each protein factor, TMT reporter ion intensity was the dependent variable, and 90-day survival (yes or no) was the independent variable. Robust standard errors were used to account for batch clusters, and all models were adjusted for age and sex. We excluded proteins (N = 12) that were detected in ≤20 samples (<7% of all 273 samples) due to small sample size. Multiple comparisons were accounted for using the Benjamini-Hochberg (B-H) false discovery rate (FDR) procedure. Adjusted p-values < 0.05 were considered statistically significant. Analyses were performed using R version 4.2.1 and the rms package.42 Fold change (FC) values were calculated for each protein by dividing the mean of sepsis survivors’ TMTpro levels by the mean of sepsis non-survivors’ TMTpro levels. FC cutoffs of ≥1.64 or ≤0.61 were established using a power analysis strategy previously described43 and correspond to the protein for which the smallest number of patients had reporter ion values.
	Second, a logistic regression method was used to identify protein factors that could predict survival outcome (likelihood ratio test [LRT] p < 0.05). Proteins (N = 1,658) that were detected in ≥55 patients (>20% of 273 patients) were included. Protein levels were log2 transformed, and missing values were imputed using imp4p, which accounts for both missing completely-at-random and not-at-random values.44 For each protein factor, 90-day survival (yes or no) was the dependent variable, and the imputed data was the independent variable. Models were adjusted for primary infection source, age, race, sex, and the presence of diabetes, cancer, immunosuppression, and renal failure. Logistic regression models were created to analyze the predictive ability for clinical variables only; clinical variables plus the two most significant proteins (based on LRT p); and clinical variables plus the five most significant proteins. An elastic net regression model was used to analyze all proteins (N = 77) that had a significant LRT p < 0.05, controlling for but not penalizing clinical covariates. Proteins (N = 10) that had an FDR-adjusted p < 0.05 in the linear regression model and an LRT p < 0.05 in the logistic regression model were also analyzed for their predictive ability, again controlling for but not penalizing clinical covariates. Optimal parameters were selected based on the minimum cross-validation error. Areas under the curve (AUCs) and 95% confidence intervals were calculated for each model.
 	Ingenuity Pathway Analysis (IPA) and Search Tool for Retrieval of Interacting Genes/Proteins (STRING)45 were used to identify significant biological pathways and functions (B-H corrected p < 0.05 and minimum interaction score = 0.400, respectively). 

4.3 Results
4.3.1 Patient Characteristics
	Demographic characteristics of the ProCESS patients (N = 273) analyzed in this study are shown in Table 4.1. Most patients (68%) survived from sepsis 90 days post-ED admission, and 27% of patients self-identified as African American/Black. Survivors were an average of 8 years 

Table 4.1. Demographics of the ProCESS Patients Selected for this Study.
	Characteristic
	Survivors
	Non-Survivors
	Statistic

	N
	185
	88
	

	Age (years) a
	60 ± 16
	68 ± 14
	<0.001

	Primary UTI (N, %)b
	123 (66%)
	43 (49%)
	7.771

	African American/Black (N, %)b
	54 (29%)
	17 (19%)
	3.651

	Female (N, %)b
	89 (48%)
	50 (57%)
	1.810

	Renal Failure (N, %)b
	30 (16%)
	21 (24%)
	2.296

	History of Dialysis (N, %)b
	12 (6%)
	5 (6%)
	0.066

	Diabetes (N, %)b
	64 (35%)
	38 (43%)
	1.879

	History of Liver Disease (N, %)b,c
	11 (6%)
	17 (19%)
	11.585

	Immunocompromised (N, %)b
	14 (8%)
	22 (25%)
	15.679

	Active Cancer (N, %)b
	20 (11%)
	28 (32%)
	18.161


aAverage ± 1 standard deviation. P-value statistic was calculated using a two-tailed t-test. bNumber of patients and percentage of total within survival outcome group. χ2 statistics were calculated using contingency table analysis. – indicates where frequencies were too small to calculate a χ2 statistic. cLiver disease includes patients with history of at least one of the following: cirrhosis; hepatic encephalopathy, failure, or coma; chronic hepatitis; or other liver disease. Bold denotes significant differences between survival outcome groups (p < 0.05 or χ2 > 3.841).or a history of liver disease (χ2 = 18.161 and 11.585, respectively) in the non-survivor group than the survivor group. There was no difference in the frequencies of renal failure, diabetes, or a history of dialysis across survival outcome groups. There was also no difference in the percentage of females between the two survival outcome groups. 

younger than non-survivors. A greater percentage of survivors had primary UTIs compared to non-survivors. Regarding comorbidities that may influence survival outcomes, there was a greater percentage of immunocompromised patients (χ2 = 15.679) and patients with active cancer or a history of liver disease (χ2 = 18.161 and 11.585, respectively) in the non-survivor group than the survivor group. There was no difference in the frequencies of renal failure, diabetes, or a history of dialysis across survival outcome groups. There was also no difference in the percentage of females between the two survival outcome groups.

4.3.2 Characteristics of the Septic Plasma Proteome
	This secondary analysis required renormalization of the original data.35, 36 Thus, we assessed the similarity of metrics, such as peptide spectral matches (PSMs) and TMT reporter ion intensities. PSMs were highly correlated in the intra-abdominal and UTI datasets (R2 = 0.9706; Figure 4.1A). Given the higher number of samples and batches in the UTI dataset, that dataset generally had a higher number of PSMs for each protein. Fewer PSMs per protein generally corresponded to a lower log10 TMT intensity (Figure 4.1B), and TMT intensities were similar for each protein across the intra-abdominal and UTI datasets.
	The thirty-most abundant proteins in each dataset are listed in Table 4.2. The top eight most abundant proteins (hemopexin, apolipoprotein B-100, complement C4-B and A, complement factor H, ceruloplasmin, complement factor B, and vitamin D-binding protein) are similar in both datasets, with the PSMs ranging from 16,326 – 56,731. Several complement and coagulant proteins are also highly abundant in each dataset (Table 4.2). Notably, three proteins (complement C3 [C3], fibrinogen α chain [FGA], and haptoglobin [HP]) that were immunodepleted during sample preparation are amongst the most abundant proteins. 

Figure 4.1. Correlation of the two datasets. (A) The total number of PSMs from the two datasets of each of the common identified proteins (N =1,818) are plotted against each other. (B) Each of the common identified proteins’ (N = 1,818) normalized log10 TMT intensity and total number of PSMs is plotted. Blue represents intra-abdominal data and red represents UTI data.
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Table 4.2. Thirty Most Abundant Proteins in Septic Patients’ Depleted Plasma.
	
	
	
	Intra-Abdominal
	UTI

	Accession Number
	Gene
	Protein Name
	Ranka
	Total PSMs
	Log10 Average TMT Intensity
	Ranka
	Total PSMs
	Log10 Average TMT Intensity

	P02790
	HPX
	Hemopexin
	1
	31098
	9.30
	1
	56731
	9.66

	P04114
	APOB
	Apolipoprotein B-100
	2
	30723
	8.78
	4
	47151
	8.92

	P0C0L5
	C4B
	Complement C4-B
	3
	30206
	7.79
	2
	54371
	8.04

	P0C0L4
	C4A
	Complement C4-A
	4
	29927
	9.00
	3
	54289
	9.51

	P08603
	CFH
	Complement factor H
	5
	24599
	8.89
	5
	47117
	9.22

	P00450
	CP
	Ceruloplasmin
	6
	19814
	9.21
	6
	39009
	9.53

	P00751
	CFB
	Complement factor B
	7
	16390
	8.88
	8
	30545
	9.33

	P02774
	GC
	Vitamin D-binding protein
	8
	16326
	9.11
	7
	32842
	9.53

	P00747
	PLG
	Plasminogen
	9
	11483
	8.51
	11
	21826
	8.89

	Q14624-2
	ITIH4
	Isoform 2 of Inter-α-trypsin inhibitor heavy chain H4
	10
	11104
	6.57
	13
	20453
	6.37

	Q14624
	ITIH4
	Inter-α-trypsin inhibitor heavy chain H4
	11
	10893
	8.78
	12
	20478
	9.12

	P01024*
	C3
	Complement C3
	12
	10431
	7.93
	37
	8880
	7.63

	P00734
	F2
	Prothrombin
	13
	10415
	8.55
	15
	19959
	8.88

	P01008
	SERPINC1
	Antithrombin-III
	14
	10205
	8.51
	10
	22162
	9.00

	P01042-2
	KNG1
	Isoform LMW of Kininogen-1
	15
	10054
	8.39
	18
	16510
	8.57

	P19823
	ITIH2
	Inter-α-trypsin inhibitor heavy chain H2
	16
	9632
	8.51
	16
	19252
	8.89

	P01042
	KNG1
	Kininogen-1
	17
	9307
	8.16
	20
	15538
	8.51

	P01031
	C5
	Complement C5
	18
	9289
	8.31
	17
	17576
	8.64

	P01011
	SERPINA3
	α-1-antichymotrypsin
	19
	8792
	8.84
	21
	15157
	9.10

	P10643
	C7
	Complement component C7
	20
	7957
	8.29
	24
	12511
	8.42

	P04275
	VWF
	von Willebrand factor
	21
	7798
	7.79
	27
	11941
	7.90

	P02671*
	FGA
	Fibrinogen α chain
	22
	7377
	8.27
	22
	14712
	8.71


Table 4.2 (cont). Thirty Most Abundant Proteins in Septic Patients’ Depleted Plasma.
	
	
	
	Intra-Abdominal
	UTI

	Accession Number
	Gene
	Protein Name
	Rank
	Total PSMs
	Log10 Average TMT Intensity
	Rank
	Total PSMs
	Log10 Average TMT Intensity

	P04217
	A1BG
	α-1B-glycoprotein
	23
	6836
	8.51
	25
	12293
	8.72

	P06727
	APOA4
	Apolipoprotein A-IV
	24
	6780
	8.39
	28
	11554
	8.62

	P05155
	SERPING1
	Plasma protease C1 inhibitor
	25
	6617
	8.45
	19
	15883
	8.96

	P19827
	ITIH1
	Inter-α-trypsin inhibitor heavy chain H1
	26
	6449
	8.13
	26
	12287
	8.51

	P43652
	AFM
	Afamin
	27
	6097
	8.17
	31
	11211
	8.47

	P02765
	AHSG
	α-2-HS-glycoprotein
	28
	5873
	8.31
	30
	11251
	8.76

	P04003
	C4BPA
	C4b-binding protein α chain
	29
	5821
	7.78
	14
	20425
	8.60

	P00738*
	HP
	Haptoglobin
	30
	5682
	8.16
	9
	23406
	9.21

	P02751-1
	FN1
	Isoform 1 of Fibronectin
	48
	3793
	8.11
	23
	13401
	8.32

	P02749
	APOH
	β-2-glycoprotein 1
	33
	5180
	8.53
	29
	11493
	8.87


aProtein’s rank within each dataset of depleted plasma (see Section 4.2 for details) based on total number of PSMs. * indicates a protein that was immunodepleted.


In sepsis patients with primary intra-abdominal infections, 2,540 plasma proteins were identified across 8 TMTpro batches (Chapter 2),35 and 3,219 proteins across 12 TMTpro batches were identified in sepsis patients with primary UTIs (Chapter 3).36 In total, 3,450
unique plasma proteins were identified in sepsis patients, and 2,309 proteins (67%) were identified in both datasets (Figure 4.2). These proteins (N = 2,309) primarily are related to lipid metabolism, inflammation/immune response, cytoskeletal structure, and coagulation pathways (Figure 4.2).
	There were 910 proteins unique to the UTI dataset (26% of identifiable proteins) and 231 proteins unique to the intra-abdominal dataset (7% of identifiable proteins; Figure 4.2). The proteins unique to the UTI dataset are largely related to cell-cell signaling as well as translation (Figure 4.3). Signaling at Sertoli cell junctions, which are in the testes, was also a highly significant pathway (Figure 4.3). These observations are consistent with previous findings in sepsis secondary to UTIs (Chapter 3).36 Interestingly, after FDR adjustment, no canonical pathways were observed in the proteins unique to the intra-abdominal dataset.
	
4.3.3 Differentially-Expressed Proteins and Pathways Associated with Survival
	Proteins (N = 1,806 proteins) in common between the two datasets were analyzed with a linear regression model. Following FDR adjustment (adjusted p < 0.05), 229 proteins had significant differences in relative protein levels between sepsis survivors and non-survivors (Figure 4.4A and Supplemental Table D4.1). Of these, 227 proteins were decreased, and only two were increased in sepsis survivors compared to non-survivors.
	
[bookmark: _Hlk138615372]Figure 4.2. Patient samples from the ProCESS cohort were stratified by primary infection source (intra-abdominal35 or UTI36) and analyzed individually with bottom-up, quantitative proteomics. Top: Venn Diagram of the overlap of protein identifications between the two datasets. Bottom: The top 10 most significant pathways of proteins identified in common to the two primary infection sources. Canonical pathways were identified from the IPA library using Fisher’s exact test and adjusted for multiple hypothesis testing using the Benjamini-Hochberg correction. Abbreviations: B-H = Benjamini-Hochberg; LXR/RXR = liver X receptor/retinoid X receptor; FXR/RXR = farnesoid X receptor/retinoid X receptor; DHCR24 = 3β-hydroxysterol Δ24-reductase.


Figure 4.3. The top 10 most significant pathways of proteins identified only in sepsis patients with primary UTIs. Canonical pathways were identified from the IPA library using Fisher’s exact test and adjusted for multiple hypothesis testing using the Benjamini-Hochberg correction. Abbreviations: B-H = Benjamini-Hochberg;eIF4 = eukaryotic translation initiation factor 4; p70S6K = P70 S6 kinase; ARE = AU-rich element; mRNA = messenger ribonucleic acid; PXR = pregnane X receptor.





Figure 4.4. (A) Volcano plot of protein log2 of averaged TMTpro reporter ion abundances’ ratio of sepsis survivors to non-survivors as a function of FDR-adjusted p-value (N = 909 proteins with un-adjusted p < 0.05). Light grey data points indicate proteins with non-significant FDR-adjusted p-values (adjusted p ≥ 0.05) and/or non-significant fold change values. Green data points indicate proteins with both significant FDR-adjusted p-values (adjusted p < 0.05) and fold change values (N = 229 proteins). Dashed lines indicate p-value and fold change cutoffs. Example proteins are labeled. (B) Ingenuity Pathway Analysis of differentially-expressed proteins (green data points) in (A). Canonical pathways were identified from the IPA library using Fisher’s exact test adjusted for multiple hypothesis testing using the Benjamini-Hochberg correction. Abbreviations: B-H = Benjamini-Hochberg; MYG1 = MYG1 exonuclease; GRPEL1 = GrpE protein homolog 1, mitochondrial; L2 = minor capsid protein L2; XRCC6 = X-ray repair cross-complementing protein 6; APIP = methylthioribulose-1-phosphate dehydratase; VCAM1 = vascular cell adhesion molecule 1; OXCT1 = succinyl-coA:3-keotacid coenzyme A transferase 1, mitochondrial; GCSH = glycine cleavage system H protein, mitochondrial; HMGN1 = non-histone chromosomal protein HMG-14; HLA-A: isoform 2 of human leukocyte antigen, A α chain; TXNRD2 = thioredoxin reductase 2; SOD2 = superoxide dismutase 2; HSPA1B = heat shock 70 kDa protein 1B; TALDO1 = transaldolase 1; HRG = histidine-rich glycoprotein; LPA (APO-A) = apolipoprotein A; IGF-1 = insulin-like growth factor 1.

The pentose phosphate pathway (PPP) was the most significantly altered pathway between survivors and non-survivors (B-H p = 0.001; Figure 4.4B). Gluconeogenesis and the oxidative branch of the PPP were also significantly altered (B-H p = 0.008 and 0.029, respectively; Figure 4.4B). Several pathways related to reactive oxygen species (ROS) were also significantly altered: superoxide radical degradation and thioredoxin pathway (both B-H p = 0.006) and glutathione redox reactions II (B-H p = 0.039; Figure 4.4B). The immune response was implicated with the antigen presentation pathway being altered between survivors and non-survivors (B-H p = 0.006; Figure 4.4B). The unfolded protein response was also associated with survival outcome (B-H p = 0.018; Figure 4.4B). These findings were supported by STRING analysis (Supplemental Table D4.2).
	Transaldolase (TALDO1; p = 0.044, FC = 0.37), superoxide (SOD) dismutase 2 (SOD2; p = 0.023, FC = 0.27), thioredoxin (TXN) reductase 2 (TXNRD2; p = 0.021, FC = 0.48), isoform 2 of human leukocyte antigen, A α chain (HLA-A; p = 0.016, FC = 0.47), and heat shock 70 kDa protein 1B (HSPA1B; p = 0.040, FC = 0.45)	are examples of proteins in the aforementioned pathways that are decreased in sepsis survivors (Figure 4.4A). Vascular cell adhesion molecule 1 (VCAM1; p < 0.001, FC = 0.53) is a notable protein decreased in survivors (Figure 4.4A). Acute phase protein histidine-rich glycoprotein (HRG; p < 0.001, FC = 1.77) and apolipoprotein A (APO-A or LPA; p = 0.007, FC = 1.84) were the only differentially-expressed proteins increased in sepsis survivors (Figure 4.4A).

4.3.4 Prediction Analysis
	Proteins (N = 1,658) that were detected in ≥55 patients (>20% of all 273 patients) were also analyzed using a logistic regression model. Seventy-seven proteins had significant LRT p

values (p < 0.05; Supplemental Table D4.3). 
	First, a logistic regression model was created to predict survival outcome using only clinical variables (primary infection source, age, race, sex, and the presence of diabetes, cancer, immunosuppression, and renal failure) and resulted in the ability to distinguish sepsis survivors with an AUC = 0.774 (Figure 4.5A). Next, the model was updated to include the two most significant proteins (pepsin A-4 and junctional sarcoplasmic reticulum protein 1; LRT p < 0.001; Supplemental Table D4.3), resulting in an AUC = 0.826 (Figure 4.5A). The addition of the three next most significant proteins (platelet-activating factor acetylhydrolase 1B subunit α1 [LRT p = 0.002], EH domain-containing protein 1 [LRT p = 0.003], and CD48 antigen [LRT p = 0.004]) further increased the model’s performance to an AUC = 0.861 (Figure 4.5A). Finally, an elastic net regression model was adjusted to include 77 significant proteins and clinical variables and resulted in the highest AUC = 0.980. With penalization, clinical covariates and 74 proteins had non-zero coefficients, suggesting their importance for survival outcome prediction. Notably, ten proteins from the list of 74 were also differentially-expressed between sepsis survivors and non-survivors (Table 4.3). An elastic net model of these ten proteins with clinical variables resulted in an AUC = 0.833 (Figure 4.5A). These models suggested all 74 proteins were necessary to predict survival outcome, but these ten may be particularly important for models that focus on mechanistic proteins in sepsis. Additionally, further models can be assessed which include various and iterative subsets of the 74 or 229 differentially-expressed proteins for the most sensitive and specific predictors of sepsis survival outcomes. Follow-up studies with larger sample sizes would likely decrease the number of significant features required to make a prognostic prediction.



Figure 4.5. (A) Receiver Operating Curve (ROC) of five different regression models used to analyze the value of proteomics data for predicting survival outcomes. A logistic regression model was first used for each protein (N = 1,658) to determine its utility in predicting survival outcomes. Red represents a logistic regression with only clinical variables to predict survival outcomes, yellow represents a logistic regression with the two most significant proteins (PGA4 and JSPR1), grey represents a logistic regression with the five most significant proteins (PGA4, JSRP1, PAFAH1B3, EHD1, and CD48), blue represents an elastic net regression model with all 77 significant proteins, and green represents an elastic net regression model with the ten proteins that are significant in both analyses. Each model’s AUC and 95% confidence interval are shown. (B) STRING network of the 74 proteins used in the elastic net regression model in (A) that have non-zero coefficients. Disconnected nodes are hidden. Node color represents key functions, and line thickness indicates the strength of protein interactions from all interaction sources. Red represents immune system proteins, green indicates proteins related to cell adhesion, yellow represents proteins related to the actin cytoskeleton, and blue represents insulin-like growth factor (IGF) regulation and transport proteins.


Table 4.3. 10 Proteins Significant in Both Linear and Elastic Net Regressions.
	
	
	
	Survivors
	Non-Survivors

	Protein Accession
	Gene
	Protein Name
	Log10 Average TMT Intensity

	P19320
	VCAM1
	Vascular cell adhesion protein 1 
	7.00
	7.28

	P18065
	IGFBP2
	Insulin-like growth factor-binding protein 2 
	6.51
	6.74

	P30086
	PEBP1
	Phosphatidylethanolamine-binding protein 1 
	6.06
	6.59

	P08294
	SOD3
	Extracellular superoxide dismutase [Cu-Zn] 
	5.57
	5.79

	P07108
	DBI
	Acyl-CoA-binding protein 
	5.44
	5.86

	P68104
	EEF1A1
	Elongation factor 1-α 1 
	5.38
	5.63

	P35613
	BSG
	Basigin 
	5.09
	5.43

	P35318
	ADM
	Pro-adrenomedullin 
	4.69
	4.91

	Q96DR8
	MUCL1
	Mucin-like protein 1 
	4.23
	4.81

	Q6JBY9
	RCSD1
	CapZ-interacting protein 
	4.23
	4.55





	STRING analysis of the 74 proteins revealed a significant degree of interaction (Figure 4.5B). The innate immune system, cell adhesion molecule binding, and actin cytoskeleton were 
enriched, along with proteins that were related to insulin-like growth factor (IGF) transport and uptake (Figure 4.5B; Supplemental Table 4D.4). 

4.4 Discussion
	In this study, we performed a secondary analysis of two pre-existing proteomics datasets (Chapters 2 and 3)35, 36 to understand universal factors that contribute to sepsis survival outcomes. The datasets came from analyses of patients who identified as Non-Hispanic White or African American/Black and who had either primary intra-abdominal infections or primary UTIs. Males and females were equally represented in the cohort. This diversity allowed us to probe survival outcomes in patient populations who have been understudied previously.24-33

4.4.1 Dataset Comparisons
	Both the intra-abdominal and UTI dataset identified a high number of plasma proteins (>2500 and >3200, respectively), most likely a result of immunodepletion and substantial offline and online fractionation.35, 36, 46-57 Approximately 2/3 of these identifications were shared between the two datasets. This high degree of overlap may represent shared host responses to endotoxins or lipopolysaccharide (LPS) in the outer membrane of Gram-negative bacteria.58 While ProCESS patients did not necessarily have an identifiable pathogen, most intra-abdominal infections and UTIs result from an E. coli infection.19-21 The high significance of immune system pathways, such as the complement system, acute phase response, and HF/HSCA, are indicative of an excessive immune response that is characteristic of bacterial sepsis.59 Proteins related to the complement system and acute phase response have previously been implicated in studies of sepsis secondary to intra-abdominal infections27, 35 and unspecified bacterial infections.26 Pathways related to lipid metabolism and the cytoskeleton are also known to be implicated in sepsis.24, 25, 29, 35, 43 
	Approximately 900 proteins were only identified in the UTI dataset that were mostly related to cell-cell signaling and translation regulation, consistent with previous findings.36 Notably, proteins (N  =231) only identified in the intra-abdominal dataset did not match to any IPA pathways with statistical significance after p value correction, suggesting these may not be critical to sepsis survival. The higher number of identifications in the UTI dataset is potentially due to a larger number of samples analyzed in that dataset.
	We also observed a high degree of similarity in the thirty-most abundant proteins in each dataset, further supporting a possible shared host response to intra-abdominal infections and UTIs, and overall demonstrating typical plasma proteins that are elevated in sepsis patients. An interesting observation was that three of the fourteen proteins depleted by MARS-14 columns (C3, FGA, and HP) were still highly abundant in both datasets. Others have shown that C3 and FGA were only depleted at ~75-80% efficiency, although HP and other proteins are typically depleted at ~99% efficiency.60 Tandem MARS-14 depletion61 or other prefractionation methods62 may help improve depletion of these proteins further. 
	Finally, protein abundances assessed by average log10 TMT intensities and the number of PSMs demonstrate the technical reproducibility of the workflow used for the initial datasets.



4.4.2 Factors Associated with Sepsis Survival Outcomes 
	Glycogen metabolism was the most significant altered pathway between survivors and non-survivors, with the PPP (particularly the oxidative branch) and gluconeogenesis both implicated. The oxidative branch of the PPP converts glucose-6-phosphate and NADP+ to ribulose-5-phosphate, a precursor for nucleic acids, and NADPH.63 Ma et al. demonstrated that glycogen metabolism controls macrophage-mediated inflammatory responses.64 Treatment of murine macrophages with interferon-γ/LPS causes macrophages to synthesize glycogen, which goes through glycogenolysis and the PPP (instead of glycolysis) to produce NADPH for inflammatory macrophage survival.64 Blocking the PPP, however, decreased NADPH levels and downregulated expression of nitric oxide species and various inflammatory cytokines.64 Mice with LPS-induced peritonitis and a human macrophage model had lower levels of cytokines, and blocking the PPP or glycogenolysis downregulates inflammatory genes.64 Correspondingly, we observed lower levels of several PPP and glycogenolytic enzymes in sepsis survivors than non-survivors: 6-phosphogluconate dehydrogenase; 6-phosphoglucono-lactonase; TALDO1; transketolase; fructose-bisphosphate aldolases A and C; and phosphoglycerate kinase 1. Lower levels of these enzymes in sepsis survivors suggest impaired PPP and glycogenolysis, thereby leading to less inflammation in sepsis survivors. Less inflammation in sepsis survivors may also arise from lower levels of proteins such as HLA-A, VCAM1, and cellular communication network (CCN) family member 2 (CCN2). Similar findings for these proteins have been reported in human sepsis patients, mice, and rats.65-73 
	In this comprehensive analysis, we uncovered the roles of superoxide radical degradation, the TXN pathway, and protein folding in survival outcomes. SOD 1, 2, and 3; TXN; HSPA1B; and heat shock protein (HSP) cognate 71 kDa protein (HSC70 or HSPA8; a member of the HSP70 family) were all decreased in sepsis survivors compared to non-survivors. Lower levels of SOD2 and TXN have been reported in both human and mouse sepsis survivors compared to non-survivors.74-76 Exposure to LPS and febrile range hypothermia increased levels of HSP70,77 although a previous study found no differences between sepsis survivor and non-survivor levels of HSP70.78 Higher plasma levels of SOD2 in non-survivors indicate cellular mitochondrial loss.74 Lower levels of inflammation and SOD2 also correlate with lower levels of TXN, an anti-oxidant and anti-inflammatory protein.74, 76 Sepsis non-survivors may have a significant amount of oxidative stress that TXN cannot reduce.75 TXN and HSP70 have anti-inflammatory roles, so higher levels in sepsis non-survivors may suggest immunosuppression (i.e., more inflammation) and altered protein folding.76

4.4.3 Factors to Predict Survival Outcome from Elastic Net Regression
	The logistic regression model with only clinical variables (i.e., primary infection source, age, race, sex, and the presence of diabetes, cancer, immunosuppression, and renal failure) moderately differentiated sepsis survivors from non-survivors. These variables may contribute to sepsis incidence and/or mortality.6 The addition of the two most significant proteins increased the ability to distinguish between sepsis survivors and non-survivors, and adding an additional three proteins further increased the predictive ability of the model. Including a total of 77 plasma proteins in the model greatly improved its accuracy and ability to differentiate sepsis survivors from non-survivors, with 74 plasma proteins having non-zero coefficients. These proteins were largely related to the innate immune system, cell adhesion, IGF transport and uptake, and the actin cytoskeleton, and have been previously implicated in sepsis survival.24-33, 35, 36
	Generally, biomarker(s) or biomarker panels utilize smaller numbers. A clinically useful assay for 74 plasma proteins may be costly and challenging to develop. Interestingly, there are ten proteins that were statistically significant in both linear and elastic net regression analyses. These ten proteins alone were not as sufficient as predicting survival outcome compared to the 74 proteins and performed as well as the model with two proteins. Nonetheless, these ten proteins may be excellent candidates for follow-up in studies with larger sample size.
	Two of these ten proteins are VCAM1 and SOD3. VCAM1 has been proposed as a part of a diagnostic biomarker panel for sepsis secondary to UTIs79 and has prognostic value in sepsis and septic shock patients.67, 70 Adrenomedullin, a hypotensive and vasodilator agent, has previously been used as part of a 30-day prognostic marker of sepsis in human patients.80 IGF binding protein 2, involved in cell-cell signaling, correlates to a patient’s sequential organ failure assessment (SOFA) score, a clinical test used to diagnose sepsis.81 Three proteins have not been evaluated as biomarkers, but are related to sepsis mechanisms. Phosphatidylethanolamine-binding protein 1 is a thrombin inhibitor, diazepam-binding inhibitor is related to the immune system and lipid metabolism, and basigin (or CD147) can activate the coagulation cascade following a uropathogenic E. coli attack.82-85 The three remaining proteins, capZ-interacting protein, mucin-like protein 1, and elongation factor 1-α 1, have not been previously implicated in sepsis. Overall, these proteins are highly relevant in mechanisms of sepsis survival and warrant follow-up analyses for their potential utility as prognostic markers for survival outcomes.
	The use of elastic net regression models to identify sepsis prognostic biomarkers has been demonstrated in an integrated proteomics and metabolomics study of Italian patients (N = 17).86 While both studies identified a high number of significant features (>30), there was no overlap in the significant proteins.86 This could be due to the latter study using ratios of protein levels at days 1 and 7 post-ED admission or differences in sample size, primary infection source, patients’ racial/ethnic backgrounds, technical differences in sample preparation and data acquisition, and clinical variables included in the models.86 These different results highlight the importance of follow-up in larger and more diverse cohorts.

4.4.4 Study Strengths and Limitations
	Secondary analysis of two existing proteomics datasets allowed us to examine sepsis proteomes from ~300 diverse sepsis patients.35, 36 Patients were from various geographical locations in the U.S., represented two racial/ethnic backgrounds, and two primary infection sources. Technical reproducibility of the datasets allowed for a clean secondary analysis herein. A substantial number of proteins and pathways that were differentially-expressed between survivors and non-survivors have been reported by others. Age and sex were controlled for in the linear regression, as these factors can affect the plasma proteome and sepsis incidence and/or mortality.7-10, 43 Inclusion of multiple clinical variables that may affect survival outcomes in the elastic net regression was a strength of this secondary analysis.
	Limitations of this study include the lack of samples from patients identifying as Hispanic, Asian American, Native American, or multiracial and from patients with primary infections such as CAP, skin, or CNS infections. CAP especially is important to study, as Neugebauer et al. found that CAP could be differentiated from intra-abdominal and bloodstream infections and UTIs, but the latter three were unable to be distinguished from each other using metabolomics.87 In order to move forward potential biomarker candidates identified in this analysis, validation with cohorts of thousands of patients is required.88 Larger sample sizes will also likely reduce the number of proteins that are predictors of survival and the possibility that the regression models are over-fitted. An inherent limitation to elastic net regression is the inability to interpret coefficients and determine if any subset of the 74 proteins were most critical to the model performance. We also did not test the 74 proteins in a test validation dataset, as we chose to use all the data possible for the elastic net regression and other proteomics studies of sepsis survival are not readily accessible.24-32 We believe future tests in other cohorts will reduce the prognostic candidates to a more manageable size for clinical assay design.

4.5 Conclusions
	We conducted a secondary analysis of two previous plasma proteomics datasets to comprehensively identify proteins that are differentially-expressed between a diverse cohort of sepsis survivors and non-survivors. We demonstrated a high degree of similarity between the plasma proteome of sepsis patients with primary intra-abdominal infections and primary UTIs. Glycogen metabolism and its effect on inflammation were important functions altered in sepsis survivors. Proteins related to superoxide radical degradation, the thioredoxin pathway, and protein folding were important in sepsis survival in this study but not identified as significant pathways in the initial independent datasets. Lastly, we identified proteins that may be useful in predicting sepsis survival outcomes, although follow-up studies in larger and more diverse cohorts are necessary. Future studies that establish prognostic biomarkers for sepsis survival across primary infection sources will greatly impact clinical treatment strategies and subsequently reduce patient mortality rates in sepsis.
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CHAPTER 5

Conclusions and Future Directions

5.1 Conclusions
	In this dissertation, semi-automated, quantitative proteomics was applied to plasma samples to better understand factors that influence survival outcomes from sepsis. We analyzed samples from patients who had enrolled in the Protocolized Care for Early Septic Shock (ProCESS) study.1 Patients were from across the U.S., identified as Non-Hispanic White or African American/Black, and either had primary intra-abdominal infections or urinary tract infections (UTIs). Plasma samples were collected at the point of hospital admission (before treatment), and survival outcomes were defined as a patient’s status 90 days later. 
In Chapter 2, this plasma proteomics workflow was used to analyze differences between sepsis survivors and non-survivors who had primary intra-abdominal infections. Intra-abdominal infections are one of the most common infections that develop into sepsis and carry a high mortality rate. Proteomics results indicated that sepsis survivors experience less inflammation and liver cell activation than sepsis non-survivors, as well as altered lipid metabolism. Proteins related to inflammation and liver cell activation, such as vascular cell adhesion molecule 1 (VCAM1), changed consistently in sepsis survivors from both racial/ethnic groups. Interestingly, certain pathways related to the immune response (i.e., the complement system and T cell activation and proliferation) were only significantly altered between African American/Black sepsis survivors and non-survivors. The levels of several proteins were dependent on both racial background and survival outcome, suggesting that the acute phase response, complement system, interferon binding and receptor activity, and natural killer cell mediated cytotoxicity may be areas of the immune system that have subtle differences between racial/ethnic groups and influence sepsis survival. 
In Chapter 3, we extended this work to study samples from sepsis patients with primary UTIs. Different infection sources may influence the host response to infection and impact sepsis mortality rates. UTIs are also one of the most common infections that develop into sepsis and disproportionately affect females. Proteomics results indicated that sepsis survivors experience less inflammation than sepsis non-survivors and subsequently, less endothelial system damage. Several differentially-expressed proteins between sepsis survivors and non-survivors were enriched in reproductive and urogenital systems, indicating that changes in the infected tissue are important. VCAM1 (identified in Chapter 2) was also lower in sepsis survivors and non-survivors. Altered metabolism was observed only in African American/Black sepsis patients. Proteins involved in metabolism, the immune response (specifically T-cell proliferation), and translation were dependent on both race and survival outcomes. These translation initiation proteins, most of which were not previously reported in sepsis, were the most relevant to patients’ racial/ethnic background and sepsis survival. This analysis suggested some universal changes in sepsis survivors (e.g., less inflammation and liver cell activation), but also suggested other responses may be specific to patients’ primary infection source.
In Chapter 4, we combined datasets from Chapters 2 and 3 into a single dataset to perform a secondary, comprehensive analysis of factors that influence sepsis survival outcomes. Most identifiable proteins and their abundance levels were similar between the two datasets, demonstrating high technical reproducibility and perhaps a shared response to Gram-negative bacteria. Glycogen metabolism was significantly altered between sepsis and non-survivors, suggesting less inflammation in survivors. The latter finding was again supported by lower levels of VCAM1 in sepsis survivors compared to non-survivors. Additional pathways were altered based on survival outcome that were not observed in the two individual analyses: superoxide radical degradation, thioredoxin pathway, and protein folding. Higher levels of these proteins in sepsis non-survivors may indicate immunosuppression. Seventy-four proteins, including VCAM1, were identified as potential prognostic predictors using an elastic net regression. Ten key proteins that were differential between sepsis survivors and non-survivors should be explored in future studies or other pre-existing datasets.
Overall, this dissertation work emphasizes the importance of including patients from underrepresented racial/ethnic backgrounds in sepsis studies and patients who have various primary infection sources. Diversity in sepsis studies is important to fully understand molecular-level factors that influence sepsis survival outcomes and racial disparities in mortality rates. This work also points to the immune system as a key area that influences sepsis survival and identifies universal changes in a diverse patient population.

5.2 Future Directions
5.2.1 Increasing Sample Size and Patient Diversity
	First, further proteomic characterization of sepsis survival outcomes across larger and more diverse cohorts is needed to more completely understand the host response to sepsis and factors that influence survival outcomes. Diversity should be in terms of geographical location, age, sex, primary infection source, and racial/ethnic background, as these are all factors that could influence differences in sepsis (see Chapter 1). Males and females from across the U.S. from a variety of ages should be included. Samples from patients with under-studied primary infection sources should be analyzed (e.g., skin, central nervous system, cardiovascular). While respiratory infections have been studied with several ’omics studies,2-5 it would still be useful to include these patients in a large study to allow for robust comparisons. Including patients from other underrepresented racial/ethnic backgrounds (e.g., Native Hawaiian, American Indian, Alaskan Native) is crucial because, despite appearing to have higher mortality rates than Non-Hispanic White patients,6-8 these patients have been completely excluded from any ’omics studies about sepsis survival. Including Hispanic and Asian American patients is also important as these patients appear to have similar or lower mortality rates than Non-Hispanic White patients,9-11 so results could help identify universal factors that lead to positive survival outcomes. Additionally, the characterization of multiracial patients is growing in importance given the drastic increase in Americans who identify as multiracial.12
Based on technical and biological variation observed in Chapters 2 and 3,13, 14 fold changes of 1.20 (the lowest detectable by TMT) could be observed between sepsis survivors and non-survivors with 54 patients per study group. If one were to design a study of sepsis survivors and non-survivors of six racial/ethnic backgrounds (Non-Hispanic White, African American/Black, Hispanic/Latino, Asian American, Indigenous [American Indian, Alaskan Native, Native Hawaiian, and Pacific Islander], and multiracial) and six primary infection sources (respiratory, intra-abdominal, UTI, skin, central nervous system, and cardiovascular), 3,888 sepsis patients would be necessary (α = 0.05 and Z = 0.80). This number of patients could be lowered at the expense of raising fold change cutoffs; for example, a fold change cutoff of 1.50 is achievable with only 648 patients. While more extensive than this dissertation work, this theoretical study design would generalize certain patient groups (e.g., Indigenous, multiracial) and require additional follow-up.

	While our study was powered to detect changes between sepsis survivors and non-survivors when stratifying by racial background, and we were able to control for age and sex, we could not further stratify data based on comorbidities due to small sample size. Additionally, we did not have data from the ProCESS parent trial on several socioeconomic factors (e.g., income, insurance status). However, several comorbidities and socioeconomic factors may impact sepsis mortality and do so disparately across different patient populations (see Chapter 1). Despite this, only two proteomics studies examining factors contributing to sepsis survival outcomes at hospital admission have included variables beyond age and sex. Langley et al. included kidney and liver disease and immunosuppression,3 while Andaluz-Ojeda et al. included SOFA and Acute Physiology and Chronic Health Evaluation II (APACHE II) scores (which both estimate disease severity) and cytokine levels determined by immunoassays.15 Larger sample sizes, as well as prospective patient enrollment to collect data on specific variables, would help take these factors into account to better identify proteins whose changes between sepsis survivors and non-survivors are associated only with survival outcome and patients’ racial/ethnic backgrounds. 
	Studying plasma samples leftover from clinical care (i.e., remnant plasma samples) could be a strategy to improve sample size and patient diversity in sepsis studies. In large hospitals or hospital systems, thousands of biospecimens are collected daily for patient assessment and treatment guidance. After 24-48 hours of being useful for clinical questions, these samples are typically discarded. However, these remnant plasma samples could be particularly useful for sepsis studies, as these samples are collected with the trajectory of sepsis (over hours, not necessarily days); may be subject to fewer regulations; are fresher than using secondary aliquots of samples from older studies such as ProCESS; and allow for greater patient diversity. This diversity may be in terms of patients’ ages, genders, and racial/ethnic backgrounds, but also in terms of hospital type (i.e., not limited to academic hospitals) and time of day sampling (most traditional research samples are biased toward daytime collection). Before implementation of remnant plasma samples, the technical feasibility of using remnant plasma in place of traditional research plasma must be demonstrated. The REMnant biospecimen Investigation in SEpsis (REMISE) study is a prospective study led by Christopher Seymour, M.D., MSc. at the University of Pittsburgh School of Medicine to assess the use of remnant plasma for proteomics, lipidomics, and metabolomics studies. Proteomics results from a pilot study of REMISE patients (N = 8 patients; one remnant and one research sample per patient) indicated that remnant and research plasma were similar in terms of protein mass, identifications, and quantitation (data not shown). Additionally, many of the proteins and related pathways identified in REMISE samples were also identified in ProCESS samples from Chapters 2 and 3 (data not shown). Therefore, remnant plasma may be able to identify factors related to sepsis survival outcomes. However, further samples are required to confirm this preliminary conclusion.

5.2.2 Changes Only in African American/Black Patients: T Cell Functions
	In Chapter 2, several pathways related to T cell activation and proliferation, as well as the complement system, were only represented in African American/Black sepsis patients. Similarly, in Chapter 3, proteins related to T cell proliferation had a significant race-survival outcome interaction term, such that protein levels were dependent on both patients’ survival outcomes and racial/ethnic backgrounds. As mentioned in Chapter 2, genes related to T cell activity, single nucleotide polymorphisms (SNPs) in those genes, and related cytokines have been linked to African American/Black individuals with atopic dermatitis and lupus and an increased risk of breast cancer.16-18 Alleles in the interleukin (IL)-2 and 4 genes (a T cell proliferation factor and a cytokine secreted by T helper 2 lymphocytes, respectively) have different frequencies between African American and Caucasian women, suggesting an increase in pro-inflammatory alleles and cytokines in African American women.19 Several other IL genes also had difference in allele frequencies between African American and Caucasian women.19 
It is possible that African American/Black sepsis patients have T cell factors that lead to a high state of inflammation in sepsis, which is associated with poor survival outcomes in this dissertation work. T cell function and subsequent cytokine levels in African American/Black sepsis patients could be measured by collecting peripheral blood mononuclear cells (PBMCs) from sepsis patients, culturing and isolating the T cells from PBMCs, and measuring T cell proliferation and activation markers and the concentration of soluble cytokines.20 Genoytping would be interesting to determine if different pro-inflammatory alleles are highly prevalent in this patient population and if they associate with cytokine levels. Specific cytokines could be measured with enzyme-linked immunosorbent assays (ELISAs), but an antibody-free method that allows for higher sample throughput and the measurement of dozens of cytokines, such as Olink’s Target 96 Inflammation Panel,21 may be even more informative. Although cytokines are generally too low in abundance to be identified and/or reliably quantified with mass spectrometry, employing discovery-based proteomics could uncover additional changes in the proteome of PBMCs. PBMC proteomes have not previously been studied in African American/Black sepsis patients. It would be important to control for socioeconomic and biological factors that may contribute to inflammation.
	


5.2.3 VCAM1 as Part of a Sepsis Biomarker Panel
The ten proteins that were significant in both regression analyses in Chapter 4 demonstrate the most potential as prognostic biomarker candidates and need follow-up in larger and more diverse cohorts to demonstrate reproducibility and to validate their predictive potential. 
Of these ten proteins, VCAM1 may be the most important protein for further investigation given its significance in most of the analyses in Chapters 2 and 3. Soluble VCAM1 had significant prognostic value in prospective studies of Chinese and Taiwanese sepsis and septic shock patients.22, 23 Increased VCAM1 levels in ProCESS patients were observed in phenotypes retrospectively associated with higher inflammation and mortality.24 This dissertation work further supports VCAM1’s prognostic capabilities, especially in African American/Black patients. Interestingly, VCAM1 has also been proposed as part of a diagnostic biomarker panel for sepsis following UTIs.25 Therefore, VCAM1 levels should be measured in healthy control patients; patients with infection, but not sepsis; patients with sepsis; survivors of septic shock; and non-survivors of septic shock to fully capture the trend of VCAM1 levels across disease stages. These levels could be analyzed with targeted mass spectrometry. However, ELISAs are commonly used clinically to measure VCAM1. VCAM1 is not specific to sepsis, so it is unlikely that VCAM1 alone is a sufficient marker of diagnosis or prognosis. The other nine proteins from Chapter 4 and proteins from the literature, such as cell adhesion molecules,22 lipopolysaccharide binding protein or clusterin,25 should be explored in combination with VCAM1 as a prognostic panel of biomarkers for sepsis.



5.2.4 Other Areas for Exploration
	Studying the proteome of sepsis survivors and non-survivors at different timepoints could provide additional mechanistic information about sepsis progression. While we were only able to analyze samples collected at emergency department (ED) admission, analyzing samples collected at later timepoints (e.g., 1-, 3-, 5-, or 7-days post-ED admission) could add to the understanding of what drives sepsis survival and the impacts of treatment. Although it is impossible to control at what point in disease progression patients are when they are admitted to the ED, multiple timepoint analysis may help provide a more longitudinal view of sepsis progression. Additionally, mortality at different timepoints (e.g., 60-days or 1-year post-ED admission) could also be examined to understand changes that drive long-term survival from sepsis. ProCESS collected mortality information at these timepoints in addition to the 90-day timepoint used in this dissertation,1 so survivors and non-survivors could be re-grouped based on these timepoints and re-analyzed to find proteomic factors contributing to sepsis survival. Analyzing survival at 1-year post-ED admission could be helpful in guiding longer-term treatment, as approximately half of sepsis survivors develop post-sepsis syndrome and have a higher risk of ED re-admission.26
Results in this dissertation work point to areas of source-specific changes in sepsis that could be further explored. In Chapter 3, reproductive and urogenital tissues were enriched when performing functional analysis of proteins that were differentially-expressed between sepsis survivors and non-survivors with primary UTIs. This finding suggests that it may be important to examine protein changes in the infected tissue specifically. Tissue analysis is not feasible in human patients, so animal models that mimic sepsis secondary to pneumonia, intra-abdominal infections, and UTIs could be used.27 Proteomics analysis of local tissues could be performed to uncover changes between survivors and non-survivors.
	Translation initiation proteins were also differentially-expressed in survivors and non-survivors of sepsis secondary to UTIs, but not sepsis secondary to intra-abdominal infections, and they changed similarly in Non-Hispanic White and African American/Black sepsis patients. These proteins do not have a literature precedent in UTIs or sepsis and warrant further investigation in larger studies to establish reproducibility of the findings and specificity to sepsis secondary to UTIs. Intracellular measurements of these and related proteins could be especially beneficial. Additional related proteins could be studied in targeted analyses to completely characterize these pathways.
It would also be important to compare the proteomes of different primary infection sources beyond intra-abdominal infections and UTIs, especially CAP as a leading cause of sepsis. CAP has been extensively studied in previous proteomic studies but using various depletion methods, tagging strategies, and depth of fractionation, preventing robust comparisons. CAP is typically caused by bacteria, but the proteome could show less similarity than what was observed between intra-abdominal infections and UTIs in Chapter 4 due to CAP usually resulting from Gram-positive bacteria. The 74 (or smaller set of 10) proteins we identified in Chapter 4 that have prognostic biomarker potential could be tested in pre-existing proteomics datasets of patients with primary CAP2-5 or intra-abdominal infections.4, 28 CAP would be an excellent test model since CAP showed a different metabolic profile than intra-abdominal and bloodstream infections and UTIs.29 Determining if universal factors observed in Chapter 4 (e.g., glycogen metabolism or the set of ten proteins) change similarly based on survival outcomes in patients with other primary infection sources would be helpful to develop truly universal prognostic biomarker candidates.
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Table B2.1. TMT channel group assignments. 
	
	Batch

	Tag
	1
	2
	3
	4
	5
	6
	7
	8

	126
	NHW NS
	NHW S
	NHW S
	AA NS
	NHW S
	AA S
	NHW S
	NHW NS

	127N
	NHW S
	Pool
	NHW S
	Pool
	NHW NS
	NHW NS
	NHW NS
	-

	127C
	NHW S
	AA S
	NHW NS
	NHW S
	AA S
	NHW S
	NHW NS
	-

	128N
	NHW S
	AA NS
	NHW NS
	NHW S
	AA S
	NHW S
	NHW S
	-

	128C
	Pool
	AA S
	NHW NS
	NHW S*
	Pool
	NHW S
	AA S
	-

	129N
	NHW S
	NHW S
	NHW NS
	NHW NS
	NHW S
	NHW NS
	AA S
	NHW NS

	129C
	NHW NS
	NHW NS
	NHW S
	NHW S
	NHW S
	AA S
	NHW S
	-

	130N
	NHW NS
	NHW NS
	Pool
	AA S
	AA S
	AA NS
	NHW NS
	-

	130C
	AA S
	NHW S
	AA S
	NHW NS
	AA NS
	AA S
	NHW NS
	-

	131N
	NHW S
	NHW S
	AA NS
	NHW NS
	NHW NS
	Pool
	NHW S
	Pool

	131C
	AA S
	NHW NS
	NHW S
	NHW S
	NHW NS
	NHW S
	Pool
	-

	132N
	NHW NS
	AA S
	AA S
	NHW NS
	NHW S
	NHW S
	AA S
	-

	132C
	AA S
	NHW NS
	NHW NS
	AA S
	NHW S
	NHW NS
	NHW NS
	-

	133N
	NHW S
	NHW S
	AA S
	NHW NS
	NHW NS
	NHW NS
	AA NS
	-

	133C
	AA NS
	NHW NS
	NHW NS
	AA S
	NHW NS
	NHW S
	NHW S
	-

	134N
	NHW NS
	NHW S
	NHW S
	NHW S
	NHW S
	NHW NS
	NHW S
	-


Abbreviations: NHW = Non-Hispanic White; AA = African American/Black; S = Survivor; NS = Non-Survivor.
*Denotes a sample that was re-analyzed in Batch 8 (with Tag 128C) due to low tagging efficiency.
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Table B2.2. Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb

	P40261
	NNMT
	Nicotinamide N-methyltransferase
	<0.001
	0.24

	Q9GZV9
	FGF23
	Fibroblast growth factor 23
	<0.001
	0.27

	P04733
	MT1F
	Metallothionein-1F
	<0.001
	0.27

	Q00839
	HNRNPU
	Heterogeneous nuclear ribonucleoprotein U
	<0.001
	0.32

	Q9Y279
	VSIG4
	V-set and immunoglobulin domain-containing protein 4
	<0.001
	0.33

	P10645
	CHGA
	Chromogranin-A
	<0.001
	0.34

	P63313
	TMSB10
	Thymosin -10
	<0.001
	0.39

	P27930
	IL1R2
	Interleukin-1 receptor type 2
	<0.001
	0.40

	Q14152
	EIF3A
	Eukaryotic translation initiation factor 3 subunit A
	<0.001
	0.40

	Q4LDE5
	SVEP1
	Sushi, von Willebrand factor type A, EGF and pentraxin domain-containing protein 1
	<0.001
	0.45

	Q68BL8
	OLFML2B
	Olfactomedin-like protein 2B
	<0.001
	0.45

	A6NMY6
	ANXA2P2
	Putative annexin A2-like protein
	<0.001
	0.45

	Q02487
	DSC2
	Desmocollin-2
	<0.001
	0.46

	Q6JBY9
	RCSD1
	CapZ-interacting protein
	<0.001
	0.46

	Q14246
	ADGRE1
	Adhesion G protein-coupled
receptor E1
	<0.001
	0.46

	Q86VB7
	CD163
	Scavenger receptor cysteine-rich type 1 protein M130
	<0.001
	0.47

	Q9UGM3
	DMBT1
	Deleted in malignant brain tumors 1 protein
	<0.001
	0.47

	P04080
	CSTB
	Cystatin-B
	<0.001
	0.47

	P80723
	BASP1
	Brain acid soluble protein 1
	<0.001
	0.48

	P27816
	MAP4
	Microtubule-associated protein 4
	<0.001
	0.48

	Q08ET2
	SIGLEC14
	Sialic acid-binding Ig-like lectin 14
	<0.001
	0.49

	P08833
	IGFBP1
	Insulin-like growth factor-binding protein 1
	<0.001
	0.49

	Q9Y6R7
	FCGBP
	IgGFc-binding protein
	<0.001
	0.49

	P10451
	SPP1
	Osteopontin
	<0.001
	0.49

	P36896
	ACVR1B
	Activin receptor type-1B
	<0.001
	0.49

	P19320
	VCAM1
	Vascular cell adhesion protein 1
	<0.001
	0.50

	Q9Y5Y7
	LYVE1
	Lymphatic vessel endothelial hyaluronic acid receptor 1
	<0.001
	0.50

	Q15063
	POSTN
	Periostin
	<0.001
	0.50

	Q8TDQ0
	HAVCR2
	Hepatitis A virus cellular receptor 2
	<0.001
	0.51

	P29279
	CCN2
	CCN family member 2
	<0.001
	0.51

	P08637
	FCGR3A
	Low affinity immunoglobulin  Fc region receptor III-A
	<0.001
	0.51


Table B2.2 (cont). Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb

	P15090
	FABP4
	Fatty acid-binding protein, adipocyte
	<0.001
	0.51

	Q03403
	TFF2
	Trefoil factor 2
	<0.001
	0.51

	P04439-2
	HLA-A
	Isoform 2 of HLA class I histocompatibility antigen, A  chain
	<0.001
	0.51

	P27824
	CANX
	Calnexin
	<0.001
	0.52

	P24821
	TNC
	Tenascin
	<0.001
	0.52

	Q9UKJ1-3
	PILRA
	Isoform 3 of Paired immunoglobulin-like type 2 receptor 
	<0.001
	0.52

	Q8NBJ4
	GOLM1
	Golgi membrane protein 1
	<0.001
	0.53

	P13796
	LCP1
	Plastin-2
	<0.001
	0.53

	P22528
	SPRR1B
	Cornifin-B
	<0.001
	0.53

	P22897
	MRC1
	Macrophage mannose receptor 1
	<0.001
	0.54

	P35442
	THBS2
	Thrombospondin-2
	<0.001
	0.54

	P16070
	CD44
	CD44 antigen
	<0.001
	0.54

	P15529
	CD46
	Membrane cofactor protein
	<0.001
	0.54

	P35318
	ADM
	Pro-adrenomedullin
	<0.001
	0.54

	P41271
	NBL1
	Neuroblastoma suppressor of tumorigenicity 1
	<0.001
	0.55

	P07998
	RNASE1
	Ribonuclease pancreatic
	<0.001
	0.56

	P80188
	LCN2
	Neutrophil gelatinase-associated lipocalin
	<0.001
	0.56

	Q9BYE9
	CDHR2
	Cadherin-related family member 2
	<0.001
	0.56

	Q9HD89
	RETN
	Resistin
	<0.001
	0.57

	Q14767
	LTBP2
	Latent-transforming growth factor -binding protein 2
	<0.001
	0.57

	Q12805
	EFEMP1
	EGF-containing fibulin-like extracellular matrix protein 1
	<0.001
	0.57

	Q09666
	AHNAK
	Neuroblast differentiation-associated protein AHNAK
	<0.001
	0.57

	P12830
	CDH1
	Cadherin-1
	<0.001
	0.57

	P02452
	COL1A1
	Collagen -1(I) chain
	<0.001
	0.57

	P24043
	LAMA2
	Laminin subunit -2
	<0.001
	0.58

	Q9HCB6
	SPON1
	Spondin-1
	<0.001
	0.58

	P12110
	COL6A2
	Collagen -2(VI) chain
	<0.001
	0.59

	O43493
	TGOLN2
	Trans-Golgi network integral membrane protein 2
	<0.001
	0.59

	Q9UMX5
	NENF
	Neudesin
	<0.001
	0.59

	P31995
	FCGR2C
	Low affinity immunoglobulin  Fc region receptor II-c
	<0.001
	0.59

	O15123
	ANGPT2
	Angiopoietin-2
	<0.001
	0.60

	P08174
	CD55
	Complement decay-accelerating factor
	<0.001
	0.60



Table B2.2 (cont). Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb

	P07333
	CSF1R
	Macrophage colony-stimulating factor 1 receptor
	<0.001
	0.60

	P20908
	COL5A1
	Collagen -1(V) chain
	<0.001
	0.60

	Q9NPG4
	PCDH12
	Protocadherin-12
	<0.001
	0.60

	P12318
	FCGR2A
	Low affinity immunoglobulin  Fc region receptor II-a
	<0.001
	0.60

	P25445
	FAS
	Tumor necrosis factor receptor superfamily member 6
	<0.001
	0.61

	P05186
	ALPL
	Alkaline phosphatase, tissue-nonspecific isozyme
	<0.001
	0.61

	Q12866
	MERTK
	Tyrosine-protein kinase Mer
	<0.001
	0.61

	Q6UX71
	PLXDC2
	Plexin domain-containing protein 2
	<0.001
	0.61

	P18065
	IGFBP2
	Insulin-like growth factor-binding protein 2
	<0.001
	0.61

	Q9H8J5
	MANSC1
	MANSC domain-containing protein 1
	<0.001
	0.61

	P20810
	CAST
	Calpastatin
	<0.001
	0.61

	Q12805-5
	EFEMP1
	Isoform 5 of EGF-containing fibulin-like extracellular matrix protein 1
	<0.001
	0.61

	Q01523
	DEFA5
	Defensin-5
	<0.001
	0.61

	Q969E1
	LEAP2
	Liver-expressed antimicrobial
peptide 2
	<0.001
	0.61

	P00451
	F8
	Coagulation factor VIII
	<0.001
	0.62

	Q99650
	OSMR
	Oncostatin-M-specific receptor subunit 
	<0.001
	0.62

	Q03167
	TGFBR3
	Transforming growth factor  receptor type 3
	<0.001
	0.62

	Q16270
	IGFBP7
	Insulin-like growth factor-binding protein 7
	<0.001
	0.62

	Q13201
	MMRN1
	Multimerin-1
	<0.001
	0.62

	P08123
	COL1A2
	Collagen -2(I) chain
	<0.001
	0.62

	Q9NPY3
	CD93
	Complement component C1q receptor
	<0.001
	0.62

	P00390
	GSR
	Glutathione reductase, mitochondrial
	<0.001
	0.62

	Q9BY67
	CADM1
	Cell adhesion molecule 1
	<0.001
	0.62

	O75022
	LILRB3
	Leukocyte immunoglobulin-like receptor subfamily B member 3
	<0.001
	0.62

	P07307
	ASGR2
	Asialoglycoprotein receptor 2
	<0.001
	0.63

	P12111
	COL6A3
	Collagen -3(VI) chain
	<0.001
	0.63

	Q12907
	LMAN2
	Vesicular integral-membrane protein VIP36
	<0.001
	0.63

	P55285
	CDH6
	Cadherin-6
	<0.001
	0.63

	Q01638
	IL1RL1
	Interleukin-1 receptor-like 1
	<0.001
	0.63

	P17900
	GM2A
	Ganglioside GM2 activator
	<0.001
	0.63


Table B2.2 (cont). Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb

	P19438
	TNFRSF1A
	Tumor necrosis factor receptor superfamily member 1A
	<0.001
	0.63

	O95998
	IL18BP
	Interleukin-18-binding protein
	<0.001
	0.64

	Q6UY14
	ADAMTSL4
	ADAMTS-like protein 4
	<0.001
	0.64

	Q9HCU0
	CD248
	Endosialin
	<0.001
	0.65

	Q14515
	SPARCL1
	SPARC-like protein 1
	<0.001
	0.65

	P20827
	EFNA1
	Ephrin-A1
	<0.001
	0.65

	P14625
	HSP90B1
	Endoplasmin
	<0.001
	0.65

	Q13740
	ALCAM
	CD166 antigen
	<0.001
	0.66

	O00461
	GOLIM4
	Golgi integral membrane protein 4
	<0.001
	0.66

	Q6UVK1
	CSPG4
	Chondroitin sulfate proteoglycan 4
	<0.001
	0.66

	Q13444
	ADAM15
	Disintegrin and metalloproteinase domain-containing protein 15
	<0.001
	0.66

	P35555
	FBN1
	Fibrillin-1
	<0.001
	0.67

	Q6EMK4
	VASN
	Vasorin
	<0.001
	0.67

	O14786
	NRP1
	Neuropilin-1
	<0.001
	0.67

	P07602
	PSAP
	Prosaposin
	<0.001
	0.67

	Q99784
	OLFM1
	Noelin
	<0.001
	0.67

	Q9HBR0
	SLC38A10
	Putative sodium-coupled neutral amino acid transporter 10
	<0.001
	0.67

	Q14563
	SEMA3A
	Semaphorin-3A
	<0.001
	0.67

	P61769
	B2M
	-2-microglobulin
	<0.001
	0.67

	P78324
	SIRPA
	Tyrosine-protein phosphatase non-receptor type substrate 1
	<0.001
	0.68

	Q9NNX6
	CD209
	CD209 antigen
	<0.001
	0.68

	P52799
	EFNB2
	Ephrin-B2
	<0.001
	0.68

	Q92692
	NECTIN2
	Nectin-2
	<0.001
	0.68

	Q8N6C8
	LILRA3
	Leukocyte immunoglobulin-like receptor subfamily A member 3
	<0.001
	0.69

	P14543
	NID1
	Nidogen-1
	<0.001
	0.69

	P98095
	FBLN2
	Fibulin-2
	<0.001
	0.69

	Q6WN34-2
	CHRDL2
	Isoform 2 of Chordin-like protein 2
	<0.001
	0.69

	P98172
	EFNB1
	Ephrin-B1
	<0.001
	0.69

	Q06033
	ITIH3
	Inter--trypsin inhibitor
heavy chain H3
	<0.001
	0.70

	Q02952
	AKAP12
	A-kinase anchor protein 12
	<0.001
	0.70

	P61916
	NPC2
	NPC intracellular cholesterol transporter 2
	<0.001
	0.70

	P07339
	CTSD
	Cathepsin D
	<0.001
	0.70

	Q969H8
	MYDGF
	Myeloid-derived growth factor
	<0.001
	0.70

	O00391
	QSOX1
	Sulfhydryl oxidase 1
	<0.001
	0.71

	Q14956
	GPNMB
	Transmembrane glycoprotein NMB
	<0.001
	0.71


Table B2.2 (cont). Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb

	Q9GZX9
	TWSG1
	Twisted gastrulation protein
homolog 1
	<0.001
	0.71

	P11717
	IGF2R
	Cation-independent mannose-6-phosphate receptor
	<0.001
	0.72

	Q8N8Z6
	DCBLD1
	Discoidin, CUB and LCCL domain-containing protein 1
	<0.001
	0.72

	O60462
	NRP2
	Neuropilin-2
	<0.001
	0.72

	Q92823
	NRCAM
	Neuronal cell adhesion molecule
	<0.001
	0.72

	Q9H8L6
	MMRN2
	Multimerin-2
	<0.001
	0.72

	Q12884
	FAP
	Prolyl endopeptidase FAP
	<0.001
	0.72

	Q96PD2
	DCBLD2
	Discoidin, CUB and LCCL domain-containing protein 2
	<0.001
	0.72

	Q93091
	RNASE6
	Ribonuclease K6
	<0.001
	0.72

	P10153
	RNASE2
	Non-secretory ribonuclease
	<0.001
	0.73

	P19022
	CDH2
	Cadherin-2
	<0.001
	0.74

	Q9ULI3
	HEG1
	Protein HEG homolog 1
	<0.001
	0.74

	Q9UJJ9
	GNPTG
	N-acetylglucosamine-1-phosphotransferase subunit 
	<0.001
	0.75

	P01011
	SERPINA3
	-1-antichymotrypsin
	<0.001
	0.75

	Q9NQ76
	MEPE
	Matrix extracellular phosphoglycoprotein
	<0.001
	0.75

	P21709
	EPHA1
	Ephrin type-A receptor 1
	<0.001
	0.75

	P15151
	PVR
	Poliovirus receptor
	<0.001
	0.76

	P08571
	CD14
	Monocyte differentiation
antigen CD14
	<0.001
	0.76

	O14672
	ADAM10
	Disintegrin and metalloproteinase domain-containing protein 10
	<0.001
	0.76

	P01034
	CST3
	Cystatin-C
	<0.001
	0.76

	P05155
	SERPING1
	Plasma protease C1 inhibitor
	<0.001
	0.77

	Q86TH1
	ADAMTSL2
	ADAMTS-like protein 2
	<0.001
	0.77

	Q5JPE7
	NOMO2
	Nodal modulator 2
	<0.001
	0.77

	Q9BPW5
	RASL11B
	Ras-like protein family member 11B
	<0.001
	0.77

	Q9Y4L1
	HYOU1
	Hypoxia up-regulated protein 1
	<0.001
	0.78

	P02745
	C1QA
	Complement C1q subcomponent subunit A
	<0.001
	0.78

	P13598
	ICAM2
	Intercellular adhesion molecule 2
	<0.001
	0.79

	P33151
	CDH5
	Cadherin-5
	<0.001
	0.79

	P40189
	IL6ST
	Interleukin-6 receptor subunit 
	<0.001
	0.80

	P02746
	C1QB
	Complement C1q subcomponent subunit B
	<0.001
	0.80

	P02747
	C1QC
	Complement C1q subcomponent subunit C
	<0.001
	0.80


Table B2.2 (cont). Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb

	Q96RW7
	HMCN1
	Hemicentin-1
	<0.001
	0.80

	Q04721
	NOTCH2
	Neurogenic locus notch homolog protein 2
	<0.001
	0.81

	Q99941
	ATF6B
	Cyclic AMP-dependent transcription factor ATF-6 
	<0.001
	0.83

	P17813
	ENG
	Endoglin
	<0.001
	0.83

	Q8WWZ8
	OIT3
	Oncoprotein-induced transcript 3 protein
	<0.001
	0.83

	Q9BWP8
	COLEC11
	Collectin-11
	<0.001
	0.83

	P08195
	SLC3A2
	4F2 cell-surface antigen heavy chain
	<0.001
	0.84

	Q9Y6Z7
	COLEC10
	Collectin-10
	<0.001
	0.84

	P00450
	CP
	Ceruloplasmin
	<0.001
	0.88

	P18850
	ATF6
	Cyclic AMP-dependent transcription factor ATF-6 
	<0.001
	0.89

	Q5T5S1
	CCDC183
	Coiled-coil domain-containing
protein 183
	<0.001
	1.05

	Q14520
	HABP2
	Hyaluronan-binding protein 2
	<0.001
	1.14

	O75356
	ENTPD5
	Ectonucleoside triphosphate diphosphohydrolase 5
	<0.001
	1.15

	P13671
	C6
	Complement component C6
	<0.001
	1.18

	P02774
	GC
	Vitamin D-binding protein
	<0.001
	1.21

	P19827
	ITIH1
	Inter--trypsin inhibitor
heavy chain H1
	<0.001
	1.23

	P05160
	F13B
	Coagulation factor XIII B chain
	<0.001
	1.23

	P19823
	ITIH2
	Inter--trypsin inhibitor
heavy chain H2
	<0.001
	1.26

	P01008
	SERPINC1
	Antithrombin-III
	<0.001
	1.27

	P00747
	PLG
	Plasminogen
	<0.001
	1.27

	P02749
	APOH
	-2-glycoprotein 1
	<0.001
	1.28

	Q9UKU6
	TRHDE
	Thyrotropin-releasing hormone-degrading ectoenzyme
	<0.001
	1.29

	Q14574
	DSC3
	Desmocollin-3
	<0.001
	1.30

	Q9NTU7
	CBLN4
	Cerebellin-4
	<0.001
	1.35

	P05546
	SERPIND1
	Heparin cofactor 2
	<0.001
	1.44

	P03952
	KLKB1
	Plasma kallikrein
	<0.001
	1.44

	Q96KN2
	CNDP1
	-Ala-His dipeptidase
	<0.001
	1.45

	P01344-2
	IGF2
	Isoform 2 of Insulin-like
growth factor II
	<0.001
	1.50

	P29622
	SERPINA4
	Kallistatin
	<0.001
	1.54

	Q9UGM5
	FETUB
	Fetuin-B
	<0.001
	1.54

	P02753
	RBP4
	Retinol-binding protein 4
	<0.001
	1.56

	P27169
	PON1
	Serum paraoxonase/arylesterase 1
	<0.001
	1.57


Table B2.2 (cont). Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb

	Q86UV6
	TRIM74
	Tripartite motif-containing protein 74
	<0.001
	1.58

	P13284
	IFI30
	-interferon-inducible lysosomal thiol reductase
	<0.001
	1.59

	P80108
	GPLD1
	Phosphatidylinositol-glycan-specific phospholipase D
	<0.001
	1.64

	P17936
	IGFBP3
	Insulin-like growth factor-binding protein 3
	<0.001
	1.66

	P06276
	BCHE
	Cholinesterase
	<0.001
	1.73

	P35858
	IGFALS
	Insulin-like growth factor-binding protein complex acid labile subunit
	<0.001
	2.01

	P01160
	NPPA
	Natriuretic peptides A
	0.005
	0.53

	Q9Y5Z4
	HEBP2
	Heme-binding protein 2
	0.005
	0.56

	Q13822
	ENPP2
	Ectonucleotide pyrophosphatase/phosphodiesterase family member 2
	0.005
	0.59

	Q15848
	ADIPOQ
	Adiponectin
	0.005
	0.61

	O60664
	PLIN3
	Perilipin-3
	0.005
	0.63

	A6NI73
	LILRA5
	Leukocyte immunoglobulin-like receptor subfamily A member 5
	0.005
	0.63

	Q8IZA0
	KIAA0319L
	Dyslexia-associated protein KIAA0319-like protein
	0.005
	0.64

	Q96CG8
	CTHRC1
	Collagen triple helix repeat-containing protein 1
	0.005
	0.65

	Q14314
	FGL2
	Fibroleukin
	0.005
	0.68

	P54760
	EPHB4
	Ephrin type-B receptor 4
	0.005
	0.70

	P16035
	TIMP2
	Metalloproteinase inhibitor 2
	0.005
	0.70

	P26572
	MGAT1
	-1,3-mannosyl-glycoprotein 2--N-acetylglucosaminyltransferase
	0.005
	0.71

	Q5ZPR3
	CD276
	CD276 antigen
	0.005
	0.71

	P78504
	JAG1
	Protein jagged-1
	0.005
	0.73

	P22692
	IGFBP4
	Insulin-like growth factor-binding protein 4
	0.005
	0.73

	P46531
	NOTCH1
	Neurogenic locus notch homolog protein 1
	0.005
	0.74

	Q9NPR2
	SEMA4B
	Semaphorin-4B
	0.005
	0.75

	P09603
	CSF1
	Macrophage colony-stimulating
factor 1
	0.005
	0.75

	Q92859
	NEO1
	Neogenin
	0.005
	0.76

	Q86VZ4
	LRP11
	Low-density lipoprotein receptor-related protein 11
	0.005
	0.77

	P28799
	GRN
	Progranulin
	0.005
	0.81

	P35916-1
	FLT4
	Isoform 2 of Vascular endothelial growth factor receptor 3
	0.005
	0.81


Table B2.2 (cont). Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb

	Q14624
	ITIH4
	Inter--trypsin inhibitor
heavy chain H4
	0.005
	0.83

	P03951
	F11
	Coagulation factor XI
	0.005
	1.09

	P14735
	IDE
	Insulin-degrading enzyme
	0.005
	1.17

	Q13200
	PSMD2
	26S proteasome non-ATPase regulatory subunit 2
	0.005
	1.21

	Q96PD5
	PGLYRP2
	N-acetylmuramoyl-L-alanine amidase
	0.005
	1.29

	P02743
	APCS
	Serum amyloid P-component
	0.005
	1.31

	Q9BYX2
	TBC1D2
	TBC1 domain family member 2A
	0.005
	1.48

	P04196
	HRG
	Histidine-rich glycoprotein
	0.005
	1.72

	P35754
	GLRX
	Glutaredoxin-1
	0.009
	0.50

	Q9Y624
	F11R
	Junctional adhesion molecule A
	0.009
	0.58

	P11021
	HSPA5
	Endoplasmic reticulum chaperone BiP
	0.009
	0.60

	Q8N149
	LILRA2
	Leukocyte immunoglobulin-like receptor subfamily A member 2
	0.009
	0.60

	P17927
	CR1
	Complement receptor type 1
	0.009
	0.61

	P10644
	PRKAR1A
	cAMP-dependent protein kinase type I- regulatory subunit
	0.009
	0.62

	Q9BUD6
	SPON2
	Spondin-2
	0.009
	0.68

	Q9H6X2
	ANTXR1
	Anthrax toxin receptor 1
	0.009
	0.69

	Q9NS71
	GKN1
	Gastrokine-1
	0.009
	0.69

	Q10588
	BST1
	ADP-ribosyl cyclase/cyclic ADP-ribose hydrolase 2
	0.009
	0.71

	P10646
	TFPI
	Tissue factor pathway inhibitor
	0.009
	0.71

	P08253
	MMP2
	72 kDa type IV collagenase
	0.009
	0.73

	O95633
	FSTL3
	Follistatin-related protein 3
	0.009
	0.74

	Q92626
	PXDN
	Peroxidasin homolog
	0.009
	0.75

	Q9UBU7
	DBF4
	Protein DBF4 homolog A
	0.009
	0.76

	O43157
	PLXNB1
	Plexin-B1
	0.009
	0.77

	P05556
	ITGB1
	Integrin -1
	0.009
	0.78

	P55268
	LAMB2
	Laminin subunit -2
	0.009
	0.80

	P32942
	ICAM3
	Intercellular adhesion molecule 3
	0.009
	0.80

	P28827
	PTPRM
	Receptor-type tyrosine-protein phosphatase 
	0.009
	0.82

	Q86SQ4
	ADGRG6
	Adhesion G-protein coupled
receptor G6
	0.009
	0.83

	P49908
	SELENOP
	Selenoprotein P
	0.009
	1.16

	Q9BXX0
	EMILIN2
	EMILIN-2
	0.012
	0.50

	Q14508
	WFDC2
	WAP four-disulfide core domain protein 2
	0.012
	0.54

	P07942
	LAMB1
	Laminin subunit -1
	0.012
	0.56

	P11047
	LAMC1
	Laminin subunit -1
	0.012
	0.59


Table B2.2 (cont). Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb

	Q16627
	CCL14
	C-C motif chemokine 14
	0.012
	0.61

	P10321
	HLA-C
	HLA class I histocompatibility antigen, C  chain
	0.012
	0.61

	P00167
	CYB5A
	Cytochrome b5
	0.012
	0.64

	Q86X29
	LSR
	Lipolysis-stimulated lipoprotein receptor
	0.012
	0.66

	P39060
	COL18A1
	Collagen -1(XVIII) chain
	0.012
	0.73

	O94985
	CLSTN1
	Calsyntenin-1
	0.012
	0.74

	P19256
	CD58
	Lymphocyte function-associated antigen 3
	0.012
	0.79

	P35590
	TIE1
	Tyrosine-protein kinase receptor Tie-1
	0.012
	0.80

	P05154
	SERPINA5
	Plasma serine protease inhibitor
	0.012
	1.28

	O15335
	CHAD
	Chondroadherin
	0.012
	1.39

	P05362
	ICAM1
	Intercellular adhesion molecule 1
	0.016
	0.57

	Q14697
	GANAB
	Neutral -glucosidase AB
	0.016
	0.60

	Q96RD9
	FCRL5
	Fc receptor-like protein 5
	0.016
	0.66

	P08581
	MET
	Hepatocyte growth factor receptor
	0.016
	0.76

	P12109
	COL6A1
	Collagen -1(VI) chain
	0.016
	0.77

	Q13275
	SEMA3F
	Semaphorin-3F
	0.016
	0.86

	P13473
	LAMP2
	Lysosome-associated membrane glycoprotein 2
	0.016
	0.90

	P13611
	VCAN
	Versican core protein
	0.020
	0.37

	P09972
	ALDOC
	Fructose-bisphosphate aldolase C
	0.020
	0.42

	P10643
	C7
	Complement component C7
	0.020
	0.72

	Q07954
	LRP1
	Prolow-density lipoprotein receptor-related protein 1
	0.020
	0.73

	Q8WUJ3
	CEMIP
	Cell migration-inducing and hyaluronan-binding protein
	0.020
	0.75

	P16109
	SELP
	P-selectin
	0.020
	0.81

	P31937
	HIBADH
	3-hydroxyisobutyrate dehydrogenase, mitochondrial
	0.023
	0.25

	P55058
	PLTP
	Phospholipid transfer protein
	0.023
	0.34

	P49406
	MRPL19
	39S ribosomal protein L19, mitochondrial
	0.023
	0.54

	P04275
	VWF
	von Willebrand factor
	0.023
	0.60

	O14798
	TNFRSF10C
	Tumor necrosis factor receptor superfamily member 10C
	0.023
	0.66

	Q9BRK5
	SDF4
	45 kDa calcium-binding protein
	0.023
	0.72

	P08575
	PTPRC
	Receptor-type tyrosine-protein phosphatase C
	0.023
	0.77

	Q5T2D2
	TREML2
	Trem-like transcript 2 protein
	0.023
	0.78

	Q08380
	LGALS3BP
	Galectin-3-binding protein
	0.026
	0.40


Table B2.2 (cont). Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb

	P02768
	ALB
	Albumin
	0.026
	0.41

	P54727
	RAD23B
	UV excision repair protein RAD23 homolog B
	0.026
	0.56

	P01589
	IL2RA
	Interleukin-2 receptor subunit 
	0.026
	0.58

	P10253
	GAA
	Lysosomal -glucosidase
	0.026
	0.64

	O75347
	TBCA
	Tubulin-specific chaperone A
	0.026
	0.64

	P09326
	CD48
	CD48 antigen
	0.026
	0.69

	Q02763
	TEK
	Angiopoietin-1 receptor
	0.026
	0.84

	P01033
	TIMP1
	Metalloproteinase inhibitor 1
	0.028
	0.57

	P20138
	CD33
	Myeloid cell surface antigen CD33
	0.028
	0.63

	P42785
	PRCP
	Lysosomal Pro-X carboxypeptidase
	0.028
	0.83

	Q04756
	HGFAC
	Hepatocyte growth factor activator
	0.028
	1.04

	P05114
	HMGN1
	Non-histone chromosomal protein HMG-14
	0.031
	0.27

	P33241
	LSP1
	Lymphocyte-specific protein 1
	0.031
	0.51

	Q12841
	FSTL1
	Follistatin-related protein 1
	0.031
	0.56

	Q9UEW3
	MARCO
	Macrophage receptor MARCO
	0.031
	0.63

	Q8IZF2
	ADGRF5
	Adhesion G protein-coupled
receptor F5
	0.031
	0.76

	O95428
	PAPLN
	Papilin
	0.031
	0.78

	P17181
	IFNAR1
	Interferon / receptor 1
	0.031
	0.82

	P04180
	LCAT
	Phosphatidylcholine-sterol acyltransferase
	0.031
	0.86

	P02765
	AHSG
	-2-HS-glycoprotein
	0.031
	1.24

	P22626
	HNRNPA2B1
	Heterogeneous nuclear ribonucleoproteins A2/B1
	0.034
	0.40

	O15394
	NCAM2
	Neural cell adhesion molecule 2
	0.034
	0.90

	Q03591
	CFHR1
	Complement factor H-related protein 1
	0.034
	1.13

	Q96H15
	TIMD4
	T-cell immunoglobulin and mucin domain-containing protein 4
	0.037
	0.45

	P15311
	EZR
	Ezrin
	0.037
	0.48

	P48163
	ME1
	NADP-dependent malic enzyme
	0.037
	0.54

	O43278
	SPINT1
	Kunitz-type protease inhibitor 1
	0.037
	0.55

	P07858
	CTSB
	Cathepsin B
	0.037
	0.66

	Q9UK23
	NAGPA
	N-acetylglucosamine-1-phosphodiester -N-acetylglucosaminidase
	0.040
	0.80

	Q5VY43
	PEAR1
	Platelet endothelial aggregation receptor 1
	0.042
	0.84

	P14151
	SELL
	L-selectin
	0.042
	0.85

	P06681
	C2
	Complement C2
	0.042
	0.91

	Q96IY4
	CPB2
	Carboxypeptidase B2
	0.042
	1.10


Table B2.2 (cont). Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb

	Q9H993
	ARMT1
	Damage-control phosphatase ARMT1
	0.045
	0.45

	Q6UX06
	OLFM4
	Olfactomedin-4
	0.045
	0.46

	P07108
	DBI
	Acyl-CoA-binding protein
	0.045
	0.53

	P48637
	GSS
	Glutathione synthetase
	0.045
	0.54

	Q6P4E1
	GOLM2
	Protein GOLM2
	0.045
	0.73

	P10586
	PTPRF
	Receptor-type tyrosine-protein phosphatase F
	0.047
	0.65

	P23467-3
	PTPRB
	Isoform 3 of Receptor-type tyrosine-protein phosphatase 
	0.047
	0.76

	Q12913
	PTPRJ
	Receptor-type tyrosine-protein phosphatase 
	0.047
	0.99


 ap-values were calculated using a linear regression model and adjusted using FDR. bFold change cutoffs of ≥1.48 or ≤0.67 between survivors/non-survivors. Bold denotes proteins that meet both fold change cutoff and adjusted p  0.05 (see Section 2.2 for details).

































Table B2.3. Differentially-Expressed Proteins between Survivors and Non-Survivors Stratified by Race.
	
	
	
	Non-Hispanic White
	African American/Black

	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb
	Adjusted p-valuea
	Fold Changec

	Q9GZV9
	FGF23
	Fibroblast growth factor 23
	<0.001
	0.22
	0.066
	0.76

	P63313
	TMSB10
	Thymosin -10
	<0.001
	0.36
	0.083
	0.29

	P31949
	S100A11
	Protein S100-A11
	<0.001
	0.37
	0.243
	0.11

	Q9Y279
	VSIG4
	V-set and immunoglobulin domain-containing protein 4
	<0.001
	0.37
	0.075
	0.23

	Q6JBY9
	RCSD1
	CapZ-interacting protein
	<0.001
	0.44
	0.198
	0.40

	P08833
	IGFBP1
	Insulin-like growth factor-binding protein 1
	<0.001
	0.48
	0.098
	0.36

	Q02487
	DSC2
	Desmocollin-2
	<0.001
	0.48
	0.110
	0.36

	P36896
	ACVR1B
	Activin receptor type-1B
	<0.001
	0.48
	0.039
	0.34

	Q9Y6R7
	FCGBP
	IgGFc-binding protein
	<0.001
	0.50
	0.008
	0.36

	P80723
	BASP1
	Brain acid soluble protein 1
	<0.001
	0.52
	0.008
	0.31

	Q68BL8
	OLFML2B
	Olfactomedin-like protein 2B
	<0.001
	0.53
	0.210
	0.25

	P24821
	TNC
	Tenascin
	<0.001
	0.54
	0.026
	0.40

	Q03403
	TFF2
	Trefoil factor 2
	<0.001
	0.54
	0.141
	0.37

	P07307
	ASGR2
	Asialoglycoprotein receptor 2
	<0.001
	0.57
	0.325
	0.81

	P29279
	CCN2
	CCN family member 2
	<0.001
	0.57
	0.006
	0.32

	P04439-2
	HLA-A
	Isoform 2 of HLA class I histocompatibility antigen, A  chain
	<0.001
	0.57
	<0.001
	0.34

	P41271
	NBL1
	Neuroblastoma suppressor of tumorigenicity 1
	<0.001
	0.57
	0.083
	0.40

	P27824
	CANX
	Calnexin
	<0.001
	0.58
	0.047
	0.32

	O60449-2
	LY75
	Isoform 2 of Lymphocyte antigen 75
	<0.001
	0.58
	0.231
	0.38

	Q8TDQ0
	HAVCR2
	Hepatitis A virus cellular receptor 2
	<0.001
	0.58
	0.013
	0.35

	P04080
	CSTB
	Cystatin-B
	<0.001
	0.58
	0.022
	0.24

	P07998
	RNASE1
	Ribonuclease pancreatic
	<0.001
	0.59
	0.026
	0.38

	Q12907
	LMAN2
	Vesicular integral-membrane protein VIP36
	<0.001
	0.60
	0.031
	0.56

	Q08ET2
	SIGLEC14
	Sialic acid-binding Ig-like lectin 14
	<0.001
	0.61
	0.123
	0.24

	Q15063
	POSTN
	Periostin
	<0.001
	0.61
	0.097
	0.25


Table B2.3 (cont). Differentially-Expressed Proteins between Survivors and Non-Survivors Stratified by Race.
	
	
	
	Non-Hispanic White
	African American/Black

	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb
	Adjusted p-valuea
	Fold Changec

	Q16627
	CCL14
	C-C motif chemokine 14
	<0.001
	0.61
	0.179
	0.46

	O43493
	TGOLN2
	Trans-Golgi network integral membrane protein 2
	<0.001
	0.63
	0.015
	0.40

	Q13201
	MMRN1
	Multimerin-1
	<0.001
	0.63
	0.045
	0.54

	Q06033
	ITIH3
	Inter--trypsin inhibitor heavy chain H3
	<0.001
	0.63
	0.636
	0.94

	Q9NPG4
	PCDH12
	Protocadherin-12
	<0.001
	0.64
	0.004
	0.46

	P08123
	COL1A2
	Collagen -2(I) chain
	<0.001
	0.66
	0.003
	0.45

	O43493-4
	TGOLN2
	Isoform 4 of Trans-Golgi network integral membrane protein 2
	<0.001
	0.66
	<0.001
	0.36

	P08174
	CD55
	Complement decay-accelerating factor
	<0.001
	0.67
	0.008
	0.38

	P0DP57
	SLURP2
	Secreted Ly-6/uPAR domain-containing protein 2
	<0.001
	0.67
	<0.001
	0.45

	P35613
	BSG
	Basigin
	<0.001
	0.67
	0.207
	0.30

	Q99650
	OSMR
	Oncostatin-M-specific receptor subunit 
	<0.001
	0.67
	0.018
	0.43

	P48551
	IFNAR2
	Interferon / receptor 2
	<0.001
	0.67
	<0.001
	0.36

	Q09666
	AHNAK
	Neuroblast differentiation-associated
protein AHNAK
	<0.001
	0.67
	0.068
	0.32

	P25445
	FAS
	Tumor necrosis factor receptor superfamily member 6
	<0.001
	0.67
	0.011
	0.43

	Q92692
	NECTIN2
	Nectin-2
	<0.001
	0.68
	0.015
	0.54

	Q96AP7
	ESAM
	Endothelial cell-selective adhesion molecule
	<0.001
	0.68
	0.266
	0.49

	P12111
	COL6A3
	Collagen -3(VI) chain
	<0.001
	0.69
	0.031
	0.39

	P20908
	COL5A1
	Collagen -1(V) chain
	<0.001
	0.69
	0.062
	0.35

	Q9H8J5
	MANSC1
	MANSC domain-containing protein 1
	<0.001
	0.70
	<0.001
	0.37

	P52799
	EFNB2
	Ephrin-B2
	<0.001
	0.70
	<0.001
	0.53

	Q14515
	SPARCL1
	SPARC-like protein 1
	<0.001
	0.70
	0.059
	0.44

	Q6EMK4
	VASN
	Vasorin
	<0.001
	0.71
	0.108
	0.54

	P12830
	CDH1
	Cadherin-1
	<0.001
	0.72
	0.096
	0.27

	Q9HCU0
	CD248
	Endosialin
	<0.001
	0.72
	0.049
	0.43


Table B2.3 (cont). Differentially-Expressed Proteins between Survivors and Non-Survivors Stratified by Race.
	
	
	
	Non-Hispanic White
	African American/Black

	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb
	Adjusted p-valuea
	Fold Changec

	Q99784
	OLFM1
	Noelin
	<0.001
	0.72
	0.148
	0.52

	P05155
	SERPING1
	Plasma protease C1 inhibitor
	<0.001
	0.72
	0.439
	0.89

	Q9UBU7
	DBF4
	Protein DBF4 homolog A
	<0.001
	0.73
	0.895
	0.96

	Q9UMX5
	NENF
	Neudesin
	<0.001
	0.73
	0.039
	0.30

	P08571
	CD14
	Monocyte differentiation antigen CD14
	<0.001
	0.74
	0.233
	0.79

	P19022
	CDH2
	Cadherin-2
	<0.001
	0.75
	0.053
	0.65

	P78324
	SIRPA
	Tyrosine-protein phosphatase non-receptor type substrate 1
	<0.001
	0.76
	0.003
	0.46

	P01011
	SERPINA3
	-1-antichymotrypsin
	<0.001
	0.78
	0.068
	0.62

	Q96C90
	PPP1R14B
	Protein phosphatase 1 regulatory subunit 14B
	<0.001
	0.85
	<0.001
	0.42

	P08582
	MELTF
	Melanotransferrin
	<0.001
	0.94
	0.360
	0.07

	Q5T5S1
	CCDC183
	Coiled-coil domain-containing protein 183
	<0.001
	1.05
	0.223
	1.32

	Q5VV41
	ARHGEF16
	 guanine nucleotide exchange factor 16
	<0.001
	1.06
	<0.001
	1.75

	P00734
	F2
	Prothrombin
	<0.001
	1.08
	0.001
	1.36

	Q13200
	PSMD2
	26S proteasome non-ATPase regulatory subunit 2
	<0.001
	1.09
	0.092
	1.81

	O75882-2
	ATRN
	Isoform 2 of Attractin
	<0.001
	1.15
	0.015
	0.70

	P02774
	GC
	Vitamin D-binding protein
	<0.001
	1.17
	0.070
	1.42

	O76054
	SEC14L2
	SEC14-like protein 2
	<0.001
	1.18
	0.275
	0.12

	P15170
	GSPT1
	Eukaryotic peptide chain release factor GTP-binding subunit ERF3A
	<0.001
	1.21
	0.009
	0.47

	P19827
	ITIH1
	Inter--trypsin inhibitor heavy chain H1
	<0.001
	1.23
	0.114
	1.39

	P00747
	PLG
	Plasminogen
	<0.001
	1.24
	<0.001
	1.63

	P01008
	SERPINC1
	Antithrombin-III
	<0.001
	1.26
	0.011
	1.50

	P02749
	APOH
	-2-glycoprotein 1
	<0.001
	1.27
	0.065
	1.45

	Q9UKU6
	TRHDE
	Thyrotropin-releasing hormone-degrading ectoenzyme
	<0.001
	1.37
	0.538
	1.16

	P03952
	KLKB1
	Plasma kallikrein
	<0.001
	1.41
	0.008
	1.82


Table B2.3 (cont). Differentially-Expressed Proteins between Survivors and Non-Survivors Stratified by Race.
	
	
	
	Non-Hispanic White
	African American/Black

	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb
	Adjusted p-valuea
	Fold Changec

	P27169
	PON1
	Serum paraoxonase/arylesterase 1
	<0.001
	1.43
	<0.001
	2.25

	P02753
	RBP4
	Retinol-binding protein 4
	<0.001
	1.49
	0.114
	1.71

	Q9NTU7
	CBLN4
	Cerebellin-4
	<0.001
	1.50
	0.126
	1.19

	Q86UV6
	TRIM74
	Tripartite motif-containing protein 74
	<0.001
	1.56
	0.205
	2.07

	P17936
	IGFBP3
	Insulin-like growth factor-binding protein 3
	<0.001
	1.74
	0.008
	1.78

	P06276
	BCHE
	Cholinesterase
	<0.001
	1.80
	0.001
	1.71

	P35858
	IGFALS
	Insulin-like growth factor-binding protein complex acid labile subunit
	<0.001
	2.03
	0.002
	3.38

	Q4LDE5
	SVEP1
	Sushi, von Willebrand factor type A, EGF and pentraxin domain-containing protein 1
	0.001
	0.46
	0.091
	0.35

	Q9UGM3
	DMBT1
	Deleted in malignant brain tumors 1 protein
	0.001
	0.49
	0.053
	0.31

	Q8N114
	SHISA5
	Protein shisa-5
	0.001
	0.50
	0.315
	0.32

	Q9BUD6
	SPON2
	Spondin-2
	0.001
	0.59
	0.321
	0.71

	Q8NBJ4
	GOLM1
	Golgi membrane protein 1
	0.001
	0.59
	0.013
	0.32

	P00451
	F8
	Coagulation factor VIII
	0.001
	0.65
	0.074
	0.48

	P12110
	COL6A2
	Collagen -2(VI) chain
	0.001
	0.66
	0.098
	0.36

	Q03167
	TGFBR3
	Transforming growth factor  receptor type 3
	0.001
	0.66
	0.061
	0.46

	P21709
	EPHA1
	Ephrin type-A receptor 1
	0.001
	0.68
	0.223
	0.81

	Q12805-5
	EFEMP1
	Isoform 5 of EGF-containing fibulin-like extracellular matrix protein 1
	0.001
	0.69
	0.048
	0.36

	Q16270
	IGFBP7
	Insulin-like growth factor-binding protein 7
	0.001
	0.70
	0.011
	0.38

	Q9NNX6
	CD209
	CD209 antigen
	0.001
	0.70
	0.017
	0.58

	P35555
	FBN1
	Fibrillin-1
	0.001
	0.71
	0.004
	0.51

	Q15582
	TGFBI
	Transforming growth factor--induced
protein ig-h3
	0.001
	0.80
	0.309
	0.71

	Q14624
	ITIH4
	Inter--trypsin inhibitor heavy chain H4
	0.001
	0.83
	0.911
	1.02

	P19823
	ITIH2
	Inter--trypsin inhibitor heavy chain H2
	0.001
	1.25
	0.103
	1.51


Table B2.3 (cont). Differentially-Expressed Proteins between Survivors and Non-Survivors Stratified by Race.
	
	
	
	Non-Hispanic White
	African American/Black

	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb
	Adjusted p-valuea
	Fold Changec

	P05160
	F13B
	Coagulation factor XIII B chain
	0.001
	1.29
	0.795
	1.05

	Q9BYX2
	TBC1D2
	TBC1 domain family member 2A
	0.001
	1.47
	0.170
	1.96

	P29622
	SERPINA4
	Kallistatin
	0.001
	1.58
	0.178
	1.62

	Q53RD9
	FBLN7
	Fibulin-7
	0.002
	0.61
	<0.001
	0.30

	Q96MG2
	JSRP1
	Junctional sarcoplasmic reticulum protein 1
	0.002
	0.63
	0.200
	0.31

	Q14767
	LTBP2
	Latent-transforming growth factor -binding protein 2
	0.002
	0.63
	0.053
	0.35

	P55285
	CDH6
	Cadherin-6
	0.002
	0.64
	0.020
	0.54

	Q9NPY3
	CD93
	Complement component C1q receptor
	0.002
	0.71
	0.039
	0.36

	Q96PD5
	PGLYRP2
	N-acetylmuramoyl-L-alanine amidase
	0.002
	1.24
	0.114
	1.63

	P01344-2
	IGF2
	Isoform 2 of Insulin-like growth factor II
	0.002
	1.32
	<0.001
	2.57

	P04196
	HRG
	Histidine-rich glycoprotein
	0.002
	1.73
	0.105
	1.92

	P18065
	IGFBP2
	Insulin-like growth factor-binding protein 2
	0.003
	0.53
	0.025
	0.73

	P13671
	C6
	Complement component C6
	0.003
	1.15
	0.082
	1.42

	P24593
	IGFBP5
	Insulin-like growth factor-binding protein 5
	0.003
	1.18
	0.327
	0.56

	P27930
	IL1R2
	Interleukin-1 receptor type 2
	0.004
	0.41
	0.175
	0.32

	P22897
	MRC1
	Macrophage mannose receptor 1
	0.004
	0.56
	0.062
	0.51

	P19320
	VCAM1
	Vascular cell adhesion protein 1
	0.004
	0.57
	0.048
	0.35

	Q9UJJ9
	GNPTG
	N-acetylglucosamine-1-phosphotransferase subunit 
	0.004
	0.76
	0.041
	0.63

	P02748
	C9
	Complement component C9
	0.004
	0.86
	0.132
	1.28

	Q9NS62
	THSD1
	Thrombospondin type-1 domain-containing protein 1
	0.004
	1.24
	0.335
	0.47

	Q9Y5Y7
	LYVE1
	Lymphatic vessel endothelial hyaluronic acid receptor 1
	0.005
	0.56
	0.054
	0.34

	Q9Y624
	F11R
	Junctional adhesion molecule A
	0.005
	0.68
	0.113
	0.31

	Q6WN34-2
	CHRDL2
	Isoform 2 of Chordin-like protein 2
	0.005
	0.71
	0.029
	0.55


Table B2.3 (cont). Differentially-Expressed Proteins between Survivors and Non-Survivors Stratified by Race.
	
	
	
	Non-Hispanic White
	African American/Black

	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb
	Adjusted p-valuea
	Fold Changec

	Q9HBR0
	SLC38A10
	Putative sodium-coupled neutral amino acid transporter 10
	0.005
	0.74
	0.037
	0.43

	P98172
	EFNB1
	Ephrin-B1
	0.005
	0.75
	0.017
	0.46

	Q8NDA2
	HMCN2
	Hemicentin-2
	0.005
	1.11
	0.050
	0.55

	P13796
	LCP1
	Plastin-2
	0.006
	0.55
	0.094
	0.43

	P17900
	GM2A
	Ganglioside GM2 activator
	0.006
	0.62
	0.113
	0.51

	O14786
	NRP1
	Neuropilin-1
	0.006
	0.74
	0.009
	0.45

	P14543
	NID1
	Nidogen-1
	0.006
	0.77
	0.114
	0.44

	P43652
	AFM
	Afamin
	0.006
	1.42
	0.827
	1.04

	Q8NHJ6
	LILRB4
	Leukocyte immunoglobulin-like receptor subfamily B member 4
	0.007
	0.60
	<0.001
	0.29

	Q6UX71
	PLXDC2
	Plexin domain-containing protein 2
	0.007
	0.72
	0.047
	0.35

	P04180
	LCAT
	Phosphatidylcholine-sterol acyltransferase
	0.007
	0.82
	0.512
	0.85

	P80108
	GPLD1
	Phosphatidylinositol-glycan-specific phospholipase D
	0.007
	1.60
	0.034
	2.70

	Q8IZA0
	KIAA0319L
	Dyslexia-associated protein
KIAA0319-like protein
	0.008
	0.67
	0.120
	0.48

	Q96CG8
	CTHRC1
	Collagen triple helix repeat-containing protein 1
	0.008
	0.72
	0.162
	0.43

	P10153
	RNASE2
	Non-secretory ribonuclease
	0.008
	0.77
	0.051
	0.57

	Q8N8Z6
	DCBLD1
	Discoidin, CUB and LCCL domain-containing protein 1
	0.008
	0.79
	0.045
	0.49

	Q9Y4D7
	PLXND1
	Plexin-D1
	0.008
	1.12
	0.385
	0.74

	Q14246
	ADGRE1
	Adhesion G protein-coupled receptor E1
	0.009
	0.39
	0.347
	1.37

	P06681
	C2
	Complement C2
	0.009
	0.87
	0.230
	1.11

	P05546
	SERPIND1
	Heparin cofactor 2
	0.009
	1.35
	<0.001
	2.29

	P02452
	COL1A1
	Collagen -1(I) chain
	0.010
	0.62
	0.110
	0.36

	O14672
	ADAM10
	Disintegrin and metalloproteinase domain-containing protein 10
	0.010
	0.69
	0.315
	0.79


Table B2.3 (cont). Differentially-Expressed Proteins between Survivors and Non-Survivors Stratified by Race.
	
	
	
	Non-Hispanic White
	African American/Black

	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb
	Adjusted p-valuea
	Fold Changec

	Q9NQ76
	MEPE
	Matrix extracellular phosphoglycoprotein
	0.010
	0.81
	0.220
	0.52

	P35916-1
	FLT4
	Isoform 2 of Vascular endothelial growth factor receptor 3
	0.010
	0.84
	0.132
	0.67

	Q9UGM5
	FETUB
	Fetuin-B
	0.010
	1.42
	0.003
	2.40

	Q9Y4L1
	HYOU1
	Hypoxia up-regulated protein 1
	0.011
	0.80
	0.123
	0.62

	Q12805
	EFEMP1
	EGF-containing fibulin-like extracellular matrix protein 1
	0.012
	0.61
	0.012
	0.40

	P10646
	TFPI
	Tissue factor pathway inhibitor
	0.012
	0.68
	0.331
	0.59

	P02745
	C1QA
	Complement C1q subcomponent subunit A
	0.012
	0.82
	0.148
	0.61

	Q92823
	NRCAM
	Neuronal cell adhesion molecule
	0.014
	0.74
	0.224
	0.71

	P35318
	ADM
	Pro-adrenomedullin
	0.015
	0.69
	0.175
	0.26

	P61916
	NPC2
	NPC intracellular cholesterol transporter 2
	0.015
	0.75
	0.037
	0.48

	Q02952
	AKAP12
	A-kinase anchor protein 12
	0.015
	0.79
	0.010
	0.47

	P29966
	MARCKS
	Myristoylated alanine-rich C-kinase substrate
	0.016
	0.49
	0.275
	0.17

	O75071
	EFCAB14
	EF-hand calcium-binding domain-containing protein 14
	0.016
	0.52
	<0.001
	0.34

	Q9HCB6
	SPON1
	Spondin-1
	0.016
	0.67
	0.033
	0.32

	P20138
	CD33
	Myeloid cell surface antigen CD33
	0.016
	0.79
	0.164
	0.28

	Q96KG7
	MEGF10
	Multiple epidermal growth factor-like domains protein 10
	0.016
	0.85
	0.278
	0.38

	Q9NS71
	GKN1
	Gastrokine-1
	0.017
	0.65
	0.265
	0.63

	P12318
	FCGR2A
	Low affinity immunoglobulin  Fc region
receptor II-a
	0.017
	0.70
	0.110
	0.39

	Q15113
	PCOLCE
	Procollagen C-endopeptidase enhancer 1
	0.017
	1.10
	0.448
	0.83

	Q92529
	SHC3
	SHC-transforming protein 3
	0.017
	1.22
	0.916
	0.91

	Q96KN2
	CNDP1
	-Ala-His dipeptidase
	0.017
	1.42
	<0.001
	1.96

	P10451
	SPP1
	Osteopontin
	0.018
	0.65
	0.068
	0.22



Table B2.3 (cont). Differentially-Expressed Proteins between Survivors and Non-Survivors Stratified by Race.
	
	
	
	Non-Hispanic White
	African American/Black

	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb
	Adjusted p-valuea
	Fold Changec

	P16070
	CD44
	CD44 antigen
	0.018
	0.66
	0.113
	0.28

	P19438
	TNFRSF1A
	Tumor necrosis factor receptor superfamily member 1A
	0.018
	0.70
	0.085
	0.42

	Q14563
	SEMA3A
	Semaphorin-3A
	0.018
	0.74
	0.137
	0.47

	Q9H6X2
	ANTXR1
	Anthrax toxin receptor 1
	0.019
	0.73
	0.124
	0.54

	O00391
	QSOX1
	Sulfhydryl oxidase 1
	0.020
	0.74
	0.093
	0.54

	Q13308
	PTK7
	Inactive tyrosine-protein kinase 7
	0.020
	0.77
	0.270
	0.22

	P35442
	THBS2
	Thrombospondin-2
	0.021
	0.62
	0.008
	0.32

	P15529
	CD46
	Membrane cofactor protein
	0.022
	0.69
	0.024
	0.26

	O95998
	IL18BP
	Interleukin-18-binding protein
	0.022
	0.74
	0.066
	0.40

	P16109
	SELP
	P-selectin
	0.023
	0.83
	0.343
	0.75

	O95967
	EFEMP2
	EGF-containing fibulin-like extracellular matrix protein 2
	0.024
	0.73
	0.052
	0.47

	P50440-2
	GATM
	Isoform 2 of Glycine amidinotransferase, mitochondrial
	0.024
	0.88
	0.284
	0.08

	P31995
	FCGR2C
	Low affinity immunoglobulin  Fc region
receptor II-c
	0.025
	0.68
	0.011
	0.35

	P01034
	CST3
	Cystatin-C
	0.025
	0.79
	0.113
	0.60

	P02746
	C1QB
	Complement C1q subcomponent subunit B
	0.025
	0.85
	0.114
	0.60

	O75339
	CILP
	Cartilage intermediate layer protein 1
	0.025
	1.01
	0.205
	0.63

	P22528
	SPRR1B
	Cornifin-B
	0.026
	0.50
	0.202
	0.38

	P22626
	HNRNPA2B1
	Heterogeneous nuclear ribonucleoproteins A2/B1
	0.026
	0.50
	0.241
	0.20

	P15151
	PVR
	Poliovirus receptor
	0.026
	0.82
	0.018
	0.56

	Q9BXX0
	EMILIN2
	EMILIN-2
	0.028
	0.55
	0.072
	0.30

	O00461
	GOLIM4
	Golgi integral membrane protein 4
	0.028
	0.80
	0.057
	0.35

	Q9HD89
	RETN
	Resistin
	0.029
	0.64
	0.112
	0.36

	P61769
	B2M
	-2-microglobulin
	0.029
	0.71
	0.126
	0.45


Table B2.3 (cont). Differentially-Expressed Proteins between Survivors and Non-Survivors Stratified by Race.
	
	
	
	Non-Hispanic White
	African American/Black

	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb
	Adjusted p-valuea
	Fold Changec

	P10644
	PRKAR1A
	cAMP-dependent protein kinase type I- regulatory subunit
	0.030
	0.67
	0.152
	0.44

	P24043
	LAMA2
	Laminin subunit -2
	0.031
	0.68
	0.018
	0.33

	A6NI73
	LILRA5
	Leukocyte immunoglobulin-like receptor subfamily A member 5
	0.031
	0.72
	0.190
	0.39

	P11717
	IGF2R
	Cation-independent mannose-6-phosphate receptor
	0.031
	0.75
	0.017
	0.59

	O60664
	PLIN3
	Perilipin-3
	0.032
	0.66
	0.103
	0.48

	P03951
	F11
	Coagulation factor XI
	0.034
	1.09
	0.029
	1.32

	P17927
	CR1
	Complement receptor type 1
	0.035
	0.67
	0.078
	0.49

	P07602
	PSAP
	Prosaposin
	0.035
	0.69
	0.044
	0.53

	Q86VZ4
	LRP11
	Low-density lipoprotein receptor-related
protein 11
	0.035
	0.89
	0.087
	0.47

	P29692
	EEF1D
	Elongation factor 1-
	0.035
	1.18
	0.132
	0.26

	P33241
	LSP1
	Lymphocyte-specific protein 1
	0.037
	0.55
	0.179
	0.33

	O75821
	EIF3G
	Eukaryotic translation initiation factor 3
subunit G
	0.037
	0.63
	0.280
	0.27

	Q08554
	DSC1
	Desmocollin-1
	0.037
	1.27
	0.558
	0.71

	Q6UY14
	ADAMTSL4
	ADAMTS-like protein 4
	0.038
	0.72
	0.011
	0.39

	P20827
	EFNA1
	Ephrin-A1
	0.039
	0.65
	0.050
	0.50

	P07942
	LAMB1
	Laminin subunit -1
	0.041
	0.69
	0.105
	0.28

	P61626
	LYZ
	Lysozyme C
	0.041
	0.84
	0.056
	0.52

	Q14508
	WFDC2
	WAP four-disulfide core domain protein 2
	0.042
	0.61
	0.045
	0.34

	O15123
	ANGPT2
	Angiopoietin-2
	0.042
	0.64
	0.061
	0.44

	P02747
	C1QC
	Complement C1q subcomponent subunit C
	0.042
	0.85
	0.140
	0.60

	Q14697
	GANAB
	Neutral -glucosidase AB
	0.043
	0.70
	0.239
	0.32

	P60763
	RAC3
	Ras-related C3 botulinum toxin substrate 3
	0.045
	0.94
	0.118
	0.42


Table B2.3 (cont). Differentially-Expressed Proteins between Survivors and Non-Survivors Stratified by Race.
	
	
	
	Non-Hispanic White
	African American/Black

	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb
	Adjusted p-valuea
	Fold Changec

	Q14061
	COX17
	Cytochrome c oxidase copper chaperone
	0.109
	0.50
	<0.001
	0.06

	P01861
	IGHG4
	Immunoglobulin heavy constant  4
	0.505
	1.29
	<0.001
	0.11

	Q14152
	EIF3A
	Eukaryotic translation initiation factor 3
subunit A
	0.299
	0.62
	<0.001
	0.14

	Q6UWH4
	GASK1B
	Golgi-associated kinase 1B
	0.091
	0.57
	<0.001
	0.31

	Q9NS15
	LTBP3
	Latent-transforming growth factor -binding protein 3
	0.103
	0.85
	<0.001
	0.38

	Q5ZPR3
	CD276
	CD276 antigen
	0.247
	0.76
	<0.001
	0.50

	P50897
	PPT1
	Palmitoyl-protein thioesterase 1
	0.727
	1.08
	<0.001
	0.67

	P09466
	PAEP
	Glycodelin
	0.426
	0.56
	<0.001
	0.88

	P49908
	SELENOP
	Selenoprotein P
	0.161
	1.13
	<0.001
	1.71

	P01040
	CSTA
	Cystatin-A
	0.277
	1.00
	<0.001
	2.47

	P01210
	PENK
	Proenkephalin-A
	0.506
	0.73
	0.001
	0.26

	Q9BX97
	PLVAP
	Plasmalemma vesicle-associated protein
	0.395
	0.85
	0.001
	0.33

	Q96IY4
	CPB2
	Carboxypeptidase B2
	0.717
	1.00
	0.001
	1.56

	Q03591
	CFHR1
	Complement factor H-related protein 1
	0.085
	1.10
	0.001
	1.71

	P04003
	C4BPA
	C4b-binding protein  chain
	0.385
	0.84
	0.001
	2.58

	O76061
	STC2
	Stanniocalcin-2
	0.208
	0.92
	0.002
	0.47

	Q7Z7M8
	B3GNT8
	UDP-GlcNAc:Gal -1,3-N-acetylglucosaminyltransferase 8
	0.842
	1.08
	0.002
	0.51

	P01185
	AVP
	Vasopressin-neurophysin 2-copeptin
	0.342
	0.87
	0.002
	1.66

	Q6P4E1
	GOLM2
	Protein GOLM2
	0.398
	0.86
	0.003
	0.41

	P20851
	C4BPB
	C4b-binding protein  chain
	0.273
	0.82
	0.003
	2.37

	Q9UK23
	NAGPA
	N-acetylglucosamine-1-phosphodiester -N-acetylglucosaminidase
	0.260
	0.89
	0.004
	0.54

	Q92485
	SMPDL3B
	Acid sphingomyelinase-like phosphodiesterase 3b
	0.663
	1.22
	0.007
	0.33



Table B2.3 (cont). Differentially-Expressed Proteins between Survivors and Non-Survivors Stratified by Race.
	
	
	
	Non-Hispanic White
	African American/Black

	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb
	Adjusted p-valuea
	Fold Changec

	Q9NQ36
	SCUBE2
	Signal peptide, CUB and EGF-like domain-containing protein 2
	0.147
	0.78
	0.007
	0.35

	O60763
	USO1
	General vesicular transport factor p115
	0.656
	0.59
	0.008
	0.10

	P55000
	SLURP1
	Secreted Ly-6/uPAR-related protein 1
	0.786
	0.53
	0.008
	0.12

	P54764
	EPHA4
	Ephrin type-A receptor 4
	0.652
	0.95
	0.008
	0.47

	Q02763
	TEK
	Angiopoietin-1 receptor
	0.208
	0.89
	0.008
	0.65

	P17181
	IFNAR1
	Interferon / receptor 1
	0.477
	0.96
	0.009
	0.49

	Q86X29
	LSR
	Lipolysis-stimulated lipoprotein receptor
	0.309
	0.79
	0.011
	0.33

	P55058
	PLTP
	Phospholipid transfer protein
	0.124
	0.31
	0.011
	0.35

	Q13740
	ALCAM
	CD166 antigen
	0.062
	0.75
	0.011
	0.41

	Q04721
	NOTCH2
	Neurogenic locus notch homolog protein 2
	0.236
	0.89
	0.011
	0.57

	Q9UNS2
	COPS3
	COP9 signalosome complex subunit 3
	0.875
	0.93
	0.012
	0.42

	Q9H6B4
	CLMP
	CXADR-like membrane protein
	0.488
	0.91
	0.012
	0.70

	Q96H15
	TIMD4
	T-cell immunoglobulin and mucin domain-containing protein 4
	0.164
	0.54
	0.015
	0.25

	Q92626
	PXDN
	Peroxidasin homolog
	0.227
	0.82
	0.016
	0.49

	Q9HAV7
	GRPEL1
	GrpE protein homolog 1, mitochondrial
	0.770
	0.66
	0.017
	0.03

	P08637
	FCGR3A
	Low affinity immunoglobulin  Fc region
receptor III-A
	0.091
	0.62
	0.018
	0.29

	Q9H1U4
	MEGF9
	Multiple epidermal growth factor-like domains protein 9
	0.891
	1.02
	0.018
	0.55

	P26572
	MGAT1
	-1,3-mannosyl-glycoprotein 2--N-acetylglucosaminyltransferase
	0.055
	0.73
	0.020
	0.56

	Q01638
	IL1RL1
	Interleukin-1 receptor-like 1
	0.502
	0.87
	0.024
	0.24

	P17813
	ENG
	Endoglin
	0.183
	0.93
	0.024
	0.57

	Q6NVY1
	HIBCH
	3-hydroxyisobutyryl-CoA hydrolase, mitochondrial
	0.529
	0.53
	0.025
	0.13



Table B2.3 (cont). Differentially-Expressed Proteins between Survivors and Non-Survivors Stratified by Race.
	
	
	
	Non-Hispanic White
	African American/Black

	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb
	Adjusted p-valuea
	Fold Changec

	P43121
	MCAM
	Cell surface glycoprotein MUC18
	0.786
	1.00
	0.025
	0.43

	Q9H1Z8
	ECRG4
	Augurin
	0.487
	0.90
	0.029
	0.30

	P05556
	ITGB1
	Integrin -1
	0.213
	0.85
	0.034
	0.57

	P15090
	FABP4
	Fatty acid-binding protein, adipocyte
	0.061
	0.56
	0.037
	0.30

	Q9BZR6
	RTN4R
	Reticulon-4 receptor
	0.358
	0.74
	0.038
	0.39

	P00748
	F12
	Coagulation factor XII
	0.062
	1.11
	0.039
	1.48

	P11047
	LAMC1
	Laminin subunit -1
	0.095
	0.70
	0.041
	0.32

	Q9Y5Z4
	HEBP2
	Heme-binding protein 2
	0.324
	0.65
	0.041
	0.34

	Q9ULI3
	HEG1
	Protein HEG homolog 1
	0.164
	0.87
	0.041
	0.42

	P54760
	EPHB4
	Ephrin type-B receptor 4
	0.061
	0.71
	0.042
	0.54

	P98095
	FBLN2
	Fibulin-2
	0.124
	0.81
	0.045
	0.38

	Q86TH1
	ADAMTSL2
	ADAMTS-like protein 2
	0.122
	0.82
	0.045
	0.59

	Q12884
	FAP
	Prolyl endopeptidase FAP
	0.121
	0.85
	0.045
	0.39

	P19256
	CD58
	Lymphocyte function-associated antigen 3
	0.505
	0.95
	0.047
	0.42

	P81605
	DCD
	Dermcidin
	0.991
	1.09
	0.048
	0.31

	P00390
	GSR
	Glutathione reductase, mitochondrial
	0.164
	0.73
	0.048
	0.35

	O43157
	PLXNB1
	Plexin-B1
	0.162
	0.82
	0.049
	0.61

	P02743
	APCS
	Serum amyloid P-component
	0.088
	1.24
	0.049
	1.64


ap-values were calculated using a linear regression model and adjusted using FDR. bFold change cutoffs of ≥1.62 or ≤0.62 between survivors/non-survivors (see Section 2.2 for details). cFold change cutoffs of ≥2.52 or ≤0.40 between survivors/non-survivors (see Section 2.2 for details).
Bold denotes proteins that meet both fold change cutoff and adjusted p  0.05.







Table B2.4. Proteins with Significant Race-Survival Interaction.
	
	
	
	
	Fold Change Values

	Accession Number
	Gene
	Protein Name
	p-valuea
	All Patientsb
	Non-Hispanic Whiteb
	African American/
Blackb

	Q9GZV9
	FGF23
	Fibroblast growth factor 23
	<0.001
	0.27
	0.22
	0.76

	Q9HAV7
	GRPEL1
	GrpE protein homolog 1, mitochondrial
	<0.001
	0.27
	0.66
	0.03

	Q14061
	COX17
	Cytochrome c oxidase copper chaperone
	<0.001
	0.29
	0.50
	0.06

	O60763
	USO1
	General vesicular transport factor p115
	<0.001
	0.35
	0.59
	0.10

	Q14152
	EIF3A
	Eukaryotic translation initiation factor 3 subunit A
	<0.001
	0.40
	0.62
	0.14

	Q8NHJ6
	LILRB4
	Leukocyte immunoglobulin-like receptor subfamily B member 4
	<0.001
	0.54
	0.60
	0.29

	Q53RD9
	FBLN7
	Fibulin-7
	<0.001
	0.55
	0.61
	0.30

	Q6UWH4
	GASK1B
	Golgi-associated kinase 1B
	<0.001
	0.56
	0.57
	0.31

	O75071
	EFCAB14
	EF-hand calcium-binding domain-containing
protein 14
	<0.001
	0.57
	0.52
	0.34

	P01861
	IGHG4
	Immunoglobulin heavy constant  4
	<0.001
	0.60
	1.29
	0.11

	P48551
	IFNAR2
	Interferon / receptor 2
	<0.001
	0.61
	0.67
	0.36

	O43493-4
	TGOLN2
	Isoform 4 of Trans-Golgi network integral membrane protein 2
	<0.001
	0.61
	0.66
	0.36

	P0DP57
	SLURP2
	Secreted Ly-6/uPAR domain-containing protein 2
	<0.001
	0.69
	0.67
	0.45

	Q9BX97
	PLVAP
	Plasmalemma vesicle-associated protein
	<0.001
	0.69
	0.85
	0.33

	Q9NS15
	LTBP3
	Latent-transforming growth factor -binding
protein 3
	<0.001
	0.70
	0.85
	0.38

	Q6P4E1
	GOLM2
	Protein GOLM2
	<0.001
	0.73
	0.86
	0.41

	Q96C90
	PPP1R14B
	Protein phosphatase 1 regulatory subunit 14B
	<0.001
	0.75
	0.85
	0.42

	Q9UNS2
	COPS3
	COP9 signalosome complex subunit 3
	<0.001
	0.77
	0.93
	0.42

	Q9UK23
	NAGPA
	N-acetylglucosamine-1-phosphodiester -N-acetylglucosaminidase
	<0.001
	0.80
	0.89
	0.54

	P17181
	IFNAR1
	Interferon / receptor 1
	<0.001
	0.82
	0.96
	0.49

	Q02763
	TEK
	Angiopoietin-1 receptor
	<0.001
	0.84
	0.89
	0.65

	Q92485
	SMPDL3B
	Acid sphingomyelinase-like phosphodiesterase 3b
	<0.001
	0.88
	1.22
	0.33


Table B2.4 (cont). Proteins with Significant Race-Survival Interaction.
	
	
	
	
	Fold Change Values

	Accession Number
	Gene
	Protein Name
	p-valuea
	All Patientsb
	Non-Hispanic Whiteb
	African American/
Blackb

	P15170
	GSPT1
	Eukaryotic peptide chain release factor GTP-binding subunit ERF3A
	<0.001
	0.96
	1.21
	0.47

	P50897
	PPT1
	Palmitoyl-protein thioesterase 1
	<0.001
	1.00
	1.08
	0.67

	O75882-2
	ATRN
	Isoform 2 of Attractin
	<0.001
	1.03
	1.15
	0.70

	Q5VV41
	ARHGEF16
	 guanine nucleotide exchange factor 16
	<0.001
	1.09
	1.06
	1.75

	Q92529
	SHC3
	SHC-transforming protein 3
	<0.001
	1.10
	1.22
	0.91

	P01185
	AVP
	Vasopressin-neurophysin 2-copeptin
	<0.001
	1.12
	0.87
	1.66

	P01040
	CSTA
	Cystatin-A
	<0.001
	1.31
	1.00
	2.47

	P01344-2
	IGF2
	Isoform 2 of Insulin-like growth factor II
	<0.001
	1.50
	1.32
	2.57

	P01210
	PENK
	Proenkephalin-A
	0.001
	0.58
	0.73
	0.26

	O76061
	STC2
	Stanniocalcin-2
	0.001
	0.79
	0.92
	0.47

	Q7Z7M8
	B3GNT8
	UDP-GlcNAc:Gal -1,3-N-acetylglucosaminyltransferase 8
	0.001
	0.90
	1.08
	0.51

	P55000
	SLURP1
	Secreted Ly-6/uPAR-related protein 1
	0.002
	0.32
	0.53
	0.12

	P04003
	C4BPA
	C4b-binding protein  chain
	0.002
	1.12
	0.84
	2.58

	P20851
	C4BPB
	C4b-binding protein  chain
	0.005
	1.05
	0.82
	2.37

	Q9NQ36
	SCUBE2
	Signal peptide, CUB and EGF-like domain-containing protein 2
	0.009
	0.67
	0.78
	0.35

	P27169
	PON1
	Serum paraoxonase/arylesterase 1
	0.015
	1.57
	1.43
	2.25

	P54764
	EPHA4
	Ephrin type-A receptor 4
	0.016
	0.81
	0.95
	0.47

	P01275
	GCG
	Pro-glucagon
	0.018
	1.06
	2.17
	0.16

	Q86X29
	LSR
	Lipolysis-stimulated lipoprotein receptor
	0.019
	0.66
	0.79
	0.33

	P04439-2
	HLA-A
	Isoform 2 of HLA class I histocompatibility antigen, A  chain
	0.023
	0.51
	0.57
	0.34

	P00747
	PLG
	Plasminogen
	0.023
	1.27
	1.24
	1.63

	Q9H1Z8
	ECRG4
	Augurin
	0.028
	0.69
	0.90
	0.30

	Q9BRT3
	MIEN1
	Migration and invasion enhancer 1
	0.030
	0.64
	0.73
	0.35


Table B2.4 (cont). Proteins with Significant Race-Survival Interaction.
	
	
	
	
	Fold Change Values

	Accession Number
	Gene
	Protein Name
	p-valuea
	All Patientsb
	Non-Hispanic Whiteb
	African American/
Blackb

	Q8NDA2
	HMCN2
	Hemicentin-2
	0.030
	0.94
	1.11
	0.55

	P06681
	C2
	Complement C2
	0.031
	0.91
	0.87
	1.11

	Q9H8J5
	MANSC1
	MANSC domain-containing protein 1
	0.037
	0.61
	0.70
	0.37

	Q14624
	ITIH4
	Inter--trypsin inhibitor heavy chain H4
	0.041
	0.83
	0.83
	1.02


ap-values were calculated using a linear regression model and adjusted using FDR. bBold denotes proteins that meet fold change cutoff (see Section 2.2 for details) in comparisons of survivors/non-survivors.
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Table C3.1. TMT channel assignments for each sample batch.
	Batch

	Tag
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	126
	W S
	W S
	W S
	W NS
	W S
	W S
	AA S
	W S
	W NS
	Pool
	W S
	-

	127N
	W S
	AA S
	W S
	W NS
	W S
	W NS
	W S
	W NS
	W NS
	W S
	W NS
	-

	127C
	W NS
	Pool
	W NS
	Pool
	AA S
	W NS
	W S
	AA S
	W S
	AA S
	AA NS
	-

	128N
	W NS
	W S
	W S
	W S
	AA S
	W S
	AA NS
	W S
	AA S
	W NS
	Pool
	Pool

	128C
	W S
	W NS
	W S
	W NS
	W S
	AA S
	W S
	AA S
	W S
	W S
	W NS
	-

	129N
	W NS
	W S
	W S
	W S
	AA S
	W S
	W S
	W NS
	W S
	W NS
	W S
	-

	129C
	AA S
	W S
	AA NS
	AA S
	W S
	W S
	W S
	W S
	Pool
	AA NS
	W S
	-

	130N
	AA NS
	W S
	W NS
	AA NS
	W S
	W NS
	AA S
	W S
	W S
	W S
	AA S
	-

	130C
	AA S
	W NS
	W S
	W S
	W S
	AA S
	Pool
	AA NS
	W NS
	W S
	W S
	-

	131N
	W S
	W S
	AA S
	AA S
	W NS
	AA S
	W S
	W NS
	AA S
	W NS
	W S
	-

	131C
	W S
	AA S
	AA S
	W S
	W NS
	AA NS
	W NS
	W S
	W S
	W S
	AA S
	-

	132N
	Pool
	W NS
	W NS
	W S
	W NS
	W S
	W NS
	W S
	AA S
	W S
	AA S
	-

	132C
	W S
	AA S
	W S
	W S
	W S
	W S
	W NS
	AA S
	AA NS
	AA S
	W NS
	-

	133N
	W S
	W S
	AA S
	W S
	W S
	W S
	AA S
	W S
	W S
	AA S
	W S
	-

	133C
	AA S
	AA S
	W S
	AA S
	Pool
	W S
	W S
	W S
	W S
	W S
	W S
	-

	134N
	W S
	W S
	Pool
	W S
	AA NS
	Pool
	W S
	Pool
	W S
	W S
	W S
	AA S


Abbreviations: W = Non-Hispanic White; AA = African American/Black; S = Survivor; NS = Non-Survivor.


Table C3.2. Differentially-Expressed Proteins between Sepsis Survivors and Non-Survivors.
	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb

	P49748
	ACADVL
	Very long-chain specific acyl-CoA dehydrogenase, mitochondrial
	<0.001
	0.21

	P33121
	ACSL1
	Long-chain-fatty-acid--CoA ligase 1
	<0.001
	0.10

	O75173
	ADAMTS4
	A disintegrin and metalloproteinase with thrombospondin motifs 4
	0.010
	0.58

	Q15848
	ADIPOQ
	Adiponectin
	0.006
	0.40

	Q8IUX7
	AEBP1
	Adipocyte enhancer-binding protein 1
	0.014
	0.62

	Q09666
	AHNAK
	Neuroblast differentiation-associated protein AHNAK
	0.006
	0.56

	O95433
	AHSA1
	Activator of 90 kDa heat shock protein ATPase homolog 1
	<0.001
	0.20

	Q02952
	AKAP12
	A-kinase anchor protein 12
	<0.001
	0.60

	P15121
	AKR1B1
	Aldo-keto reductase family 1
member B1
	<0.001
	0.61

	P42330
	AKR1C3
	Aldo-keto reductase family 1
member C3
	0.006
	0.11

	Q13740
	ALCAM
	CD166 antigen
	0.010
	0.54

	O15123
	ANGPT2
	Angiopoietin-2
	<0.001
	0.62

	Q9BY76
	ANGPTL4
	Angiopoietin-related protein 4
	0.006
	0.60

	A6NMY6
	ANXA2P2
	Putative annexin A2-like protein
	<0.001
	0.50

	P27695
	APEX1
	DNA-(apurinic or apyrimidinic site) endonuclease
	<0.001
	0.12

	Q96GX9
	APIP
	Methylthioribulose-1-phosphate dehydratase
	0.028
	0.29

	Q0VD83
	APOBR
	Apolipoprotein B receptor
	0.031
	0.60

	P07307
	ASGR2
	Asialoglycoprotein receptor 2
	<0.001
	0.62

	O00244
	ATOX1
	Copper transport protein ATOX1
	0.010
	0.48

	P80723
	BASP1
	Brain acid soluble protein 1
	0.010
	0.43

	Q9BUT1
	BDH2
	3-hydroxybutyrate dehydrogenase
type 2
	<0.001
	0.12

	P35613
	BSG
	Basigin
	<0.001
	0.43

	Q96K17
	BTF3L4
	Transcription factor BTF3 homolog 4
	<0.001
	0.36

	Q9BY67
	CADM1
	Cell adhesion molecule 1
	<0.001
	0.56

	P0DP25
	CALM3
	Calmodulin-3
	0.043
	0.53

	P27797
	CALR
	Calreticulin
	0.018
	0.54

	P27824
	CANX
	Calnexin
	<0.001
	0.55

	Q9BQI4
	CCDC3
	Coiled-coil domain-containing
protein 3
	<0.001
	0.42

	Q86VB7
	CD163
	Scavenger receptor cysteine-rich type 1 protein M130
	<0.001
	0.50

	Q9HCU0
	CD248
	Endosialin
	0.006
	0.58


Table C3.2 (cont). Differentially-Expressed Proteins between Sepsis Survivors and Non-Survivors.
	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb

	Q9UGN4
	CD300A
	CMRF35-like molecule 8
	<0.001
	0.57

	Q6UXG3
	CD300LG
	CMRF35-like molecule 9
	0.010
	0.62

	P08174
	CD55
	Complement decay-accelerating factor
	<0.001
	0.61

	P42081
	CD86
	T-lymphocyte activation antigen CD86
	<0.001
	0.55

	Q16543
	CDC37
	Hsp90 co-chaperone Cdc37
	0.025
	0.56

	P12830
	CDH1
	Cadherin-1
	0.014
	0.51

	Q12864
	CDH17
	Cadherin-17
	<0.001
	0.47

	P55285
	CDH6
	Cadherin-6
	0.034
	0.62

	Q9BYE9
	CDHR2
	Cadherin-related family member 2
	0.031
	0.57

	Q9UKY7
	CDV3
	Protein CDV3 homolog
	0.014
	0.60

	Q99674
	CGREF1
	Cell growth regulator with EF hand domain protein 1
	0.010
	0.38

	P10645
	CHGA
	Chromogranin-A
	0.006
	0.48

	P05060
	CHGB
	Secretogranin-1
	<0.001
	0.62

	P04118
	CLPS
	Colipase
	0.043
	0.42

	Q9BQT9
	CLSTN3
	Calsyntenin-3
	0.037
	0.35

	P20908
	COL5A1
	Collagen α-1(V) chain
	0.031
	0.62

	P12110
	COL6A2
	Collagen α-2(VI) chain
	<0.001
	0.57

	Q5KU26
	COLEC12
	Collectin-12
	0.010
	0.60

	P17927
	CR1
	Complement receptor type 1
	<0.001
	0.59

	Q6UXH1
	CRELD2
	Protein disulfide isomerase CRELD2
	0.006
	0.54

	P46108
	CRK
	Adapter molecule crk
	0.034
	0.45

	P07333
	CSF1R
	Macrophage colony-stimulating factor 1 receptor
	<0.001
	0.62

	P04080
	CSTB
	Cystatin-B
	0.006
	0.53

	P32929
	CTH
	Cystathionine γ-lyase
	0.018
	0.16

	P07339
	CTSD
	Cathepsin D
	<0.001
	0.54

	P09341
	CXCL1
	Growth-regulated α protein
	0.022
	0.11

	Q96HY6
	DDRGK1
	DDRGK domain-containing protein 1
	<0.001
	0.28

	Q02487
	DSC2
	Desmocollin-2
	<0.001
	0.47

	Q14126
	DSG2
	Desmoglein-2
	<0.001
	0.47

	Q12805-5
	EFEMP1
	Isoform 5 of EGF-containing fibulin-like extracellular matrix protein 1
	0.010
	0.51

	Q12805
	EFEMP1
	EGF-containing fibulin-like extracellular matrix protein 1
	0.025
	0.56

	Q96C19
	EFHD2
	EF-hand domain-containing protein D2
	0.028
	0.54

	P98172
	EFNB1
	Ephrin-B1
	<0.001
	0.59


Table C3.2 (cont). Differentially-Expressed Proteins between Sepsis Survivors and Non-Survivors.
	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb

	O75821
	EIF3G
	Eukaryotic translation initiation factor 3 subunit G
	0.014
	0.35

	P56537
	EIF6
	Eukaryotic translation initiation factor 6
	0.028
	0.58

	Q15370
	ELOB
	Elongin-B
	0.040
	0.59

	Q9BXX0
	EMILIN2
	EMILIN-2
	<0.001
	0.58

	Q9HC35
	EML4
	Echinoderm microtubule-associated protein-like 4
	<0.001
	0.26

	Q15375
	EPHA7
	Ephrin type-A receptor 7
	0.031
	0.59

	P38117
	ETFB
	Electron transfer flavoprotein subunit β
	0.014
	0.18

	P12104
	FABP2
	Fatty acid-binding protein, intestinal
	<0.001
	0.32

	P15090
	FABP4
	Fatty acid-binding protein, adipocyte
	0.006
	0.36

	Q01469
	FABP5
	Fatty acid-binding protein 5
	<0.001
	0.52

	P98095
	FBLN2
	Fibulin-2
	<0.001
	0.58

	P12318
	FCGR2A
	Low affinity immunoglobulin γ Fc region receptor II-a
	<0.001
	0.53

	Q96AC1
	FERMT2
	Fermitin family homolog 2
	<0.001
	0.23

	Q14314
	FGL2
	Fibroleukin
	0.006
	0.56

	Q12841
	FSTL1
	Follistatin-related protein 1
	0.006
	0.62

	P10253
	GAA
	Lysosomal α-glucosidase
	0.006
	0.58

	Q14353
	GAMT
	Guanidinoacetate N-methyltransferase
	0.018
	0.16

	P41250
	GARS1
	Glycine--tRNA ligase
	0.028
	0.43

	P01350
	GAST
	Gastrin
	0.034
	0.52

	Q99988
	GDF15
	Growth/differentiation factor 15
	<0.001
	0.15

	P35754
	GLRX
	Glutaredoxin-1
	0.010
	0.50

	P17900
	GM2A
	Ganglioside GM2 activator
	<0.001
	0.55

	Q8NBJ4
	GOLM1
	Golgi membrane protein 1
	<0.001
	0.62

	Q9H8Y8
	GORASP2
	Golgi reassembly-stacking protein 2
	<0.001
	0.18

	P07359
	GP1BA
	Platelet glycoprotein Ib α chain
	0.010
	0.62

	Q9HAV7
	GRPEL1
	GrpE protein homolog 1, mitochondrial
	<0.001
	0.07

	P00390
	GSR
	Glutathione reductase, mitochondrial
	0.018
	0.54

	Q5QNW6
	H2BC18
	Histone H2B type 2-F
	<0.001
	0.05

	Q16695
	H3-4
	Histone H3.1t
	<0.001
	0.17

	P62805
	H4-16; H4C1-6, 8, 9, 11-15
	Histone H4
	0.043
	0.23

	P42357
	HAL
	Histidine ammonia-lyase
	<0.001
	0.20

	Q8TDQ0
	HAVCR2
	Hepatitis A virus cellular receptor 2
	<0.001
	0.61

	Q9Y5Z4
	HEBP2
	Heme-binding protein 2
	0.04
	0.37



Table C3.2 (cont). Differentially-Expressed Proteins between Sepsis Survivors and Non-Survivors.
	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb

	P01889
	HLA-B
	HLA class I histocompatibility antigen, B α chain
	<0.001
	0.58

	P05114
	HMGN1
	Non-histone chromosomal protein HMG-14
	0.031
	0.25

	P09651
	HNRNPA1
	Heterogeneous nuclear ribonucleoprotein A1
	<0.001
	0.46

	Q14103
	HNRNPD
	Heterogeneous nuclear ribonucleoprotein D0
	0.034
	0.32

	P52597
	HNRNPF
	Heterogeneous nuclear ribonucleoprotein F
	0.018
	0.38

	P61978
	HNRNPK
	Heterogeneous nuclear ribonucleoprotein K
	0.014
	0.42

	P14866
	HNRNPL
	Heterogeneous nuclear ribonucleoprotein L
	<0.001
	0.17

	Q1KMD3
	HNRNPUL2
	Heterogeneous nuclear ribonucleoprotein U-like protein 2
	0.018
	0.39

	P04196
	HRG
	Histidine-rich glycoprotein
	<0.001
	1.83

	P14625
	HSP90B1
	Endoplasmin
	0.031
	0.60

	P48551
	IFNAR2
	Interferon α/β receptor 2
	<0.001
	0.55

	P08833
	IGFBP1
	Insulin-like growth factor-binding protein 1
	0.034
	0.49

	P18065
	IGFBP2
	Insulin-like growth factor-binding protein 2
	0.006
	0.54

	P01589
	IL2RA
	Interleukin-2 receptor subunit α
	0.031
	0.48

	P12268
	IMPDH2
	Inosine-5'-monophosphate dehydrogenase 2
	<0.001
	0.40

	P49441
	INPP1
	Inositol polyphosphate 1-phosphatase
	<0.001
	0.19

	P78504
	JAG1
	Protein jagged-1
	<0.001
	0.62

	Q15046
	KARS1
	Lysine--tRNA ligase
	<0.001
	0.15

	P05783
	KRT18
	Keratin, type I cytoskeletal 18
	0.031
	0.23

	Q53H82
	LACTB2
	Endoribonuclease LACTB2
	0.034
	0.29

	Q6ISS4
	LAIR2
	Leukocyte-associated immunoglobulin-like receptor 2
	<0.001
	0.38

	P24043
	LAMA2
	Laminin subunit α-2
	<0.001
	0.61

	P13796
	LCP1
	Plastin-2
	<0.001
	0.61

	P56470
	LGALS4
	Galectin-4
	0.006
	0.14

	P38571
	LIPA
	Lysosomal acid lipase/cholesteryl ester hydrolase
	<0.001
	0.43

	Q12907
	LMAN2
	Vesicular integral-membrane protein VIP36
	<0.001
	0.56

	P20700
	LMNB1
	Lamin-B1
	0.028
	0.48


Table C3.2 (cont). Differentially-Expressed Proteins between Sepsis Survivors and Non-Survivors.
	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb

	Q32MZ4
	LRRFIP1
	Leucine-rich repeat flightless-interacting protein 1
	0.006
	0.62

	P33241
	LSP1
	Lymphocyte-specific protein 1
	0.006
	0.62

	P09960
	LTA4H
	Leukotriene A-4 hydrolase
	0.037
	0.53

	Q14767
	LTBP2
	Latent-transforming growth factor β-binding protein 2
	<0.001
	0.61

	Q8N2S1
	LTBP4
	Latent-transforming growth factor β-binding protein 4
	<0.001
	0.62

	Q9Y5Y7
	LYVE1
	Lymphatic vessel endothelial hyaluronic acid receptor 1
	<0.001
	0.44

	Q9NTJ4
	MAN2C1
	α-mannosidase 2C1
	<0.001
	0.38

	P29966
	MARCKS
	Myristoylated alanine-rich
C-kinase substrate
	<0.001
	0.49

	Q12866
	MERTK
	Tyrosine-protein kinase Mer
	<0.001
	0.54

	P22894
	MMP8
	Neutrophil collagenase
	0.040
	0.50

	Q13201
	MMRN1
	Multimerin-1
	<0.001
	0.51

	P22897
	MRC1
	Macrophage mannose receptor 1
	<0.001
	0.53

	Q96DR8
	MUCL1
	Mucin-like protein 1
	<0.001
	0.19

	Q969H8
	MYDGF
	Myeloid-derived growth factor
	0.006
	0.56

	P35579
	MYH9
	Myosin-9
	0.043
	0.51

	O14950
	MYL12B
	Myosin regulatory light chain 12B
	0.010
	0.48

	P60660
	MYL6
	Myosin light polypeptide 6
	0.018
	0.48

	Q9Y2G1
	MYRF
	Myelin regulatory factor
	<0.001
	0.48

	P41271
	NBL1
	Neuroblastoma suppressor of tumorigenicity 1
	<0.001
	0.62

	Q92692
	NECTIN2
	Nectin-2
	<0.001
	0.60

	Q9NQS3
	NECTIN3
	Nectin-3
	<0.001
	0.62

	Q9UMX5
	NENF
	Neudesin
	0.006
	0.56

	P08138
	NGFR
	Tumor necrosis factor receptor superfamily member 16
	<0.001
	0.58

	P01160
	NPPA
	Natriuretic peptides A
	0.025
	0.59

	Q68BL7
	OLFML2A
	Olfactomedin-like protein 2A
	<0.001
	0.52

	Q96BN8
	OTULIN
	Ubiquitin thioesterase otulin
	<0.001
	0.58

	P11940
	PABPC1
	Polyadenylate-binding protein 1
	0.043
	0.50

	P68402
	PAFAH1B2
	Platelet-activating factor acetylhydrolase IB subunit α2
	0.031
	0.47

	Q08174
	PCDH1
	Protocadherin-1
	0.043
	0.58

	P35558
	PCK1
	Phosphoenolpyruvate carboxykinase, cytosolic [GTP]
	<0.001
	0.09


Table C3.2 (cont). Differentially-Expressed Proteins between Sepsis Survivors and Non-Survivors.
	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb

	Q96HC4
	PDLIM5
	PDZ and LIM domain protein 5
	0.006
	0.55

	Q96GD0
	PDXP
	Chronophin
	0.014
	0.18

	O95336
	PGLS
	6-phosphogluconolactonase
	0.045
	0.52

	O00264
	PGRMC1
	Membrane-associated progesterone receptor component 1
	<0.001
	0.51

	Q9NRX4
	PHPT1
	14 kDa phosphohistidine phosphatase
	<0.001
	0.57

	P19957
	PI3
	Elafin
	0.006
	0.53

	Q96FE7
	PIK3IP1
	Phosphoinositide-3-kinase-interacting protein 1
	0.006
	0.52

	Q9UKJ1-3
	PILRA
	Isoform 3 of Paired immunoglobulin-like type 2 receptor α
	<0.001
	0.61

	Q00169
	PITPNA
	Phosphatidylinositol transfer protein α isoform
	<0.001
	0.21

	Q9Y263
	PLAA
	Phospholipase A-2-activating protein
	0.006
	0.55

	Q4KWH8
	PLCH1
	1-phosphatidylinositol 4,5-bisphosphate phosphodiesterase η-1
	0.022
	0.53

	O60664
	PLIN3
	Perilipin-3
	0.037
	0.60

	Q14651
	PLS1
	Plastin-1
	0.022
	0.13

	P55058
	PLTP
	Phospholipid transfer protein
	0.010
	0.52

	Q6UX71
	PLXDC2
	Plexin domain-containing protein 2
	<0.001
	0.59

	Q15063-6
	POSTN
	Isoform 6 of Periostin
	<0.001
	0.62

	Q15063
	POSTN
	Periostin
	0.028
	0.58

	Q15063-3
	POSTN
	Isoform 3 of Periostin
	0.031
	0.48

	P62937
	PPIA
	Peptidyl-prolyl cis-trans isomerase A
	0.014
	0.53

	P48147
	PREP
	Prolyl endopeptidase
	0.048
	0.46

	P49643
	PRIM2
	DNA primase large subunit
	0.006
	0.48

	P10644
	PRKAR1A
	cAMP-dependent protein kinase type I-α regulatory subunit
	0.037
	0.59

	P14314
	PRKCSH
	Glucosidase 2 subunit β
	0.006
	0.58

	O95084
	PRSS23
	Serine protease 23
	0.045
	0.53

	P07602
	PSAP
	Prosaposin
	<0.001
	0.59

	Q9P2B2
	PTGFRN
	Prostaglandin F2 receptor negative regulator
	<0.001
	0.57

	Q8N8N7
	PTGR2
	Prostaglandin reductase 2
	<0.001
	0.13

	Q13308
	PTK7
	Inactive tyrosine-protein kinase 7
	<0.001
	0.56

	P06454
	PTMA
	Prothymosin α
	0.028
	0.26

	P10586
	PTPRF
	Receptor-type tyrosine-protein phosphatase F
	0.034
	0.55


Table C3.2 (cont). Differentially-Expressed Proteins between Sepsis Survivors and Non-Survivors.
	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb

	P63000
	RAC1
	Ras-related C3 botulinum toxin substrate 1
	<0.001
	0.53

	P54727
	RAD23B
	UV excision repair protein RAD23 homolog B
	0.040
	0.61

	P50120
	RBP2
	Retinol-binding protein 2
	0.031
	0.31

	P62877
	RBX1
	E3 ubiquitin-protein ligase RBX1
	<0.001
	0.18

	Q6JBY9
	RCSD1
	CapZ-interacting protein
	0.048
	0.50

	Q00765
	REEP5
	Receptor expression-enhancing
protein 5
	<0.001
	0.09

	P07998
	RNASE1
	Ribonuclease pancreatic
	0.022
	0.62

	P13489
	RNH1
	Ribonuclease inhibitor
	0.043
	0.56

	P10155
	RO60
	60 kDa SS-A/Ro ribonucleoprotein
	<0.001
	0.15

	Q01974
	ROR2
	Tyrosine-protein kinase transmembrane receptor ROR2
	<0.001
	0.56

	P30050
	RPL12
	60S ribosomal protein L12
	<0.001
	0.14

	P36578
	RPL4
	60S ribosomal protein L4
	<0.001
	0.40

	P63220
	RPS21
	40S ribosomal protein S21
	<0.001
	0.28

	P62857
	RPS28
	40S ribosomal protein S28
	0.040
	0.33

	P23396
	RPS3
	40S ribosomal protein S3
	<0.001
	0.17

	P62070
	RRAS2
	Ras-related protein R-Ras2
	<0.001
	0.56

	P05109
	S100A8
	Protein S100-A8
	0.025
	0.43

	P06702
	S100A9
	Protein S100-A9
	0.025
	0.43

	Q96GP6
	SCARF2
	Scavenger receptor class F member 2
	<0.001
	0.56

	Q9NQ36
	SCUBE2
	Signal peptide, CUB and EGF-like domain-containing protein 2
	0.040
	0.60

	P18827
	SDC1
	Syndecan-1
	0.025
	0.50

	Q6UXD5
	SEZ6L2
	Seizure 6-like protein 2
	0.006
	0.51

	Q9NUL5
	SHFL
	Shiftless antiviral inhibitor of ribosomal frameshifting protein
	<0.001
	0.20

	Q08ET2
	SIGLEC14
	Sialic acid-binding Ig-like lectin 14
	<0.001
	0.57

	Q9HBR0
	SLC38A10
	Putative sodium-coupled neutral amino acid transporter 10
	<0.001
	0.61

	Q14515
	SPARCL1
	SPARC-like protein 1
	<0.001
	0.60

	O43278
	SPINT1
	Kunitz-type protease inhibitor 1
	0.025
	0.58

	P05455
	SSB
	Lupus La protein
	<0.001
	0.10

	Q9NUL3
	STAU2
	Double-stranded RNA-binding protein Staufen homolog 2
	<0.001
	0.44

	P52823
	STC1
	Stanniocalcin-1
	<0.001
	0.50

	P16949
	STMN1
	Stathmin
	<0.001
	0.51


Table C3.2 (cont). Differentially-Expressed Proteins between Sepsis Survivors and Non-Survivors.
	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb

	P53999
	SUB1
	Activated RNA polymerase II transcriptional coactivator p15
	0.043
	0.20

	Q4LDE5
	SVEP1
	Sushi, von Willebrand factor type A, EGF and pentraxin domain-containing protein 1
	0.010
	0.40

	O75347
	TBCA
	Tubulin-specific chaperone A
	0.04
	0.55

	A2RU30
	TESPA1
	Protein TESPA1
	<0.001
	0.57

	P04155
	TFF1
	Trefoil factor 1
	0.010
	0.59

	P37173
	TGFBR2
	TGF-β receptor type-2
	<0.001
	0.59

	O43493
	TGOLN2
	Trans-Golgi network integral membrane protein 2
	<0.001
	0.56

	P35442
	THBS2
	Thrombospondin-2
	0.006
	0.51

	Q9P016
	THYN1
	Thymocyte nuclear protein 1
	<0.001
	0.12

	Q96H15
	TIMD4
	T-cell immunoglobulin and mucin domain-containing protein 4
	<0.001
	0.52

	Q9NZR1
	TMOD2
	Tropomodulin-2
	0.045
	0.36

	Q9NP84
	TNFRSF12A
	Tumor necrosis factor receptor superfamily member 12A
	0.006
	0.57

	Q92956
	TNFRSF14
	Tumor necrosis factor receptor superfamily member 14
	0.006
	0.59

	P19438
	TNFRSF1A
	Tumor necrosis factor receptor superfamily member 1A
	<0.001
	0.60

	P45379
	TNNT2
	Troponin T, cardiac muscle
	<0.001
	0.26

	P13693
	TPT1
	Translationally-controlled tumor protein
	0.028
	0.49

	Q71U36
	TUBA1A
	Tubulin α-1A chain
	0.006
	0.59

	P10599
	TXN
	Thioredoxin
	0.022
	0.52

	Q9BRA2
	TXNDC17
	Thioredoxin domain-containing
protein 17
	0.010
	0.51

	Q8NBS9
	TXNDC5
	Thioredoxin domain-containing
protein 5
	0.010
	0.54

	P61077
	UBE2D3
	Ubiquitin-conjugating enzyme E2 D3
	0.045
	0.54

	P46939
	UTRN
	Utrophin
	0.006
	0.33

	Q99536
	VAT1
	Synaptic vesicle membrane protein VAT-1 homolog
	0.006
	0.56

	P19320
	VCAM1
	Vascular cell adhesion protein 1
	<0.001
	0.53

	P13611-2
	VCAN
	Isoform V1 of Versican core protein
	<0.001
	0.33

	P13611
	VCAN
	Versican core protein
	<0.001
	0.46

	P08670
	VIM
	Vimentin
	0.006
	0.49


Table C3.2 (cont). Differentially-Expressed Proteins between Sepsis Survivors and Non-Survivors.
	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb

	Q9Y279
	VSIG4
	V-set and immunoglobulin domain-containing protein 4
	<0.001
	0.50

	P04275
	VWF
	von Willebrand factor
	<0.001
	0.52

	P23381
	WARS1
	Tryptophan--tRNA ligase, cytoplasmic
	0.045
	0.54

	O14980
	XPO1
	Exportin-1
	0.014
	0.34

	P12956
	XRCC6
	X-ray repair cross-complementing protein 6
	<0.001
	0.24

	O75191
	XYLB
	Xylulose kinase
	<0.001
	0.19

	Q68DK2
	ZFYVE26
	Zinc finger FYVE domain-containing protein 26
	<0.001
	0.48


ap-values were calculated using a linear regression model and adjusted using FDR. bFold change cutoffs of ≥1.62 or ≤0.62 between sepsis survivors/non-survivors are considered as differentially-expressed proteins. See Section 3.2 for details.
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Table C3.3. Differentially-Expressed Proteins in Stratified Comparisons of Sepsis Survivors and Non-Survivors.
	
	
	
	Non-Hispanic White
	African
American/Black

	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb
	Adjusted p-valuea
	Fold Changec

	P49588
	AARS1
	Alanine--tRNA ligase, cytoplasmic
	0.048
	0.55
	0.310
	0.40

	P49748
	ACADVL
	Very long-chain specific acyl-CoA dehydrogenase, mitochondrial
	0.035
	0.29
	<0.001
	0.11

	P33121
	ACSL1
	Long-chain-fatty-acid--CoA ligase 1
	<0.001
	0.60
	<0.001
	0.02

	Q13444
	ADAM15
	Disintegrin and metalloproteinase domain-containing protein 15
	0.034
	0.84
	<0.001
	0.36

	Q15848
	ADIPOQ
	Adiponectin
	0.017
	0.38
	0.391
	0.59

	Q8WYP5
	AHCTF1
	Protein ELYS
	<0.001
	1.89
	0.390
	0.80

	O95433
	AHSA1
	Activator of 90 kDa heat shock protein ATPase
homolog 1
	0.010
	0.36
	<0.001
	0.07

	P15121
	AKR1B1
	Aldo-keto reductase family 1 member B1
	0.006
	0.57
	0.326
	0.71

	A6NMY6
	ANXA2P2
	Putative annexin A2-like protein
	0.008
	0.56
	0.076
	0.39

	P27695
	APEX1
	DNA-(apurinic or apyrimidinic site) endonuclease
	0.004
	0.22
	0.144
	0.05

	O00244
	ATOX1
	Copper transport protein ATOX1
	0.017
	0.54
	0.189
	0.35

	P36543
	ATP6V1E1
	V-type proton ATPase subunit E 1
	0.346
	1.07
	0.043
	0.22

	Q9BUT1
	BDH2
	3-hydroxybutyrate dehydrogenase type 2
	0.431
	0.67
	<0.001
	0.03

	P35613
	BSG
	Basigin
	0.018
	0.45
	0.165
	0.37

	Q9BY67
	CADM1
	Cell adhesion molecule 1
	0.025
	0.57
	0.112
	0.52

	P0DP25
	CALM3
	Calmodulin-3
	0.016
	0.55
	0.309
	0.47

	P27824
	CANX
	Calnexin
	0.006
	0.57
	0.026
	0.48

	Q9BQI4
	CCDC3
	Coiled-coil domain-containing protein 3
	0.014
	0.42
	<0.001
	0.43

	Q86VB7
	CD163
	Scavenger receptor cysteine-rich type 1 protein M130
	0.019
	0.51
	0.224
	0.47

	Q9HCU0
	CD248
	Endosialin
	0.024
	0.55
	0.047
	0.73

	Q9UGN4
	CD300A
	CMRF35-like molecule 8
	0.030
	0.53
	0.240
	0.67

	Q16543
	CDC37
	Hsp90 co-chaperone Cdc37
	0.025
	0.56
	0.269
	0.55



Table C3.3 (cont). Differentially-Expressed Proteins in Stratified Comparisons of Sepsis Survivors and Non-Survivors.
	
	
	
	Non-Hispanic White
	African
American/Black

	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb
	Adjusted p-valuea
	Fold Changec

	Q12864
	CDH17
	Cadherin-17
	0.013
	0.40
	0.342
	0.71

	Q99674
	CGREF1
	Cell growth regulator with EF hand domain protein 1
	0.039
	0.37
	0.129
	0.42

	P10645
	CHGA
	Chromogranin-A
	0.030
	0.48
	0.107
	0.53

	P04118
	CLPS
	Colipase
	0.204
	0.53
	0.006
	0.22

	P20908
	COL5A1
	Collagen α-1(V) chain
	0.048
	0.57
	0.318
	0.79

	P12110
	COL6A2
	Collagen α-2(VI) chain
	0.001
	0.56
	0.043
	0.62

	Q5KU26
	COLEC12
	Collectin-12
	0.018
	0.57
	0.309
	0.70

	Q6UXH1
	CRELD2
	Protein disulfide isomerase CRELD2
	0.013
	0.51
	0.384
	0.57

	P46108
	CRK
	Adapter molecule crk
	0.013
	0.55
	0.228
	0.29

	P32929
	CTH
	Cystathionine γ-lyase
	0.021
	0.24
	0.302
	0.08

	P07339
	CTSD
	Cathepsin D
	0.029
	0.56
	<0.001
	0.47

	Q96HY6
	DDRGK1
	DDRGK domain-containing protein 1
	0.164
	0.70
	<0.001
	0.05

	Q9NY33
	DPP3
	Dipeptidyl peptidase 3
	0.049
	0.50
	0.269
	0.35

	Q02487
	DSC2
	Desmocollin-2
	0.001
	0.47
	0.051
	0.48

	Q14126
	DSG2
	Desmoglein-2
	0.002
	0.49
	0.257
	0.42

	Q12805-5
	EFEMP1
	Isoform 5 of EGF-containing fibulin-like extracellular matrix protein 1
	0.036
	0.48
	0.427
	0.66

	O75821
	EIF3G
	Eukaryotic translation initiation factor 3 subunit G
	0.041
	0.43
	0.087
	0.20

	Q9HC35
	EML4
	Echinoderm microtubule-associated protein-like 4
	0.005
	0.47
	<0.001
	0.07

	P84090
	ERH
	Enhancer of rudimentary homolog
	0.004
	0.39
	0.555
	0.30

	P38117
	ETFB
	Electron transfer flavoprotein subunit β
	0.095
	0.34
	0.003
	0.05

	P15090
	FABP4
	Fatty acid-binding protein, adipocyte
	0.006
	0.42
	0.196
	0.25

	Q01469
	FABP5
	Fatty acid-binding protein 5
	0.006
	0.51
	0.058
	0.53

	P98095
	FBLN2
	Fibulin-2
	0.021
	0.55
	0.001
	0.69

	Q96AC1
	FERMT2
	Fermitin family homolog 2
	<0.001
	0.46
	0.017
	0.09


Table C3.3 (cont). Differentially-Expressed Proteins in Stratified Comparisons of Sepsis Survivors and Non-Survivors.
	
	
	
	Non-Hispanic White
	African
American/Black

	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb
	Adjusted p-valuea
	Fold Changec

	Q14314
	FGL2
	Fibroleukin
	0.039
	0.56
	0.239
	0.59

	P41250
	GARS1
	Glycine--tRNA ligase
	0.010
	0.48
	0.315
	0.32

	P01350
	GAST
	Gastrin
	0.031
	0.53
	0.177
	0.52

	Q99988
	GDF15
	Growth/differentiation factor 15
	<0.001
	0.13
	0.721
	0.46

	Q9H8Y8
	GORASP2
	Golgi reassembly-stacking protein 2
	0.006
	0.29
	<0.001
	0.06

	Q9HAV7
	GRPEL1
	GrpE protein homolog 1, mitochondrial
	0.012
	0.10
	0.191
	0.03

	P42357
	HAL
	Histidine ammonia-lyase
	0.088
	0.36
	<0.001
	0.06

	P04439-2
	HLA-A
	Isoform 2 of HLA class I histocompatibility antigen,
A α chain
	0.102
	0.67
	<0.001
	0.12

	P05114
	HMGN1
	Non-histone chromosomal protein HMG-14
	0.037
	0.30
	0.164
	0.18

	P09651
	HNRNPA1
	Heterogeneous nuclear ribonucleoprotein A1
	<0.001
	0.59
	<0.001
	0.26

	P52597
	HNRNPF
	Heterogeneous nuclear ribonucleoprotein F
	<0.001
	0.52
	0.282
	0.15

	P61978
	HNRNPK
	Heterogeneous nuclear ribonucleoprotein K
	0.028
	0.46
	0.165
	0.32

	P14866
	HNRNPL
	Heterogeneous nuclear ribonucleoprotein L
	<0.001
	0.44
	<0.001
	0.04

	P04196
	HRG
	Histidine-rich glycoprotein
	0.052
	1.60
	0.003
	3.29

	P11142
	HSPA8
	Heat shock cognate 71 kDa protein
	0.041
	0.53
	0.287
	0.32

	P18065
	IGFBP2
	Insulin-like growth factor-binding protein 2
	0.005
	0.51
	0.214
	0.63

	Q01344
	IL5RA
	Interleukin-5 receptor subunit α
	<0.001
	2.02
	0.381
	0.02

	P12268
	IMPDH2
	Inosine-5'-monophosphate dehydrogenase 2
	0.012
	0.43
	0.161
	0.35

	Q9GZP8
	IMUP
	Immortalization up-regulated protein
	0.778
	1.11
	0.007
	2.63

	P49441
	INPP1
	Inositol polyphosphate 1-phosphatase
	<0.001
	0.41
	<0.001
	0.06

	P07476
	IVL
	Involucrin
	0.027
	0.57
	0.852
	1.14

	Q15046
	KARS1
	Lysine--tRNA ligase
	<0.001
	0.33
	<0.001
	0.05

	Q53H82
	LACTB2
	Endoribonuclease LACTB2
	<0.001
	0.47
	0.249
	0.12

	Q6ISS4
	LAIR2
	Leukocyte-associated immunoglobulin-like receptor 2
	<0.001
	0.32
	0.907
	0.99


Table C3.3 (cont). Differentially-Expressed Proteins in Stratified Comparisons of Sepsis Survivors and Non-Survivors.
	
	
	
	Non-Hispanic White
	African
American/Black

	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb
	Adjusted p-valuea
	Fold Changec

	P56470
	LGALS4
	Galectin-4
	0.088
	0.31
	0.001
	0.03

	Q12907
	LMAN2
	Vesicular integral-membrane protein VIP36
	0.006
	0.63
	0.043
	0.40

	Q32MZ4
	LRRFIP1
	Leucine-rich repeat flightless-interacting protein 1
	0.001
	0.52
	0.781
	1.02

	Q32MZ4-3
	LRRFIP1
	Isoform 3 of Leucine-rich repeat flightless-interacting protein 1
	0.490
	0.63
	0.017
	0.27

	P09960
	LTA4H
	Leukotriene A-4 hydrolase
	0.049
	0.57
	0.220
	0.44

	Q9Y5Y7
	LYVE1
	Lymphatic vessel endothelial hyaluronic acid receptor 1
	0.009
	0.40
	0.054
	0.64

	Q9NTJ4
	MAN2C1
	α-mannosidase 2C1
	0.003
	0.54
	<0.001
	0.16

	P29966
	MARCKS
	Myristoylated alanine-rich C-kinase substrate
	0.030
	0.52
	0.095
	0.42

	P49006
	MARCKSL1
	MARCKS-related protein
	0.049
	0.25
	0.842
	0.86

	Q12866
	MERTK
	Tyrosine-protein kinase Mer
	0.008
	0.55
	0.014
	0.51

	Q13201
	MMRN1
	Multimerin-1
	0.008
	0.48
	0.162
	0.66

	P22897
	MRC1
	Macrophage mannose receptor 1
	<0.001
	0.52
	0.003
	0.57

	P04733
	MT1F
	Metallothionein-1F
	0.049
	0.19
	0.315
	0.05

	Q96DR8
	MUCL1
	Mucin-like protein 1
	0.010
	0.17
	0.165
	0.25

	P35580
	MYH10
	Myosin-10
	<0.001
	0.51
	0.178
	1.04

	Q9Y2G1
	MYRF
	Myelin regulatory factor
	0.005
	0.42
	0.123
	0.96

	Q68D85
	NCR3LG1
	Natural cytotoxicity triggering receptor 3 ligand 1
	0.322
	0.53
	0.014
	0.23

	Q9UMX5
	NENF
	Neudesin
	0.021
	0.56
	0.268
	0.55

	P40261
	NNMT
	Nicotinamide N-methyltransferase
	0.032
	0.25
	0.320
	0.05

	Q96BN8
	OTULIN
	Ubiquitin thioesterase otulin
	<0.001
	0.71
	<0.001
	0.30

	P68402
	PAFAH1B2
	Platelet-activating factor acetylhydrolase IB subunit α2
	0.231
	0.63
	<0.001
	0.24

	P35558
	PCK1
	Phosphoenolpyruvate carboxykinase, cytosolic [GTP]
	0.150
	0.25
	<0.001
	0.02

	Q96HC4
	PDLIM5
	PDZ and LIM domain protein 5
	0.010
	0.45
	0.874
	0.86

	Q96GD0
	PDXP
	Chronophin
	0.006
	0.28
	0.066
	0.08



Table C3.3 (cont). Differentially-Expressed Proteins in Stratified Comparisons of Sepsis Survivors and Non-Survivors.
	
	
	
	Non-Hispanic White
	African
American/Black

	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb
	Adjusted p-valuea
	Fold Changec

	O00264
	PGRMC1
	Membrane-associated progesterone receptor component 1
	0.001
	0.63
	0.039
	0.29

	P19957
	PI3
	Elafin
	0.081
	0.64
	0.030
	0.34

	Q00169
	PITPNA
	Phosphatidylinositol transfer protein α isoform
	<0.001
	0.43
	<0.001
	0.07

	Q9Y263
	PLAA
	Phospholipase A-2-activating protein
	0.251
	0.75
	<0.001
	0.26

	Q8NHP8
	PLBD2
	Putative phospholipase B-like 2
	0.622
	0.91
	<0.001
	0.37

	Q14651
	PLS1
	Plastin-1
	<0.001
	0.28
	0.090
	0.04

	P55058
	PLTP
	Phospholipid transfer protein
	0.042
	0.49
	0.214
	0.60

	Q6UX71
	PLXDC2
	Plexin domain-containing protein 2
	0.010
	0.56
	0.129
	0.69

	Q8TBY8
	PMFBP1
	Polyamine-modulated factor 1-binding protein 1
	0.221
	0.79
	0.001
	0.39

	Q15063-6
	POSTN
	Isoform 6 of Periostin
	<0.001
	0.55
	0.063
	1.05

	Q15063
	POSTN
	Periostin
	0.015
	0.49
	0.769
	1.01

	Q15063-3
	POSTN
	Isoform 3 of Periostin
	0.038
	0.40
	0.422
	0.91

	P62937
	PPIA
	Peptidyl-prolyl cis-trans isomerase A
	0.010
	0.57
	0.277
	0.44

	P48147
	PREP
	Prolyl endopeptidase
	0.035
	0.51
	0.251
	0.35

	P49643
	PRIM2
	DNA primase large subunit
	0.023
	0.52
	0.266
	0.40

	Q9P2B2
	PTGFRN
	Prostaglandin F2 receptor negative regulator
	<0.001
	0.52
	0.468
	0.72

	Q8N8N7
	PTGR2
	Prostaglandin reductase 2
	0.075
	0.27
	<0.001
	0.04

	Q13308
	PTK7
	Inactive tyrosine-protein kinase 7
	0.008
	0.53
	0.003
	0.68

	P06454
	PTMA
	Prothymosin α
	0.019
	0.31
	0.188
	0.16

	Q08623
	PUDP
	Pseudouridine-5'-phosphatase
	0.033
	0.48
	0.206
	0.31

	P38159
	RBMX
	RNA-binding motif protein, X chromosome
	0.047
	0.50
	0.196
	0.22

	P62877
	RBX1
	E3 ubiquitin-protein ligase RBX1
	0.067
	0.31
	<0.001
	0.06

	Q00765
	REEP5
	Receptor expression-enhancing protein 5
	0.019
	0.19
	0.061
	0.03

	P10155
	RO60
	60 kDa SS-A/Ro ribonucleoprotein
	<0.001
	0.30
	<0.001
	0.05


Table C3.3 (cont). Differentially-Expressed Proteins in Stratified Comparisons of Sepsis Survivors and Non-Survivors.
	
	
	
	Non-Hispanic White
	African
American/Black

	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb
	Adjusted p-valuea
	Fold Changec

	P30050
	RPL12
	60S ribosomal protein L12
	<0.001
	0.30
	<0.001
	0.05

	P36578
	RPL4
	60S ribosomal protein L4
	0.332
	0.80
	<0.001
	0.13

	P63220
	RPS21
	40S ribosomal protein S21
	<0.001
	0.51
	<0.001
	0.09

	P23396
	RPS3
	40S ribosomal protein S3
	0.048
	0.41
	<0.001
	0.04

	P06702
	S100A9
	Protein S100-A9
	0.048
	0.48
	0.287
	0.32

	Q96GP6
	SCARF2
	Scavenger receptor class F member 2
	0.006
	0.54
	0.220
	0.58

	P18827
	SDC1
	Syndecan-1
	0.041
	0.54
	0.148
	0.41

	Q6UXD5
	SEZ6L2
	Seizure 6-like protein 2
	0.020
	0.50
	0.171
	0.54

	Q9NUL5
	SHFL
	Shiftless antiviral inhibitor of ribosomal frameshifting protein
	0.002
	0.40
	0.005
	0.06

	P05455
	SSB
	Lupus La protein
	0.094
	0.37
	<0.001
	0.02

	Q9NUL3
	STAU2
	Double-stranded RNA-binding protein Staufen
homolog 2
	0.094
	0.51
	0.001
	0.31

	P52823
	STC1
	Stanniocalcin-1
	0.015
	0.52
	<0.001
	0.43

	P16949
	STMN1
	Stathmin
	0.019
	0.54
	0.197
	0.41

	P53999
	SUB1
	Activated RNA polymerase II transcriptional
coactivator p15
	0.031
	0.27
	0.206
	0.09

	Q4LDE5
	SVEP1
	Sushi, von Willebrand factor type A, EGF and pentraxin domain-containing protein 1
	0.012
	0.37
	0.258
	0.53

	P37837
	TALDO1
	Transaldolase
	0.047
	0.48
	0.275
	0.23

	A2RU30
	TESPA1
	Protein TESPA1
	<0.001
	0.53
	0.423
	0.68

	O43493
	TGOLN2
	Trans-Golgi network integral membrane protein 2
	0.004
	0.54
	0.036
	0.62

	P35442
	THBS2
	Thrombospondin-2
	0.048
	0.51
	0.033
	0.53

	Q9P016
	THYN1
	Thymocyte nuclear protein 1
	0.001
	0.28
	<0.001
	0.04

	Q96H15
	TIMD4
	T-cell immunoglobulin and mucin domain-containing protein 4
	<0.001
	0.46
	0.353
	0.70


Table C3.3 (cont). Differentially-Expressed Proteins in Stratified Comparisons of Sepsis Survivors and Non-Survivors.
	
	
	
	Non-Hispanic White
	African
American/Black

	Accession Number
	Gene
	Protein Name
	Adjusted p-valuea
	Fold Changeb
	Adjusted p-valuea
	Fold Changec

	Q9NZR1
	TMOD2
	Tropomodulin-2
	0.013
	0.40
	0.257
	0.27

	P45379
	TNNT2
	Troponin T, cardiac muscle
	<0.001
	0.21
	0.336
	1.18

	P13693
	TPT1
	Translationally-controlled tumor protein
	0.006
	0.57
	0.301
	0.34

	Q71U36
	TUBA1A
	Tubulin α-1A chain
	0.004
	0.55
	0.437
	0.68

	P19320
	VCAM1
	Vascular cell adhesion protein 1
	0.005
	0.53
	0.191
	0.57

	P13611
	VCAN
	Versican core protein
	0.022
	0.46
	0.068
	0.46

	P13611-2
	VCAN
	Isoform V1 of Versican core protein
	0.025
	0.31
	0.094
	0.37

	P08670
	VIM
	Vimentin
	0.019
	0.47
	0.130
	0.55

	Q9Y279
	VSIG4
	V-set and immunoglobulin domain-containing protein 4
	<0.001
	0.46
	0.283
	0.60

	P04275
	VWF
	von Willebrand factor
	0.025
	0.54
	0.081
	0.44

	O14980
	XPO1
	Exportin-1
	<0.001
	0.41
	0.292
	0.23

	P12956
	XRCC6
	X-ray repair cross-complementing protein 6
	<0.001
	0.40
	<0.001
	0.10

	O75191
	XYLB
	Xylulose kinase
	0.247
	0.40
	<0.001
	0.06


ap-values were calculated using a linear regression model and adjusted using FDR. bFold change cutoffs of ≥1.76 or ≤0.57 between Non-Hispanic White sepsis survivors/non-survivors are considered as differentially-expressed proteins (see Section 3.2). cFold change cutoffs of ≥2.51 or ≤0.40 between African American/Black survivors/non-survivors are considered as differentially-expressed proteins (see Section 3.2). Bold denotes proteins that meet both fold change cutoff and adjusted p  0.05.


Table C3.4. STRING Results from Proteins Differentially-Expressed Within Patient Groups.
	
	
	
	Non-Hispanic White
	African American/
Black

	Category
	Term ID
	Term Description
	Adjusted p-valuea

	GO Biological Process
	GO:0007155
	Cell adhesion
	<0.001
	-

	
	GO:0034097
	Response to cytokine
	0.003
	-

	
	GO:0050896
	Response to stimulus
	0.003
	-

	
	GO:0071345
	Cellular response to cytokine stimulus
	0.008
	-

	
	GO:0016032
	Viral process
	0.009
	0.001

	
	GO:0010033
	Response to organic substance
	0.009
	-

	
	GO:0044419
	Interspecies interaction between organisms
	0.032
	<0.001

	
	GO:0071310
	Cellular response to organic substance
	0.032
	-

	
	GO:0042221
	Response to chemical
	0.034
	-

	
	GO:0070887
	Cellular response to chemical stimulus
	0.039
	-

	
	GO:0009056
	Catabolic process
	-
	<0.001

	
	GO:1901575
	Organic substance catabolic process
	-
	<0.001

	
	GO:0044403
	Symbiotic process
	-
	<0.001

	
	GO:0019080
	Viral gene expression
	-
	0.002

	
	GO:0032787
	Monocarboxylic acid metabolic process
	-
	0.007

	
	GO:0016042
	Lipid catabolic process
	-
	0.011

	
	GO:0006631
	Fatty acid metabolic process
	-
	0.014

	
	GO:0072329
	Monocarboxylic acid catabolic process
	-
	0.014

	
	GO:0006629
	Lipid metabolic process
	-
	0.022

	
	GO:0019752
	Carboxylic acid metabolic process
	-
	0.033

	
	GO:0044248
	Cellular catabolic process
	-
	0.039

	
	GO:0046395
	Carboxylic acid catabolic process
	-
	0.039

	Go Molecular Function
	GO:0005509
	Calcium ion binding
	0.001
	-

	
	GO:0003723
	RNA binding
	0.003
	-

	
	GO:0005488
	Binding
	0.003
	-

	
	GO:0050839
	Cell adhesion molecule binding
	0.005
	-

	
	GO:0005515
	Protein binding
	0.025
	-

	
	GO:0031406
	Carboxylic acid binding
	0.036
	-

	GO Cellular Component
	GO:0005576
	Extracellular region
	<0.001
	0.019

	
	GO:0005615
	Extracellular space
	<0.001
	0.006


Table C3.4 (cont). STRING Results from Proteins Differentially-Expresse Within Patient Groups.
	
	
	
	Non-Hispanic White
	African American/
Black

	Category
	Term ID
	Term Description
	Adjusted p-valuea

	GO Cellular Component
	GO:1903561
	Extracellular vesicle
	<0.001
	-

	
	GO:0070062
	Extracellular exosome
	<0.001
	0.003

	
	GO:0031982
	Vesicle
	<0.001
	-

	
	GO:0005737
	Cytoplasm
	<0.001
	<0.001

	
	GO:0031012
	Extracellular matrix
	<0.001
	-

	
	GO:0062023
	Collagen-containing extracellular matrix
	<0.001
	-

	
	GO:0070161
	Anchoring junction
	<0.001
	-

	
	GO:0043226
	Organelle
	0.002
	-

	
	GO:0110165
	Cellular anatomical entity
	0.002
	-

	
	GO:1904813
	ficolin-1-rich granule lumen
	0.002
	-

	
	GO:0043227
	Membrane-bounded organelle
	0.002
	-

	
	GO:0005925
	Focal adhesion
	0.004
	-

	
	GO:0005622
	Intracellular
	0.005
	0.015

	
	GO:0030141
	Secretory granule
	0.005
	-

	
	GO:0012505
	Endomembrane system
	0.008
	-

	
	GO:0030054
	Cell junction
	0.008
	-

	
	GO:0032432
	Actin filament bundle
	0.008
	-

	
	GO:0099503
	Secretory vesicle
	0.010
	-

	
	GO:0005829
	Cytosol
	0.011
	0.003

	
	GO:0034774
	Secretory granule lumen
	0.012
	-

	
	GO:1990904
	Ribonucleoprotein complex
	0.016
	0.034

	
	GO:0031410
	Cytoplasmic vesicle
	0.023
	-

	
	GO:0099080
	Supramolecular complex
	0.033
	-

	
	GO:0015629
	Actin cytoskeleton
	0.037
	-

	
	GO:0043229
	Intracellular organelle
	0.042
	-

	
	GO:0005844
	Polysome
	0.046
	-

	
	GO:0022626
	Cytosolic ribosome
	-
	0.019

	STRING Cluster
	CL:1454
	Mixed, incl. negative regulation of mrna splicing, via spliceosome, and rnphf zinc finger
	0.020
	-

	
	CL:12057
	Fatty acid degradation, and Ketone body metabolism
	-
	0.022

	
	CL:12058
	Fatty acid degradation, and fatty acid β-oxidation using acyl-CoA dehydrogenase
	-
	0.045



Table C3.4 (cont). STRING Results from Proteins Differentially-Expressed Within Patient Groups.
	
	
	
	Non-Hispanic White
	African American/
Black

	Category
	Term ID
	Term Description
	Adjusted p-valuea

	STRING Cluster
	CL:170
	Cytoplasmic ribosomal proteins
	-
	0.045

	Reactome Pathway
	HSA-1474244
	Extracellular matrix organization
	0.028
	-

	
	HSA-168256
	Immune System
	0.028
	-

	
	HSA-447115
	Interleukin-12 family signaling
	0.028
	-

	
	HSA-1643685
	Disease
	0.028
	-

	
	HSA-2408522
	Selenoamino acid metabolism
	0.037
	0.021

	
	HSA-449147
	Signaling by Interleukins
	0.037
	-

	
	HSA-8950505
	Gene and protein expression by JAK-STAT signaling after Interleukin-12 stimulation
	0.037
	-

	
	HSA-1430728
	Metabolism
	-
	0.021

	
	HSA-156827
	L13a-mediated translational silencing of Ceruloplasmin expression
	-
	0.040

	
	HSA-156902
	Peptide chain elongation
	-
	0.040

	
	HSA-1799339
	SRP-dependent cotranslational protein targeting to membrane
	-
	0.040

	
	HSA-192823
	Viral mRNA Translation
	-
	0.040

	
	HSA-2408557
	Selenocysteine synthesis
	-
	0.040

	
	HSA-71291
	Metabolism of amino acids and derivatives
	-
	0.040

	
	HSA-72689
	Formation of a pool of free 40S subunits
	-
	0.040

	
	HSA-72706
	GTP hydrolysis and joining of the 60S ribosomal subunit
	-
	0.040

	
	HSA-72764
	Eukaryotic Translation Termination
	-
	0.040

	
	HSA-9010553
	Regulation of expression of SLITs and ROBOs
	-
	0.040

	
	HSA-9633012
	Response of EIF2AK4 (GCN2) to amino acid deficiency
	-
	0.040

	
	HAS-975956
	Nonsense Mediated Decay (NMD) independent of the Exon Junction Complex (EJC)
	-
	0.040



Table C3.4 (cont). STRING Results from Proteins Differentially-Expressed Within Patient Groups.
	
	
	
	Non-Hispanic White
	African American/
Black

	Category
	Term ID
	Term Description
	Adjusted p-valuea

	Reactome Pathway
	HSA-975957
	Nonsense Mediated Decay (NMD) enhanced by the Exon Junction Complex (EJC)
	-
	0.040

	WikiPathway
	WP477
	Cytoplasmic ribosomal proteins
	-
	0.043

	Tissues
	BTO:0000759
	Liver
	<0.001
	<0.001

	
	BTO:0000345
	Digestive gland
	<0.001
	<0.001

	
	BTO:0001491
	Viscus
	<0.001
	<0.001

	
	BTO:0003099
	Internal female genital organ
	<0.001
	<0.001

	
	BTO:0000174
	Embryonic structure
	<0.001
	0.028

	
	BTO:0000449
	Fetus
	<0.001
	-

	
	BTO:0001078
	Placenta
	<0.001
	0.011

	
	BTO:0001489
	Whole body
	<0.001
	0.004

	
	BTO:0000083
	Female reproductive system
	<0.001
	<0.001

	
	BTO:0001488
	Endocrine gland
	<0.001
	<0.001

	
	BTO:0003091
	Urogenital system
	<0.001
	<0.001

	
	BTO:0000522
	Gland
	<0.001
	<0.001

	
	BTO:0000203
	Respiratory system
	<0.001
	0.012

	
	BTO:0000763
	Lung
	<0.001
	0.010

	
	BTO:0000570
	Hematopoietic system
	<0.001
	-

	
	BTO:0000634
	Integument
	<0.001
	-

	
	BTO:0000421
	Connective tissue
	<0.001
	0.018

	
	BTO:0000042
	Animal
	<0.001
	0.028

	
	BTO:0000202
	Sense organ
	<0.001
	-

	
	BTO:0000089
	Blood
	<0.001
	-

	
	BTO:0001253
	Skin
	<0.001
	-

	
	BTO:0000580
	Blood cancer cell
	<0.001
	-

	
	BTO:0005810
	Immune system
	<0.001
	-

	
	BTO:0001271
	Leukemia cell
	<0.001
	-

	
	BTO:0000511
	Gastrointestinal tract
	<0.001
	0.036

	
	BTO:0000753
	Lymphoid tissue
	<0.001
	-

	
	BTO:0000282
	Head
	<0.001
	0.005

	
	BTO:0000574
	Hematopoietic cell
	<0.001
	-

	
	BTO:0000775
	Lymphocyte
	<0.001
	-

	
	BTO:0004850
	Bone marrow cell
	<0.001
	-

	
	BTO:0000751
	Leukocyte
	<0.001
	-

	
	BTO:0001486
	Skeletal system
	<0.001
	-


Table C3.4 (cont). STRING Results from Proteins Differentially-Expressed Within Patient Groups.
	
	
	
	Non-Hispanic White
	African American/
Black

	Category
	Term ID
	Term Description
	Adjusted p-valuea

	Tissues
	BTO:0000392
	Plasma cell
	<0.001
	-

	
	BTO:0000141
	Bone marrow
	<0.001
	-

	
	BTO:0000667
	Keratinocyte
	<0.001
	-

	
	BTO:0000439
	Eye
	<0.001
	-

	
	BTO:0000255
	Brain cell line
	<0.001
	-

	
	BTO:0000142
	Brain
	<0.001
	0.010

	
	BTO:0001470
	Epidermal cell
	<0.001
	-

	
	BTO:0000452
	Fibroblast
	<0.001
	-

	
	BTO:0001090
	Mouth
	<0.001
	-

	
	BTO:0000744
	Lymphocytic leukemia cell
	0.001
	-

	
	BTO:0001533
	Gastrointestinal cancer cell
	0.001
	-

	
	BTO:0000254
	Female reproductive gland
	0.001
	0.002

	
	BTO:0001085
	Vascular system
	0.001
	-

	
	BTO:0000975
	Ovary
	0.002
	0.003

	
	BTO:0001307
	Stomach
	0.003
	-

	
	BTO:0000562
	Heart
	0.003
	-

	
	BTO:0001129
	Prostate gland
	0.003
	0.046

	
	BTO:0000772
	Lymphoblast
	0.004
	-

	
	BTO:0000088
	Cardiovascular system
	0.004
	-

	
	BTO:0000773
	Lymphoblastoid cell line
	0.004
	-

	
	BTO:0000080
	Male reproductive gland
	0.005
	-

	
	BTO:0001493
	Trunk
	0.005
	-

	
	BTO:0001374
	Thymus
	0.005
	-

	
	BTO:0000671
	Kidney
	0.006
	-

	
	BTO:0000970
	Osteosarcoma cell
	0.006
	-

	
	BTO:0003092
	Urinary system
	0.006
	-

	
	BTO:0001244
	Urinary tract
	0.006
	-

	
	BTO:0001368
	Thorax
	0.008
	-

	
	BTO:0000849
	Melanoma cell line
	0.008
	-

	
	BTO:0003096
	Internal male genital organ
	0.009
	-

	
	BTO:0001363
	Testis
	0.009
	-

	
	BTO:0002692
	Enterochromaffin-like cell
	0.009
	-

	
	BTO:0001424
	Uterus
	0.012
	-

	
	BTO:0006110
	M1 macrophage
	0.013
	-

	
	BTO:0001207
	Sarcoma cell
	0.014
	-

	
	BTO:0000431
	Excretory gland
	0.016
	-

	
	BTO:0000583
	Bone marrow cancer cell
	0.017
	-


Table C3.4 (cont). STRING Results from Proteins Differentially-Expressed Within Patient Groups.
	
	
	
	Non-Hispanic White
	African American/
Black

	Category
	Term ID
	Term Description
	Adjusted p-valuea

	Tissues
	BTO:0000988
	Pancreas
	0.017
	-

	
	BTO:0001107
	Preadipocyte
	0.017
	-

	
	BTO:0004238
	Interstitial cell
	0.017
	-

	
	BTO:0006111
	M2 macrophage
	0.017
	-

	
	BTO:0000586
	Colonic cancer cell
	0.019
	-

	
	BTO:0000011
	3T3-L1 cell
	0.021
	-

	
	BTO:0000551
	Lung cancer cell
	0.023
	-

	
	BTO:0000903
	Atrium
	0.026
	-

	
	BTO:0001485
	Muscular system
	0.026
	-

	
	BTO:0000379
	Embryo
	0.026
	-

	
	BTO:0000180
	Cervical carcinoma cell
	0.029
	-

	
	BTO:0001176
	Endothelial cell
	0.029
	-

	
	BTO:0000140
	Bone
	0.033
	-

	
	BTO:0000020
	Abdomen
	0.048
	-

	
	BTO:0000081
	Reproductive system
	-
	<0.001

	
	BTO:0001926
	Hybridoma cell line
	-
	0.012

	
	BTO:0000146
	Brain stem
	-
	0.045

	Cellular Compartment
	GOCC:0005576
	Extracellular region
	<0.001
	-

	
	GOCC:0043230
	Extracellular organelle
	<0.001
	-

	
	GOCC:1903561
	Extracellular vesicle
	<0.001
	-

	
	GOCC:0070062
	Extracellular exosome
	<0.001
	-

	
	GOCC:0005615
	Extracellular space
	<0.001
	-

	
	GOCC:0005737
	Cytoplasm
	<0.001
	0.010

	
	GOCC:0110165
	Cellular anatomical entity
	<0.001
	-

	
	GOCC:0031982
	Vesicle
	<0.001
	-

	
	GOCC:0005622
	Intracellular
	<0.001
	0.010

	
	GOCC:0005829
	Cytosol
	<0.001
	0.003

	
	GOCC:0043226
	Organelle
	<0.001
	-

	
	GOCC:0031012
	Extracellular matrix
	0.001
	-

	
	GOCC:0043229
	Intracellular organelle
	0.001
	-

	
	GOCC:1904813
	ficolin-1-rich granule lumen
	0.002
	-

	
	GOCC:0043227
	Membrane-bounded organelle
	0.015
	-

	
	GOCC:0098636
	Protein complex involved in cell adhesion
	0.015
	-

	
	GOCC:0098637
	Protein complex involved in cell-matrix adhesion
	0.015
	-

	
	GOCC:1990904
	Ribonucleoprotein complex
	0.021
	0.032


Table C3.4 (cont). STRING Results from Proteins Differentially-Expressed Within Patient Groups.
	
	
	
	Non-Hispanic White
	African American/
Black

	Category
	Term ID
	Term Description
	Adjusted p-valuea

	Cellular Compartment
	GOCC:0030054
	Cell junction
	0.023
	-

	
	GOCC:0062023
	Collagen-containing extracellular matrix
	0.025
	-

	
	GOCC:0099080
	Supramolecular complex
	0.026
	-

	
	GOCC:0030141
	Secretory granule
	0.037
	-

	
	GOCC:0005844
	Polysome
	0.039
	-

	
	GOCC:0070161
	Anchoring junction
	0.044
	-

	
	GOCC:0022626
	Cytosolic ribosome
	-
	0.032

	UniProt Keywords
	KW-0007
	Acetylation
	<0.001
	<0.001

	
	KW-0732
	Signal
	<0.001
	-

	
	KW-0130
	Cell adhesion
	<0.001
	-

	
	KW-0964
	Secreted
	<0.001
	-

	
	KW-0597
	Phosphoprotein
	<0.001
	0.012

	
	KW-0106
	Calcium
	0.001
	-

	
	KW-0325
	Glycoprotein
	0.003
	-

	
	KW-1015
	Disulfide bond
	0.003
	-

	
	KW-0694
	RNA-binding
	0.005
	0.032

	
	KW-0245
	EGF-like domain
	0.006
	-

	
	KW-0393
	Immunoglobulin domain
	0.006
	-

	
	KW-0963
	Cytoplasm
	0.016
	-

	
	KW-0687
	Ribonucleoprotein
	0.017
	0.002

	
	KW-0702
	S-nitrosylation
	0.021
	-

	
	KW-0945
	Host-virus interaction
	0.021
	-

	
	KW-0430
	Lectin
	0.022
	-

	Protein Domain
	SM00409
	Immunoglobulin
	0.003
	-

	
	SM00181
	Epidermal growth factor-like domain
	0.014
	-


 aAdjusted using the Benjamini-Hochberg procedure by STRING. GO = Gene Ontology. – indicates where a term was not enriched significantly.

Table C3.5. STRING Results from Proteins with a Significant Race-Survival Outcome Interaction.
	Category
	Term ID
	Term Description
	Adjusted p-valuea

	GO Biological Process
	GO:0016032
	Viral process
	0.005

	
	GO:0019080
	Viral gene expression
	0.005

	
	GO:0044403
	Symbiotic process
	0.005

	
	GO:0044238
	Primary metabolic process
	0.005

	
	GO:0044419
	Interspecies interaction between organisms
	0.005

	
	GO:0019752
	Carboxylic acid metabolic process
	0.021

	
	GO:0071704
	Organic substance metabolic process
	0.021

	
	GO:0006413
	Translational initiation
	0.023

	
	GO:0032787
	Monocarboxylic acid metabolic process
	0.023

	
	GO:0043604
	Amide biosynthetic process
	0.023

	
	GO:0009056
	Catabolic process
	0.026

	
	GO:0019081
	Viral translation
	0.031

	
	GO:0071356
	Cellular response to tumor necrosis factor
	0.031

	
	GO:1901575
	Organic substance catabolic process
	0.031

	
	GO:0071310
	Cellular response to organic substance
	0.043

	
	GO:0006629
	Lipid metabolic process
	0.050

	
	GO:0043043
	Peptide biosynthetic process
	0.050

	
	GO:0046641
	Positive regulation of α-β T cell proliferation
	0.050

	
	GO:0072329
	Monocarboxylic acid catabolic process
	0.050

	GO Cellular Component
	GO:0005829
	Cytosol
	<0.001

	
	GO:0005737
	Cytoplasm
	<0.001

	
	GO:0070062
	Extracellular exosome
	0.005

	
	GO:0005615
	Extracellular space
	0.007

	
	GO:0005576
	Extracellular region
	0.010

	
	GO:0005622
	Intracellular
	0.025

	Tissues
	BTO:0001488
	Endocrine gland
	<0.001

	
	BTO:0000345
	Digestive gland
	<0.001

	
	BTO:0000522
	Gland
	<0.001

	
	BTO:0000081
	Reproductive system
	0.001

	
	BTO:0000083
	Female reproductive system
	0.001

	
	BTO:0003099
	Internal female genital organ
	0.001

	
	BTO:0003091
	Urogenital system
	0.001

	
	BTO:0001489
	Whole body
	0.001

	
	BTO:0001491
	Viscus
	0.002

	
	BTO:0000975
	Ovary
	0.010



Table C3.5 (cont). STRING Results from Proteins with a Significant Race-Survival Outcome Interaction.
	Category
	Term ID
	Term Description
	Adjusted p-valuea

	Tissues
	BTO:0000089
	Blood
	0.011

	
	BTO:0000254
	Female reproductive gland
	0.011

	
	BTO:0000570
	Hematopoietic system
	0.022

	
	BTO:0000042
	Animal
	0.031

	
	BTO:0001078
	Placenta
	0.031

	
	BTO:0001926
	Hybridoma cell line
	0.031

	
	BTO:0001253
	Skin
	0.039

	
	BTO:0000142
	Brain
	0.045

	
	BTO:0000203
	Respiratory system
	0.045

	
	BTO:0001333
	Sympathetic ganglion
	0.046

	Cellular Compartment
	GOCC:0005829
	Cytosol
	<0.001

	
	GOCC:0005622
	Intracellular
	0.006

	
	GOCC:0005737
	Cytoplasm
	0.012

	UniProt Keywords
	KW-0007
	Acetylation
	<0.001

	
	KW-0963
	Cytoplasm
	0.001

	
	KW-0687
	Ribonucleoprotein
	0.016

	
	KW-0597
	Phosphoprotein
	0.036


aAdjusted using the Benjamini-Hochberg procedure by STRING. GO = Gene Ontology. 
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Table D4.1. Differentially-Expressed Proteins Between Sepsis Survivors and Non-Survivors.
	Accession Number
	Gene
	Name
	Adjusted p-valuea
	Fold Changeb
	Number of Patientsc

	P49588
	AARS1
	Alanine--tRNA ligase, cytoplasmic
	0.049
	0.60
	238

	P36896
	ACVR1B
	Activin receptor type-1B
	<0.001
	0.51
	88

	Q15848
	ADIPOQ
	Adiponectin
	<0.001
	0.48
	273

	P35318
	ADM
	Pro-adrenomedullin
	<0.001
	0.60
	242

	Q8IUX7
	AEBP1
	Adipocyte enhancer-binding protein 1
	0.010
	0.55
	199

	Q09666
	AHNAK
	Neuroblast differentiation-associated protein AHNAK
	<0.001
	0.57
	269

	P14550
	AKR1A1
	Aldo-keto reductase family 1 member A1
	0.044
	0.38
	269

	P15121
	AKR1B1
	Aldo-keto reductase family 1 member B1
	0.040
	0.55
	269

	Q13740
	ALCAM
	CD166 antigen
	<0.001
	0.60
	269

	P49189
	ALDH9A1
	4-trimethylamino-butyraldehyde dehydrogenase
	0.047
	0.31
	254

	P04075
	ALDOA
	Fructose-bisphosphate aldolase A
	0.030
	0.53
	273

	P09972
	ALDOC
	Fructose-bisphosphate aldolase C
	0.004
	0.46
	273

	Q86V81
	ALYREF
	THO complex subunit 4
	0.035
	0.58
	148

	Q96NU7
	AMDHD1
	Probable imidazolonepropionase
	0.033
	0.33
	199

	O15123
	ANGPT2
	Angiopoietin-2
	<0.001
	0.59
	246

	A6NMY6
	ANXA2P2
	Putative annexin A2-like protein
	<0.001
	0.47
	75

	Q10567-3
	AP1B1
	Isoform C of AP-1 complex subunit β-1
	0.004
	0.31
	30

	P27695
	APEX1
	DNA-(apurinic or apyrimidinic site) endonuclease
	<0.001
	0.16
	58

	Q96GX9
	APIP
	Methylthioribulose-1-phosphate dehydratase
	<0.001
	0.23
	60

	Q9H993
	ARMT1
	Damage-control phosphatase ARMT1
	0.021
	0.43
	219

	Q9UII2
	ATP5IF1
	ATPase inhibitor, mitochondrial
	0.023
	0.38
	179

	P80723
	BASP1
	Brain acid soluble
protein 1
	<0.001
	0.45
	269

	P35613
	BSG
	Basigin
	<0.001
	0.46
	194


Table D4.1 (cont). Differentially-Expressed Proteins Between Sepsis Survivors and Non-Survivors.
	Accession Number
	Gene
	Name
	Adjusted p-valuea
	Fold Changeb
	Number of Patientsc

	Q9BY67
	CADM1
	Cell adhesion molecule 1
	<0.001
	0.59
	273

	P0DP25
	CALM3
	Calmodulin-3
	0.016
	0.49
	273

	P27797
	CALR
	Calreticulin
	0.016
	0.51
	273

	P27824
	CANX
	Calnexin
	<0.001
	0.54
	269

	P20810
	CAST
	Calpastatin
	<0.001
	0.60
	154

	P29279
	CCN2
	CCN family member 2
	<0.001
	0.59
	269

	Q86VB7
	CD163
	Scavenger receptor cysteine-rich type 1 protein M130
	<0.001
	0.49
	273

	Q8N6Q3
	CD177
	CD177 antigen
	<0.001
	0.60
	266

	Q9HCU0
	CD248
	Endosialin
	<0.001
	0.61
	273

	P26842
	CD27
	CD27 antigen
	0.016
	0.53
	224

	P15529
	CD46
	Membrane cofactor protein
	<0.001
	0.59
	254

	P32320
	CDA
	Cytidine deaminase
	0.014
	0.55
	209

	P12830
	CDH1
	Cadherin-1
	<0.001
	0.55
	273

	Q12864
	CDH17
	Cadherin-17
	0.044
	0.52
	246

	Q9BYE9
	CDHR2
	Cadherin-related family member 2
	<0.001
	0.58
	273

	Q99674
	CGREF1
	Cell growth regulator with EF hand domain protein 1
	<0.001
	0.48
	263

	P10645
	CHGA
	Chromogranin-A
	<0.001
	0.44
	273

	P12110
	COL6A2
	Collagen α-2(VI) chain
	<0.001
	0.59
	273

	P17927
	CR1
	Complement receptor
type 1
	<0.001
	0.61
	269

	Q6UXH1
	CRELD2
	Protein disulfide isomerase CRELD2
	0.014
	0.59
	189

	P46108
	CRK
	Adapter molecule crk
	0.010
	0.46
	173

	P07333
	CSF1R
	Macrophage colony-stimulating factor 1 receptor
	<0.001
	0.61
	273

	P04080
	CSTB
	Cystatin-B
	<0.001
	0.47
	264

	P07339
	CTSD
	Cathepsin D
	<0.001
	0.61
	273

	Q9NUQ9
	CYRIB
	CYFIP-related Rac1 interactor B
	0.016
	0.56
	239

	Q9NWV4
	CZIB
	CXXC motif containing zinc binding protein
	0.014
	0.58
	227

	P07108
	DBI
	Acyl-CoA-binding protein
	0.044
	0.38
	250

	Q96C86
	DCPS
	m7GpppX diphosphatase
	0.004
	0.30
	45



Table D4.1 (cont). Differentially-Expressed Proteins Between Sepsis Survivors and Non-Survivors.
	Accession Number
	Gene
	Name
	Adjusted p-valuea
	Fold Changeb
	Number of Patientsc

	O95865
	DDAH2
	N(G),N(G)-dimethylarginine dimethylaminohydrolase 2
	0.010
	0.54
	265

	Q9UGM3
	DMBT1
	Deleted in malignant brain tumors 1 protein
	<0.001
	0.51
	266

	Q6E0U4-2
	DMKN
	Isoform 2 of Dermokine
	<0.001
	0.59
	74

	Q9NY33
	DPP3
	Dipeptidyl peptidase 3
	0.030
	0.44
	268

	Q02487
	DSC2
	Desmocollin-2
	<0.001
	0.48
	269

	Q14126
	DSG2
	Desmoglein-2
	0.010
	0.46
	273

	Q13011
	ECH1
	Δ(3,5)-Δ(2,4)-dienoyl-CoA isomerase, mitochondrial
	0.049
	0.34
	214

	P68104
	EEF1A1
	Elongation factor 1-α 1
	0.044
	0.57
	224

	P26641
	EEF1G
	Elongation factor 1-γ
	0.040
	0.58
	252

	Q12805
	EFEMP1
	EGF-containing fibulin-like extracellular matrix protein 1
	<0.001
	0.58
	273

	Q12805-5
	EFEMP1
	Isoform 5 of EGF-containing fibulin-like extracellular matrix
protein 1
	<0.001
	0.56
	228

	Q96C19
	EFHD2
	EF-hand domain-containing protein D2
	0.010
	0.52
	168

	Q14152
	EIF3A
	Eukaryotic translation initiation factor 3
subunit A
	<0.001
	0.34
	163

	O75821
	EIF3G
	Eukaryotic translation initiation factor 3
subunit G
	0.021
	0.43
	103

	P23588
	EIF4B
	Eukaryotic translation initiation factor 4B
	0.045
	0.55
	205

	Q15370
	ELOB
	Elongin-B
	0.004
	0.61
	264

	Q9BXX0
	EMILIN2
	EMILIN-2
	<0.001
	0.55
	266

	O43491
	EPB41L2
	Band 4.1-like protein 2
	0.010
	0.61
	159

	P84090
	ERH
	Enhancer of rudimentary homolog
	0.004
	0.46
	90

	P62495
	ETF1
	Eukaryotic peptide chain release factor subunit 1
	0.042
	0.50
	180

	P15311
	EZR
	Ezrin
	0.004
	0.48
	272

	Q9Y624
	F11R
	Junctional adhesion molecule A
	<0.001
	0.61
	224


Table D4.1 (cont). Differentially-Expressed Proteins Between Sepsis Survivors and Non-Survivors.
	Accession Number
	Gene
	Name
	Adjusted p-valuea
	Fold Changeb
	Number of Patientsc

	P07148
	FABP1
	Fatty acid-binding protein, liver
	0.045
	0.25
	273

	P15090
	FABP4
	Fatty acid-binding protein, adipocyte
	<0.001
	0.43
	269

	P16930
	FAH
	Fumarylacetoacetase
	0.021
	0.54
	269

	Q9Y6R7
	FCGBP
	IgGFc-binding protein
	<0.001
	0.60
	273

	P12318
	FCGR2A
	Low affinity immunoglobulin γ Fc region receptor II-a
	<0.001
	0.57
	89

	Q00688
	FKBP3
	Peptidyl-prolyl cis-trans isomerase FKBP3
	0.023
	0.61
	224

	Q16658
	FSCN1
	Fascin
	0.045
	0.60
	239

	Q12841
	FSTL1
	Follistatin-related protein 1
	<0.001
	0.60
	273

	P23434
	GCSH
	Glycine cleavage system H protein, mitochondrial
	0.004
	0.21
	99

	Q9HC38-2
	GLOD4
	Isoform 2 of Glyoxalase domain-containing
protein 4
	0.028
	0.51
	258

	P35754
	GLRX
	Glutaredoxin-1
	<0.001
	0.50
	253

	P17900
	GM2A
	Ganglioside GM2 activator
	<0.001
	0.59
	269

	P60983
	GMFB
	Glia maturation factor β
	0.010
	0.54
	179

	Q8NBJ4
	GOLM1
	Golgi membrane protein 1
	<0.001
	0.59
	273

	Q9HAV7
	GRPEL1
	GrpE protein homolog 1, mitochondrial
	<0.001
	0.15
	60

	P00390
	GSR
	Glutathione reductase, mitochondrial
	<0.001
	0.58
	273

	P48637
	GSS
	Glutathione synthetase
	0.010
	0.55
	273

	P46952
	HAAO
	3-hydroxyanthranilate 3,4-dioxygenase
	0.035
	0.34
	210

	Q16836
	HADH
	Hydroxyacyl-coenzyme A dehydrogenase, mitochondrial
	0.040
	0.22
	102

	Q8TDQ0
	HAVCR2
	Hepatitis A virus cellular receptor 2
	<0.001
	0.58
	264

	P51858
	HDGF
	Hepatoma-derived
growth factor
	0.007
	0.37
	254

	Q9NRV9
	HEBP1
	Heme-binding protein 1
	0.044
	0.52
	209

	Q9Y5Z4
	HEBP2
	Heme-binding protein 2
	0.004
	0.44
	253



Table D4.1 (cont). Differentially-Expressed Proteins Between Sepsis Survivors and Non-Survivors.
	Accession Number
	Gene
	Name
	Adjusted p-valuea
	Fold Changeb
	Number of Patientsc

	P31937
	HIBADH
	3-hydroxyisobutyrate dehydrogenase, mitochondrial
	0.030
	0.28
	145

	P49773
	HINT1
	Adenosine 5'-monophosphoramidase HINT1
	0.030
	0.38
	264

	P04439-2
	HLA-A
	Isoform 2 of HLA class I histocompatibility antigen, A α chain
	0.016
	0.47
	60

	P05114
	HMGN1
	Non-histone chromosomal protein HMG-14
	0.004
	0.26
	187

	P05204
	HMGN2
	Non-histone chromosomal protein HMG-17
	0.018
	0.24
	59

	P22626
	HNRNPA2B1
	Heterogeneous nuclear ribonucleoproteins A2/B1
	<0.001
	0.39
	247

	P52597
	HNRNPF
	Heterogeneous nuclear ribonucleoprotein F
	0.021
	0.42
	87

	P61978
	HNRNPK
	Heterogeneous nuclear ribonucleoprotein K
	0.014
	0.39
	240

	Q00839
	HNRNPU
	Heterogeneous nuclear ribonucleoprotein U
	0.014
	0.41
	144

	Q1KMD3
	HNRNPUL2
	Heterogeneous nuclear ribonucleoprotein U-like protein 2
	0.016
	0.31
	96

	P04196
	HRG
	Histidine-rich glycoprotein
	<0.001
	1.77
	273

	P0DMV9
	HSPA1B
	Heat shock 70 kDa
protein 1B
	0.040
	0.45
	273

	P11142
	HSPA8
	Heat shock cognate
71kDa protein
	0.021
	0.52
	273

	Q92598
	HSPH1
	Heat shock protein 105 kDa
	0.018
	0.58
	200

	P48551
	IFNAR2
	Interferon α/β receptor 2
	<0.001
	0.56
	150

	P08833
	IGFBP1
	Insulin-like growth factor-binding protein 1
	<0.001
	0.50
	273

	P18065
	IGFBP2
	Insulin-like growth factor-binding protein 2
	<0.001
	0.59
	273

	P27930
	IL1R2
	Interleukin-1 receptor
type 2
	<0.001
	0.55
	273

	P01589
	IL2RA
	Interleukin-2 receptor subunit α
	<0.001
	0.52
	193


Table D4.1 (cont). Differentially-Expressed Proteins Between Sepsis Survivors and Non-Survivors.
	Accession Number
	Gene
	Name
	Adjusted p-valuea
	Fold Changeb
	Number of Patientsc

	P05783
	KRT18
	Keratin, type I
cytoskeletal 18
	0.045
	0.35
	83

	P24043
	LAMA2
	Laminin subunit α-2
	<0.001
	0.60
	273

	P07942
	LAMB1
	Laminin subunit β-1
	<0.001
	0.60
	273

	P11047
	LAMC1
	Laminin subunit γ-1
	<0.001
	0.61
	273

	P13796
	LCP1
	Plastin-2
	<0.001
	0.60
	273

	P09382
	LGALS1
	Galectin-1
	0.007
	0.61
	269

	Q08380
	LGALS3BP
	Galectin-3-binding protein
	0.004
	0.52
	273

	P38571
	LIPA
	Lysosomal acid lipase/cholesteryl ester hydrolase
	<0.001
	0.55
	71

	Q12907
	LMAN2
	Vesicular integral-membrane protein VIP36
	<0.001
	0.60
	273

	P08519
	LPA
	Apolipoprotein(a)
	0.007
	1.84
	273

	Q32MZ4
	LRRFIP1
	Leucine-rich repeat flightless-interacting protein 1
	0.004
	0.54
	160

	P33241
	LSP1
	Lymphocyte-specific protein 1
	<0.001
	0.56
	191

	P09960
	LTA4H
	Leukotriene A-4 hydrolase
	0.010
	0.51
	273

	Q14767
	LTBP2
	Latent-transforming growth factor β-binding protein 2
	<0.001
	0.60
	273

	Q9Y5Y7
	LYVE1
	Lymphatic vessel endothelial hyaluronic acid receptor 1
	<0.001
	0.47
	273

	Q9NTJ4
	MAN2C1
	α-mannosidase 2C1
	<0.001
	0.42
	31

	P29966
	MARCKS
	Myristoylated alanine-rich C-kinase substrate
	0.004
	0.44
	252

	P49006
	MARCKSL1
	MARCKS-related protein
	0.004
	0.34
	58

	P48163
	ME1
	NADP-dependent
malic enzyme
	0.026
	0.46
	269

	Q12866
	MERTK
	Tyrosine-protein
kinase Mer
	<0.001
	0.57
	269

	P22894
	MMP8
	Neutrophil collagenase
	0.010
	0.48
	268

	Q13201
	MMRN1
	Multimerin-1
	<0.001
	0.57
	269

	P22897
	MRC1
	Macrophage mannose receptor 1
	<0.001
	0.54
	273

	Q96DR8
	MUCL1
	Mucin-like protein 1
	0.016
	0.26
	72


Table D4.1 (cont). Differentially-Expressed Proteins Between Sepsis Survivors and Non-Survivors.
	Accession Number
	Gene
	Name
	Adjusted p-valuea
	Fold Changeb
	Number of Patientsc

	Q9HB07
	MYG1
	MYG1 exonuclease
	<0.001
	0.14
	30

	P35579
	MYH9
	Myosin-9
	0.038
	0.58
	273

	O14950
	MYL12B
	Myosin regulatory light chain 12B
	0.004
	0.53
	194

	Q8NCW5
	NAXE
	NAD(P)H-hydrate epimerase
	0.045
	0.31
	131

	P41271
	NBL1
	Neuroblastoma suppressor of tumorigenicity 1
	<0.001
	0.61
	269

	Q9UN36
	NDRG2
	Protein NDRG2
	0.030
	0.38
	218

	Q9UMX5
	NENF
	Neudesin
	<0.001
	0.57
	268

	P01160
	NPPA
	Natriuretic peptides A
	<0.001
	0.59
	268

	P55809
	OXCT1
	Succinyl-CoA:3-ketoacid coenzyme A transferase 1, mitochondrial
	0.004
	0.10
	30

	P07237
	P4HB
	Protein disulfide-isomerase
	0.028
	0.53
	273

	Q99497
	PARK7
	Parkinson disease protein 7
	0.042
	0.53
	269

	P30086
	PEBP1
	Phosphatidylethanolamine-binding protein 1
	0.047
	0.30
	273

	O15067
	PFAS
	Phosphoribosylformylglycinamidine synthase
	0.038
	0.35
	119

	P52209
	PGD
	6-phosphogluconate dehydrogenase, decarboxylating
	0.014
	0.59
	273

	P00558
	PGK1
	Phosphoglycerate kinase 1
	0.026
	0.60
	273

	O95336
	PGLS
	6-phosphogluco-nolactonase
	0.016
	0.58
	252

	O00264
	PGRMC1
	Membrane-associated progesterone receptor component 1
	<0.001
	0.49
	90

	Q9NRX4
	PHPT1
	14 kDa phosphohistidine phosphatase
	0.004
	0.53
	252

	P19957
	PI3
	Elafin
	<0.001
	0.58
	236

	Q96FE7
	PIK3IP1
	Phosphoinositide-3-kinase-interacting protein 1
	<0.001
	0.61
	273

	Q9UKJ1-3
	PILRA
	Isoform 3 of Paired immunoglobulin-like type 2 receptor α
	<0.001
	0.57
	239

	Q4KWH8
	PLCH1
	1-phosphatidylinositol 4,5-bisphosphate phosphodiesterase η-1
	<0.001
	0.54
	105


Table D4.1 (cont). Differentially-Expressed Proteins Between Sepsis Survivors and Non-Survivors.
	Accession Number
	Gene
	Name
	Adjusted p-valuea
	Fold Changeb
	Number of Patientsc

	O60664
	PLIN3
	Perilipin-3
	<0.001
	0.61
	266

	P55058
	PLTP
	Phospholipid transfer protein
	<0.001
	0.45
	273

	Q6UX71
	PLXDC2
	Plexin domain-containing protein 2
	<0.001
	0.60
	273

	Q15063
	POSTN
	Periostin
	<0.001
	0.56
	243

	Q15063-3
	POSTN
	Isoform 3 of Periostin
	0.018
	0.49
	165

	Q15063-5
	POSTN
	Isoform 5 of Periostin
	0.044
	0.51
	59

	P62937
	PPIA
	Peptidyl-prolyl cis-trans isomerase A
	<0.001
	0.60
	273

	P10644
	PRKAR1A
	cAMP-dependent protein kinase type I-α regulatory subunit
	<0.001
	0.61
	269

	P13861
	PRKAR2A
	cAMP-dependent protein kinase type II-α regulatory subunit
	0.030
	0.27
	87

	P28062
	PSMB8
	Proteasome subunit β
type-8
	0.026
	0.60
	269

	P28065
	PSMB9
	Proteasome subunit β
type-9
	0.045
	0.60
	269

	Q13308
	PTK7
	Inactive tyrosine-protein kinase 7
	<0.001
	0.55
	270

	P20962
	PTMS
	Parathymosin
	0.016
	0.26
	253

	P10586
	PTPRF
	Receptor-type tyrosine-protein phosphatase F
	<0.001
	0.59
	269

	P54727
	RAD23B
	UV excision repair protein RAD23 homolog B
	<0.001
	0.59
	273

	Q6JBY9
	RCSD1
	CapZ-interacting protein
	<0.001
	0.48
	160

	Q06141
	REG3A
	Regenerating islet-derived protein 3-α
	0.035
	0.47
	269

	P52758
	RIDA
	2-iminobutanoate/2-iminopropanoate deaminase
	0.016
	0.27
	237

	P07998
	RNASE1
	Ribonuclease pancreatic
	<0.001
	0.55
	269

	Q9H4A4
	RNPEP
	Aminopeptidase B
	0.045
	0.41
	265

	P47914
	RPL29
	60S ribosomal protein L29
	<0.001
	0.37
	45

	P31949
	S100A11
	Protein S100-A11
	0.021
	0.46
	254

	P06702
	S100A9
	Protein S100-A9
	0.016
	0.51
	273

	Q15424
	SAFB
	Scaffold attachment 
factor B1
	0.045
	0.21
	90


Table D4.1 (cont). Differentially-Expressed Proteins Between Sepsis Survivors and Non-Survivors.
	Accession Number
	Gene
	Name
	Adjusted p-valuea
	Fold Changeb
	Number of Patientsc

	P49591
	SARS1
	Serine--tRNA ligase, cytoplasmic
	0.030
	0.61
	237

	Q96GP6
	SCARF2
	Scavenger receptor class F member 2
	<0.001
	0.60
	104

	P18827
	SDC1
	Syndecan-1
	0.045
	0.58
	268

	Q9UHD8
	SEPTIN9
	Septin-9
	0.014
	0.16
	22

	Q01105
	SET
	Protein SET
	<0.001
	0.54
	30

	Q6UXD5
	SEZ6L2
	Seizure 6-like protein 2
	0.021
	0.42
	258

	P07988
	SFTPB
	Pulmonary surfactant-associated protein B
	0.035
	0.58
	208

	Q8N114
	SHISA5
	Protein shisa-5
	<0.001
	0.61
	164

	Q08ET2
	SIGLEC14
	Sialic acid-binding Ig-like lectin 14
	<0.001
	0.55
	269

	Q6U841
	SLC4A10
	Sodium-driven chloride bicarbonate exchanger
	<0.001
	0.61
	30

	P00441
	SOD1
	Superoxide dismutase
[Cu-Zn]
	0.028
	0.35
	273

	P04179
	SOD2
	Superoxide dismutase [Mn], mitochondrial
	0.023
	0.27
	273

	P08294
	SOD3
	Extracellular superoxide dismutase [Cu-Zn]
	0.016
	0.61
	273

	O43278
	SPINT1
	Kunitz-type protease inhibitor 1
	<0.001
	0.56
	269

	P35270
	SPR
	Sepiapterin reductase
	0.016
	0.20
	58

	Q9Y5Y6
	ST14
	Suppressor of tumorigenicity 14 protein
	<0.001
	0.59
	241

	Q9NUL3
	STAU2
	Double-stranded RNA-binding protein Staufen homolog 2
	<0.001
	0.51
	164

	Q4LDE5
	SVEP1
	Sushi, von Willebrand factor type A, EGF and pentraxin domain-containing protein 1
	<0.001
	0.43
	273

	P37837
	TALDO1
	Transaldolase
	0.044
	0.37
	273

	P26639
	TARS1
	Threonine--tRNA ligase 1, cytoplasmic
	0.049
	0.58
	239

	O75347
	TBCA
	Tubulin-specific
chaperone A
	<0.001
	0.59
	273

	P37173
	TGFBR2
	TGF-β receptor type-2
	<0.001
	0.53
	45


Table D4.1 (cont). Differentially-Expressed Proteins Between Sepsis Survivors and Non-Survivors.
	Accession Number
	Gene
	Name
	Adjusted p-valuea
	Fold Changeb
	Number of Patientsc

	O43493
	TGOLN2
	Trans-Golgi network integral membrane
protein 2
	<0.001
	0.58
	273

	O43493-4
	TGOLN2
	Isoform 4 of Trans-Golgi network integral membrane protein 2
	<0.001
	0.49
	44

	P35442
	THBS2
	Thrombospondin-2
	<0.001
	0.53
	269

	Q96H15
	TIMD4
	T-cell immunoglobulin and mucin domain-containing protein 4
	<0.001
	0.51
	254

	P29401
	TKT
	Transketolase
	0.035
	0.44
	273

	P63313
	TMSB10
	Thymosin β-10
	<0.001
	0.52
	119

	Q92956
	TNFRSF14
	Tumor necrosis factor receptor superfamily member 14
	<0.001
	0.61
	120

	P13693
	TPT1
	Translationally-controlled tumor protein
	0.004
	0.53
	269

	P10599
	TXN
	Thioredoxin
	0.004
	0.59
	273

	Q16881
	TXNRD1
	Thioredoxin reductase 1, cytoplasmic
	0.049
	0.51
	269

	Q9NNW7
	TXNRD2
	Thioredoxin reductase 2, mitochondrial
	0.021
	0.48
	164

	P19971
	TYMP
	Thymidine phosphorylase
	0.042
	0.43
	268

	O60763
	USO1
	General vesicular transport factor p115
	0.049
	0.38
	119

	O95292
	VAPB
	Vesicle-associated membrane protein-associated protein B/C
	<0.001
	0.37
	30

	P19320
	VCAM1
	Vascular cell adhesion protein 1
	<0.001
	0.53
	273

	P13611
	VCAN
	Versican core protein
	<0.001
	0.41
	273

	P13611-2
	VCAN
	Isoform V1 of Versican core protein
	<0.001
	0.39
	236

	Q9Y279
	VSIG4
	V-set and immunoglobulin domain-containing
protein 4
	<0.001
	0.43
	269

	P04275
	VWF
	von Willebrand factor
	<0.001
	0.57
	273

	P12956
	XRCC6
	X-ray repair cross-complementing protein 6
	<0.001
	0.21
	45

	P67809
	YBX1
	Y-box-binding protein 1
	0.030
	0.35
	177


Table D4.1 (cont). Differentially-Expressed Proteins Between Sepsis Survivors and Non-Survivors.
	Accession Number
	Gene
	Name
	Adjusted p-valuea
	Fold Changeb
	Number of Patientsc

	P61981
	YWHAG
	14-3-3 protein γ
	0.044
	0.47
	273


 ap-values were calculated using a linear regression model and adjusted using FDR. bFold change cutoffs of ≥1.64 or ≤0.61 between sepsis survivors/non-survivors are considered as differentially-expressed proteins. cThe number of patients (N = 273 maximum) that had a reporter ion value above the minimum signal to noise (S/N) threshold. See Section 4.2 for details.







































Table D4.2. STRING Results from Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Category
	Term ID
	Term Description
	Adjusted p-valuea

	GO Biological Process
	GO:0050896
	Response to stimulus
	<0.001

	
	GO:0007155
	Cell adhesion
	<0.001

	
	GO:0010033
	Response to organic substance
	<0.001

	
	GO:0070887
	Cellular response to chemical stimulus
	<0.001

	
	GO:0042221
	Response to chemical
	<0.001

	
	GO:0071704
	Organic substance metabolic process
	<0.001

	
	GO:0002376
	Immune system process
	<0.001

	
	GO:0006950
	Response to stress
	<0.001

	
	GO:0032940
	Secretion by cell
	<0.001

	
	GO:0045055
	Regulated exocytosis
	<0.001

	
	GO:0008152
	Metabolic process
	<0.001

	
	GO:0071310
	Cellular response to organic substance
	<0.001

	
	GO:0044403
	Symbiotic process
	<0.001

	
	GO:0044281
	Small molecule metabolic process
	<0.001

	
	GO:0006955
	Immune response
	<0.001

	
	GO:0044419
	Interspecies interaction between organisms
	<0.001

	
	GO:0002366
	Leukocyte activation involved in immune response
	<0.001

	
	GO:0002252
	Immune effector process
	<0.001

	
	GO:0009987
	Cellular process
	<0.001

	
	GO:0016032
	Viral process
	<0.001

	
	GO:0016192
	Vesicle-mediated transport
	<0.001

	
	GO:1990748
	Cellular detoxification
	<0.001

	
	GO:0002275
	Myeloid cell activation involved in immune response
	<0.001

	
	GO:0050865
	Regulation of cell activation
	<0.001

	
	GO:1901700
	Response to oxygen-containing compound
	<0.001

	
	GO:0002274
	Myeloid leukocyte activation
	<0.001

	
	GO:0045321
	Leukocyte activation
	<0.001

	
	GO:0002443
	Leukocyte mediated immunity
	<0.001

	
	GO:0043299
	Leukocyte degranulation
	<0.001

	
	GO:0044282
	Small molecule catabolic process
	<0.001

	
	GO:0035722
	interleukin-12-mediated signaling pathway
	<0.001

	
	GO:0050867
	Positive regulation of cell activation
	<0.001

	
	GO:0002444
	Myeloid leukocyte mediated immunity
	<0.001

	
	GO:0043312
	Neutrophil degranulation
	<0.001

	
	GO:0001775
	Cell activation
	<0.001


Table D4.2 (cont). STRING Results from Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Category
	Term ID
	Term Description
	Adjusted p-valuea

	GO Biological Process

	GO:0034097
	Response to cytokine
	<0.001

	
	GO:0046364
	Monosaccharide biosynthetic process
	<0.001

	
	GO:0055114
	Oxidation-reduction process
	<0.001

	
	GO:0002684
	Positive regulation of immune system process
	<0.001

	
	GO:0048519
	Negative regulation of biological process
	<0.001

	
	GO:0098609
	Cell-cell adhesion
	<0.001

	
	GO:1901564
	Organonitrogen compound metabolic process
	<0.001

	
	GO:0002682
	Regulation of immune system process
	<0.001

	
	GO:0048523
	Negative regulation of cellular process
	<0.001

	
	GO:0050789
	Regulation of biological process
	<0.001

	
	GO:0065007
	Biological regulation
	<0.001

	
	GO:0032101
	Regulation of response to external stimulus
	<0.001

	
	GO:0071345
	Cellular response to cytokine stimulus
	<0.001

	
	GO:0051716
	Cellular response to stimulus
	<0.001

	
	GO:0002694
	Regulation of leukocyte activation
	<0.001

	
	GO:0065008
	Regulation of biological quality
	<0.001

	
	GO:0080134
	Regulation of response to stress
	<0.001

	
	GO:0019221
	Cytokine-mediated signaling pathway
	<0.001

	
	GO:0006091
	Generation of precursor metabolites and energy
	<0.001

	
	GO:0050863
	Regulation of T cell activation
	<0.001

	
	GO:0002696
	Positive regulation of leukocyte activation
	<0.001

	
	GO:0019752
	Carboxylic acid metabolic process
	<0.001

	
	GO:0044238
	Primary metabolic process
	<0.001

	
	GO:0048518
	Positive regulation of biological process
	<0.001

	
	GO:0098742
	Cell-cell adhesion via plasma-membrane adhesion molecules
	<0.001

	
	GO:0030155
	Regulation of cell adhesion
	0.001

	
	GO:0048583
	Regulation of response to stimulus
	0.001

	
	GO:0051249
	Regulation of lymphocyte activation
	0.001

	
	GO:0006807
	Nitrogen compound metabolic process
	0.001

	
	GO:0044237
	Cellular metabolic process
	0.001

	
	GO:0050870
	Positive regulation of T cell activation
	0.001

	
	GO:0045454
	Cell redox homeostasis
	0.002

	
	GO:0022407
	Regulation of cell-cell adhesion
	0.002


Table D4.2 (cont). STRING Results from Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Category
	Term ID
	Term Description
	Adjusted p-valuea

	GO Biological Process
	GO:0032269
	Negative regulation of cellular protein metabolic process
	0.002

	
	GO:0045785
	Positive regulation of cell adhesion
	0.002

	
	GO:0051246
	Regulation of protein metabolic process
	0.002

	
	GO:0062197
	Cellular response to chemical stress
	0.002

	
	GO:0030198
	Extracellular matrix organization
	0.002

	
	GO:0007565
	Female pregnancy
	0.002

	
	GO:0009636
	Response to toxic substance
	0.002

	
	GO:0046395
	Carboxylic acid catabolic process
	0.002

	
	GO:0051701
	Interaction with host
	0.002

	
	GO:0001817
	Regulation of cytokine production
	0.003

	
	GO:0010035
	Response to inorganic substance
	0.003

	
	GO:1901575
	Organic substance catabolic process
	0.003

	
	GO:0022409
	Positive regulation of cell-cell adhesion
	0.003

	
	GO:0050794
	Regulation of cellular process
	0.003

	
	GO:0009719
	Response to endogenous stimulus
	0.003

	
	GO:0043086
	Negative regulation of catalytic activity
	0.003

	
	GO:1903037
	Regulation of leukocyte cell-cell adhesion
	0.003

	
	GO:0006520
	Cellular amino acid metabolic process
	0.003

	
	GO:1990428
	miRNA transport
	0.003

	
	GO:0042129
	Regulation of T cell proliferation
	0.004

	
	GO:0006098
	Pentose-phosphate shunt
	0.004

	
	GO:0007166
	Cell surface receptor signaling pathway
	0.004

	
	GO:0051251
	Positive regulation of lymphocyte activation
	0.004

	
	GO:0052548
	Regulation of endopeptidase activity
	0.004

	
	GO:0044409
	Entry into host
	0.004

	
	GO:0044283
	Small molecule biosynthetic process
	0.005

	
	GO:0051641
	Cellular localization
	0.005

	
	GO:0050776
	Regulation of immune response
	0.005

	
	GO:0032268
	Regulation of cellular protein metabolic process
	0.005

	
	GO:0019322
	Pentose biosynthetic process
	0.005

	
	GO:0006457
	Protein folding
	0.005

	
	GO:0009725
	Response to hormone
	0.006

	
	GO:0048585
	Negative regulation of response to stimulus
	0.006

	
	GO:0006979
	Response to oxidative stress
	0.007


Table D4.2 (cont). STRING Results from Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Category
	Term ID
	Term Description
	Adjusted p-valuea

	GO Biological Process

	GO:0051239
	Regulation of multicellular organismal process
	0.007

	
	GO:0072593
	Reactive oxygen species metabolic process
	0.007

	
	GO:0016052
	Carbohydrate catabolic process
	0.008

	
	GO:0036293
	Response to decreased oxygen levels
	0.008

	
	GO:1901605
	α-amino acid metabolic process
	0.010

	
	GO:0055086
	Nucleobase-containing small molecule metabolic process
	0.010

	
	GO:0001819
	Positive regulation of cytokine production
	0.010

	
	GO:0006959
	Humoral immune response
	0.010

	
	GO:0048522
	Positive regulation of cellular process
	0.010

	
	GO:0007165
	Signal transduction
	0.011

	
	GO:0009888
	Tissue development
	0.011

	
	GO:0051179
	Localization
	0.011

	
	GO:0000305
	Response to oxygen radical
	0.011

	
	GO:0031347
	Regulation of defense response
	0.011

	
	GO:0051649
	Establishment of localization in cell
	0.011

	
	GO:0070663
	Regulation of leukocyte proliferation
	0.011

	
	GO:0051240
	Positive regulation of multicellular organismal process
	0.012

	
	GO:0000302
	Response to reactive oxygen species
	0.012

	
	GO:0005996
	Monosaccharide metabolic process
	0.012

	
	GO:0019730
	Antimicrobial humoral response
	0.012

	
	GO:0009056
	Catabolic process
	0.012

	
	GO:0051235
	Maintenance of location
	0.012

	
	GO:0032879
	Regulation of localization
	0.012

	
	GO:0034599
	Cellular response to oxidative stress
	0.013

	
	GO:0046718
	Viral entry into host cell
	0.013

	
	GO:0002576
	Platelet degranulation
	0.014

	
	GO:0030162
	Regulation of proteolysis
	0.014

	
	GO:0042102
	Positive regulation of T cell proliferation
	0.015

	
	GO:0010951
	Negative regulation of endopeptidase activity
	0.015

	
	GO:0001666
	Response to hypoxia
	0.017

	
	GO:0010226
	Response to lithium ion
	0.018

	
	GO:0010941
	Regulation of cell death
	0.019

	
	GO:0009605
	Response to external stimulus
	0.020


Table D4.2 (cont). STRING Results from Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Category
	Term ID
	Term Description
	Adjusted p-valuea

	GO Biological Process

	GO:0042326
	Negative regulation of phosphorylation
	0.021

	
	GO:1901606
	α-amino acid catabolic process
	0.021

	
	GO:0050778
	Positive regulation of immune response
	0.021

	
	GO:0050790
	Regulation of catalytic activity
	0.021

	
	GO:0006518
	Peptide metabolic process
	0.021

	
	GO:0048584
	Positive regulation of response to stimulus
	0.022

	
	GO:0045936
	Negative regulation of phosphate metabolic process
	0.023

	
	GO:0008217
	Regulation of blood pressure
	0.024

	
	GO:0043687
	Post-translational protein modification
	0.024

	
	GO:0006898
	Receptor-mediated endocytosis
	0.026

	
	GO:0007157
	Heterophilic cell-cell adhesion via plasma membrane cell adhesion molecules
	0.026

	
	GO:0032787
	Monocarboxylic acid metabolic process
	0.026

	
	GO:0050900
	Leukocyte migration
	0.026

	
	GO:0070665
	Positive regulation of leukocyte proliferation
	0.026

	
	GO:0055117
	Regulation of cardiac muscle contraction
	0.026

	
	GO:0110096
	Cellular response to aldehyde
	0.026

	
	GO:0010646
	Regulation of cell communication
	0.027

	
	GO:1902175
	Regulation of oxidative stress-induced intrinsic apoptotic signaling pathway
	0.027

	
	GO:0032102
	Negative regulation of response to external stimulus
	0.028

	
	GO:0007568
	Aging
	0.028

	
	GO:0010608
	Posttranscriptional regulation of gene expression
	0.028

	
	GO:0042592
	Homeostatic process
	0.028

	
	GO:0009607
	Response to biotic stimulus
	0.029

	
	GO:0044092
	Negative regulation of molecular function
	0.029

	
	GO:0007154
	Cell communication
	0.030

	
	GO:0023052
	Signaling
	0.030

	
	GO:0006952
	Defense response
	0.030

	
	GO:0010605
	Negative regulation of macromolecule metabolic process
	0.030

	
	GO:0060452
	Positive regulation of cardiac muscle contraction
	0.031


Table D4.2 (cont). STRING Results from Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Category
	Term ID
	Term Description
	Adjusted p-valuea

	GO Biological Process
	GO:0071474
	Cellular hyperosmotic response
	0.031

	
	GO:1901652
	Response to peptide
	0.031

	
	GO:0007162
	Negative regulation of cell adhesion
	0.032

	
	GO:0023051
	Regulation of signaling
	0.033

	
	GO:0009611
	Response to wounding
	0.033

	
	GO:0006081
	Cellular aldehyde metabolic process
	0.037

	
	GO:0009892
	Negative regulation of metabolic process
	0.037

	
	GO:0040011
	Locomotion
	0.037

	
	GO:0060670
	Branching involved in labyrinthine layer morphogenesis
	0.037

	
	GO:0051707
	Response to other organism
	0.038

	
	GO:0007159
	Leukocyte cell-cell adhesion
	0.039

	
	GO:0034641
	Cellular nitrogen compound metabolic process
	0.039

	
	GO:0006810
	Transport
	0.040

	
	GO:0032970
	Regulation of actin filament-based process
	0.042

	
	GO:0032530
	Regulation of microvillus organization
	0.043

	
	GO:0051348
	Negative regulation of transferase activity
	0.043

	
	GO:0005999
	Xylulose biosynthetic process
	0.045

	
	GO:0043434
	Response to peptide hormone
	0.045

	
	GO:0050793
	Regulation of developmental process
	0.045

	
	GO:0097238
	Cellular response to methylglyoxal
	0.045

	
	GO:2000568
	Positive regulation of memory T cell activation
	0.045

	
	GO:0051651
	Maintenance of location in cell
	0.047

	
	GO:0006986
	Response to unfolded protein
	0.047

	
	GO:0051346
	Negative regulation of hydrolase activity
	0.048

	
	GO:0071285
	Cellular response to lithium ion
	0.049

	
	GO:0045088
	Regulation of innate immune response
	0.049

	
	GO:0009966
	Regulation of signal transduction
	0.050

	
	GO:0033673
	Negative regulation of kinase activity
	0.050

	
	GO:0045824
	Negative regulation of innate immune response
	0.050

	
	GO:0034620
	Cellular response to unfolded protein
	0.050

	GO Molecular Function
	GO:0050839
	Cell adhesion molecule binding
	<0.001

	
	GO:0005515
	Protein binding
	<0.001


Table D4.2 (cont). STRING Results from Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Category
	Term ID
	Term Description
	Adjusted p-valuea

	GO Molecular Function
	GO:0045296
	Cadherin binding
	<0.001

	
	GO:0005488
	Binding
	<0.001

	
	GO:0003723
	RNA binding
	<0.001

	
	GO:0005539
	Glycosaminoglycan binding
	<0.001

	
	GO:0016209
	Antioxidant activity
	<0.001

	
	GO:0044877
	Protein-containing complex binding
	<0.001

	
	GO:0005509
	Calcium ion binding
	<0.001

	
	GO:0005102
	Signaling receptor binding
	<0.001

	
	GO:1901681
	Sulfur compound binding
	<0.001

	
	GO:0015036
	Disulfide oxidoreductase activity
	<0.001

	
	GO:0016668
	Oxidoreductase activity, acting on a sulfur group of donors, NAD(P) as acceptor
	<0.001

	
	GO:0005178
	Integrin binding
	<0.001

	
	GO:0008201
	Heparin binding
	0.002

	
	GO:0042802
	Identical protein binding
	0.002

	
	GO:0036094
	Small molecule binding
	0.003

	
	GO:0030246
	Carbohydrate binding
	0.004

	
	GO:0015037
	Peptide disulfide oxidoreductase activity
	0.005

	
	GO:0016491
	Oxidoreductase activity
	0.006

	
	GO:0004784
	Superoxide dismutase activity
	0.007

	
	GO:0031406
	Carboxylic acid binding
	0.008

	
	GO:0004857
	Enzyme inhibitor activity
	0.019

	
	GO:0004791
	Thioredoxin-disulfide reductase activity
	0.019

	
	GO:0003779
	Actin binding
	0.024

	
	GO:0019955
	Cytokine binding
	0.024

	
	GO:0019838
	Growth factor binding
	0.025

	
	GO:0009055
	Electron transfer activity
	0.026

	
	GO:0001618
	Virus receptor activity
	0.029

	
	GO:0097493
	Structural molecule activity conferring elasticity
	0.029

	
	GO:0008092
	Cytoskeletal protein binding
	0.036

	
	GO:0098632
	Cell-cell adhesion mediator activity
	0.037

	
	GO:0043168
	Anion binding
	0.041

	
	GO:0008135
	Translation factor activity, RNA binding
	0.041

	
	GO:0050661
	NADP binding
	0.044

	GO Cellular Component
	GO:0005615
	Extracellular space
	<0.001

	
	GO:0005576
	Extracellular region
	<0.001

	
	GO:0070062
	Extracellular exosome
	<0.001


Table D4.2 (cont). STRING Results from Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Category
	Term ID
	Term Description
	Adjusted p-valuea

	GO Cellular Component

	GO:0031982
	Vesicle
	<0.001

	
	GO:0031012
	Extracellular matrix
	<0.001

	
	GO:0062023
	Collagen-containing extracellular matrix
	<0.001

	
	GO:0005737
	Cytoplasm
	<0.001

	
	GO:0030141
	Secretory granule
	<0.001

	
	GO:0099503
	Secretory vesicle
	<0.001

	
	GO:0043227
	Membrane-bounded organelle
	<0.001

	
	GO:0034774
	Secretory granule lumen
	<0.001

	
	GO:0070161
	Anchoring junction
	<0.001

	
	GO:0031410
	Cytoplasmic vesicle
	<0.001

	
	GO:0005925
	Focal adhesion
	<0.001

	
	GO:0005829
	Cytosol
	<0.001

	
	GO:0009986
	Cell surface
	<0.001

	
	GO:1904813
	ficolin-1-rich granule lumen
	<0.001

	
	GO:0043226
	Organelle
	<0.001

	
	GO:0110165
	Cellular anatomical entity
	<0.001

	
	GO:0098552
	Side of membrane
	<0.001

	
	GO:1904724
	Tertiary granule lumen
	<0.001

	
	GO:0015629
	Actin cytoskeleton
	0.001

	
	GO:0005788
	Endoplasmic reticulum lumen
	0.001

	
	GO:0005622
	Intracellular
	0.001

	
	GO:0012505
	Endomembrane system
	0.002

	
	GO:0070820
	Tertiary granule
	0.002

	
	GO:0030054
	Cell junction
	0.005

	
	GO:0070013
	Intracellular organelle lumen
	0.007

	
	GO:0009897
	External side of plasma membrane
	0.007

	
	GO:0098589
	Membrane region
	0.008

	
	GO:0071944
	Cell periphery
	0.008

	
	GO:0032432
	Actin filament bundle
	0.011

	
	GO:0045121
	Membrane raft
	0.018

	
	GO:0002102
	Podosome
	0.019

	
	GO:0098576
	Lumenal side of membrane
	0.026

	
	GO:0005886
	Plasma membrane
	0.026

	
	GO:0031091
	Platelet α granule
	0.029

	
	GO:0048471
	Perinuclear region of cytoplasm
	0.029

	
	GO:0043202
	Lysosomal lumen
	0.036

	
	GO:0001772
	Immunological synapse
	0.039

	
	GO:0005606
	laminin-1 complex
	0.041

	
	GO:0043259
	laminin-10 complex
	0.041


Table D4.2 (cont). STRING Results from Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Category
	Term ID
	Term Description
	Adjusted p-valuea

	GO Cellular Component
	GO:0097454
	Schwann cell microvillus
	0.041

	
	GO:0031093
	Platelet α granule lumen
	0.044

	STRING Cluster
	CL:11552
	Pentose phosphate pathway, and Glycolysis
	0.011

	
	CL:11557
	Fructose 1,6-bisphosphate metabolic process, and xylulose biosynthetic process
	0.016

	
	CL:11549
	Carbon metabolism, and Pyruvate metabolism
	0.021

	
	CL:11554
	Glycolysis, and Fructose-1,6-bisphosphatase
	0.037

	
	CL:1454
	Mixed, incl. negative regulation of mRNA splicing, via spliceosome, and RNPHF zinc finger
	0.037

	
	CL:13061
	Glutathione metabolism, and Selenocysteine
	0.038

	
	CL:19705
	Mixed, incl. Complement and coagulation cascades, and lipoprotein particle
	0.041

	
	CL:11547
	Mixed, incl. Carbon metabolism, and Starch and sucrose metabolism
	0.047

	
	CL:335
	Eukaryotic translation elongation factor 1 complex, and 60S acidic ribosomal protein P0
	0.047

	
	CL:5948
	Mixed, incl. HMG14 and HMG17, and HuR (ELAVL1) binds and stabilizes mRNA
	0.047

	
	CL:622
	Charcot-Marie-Tooth disease type 2D, and Seryl-tRNA synthetase N-terminal domain
	0.047

	KEGG Pathway
	hsa00030
	Pentose phosphate pathway
	0.001

	
	hsa01200
	Carbon metabolism
	0.002

	
	hsa04512
	ECM-receptor interaction
	0.011

	
	hsa04514
	Cell adhesion molecules
	0.020

	
	hsa03320
	PPAR signaling pathway
	0.021

	
	hsa00010
	Glycolysis / Gluconeogenesis
	0.044

	
	hsa04141
	Protein processing in endoplasmic reticulum
	0.044

	
	hsa04151
	PI3K-Akt signaling pathway
	0.044

	
	hsa04612
	Antigen processing and presentation
	0.044

	Reactome Pathway
	HSA-168256
	Immune System
	<0.001


Table D4.2 (cont). STRING Results from Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Category
	Term ID
	Term Description
	Adjusted p-valuea

	Reactome Pathway
	HSA-1430728
	Metabolism
	<0.001

	
	HSA-1474244
	Extracellular matrix organization
	<0.001

	
	HSA-168249
	Innate Immune System
	<0.001

	
	HSA-3299685
	Detoxification of Reactive Oxygen Species
	<0.001

	
	HSA-447115
	Interleukin-12 family signaling
	<0.001

	
	HSA-6798695
	Neutrophil degranulation
	<0.001

	
	HSA-9020591
	Interleukin-12 signaling
	<0.001

	
	HSA-449147
	Signaling by Interleukins
	<0.001

	
	HSA-381426
	Regulation of Insulin-like Growth Factor (IGF) transport and uptake by Insulin-like Growth Factor Binding Proteins (IGFBPs)
	<0.001

	
	HSA-8950505
	Gene and protein expression by JAK-STAT signaling after Interleukin-12 stimulation
	<0.001

	
	HSA-8957275
	Post-translational protein phosphorylation
	<0.001

	
	HSA-1643685
	Disease
	<0.001

	
	HSA-1280215
	Cytokine Signaling in Immune system
	<0.001

	
	HSA-5663205
	Infectious disease
	0.001

	
	HSA-392499
	Metabolism of proteins
	0.001

	
	HSA-71387
	Metabolism of carbohydrates
	0.001

	
	HSA-9613829
	Chaperone Mediated Autophagy
	0.001

	
	HSA-114608
	Platelet degranulation
	0.003

	
	HSA-71336
	Pentose phosphate pathway
	0.006

	
	HSA-71291
	Metabolism of amino acids and derivatives
	0.011

	
	HSA-15869
	Metabolism of nucleotides
	0.019

	
	HSA-109582
	Hemostasis
	0.024

	
	HSA-1474228
	Degradation of the extracellular matrix
	0.024

	
	HSA-203615
	eNOS activation
	0.039

	
	HSA-499943
	Interconversion of nucleotide di- and triphosphates
	0.040

	
	HSA-216083
	Integrin cell surface interactions
	0.045

	
	HSA-442720
	CREB1 phosphorylation through the activation of Adenylate Cyclase
	0.045

	
	HSA-2262752
	Cellular responses to stress
	0.047

	WikiPathway
	WP3888
	VEGFA-VEGFR2 signaling pathway
	0.001

	
	WP134
	Pentose phosphate metabolism
	0.001


Table D4.2 (cont). STRING Results from Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Category
	Term ID
	Term Description
	Adjusted p-valuea

	WikiPathway
	WP2806
	Complement system
	0.001

	
	WP408
	Oxidative stress response
	0.001

	
	WP3668
	Hypothesized pathways in pathogenesis of cardiovascular disease
	0.003

	
	WP107
	Translation factors
	0.004

	
	WP15
	Selenium micronutrient network
	0.009

	
	WP3942
	PPAR signaling pathway
	0.015

	
	WP3932
	Focal adhesion: PI3K-Akt-mTOR-signaling pathway
	0.019

	
	WP2884
	NRF2 pathway
	0.022

	
	WP2882
	Nuclear receptors meta-pathway
	0.022

	
	WP4754
	IL-18 signaling pathway
	0.022

	
	WP3940
	One-carbon metabolism and related pathways
	0.024

	Human Phenotype (Monarch)
	EFO:0007937
	Blood protein measurement
	<0.001

	Tissue
	BTO:0000345
	Digestive gland
	<0.001

	
	BTO:0000759
	Liver
	<0.001

	
	BTO:0001491
	Viscus
	<0.001

	
	BTO:0001488
	Endocrine gland
	<0.001

	
	BTO:0000522
	Gland
	<0.001

	
	BTO:0001078
	Placenta
	<0.001

	
	BTO:0000449
	Fetus
	<0.001

	
	BTO:0003099
	Internal female genital organ
	<0.001

	
	BTO:0000203
	Respiratory system
	<0.001

	
	BTO:0000174
	Embryonic structure
	<0.001

	
	BTO:0000763
	Lung
	<0.001

	
	BTO:0001489
	Whole body
	<0.001

	
	BTO:0003091
	Urogenital system
	<0.001

	
	BTO:0000083
	Female reproductive system
	<0.001

	
	BTO:0000081
	Reproductive system
	<0.001

	
	BTO:0000042
	Animal
	<0.001

	
	BTO:0000058
	Alimentary canal
	<0.001

	
	BTO:0000089
	Blood
	<0.001

	
	BTO:0000511
	Gastrointestinal tract
	<0.001

	
	BTO:0000421
	Connective tissue
	<0.001

	
	BTO:0000570
	Hematopoietic system
	<0.001

	
	BTO:0000255
	Brain cell line
	<0.001

	
	BTO:0000282
	Head
	<0.001

	
	BTO:0004238
	Interstitial cell
	<0.001


Table D4.2 (cont). STRING Results from Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Category
	Term ID
	Term Description
	Adjusted p-valuea

	Tissue
	BTO:0005810
	Immune system
	<0.001

	
	BTO:0000753
	Lymphoid tissue
	<0.001

	
	BTO:0000634
	Integument
	<0.001

	
	BTO:0000574
	Hematopoietic cell
	<0.001

	
	BTO:0000751
	Leukocyte
	<0.001

	
	BTO:0000227
	Central nervous system
	<0.001

	
	BTO:0001486
	Skeletal system
	<0.001

	
	BTO:0001484
	Nervous system
	<0.001

	
	BTO:0004850
	Bone marrow cell
	<0.001

	
	BTO:0000142
	Brain
	<0.001

	
	BTO:0000580
	Blood cancer cell
	<0.001

	
	BTO:0000392
	Plasma cell
	<0.001

	
	BTO:0000202
	Sense organ
	<0.001

	
	BTO:0000775
	Lymphocyte
	<0.001

	
	BTO:0000648
	Intestine
	<0.001

	
	BTO:0001253
	Skin
	<0.001

	
	BTO:0001271
	Leukemia cell
	<0.001

	
	BTO:0003092
	Urinary system
	<0.001

	
	BTO:0001244
	Urinary tract
	<0.001

	
	BTO:0000088
	Cardiovascular system
	<0.001

	
	BTO:0000671
	Kidney
	<0.001

	
	BTO:0000141
	Bone marrow
	<0.001

	
	BTO:0000562
	Heart
	<0.001

	
	BTO:0000020
	Abdomen
	<0.001

	
	BTO:0000131
	Blood plasma
	<0.001

	
	BTO:0000080
	Male reproductive gland
	<0.001

	
	BTO:0000988
	Pancreas
	<0.001

	
	BTO:0001493
	Trunk
	<0.001

	
	BTO:0001533
	Gastrointestinal cancer cell
	<0.001

	
	BTO:0000439
	Eye
	<0.001

	
	BTO:0000431
	Excretory gland
	<0.001

	
	BTO:0001090
	Mouth
	<0.001

	
	BTO:0001388
	Trachea
	<0.001

	
	BTO:0000586
	Colonic cancer cell
	<0.001

	
	BTO:0000254
	Female reproductive gland
	<0.001

	
	BTO:0000176
	Carcinoma cell
	<0.001

	
	BTO:0000975
	Ovary
	<0.001

	
	BTO:0000772
	Lymphoblast
	<0.001

	
	BTO:0001085
	Vascular system
	<0.001


Table D4.2 (cont). STRING Results from Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Category
	Term ID
	Term Description
	Adjusted p-valuea

	Tissue
	BTO:0001129
	Prostate gland
	<0.001

	
	BTO:0000132
	Blood platelet
	<0.001

	
	BTO:0000146
	Brain stem
	<0.001

	
	BTO:0000604
	Adenocarcinoma cell
	<0.001

	
	BTO:0001424
	Uterus
	0.001

	
	BTO:0000150
	Breast cancer cell
	0.001

	
	BTO:0000416
	Epithelium
	0.001

	
	BTO:0001374
	Thymus
	0.001

	
	BTO:0003096
	Internal male genital organ
	0.001

	
	BTO:0001613
	Colorectum
	0.002

	
	BTO:0000091
	Ascites
	0.002

	
	BTO:0000744
	Lymphocytic leukemia cell
	0.002

	
	BTO:0000672
	Hindbrain
	0.002

	
	BTO:0000773
	Lymphoblastoid cell line
	0.003

	
	BTO:0000232
	Cerebellum
	0.003

	
	BTO:0000269
	Colon
	0.003

	
	BTO:0000393
	Endothelium
	0.004

	
	BTO:0000667
	Keratinocyte
	0.004

	
	BTO:0001176
	Endothelial cell
	0.004

	
	BTO:0001368
	Thorax
	0.005

	
	BTO:0000452
	Fibroblast
	0.005

	
	BTO:0000782
	T-lymphocyte
	0.005

	
	BTO:0001485
	Muscular system
	0.005

	
	BTO:0004296
	Umbilical vein endothelial cell
	0.006

	
	BTO:0000534
	Gonad
	0.007

	
	BTO:0000849
	Melanoma cell line
	0.007

	
	BTO:0001470
	Epidermal cell
	0.007

	
	BTO:0000706
	Large intestine
	0.008

	
	BTO:0001363
	Testis
	0.009

	
	BTO:0001202
	Saliva
	0.013

	
	BTO:0001023
	Ovary cancer cell
	0.016

	
	BTO:0001279
	Spinal cord
	0.018

	
	BTO:0000887
	Muscle
	0.019

	
	BTO:0000140
	Bone
	0.023

	
	BTO:0000180
	Cervical carcinoma cell
	0.024

	
	BTO:0001033
	Prostate cancer cell line
	0.025

	
	BTO:0000123
	Bladder
	0.026

	
	BTO:0001853
	Vascular endothelium
	0.027

	
	BTO:0000404
	Epidermis
	0.027


Table D4.2 (cont). STRING Results from Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Category
	Term ID
	Term Description
	Adjusted p-valuea

	Tissue
	BTO:0000959
	Esophagus
	0.027

	
	BTO:0001421
	Uterine cervix
	0.027

	
	BTO:0006110
	M1 macrophage
	0.030

	
	BTO:0001629
	Left ventricle
	0.032

	
	BTO:0001307
	Stomach
	0.037

	
	BTO:0001107
	Preadipocyte
	0.041

	
	BTO:0001926
	Hybridoma cell line
	0.041

	
	BTO:0003101
	Female pudendum
	0.041

	
	BTO:0006111
	M2 macrophage
	0.041

	
	BTO:0001431
	Vascular smooth muscle
	0.042

	Cellular Compartment
	GOCC:0005576
	Extracellular region
	<0.001

	
	GOCC:0005615
	Extracellular space
	<0.001

	
	GOCC:0043230
	Extracellular organelle
	<0.001

	
	GOCC:1903561
	Extracellular vesicle
	<0.001

	
	GOCC:0070062
	Extracellular exosome
	<0.001

	
	GOCC:0031982
	Vesicle
	<0.001

	
	GOCC:0005737
	Cytoplasm
	<0.001

	
	GOCC:0110165
	Cellular anatomical entity
	<0.001

	
	GOCC:0030141
	Secretory granule
	<0.001

	
	GOCC:0031012
	Extracellular matrix
	<0.001

	
	GOCC:0043226
	Organelle
	<0.001

	
	GOCC:0005829
	Cytosol
	<0.001

	
	GOCC:0043227
	Membrane-bounded organelle
	<0.001

	
	GOCC:0031410
	Cytoplasmic vesicle
	<0.001

	
	GOCC:0005622
	Intracellular
	<0.001

	
	GOCC:1904813
	ficolin-1-rich granule lumen
	<0.001

	
	GOCC:0070013
	Intracellular organelle lumen
	<0.001

	
	GOCC:0009986
	Cell surface
	<0.001

	
	GOCC:0012505
	Endomembrane system
	<0.001

	
	GOCC:0098636
	Protein complex involved in cell adhesion
	<0.001

	
	GOCC:0062023
	Collagen-containing extracellular matrix
	<0.001

	
	GOCC:0031983
	Vesicle lumen
	0.001

	
	GOCC:0070161
	Anchoring junction
	0.001

	
	GOCC:1904724
	Tertiary granule lumen
	0.001

	
	GOCC:0015629
	Actin cytoskeleton
	0.002

	
	GOCC:0044853
	Plasma membrane raft
	0.002

	
	GOCC:0070820
	Tertiary granule
	0.002


Table D4.2 (cont). STRING Results from Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Category
	Term ID
	Term Description
	Adjusted p-valuea

	Cellular Compartment
	GOCC:0098637
	Protein complex involved in cell-matrix adhesion
	0.002

	
	GOCC:0043229
	Intracellular organelle
	0.003

	
	GOCC:0005925
	Focal adhesion
	0.004

	
	GOCC:0098552
	Side of membrane
	0.005

	
	GOCC:0034774
	Secretory granule lumen
	0.006

	
	GOCC:0098589
	Membrane region
	0.007

	
	GOCC:0032432
	Actin filament bundle
	0.011

	
	GOCC:0045121
	Membrane raft
	0.017

	
	GOCC:0005783
	Endoplasmic reticulum
	0.032

	
	GOCC:0098576
	Lumenal side of membrane
	0.036

	
	GOCC:0043202
	Lysosomal lumen
	0.036

	
	GOCC:0031091
	Platelet α granule
	0.040

	
	GOCC:0030054
	Cell junction
	0.050

	UniProt Keyword
	KW-0007
	Acetylation
	<0.001

	
	KW-0732
	Signal
	<0.001

	
	KW-1015
	Disulfide bond
	<0.001

	
	KW-0964
	Secreted
	<0.001

	
	KW-0597
	Phosphoprotein
	<0.001

	
	KW-0130
	Cell adhesion
	<0.001

	
	KW-0945
	Host-virus interaction
	<0.001

	
	KW-0358
	Heparin-binding
	<0.001

	
	KW-0272
	Extracellular matrix
	<0.001

	
	KW-0325
	Glycoprotein
	<0.001

	
	KW-0106
	Calcium
	<0.001

	
	KW-0393
	Immunoglobulin domain
	<0.001

	
	KW-0430
	Lectin
	0.001

	
	KW-0648
	Protein biosynthesis
	0.001

	
	KW-0676
	Redox-active center
	0.002

	
	KW-0768
	Sushi
	0.003

	
	KW-0963
	Cytoplasm
	0.004

	
	KW-0143
	Chaperone
	0.005

	
	KW-9995
	Disease
	0.005

	
	KW-0521
	NADP
	0.006

	
	KW-0225
	Disease mutation
	0.007

	
	KW-0391
	Immunity
	0.013

	
	KW-0704
	Schiff base
	0.014

	
	KW-0570
	Pentose shunt
	0.021

	
	KW-0049
	Antioxidant
	0.023


Table D4.2 (cont). STRING Results from Differentially-Expressed Proteins between Survivors and Non-Survivors.
	Category
	Term ID
	Term Description
	Adjusted p-valuea

	UniProt Keyword
	KW-1183
	Host cell receptor for virus entry
	0.034

	Protein Domains and Features (InterPro)
	IPR003599
	Immunoglobulin subtype
	0.038

	
	IPR007110
	Immunoglobulin-like domain
	0.038

	
	IPR036179
	Immunoglobulin-like domain superfamily
	0.038

	
	IPR000742
	EGF-like domain
	0.039

	
	IPR003598
	Immunoglobulin subtype 2
	0.039

	Protein Domains (SMART)
	SM00409
	Immunoglobulin
	0.003

	
	SM00032
	Domain abundant in complement control proteins
	0.025

	
	SM00513
	Putative DNA-binding (bihelical) motif predicted to be involved in chromosomal organisation
	0.034


aAdjusted using the Benjamini-Hochberg procedure by STRING. GO = Gene Ontology. KEGG = Kyoto Encyclopedia of Genes and Genomes. SMART = Simple Modular Architecture Research Tool. – indicates where a term was not enriched significantly.
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Table D4.3. Significant Features from Elastic Net Regression.
	Variable Name or Protein Accession Number
	Gene
	Protein Name
	Elastic Net Regression Non-Zero Coefficient
	Logistic Regression p-value

	Q9HBW9
	ADGRL4
	Adhesion G protein-coupled receptor L4
	0.305
	0.005

	P35318
	ADM
	Pro-adrenomedullin
	0.054
	0.043

	Q8TCU4
	ALMS1
	Alstrom syndrome protein 1
	0.138
	0.015

	P02652*
	APOA2
	Apolipoprotein A-II
	-0.201
	0.027

	O95445
	APOM
	Apolipoprotein M
	-0.220
	0.018

	P35613
	BSG
	Basigin
	-0.194
	0.039

	P00915
	CA1
	Carbonic anhydrase 1
	-0.176
	0.011

	Q9HB71
	CACYBP
	Calcyclin-binding protein
	-0.092
	0.047

	Q05682
	CALD1
	Caldesmon
	0.020
	0.016

	O43852
	CALU
	Calumenin
	-0.073
	0.046

	P09326
	CD48
	CD48 antigen
	0.205
	0.004

	Q16543
	CDC37
	Hsp90 co-chaperone Cdc37
	-0.134
	0.013

	Q92496
	CFHR4
	Complement factor H-related protein 4
	0.228
	0.034

	P09496-2
	CLTA
	Isoform Non-brain of Clathrin light chain A
	0.159
	0.007

	P53621
	COPA
	Coatomer subunit α
	0.049
	0.02

	Q14019
	COTL1
	Coactosin-like protein
	-0.258
	0.038

	Q08257
	CRYZ
	Quinone oxidoreductase
	-0.106
	0.036

	P07108
	DBI
	Acyl-CoA-binding protein
	0.148
	0.046

	P68104
	EEF1A1
	Elongation factor 1-α 1
	-0.100
	0.032

	O75071
	EFCAB14
	EF-hand calcium-binding domain-containing protein 14
	-0.229
	0.022

	Q9H4M9
	EHD1
	EH domain-containing protein 1
	0.277
	0.003

	Q9UBC2
	EPS15L1
	Epidermal growth factor receptor substrate 15-like 1
	0.282
	0.012

	Q96AP7
	ESAM
	Endothelial cell-selective adhesion molecule
	0.050
	0.004

	P12259
	F5
	Coagulation factor V
	-0.139
	0.017


Table D4.3 (cont). Significant Features from Elastic Net Regression.
	Variable Name or Protein Accession Number
	Gene
	Protein Name
	Elastic Net Regression Non-Zero Coefficient
	Logistic Regression p-value

	P23142-4
	FBLN1
	Isoform C of Fibulin-1
	-0.198
	0.035

	Q53RD9
	FBLN7
	Fibulin-7
	-0.107
	0.044

	P09467
	FBP1
	Fructose-1,6-bisphosphatase 1
	0.231
	0.041

	P55899
	FCGRT
	IgG receptor FcRn large subunit p51
	-0.056
	0.04

	Q86UX7
	FERMT3
	Fermitin family homolog 3
	-0.082
	0.04

	Q96C11
	FGGY
	FGGY carbohydrate kinase domain-containing protein
	0.296
	0.016

	P21333
	FLNA
	Filamin-A
	-0.114
	0.011

	Q9HCN6
	GP6
	Platelet glycoprotein VI
	-0.150
	0.035

	P06744
	GPI
	Glucose-6-phosphate isomerase
	0.182
	0.012

	P06396
	GSN
	Gelsolin
	-0.035
	0.005

	Q96RW7
	HMCN1
	Hemicentin-1
	-0.157
	0.035

	P18065
	IGFBP2
	Insulin-like growth factor-binding protein 2
	0.012
	0.014

	P24592
	IGFBP6
	Insulin-like growth factor-binding protein 6
	-0.116
	0.04

	Q96MG2
	JSRP1
	Junctional sarcoplasmic reticulum protein 1
	-0.311
	<0.001

	P04264
	KRT1
	Keratin, type II cytoskeletal 1
	0.174
	0.009

	P18428
	LBP
	Lipopolysaccharide-binding protein
	0.128
	0.02

	Q969E1
	LEAP2
	Liver-expressed antimicrobial peptide 2
	0.225
	0.031

	A6NI73
	LILRA5
	Leukocyte immunoglobulin-like receptor subfamily A member 5
	0.034
	0.04

	P50281
	MMP14
	Matrix metalloproteinase-14
	-0.233
	0.02

	Q13421
	MSLN
	Mesothelin
	0.070
	0.033

	Q96DR8
	MUCL1
	Mucin-like protein 1
	-0.321
	0.007

	P53602
	MVD
	Diphosphomevalonate decarboxylase
	-0.099
	0.044

	Q13564
	NAE1
	NEDD8-activating enzyme E1 regulatory subunit
	0.212
	0.019

	Q96P20
	NLRP3
	NACHT, LRR and PYD domains-containing protein 3
	-0.131
	0.043


Table D4.3 (cont). Significant Features from Elastic Net Regression.
	Variable Name or Protein Accession Number
	Gene
	Protein Name
	Elastic Net Regression Non-Zero Coefficient
	Logistic Regression p-value

	P02763*
	ORM1
	α-1-acid glycoprotein 1
	-0.084
	0.009

	Q15102
	PAFAH1B3
	Platelet-activating factor acetylhydrolase IB subunit α1
	0.078
	0.002

	Q9UN70
	PCDHGC3
	Protocadherin γ-C3
	-0.279
	0.045

	P30086
	PEBP1
	Phosphatidylethanolamine-binding protein 1
	0.141
	0.023

	P12955
	PEPD
	Xaa-Pro dipeptidase
	-0.204
	0.023

	P0DJD7
	PGA4
	Pepsin A-4
	0.318
	<0.001

	Q99453
	PHOX2B
	Paired mesoderm homeobox protein 2B
	-0.405
	0.013

	Q8IUZ5
	PHYKPL
	5-phosphohydroxy-L-lysine phospho-lyase
	-0.021
	0.04

	P48739
	PITPNB
	Phosphatidylinositol transfer protein β isoform
	0.088
	0.013

	O60568
	PLOD3
	Multifunctional procollagen lysine hydroxylase and glycosyltransferase LH3
	-0.215
	0.008

	O94903
	PLPBP
	Pyridoxal phosphate homeostasis protein
	0.101
	0.046

	P30044
	PRDX5
	Peroxiredoxin-5, mitochondrial
	0.248
	0.005

	Q15185
	PTGES3
	Prostaglandin E synthase 3
	0.232
	0.004

	O00391
	QSOX1
	Sulfhydryl oxidase 1
	-0.108
	0.028

	Q6JBY9
	RCSD1
	CapZ-interacting protein
	-0.134
	0.036

	Q9BRS2
	RIOK1
	Serine/threonine-protein kinase RIO1
	0.223
	0.006

	Q15404
	RSU1
	Ras suppressor protein 1
	0.194
	0.023

	B5MCN3
	SEC14L6
	Putative SEC14-like protein 6
	-0.004
	0.045

	P04278
	SHBG
	Sex hormone-binding globulin
	0.233
	0.007

	P08294
	SOD3
	Extracellular superoxide dismutase [Cu-Zn]
	0.142
	0.015

	Q6ICL3
	TANGO2
	Transport and Golgi organization protein 2 homolog
	0.144
	0.036

	P20062
	TCN2
	Transcobalamin-2
	0.282
	0.049

	P16035
	TIMP2
	Metalloproteinase inhibitor 2
	-0.055
	0.022


Table D4.3 (cont). Significant Features from Elastic Net Regression.
	Variable Name or Protein Accession Number
	Gene
	Protein Name
	Elastic Net Regression Non-Zero Coefficient
	Logistic Regression p-value

	Q8N3T6
	TMEM132C
	Transmembrane protein 132C
	-0.145
	0.006

	Q13404
	UBE2V1
	Ubiquitin-conjugating enzyme E2 variant 1
	0.151
	0.049

	P19320
	VCAM1
	Vascular cell adhesion protein 1
	0.086
	0.045

	Clinical Variable
	
	
	
	

	Active Cancer
	
	
	-1.751
	

	Age
	
	
	-0.068
	

	Diabetes with Organ Damage
	
	
	-0.237
	

	Diabetes without Organ Damage
	
	
	-0.447
	

	Female
	
	
	-0.342
	

	Immunocompromised
	
	
	-1.447
	

	Immunocompromised (NULL)
	
	
	6.545
	

	Non-Hispanic White
	
	
	-0.969
	

	Renal Failure
	
	
	-0.974
	

	UTI Source
	
	
	1.258
	


*indicates a protein that was immunodepleted.
Table D4.4. STRING Results from the 74 Most Significant Proteins to Predict Survival Outcomes.
	Category
	Term ID
	Term Description
	Adjusted p valuea

	GO Molecular Function
	GO:0050839
	Cell adhesion molecule binding
	0.020

	GO Cellular Component
	GO:0005576
	Extracellular region
	<0.001

	
	GO:0005615
	Extracellular space
	<0.001

	
	GO:1903561
	Extracellular vesicle
	<0.001

	
	GO:0070062
	Extracellular exosome
	<0.001

	
	GO:0031982
	Vesicle
	<0.001

	
	GO:0031410
	Cytoplasmic vesicle
	0.001

	
	GO:0034774
	Secretory granule lumen
	0.001

	
	GO:1904813
	ficolin-1-rich granule lumen
	0.001

	
	GO:0012505
	Endomembrane system
	0.005

	
	GO:0030863
	Cortical cytoskeleton
	0.005

	
	GO:0005794
	Golgi apparatus
	0.008

	
	GO:0005938
	Cell cortex
	0.013

	
	GO:0030864
	Cortical actin cytoskeleton
	0.015

	
	GO:0031093
	Platelet α granule lumen
	0.015

	
	GO:0005788
	Endoplasmic reticulum lumen
	0.016

	
	GO:0030478
	Actin cap
	0.017

	
	GO:0002102
	Podosome
	0.018

	
	GO:0030141
	Secretory granule
	0.025

	
	GO:0099503
	Secretory vesicle
	0.029

	
	GO:0015629
	Actin cytoskeleton
	0.031

	
	GO:0032994
	Protein-lipid complex
	0.038

	
	GO:0034366
	Spherical high-density lipoprotein particle
	0.046

	
	GO:0062023
	Collagen-containing extracellular matrix
	0.047

	Reactome Pathway
	HSA-381426
	Regulation of Insulin-like Growth Factor (IGF) transport and uptake by Insulin-like Growth Factor Binding Proteins (IGFBPs)
	0.001

	
	HSA-109582
	Hemostasis
	0.012

	
	HSA-114608
	Platelet degranulation
	0.012

	
	HSA-168249
	Innate Immune System
	0.013

	
	HSA-76002
	Platelet activation, signaling and aggregation
	0.024

	
	HSA-8957275
	Post-translational protein phosphorylation
	0.024

	
	HSA-168256
	Immune System
	0.026

	
	HSA-1474244
	Extracellular matrix organization
	0.039

	Human Phenotype (Monarch)
	HP:0001933
	Subcutaneous hemorrhage
	0.008

	
	HP:0001892
	Abnormal bleeding
	0.019




Table D4.4 (cont). STRING Results from the 74 Most Significant Proteins to Predict Survival Outcomes.
	Category
	Term ID
	Term Description
	Adjusted p valuea

	Disease-Gene Association
	DOID:9120
	Amyloidosis
	0.041

	Tissue
	BTO:0000345
	Digestive gland
	<0.001

	
	BTO:0001491
	Viscus
	<0.001

	
	BTO:0000759
	Liver
	<0.001

	
	BTO:0000203
	Respiratory system
	<0.001

	
	BTO:0000284
	Organism form
	<0.001

	
	BTO:0000131
	Blood plasma
	<0.001

	
	BTO:0000763
	Lung
	<0.001

	
	BTO:0001488
	Endocrine gland
	<0.001

	
	BTO:0001078
	Placenta
	<0.001

	
	BTO:0000174
	Embryonic structure
	<0.001

	
	BTO:0000089
	Blood
	<0.001

	
	BTO:0000570
	Hematopoietic system
	0.001

	
	BTO:0000132
	Blood platelet
	0.001

	
	BTO:0003099
	Internal female genital organ
	0.002

	
	BTO:0001489
	Whole body
	0.002

	
	BTO:0000511
	Gastrointestinal tract
	0.005

	
	BTO:0000083
	Female reproductive system
	0.008

	
	BTO:0000988
	Pancreas
	0.027

	
	BTO:0000042
	Animal
	0.032

	
	BTO:0001244
	Urinary tract
	0.032

	
	BTO:0003092
	Urinary system
	0.032

	
	BTO:0001253
	Skin
	0.048

	Cellular Compartment
	GOCC:0005576
	Extracellular region
	<0.001

	
	GOCC:0005615
	Extracellular space
	<0.001

	
	GOCC:0031982
	Vesicle
	<0.001

	
	GOCC:0012505
	Endomembrane system
	0.004

	
	GOCC:0031410
	Cytoplasmic vesicle
	0.004

	
	GOCC:1903561
	Extracellular vesicle
	0.004

	
	GOCC:1904813
	ficolin-1-rich granule lumen
	0.004

	
	GOCC:0110165
	Cellular anatomical entity
	0.008

	
	GOCC:0005737
	Cytoplasm
	0.023

	
	GOCC:0002102
	Podosome
	0.025

	
	GOCC:0005794
	Golgi apparatus
	0.025

	
	GOCC:0031093
	Platelet α granule lumen
	0.025

	
	GOCC:0034774
	Secretory granule lumen
	0.038

	
	GOCC:0030141
	Secretory granule
	0.042

	UniProt Keyword
	KW-0964
	Secreted
	<0.001

	
	KW-0732
	Signal
	<0.001


Table D4.4 (cont). STRING Results from the 74 Most Significant Proteins to Predict Survival Outcomes.
	Category
	Term ID
	Term Description
	Adjusted p valuea

	UniProt Keyword
	KW-1015
	Disulfide bond
	<0.001

	
	KW-0106
	Calcium
	0.004

	
	KW-0393
	Immunoglobulin domain
	0.042


aAdjusted using the Benjamini-Hochberg procedure by STRING. GO = Gene Ontology.
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Table E. Master List of Abbreviations.
	Abbreviation
	Term

	µg
	microgram

	13C
	heavy carbon

	15N
	heavy nitrogen

	ACN
	acetonitrile

	ACSL1
	long-chain-fatty-acid--CoA ligase

	AGC
	automated gain control

	APACHE II
	Acute Physiology and Chronic Health Evaluation II

	APO-A
	apolipoprotein A

	APOL1
	apolipoprotein L1

	APR
	acute phase response

	AUC
	area under the curve

	BCA
	bicinchoninic acid

	B-H
	Benjamini-Hochberg

	C3
	complement C3

	C4BPA
	C4b-binding protein a

	C4BPB
	C4b-binding protein β

	cAMP
	Cyclic adenosine monophosphate

	CAP
	community-acquired pnuemonia

	CCN2
	cellular communication network family member 2

	CD147
	basigin

	CDH17
	cadherin-17

	CNS
	central nervous system

	CRK
	adapter molecule crk

	CRP
	C-reactive protein

	DAMP
	damage-associated molecular pattern

	DDA
	data-dependent acquisition

	DNA
	deoxyribonucleic acid

	ECM
	extracellular matrix

	ED
	emergency department

	EIF2
	eukaryotic initiation factor 2

	ELISA
	enzyme-linked immunoassay

	F8
	Factor VIII

	FA
	formic acid

	FAIM3
	Fc µ receptor

	FC
	fold change

	FDR
	false discovery rate

	FGA
	fibrinogen α chain

	HAP
	high abundant proteins

	HCD
	higher-energy collision-induced dissociation

	HF/HSCA
	hepatic fibrosis/hepatic stellate cell activation

	Hg
	mercury


Table E (cont). Master List of Abbreviations.
	Abbreviation
	Term

	HIV/AIDS
	Human immunodeficiency virus/Acquired immunodeficiency syndrome

	HLA
	human leukocyte antigen

	HLA-A
	Isoform 2 of human leukocyte antigen class I histocompatibility antigen, A a chain (HLA-A)

	HP
	haptoglobin

	HPLC
	high performance liquid chromatography

	HRG
	histidine-rich glycoprotein

	HSC
	hepatic stellate cell

	HSC70
	HSP cognate 71 kDa protein

	HSP
	heat shock protein

	HSPA1B
	heat shock 70 kDa protein 1B

	ICD
	International Classification of Diseases

	ICD-10
	International Classification of Diseases, Tenth Revision

	ICD-9
	International Classification of Diseases, Ninth Revision

	ICU
	intensive care unit

	IDNK
	IDNK gluconokinase

	Ig
	immunoglobulins

	IGF
	insulin-like growth factor

	IGF-1
	insulin-like growth factor-1

	IL
	interleukin

	IPA
	Ingenuity Pathway Analysis

	IRB
	Institutional Review Board

	iTRAQ
	Isobaric Tag for Relative and Absolute Quantitation

	JAK-STAT
	Janus kinase-signal transducer and activator of transcription

	kDa
	kilodalton

	KEGG
	Kyoto Encyclopedia of Genes and Genomes

	LAP
	low abundant proteins

	LC-MS
	liquid chromatography-mass spectrometry

	LC-MS/MS
	liquid chromatography-tandem mass spectrometry

	LPS
	lipopolysaccharide

	LRT
	likelihood ratio test

	MAP
	medium abundant proteins

	MARCKS
	myristoylated alanine-rich C-kinase substrate

	MARS
	Multiple Affinity Removal System

	MARS-14
	Multiple Affinity Removal System Top 14

	mg/mL
	milligram/milliliter

	mM
	millimolar

	mRNA
	messenger ribonucleic acid

	MUA
	medically underserved area

	NaCl
	sodium chloride

	NADP+
	Nicotinamide adenine dinucleotide phosphate (oxidized)


Table E (cont). Master List of Abbreviations.
	Abbreviation
	Term

	NADPH
	Nicotinamide adenine dinucleotide phosphate (reduced)

	NK
	natural killer

	NLRP1
	NLR family pyrin domain containing 3

	PAMP
	pathogen-associated molecular pattern

	PBMCs
	peripheral blood mononuclear cells

	PCT
	Procalcitonin

	pg/mL
	picogram/milliliter

	pH
	potential of hydrogen

	PLAC8
	Placenta Associated 8

	PLG
	plasminogen

	PON1
	Serum paraoxonase/arylesterase 1

	PPP
	pentose phosphate pathway

	PRIDE
	PRoteomics IDEntifications Database

	ProCESS
	Protocolized Care for Early Septic Shock

	PSM
	peptide spectral match

	PTGR2
	prostaglandin reductase 2

	QC
	quality control

	qSOFA
	Quick Sequential (Sepsis-Related) Organ Failure Assessment

	REMISE
	REMnant biospecimen Investigation in SEpsis

	RNA-seq
	RNA sequencing analysis

	RP
	reversed-phase

	SDS-PAGE
	sodium dodecyl sulfate–polyacrylamide gel electrophoresis

	SLE
	systemic lupus erythematosus

	SNP
	single nucleotide polymorphism

	SOD
	superoxide

	SOD1
	superoxide dismutase 1

	SOD2
	superoxide dismutase 2

	SOD3
	superoxide dismutase 3

	SOFA
	Sequential (Sepsis-Related) Organ Failure Assessment

	STRING
	Search Tool for Retrieval of Interacting Genes/Protein

	TALDO1
	transaldolase

	TBST
	Tris-buffered saline with Tween-20

	Th
	T-helper

	TLR
	Toll-like receptor

	TMT
	Tandem Mass Tag

	TMTpro
	Tandem Mass Tag (Proline)

	TNF
	tumor necrosis factor

	TXN
	thioredoxin

	TXNR2
	thioredoxin reductase 2

	UPEC
	uropathogenic Escherichia coli

	UTI
	urinary tract infection


Table E (cont). Master List of Abbreviations.
	V
	Volts

	VCAM1
	vascular cell adhesion molecule 1

	VWF
	von Willebrand factor

	ZIP
	zone improvement plan
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814-229-2826 | kathryn.l.kapp@vanderbilt.edu | www.linkedin.com/in/kathryn-kapp
Education
Doctorate of Philosophy, Chemistry	August 2018 – Present
Vanderbilt University (Advisor: Renã A. S. Robinson)	Nashville, TN
Ph.D. Candidate
Vanderbilt Chemistry-Biology Interface Pre-Doctoral Trainee
Certificate in College Teaching
Project: Plasma Proteomics to Study Disparities in Sepsis
GPA: 3.928/4.000
Expected Graduation: December 16, 2023
Bachelor of Science, Chemistry, summa cum laude	May 2017
Gannon University	Erie, PA
Honors Program Scholar
GPA: 3.900/4.000
Research Experience
Graduate Research Assistant	January 2019 – Present 
Vanderbilt University	Nashville, TN
Advisor: Renã A. S. Robinson, Ph.D.
Exploring impact of race and infection source on survival outcomes from sepsis using liquid chromatography-mass spectrometry (LC-MS)-based proteomics
Contributed to development of high throughput, automated plasma proteomics workflow including publication of a review of the field
Techniques used: bottom-up, quantitative proteomics sample preparation (bicinchoninic acid assay [BCA], tryptic digestion, tandem mass tag [TMT] peptide labeling, high pH reverse phase fractionation); immunodepletion of human patient plasma samples; automated sample preparation using Biomek i7 Liquid Handling Workstation (Beckman Coulter); in-house column pulling and packing; high resolution LC-MS/MS analysis using Dionex Ultimate 3000 LC and Q-Exactive HF (Thermo Fisher Scientific); Western blotting
Software used: Empower, Proteome Discoverer, Xcalibur, Ingenuity Pathway Analysis, STRING
Senior Undergraduate Research Assistant 	August 2016 – May 2017
Gannon University	Erie, PA
Advisor: Keith Michael Krise, Ph.D.
Assessed pepsin A activity loss in the presence of a free-radical scavenger following sonication
Mentored a sophomore student working on the project
Techniques used: sonication, UV-VIS assay
NSF-REU Student	May – July 2016
West Virginia University	Morgantown, WV
Advisor: Justin Legleiter, Ph.D.
Developed a thioflavin assay to monitor small peptides’ inhibition of huntingtin protein aggregation
Kathryn L. (Katie) Kapp
814-229-2826 | kathryn.l.kapp@vanderbilt.edu | www.linkedin.com/in/kathryn-kapp
Techniques used: atomic force microscopy, protein purification using liquid chromatography and gel electrophoresis, fluorescence assay
Teaching & Tutoring Experience
Vanderbilt University Center for Teaching	Nashville, TN
Certificate in College Teaching	Fall 2021
Studied different styles of pedagogy, assessment, and diversity, equity, and inclusion strategies for the college classroom, with an emphasis on backward design
Re-designed a general chemistry unit on stoichiometry using backward design and active learning
Guest-lectured on fundamentals of mass spectrometry (see CHEM 2100 TA experience below) and was observed with an excellent peer-review
Vanderbilt University, Department of Chemistry	Nashville, TN
Teaching Assistant 	Fall 2018, Spring 2019, Fall 2021, & Spring 2022
CHEM 1611: STEM Success Honors Professional Development Seminar
Contributed to development of syllabus and curriculum
CHEM 1602D: General Chemistry 2 Discussion
Led recitation sessions for undergraduates (2 sections of typically 24 students each) using the Chem101 online platform, graded student exams using Gradescope, held office hours 
CHEM 2100: Introduction to Analytical Chemistry
Guest-lectured on fundamentals of mass spectrometry; received excellent student reviews
Implemented a virtual activity to introduce undergraduates to mass spectrometry-based proteomics
Graded exams
CHEM 1601L: General Chemistry 1 Laboratory
Supervised laboratory techniques for undergraduates (2 sections of typically 24 students each), graded laboratory reports and worksheets, held office hours 
CHEM 1602L: General Chemistry 2 Laboratory
Supervised laboratory techniques for undergraduates (2 sections of typically 19 students each), graded laboratory reports and worksheets, held office hours 
CHEM 1010L: Introductory Chemistry Laboratory
Compiled individual lab experiment assignments into an official lab manual
Source4Teachers	Tionesta, PA
Dedicated Building Substitute to North Clarion High School	September 2017 – May 2018
Gained experience with classroom management, discipline, and teaching lessons for grades 7-12
Gannon University, Writing & Research Center	Erie, PA
Peer Consultant	August 2014 – May 2017
Facilitated interactive, one-on-one reviews of undergraduate and graduate papers, with native English speakers and ESL and international students
Assisted students with all stages of the writing and research process, including writing thesis statements, organizing papers, developing content, citing sources, and reviewing grammar and sentence structure
Kathryn L. (Katie) Kapp 
814-229-2826 | kathryn.l.kapp@vanderbilt.edu | www.linkedin.com/in/kathryn-kapp
Keystone SMILES AmeriCorps	Knox, PA
Quarter-Term Member	May – August 2015
Day-camp instructor for grades 3-6 
Organized and implemented science-based activities, including lessons on the solar system and Earth’s geography, with other AmeriCorps members
Gannon University, STEM Center	Erie, PA
Peer Tutor	August 2014 – May 2015
Facilitated interactive, one-on-one tutoring sessions with undergraduate students
Tutored General Chemistry 1 & 2; Calculus 1, 2, & 3; Trigonometry; and Business Algebra
Publications
9. Kapp, K. L.; Bai, K.; Du, L.; Yende, S.; Kellum, J. A.; Angus, D. C.; Peck-Palmer, O. M.; Robinson, R. A. S., Toward Prognostic Protein Biomarkers for Sepsis Survival Outcomes. Manuscript in preparation.
8. Seymour, C. W.; Urbanek, K. L.; Nakayama, A.; Kennedy, J. N.; Powell, R.; Robinson, R. A. S.; Kapp, K. L.; Billiar, T.; Vodovotz, Y.; Wendell, S.; Cooper, V.; Tang, L.; Mayr, F. B.; Reitz, K.; Horvat, C.; Angus, D. C.; Peck-Palmer, O. M., A prospective cohort protocol for the REMnant biospecimen Investigation in SEpsis (REMISE) Study. Manuscript in preparation.
7. Stonebraker, A. R.; Hankin, R.; Kapp, K. L.; Li, P.; Valentine, S. J.; Legleiter, J., Charge within Nt17 peptides modulates huntingtin aggregation and initial lipid binding events. Manuscript under review.
6. Kapp, K. L.; Choi, M. J.; Bai, K.; Du, L.; Yende, S.; Kellum, J. A.; Angus, D. C.; Peck-Palmer, O. M.; Robinson, R. A. S. Pathways Associated with Positive Sepsis Survival Outcomes in African American/Black and Non-Hispanic White UTI Patients. Shock 2023. DOI: 10.1097/SHK.0000000000002176  From NLM Publisher.
5. Kapp, K. L.; Robinson, R. A. S.; Verberne-Sutton, S. D.; Stepler, K. E., Student feedback from incorporation of a virtual proteomics module into the undergraduate analytical curriculum. J Chem Educ, 2023, 100 (8), 3124-3131.
Kapp, K. L.; Arul, A. B.; Zhang, K. C.; Du, L.; Yende, S.; Kellum, J. A.; Angus, D. C.; Peck-Palmer, O. M.; Robinson, R. A. S., Proteomic changes associated with racial background and sepsis survival outcomes. Molecular Omics, 2022, 18 (10), 923-937.
King, C.D.; Kapp, K. L.; Arul, A. B.; Choi, M. J.; Robinson, R. A. S., Advancements in automation of plasma proteomics protocols. Molecular Omics, 2022, 18 (9), 828-839.
Beasley, M.; Stonebraker, A. R.; Hasan, I.; Kapp, K. L.; Liang, B. J.; Agarwal, G.; Groover, S.; Sedighi, F.; Legleiter, J., Lipid membranes influence the ability of small molecules to inhibit huntingtin fibrillization. Biochemistry, 2019, 58 (43), 4361-4373.
1. Kapp, K.; Hetz, R.; Krise, K.M., Effects of ultrasound on the digestive enzyme pepsin A. Proceedings of the 31st National Conference on Undergraduate Research (NCUR), Memphis, TN, April 6-8, 2017.
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Presentations
9.   Kapp, K. L.; Choi, M. J.; Arul, A. B.; Zhang, K. C.; Du, L.; Yende, S.; Kellum, J. A.; Angus, D. C.; Peck-Palmer, O. M.; Robinson, R. A. S. “Proteomic changes associated with racial background and survival outcomes of sepsis patients with primary urinary tract infection.” Presented at World Human Proteome Organization (HUPO) 2022 Congress, Cancún, Quintana Roo, Mexico, December 5, 2022; Oral.
8.   Kapp, K. L. “Plasma proteomics to study disparities in sepsis survival outcomes.” Presented at Vanderbilt University Chemical Biology Association of Students Seminar, Nashville, TN. October 17, 2022; Oral.
7. 	Kapp, K. L.; Arul, A. B.; Zhang, K. C.; Du, L.; Yende, S.; Kellum, J. A.; Angus, D. C.; Peck-Palmer, O. M.; Robinson, R. A. S. “Proteomic changes associated with survival outcomes of sepsis patients with primary intra-abdominal infection.” Presented at US HUPO 2022 Conference, Charleston, SC. March 1, 2022; Oral.
Kapp, K. L.; Yende, S.; Kellum, J. A.; Angus, D. C.; Peck-Palmer, O. M.; Robinson, R. A. S. “Plasma proteomics to study disparities in sepsis.” Presented at Vanderbilt Institute of Chemical Biology 2021 Student Research Symposium, Nashville, TN. August 12, 2021; Poster.
Kapp, K. L. “Plasma proteomics to study the effect of race on survivorship outcomes in sepsis.” Presented at Vanderbilt University Chemistry Forum, Nashville, TN. April 15, 2021; Oral.
Kapp, K.; Hetz, R.; Pham, S.; Krise, K. M. “Effects of ultrasound on the digestive enzyme pepsin A.” Presented at Sigma Xi’s 26th Annual Undergraduate Student Research and Creative Accomplishment Conference, Erie, PA. April 22, 2017; Oral.
Kapp, K.; Hetz, R.; Pham, S.; Krise, K. M. “Effects of ultrasound on the digestive enzyme pepsin A.” Presented at Celebrate Gannon, Erie, PA. April 18, 2017; Poster.
Kapp, K.; Hetz, R.; Krise, K. M. “Effects of ultrasound on the digestive enzyme pepsin A.” Presented at the 31st National Conference on Undergraduate Research (NCUR), Memphis, TN. April 6-8, 2017; Oral.
Kapp, K.; Legleiter, J. “Optimizing a small peptide’s ability to inhibit huntingtin aggregation.” Presented at West Virginia University’s Summer Undergraduate Research Symposium, Morgantown, WV. July 28, 2016; Poster.
Awards
World HUPO Congress 2022 Travel Award	Fall 2022
Vanderbilt University Graduate School Travel Grant to Present Research	Fall 2022
Vanderbilt University Graduate Student Council Travel Award	Fall 2022
American Chemical Society Nashville Local Section Student Travel Grant	Fall 2022
US HUPO 2022 Travel Award	Spring 2022
Vanderbilt Chemistry-Biology Interface T-32 Training Grant Fellow
(5T32GM065086; PI: G. Sulikowski, B. Bachmann)	2019 – 2021
First-Year Chemistry Graduate Student Three-Minute Thesis Competition	Spring 2019
St. Catherine Medal	Spring 2015
Awarded to a Gannon University undergraduate student for demonstrating
outstanding leadership, scholarship, and service

Kathryn L. (Katie) Kapp
814-229-2826 | kathryn.l.kapp@vanderbilt.edu | www.linkedin.com/in/kathryn-kapp
Braeger Award for Research Writing	Spring 2013
Selected out of undergraduate students at Gannon University for excellence
in research writing
Excellence in First-Year Chemistry Award	Spring 2013
Selected out of undergraduate students who completed the general chemistry sequence
at Gannon University for excellence in general chemistry
Professional Affiliations 
World Human Proteome Organization (HUPO)	2022 – Present 
United States Human Proteome Organization (US HUPO)	2021 – Present 
American Chemical Society (ACS)	2021 – Present
American Association for the Advancement of Science (AAAS)	2020 – Present 
Graduate Women in Science (GWIS)	2019 – Present
Vanderbilt University Women in Science and Engineering (VU-WiSE)	2019 – Present 
Vanderbilt University Chemical Biology Association of Students (VU CBAS)	2019 – Present 
Students Mentored
Rowan O. Atwood, Vanderbilt University Undergraduate (Psychology and Spanish Major)	Spring 2023 
Kaitlyn Kim, Vanderbilt University Undergraduate (Chemistry Major)	Spring 2023 
Leadership Experience & Service Activities 
Pod Coordinator, Females in Mass Spectrometry (FeMS) Mentoring Committee	Fall 2022 – Present 
Scientist Pen Pal, Letters to a Pre-Scientist	Fall 2022 – Present 
Pen Pal with a Purpose, Vanderbilt University
Graduate Student Council	Fall 2022 – Present, Fall 2019 – Spring 2021
Mock Thesis Committee Member for Sarah Zelle,
Vanderbilt University Chemical & Physical Biology Program’s Student Support Initiative 	Summer 2022
Invited Panelist, Presenting & Publishing Your Research, Gannon University                                            Writing & Research Center Experience Panel	April 2022
Member, Vanderbilt University Beckman Scholars Program Selection Committee	January 2022
Membership Vice-President, White Rose Alumni Chapter of Gamma Sigma Sigma 
National Service Sorority (GSS)	January 2022 – May 2023 
Alumni Member of Strategic Planning & Evaluation Committee, GSS	 September 2021 – Present
Judge, Vanderbilt University Summer Science Academy Undergraduate Symposium	August 2022
Vice-President, GWIS Nashville Chapter	Fall 2021 – Spring 2022
Invited Panelist, Presenting & Publishing Your Research, Gannon University                                            Writing & Research Center Experience Panel	April 2021
Invited Panelist, Graduate School for First-Generation Students, Gannon University                                Writing & Research Center Experience Panel	February 2021
Event Planner, GWIS Nashville Chapter	Fall 2020 – Spring 2021
Kathryn L. (Katie) Kapp
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Organizer, ComSciCon Atlanta 2021	Fall 2020 – Spring 2021
Secretary, White Rose Alumni Chapter of GSS	Spring 2020 – Present 
Outreach Chair, VU-WiSE	 Fall 2019 – Spring 2020
Nationals Representative, Eta Pi Chapter of GSS	 Spring 2017
Secretary, Gamma Sigma Epsilon Chemistry Honor Society	Fall 2016 – Spring 2017
Service Vice-President, Eta Pi Chapter of GSS	Fall 2016
Service Auditor, Eta Pi Chapter of GSS	 Spring 2016
Alternative Break Service Trip Student Leader to Mérida, Yucatán, México,
Gannon University Center for Social Concerns 	Spring 2016
Gannon University Ambassador	Fall 2015 – Spring 2017
President, Alpha Sigma Honor Chapter of Lambda Sigma Sophomore Honor Society	Fall 2015 – Spring 2017
ServeMore Sophomore, Gannon University Center for Social Concerns	Fall 2014 – Spring 2015
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