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CHAPTER 1

|l ntroducPtrioocreomi cs to Study Disparitie

Each year, ~50 million patients worl dwi de
seploirsfihfeatening organ dysfunction as a resu
i nf exTthiissn.pri mary infection can?33blke vinagsatl ,c dmamnd
infections i fmclqude edommenimolnd ceamifrCagle) j oinst r and

urinary tractilinfettionsr ¢Téd).sepsis can pr

where cellular and metabolic abnormalities ar
mor t ®Alnintuya.l 'y, ~11 million patients (~350,000
sholcHowever, disparities exist in sepsis mort:
primary infection sources. Mortaliityerates ar
Hawaiian, American I ndian, and Al eHsksgpranNat i ve

White pd&fludtagriest.i ngly, mortality rates in Asi

tend to be similar tdiempalnoweuWhadthifeddiothiadn alf |y,

i naba@domi nal infections are associated with hi
of pathogenic organisms | dé8bedoenonhbeamicentda
bi ol ogi cal (e.g.todyfberenags!l anti hhcamma or

may contribute to these disparities, but the

di ssertation applies pl asenvae |lp rfoatcetoonmisc st htaot sctoun
sesi s survival eHui tscpoammei sc iWih ibtoet hanNdo PMAf r i can Ame
pri marabdoirmal infections or UTIls. The foll ow



summari ze known causes, charactervistvalcsanand
racial/ ethnic disparities in sepsis. This cha
used to study these factors and recent techno

pl asma proteomics.

1.1 Causes, &@&hdrRcbgnbstics|ndicators of Seps
1.1.1 Primary I nfections

Sepsis can devel op Frugife.),a nbyutt ycpeer toadi n nifrefcec
commonly progress t o saebpdsoinsi,n ap a ritnifcélcetsisolnys ,C AaP
common primary infection sources include skin
endocadai &#i’vest o ten percent of sepsis cases ma
soufcddfe to the difficulty irmiadiagnaoehiengaars aitm
pat htBamiid di agnosis of the primary infection
treat ment can be started as dquickly as possib

CAP and UTIs are pri-masiSttirveea wsceodc chfs tpme uln
and t hree gaBasmvheer i,c hrieas pééactthiewre Ibyact eri a can caus
Haemophil umnidnfalndemz aal i nf{edEnitenrocorc)t®l § aec
8. hPweEeric®l one of the mostabdomhonml tfhuwd galt ¢ fo ni
infections, sucClnas dahaktdhcabhsodbgmilnalin int
infectiols 'dr UTI s.

CAP resefrtdad.bnmovVv!iion hospitalizations ann
infection that develops outside the hospital

been hosdiCiAttadi spdoportionately &f fyeatrs tama ol
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Septic Shock, Death
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Bacteria, Virus, Fungus, or Parasite

Patient Factors
(Age, Race, Sex, Genetics, Baseline
Molecular Levels)

Infection Source
(CAP, Abdominal, UTI)

FigurAnlodervi ew

patient and soci
CAP = coamguni t gd
Bi orender. com.

Socioeconomic Factors
(Geography, Income, Insurance)

Comorbidities
(Diabetes, Kidney or Liver Disease)

of t he causative
oeconomic risk factors
pneumomairay; tUTalct= i nf ect

on.

C
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ten times more |ikely to be hospi P&€APzE&domhan
S. pneumdée@adeomi®ecreasing in incidence, partia
recetmmengneumococcal vaccine, but other bacte
identified i2n AP patients.

Int-aladomi nal infections i mplgacnd ~i5n0c0l,0ded vAaTei
infections of differentsolueavieblmso saf csoawveorni tsy ba ry
secondary and tertiary peritonitis, foll owed
infediSiepss s seceabdlaormi ntad iimtfreacti ons i s more s
mortality rateytthanotkediegrtigvebasynd avay parti al |
of pathogenic organismsdé ability to thrive in
inflammator yy?host response.

UTl s are highly preval enwi tbhotahn 1eds thihned tlud dSo |
and 150 million castég¥Femad pectaindelth,e eddrery ga
vul ner ab3'eAfmr dUXTilmat el y one in two women exper
l'ifetime, as UTIWrico mmoer | ¢yl aexiufri,ied as uncompl
ot herwise healthy individuals, or complicated
usalde€X®omplicated UTIls may be more |likely to d

with additional factors comprbO®mi®sing the urin

1. Sedpsi s and Septic Shock

Certain subgroups of the popul ati on, such
i mmunocompromi sed, people with chronic diseas
with weakened i mmune systems (e.g.t andividua



increased risk of having an imRhiugk)i®apipd ogr es
di agnosis and treat mentf umigtahl st hfeo rc ofrurnegcatl dirnufge
for bacteri al infectiobpnsk. are necessary to re
According -83oguiheelSepss s patients who have
infection are assessed -Rel agetdtheOggackF&ebhbuea
(gSOHA) .sepsis is present, a patliientesj |l & sxéhi
bl ood pressure of 0100 mm HAdddanhdomalespi daho
dysfunction | ends to calculation of the full

05 (with O being asroaremall yadullt) arhdat5 cloenmbn e s

systems (neurologic, blood, | i3% rp atainedn tké sd nSeQF
score increasing by 2 or mor e phoosnptist als naosrstoacl
and dlemssi fpatidWhrtl eas nceptdiidl y useful, SOFA ha
it cannot predict which individual-epastéengs w
conditions (e.g., renal or eved i rodt @wmry aftainli inre
scored iWTherredotrley. it i s important to take in

|l evel s and/ or evidence of biocheac¢ticiaveopgamneidl

[ CRP], prothromhiP€ET]0or pootlalagintbtemi sepsi s.
A patient that is in septic shock is clini
to maintain an arteri al bl ood pressure of 065

absence of 2Coynppoavroghcde intsga .septi c shock is also cl

deviations from nor mal in regard to |l evels of
ment i’Aesed. result, organ dysfunction i s more s
hi gheirntdsamsi s, | eading to the dheoastphi toafl .>40 % ¢



1.1.3 MdHercaudtaeri zation of Primary I nfections

On a mol ecular | evel, the host response to
Si miGleamrowiede expression profiling of the top 1
revealed that more than 1,000 genes associ ate
bet ween fecal PeeliltohedtsehmaacChPivegx dDm, and
tolerance were significantitTyeeheukbeyt é uncamn
response revealed that over 4,000 genes (~20%
were similar across si x pr ianbadroymiinnafle, c tuiroi nn asroyuy,
cardiovascul a¥Amosrkg nt,h ea nmo sCCtNSc)ommon i nfection
abdominal, af@8%ubpfinahg)gendgd that cha’ged in

However, some differeacesusnpthmahypystnfespl
been noted. Whenwicdoempeaxrpirnegs sgieonnonper of i I i ng betw
fecal peritonitis or CAP, 263 geréatedli® oiht,
signaling andomeepgegupaédEdntsad CAPerence may
some CAP patients having a vir3Al do,f exctdgeome in
expr esscsagrpenci fi ¢ t o (aibndnoantien & llmnsuenpes g@amae sP INARP 1
with ttalkolmec gemer EDBKjewhbbve at di atghhesi ng al

FAI M3: PLACS8 -dati ved aBOWdema r3k,eor00 genes (~15% of

measured) in the | eukocyte transcriptional re
cardi avasoul CNSHé mdstcasion,s.cytokine signaling,
i mmune systems, and metabolism pathways were
infecti 8Baseoedroersprotein biomarker Ickvael s, pa
stronger inflammatory and cytokine response t
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afDecregsiedyvascular integrity was al so
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glycer
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shock
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i mMmmune

nal and bl oodstream infections and UTI s
ophosphol i pfHbswearedt, alngl cee i ¢tomled . di st i |
secabdamy niad iamiwdr &1 oo dstSTeepasm si nvfeercstui so ns
could be distinguished in CAP with incr

ophosphcdfinp Haddtofm@ anea@3 4:nff.ecti ons, this di

rease in symmetric dimethyl ar@inine an
r, in UTIls, metabolites cduld not disti
a mol ec yplaarh olpehwesli ,ol tolge c a | mechani sms of
el uHdoiwdeavteerd . t he host i mmune response is

terized as aand wdrdtliammamea t beFty waue)RppifRe s (

i nfeetephorlsi kseu crhe caesptToorlsl ( TLRs) enabl e h

s leukocytes and epithelial and endothe
ated mol ectF¥%mf lpammatinen (PAMB®HMS ue x ¢ ®s ¢ i
hrough t taes sroeli @mad ead anfo | kacmdd adST p°dt t er ns (
g of PAMPs and DAMPs to TLRs activate t|
e coadul T HénéS §erceetmofi mrhiendé nsystem on t
(AP mMmmunot hrombosi so) promotes thrombin
coggahairf® &t®muvitaypwyeously, sepsis is als
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Severe i mmune suppression simultaneously take
bal ance is precarious. | nflsammawhiocnh as vsiot d hrepsa
macrophagesobeawbekEammabory types. Altered met ;
production of reactive oxygen species. Sepsis
per meadtled lc¢luincti ons fofopambvegmaenst t oAxmpe wii a
To-l |l ke receptor 4a;s sPPACMPast e=d praotl heocguelnar patter ns
Bi orender. com.




Met abolism is also altered in sepsis due t
generation of criceasc.P5AV¢eorygdygghuspee metabolism
i mmune cel |l s ,-i rsfulcehmmast dwlyi)n pa madmmd2t o(rayrit' imirc¥’op h

>Sepsis also damages the actin cytos&lel e¢loins o

cetd¢eél |l junctions, &fOdewvadduyl @arhipe rumeal ialnicteyd. h
excessive inflammation eventud¥ I8 1% ads to or
1. Tr44at ment Strategies, PrAcdgdmreesstsi ¢ I ndi cator s

Rapid diagnosis and initiation of treat men

septic sBeckori gseger 4% hou?Bit oseghetcrternutm iasn tdieb iaoytei
typically administered firtrstthéothosédi \mg pat
fungal infectifomngasl sucspreclhedgi Bmntir asensadsof |
and vasopressor medications *#Hlomevealeso itmeat mam
straightferwarodof &aswetiemsence and different fI

equally effective inday emdr tnal iptayt i reatt ss based

There is not a definitive set of prognosti
|l actate aqnu gmtntlieweol s, SOFA score, type of in
stain (for bacterial infections), and the pre
progfivssvever, SOFA scores cannobseBmdi ct ind

determining the pathogenlifche aaudsdi tiisomoaf emdleec
CRP, PCT, i 6t, e ralna@u lsion ubll le) ur oki nase plasminog
only moderate success beeprowguadestyi sauidoedanad

| ar ge, di ver se®8ptatiise natl spoo puunllaitkiednys .t hat a sing



bi omarker to add tt®Bedltiemi palogmessurcemandti £at or
cruci alpiimg dmored oper sohakanzrtemdeénfindt sepbegbiesge
Various O0omics studies have aimed to ident|
serve this purpose. Sevéoahiatf enoteciudes bhavwee e
will survive sepsis compared to those®%ho do

Thesod emcaurleesr el ated to the folioWwiagmdunohj oas

host defense, and stress rnhnedsponaagd;, thommbemeg s
and metabolism of | ipids, boxiedatciadms, @hacdme
glycolysis, and the citric acid cycle; Iipid
mi tochondrial fhuouspobronsanidroygytiosketlt etal / cellu
particularly microtubule dynamics, cyf%bskel et

These pprtawiicess of sepsis surv-HvapahaceWhat g
pat i’énf3wi’h’a smaller number focusing on Braz
backgrounds w®re@enypytt wetaoherdt)s hatleatadcl uded

only a single cohort has i ncWddietdi Arf atlilhicga,n mMonet

patients in these studi’@er'hal® nespeciatioey bad:
infetclt®®iny two cohorts have inabddmidnphtients
infedtiaodspone have included patients with pr

Therefore, there is an urgent need to exam
outcomes in diverse populations in terms of p
background. While markers thatesarer spaci éntt ¢!
be hel pful, prognostic indicators that are un

10



the most wuseful <clinically. Prognostic and di

beginning treatynemft dinadgncsi mg fifnfcaudtti ons.

1.2 Raciilgpearhintiices i n Sepsis
1.2.1 Evidence of Racial/ Ethnic Disparities i
Hospital data from several decades have su
bet ween patient grcolfys i o as dBNnecekppatsiced et Hnhave
t wice the i ncihdegnhceer orfatseesp soifs hospi talizati on,
Hi spani c Whi i.’"#é spsaind ¢ patients appear to hav
rates of sepsdiHs spamp ar NVAftre Aoam il Bahhsk pati ent
al dam avecrladg ey ecafr s9 Wo#n ¢ @ a ntgeaatvhei ftdes8° Hi spani c
pat Pewvhesa hospit alHozwed ewi,t ha nsoe phseirs .study sugges
Hi spanic patients &diespantiic Whingéatth&ei Mon pa
Ameri can patients are younger than &all other
sepdNfg.iAmemi/Bdmck patients are more |ikely to
site infNc#i oman iptaaWhéimiédack patients who ident
second raci®ddaektmati ice rygtr o uyretrh clasni,a no,r Noatthievre rAa
backgrf@Himspsani c patients also have an éPevated
Racialiephnitids in svedpsers dnomdirad timays Erichttael s
dat a~20OmO000 t o i~e2nt5s haigsls | r9@jiegnie A1 7 WA L%
African American/ Bl ack, Native Hawaiian, Amer
have a higher rate oHi dpanihc f Whimt®es dsefppasmi ¢ hmat i

American and Hispanic/ Latino sepsis patients

11



Hi spanic Wh t@n¢ghasgt echy sdemonstr at e dNomWhgihteer mo 1
patients after adjustianfgt efroradpjautsiteinntg cfhoarr ahcotsep
only Asian/ PaNodVihict € sl Bhadek, aHdspanic, or Asi
had higher 8Wohretnalsittryatriaftyeisnng by primary infect
American/ Bl ackigherennhsi dameeaand fatality fr
comparedditspamaorc Whii te patients

It is difficult to characterize disparitie
due to a lack of inclusioni pheasgedieesal havegcl
Noawhi t eNoaBnldack patients’®t Fgehhefe &8r 6 octchretrr. ad i
findings regarding if these Aothero patients
pat i‘’2mbs t hesrapyatneintztedt lé scupasteident s al so

hi gher rates of organ dy%Yawevdron vameln |sotnrgeetri f

specific groups, Hi spanic sepsis patients hayv
toan Mompanic White sepsis patients, while Asi
patients had similar | ength of stays.

There are | imitations with several of thes

resul ts. FitsBbnscbfinsepbsi deindi’Septeiral ssaauldi @
selected patients for inclusion in studies ba
Classification of Di9fe.a®eB°t No gt iRteviisimoant (d)
patients would be classi-9ieaddeaes frhay einndogr bactel
infection, organ dystdHcNedAPCPodesepDirs spaptsi
introduced i nha&2wéd 2comhliichatmad r et oddru i bhlilse pat

especially true for older studi &5C-Iféh awasex ami n

12



introduced in 2015, agalOfhehasgudgesodsrd Mmat
dat h data, whi ch -hoscpiutdefs asdtdtatbihregessr 8 aonhy exam
data from a |imited g¥dpfdafhngafolrosati oacono
af fect dispari ts e®s &2sIsd®; | $foh ec hdael fliennigtiinogn. of r ac
or similar across t hiedksen tsitfuidd aetsi.onFoaf irnasde nnoaey
critical IBYy eialdli nmpatioemti ssed or 8fTheordfe®cte, cll iamig
studpasienhts of various racial/ethnic backgro
analyzed with standardized selection methods.
Not abdmpe studies have reported no disparit.)y
patientsd racial/ enhbonsi baekgresndses dati eont i |
selection methods, data used, hospi tal®?type,
Mooee caolncl uded that mortality was %SKaokdeafrerbet
et. adidnaodi fferences in hospitahbhnmaci alt/eetsh nvie
background bNat idya AnmArfrdi icalaentakmder i can sepsi s p
younger -Hihsapna nNocn Wh i t8&T hsee pasgies apta twiha gcthe ad i emt
die from sepsis across racial/ethnic b&%ckgrou
84 . A%di tionally, African American sepsis patier
SOFA score and | owest abéembgl bbvel bewels, | olwve ki
and Native American sepggestphmoektcdl BTlRirenftiens
mortality r88tne sanarby smismioifan. sepsis patients d
pati enhhisgheard lmospi talization rate for sepsis |

pat i®ént s.
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Di sparities have al so been o basbedrovneidnailn pr i
infections, perhaps besauisef @dlt itdhies haeRitc ioase nree
survival outcomes fr-amdemipsalk iseteadiaogstwilin
ChaptemBlack patients have a higher rate of CA
have sevew¥i CAPHi spahavepatmehar rated® compar
No-MVhi te patients have hi eglsesrocadadse do fUTd esv @ lhoami
pat i°@itaxk women have reported | ower odds of r
but this matyo buen daetrtersitbiumaetde s o fO%Ndind grpmsd s iBl aB
and Hispanic patients were more |ikedy to be
Hi spanic White patients, although comorbiditdi
expl ai sedi’Sip@hraptyer ai al disparities in survi)
secondary to UTIs wil!/l be explored.

The i mpact of race/ethnicity on sepsis sur
evidenced by contradi citeosr yd efmonndsitnrgast.e dwhdiilsep anoi
rated, 8t A%er% highlighted socioeconomf® ®r %t h
but not®%moritsalliitlkel y that in addition to soci
mol edwelvel factors also contribute to sepsis s
hypot hesis that proteins c¢hamugivragy stoesthvaeveen csheam

associatedrwtct hlbpetkklya nusna s

1. Z02Zioeconomic Factors and Comorbidities tha
Sever al socioeconomic factors, bot h at t he

di sparities i n sBPBpgilkglswbkrnvisvagl gewtges ampdes, c@ | re

14



as sepsis mortality is highest adYosMNon&lci al /
Hi spanic White patients have higher mortality
No-Hli spanic Black patientsl|l hbd¥obabh€ar mbirnal p
l' iving in a medically underserved area ( MUA)

than those-MUAvidnegs piin ea snom | arities i'A%2 di sease
Sepsi s mortaliitmes ahiegheaerienfHawai i compared |
may be due to differences irfdPakvia¢nhsaire ame
U.S. have higher rates of recdfThese ©UThsinlgan
be due to individual |l evel factorde(ve.lg.f,acdadpe,
(e.g., number of phyPcians, unemployment r at

|l ncomé3hdveéehsurance status are other facto

survival oamaycames aondrmlate with each other.

have been reported to more I|likely live in ZIP
sepsi s®®amikeatby, individuals who |ived in MU,
have Medicaid, identify as Bl aMWAS’Bhadchke apdun
Hi spanic individuals ar é% al'8fe rmoirrec d me ell /v @ los

health insurance (or theckaok mheyeodbmombydl e

care, and subsequently higher sepsis severity
A Danish study showed that sepsis incidenc
secondar y'%erd utctag i W.NS. , patients wimbréebiskéhnr

to be diagnd’ded watyh beepsii sf or med about the s
pain |ocalized to the infected aredansll eepine

severity of infecti osnenatnidals efposri 3€& enk ian gt itnreefartan
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P
from
admi
back
gui d

di ff

rocess and quality of hospital care may a
sepsi s. However, findings have been inco
tted toi nthen huonsiptl@®)dv@ant éhosepsi s based on rac
gf% Bfthck sepsis patients were |less |ikely
elines compared to Whit%' pBYspanant) yaandra

erences in hos%i t'43 %Y pe (e.g., academic)

Chronic comcdthi hisonds abet es, HI V/ AI DS, and ki

pat.i
prog
cont
di sp

Wh i t

entsé risk of developing infections that
ression, ankAi gdwrjehfgh 5 e nc sm@rskiisd (condi ti ons
rirbactiealt/ @t hni c di sparities in sepsis. Dia

roportionately i mpact Black patients whil

e patih eddt £4. 111

Whil e socioeconomic fahesorns sepsrsbubhei tten

t her
bi ol
few
back
out c
pat.i
como
Howe

addr

e are residual diff er enclds 8Umdixepilsa i'athbedd! nbgy
ogi cal response to infection may help exp
st athiae e xarievel malheamwleasr i n sepsis i n pati

gr oGmampt.erlsn praonckcodni c factors that are as

omes wi || be explored in geolgormphicfal $ gp ai
ents. Age and sex are accounted for in th
rbidities such as |liver and Bedhegndls2aig
ver, due to smal |l miaompfl aec tsdrzse sdi sod hsege & ovee

eLhaptiems 2 and 3
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1.2.3 Biological Factors that Contribute to D

Bl aacnithi CAPati ents experienced ediaftfeedr etnot izailn
finger, metal bindindg'f narhdi marno re nldoomeoaksetma sai smogd
i ndi vafduflrsi can descent !ad 1 ed U LPewrasgpoowsyeo a g u | &
(speci ficanlty tthimroondb inn c o niprlaegxmeednitnsp,r o) ha ombr n X

1 receptor agonist, cCRParand tovehiemddhiyd CathsMA)s

Baseline |levels of CRP were report #Afhriigchaenr i
(Zulu) individuasled i mlesd elveves hifgharctma VI IIT (
individuals and higher baseline |levels!Wf von
Correspondingly, African American/ Bl ack women
Caucasi aldAfwoimeaan American/ Black individuals al
D-di mer, a-adtpbaammnn than Caucasi an, Hi spani c

i ndi vil%bal e, Chinese American i-chidni&Bifdruaclasn had |

Amecran/ Bl ack and Chinese American individuals
mol ecldfwo Ilnephropathy risk alleles of apolipo|
American/ Black individuals are asis®cild%t ed wit

Di fferences in inflammatory and coagul ati o
characterized at baseline, in endotoxemia mod

of sepsis or septic shoclk.splothsies tloi k enlf ye,c tti hoenr
patients from a vari etFyugdd)ilsadhi g@ahl gt reiterbagek
Anal ysies scef cdbihwrt sief neepsisargpdthioebest ehat den

sepsi s sur viGhaa p toeurtsc odnieasicebsi@8d ypl asma pr ot eomi c
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uncover -movelcudt@anges bet-swereni war sy iwiotrsi mnan d

racial/ ethnic groups.

1.3 Proteomics Approaches

Preoedmi cs is a power ful approach to study pr
survivalanoduticsomeesf | ective of the hosi®ds condi't
Proteomiiadds icnamunderstanding factorel p hdhesicomtr
personalized treatment strategies for sepsis
backgrounds. The analysis of |l arge cohorts (h
proteomi ¢%f tamealyy shies.easi er st eesbtwhien Wwargengs a
as mitnimal ly invasive and relatively $3*“mpl e t
Howewaet omati on of sample preparation and dat a
faci l iatnaatley stihsi,.s I n the foll owing saatddi ocome, vah L
ohhut omati on strategieswibe ¢l als@iaaspstdentps e2 panred

sedqaiut omated plasma proteomics was used for th

1. DibsceBuaesreyd Pl asma Proteomics
Di sceébvaesreyd proteomics is the study of al/l p
organism, bbdsug, ftaeid, (ase opposed to targete

specific prothimformaptrioori asQut protein expre:

transportation, interact t?hVaramd sdysefcthmd tgiucers
in proteomic studies, sdicimkas Wansmtuerors obr lbetntti
However, l i guid chromatogr apMy) cioxu ptl eed ¢ @l dnasst
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because it is high thrcoughpwvyt,cpnovddesi hyghh
a complex sample, and?Aoewssadti m etqhuii v ed iamnd @ rbtoe
based proteomics commonly relies on shotgun p
samples ardeCld8al gy zpdowvi de i nformation about t|

Pl asma is mostly comprised of water (~90%)
t i slseusek age and I L proteins, mineral salts and
met abb’*f ttRiasma is coll-eohtgd! hgytad@eng. ant i
ethylenedi aminetethepacemni)c taciwhodre Ibitoolidumol I
The complexity of plasma presents significant
raemgof plasma protein concentration is greater
serum al bumin at md/ mplg/Imdv é lesreetl &6 , $ & emluae rp rnegp & |
strategieanallydrsto MS

| n batpt @gmot e o mi(ésguwder kpfllacswisa s ampl es are t )
prefractionated via iGhraupntoedresplZetammdnr 3 dememniti bte
the dynamic range o&dbphdamia @nadt encriedsret i owc
concentration is determined using an assay, Su
Chapteryg ,2 Bamddlfdrd, or Lowry assay. Proteins
a mi xture -6f prygpgecnhygybtyesinm en aadedds gardgorttmi en 8@
(descrCGhbaepdt eirng .2 Peerpd iZdes generated from protei
remove interfering speciephabeaoci(-R&pi i e ae sL
MSanalQ@warst i tati ve oiptthieorihsleaebaenlr rpépt othe ec hemi ¢
strategies (e.g., Ilsobaric Tag t3@rmaRaleat iMaes sa

Tags f[*WMT]which enable multiplexing (i.e., mul
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De

ener g

all ow

t aneousduwantainfdi creetliadn vaet t he expense of a8
e |l oss. TMTChapmtgd msg Reaasred bt3gadg sT MTepartour e up
rent combinati ons!€ofalMge aivsyo tcoapr ébso na ta nvda rnii G
e tagbébs structure so that 18 wunique samp

Ssi s.

hancements todparotedmetdept hnasample com
ved through the addition of peptide frac

pH RP fractionaQhaopt ertshe2 Tdared er sdegsrabe

noe¢, dioectly SN nd&Ondd nte® tslkegalb@ti on wit

ho2rs) coupled with offline fractionatio

0 protein identifi®cations at the expense

tection aomd oduantbieffiecdatpiepti des can be pe
y -icrodud¢esd odhi ssociation (HCD) fragmentat i c

for similar precision wioh "M8ard®Bdsed i d

When unmderlgOb fragmentation, the TMTpro tags ¢c

whose
spect
produ

overa

intensities correspond to that peptideo
ral mautnt h a{ iemert @mh pEeeodtirde) , tihse swemmaed etro
ce the peptide intensity, and then al/l p
[ protein intensity.

LEGMS/ MS data are searched against a known ¢

softw
i dent

subj e

are such as Proté€bapt ®r caverdéet T rdne sner ipb
ifications and relative quantification b

cted to further steps, surcehf earse moa nsad mpelae
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Plasma

|
. | |
Depletion (HAP) or No Depletion
Enrichment (LAP) or Enrichment
Depleted HAP or Enriched LAP Crude proteins

L)L L
— (L
L
L Protein

Protein concentration concentration assay

R

Fill Centrifuge Collect Concentrated |

Protein
v Peptide desalting &
Protein digestion centrifugal evaporation
a” N ~ ~ ~, .
) N A oy SN ST
o S SSTTULTSNS

Peptide chemical tagging
(e.g., isotopic, dimethyl, iTRAQ, or TMT) Label-free
~,
= ~ =7
) R § o
\ AP

1 O |

Peptide fractionation LC - MS/MS Data
(e.g., SCX or basic RP) (discovery or targeted analyses) analysis

m

Intensity

Absorbance

RT (min) m/z
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Figar@verviewnwp pdploasma proteomics protocol U S
sampPlkasma i 9preictetssredphbg depletion or enrichm

sample. Typically, proteam asosnacye nstucaht iaosn B GA,d
Lowry assay so that a certain protein mass 1is
instrumental analysis. I n some instances, pep
and/ or subjectedy twsifrug tfhreac tsiegraataito o nt éoc hni g1
Bi orender. com. Abbreviations: HAP = high abun
i TRAQ = isobaric tags for relative and absolu
strongxchange;,; ephasaVeMdd s= | i qui dt armdemamags ¢
spect rRaqpertadguced from Mol . Omics, Vol. 18, Ki n
Associated with Raci al Background and Sepsis
froame Royal Soci%8ty of Chemistry.
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filteri g scmod efrayl saessessment, and statistical

bi ol ogical questions.

1.3.2 Automation of Plasma Proteomics

Over the past two decades, there have been
exper iTrheerstes .advancements ar e -staompalred seeftfsortthsatt o
the statistical p o we r-b anseecde shsiaor|lyogytiacraal n sgsuder s & ailcbi
bi omarker Seapediatiabest echnol ogy companies have
sophisticated robot(Tabll e dilaitd)ctaan dleern npleatr fad rerd
appasfodor sampl eNew etpeacrhantoiloongi es have afl sowe been
' iquid(as alngwdasonwadsB nlapjmwd| L5 Bbcr amapgloautsds cusi ng
droplet ejection tedhnolfogy (Beckman Coul ter

Sever al gr ohuptse ch atvee c¢cewdlrapi ng aut omated pr
proteomi ¢ ®rPBEMSc a'stA1'Y¥sisng the microl ab star
(Hami |l t on; N = dmulOot5 pslaempalfefsi)liotp yViddrR30H v al sy st
col unhe fFlo&3%i dh*% t4Bei db*Mmenko®fik7s { Betc bk man Qo =l t9esr
sampl es }prantdhHhoult s onsyVsa(Nemmg64 samplTeasblien ~2 |
1)4%Manent delveel oped the Plasma ProtvedmeneRBr offi | i
crude pl @s maf (Pl asma 0062 sld AipHéese>Pechni ques and

have previously kReé¥lreviewed by King

| mpl ementing robotic |iqguid handlers into
experi ments, I ncr ease -tt-dhamplgeh pwar i atnido 71 eadmareg
set®81%%he major | imitation with the use of the
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i nstraunmddhreti r i andgransamabl esi, sthgebddbyespeti v
The benefits of robustness, remrcadwecielifloirtty, c
justify thie$X0k,tB0QA)S50f0000botid npltatufmemms. rieayv
hi ghly sophi sti csaot etdh earned wsi khipl Itea dneu syeorbse,eat Ar t1's
devel op and i mpl ement protocols, perform rout
i ssues that may arise during operation.

A primary consideration f or phreottheeormi ¢ anal
prefractionation is necessary for the assay.
drawbacks from prefractionation steps and to
however, this may arnedq usiorpgh idsattnigceaatneg Ir msli € nplsat f

efractionation strategies can be incorporat

©
—

compl exity and dynamic range of plasma sampl e
enrichment, anddapddassiedPddh e mi c al

| mmunodepl etion, the most common prefracti
proteins (HAP) from the plasma sample to incr

(LAY mmunodepl etion tecbpirqdesi hte bumptef fhaed

binding, resulting in the removal of more pro
targeted protein removal. Another drawback i s
required maAtpos diepll ets ol ution is to use a r ec:¢

nanotechnol ogy!®€onvEHBABRet gmova,lcafrftianint x| ersrsiesh
proteins are trapped on a solid suppdrttto eq
typically pwsddntsd adti wdy®® Ohbhdei rf ipcraetfiroancst i onat i ¢

are based on physicochemical principles such
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Tabl eLilg.uli.d fhoarn dllaebrosr at ory aut omati on available for research.
Throug Pipeti Desk
Vendo l nstr ume | nt e gApaptaerdat us (# san Vol umcCapac
. BenchCel |, c e n,t rhiafruc i
Agil e Assay Map | abeler, miniHub, v 93814 0.003 9
Technol ) . 2500L
peltier, orbital sha
. . Barcoding, vacuum, [
Beckme Bl omek and cooling, shakin 9@84 0.-5000 45
Coul t Bi omek
reader, plate stack _
Eppend epMoti on Ther mal modul e, the 8 0. 2idlmlL 12
Gil so Pi pet ma: Orbital Shake 8 1-2000 9
Mi crol ab Barcode reader, I nt
Hami |t M|crolab shaker, p03|t|ve Pre 9ms84 0.-8000 70
Mi crol ab vacuum station, 1incu
Mi crol ab t hermal <cycl er,
SOLO LigHeating and cooling
Hudso Handl er, bead nests, automat a 192 500inL 192
Roboti Robotic Ereaders, plate crane 10mL
lZzhannel stacker
Opent r 02 Thermocycler module ggg,4 17000¢ 11
Magnetic modul
Perkin Jalnus., Sc PlateStak, plate r 9684 0.-5000 32
Zephyr
Sirus Vor tsexi,ji cate, Dbarcoc
Omni Taskdilution, weigh, cap 8 2-50 mL 36
Aut oma : .
di spensing
Barcoding, Carousel,
Fl uent, |l cool ing, milxitreg remnd
Tecan -yo Teca vacuum SPE, Magneti 8384/1 9-002 45
Freedor . . 1250L
Digital [ Cycler, Sample fract
Centrifuge, Posi
Deck Capacity: I ndicates the number of positions availabl e.
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i soelpodithfti.tfhes®8 techniques tend to be simpler
because they do not require antibodies, but t
standarldn zaddiotni.,on t o each metthoontadtsi nbge neeaf ci ht st ea
has its own“*“pros and cons.

When performing i mmomesd @igd alt @ \w mptaoa yt caltr Ageert
for removal. Il mmunoaffinity columaptaumeepobpuha
number oonf tHWAeP st ati onary phase using anti bodi e
abundant proteins (MAP) and LIAPecftleodv tGuroruegnht |
avail able commerci al products target varying
depl et i9®6 ooff 5HOAP, but the benefi té gP8%teau at
Subsequently, the ProteoPrdp2bePBapmaMl mmGyged
|l atter of which removes MAP foll owing an init
di sconfi’Yiiueater®lcently described a deptiedi bor st
protein parse cpiapritt aotfi cam , a wthlbioadit leedd wohrek flhwmb er o
identificationand rroenmasrfnfebike tqdvsas @aardr ernotbl uys t .
commercially available prodwmatedt war ki Aoeashee

HAP targemsmar daabdei 4. 2

1.3 onsiderations Associated with Automation o

There are many factors that must be consid
pl asmapl es. First, the goal of t hebalrancecicntg mu
sample preparation time with increasing sampl

fractionmpromecaampl e throughput eanpdr oatlel ooome ,f o
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respectivel y. However, chemical | abeling can |
i ncrseaanspekr epar ati on and analysis time. Therefor
dataset by reducing sahmpd eagaoimpd ta xtaldigs mtuisrme blec
i mportant to be mindful of available vol umes
|l imited sample availability per researcher (-~
exper i mesnmasl lu svfonlgyatield .e s uasreedttheeinng he user wil |l
in the volume available to perform experi ment

Each part -opl apemabebmoms wor kfl ow-i s essen
gual ity data. Thus,besauwupra&lme@® eadhevd kK shi snh ovwlr &k f
reliabl%® "Feasmpltess of QC checks include, but ar
prefractionation strategi eésas(emarsttircaulearileys )i, mp
efficiency, | abeM3$hdS eddq wiiepimtoiydounc iabrlee. These
all ow for the quick removatd sédmpbes amieagést a
before spending time and ¢astns mozef dther eausnbep
runseeded to gener aAddigtoioadnarepphheosodltdle bdat aeat ed
identically to reduce variation. Il deally, thi

|l ot .

1.4Aut omation of PhasmhmasPbbseseemtasi on

Il n this dissertation, i mmunodepl etion was
i mmunoaffi-h4d toyolMAMRS. This met hod was chosen dt
simplici tde plfe tiimonru nveixtihshtisignrhgap e e i difPm)@read eu pL C  (

The top 14 proteins were chosen for removal t
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Tabl eLilsft2.commeemanald @p loatuicd semis € dmpartoetd col s .
MARS HS Pur e

Pure Proteo .
Protei Proteo Protei SMAIFSE&StAb“I MAR®' MARS! MARY9 4 High Sé|
Magnet G Magn €
Be ad s Be ad s
Al bumi N N N N N N
Ul-acH d
gl ycopr N N
Ul-antitr N N N N
U-2-
macr ogl N N
Apol i 0
PP N N
Apol i 0
Do 5
Compl en
C N
Fibrini N N N
Haptogl N N N N
| g A N N N N
|l gD N
| g E N
lg G N N N N N N
IgGL_igI N
Chains ~
g M N N
Transf e N N N N
Transth N

Vend®gsl ent Technol ogi e het magFi $l$annt8ciCda%Mt’ihﬂii@A(fWalSti lpam, (MBA) . Loui
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usianmjPL C swistreenfar i ger at ed auteondfdampmlte ronc cwmp d retcrh
throughput was increased whil eUdihreg na edi fd@lre mi
system witchl amMARIQIZOw | es t o beidepluetne ch gp €ro nw
(~4n0 nute gradi éol |l p&vi ngntéet manuf aléThirer 6s r e
met hod has previousl-welbleeml a&tmg | fogre dc awli It enc tai ®16,
thr ouldhmict* e HPLC systems can al o momer &3 s otn
to operate. Thermo Fisher Scientificds High S
an alternative to MARS col umns ~wesliln cpel aHieg hf oSen
(i .e., deplete 96 samdleess ief f4+30 éhith wtte g)e,molvu

After manual concentration with spin filte
TMTpro tagging steqwelWwempé ad et éd mazmealdi goum d& 6hBai nodnh
wor ksitlTae ipdée.x version of TMTpro andsahseiexCi poo
bat ches (otrhedOu lsda nopel epsr)epar ed si multaneousl! y.
then performed using andepPLlL@tsynt emraicmii loars tw
concatenated aNM8/ MBEeprnakdsior ECrt@QRaptdenrsai2 s

and 3

1.4 Overview of Di ssertation

As descSeicbhteidonpnlat3eomi cs all ows for a compr
lwel s Opfr ohtoesitnss during sepsis, which can be wus
bi ol ogi cal resmon e wutsov odvma | i mofud cctoinosos, | fdreanmh | S e/p s

pot emito mdfrdesrepsi s .phegrosbssal so a need to unde
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response to infection and sepsis survival out
backgracumds mul tiple primary infection source

| €haptoefr t2hi s di ssertatitoweempro®e@o®ims cs wn ¥ if
nosurvivors who-atbad mp miamarn ynfiectti ans were anal
stratified by patient 4o srpamiial /Whti irei @rbadkgrca
to understand survicvalssounhcome¢e€Crwhpnbitmysodvpads K
was extended to another primary infection sou
source may affect the host response to infect

subgrlo@Ripaspt&@&rsedcondary and compr eGleasti esres az ad ry

3was conducted to identify wuniversal changes |
and potenti al protein candidatesl|l Chappeedbcto
details conclusions and future directions of
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CHAPTER 2

Proteomic Changes Associated with Racial Background and Sepsis Survival Outcomes

2.1Introduction

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 dayshosgital admissioh Sepsis is
life-threating organ dysfunction caused by a dysregulatstiresponse to infectidrintra-
abdominal infections, a leading source of sepSare highly heterogeneous, with a wide range
of disease severity, pathogenic sources, and infection sulSt@egsis severity is associated
with higher mortality fromntra-abdominal infections, potentially due in part to a high number of
pathogenic organisms that result in a-pritammatory staté. &°

Racial and ethnic disparities exist in both the incidence and mortality rates of sepsis
patients from a variety dfackgrounds®*® For instance, African American/Black patients have
twice the incidenc@ ®of sepsis than Nehlispanic White patients and have higher
hospitalizatioh’ and mortality® 1820 rates. Higher incidence in this population is observed across
multiple primary causes of infectidh?* 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 resldigabnces unexplained by these
factors!? 15 16, 18,19, 287 |ntarestingly, differences in the host innate response that are collinear
with racial and ethnic backgrounds have been obséf#éror instance, zinc finger, metal
binding, and iron hoeostasis genes differed in Black and White community acquired
pneumonia (CAP) patient& Several differences in inflammatory and coagulation factors have

also been reported between individuals of African and European/Caucasian &iééstry.

45



Additionally, apolipoprotein L1 alleles are common in African American/Black adults and are
associated with a higher risk of developing sepsi8Therefore, molecular studies which
investigate sepsis patient outcomes must be done using diverse cohorts to fdehstand 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 ttansistently differ between sepsis survivors andsumivors3’4¢
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 rerethere
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 proteomicgxamine a patient cohort thacluded
both NorHispanic White and African American/Black patients to identify proteins associated
with differences in survival from sepsis due to irdkalominal infectionPlasma samples were
obtained from patients enrolled in the Protocolized Car&érly Septic Shock (ProCESS)
cohort?” which was a randomized trial comparing alternativehsimr fluid resuscitation
strategies in septic shock patients across 31 academic US hd¥iféstiveness of these
strategies was measured by the rate of death 60 days and 1 yeanpagtncy department
(ED) admission, with treatment strategies showing equal effectivéiid&schose the ProCESS
cohort because it is diverse with regards toggeca p hi ¢ a | | ocati on, pati ent
background, and primary cause of sepsis. This study focuses on the subset of patients that

developed sepsis from primary inlkladominal infections (N = 107 total) to minimize effects
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due to heterogeneity 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, PatiemdPlasma Collection

The Institutional Review Boards at the University of Pittsburgh and all 31 hospitals
approved the parent trial, and this sarnmlysis was approved by Vanderbilt University. We
conducted a study using patients enrolled in ProCESS, a randomized, multic@ntemparing
alternative sixhour fluid resuscitation strategies for septic shfddkom 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 previofrsf.

A total of 107 ProCESS patients were selected for this study based-ateséfied race
(Non-Hispanic White or African American/Black), primary infection source (tatstdominal
infection), and availability of plasma. Site and etiology of intettvere based on criteria
previously describetf Plasma samples were collected at ED admission when patients were
enrolled in the ProCESS cohort and prior to
a personob6s st &b admisgant TheDeOvastha reporte@ im@att of resuscitation
strategy on patient survival outconfé3 herefore, treatment group was not included as a
covariate in this study.

Plasma samples were analyzed using a discdwasgd, quantitative proteomics
workflow with automation of sample preparation steps in-aélb plate format. Plasma was
depleted of abundant proteins, and TMFfabeled peptides were subjected to high pH reverse

phase (RP) fractionation. Fractionated peptides were further separated and detie digaid
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chromatographyandem mass spectrometry AMS/MS) analysisKigure 2.1). Details are

described below.

2.2.2 Immunoaffinity Depletion of Highbundant Proteins

The multiple affinity removal system Hld (MARS-14) column (Agilent; Santa Clara,
CA, USA) was used to deplete albumin; immunoglobulins (Ig) G, A, and M; transferrin;
haptoglobin; antitrypsin; fibrinogem;,2-macroglobulin;al-acid glycoprotein; apolipopteins
Al and All; complement C3; and transthyretin. Twer0 aliquots of crude plasma were each
injectedontoaMARE2 4 col umn foll owing the manufacturer
were concentrated using a 10K molecular weight cutoff concentratbiip(vi Sigma; St.
Louis, MO, USA) at 14,000 g at 4 C for 12 min. The two concentrated aliquots were
combined into one sample and frozer8&t C until further analysis. Protein concentrations
were measured using a bicinchoninic acid (B@#tein 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 Digestioand Desalting

Digestion, desalting, and labeling steps were performed on a Biomek i7 liquid handling
workstation (Beckman Coulter; Atlanta, GA, USA). Protein if§) was denatured in 100 mM
ammonium bicarbonate buffer, reduced with 200 mM dithiothreitol (Thermo Fishestific;
Waltham, MA, USA) for 55 min at 55C and alkylated with 200 mM iodoacetamide (Thermo
Fisher Scientific; Waltham, MA, USA) for 30 min at room temperature. Each sample was

incubated with trypsin/Ly€ (Promega; Madison, WI, USA) at 50:1 sampleyene ratio for 14
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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 (Nétispanic White survivors, NeHlispanic White nossurvivors,

African American/Black surwiors, and African American/Black nesurvivors). 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, batbes were fractionated and analyzed viaMS/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 (1flex); RPLC = reverse phase liquid chromatography:M&MS = liquid
chromatographyandem mass spectrometry. Reproduced from Mol. Omics, Vol. 18, Kapp, K.

L., et al.,Proteomic Changes Associated with Racial Background and Sepsis Sunvivaht@s,

© 2022, with permission from the Royal Society of Chemistry.
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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

appaatus. Samples were dried using centrifugal evaporation and froz&h &t.

2.2.4 Tandem Mass Tag (TMT) Labelaryd Batch Design
Samples were randomly assigned to 8 TMTimaitches, with 15 patient samples plus a
QC sample in each batch (SEable B2.1for batch assignments). Batches were balanced across
numbers of patient survivorsandrerur vi vor s and patientsd raci al
Each sample was recorated in 100 mM triethyl ammonium bicarbonate (Millipore
Sigma; St. Louis, MO, USA), and 2fy was labeled with a TMTpro reagent following the
manufacturerds protocol (Thermo Fisher Scient
workstation. Each TMTpreeagent 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
driedvia centrifugal evaporation. Pooled samples were then acidified with 5% FA, desalted as

previously described, and frozen-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 (29%y) onto a Zorbax 30&xtendC18 column (Agilent; Santa Clara,
CA, USA). The gradient was as follows70min, 0% B; 713 min, 616% B; 1373 min, 1640%
B; 7377 min, 4044% B; 7#82 min, 4460% B; 8296 min, 60% B. Mobile phask was 4.5

mM ammonium formate, 2% ACN (pH 10), and mobile phase B was 4.5 mM ammonium
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formate, 90% ACN (pH 10 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 irM&grade water with 0.1% FA and

frozen at80 C.

2.2.6 LCMS/MS Analysis

Each fraction (Irg) 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 weredolaohto a commercial C18 trap column (@b i.d.
x 2 cm, 100 A, 3im; Thermo Fisher Scientific, Waltham, MA, USA) prior to separation on an
in-house C18 packed column (10 i.d. x 30 cm, 100 A, 2.6m) with a pulled tip over the
following 185 min gradien 0-14 min, 2% B; 1417 min, 216% B; 17145 min, 1625% B; 145
150 min, 2585% B; 150158 min, 85% B; 15860 min, 854% B; 160185 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 Orbitia (3531500m/z 120,000 resolution, automated gain control [AGC]
3.0E6, maximum injection time 50 ms). The instrument was operated wlejaadent
acquisition (DDA) mode to acquire the top 15 MS/MS spectra in the Orbitrap using-higher
energy collisionadissociation (normalized collision energy 28%, isolation widtm@z AGC
1.0E5, 45,000 resolution) and dynamic exclusion of 30 seconds. Fractions were analyzed in

duplicate injections.
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2.2.7 Data Analysis

RAW files were analyzed usirigroteome 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 segnces) using SEQUESHT. The following modifications were included:
fixed modification of cysteine carbamidomethylation and variable modifications of methionine
oxidation, TMTpro on lysine residues and peptidéeNnini, 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 ioftsignal
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 [ittp://proteomecentral.proteomexchange Jovig the PRIDE! partner repository

with the dataset identifid?XD030476.
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

guantified proteins were normalized using a modified-$t&p processivolving within-batch

and acros$atch normalizatior? >3Within-batch normalization was based on the intensity of

the pooled sample, and acrdmstch normalization was based on the geometric mean of the

pool 6s reporter i on dataweeernused forifugher. statibtitad anaysin o r ma |
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
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factor, two regreson models were fitted: one with only-8@y survival (yes or no) as the
independent variable, and one with survival, race, and the interaction between them as
independent variableBecause the time point of sample collection was prior to randomization
into treatment group and because treatments showed equal effectiVérssgment group was
not included as a covariate in this studit.models were also adjusted for age, and robust
standard errors were calculated to account for the Ilshisters. 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 vadi) 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 thems packagé?

Fold change values were calcul ated for eac
TMT levels by the meanofnemur vi vor sé6 TMT | evel s. Fold chan
using a power analysis strategy previously describBdiefly, a& 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 almadances 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 Dbiological replicates in a patient s
or O0.67 for comparsuwsromisyv orfs ;su@lv.ivdrosr v380. D nf

Hispanic White survivorsvs.nemur vi vor s ; a n d onarisobof Adrican O0 . 4 0 f ¢
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American/Black survivors vs. nesurvivors.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 hagorter ion values.

Ingenuity Pathway Analysis (IPA) was used to identify significant biological pathways
and functions (BenjamiriHochberg [BH] corrected p < 0.05). Search Tool for Retrieval of
Interacting Genes/Proteins (STRINGWas also used to id#fy 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 measur@lasminogen (PLG) and-t2active protein (CRP), which are implicated in
intra-abdominal infections and sepsi8° Western blot analysis was performed. Ten samples
were randomly selected from each of the four sample groups, except for African Americian/Bla

nonsurvivors (N = 4). Proteins were fractionated by SEXSGE (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% notfat milk in Tris-buffered saline with Teenr20 (TBST; 50 mM Tris, 150

mM NacCl, pH 7.5, 0.1% TweeR0) 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, Cambriddk) at 4 C. The membrane was washed 4
X 4 min with TBST and incubated with a 1:10,000 dilution of fluorestaeled antrabbit
(IRDye 800CW; LiCor Biosciences, Lincoln, NE, USA) secondary antibody fe6@@nin.

Blots were washed 4 x 4 min with TBST prior to imaging using a ChemiDoc MP imaging
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system (BieRad; Hercules, CA, USA). ImageLab v6.1 software {Rad; Hercules, CA, USA)

wasused for protein band quantification.

2.3 Results
2.3.1 Patient Characteristics

Overall, of the total 107 patients in this stu@g,(58%) survived and 45 (42%) did not
survive 90 days pogtD admission. Demographic characteristics were collected upotineent
in ProCESS and randomization into a treatment gf@aple 2.1). Survivors were significantly
younger than nosurvivors (p = 0.003) by eight years, and notably, the number of surviving
African American/Black patients was lower than tluenber of surviving Noiispanic White
patients. There were no significant differences in frequencies of kidney and liver comorbidities

between survivors and naurvivors.

2.3.2 DifferentiallyfExpressed Proteins Associated with Survival

In total, 1,63%roteins (82,320 peptides, 820,209 PSMs) from an initial 2,540 proteins
were analyzed with linear regressions (survival only mdelgires 2.2 and 2.3 After FDR
adjustment (adjusted$0.05), 180 proteins (11.0% of the 1,639 proteins in regression) had
significant fold changes between survivors vs.-sorvivors Figure 2.2andTable B2.2. The
most statistically significant pathways associated with survivors were: hepatic fibrosis/hepatic
stellate cell (HSC) activation (HF/HSCA), tumor microenvironmeamund healing signaling,
and glycoprotein VI signaling~{gure 2.4). Other pathways are broadly related to inflammation
and metabolismHigure 2.4) and are consistent with prior reports of changes in sepsis

survivors34® FurthermorePLG and CRPproteins that are commonly implicated in sep5ig®
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Table 2.1. Demographics of the Patients Selected for this Study.

Characteristic Survivors® Non-Survivors® Statistic
Non-Hispanic White/
African American/Black (N) al/2l 38/
Age (years} 57 £ 15 65+ 14 0.003
Renal Failure (N, %)° 13 (21.0%) 13 (28.9%) 0.889
History of Chronic Dialysis (N, %) 7 (11.3%) 4 (8.9%) 0.163
History of Cirrhosis (N, %)° 7 (11.3%) 10 (22.2%) 2.332
History of Hepatic Failure, 0 0
Encephalopathy, or Coma (N, %} 2 (3.2%) 4 (8.9%) 2510
History of Chronic Hepatitis or other 8 (12.9%) 12 (26.7%) 3.950

Liver Disease (N, %Y

aAveraget 1 standard deviation:-yalue statistic was calculated using aaied ttest."Number of
patients who responded fiyeso and petsasttiwerge of
calculated using contingency table analy$iumber of jasma sample®old denotes significant

differences between survivors and renvivors (p < 0.05 oc? > 3.841).
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Non-Survivors
N =45

Survivors
N =62

N\ N\

Non-Hispanic White African American/Black | Non-Hispanic White|| African American/Black
N =41 N =21 N =238 N=7

NN S L

2,540 Proteins ‘

l Signal in QC Channels

2,104 Proteins Identified

l Normalization, 221 Samples

1,639 Proteins

| Regressions

Race Stratification

Survival Outcomel lSurvwaI Outcome,

Proteins with
b <0.05 395 672
Non-Hispanic African
White American/Black
Proteins with
Adjusted 326 208 139
p<0.05

Proteins with
Significant Fold 180 55 65
Change Values

Figure 2.2. Data analysis workflowTMT reporter ion intensities for proteins were normalized
and analyzed using linear regression models with and without race stratificati@e¢tea

2.2). Proteins were first filtered to those witk®.05, then to those with an FERljusted <

0.05 and significant fold change values (seection 2.2. Figure was created with
BioRender.com. Reproduced from Mol. Omics, Vol. 18, Kapp, Keta|.,Proteomic Changes
Associated with Racial Background and Sepsis Survival Outcomes, © 2022, with permission
from the Royal Society of Chemistty.
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Figure 2.4.1PA canonical pathway analysis of proteins (N = 180) with both significant
FDR-adj usted p values (p < 0.05) &adnicdilol d chang
pat hways were identified from the I PA Iibrary
hypothesis testing using the Benjamitochberg correction. Abbreviations:H = Benjamini
Hochberg; GP6 = glycoprotein VI; Thl =Relper 1; Th2 = Fhelper 2; LXR = liver X receptor;
RXR = retinoid X receptor; IGR = insulinlike growth factorl; NK = natural killer; PPAR =
peroxisome proliferator activated recepdrPD-1 = programmed cell deatil; PDL-1 =
programmed cell deatligand 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; PKRprotein kinase receptor. Reproduced from Mol. Omics, Vol.
18, Kapp, K. L.get al.,Proteomic Changes Associated with Racial Background and Sepsis
Survival Outcomes, © 2022, with permission from the Royal Society of Cherfiistry.
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were verified as posite controls (processed imaged-igure 2.5A). PLG levels were
significantly higher in survivors compared to rsurvivors Figure 2.5B,p = 0.038), and CRP
levels were not significantly different between survivors andswnwivors Figure 2.5D).
Similar results were obtained with rastatified dataKigure 2.5Cand 2.5E).

Protein levels between survivors and +samvivors in NorHispanic White and African
American/Black patients were then independently compared using linear regression afalyses

1) survival outcome from raegtratified data and 2) the interaction of survival outcome and race.

2.3.3 DifferentiallyExpressed Proteins Associated with Survival Outcome within Racial Groups

In the first comparison, after FDR adjustment (adjuste®®5), there were 55 (3.4% of
the 1,639 proteins in regression) and 65 (4.0%) different&adfyressed proteins when
comparing survivors and nesurvivors in either No#Hispanic White or African
American/Black patientsespectively Table B2.3; Figures2.6A and 2.6B. A majority of
these differentiallyexpressed 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 differentiallexpressed protesnwere higher in survivors of both Nafispanic White or
African/American Black backgroundBigures 2.6AC).

Nineteen (1.2%) proteins in survivors were differentiaikpressedh both African
American/Black and No#ispanic White patientd~{gure 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 unatgrselated with sepsis patient survival outcomes
regardless of racial and ethnic backgroufight of these 19 proteins are in STRING networks

in both racial groups, although they are connected differently between racial (ffmupss
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Figure 2.5.Comparison of Western blot and MS (summed total TMT reporter ion

intensity) results for plasminogen (PLG) and Creactive protein (CRP).(A) Western blot
images of PLG and CRP. Samples (N = 10) from each group were randomly assigned to lanes
across two gelsThe African American/Black nesurvivor 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
compaing TMT MS and Western blot intensities for PLGB) all patients andC) in race
stratified groups and for CRP (D) all patients andE) in racestratified groups. For all patients,
the two groups are (left to right) nsairvivors (light blue boxesnd survivors (orange boxes). *
indicates p < 0.05 and *** indicates p < 0.001, as determined bysiaal ttests. For race
stratified groups, the four groups are (left to right)-bspanic White norsurvivors (green
boxes), norHispanic White surviva (purple boxes), African American/Black nsarvivors

(red boxes), and African American/Black survivors (blue boxes). * indicates p < 0.05 and **
indicates p < 0.01, as determined bw&y ANOVAs with replication and Tukelramer post

hoc tests. The hommtal 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. AbbrevRitiGrs:
plasminogen; CRP =-@active protein; TMT = tandem mass tag; WB = western blot.
Reproduced from Mol. Omics, Vol. 18, Kapp, K. &t,al.,Proteomic Changes Associated with
Racial Background and Sepsis Survival Outcomes, © 2022, with permissiothidroyal

Society of Chemistr§?
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Figure 2.6.Analysis of data stratified by race.Volcano plot of protein logof averaged TMT
reporter i on abundancwewdsas aftunction obphlue $NU=rL139v or st
proteins in the regression model)&) Non-Hispanic White andB) African American/Black

patients. Light grey data points indicate proteiithwsignificantpv al ues (p O 0. 05)
insignificant fold change values (1éld change0.62 in NonHispanic White patients and

2.52>fold change0.40 in African American/Black patientgA) Pink data points indicate
proteins with both significasgg  val ues (p < 0.05) and fold chan
Non-Hispanic White patients (N = 55 protein@}) Blue data points indicate proteins with both
significant p values (p < 0.05) and fold chan
American/Blackpatients (N = 65 proteins). Dashed lines indicat@lpe and fold change

cutoffs. Example proteins are highlighté@) Venn Diagram of the overlap of differentially

expressed proteins (pink and blue proteins f(djnand(B)) between survivors and non

survivors in NonHispanic White and African American/Black patier{3) IPA canonical

pathway analysis of the proteins(i@) (i.e., N = 55 differentiallyexpressegroteins in Non

Hispanic White patients and N = 65 differentiadlypressed proteins in African American/Black
patients). Canoni cal pat hways were identified
adjusted for multiple hypothesis testing usingBle@jamintHochberg (BH) correction. *

indicates pathways significant in both racial groups, # indicates pathways significantin Non

Hispanic White patients only, and + indicates pathways significant in African American/Black
patients only. Pink bars refer NonHispanic White patients, and blue bars refer to African
American/Black patients. Abbreviations: IL1R2 = interleukineceptor type 2; VCAM1 =

vascular cell adhesion molecule 1; CCN2 = cellular communication network family member 2;
ILIRL1 = interleukin-1 receptor like 1. BHCE = cholinesterase; IGFALS = inslika growth

factorbinding protein complex acid labile subunit; IGFBP3 = insiike growth factorbinding

protein 3; GPLD1 = phosphatidylinositglycanspecific phospholipase D; HRG = hilhe rich
glycoprotein; IGF2 = isoform 2 of insulilike growth factor Il; BH = BenjaminiHochberg;

IGF-1 = insulinlike growth factorl; Thl = Thelper 1; Th2 = Thelper 2. Reproduced from

Mol. Omics, Vol. 18, Kapp, K. Let al.,Proteomic Changes Assiated with Racial Background

and Sepsis Survival Outcomes, © 2022, with permission from the Royal Society of Chéhistry.

6 4



2.7A and 2.7B. These eight proteins are primarily involved in antigen processing and
presentation, phagocytosis, and immunordguwainteractions between lymphoid and non
lymphoid cells. hterestingly, there are also differentiaflpressed proteins in survivors that are
specific to African American/Black (N = 46 proteins [2.8%]) or Ndispanic White (N = 36
proteins [2.2%)]) paéints Figure 2.60). 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 irsteat#ied
comparisonsHKigure 2.6D), and thigpathway is consistent with or without race stratification
(Figure 2.4 and Figure 2.6D). The most differentialhexpressed proteins in this pathway in
either racial group are highlightedigures 2.6A and 2.6Bcellular communication network
family membker 2 (CCN2), interleukin (IL-L receptor type 2, vascular cell adhesion molecule 1
(VCAM1), and IL-1 receptotlike 1. Insulinrlike growth factorl (IGF1) signaling and the tumor
microenvironment pathways were significant pathways represented #iidpanc White
patients. Thelper (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 identifitdSTRING.

2.3.4 Proteins with Significant Ra&urvival Interaction
In the second comparison, we performed a linear regression with-suradeal
interaction term, which resulted in 49 proteins (3.0% of the 1,639 proteins in regression)
displaying a statistically significant raservival interaction (adjusted<$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 survivbigyre 2.8A). Patients generally
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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 differeetipligssed 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 Black =

LILRB4. All protein name abbreviations can be found able B2.3. Repraluced from Mol.

Omics, Vol. 18, Kapp, K. Let al.,Proteomic Changes Associated with Racial Background and
Sepsis Survival Outcomes, © 2022, with permission from the Royal Society of Chéthistry.
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Figure 2.8. (A)Heatmap with clustering of N = 49 proteins with significant rsigevival

interactions (FDRadjusted p< 0.05). ClustVi§! was used to create a heatmap from theolofy

TMT reporter ion intensities for these proteins across N = 107 patients. The cobmaspaond

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 llkBeE) Box plots of logo TMT

intensities of example proteins with significant racevival interactions (FDfdjusted p<

0.05):B) C4b-binding proteima chain (C4BPA)C) C4b-binding proteinb chain (C4BPB)D)

Serum paraoxonase/arylesterase 1 (PORJL)soform 2 of human leukocyte antigen (HLA)

class | histocompatibility antigen, @& 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 2vay ANOVAs with replication and Tuke¥ramer posthoc tests. For both the
heatmap and box plots, green representsiispanic White nossurvivors, purple represents
Non-Hispanic White survivors, red represents African American/Blacksuowivors, 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.
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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 racirvival interaction (describeabove) are also
differentially-expressed in the first rastratified comparison. Example proteins with statistically
significant racesurvival interaction are shown kigures 2.8BE. C4bbinding proteira
(C4BPA) andb chains (C4BPBFigures 2.8B and 2.8, 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 paraoase/arylesterase 1 (PONFlgure 2.8D), appears
higher in survivors of both racial groups, which is consistent with other sttffielsoform 2 of
human leukocyte antigen (HLA) class | histocompatibility antigea,chain (HLAA) is
decreased in sumors of both racial groupg={gure 2.8E).

These 49 proteins are involved in acute phase response (APR) signaling and the
complement system. More specifically, natural ki(ldK) cell mediated cytotoxicity was an
enriched KEGG pathway in STRING analy$$§.RING also identified a local network cluster of
proteins with functions related to the complement and coagulation cascades and lipoprotein

particles. Type | interferon binding and receptor activity was also enri€iguar¢ 2.9).

2.4Discussion

Alterations in inflammation and coagulation biomarkersg]ltumor necrosis factor, L
10, thrombirantithrombin complex, and-Dimer) between survivors and rearvivors were
previously identified in the ProCESS cohort using enzlimleed immuoassays (ELISASs) and

latex agglutination assa§$However, whether other molecular changes or pathways are
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71



associated with sepsis survival in a diverse cohort have not been investigated. In this study, we
used a sermutomated plasma proteomics workflow to analyze plasma samples (N = 107) from
African American/Black and Nehlispanic White sepsis survivors and rgurvivors with

primary intraabdominal infection from the ProCESS coHdrt.

HF/HSCA was the mogstignificant 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 E@mtdbiis
sepsis and inflamatory studieé? %877 and it may be an early sign of liver dysfunction, which
can affect patient outcomé&8./°Other pathways that are significantly represented in survivors in
this study are those related to lipid metabolism, such as liver X rekeptmid X receptor
activation and atherosclerosis signaling, which are commonly implicated in proteomic studies of
sepsis secondary to CAP or hospiatiuired pneumoni¥: 38 4255 686 These previous studies
that have observed similindings have included proteomics, transcriptomics, genomics, and
metabolomics strategies.

We note that ~25% of the differentialéxpressed proteins we observed wed@ kDa,
and kidney function has been shown to impact the plasma levels of these esulanolveight
proteins®® However, because we did not observe significant differences in the frequencies of
renal failure or history of dialysis between survivors andsumwivors, kidney function is not

driving observed proteomic differences based owigalroutcome.
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2.4.1 Molecular Pathways Associated with Survival Outcomes in African American/Black
Patients

Sepsis mortality rates from intebdominal and other causes of primary infection are
disproportionately high in underrepresented populatians) as African American/Black adults,
and are not completely explained by differences in socioeconomic f&&ctdrs: 12 227 To
understand potential molecular aspects of disparities in sepsis mortality rates amongst African
American/Black adults, wee-analyzed our proteomics data by stratifying patients based en 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 represebtat i
racial groups. A majority of differentialgxpressed proteins in the HF/HSCA pathway were
decreased in survivors of African American/Black and {Rtispanic White racial groups. In this
pathway, CCN2 and VCAM1 changed consistently in survivors fsoth racial groups and
should be further explored as potential prognostic biomarkers associated with patient survival.
Decreased levels of these proteins in survivors suggest legdlpromatory activity,
specifically less angiogenesis, proliferatiorchbndrocytes, leukocyte migration, and collagen
production®® 69 71

Notably, VCAM1 levels were increased in phenotypes associated with higher
inflammation and mortality in the ProCESS colféiia Luminex immunoassays or ELISAs,
VCAML1 has been decrease survivors in a cohort inclusive of African American/Black
patient$! and in Taiwanese patiefts®3and is overall a predictor of sepsis mortafity?> RNA-
sequencing analysis (RN#eq) and Western blotting have indicated that VCAML1 levels directly

correlate with inflammation in control mice and mice with systemic inflammatory response
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syndromé®® Additionally, similar trends have been demonstrated with CCN2 via mRNA
expression in sham and cecal ligature and punctur&ras} via Western blottinin the
peritoneal cavity of peritoneal dialysis patieft3hese 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 radiahie 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 dtdwed, IGF1 and tumor
microenvironment pathways were significantly represented intlspanic White survivors.
Although these pathways have not been discussed previously in African American/Black sepsis
patients, RNAseq has implicated genes relatedh@ induction and complement activation in
African American patients with atopic dermatfi€€LISAs have shown that Th2lated
cytokines lead to disease flares in African American systemic lupus erythematosus (SLE)
patients® Single nucleotide polymohisms (SNPSs) in genes important for Th1 and Th2
immunity and T regulatory cethediated immunosuppression have been identified in African
American women that greatly increase breast cancef*Bkr findings extend the implication
of T cell and complemermpathways in various immurrelated 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 fdispanic White patients that may partially
explain differences in patient response and ultimately sepsis survival outcomes.

We also identified 49roteinswith significant racesurvival 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
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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, C4ABPA
and C4BPB are examples of proteins which appear to change differently in suipasedson

racial background, further implicating the complement system (specifically complement
regulation) as a point of potential difference between racial groups. Additionally, inteaféron
receptors 1 and 2, HL-A, andleukocyte immunoglobulifike receptor subfamily B member 4

have significant racsurvival interaction terms, suggesting that type | interferon binding and
receptor activity and N¥Cell mediated cytotoxicity are also specific aspects of the innate
immune response that may be differertid@en racial groups. These findings may also implicate
downstream pathways, such as the Janus kisigeal transducer and activator of transcription
(JAK-STAT) ° as areas of the immune response that differ between racial groups and could be
explored in @ture 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 mortaittyzdditionally, plasma levels of type |
interferons were increased in African American patients with SLE compared to White patients
with SLE in a luciferase assd§Conversely, genotyping of SLE patients revealed a SNP in the
mitochondrial antivirakignaling proteirgene, which can induce type | interferon expression,
found almost exclusively in African American patients that correlated to low type | interferon
and preinflammatory molecule productioi.Correspondingly, singteell RNA seq showed an
association between higher degrees of European ancestry and increased type | interferon activity
in early infection of influenz& In regard to the HLA system,molymerase chain reactidased

study revealed that 11 alleles of Hi/Awere frequently obseed in African Americans, but
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were observed with low frequencies or not observed at all in other racial/ethnic groups in the
U.S % Different polymorphisms in HLAA based on race/ethnicity can affect susceptibility to
different immunerelated diseases, /uas multiple sclerosis ar®l aureusnfections%°®

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 |
interferon gynaling 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 betwegfrlican American/Black and NotHispanic White survivordRace
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 ohorts will help to better explain residual differences in patient outcomes.

Langleyet al.also have studied sepsis survivorship in a diverse cohort using an
integrated plasma proteomics and metabolomics appféatieir cohort included a majority of
Black CAP patients, but also included White patiéhEifty-six proteins were differentially
expressed between survivors and-sarvivors at ED admission in their study and were
primarily involved in the complement and coagulation systems and fattyracgport*2 Their
findings in sepsis patients from CAP were generally consistent with our study in sepsis patients
from intraabdominal infection. Proteins such as fatty acid binding protein 4 and Fc fragment of
lgG binding protein are decreased in survévisom both studiesT@bles B2.2 and B2.3%

The limited number of proteomic studies with diverse sepsis patient groups, along with
consistency of studies to date (i.e., racial background, primary infection stfffcéy,*3: %9

requires further exploration of the role of HF/HSCA, APR, coagulation, complement, and lipid
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metabolism in sepsis. Future studies should include a larger number of African American/Black
patients and explore changes in other primary infection sourcesisuchnary tract infection (as
presented itChapter 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.

Futurest udi es coul d al so extend to other O60mi:
survival outcomes, particularly in the immune system. One previous transcriptomic study
compared gene activation in Black and White CAP patients, but did not explorerispsis
outcome from CAP® This study identified zinc finger, metal binding, and homeostasis genes as
differentially activated between the racial groép¥ve did not identify proteins with similar
functions as differentialhexpressed in the present stugdossibly 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-sarvivors of sepsi&® The majority of significant proteins
in our study also have inflammatory/immuredated functions, although they do not correspond
directly to the genes identified previously. This could be because the previous study collected
sampes between days£2 postED admission and only studied Caucasian patifts.

Additionally, mRNA levels do not correlate well with protein expression during stress responses
like sepsig?! Sepsisrelated inflammatory changes are also highly variable toeanacriptional

level 192 Previous genomic studies have associated apolipoprotein L1 alleles that are common in
African American/Black adults with a higher sepsis risk and disease seVetity,t not

mortality 3°
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2.4.2 Study Strengths and Limitations

A major strength of this study is the inclusion of plasma samples from botiidpanic
White and African American/Black patients. Biological pathways implicated in this work are
consistent with prior studies, and key proteins associated with surkevalsa consistent across
racial background. The primary cause of infection, tatsdominal, is well established, and the
ProCESS cohort is geographically diverse, which are additional study strengths.

Our group has previously demonstrated that agetaffee plasma proteome of-66
and 7085 year old sepsis patients, with differences noted between these age groups in APR
signaling, coagulation, lipid metabolism, and reactive oxygen species generation pathways.
Therefore, age was included as a covaria 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 disp&fiti€¥we also only analyzed samples
from patiens with primary intreabdominal 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 than3v@thods with similar levels of qutitative
precisiont?+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 nonsurvivors3™41: 43,46, 9ye pte that this sample size could be improved. Sufficient
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sample size is critical due to the heterogeneity within and across racial and ethniégféups,
and more representation in patient cohorts is nece¥<8r§>: %
Prior to our regression analgs901 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’ Dataindependent acquisition strategies would potentially improve
the dynamic rage of plasma proteins measuralifel®®
Another limitation is the study design which did not control fovadate factors (e.g.,
sex!® 1517, 20. 2hepgraphical regiot: 1> 20 25 110. 1ihcomelt B education 112 health
insurane 2% 1 1%and the presence of comorbidities [such as cardiovascular didease,
diabeteg? 131621, 27. 114nd HIV/AIDS42L27.1% Yyt hat may | mpact pati ent

and contribute to sepsis disparities.

2.5Conclusions

Plasma proteomics analysis was conducted on a racial and ethnically diverse cohort of
samples from sepsis survivors and 1somvivors with primary intraabdominal infection.
Overall, this study highlights liver cell activation as a key pathtivatcan differentiate sepsis
survivors from norsurvivors 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 regardlessagfal/ethnic background. We also identified several
differentially-expressed proteins that were specific to MRaspanic White or African
American/Black survivors. Proteins with significant retevival interactions were related to the
acute phase respsmand complement system, which are key inflammatory pathways related to

sepsis. Additionally, several pathways related to the host immune response were significantly
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represented in African American/Black patients. These findings may help explain thelresid
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

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 ituthed
States, with an estimated 150 million cases worldwide eachyedigher prevalence of UTIs is
associated with increased age and female sex, with ~50% of adult women experiencing at least
one UTI in their lifetime® 2 Recurring infections aresd common in womeh.UTIs, usually
caused by uropathogerfischerichia col(UPEC)? can affect healthy individuals or patients
that require catheter usa§é.>UTIs can progress to sepsis and septic shock when not properly
treated, greatly increasimpgtient mortality rate&®

Racial and ethnic disparities exist in U¥ I8 and sepsi$**® Non-White patients have
higher odds of developing cathetsssociated UTIs than White patiefBlack women have
reported lower odds of recurrent UTIs compaietlvVhite women, but this may be attributed to
underestimates of diagnoses in Black worlfekfrican American/Black UTI patients have
higher incidence and casatality rates from genitourinary sepsis than Ndispanic White UTI
patientst® Disparities in spsis mortality rates have been demonstrated in cohorts ranging from
~200,000 to ~2.5 million patients, with patient data as recent as‘203.8> YInterestingly, a
study by Kokoefeet al. did not find differences in hospital or intensive care onattality
across racial/ethnic backgrounds but did find that African American sepsis patients were younger
than and had higher creatinine and lower hemoglobin levels thaiididpanic White sepsis

patientst® Socioeconomic factors, access to and quality of healthcare, systemic racism, and
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chronic disease burden are partial contributors to disparities in sepsis, but notably, differences in
patient mortality rates still exist after accounting for these faétors!’: 122 Therefore,
disparities in sepsis survival outcomes are likely related to socioeconomic and biological factors.

Various studies have suggested molecldael responses that collineate with
racial/ethnic backgrounds and the host immunpaese, particularly in zinc finger, metal
binding, and iron homeostasis geRgsiflammatory and coagulation facto?¥s?® and
apolipoprotein L1 allele$” 2More generally, proteins and metabolites in immune response,
coagulation, metabolism, and cédluassembly and movement pathways differ between
survivors and nosurvivors in primarily NorHispanic White patients with communigcquired
pneumonia (CAPj>3®

Our laboratory previously demonstrated similarities and differences in the plasma
proteomeof African American/Black and NeHlispanic White survivors of sepsis secondary to
intra-abdominal infections (se@hapter 2).2° Proteins related to hepatic fibrosis/hepatic stellate
cell activation, such as vascular cell adhesion molecule 1 (VCAM1),deereased in survivors
of both racial groups and suggested universal changes in sepsis patiewgver, proteins
related to the complement system andell activation and proliferation were only significantly
represented in African American/Black sivars3® The expression levels of several acute phase
and complement proteins, as well as proteins associated with type | interferon binding and
receptor activity andatural killercell mediated cytotoxicity, were associated with both the
racial backgroud of the patient and sepsis survival outcdfiidowever, sepsis mortality rates
differ based on primary infection source, especially betweenatidaminal infections and
UTIs#° Transcriptomics and metabolomics analyses have suggested asumerifie lost

response to sepsis2
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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 nygpartially 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) coht, a randomized trial comparing fluid resuscitation strategies in septic shock
patients across 31 academic US hospitilarious treatment strategies showed equal
effectiveness on patient mortalify The ProCESS cohort included diversity with regaods

geographical | ocation, patientsd6 racial and

3.2 Methods
3.2.1 Ethics Statement, Study Design, PatiemdPlasma Collection

ProCESSwvas a multicenter trial comparing fluid resuscitation strategies for septic shock
from March 2008 to May 201%8.Across 31 US academic emergency departments (EDs), 1,341
patients were enrolled in the trfdlDetails and eligibility criteria have previdyseen
described? 44and the Institutional Review Boards (IRBs) at the University of Pittsburgh and all
31 hospitals approved.

For this sukanalysis, which was approved by the Vanderbilt University IRB, ProCESS
patients were selected based on-ghldhtified race (African American/Black or Nétispanic
White), primary infection source (UTf},and availability of plasma. A total of N = 166 patients
were selected for this study. Pl asma sampl es

pointof ED admission and enrollment in the ProCESS cohort prior to treatment, and survival

93



outcomes refer to a -BDadmissortTeamestigraupwasnod® 0 day s
included as a covariate in this stutdy.

Plasma samples were analyzed usingtioobup, 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 fracticiea with high pH reversphase (RP) fractionation and further
separated and detected with liquid chromatographgem mass spectrometry AMS/MS,;
Figure 3.1A). An overview is described below and details were described previously (see
Section 2.2.3° Selected proteins from our workflow have previously been validated via Western

blotting (seeSection 2.3.3°

3.2.2 Sample DepletiaandDigestion

Two 40-uL aliquots of crude plasma were injected onto a multiple affinity removal
system Hel4 (MARS-14) column (Agilent; Santa Clara, CA, USA) to deplete the top 14 most
abundant plasma proteins. | mmunodepl etion was
protocol with quality control (QC) samples run daiypublished resuljs The two unbound
fractions were concentrated, combined, and frozeB(tC 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 equinooiatsam
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 pg) was performed in 200 mM ammonium bicarbonate buffer

for each sample. Proteinaw reduced with 200 mM dithiothreitol, alkylated with 200 mM
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iodoacetamide, and digested with trypsinAGg/sit a 50:1 sample:enzyme ratio. Digested samples
were desalted with a C18 filter plate and a positive pressure apparatus, dried using centrifugal

evgoration, and stored &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 C3.1for batch assignments). Each batch was balanced for survival outcome, racial/ethnic
background, and age. Peptide samples (25 pg) were reconstituted in 100 mM triethyl ammonium
bicarbonate and labeled with a TMTpro reagent following the manufact r 6 s pr ot oc ol
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 describédPooled TMTpro batches (295 pg) were fractionated using
basic RPLC offline fractionation to a final set of 24 concatenated fracfidfi&ach fraction (1

ngy) was reconstituted in LGAS grade water with 0.1% formic acid (FA) and storeeBat°C.

3.2.4 Liquid ChronatographyTandem Mass Spectrometry AMS/MS) Acquisition

LC-MS/MS analysis was performed as previously describbdt with a shorter LC
gradient. Eaclfraction (1ng) was injected in duplicate onto a Dionex UltiM8@00 LC system
coupled to a €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
mm i.d. x 2 cm, 100 A, 3m; Thermo Fisher Scientific, Walam, MA, USA) prior to separation

on an inhouse C18 packed column (166 i.d. x 30 cm, 100 A, 2.6m) with a pulled tip over
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the following 160 min gradient:-2 min, 2% B; 25 min, 27% B; 588 min, 716% B; 88133
min, 1625% B; 133140 min, 2585% B; 40-146 min, 85% B; 14448 min, 854% B; 148160

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 (THeasmer
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 Selected protein groswill be referred to as

proteins in the rest of this analysis. The mass spectrometry proteomics data have been deposited

to the ProteomeXchange Consortiumiy://proteomecentral.proteomexchanogovia the

PRIDE* partner repository with the dataset identiff¢D039509. Bptides 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 normati both within and across batclié$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 depevaléaible, and two regression
models were fitted: one with 9fay 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 battsters, 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 020 sampl es
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P-values were adpied using the Benjamitiochberg (BH) false discovery rate (FDR)
procedure to account for multiple comparisons, and adjustatlips < 0.05 were considered
statistically significant. Analyses were performed using R version 4.2.1 and the rms gdckage.

Fold change (FC) values were calculated for each protein by dividing the mean of sepsis
survivorsodé6 TMTpro | eveslug vbwotrtsed meMampr of | serpedis
established using a power analysis strategy previously deséfideti:. 6 2 06 . 62 f or
comparisons of survivorsvs.nsnur vi vors; O1.76 or @®Bpadici for cc
White survivorsvs.nos ur vi vors; and 02.51 or OO0.40 for «c
American/Black survivors vs. nesurvivors.These cutoffs correspondttoe 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)were used to identify significant biological pathwawpsl dunctions

(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 ProQiignts (N = 166) selected for this
study are shown ifiable 3.1 Most patientg74%) survived from sepsis secondary to UTIs 90
days posED admission, and ~27% of the patients in this studyideiftified as African
American/Black Notably, African Ameican/Black sepsis survivors had a significantly lower
percentage of females (34%) than the other three study groupsq6%?= 1%271). Survivors
were 611 years younger than nsarvivors, and notably, African American/Black Ron

survivors were five gars younger than Nedispanic White nossurvivors (68 years vs. 73
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Table 3.1. Demographics of the UTI ProCESS Patients Selected for this Study.

Survivors Non-Survivors
African Non- African Non-
Characteristic American/  Hispanic American/ Hispanic  Statistic
Black White Black White
N 35 88 10 33
0.012,
Age (yearsy 62 +18 62 £ 17 68 +£14 73+14 0.470,
0.453
Female (N, %Y 12 (34%) 56 (64%) 8 (80%) 25 (76%) 15.271
Re?Na' OF/S'!,“re 4(11%) 13 (15%) 2 (20%) 6 (18%) -
History of Dialysis
(N, %)P 0 (0%) 5 (6%) 0 (0%) 1 (3%) -
Diabetes(N, %)P 13 (37%) 31(35%) 3(30%) 15 (45%) 1.328

#Averaget 1 standard deviation-¥alues were calculated using-avay ANOVA with interaction and
are for survival outcome, race, and the fsgevival outcome interaction, respectivélumber of
patients and per ce nisatgtes werealculated asing osritingéntyriablg r o u p .

analysisii ndi cates where fr eque n ¢staistic.Buld derotes siguificastma | |
di fferences bet we? @8l r oups (p < 0.05 or ¢
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years, respectively). Differences in patient age weren 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.

3.3.2Differentially-Expressed Proteirsnd Pathways Associated WiSurvival

The proteomics workflow subjected ProCESS patient plasma samples to a-bpttom
approach relying on LIS/MS (Figure 3.1A). An initial 3,219 proteins were identified
(183,725 peptides), and of those, 2,410 proteins (175,511 peptides) were@matiiza linear
regression model (survival only modElgure 3.1B). After FDR adjustment (adjusted p < 0.05),
248 proteins had significant differences in relative protein levels between sepsis survivors and
nonsurvivors across all patientSigure 3.1B, Figure 3.2A, andTable C3.1).

From IPA, ynaptogenesis signaling was the most significantly altered pathetaxen
survivors and nosurvivors (BH p = 0.006), and germ ceflertoli cell junction signaling,
eukaryotic initiation factor 2 (EIF&jignaling, and tight junction signaling (alti® p = 0.025)
were also altered={gure 3.2B). Other significant pathways associated with survival outcome
broadly relate to inflammation, the endothelial system, and metabdligorg 3.2B). Similarly,
in STRING analyses, cell adhesion and immune processes (such as complemexgelind T
regulation) were highly enriched, as well as metabolic (e.g., fatty acid) and calcium ion binding
functions (lata not shown The most enriched cellular components includetepre localized
to immune cells, actin filament bundles, and neuromuscular junctions. Catii€@bH17),
myristoylated alanineich C-kinase substrate (MARCKS), VCAML1, and adapter molecule crk
(CRK) are examples of proteins decreased in sepsis sur¢higtse 3.2A). Acute phase

protein histidinerich glycoprotein (HRG) was the only differentiakyxpressed protein increased

99



A. Sepsis at 90 Days
Survivors Non-Survivors

lnl ;%% H V1 — -

N =123

Sample

Plasma Preparation

LC-MS/MS

Survival Outcome

2158 | Regresswn
3219 Proteins| ————PCS, | 9410
Fold Change

Figure 3.1. General (A) sample preparation and (B) data analysis workflowrlasma samples

from sepsis patients with primaryinary tract infection were obtained at hospital admission with
survival outcome ref err i fadnission. Sample preparaiont 6 s st a
included tryptic digestion and TMTpro labeling and was partially automated using a Biomek i7
workstaton. Fractionated TMTpro batches were analyzed vieM®IMS. Normalized TMTpro

reporter ion intensities for proteins were analyzed using linear regression models with and
without stratification by Pextion3InDifferéntiallyaci al / et
expressed proteins are considered as proteins with araDRted p < 0.05 and significant fold

change values (s&ection 3.2. Figure was created with Biorender.com. Abbreviatior: LC

MS/MS = liquid chromatographtandem mass spectrometRepgoducedirom Shock Kapp K.

L., et al.,Pathways Associated with Positive Sepsis Survival Outcomes in African

American/Black and Noi#ispanic White UTI Patient®© 2023,

10.1097/SHK.0000000000002176

Race Stratiﬁcatiori
Survival Outcome
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indicate proteins with both significant adjusted p values (adjusted p < 0.05) and fold change

values. Dashed lines indicatevalue and fold change cutoffs. Example proteins drelésl.(B)
Ingenuity Pathway Analysis of proteins (N = 248) with both significant feldRsted p values

(p < 0.05) and fold change values. Canonical pathways were identified from the IPA library
t e s dtingagihg thesBergachisitbchberg mu | t i p
correction. Abbreviations: VCAML1 = vascular cell adhesion molecule 1; MARCKS =

using Fisherods exact

myristoylated alanineich C-kinase substrate; CRK = adapter molecule crk; CDH17; HRG =
histidinerich glycoprotein; BH = BenjaminiHochbergEIF2 = eukaryotic translation initiation
factor 2; RA = rheumatoid arthritis; 1L7A = interleukinl7A. Reproducedrom Shock Kapp

K. L., et al.,Pathways Associated with Positive Sepsis Survival Outcomes in African
American/Black and Noiispanic WhiteUTI Patients, © 2023,

10.1097/SHK.0000000000002176
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in sepsis survivors.

3.3.3 DifferentiallyExpressed Proteirsnd Pathways Associated with Survival within Racial
Groups

We assessed survival outcome from within African American/Black aneHkpanic
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 < 0.0%),1222
of the proteins in regression) and 47 (2.0%) proteins were differerdiglisessed between
sepsis survivors and nerurvivors among Noiispanic White or African American/Black
patients, respectivelyl&ble C3.3; Figures 3.3A and 3.3B Protein ELYSand interleukin (IL)

5 receptor subunit Fguré H38)tware hagter in MotHEsmhnicoVhike 0. 00 1
survivors compared to nesurvivors. HRG and immortalization «#pgulated protein (adjusted p

= 0.003 and 0.007, respectiveRigure 3.3B) were higher in African American/Black survivors
compared to nosurvivors.

Differentially-expressed proteins associated with survival outcome across African
American/Black and Noiispanic White patients include examples such as: 60S ribosomal
protein L12(FC = 0.05 and 0.30, respectively); lysitiRNA 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 polyphosphajghbsphatase (FC = 0.06 and 0.&kpectively);
heterogeneous nuclear ribonucleoprotein L (FC = 0.04 and 0.44, respectively}randeXair
crosscomplementing protein 6 (FC = 0.10 and 0.40, respectively). For these example proteins,
p-values were < 0.001 in both groups, with the exoepaf 40S ribosomal protein S3 in Non

Hispanic White patients (p = 0.048).
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Figure3.3.Anal ysi s of data stratified WMglcaqmpapléti ent s o
of protein log of averaged TMTpro e por t er i on abundances-06 ratio
survivors as a function of FDRdjusted pvalue (N = 1,216 proteins with wadjusted p < 0.05)

in (A) Non-Hispanic White an@B) African American/Black patients. Light grey data points

indicate preeins with noesignificant FDRadjustedpr al ues (adj usted p O 0.
significant fold change values in Natispanic White patients and African American/Black

patients. Dashed lines indicaterglue and fold change cutoffs. Example proteinsaiveled.

(A) Pink data points indicate proteins with both significant FiRjusted pvalues (adjusted p <

0.05) and fold change values in Nbilspanic White patients (N = 122 proteind) Blue data

points indicate proteins with both significant FRjused pvalues (adjusted p < 0.05) and fold

change values in African American/Black patients (N = 47 protgi@3Menn Diagram of the

overlap of differentiallyexpressed proteins [pink and blue proteins f(@)nand(B)] between

survivors and nosurvivorsin Non-Hispanic White and African American/Black patier{i3)

Ingenuity Pathway Analysis of the proteins in (C) (i.e., N = 122 differentedpyressed proteins

in Non-Hispanic White sepsis patients and N = 47 differentiadgressed proteins in African
American/Black sepsis patients). Canonical pathways were identified from the IPA library using
Fisherds exact test adjusted f or-Hothbérg(BH) | e hyp
correction. Abbreviations: RPS21 = 40S ribosomal protein S213RRP®S ribosomal protein

S3; RPL12 = 60S ribosomal protein L12; HNRNPL = heterogeneous nuclear ribonucleoprotein

L; KARSL1 = lysinetRNA ligase; XRCC6 = Xray repair crossomplementing protein 6; INPP1

= inositol polyphosphate-fthosphatase; IL5RA = infeukin5 r ecept or subunit U
protein ELYS; IMUP = immortalization upegulated protein; HRG = histidinech

glycoprotein; BH = BenjamintHochberg; EIF2 = eukaryotic translation initiation factor 2.
Reproducedrom Shock Kapp K. L.,et al.,Pathways Associated with Positive Sepsis Survival
Outcomes in African American/Black and Nétispanic White UTI Patients, © 2023,
10.1097/SHK.0000000000002176

104



Differentially-expressed proteins (N = 17) whose abundances were low@vinors
compared to nosurvivors across Nehlispanic White and African American/Black patients
(Figure 3.3C) were primarily ribosomal proteins or ribonucleoproteins involvedansiation
and metabolic pathways. These proteind@ralized to the uragnital system and female
reproductive organs. Overall, most differentiadypressed proteins that were associated with
positive survival outcomes were identified within a single gréugure 3.3C), and the
abundances of these proteins were primarily laweepsis survivors compared to Aon
survivors.

Differentially-expressed proteins (N = 122) in Nblispanic White patients were
associated with survival outcome and mapped to several enriched biological processes and
molecular functions in STRINGI@ble C3.4), including cell adhesion, calcium binding, and the
cytokine response. Enriched STRING clusters included IL signaling; Janus-kigaaé
transducer and activator of transcription (J8KAT) gene and protein expression following IL
12 stimulation; senoamino 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
canonicapathways were significantly altered between Ntiapanic White sepsis survivors and
nonsurvivors in IPA Figure 3.3D).

Differentially-expressed proteins in African American/Black patients (N = 47) associated
with survival outcome were significantly iolved in EIF2 signaling, telomere extension, and
stearate biosynthesis | via IPRigure 3.3D). These findings suggest DNA replication, protein
translation, and metabolism may influence positive patient survival outcomes from sepsis in this

group. Correspadingly, many metabolic and catabolic processes were enriched in STRING
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(Table C3.9, 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 Ra&urvival Outcome Interaction

To further assess protein changes across sepsis patients, we includesuaviaak
outcome interaction term in the linear regression model with race as an independent variable.
Seventyone (2.9% of the proteins in regression) proteins had a significarsuazgeal outcome
interaction (adjusted p < 0.0bable 3.2. EIF2 signaling was a significant canonical pathway,
and STRING analysis revealed involvement in tumor necrosis factor (fENpYnse, translation,
and metabolism pathwayBiQure 3.4; Table C3.5. Across our withirgroup analysed={gure
3.3) and this raceurvival outcome interaction terridble 3.2, 16 proteins overlappedéigure
3.5). Similar trends in expression levelsr@@bserved across these 16 proteins in sepsis
survivors and nosurvivors from both racial groups. Notably, the abundance levels for all these
proteins were highest in African American/Black sepsissumvivors. These proteins were
primarily involved inEIF2 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 UTls are
not known. A prior proteomic study in UTI models and patients who developed sepsis proposed
lipopolysacchariddinding protein, clusterin, and VCAML1 as diagnostic markésepsis?
While all three of these were identified in this study and our previous analysis, only VCAM1

was differentiallyexpressed between survivors and-sarvivors® Others have identified
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Table 3.2.Proteins with a SignificarRaceSurvival Outcome Interaction.

Fold Change Valués
Non- African
Hispanic American/
White Black

Accession . p-
Number Gene Protein Name valuet

Very long-chain specific acydCoA dehydrogenase,

P49748 ACADVL : ) <0.001 0.29 0.11
mitochondrial
§ P33121 ACSL1 Long-chainfatty-acid-CoA ligase 1 <0.001 0.60 0.02
8§ Q13444 ADAM15 Disintegrin and metalloprotleénase domantaining protein <0.001 0.84 0.36
QI9NX46 ADPRS ADP-ribose glycohydrolase ARH3 0.023 0.55 0.11
*  Q8WYP5  AHCTF1 ProteinELYS <0.001 1.89 0.80
095433 AHSA1l Activator of 90 kDa heat shock protein ATPase homolog 1 <0.001  0.36 0.07
095841  ANGPTL1 Angiopoietinrelated protein 1 <0.001 1.01 0.49
Q92619 ARHGAP45 Rho GTPasectivating protein 45 <0.001 0.82 1.76
Q92747 ARPCI1A 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 ATP6VI1E1l 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
P0O7357 C8A Compl ement component 0.033 1.00 1.34
Q03591 CFHR1 Complement factor Helated protein 1 0.014 0.86 1.44
043529 CHSTI10 Carbohydratesulfotransferase 10 0.002 0.64 1.50
Q6V1P9 DCHS2 Protocadherir23 <0.001 0.41 4.94
§ Q96HY6 DDRGK1 DDRGK domaincontaining protein 1 <0.001 0.70 0.05
Q86TI2 DPP9 Dipeptidyl peptidase 9 0.043 0.56 0.09
P47813 EIF1AX Eukaryotic translatiomitiation factor 1A, Xchromosomal <0.001 0.81 2.15
Q9HC35 EML4 Echinoderm microtubule-associated proteinlike 4 <0.001 0.47 0.07
Q15303 ERBB4 Receptor tyrosingrotein kinase erbB# 0.001 0.99 0.41
§ P38117 ETFB Electrontransfef | avopr ot ei n s1<0001 0.34 0.05
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Table 3.2(cont). Proteins with a Significant Ra€®urvival Outcome Interaction.

Fold Change Valués
Non- African

Al\fgrisbsé?n Gene Protein Name Vaﬁ: e Hispgnic American/
White Black
Q96AC1 FERMT2 Fermitin family homolog 2 0.018 0.46 0.09
P49915 GMPS GMP synthase [glutamireydrolyzing] 0.048 1.01 0.23
§  P42357 HAL Histidine ammonidyase <0.001 0.36 0.06

Isoform 2 of HLA class | histocompatibility antigen,

P044392 HLA-A A U chain <0.001 0.67 0.12
P09651 HNRNPA1 Heterogeneous nuclear ribonucleoprotein Al <0.001 0.59 0.26
P14866 HNRNPL Heterogeneous nuclear ribonucleoprotein L <0.001 0.44 0.04

§ Q9GZP8 IMUP Immortalization upregulated protein 0.001 1.11 2.63
P49441 INPP1 Inositol polyphosphate phosphatase <0.001 0.41 0.06
Q15046 KARS1 Lysine--tRNA ligase <0.001  0.33 0.05
060268  KIAA0513 Uncharacterized protein KIAA0513 0.002 1.04 2.21
*  Q6ISs4 LAIR2 Leukocyteassociated immunoglobulitke receptor 2 <0.001 0.32 0.99
8§ P56470 LGALS4 Galectin4 <0.001 0.31 0.03
Q96L50 LRR1 Leucinerich repeat protein 1 0.033 1.18 2.23
¥ Q32Mz4 LRRFIP1 Leucinerich repeat flightlesenteracting protein 1 <0.001 0.52 1.02

Q9NTJI4 MAN2C1 U-mannosidase 2C1 <0.001 0.54 0.16

Q9ULC4 MCTS1 Malignant Tcell-amplified sequence 1 <0.001 0.65 2.02
Q10469  MGAT2 U 1,6mannosyglycoprotein 20-N- 0.005  0.86 0.53

acetylglucosaminyltransferase
* Q9Y2G1 MYRF Myelin regulatory factor 0.012 0.42 0.96
P22059 OSBP Oxysterotbinding protein 1 0.021 0.60 0.11
§ Q96BNS OTULIN Ubiquitin thioesterase otulin <0.001 0.71 0.30
§ P68402 PAFAH1B2 Plateletact i vati ng factor ace <0.001 0.63 0.24
§ P35558 PCK1 Phosphoenolpyruvatarboxykinase, cytosolic [GTP] <0.001 0.25 0.02
000625 PIR Pirin 0.020 0.39 0.04
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Table 3.2(cont). Proteins with a Significant Ra€®urvival Outcome Interaction.

Fold Change Valués
Non- African

Al\fgrisbsé?n Gene Protein Name Vaﬁ: e Hispanic American/
White Black
Q00169 PITPNA Phosphatidylinositol treg<0001 043 0.07
§ Q9Y263 PLAA Phospholipase &-activating protein <0.001 0.75 0.26
§ QB8NHPS PLBD2 Putative phospholipase-like 2 <0.001 0.91 0.37
* Q150636 POSTN Isoform 6 of Periostin <0.001 055 1.05
* Q15063 POSTN Periostin 0.049 0.49 1.01
Q08752 PPID Peptidytprolyl cistrans isomerase D <0.001 0.88 1.25
P43686 PSMC4 26S proteasome regulatory subunit 6B 0.002 0.65 0.26
§ QB8NS8N7 PTGR2 Prostaglandin reductase 2 <0.001 0.27 0.04
P10155 RO60 60 kDa SSA/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 40Sribosomal protein S21 <0.001 0.51 0.09
P23396 RPS3 40S ribosomal protein S3 <0.001 0.41 0.04
QINULS SHEL Shiftless ?ntiviral_inhibitor of_ ribosomal 0.001 0.40 0.06

rameshifting protein

AOMZ66 SHTN1 Shootinl 0.001 0.43 0.14
§ P05455 SSB Lupus Laprotein <0.001 0.37 0.02
Q9Y365 STARD10 START domaincontaining protein 10 0.049 1.04 0.05
P43405 SYK Tyrosineprotein kinase SYK 0.017 0.92 2.17
P37173 TGFBR2 TGFb recep@t or type <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 TNNT?2 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
§ 075191 XYLB Xylulose kinase 0.042 0.40 0.06
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Table 3.2(cont). Proteins with a Significant Ra€®urvival Outcome Interaction.

Fold Change Valués
Non- African
Hispanic American/
White Black
Q76KX8 ZNF534 Zinc finger protein 534 0.049 1.50 1.70
3p-values were calculated using a linear regression model and adjusted usifFéIBRhange valuegfer to comparisons of survivors/non
survivors.Bold denotes proteins that are atfiferentially-expressed (have withigroup FDRadjusted p < 0.05 and meet fold change cutoff) in

both NonHispanic White and African American/Black survivors. * indicates proteins that are differemstighgssed in Nohlispanic White
survivors only. 8ndicates proteins that are differentiadlypressed in African American/Black survivors only.

Accession . p-
Number Gene Protein Name valuet
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Figure 3.4. STRING network of proteins with a significant racesurvival outcome

interaction term (N = 71). Disconnected nodes are hidden. Node capresents key functions,

and line thickness indicates the strength of protein interadtiomsall interaction sourceBlue
represents proteins with metabolic functions, red represents proteins involved in translation, and
green represents proteinyaived in the tumor necrosis factor (TNF) respof&produced

from ShockKapp K. L.,et al.,Pathways Associated with Positive Sepsis Survival Outcomes in
African American/Black and Nehlispanic White UTI Patients, © 2023,
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Figure 3.5. Box plots of logo 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 tweay ANOVAs with replication and Tukel¢(ramerposthoc tests.

Purple represents Nddispanic White nofssurvivors, pink represents Ndtfispanic White

survivors, dark blue represents African American/Black-simvivors, and light blue represents
African American/Black survivors. Abbreviations: THYNIthymocyte nuclear protein 1;

ACADVL = very long-chain specific acyCoA dehydrogenase, mitochondrial; 60S ribosomal
protein L12; RO60 = 60 kDa S&/Ro ribonucleoprotein; KARS1 = LysifRNA ligase;

AHSA1 = activator of 90 kDa heat shock protein ATPase hogb; RPS3 = 40S ribosomal

protein S3; INPP1 = inositol polyphosphatptiosphatase; PITPNA = phosphatidylinositol
transfer protein U isofor m; HNRNPL = heteroge
echinoderm microtubutassociated proteilike 4; RP21 = 40S ribosomal protein S21;

MA N 2 C 1-manno8ldase 2C1; SHFL = shiftless antiviral inhibitor of ribosomal frameshifting
protein; XRCC6 = Xray repair crossomplementing protein 6; FERMT2 = fermitin family

homolog 2 Reproducedrom Shock Kapp K. L.,et al.,Pathways Associated with Positive

Sepsis Survival Outcomes in African American/Black and-N@panic White UTI Patients, ©
2023,10.1097/SHK.0000000000002176
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Figure 3.6. Ingenuity Pathway Analysis of the differentiallyexpressed poteins (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

| PA i brary wusing Fi s he rhypsthegsxesting usingeghet adj ust e
BenjamintHochberg correction. Abbreviations:HB = BenjaminiHochberg; EIF2 = eukaryotic

translation initiation factor 2; DNA = deoxyribonucleic acid; mTOR = mammalian target of

rapamycin; elF4 = eukaryotic translation iniibex factor 4F; p70S6K =P70 S6 kinase; tRNA =

transfer ribonucleic acidReproducedrom Shock Kapp K. L.,et al.,Pathways Associated with

Positive Sepsis Survival Outcomes in African American/Black andispanic White UTI

Patients, © 2023,0.1097/SHK.0000000000002176
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differentially-expressed proteins involved in coagulation, the acute phase response, lipid
homeostasis, and iron ion transport as associated with sepsis se¥@xirjaboratory
previously used plasma proteomics to study sepsis survival in a diverse cohort of patients with
primary intraabdominal infection (se€hapter 2), identifying poteins related to hepatic
fibrosis/hepatic stellate cell activation (e.g., VCAM1) that were decreased in sepsis survivors
(seeSection 2.3.23° However, proteins related to the complement system avell Bctivation
and proliferation were significanthgpresented 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-ga@émtification within African American/Black or Nen
Hispanic White raial/ethnic groups (seection 2.3.%3°

Here, we examined survival outcomes from sepsis secondary to UTIs in African
American/Black and No#lispanic White patients (N = 166) from the ProCESS c6hwaith
the goal of understanding disparities and the muée response to UTIs that may both be
associated with sepsis survival outcomes. Because the host response to sepsis may be source
specific! 4>and because mortality rates differ between sepsis secondary talidominal
infections and UTI4? it wasimportant to examine the question of racial disparities in another
primary infection source. Survival outcomes were assessed at 90 dajDpadinission.
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 nesurvivors. Sepsis survivors also appear to have greatemadént
levels and more beneficial actin dynamics than-svivors. Several kepflammatory and/or
endothelial system proteins that support these findings were lower in sepsis survivors than non

survivors, such as:gromhe gul at ed U protei n; S100A8; S100A"
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receptor superfamily member 1A; VCAM1; prostaglandiductase 2 (PTGR2); MARCKS;
calmodulin; multiple cadherins; cAM&ependent protein kinasetyp&ll r egul at ory sub.
Rasrelated C3 botulinum toxin substrate 1; and nectins 2 and 3.

These changes ar e c¢onsi sdurgivaltandwisetde sevetith er s 6
of UTIs via discovery and targeted tNIS/MS, enzymdinked immunosorbent assays, rtahe
reverse transcription polymerase chain reaction, and Western bf§&tir@jmilar to our
previous analysis of patients with primangre.abdominal infection, proteins related to
inflammation and hepatic fibrosis/hepatic stellate cell activation were decreased in sepsis
survivors® including VCAM1 (seeSection 2.3.2, which has also been proposed as a diagnostic
biomarker for sepsis sendary to UTIS? Therefore, these pathways and related molecules may
be key factors involved in sepsis survival across primary infection sources, especially soluble
forms of proteins like VCAML. Interestingly, pathways related to the endothelial systen w
not significantly altered in our previous analysis of patients with primary-atd@minal
infection2® suggesting possible sourspecific responses.

Lower levels of necti?2 may indicate decreased UPEC invasfoand several
differentially-expressed proteins enriched in female reproductive and genital systems were
observedThese findings suggest that inflammation and endothelial barrier integrity in the
urogenital systermay be important in survival outcomes related to sepsis secondary to UTIs.
Tissuespecific responses based on the primary infection site may be important aspects to

investigate in future studies.
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3.4.1 Factors Associated with Survival Outcomes and RBeigkground of Patients

Metabolism was not significantly impacted in NBliispanic White sepsis survivors but
was altered in African American/Black sepsis survivors. For example, PTGR2 was differentially
expressed in African American/Black survivors congolato norsurvivors, but this was not the
case in NorHispanic White survivors. Lower levels of proteins such as PTGRBbagehain
fatty-acid-CoA ligase (ACSL1) suggest altered metabolism and less inflammation in African
American/Black survivors comped to norsurvivors®*%® Similar changes in ACSL1 have been
demonstrated with whole genome microarfdy® Metabolism, particularly fatty acid transport
a n doxidation, were also heavily implicated in sepsis survivors in an integrated proteomics and
metabolomics dataset from a cohort of mostly Black sepsis patients with primary Eétre
work should focus on these pathways as targets for improving patient survival outcomes in
sepsis.

We identified 71 proteins with a significant raservival outcome interaction term,
including proteins involved in a variety of metabolic processekthe immune response,
specifically in the response to the cytokine TNF and regulationagTproliferation.
Previously, we identified pathways related tadll activation and proliferation that were only
significantly altered in African American/Bt& sepsis survivors with primary intedodominal
infections (se&ection 2.3.3**Human | eukocyte antigen class |
chain protein had a significant raservival outcome interaction term in both this and our prior
study?® (see Section 2.3.4and is known to have several polymorphisms across racial/ethnic
backgrounds that affect the immune sysfér¥.Future studies are needed to understacelll
activation, regulation, and/or proliferation functions in diverse racial dmdcgpatient

populations. Zinc finger protein 534 was also identified in this set of 71 proteins-hitedaig
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genes, such as zinc finger genes, impact the immune re&pandereviously were reported as
altered between White and Black CAP patientstimascriptomics studs?

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/ethad&ground 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 proteinare 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 respepsis tor 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 productio??: ‘°African AmericarBlack sepsis nosurvivors had the greatest
abundances of these proteins, which may also suggest that translation is a partial contributor to
t hese pat i e rBEDsadnisson.rOveraN, thdése 16 pretdins provide novel changes in
sepsis secondaty UTls 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 han most similar studig¢€3% 35 38sample size could be improved in future studies,
especially amondfrican American/Black patients. Only patients with primary UTIs were

selected to control for heterogeneity from multiple infection source®rAlCESS hospitals
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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 YRS

However, information about various socioeconomic factors that could contribute to
di sparities, such as patientsdo geoghapHi cal
2L 7¥7were not included in the original study destmnd therefore not included as covariates.
Additionally, ProCESS did not enroll healthy, nimfiected patients or patients who were

infected, but not septf®. Therefore, there were no neeptic controls imur 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 survivoend norsurvivors 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 lerels than norsurvivors. These changes may be particularly relevant in the urogenital
system. While several differentialgxpressed proteins were identified within Ndispanic
White (mostly related to the immune system) or African American/Black (ptymagtabolic
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 survivain UTIs and partially explain potential

differences in outcomes for racial and ethnic groups. Larger scale studies which examine diverse
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patient cohorts across various primary sources of infection and other racial and ethnic groups are

still warranted tdbetter explain disparities in patient survival.

3.6 Acknowledgments
This dissertation chapter i s adapted from
Survival Outcomes in African American/Blackand Ndn s pani ¢ Whi t e UTI Pat.i
published inShock: Injury, Inflammation, and Sepsis: Laboratory and Clinical Approaahes
has been reproduced with the permission of the Shock Society andamyhoos, Min Ji Choi,
Kun Bai, Liping Du, Sachin Yende, John A. Kellum, Derek C. Angus,\xtd. PeckPalmer,
and Rena A. S. Robinsonhe full citation is: Kapp, K. L.; Choi, M. J.; Bai, K.; Du, L.; Yende,
S.; Kellum, J. A.; Angus, D. C.; Pedkalmer, O. M.; Robinson, R. A. Bathways associated
with positive sepsissurvival outcomes in African American/Black and Néfispanic White UTI
patients Shock2023,DOI: 10.1097/SHK.0000000000002176.
| would like to thank Min Ji Choi for her assistance with sample preparation. | would also
like to thank Dr. Liping Du and Kun Bai for tlnessistance with statistical analysis.
Additionally, | would like to thank Dr. Sachin Yende, Dr. John Kellum, Dr. Derek Angus, and
Dr. Octavia PeclPalmer for their conversations and feedback regarding the biological
understanding and clinical treatmerfitsepsis. Lastly, | would like to thank the ProCESS patients
for donating blood samples for this work and the ProCESS team at the University of Pittsburgh
for coordinating sample and data sharing.
The authors acknowledge funding from Vanderbilt University &iarfunds (RASR)

and the Vanderbilt Institute of Chemical Biology (5T32GM065086 fellowship to KLK).

120



ProCESS was supported by a grant (P50 GM076659) from the National Institute of General

Medical Sciences, National Institutes of Health.

3.7 References

~
o

Medi na-Pi Mo, E€as®Anl latr
act i Tnhfeerc tA @odn14Blr oll 756 2 8
1177/ 175628721983 2noMED
Miored £ s, A Lpar wal k &t ;

—~
N
o=

a S. J. U
idemi ol ogy, mechani sms dfati Rfeevc Ml R odn d | t |
) 2 8246.9 DOI : 10.1038/ nrmicro3432 From NLM
Schmi emann, G. ; Kni eM.l , M.E;. ; PGradéhrag dt E. KT h
iagnosis of wurinary trRtcdch nA2El00MA 11)mt sy s
6-36 7. DOl : 10.3238/arztebl.2010.0361 From
Hooton, T. M. Clinical pradttiEogl2Whdencpl! i
6611) -101307228 DOl : 10. 1056/ NEJMcpl104429 Fro
P
1

—~
w
01T

—~
IS

~
(62}

Lichtenberger, .7 Hooton,Cdrr M.nfCeammp | Dic &t
0018¢ 6) -50449.9 DOI 00@B@0BDY/ $XxDODMO N LNvb tPu b Me d
EDLI NE.
Hsiao, C. Y.; Chen, T. H. ;
uroseptic shock in hospitaliz
Trans20p@d), 477. DOI: 10.210
MEDLI NE.
(7) Chou, E. H. ; Mann, S.; Hsu, T. C.; Hsu, W.
C. I ncidence, trendsjtaesdamongomespof alnfzad
ati onwiPde Ss2@Qmpf.1), e0227752. DOl : 10.1371/
Jeganat han, N.; Yau, S.; Ahuja, N.; Otu, I
nd i mpact aft i 90uroee acfegi #fCGU Cou 2 6 @#e <.
7-076. DOl : 10.1016/j.jcrc.2017.05.0109.
Keneall vy, R J.; Chow, J. H.; PI a, R. A.;
catheter related urinatrryadumacuat indmetcHd iliomf sd date
Cont2roeb2q 1)-8077DOI : 10.1016/j.ajic.2021.08.0
M S
v
c

vzmvwvwgvﬁmvpr—*v

—~
(o)}

Lee, Y. C.; Hs i
edapbat ApRhést ag)
37/ athm.t2020. 03

n
(8)
a
1
(9)

(10) Bradl ey, . Stanger, M. ; For d, C. ; L
With Repeated Evalcdatlindrex tfiorn sUri in@ @l tydredrir aVo m
St uBgmal e Pel vi Re R2§REe)c,cantsI @3 SO Ig:
10.1097/SPV.0000000000001129 From NLM Medl i

(11) Kempker, J . A. Kr amer , M. R. ; Wal | er , L.
Deat hs and Dispariti esOpienn aF oLrounng O tlad& deiznta | DiUsS
of y305. DOl : 10.1093/o0ofid/ ofy305.

(12) Mayr, F. Bwjr¥emedeMalSiier, L P@.dEkM. ; Barnat o,
Wei ssfeld, L. A.; AngasutB. o€Cgahndgscfiuomcti @t
explanations for r aciJaAMXDI1300 (@2 4e)nR 620439.5n DOe v e |
10.1001/jama. 2010.851.

121



~
o

—~~ o~ —~~ ~~ —~
S 5N (BN [N (BN

—~ —~ —~
N N =

—~
N

—~ —~
N N

N
CZONQ  UATOOWNIONOMPRPPRPSCRXORPO TOWOQQONNW ToRrTaNI prPRrAZ w

Matter, M. L.; Shvet
kaGi.nédde gh mortality

SsovV B. ; Dugay, C.
S due e
e MultiePhoBOABHSE)t . el
783
R.

sepsis in Nat
74. DOI :
. 1371/ journal .pone. 01 .
Cheek, J. E. ; Hol man, C. ; Redd, J. T.
rtality among Ameri can -2 0@9m ns PaerdlA:I aHsekad
11404 Supp48B. DOI: 10.2105/AJPH.2013.30172
PS aetshta nalnt;han, M. JeganaRéabatetl. MEGut aknt
e UnitCerdtStCa&tOeﬁslqvla)j 846 DOI :
.1097/ CCM. 00000000O0 05017.
S M. ; Lewi s, ThC. rAol;e Nof:
b ty: F&ci or €£20@H5Me d
7 911
t

-12
00
Esper, A. M. ; Mo
ection and comor
10) -2528527.6 DOI : 10.
Kramar omwel &t ed. M&
INNCHS Dat2a 2Br i(e822) F NLM Medl ine.
Kokofer, A. Ma ma n or , B. ; FI amm, M. ;
mani, V.; Wernly, B.; Bruno, R. R. The i mg
tcome moh septsAcr @ahoc&pective multicenter &
| n f2e0c233 [0i) s 194. D O1-Q 2-@1801-7101 86 /osml 2N&LVMP Me d |
Barnat o, A. EZwi AbeeganWerT. ;S.AngyselLibdeC.
dence, car e, and outcomes of severe sep:
acthAenr Js tRiecsp.i r 20Mi8%(73Q a2 8247Me D O :
1
o]

-+

e
1
S

/ 01. CCM. 000023
sty Among Ads|
L

>b3

0
S ,
i di
109
epali
rom
di po

0 0O

=Ne Xl = in i

64/ r4d8mMOZ00703
nes, J . M. ; Fi ngaBra,r rke.t tR. ;M. Mi IFlleort,t eMne s
;. Gray, D. ;. MoyRelEatHBda plinh b | DMepanmi i
a Broad Capture Method and Mul ti:
bl-2061C3r.2 @ £d) ,e22209 DOI :
97/ CCM. O
odwin, A.
Matters: The |
2s0t 1165048 2-®836. DOI: 10.10
Cor |l , K. Levy, M. ; P h
0
I
o]

T
Case
£ 2 0 447
0000O0

- -
o O« -

a
a
0
J.
h

(‘Dol—\

o
3z042

o

o

O

o

N

(o))
zomP

(o]

R. ; McEI |l i gott
f Place of Resi de]
6/j.chest. 2016. 07
I'1ips, G. ; Terry,
i nHge aTlhteh MNAefw  Y(oMikl [

\'
e

sparities I n Care
139 7) ,-11208® @ 10. 13 h haff.2018.05381.
Peck Pal mer, O. M. ; R ers, G.; Yende, S.
ph TheoreticalScaAhel Pata: oEx@Gemomeéi on of
urring in the-AS8qui ruengo n@haeZX G 63t uln) F5t9y5 3
: 10.1097/ SHK. 0000000000001 0209.
Lut sey, P. L. ; Cushman, M. ; Steffe
A. R. Plasma hemostatic f
MBS A mbt2 Bid4g. m@ 9 t-2 623652..9 O OI. 1 1-
23
B

. -0 o .

n, L.
actors
11/ .1
7. X.

C Spiel, Atodl,aweeizt nd®r, LhaM.
; Ji |l ma, B. Ra€ inaluceaidf ft-te rsisqugee 1§ eadc i co@ a g o |
romb?2 &l@rg m\c) $@ 4603.4 DOI : 1708 3161.120Q0 2 .1G33BO0 7. x .

122



N

N N N

w

w

w

w w w w

w
SNRPTOTIMroRPONOFRPIORAO " >D20FRPONDPDO RpRPPRPO T Z20TUSTo0oP2N0FRPITIZINDZo

p—

~_<

O~ O3~ 02 C~0U10 ® O~" T~

~ N TS O0O~—0O — "

T~ T O~ PR~ DC—~ OO0 T~C

Ferguson, J .

Me ht a, N .

o -

k

Chaudhary,
Lange, L.
Sepsi €li m

; Ma ,
R. ;:

ot h

|.

o
U= 0O«

d el
. Ol : 10.
ar ma, N .
Assuncao,

o —

o -

edmnlless 2 9.
Shar ma, N .
tar a, R. A
ea cellul ar

3 <-

N
b
(&)

Raj u, M. S.
mar , A. D. ;
r o | ate

AB44. DOI: 10.
r;

Kal enka, A.
anges in the
B6) ,-12382 DOI

lantafil o
M. A.
|l ysaccha

o OT Q=

gl ey, R.
B. ; Cari

o D

- o+ —-

2
ymour , C.
r
S

wWT O

rker for
-2 525574.5 DO
nyadeer a,
e

To3IQAROXpHPRPO®S—00®

< c—99 —

N .
edmatnifd d.ma n2s0 113We 8 3 . DOI : -583168683 86/
N .
A .

D
[

K.
M.
h sepsis secondary to h
t DOI : -0092%®236
K.

muacaqyi red $omie BRDfG i1 .,

B
S

u
S

o] roi
me \ifr ws2@ridd &
n

n

braun, B.
can analysi s loft etnlse vVEOTRKRBYE) Melld2B8 st
DOI : 1001-319Bk7 / s 00134
uel Il-Bar F, ; MShaMawgar , u. ; Yin, X.
eyay&warRdhana, T.; Zeller, T.; et
uti on oMol n€é¢ lalmnB0tlodio & o @in
: 10. 1074/ mcp. M114. 039446.
ICaff &sc,hn2.i dedsu E. HM. Y.
rhaegh, W

r

F. : Pat el , P. N. ; Sha
: Shah, R. : Master, S.

S. Moore, J. X.,; Za
;7 Wang, H. E.; Wi nkle
Bl &mk280lt94 N p hl ©H4703.3 DO

215/ CIN. 044904109.

kai, N
r, C. A

Raman, A. Becker man, P.

I cel
0O16/j.1immuni.2021.10.
: Ferreira, B. L. ; Ta
. Azevedo, L. C. P. ;
snpai | tyadlii sa.c q
s12014
: Tashi ma, A K. ; Br u
Machado, F. R.:; Assun
assembly and | ipid met
15606. DGO -7

Jahnavi, V.; Kamara$fu
urgula, S. Continuous
t

892/ mmr. 2016.5112.
; F ©lt

r
a
3
F
ser
,eM, ; PMoMrathHasst dvn, AR
chumann, C.; Boyd, O.;
i di
J . Tsali k, E. L. ; van
, L. ; Suar ez, Amet Mbbh
19

i mpr owvésdpanedScthiTa sh3sibd IMed) |
6/ scitransl med. 3005893.

W. Yende, S. Scott,

u

i en dauncde dl iapcottieviacthiooinc aancdi dc o nt
) /14153.6 DOl : 10.4161/viru.19
; [

Z. ;
unn T.; ets adf. AAPrGLcla ir i gsekn evtc
a | mohe 8 B B5§4s 1 1t )h 2 162469X 22 c er b
1

004.
shi ma,
Salomac
uired |

ni al ti
cao, M.
abolis
10. 103

. R. S
eval uat

ges of seaypdi Medla R8gal) by KI

2

emann K.R. MAuUJl er , M. H. ;
um proteome Aonfesp &2 GAteGatl § Wi
10.1213/01.ane. 0000242533.¢

M.e;ppBe
Tri ant

Vel ki
mi ¢ R.
raloosb

I
e
5

M. J.

S. ; Bi gbekbpopmWcsLin benaeluyn,on[b'

esol

F. A biomarker panel

123

Mar s hal
al . R

:ScJoos,

to dis



response syndrome and <E£enesigs Taa@ldHmée phio& s e v
35 DOI : 127 018160&%6/.0 9 7 4

(38) Su, L.; Cao, L.; Zhou, R.; Jiang, Z.; Xi
F. et al . |l denti fication of novel bi omar ket
anal ysis using i-TGWSQ M5hlo&SI20me Bn,d €D4237. DC
10. 1371/ journal .pone. 0054237.

(39) Kapp, K L.; Arul, A. B.; Zhang, K. C.; |
Pedlal mer , O. M. ; Robi nson, R. A. S. Proteom
background and osneepds i s OZn 21281 1vOa) -9 30%u2t 3cD O |
10.1039/d2mo00171c From NLM Medline.

(40) Leligdowicz, A.; Dodek, P. M. ;-oNeramnayeM.
Anti microbial Therapy of Septic Sheaok Dat ab;
source of infection and hospitaAmmbrRedpitry |
Crit C204148\®1d ) -1 211230.4 DOI : 10.-18880€ccm. 20131

(41) -Pengarss, H. ; Butler, J. M. ; Uuhel ,LF; ; Sct
Scicluna, B. P.; van MAWRGEhH tC,0 nls.o $ Asupuecaeiani d elmo $
response and outcomes in critically i1/ pat |
I ntensiveoeglg e)-Med2 DOI: 102064/ sPrOdmB 4NL M
Med!l i ne

(42) NeugebaueBoueroulGiisa,maIEeIJo,s Pel ekanou, A.
Tsangari s, I ; Bauer, M.; Kiehntopf, M. Me t e
Prognostic Tools Bas€di onC2b@oqVgpeld®b629nfect
DOl: 10.1097/ CCM. 0000000000002 740.

(43) Yealy, D. M. ; Kel | um, J . A. Huang, D. T.
Terndrup, T.; Wang, H. E. ; Hou, P. CI; LoVec
based care f orN eknrg |y Qsleapéddi 8c) -4 6166688K3. DOI:

10. 1056/ NEJMoal401602.

(44) Pi ke, F. Yeal vy, D. M. ; Kel | um, J . A. H
C.; Weissfeld, L. A.; iPreodCEGESr d nfveers tB agralty r Se
(ProCESS) stat iCsrtiitc ala RadnldREeyssuis3cl3@.lla n .

(45) Ping, L. ; Kundinger, S. R.; Duong, D. M.
Seyfried, N. T. Gl obd&alumguaibtriat aat ipve®t @manley |in:
phosphoproteome 1 S3CAI PR mmeyr ' 3168 sbP@Qlse. 10. 1
020068 0

(46) Vizcaino, -JorA,; NCsobdasgegsA. J.dd&l ; Gri ss
PerRizver ol , Y.; TReerimsamtg,erT. ;F et al . 2016 upd:;
its relMNuceldeitco @B D1Re=w 84 7DOI: 10. 1093/ nar

(47) Pl ubel |, D. L. ; Wi | mart h, P. A. Zhao, Y.
J.; XangDbDavi d, L. L. ; Pamir, N . Extended Mul
Labeling Reveals Age and High Fat Diet Speci
Adi poseMdli sGailel. 2P0rla7d &0 m8 @887.3 DOI :
10.1074/ mcp. M116.065524.

(48d)epl er, K. E. ; Mahoney, E. R. ; Kofler, J.;
|l nclusion of African American/ Bl ack adul ts i
di seNeesue.ob P2 0P1046i $§05129. DOl : 10..2016/j.nbd. 2

124



—~
SN

vironRehounaodat isomt
drghttaoccéd wwavav. RO -
l um, J. /M. ;aglengus,
n tIh érlod 20044 RY 15 4r2e2s p

R CR:r eA Tlemamguage and en
atistical Comput-pmagj e@tD2

Cao, Z.; Yende, S.; Kel
| ated differences i
2. DOIlI: 10.1021/ pr400814s.

Szkl arczyk, D. ; Franceschini-Cepas, Wyder ,
monovic, M. ; ;Roltsh,f oAu.,; KSanPt.ags ,epAacatlei "STRI N
teraction networ ks, Nuegtil eg c a20eld5d DR edtalsee t |
sue},52D44/01 : 10. 1093/nar/gku1003.

Ge, G. ; Zheng, Q. Sun,. Z.ZhWang, ; HLi , W&
gnature of Urosep5|s From Discovery in a
oteom@2 RE®lI : 10.1021/acs.jproteome. 1c0018¢

Yang, X. K.; Wang, N.; Yang, C.; Wang, Y.
tients wihihn ul oRréap2Bin &f). 63 2321.6 DOI :
016/j.cjtee.2018.07.003.
ai , X.; Ltier 1J2.6; k i Hhu aorvge,r elx.p;r eLsisue,d
ontributes to inflamma€riioh, or g:
90. DOI-Q1-2A50741 1B661RDBI4Medl| i ne.

N Addagr iPaite, MerE &y , Si¥Vlav drema
r, K. R. ; OIofsson, P. S. Nasit
and Systemic and BrafFmohbhf | ammat
3 8DAQ I f:i MnOu..32301 7. 0167-Bot From NLM

~
(93]

~—
o1

~ ~—
(93] o1

—~~
a1
~ Q (Dvog)v—‘_'v(nj_'vwmv"’v

)
o

~
(62}

, D. ; Fai vr e, V. ; Lukas:
yen, D. Hi gh pl as m:
heSmi 24 19 , shock |
MLM Medl ine.

a

8 g

l: 00220848 9
i ¢teeC MM nédseMyubstogl

®

0

S
F
n
(@)
, S. M. ; Suk,

S
M
c
u
r

I

L

~
(62}

the expres

6n of proinflammatory
K pp@eB . IN F1 2nini259

P) 121115 DOI :

(e}

l i mm. 2015. 04.

K

I 0
ter C. E. ; S mi
qi

B

From NLM Medl i

~
(62}

4
, th, S. N. ; Mody, L
ict Urinary Tract I nfection Sevel
ur ded, HélslentfAcgoet B @ 188Gos), . aD Ol
.BOB8HM7NLM Medline
S, L. ; Al var ez, S. Al |
ion is associated with wu
2000w ) -4 247246.5 DOl : 10091 IBr/dmINIOMMﬂeSdI
n Zoel en, M. A.; Vogl, T.; Foel I, D.;
W.; Wittebole, X.; LaakrrExpPesBionBaandme
odldat edd4pi ot €l mni cal aMnd Je xRoeesrpiinmre nGrailt sG
©011) /1110069.8 DOl : 10.-13520€Ccchmr@mOBRLM Med]l
Chen, . J.; He e, S. SWun,LiCaoJT. C. CHuangi |
ek e B6GERTGR2 axis modul ates systemic inflan
pe
1

—~~

ol

® ©
s

am A. Rei nh
r p|StLI®é)IA|8aI |
2

—~
(o)}

~
(o))
PO TR N3IZOoOT TOoORPTMIoRPT TNRPYY Do T 0RO APT 0TTONMT TR, oOo0mo

ri merrtrele Repdd 6 BRI, 6111128 d DOI :
016/ .freeradbiomed. 2017.11.016 From NI

125



(62) Wang,, @Q@.v;, Wi,, Gun, X.; Cao, Y.; Yu, K.; |

Al plheamol ysin of wuropat hoge rCScmeEdsicahteerdi cahciuat ec c
kidneyMuaogsal .210nadd 19g43322DOI : 10011035/ s41385
From NLM Medl ine.

(63) Mashek, D. G. ; L ic h alL .AC 0@Ac jyslyOnotl heertaans, e sR . a nAd
channEluiwnge 20103 i4d o4 7466.5 DOI : 10. 2217/ 1746087FE¢E
NLM PuimMddBEDLI NE.

(64) Roel ands, J . ; Gar and, M. ; Hi nchcl i ff, E.
Hendrickx, W ; Boughor b@hai 8C @& A YRE ynncthhaeit,a sDe. ;1
in Sepsis and I mmunity: PerspéEranyversi Fr @ome a
Dat asets and Fafontthd2mniiope?2d4tl®r e DOI :
10.3389/fimmu.2019.02410 From NLM Medline.

(65) Khaenam, P.; Rinchai, D.; Altman, M. C.;
Suwannasaen, D.; MaBmwmeisneé. |l;, Whal eat, &I.. A tr
empl oying neutrophils to measure iJmnfumnongdni
Me&0 1142 65. DOI :-5801683 86Fr1dmINLM Medl i ne.

(66) Cyr, D. D.; Aflian, FA; B8dambu, CG; JThadRuno,
Soul i, M. ; Guo, S. ; Dykxhoor n, D. M. et al
Staphyl ococcus aureus bacteremia iGenmAdds i can
| mman 117§ 2)-9995D01038/0gene. 2017. 6.

(67) DelLorenze, G. N. ; Nel son, C. L.; Scott,
Quesenberry, C. P. , Jr . ; Fowl er, V. G. , Jr .
Associated Wi th Suscepti biiloint yi nt aa SMhd phey |Paog
Il nf e 1BL(FH5) 82831L.6 DOl : 10.1093/infdis/jivaa83.

(68) Rink, L. ; Haas e, HTrZ2ndes hopAegols,asli s and
DOI : 10.1016/j).1it.2006.11.005 From NLM Med|

(69) Hardimg, YH; BcheZmamn, D.; Chen, J. J.; K
knockout reveals an essenti al role for tran:
dephosphorylation i PP rmammlalt il a P2cehediS0 Gk § p e ISt A
183B833M0DI :D10. 1073/ pnas. 0809632106 From NLM

(70) I\Caotsttlaoll, M. ; Walter, P. The integrated s
Sci MQ¥6@B6489) . DOl : 10.1126/science. aatb53114

(71) Ogundi pe, F.peKotadhMdé mar iv, ; AOgu@idi | um, F
Mortality by Region, Urbanization, and Race
Anal ysRaci al Et hn 2He€l6dl 3 )h-5B5l4s6p Ol t i a9 1-8007/ s
005Ww.3

(72) Wang,e&#@ux E.R. D8verYeal vy, D. M. ; Safford,
in United States sepsilsntmalr tHel2i0ti9: e oddéd cr i |
10. 1186®7 2997 6

(73) Moor e, J X. ; Donnel |l vy, J. P. : Griffin, I
E. Community characteri st ilcnst aln d2pdi Bdggi rso)noad | Vo
l6eas17. DOl : 10.1093/ijel/ldyx099.

(74) Storm, rlg.,; ASchMag&leabhauer, J.; Andersen,
H. Socioeconomic status and ri skAcotfa i ntensi:
Anaest he@D @B B) £Hr08.3 DOI : 10. 1111/ aas. 13114.

126



(75) Mayr, F. B.; CYemRRhe, a$. Dismpaapus,tils in I nf

Bi ology ¥WaatkRol®k |l of I ntensive ,CadiemmtemdEdE e r ¢
Vol . 15:Ve$Spragnd®der !l in He3@el burg, 2008; pp 2

(76) Dombrovskiy, V. Y.; BMaztih, IA. QccuSuadee
sepsis: i nfCruenca& 0@®379Vié # ¢7e6786.3 DOI :
10.1097/01.CCM. 0000256726.80998. BF.

(77) Baghdadi , J. D.; Wong, M.; Comul ada, W
care i:n AsepmpsgirospecdctiCva 2000 rdiBBt ubDPI :
10.1016/j.jcrc.2018.02.005.

127



CHAPTER 4

Toward Prognostic Protein Biomarkers for

4.1 I ntroduction

Sepsis is a major publ iAamelrd alatnts @a rectearf if ;e ca
Currently dHdéftenaeenasgl ofgan dysfunction cause
t o i nfaepcptriooxn ,mtahied ¢ @mesepsis patientd die as
Sepsis is al®b6 hbsespiecadiogtcosnflifn stehpesils. 9.5 at
untreated, it can advance to septic shock, a
abnor nd@lhiitsi exlvancement from sepsis to septic
hours; for every hour that treatment is del aye
as much3d@sceli0f. a state of septic Shock, ~40%

Sepsis is highly heterogeneouwsau,bsleggaikinntg htia

mortal PHet eradeesnei ty results from a variety of

comorbidities, racial/ethnic backg¢gMamgdpf i nf
these factors al so i ntiedeanccte wantdn neoarctha loitthye rr att
(<5 years old) and the elderly are at dn incr
The clinical presentation of 8Tsheep seifsf eaclts oo fa pspeex
sepsi s monrctoanl datuys hiosegh sex i mpacts incidence r
(UTls), a common primary infectionTPRehereby w

presence of one or more comorbidities (e.g.,

swpression) is also known to i ndGoemapsaer esde ptsa sNo
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Hi spanic White patients, patients from Africa
have higher tdohitla¢ i payt rantes , f r oenm iHiasnp abnai cck gar nodu
have similar or!'® oWwer mortality rates.

The most common primary i nfacdquiornesd apree u macr
causésdrieypyt ococc t§ npganbaluommoi miad e )(t y pi enaelglayt i cvaeu s e ©
Escheri)éand ©0dls (pri m&Eri)éplotehseul tbhiarcg efrricam s u
Enterococcuscr flae€aihdsdaharheb iaclashos common causes
that develldpl afnetcot isoenpss iosf. t he s ki nandcetnhter al n e

cardiovascul ar system a%’e Pess common causes

Various studies have identified molecules
the point of 2HPdPsrpittealn sa dimids sriedcma.bol i t esse,i nvol v
coagul ation, metabolism, and cytoskeletal str

prognosis and péfBowalveredmobseabmenhese studi
Hi spanic White pati en%®Onwiytohf wobehsepsier asttourdyi eisn faen
samples from pat i-emdomiwialh” iphfdematoigenishava i ncl
patients with primary UTIls. These 2d&inads wer
some did not?®iafdp adief f etmmd?’sex of patients.
Previously, we applied quantitaHi spapiroteo
White and African American/ BPaokopaltieetds CaNe:
Septic Shock (ProCEISSNg cfolhuoirdt ,r eas utsrciiatla tcioomp as t
patients across 3%Weacfaidresnti ca nuaS yhzoesdp i staamipsl.es f r
with priabadomiimalr ai nfecti ons, identifying prot

stelllataetecelati on (HF/ HSCA), the i mmune respon
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ients (N

1 6@H a pvt) @Phr Gtreii nmasr ya sWsTolcsv a(viah g wi t
comes were also related to HF/ HSCA, and in

othelial system and?3fThess!l aepanategahatiemr
Si blsepescoufricce responses toweepsionlgs cwalrlaca s
hin a singl ® Hdwewaer etdhome grotueins that di
come (primarily related to the i mmune syst

both analysesanisaeggabttchgnpgpessi bhleseepsi s su

erse’®patients.

A useful prognostic biomarker, or set of b
m sepsis in the clinic sdhdwlcd ioen suminwe rcshalr

causative pathogen 336 eenesigenkhys depam tmemn

tical care units, and intensive car’e 3inits
waitinglemgrnéegulbtactferoml culture tests is
de clinical treatment strategies more effi
ients most | ikely not to survive bBepmose T
ressive and earlier wiellever egeinetpir g f datr a £

3Chapter9gt@ adenBify factors associated with

proi
t hi

pro

mary 1infection sourdsesatanhdo srpaictiall /aed nmins sci dor
s secondary analysis may help identify uni

gnostic markers for sepsis survival
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4.2 Methods
4. 2.1 Ethics StatemanRl, asSmad@olDlesdtgingn Pati ent
Patients (N = 1,341) were enrolled in ProC
strategies for diverse septic?®%®hdbl aganeingnt s
st rystheogved equal effecttiyDenasd somfpathiee Ptr o BEISHS
patient eligibility criteai¥fdethuet prevional yR
Boasfk it RBsheatUniversity of PittsHBPurogChESa&Snd Tahlel 3
Vanderbilt Uniedcrtshity dmRB IRmpegwiooous anal yses.
Previously, plasma samples from N = 107 pa"
abdominal ChapgetaindlndN (= 166 patients with seps
analyzed usi ng-upuamtoi(CdeatmitMd® Podbttiteonm s were sel e
on plasma sample avail abi-abdgmi pal maryUThjecta
identified race ( Af rHicsapna nAinte rWhciatne/ )B.l aAclkl osra niNool
Ati me zeroESSwhethn®do&s the point of ED admi
before and%f Surevaitwmeensidu.ramidv dirnionr ef er t o @&Dpati en

admi ssi on.

4. 2.2 Sample Preparation and Data Acquisition

Pl asma sadipViededveirmt o two groups based on |
each group was anuap,y zgeuda nutsiitnagt iav eb optrtootme o mi ¢ s v
and blinded fashion. D&% B8¥°i efwgreptiasmai badpp
i mmwdepl eted using a multipl e-laf)f icroil tuynnr g Magv d

Santa Cl ar a, CA) and protein concentration wa
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assay (BCA). Two quality control tQE@dlI popol s a

amounts ofabHmailnlali stamal es (N = 107) and 2) a
digestion and tandem mass tag (TMTpro) | abel/
aut omated | i gqutad dhoam dhladr .a nTdh eUpibnstgrdao aps 8wand ¢t
TMTpro batches, respectively. I n each group,

Each batch contained one QC pool sampd e. Pept

phase fractionation anditarthegui 8§ etpaanrdaemma tdnoagsnsa
spectr omeSt/rMS)(.LRAW files were searched agains
database (01/ 14/ 21, 42,-2DB4i seRuetneecmnmg Diss angyv &r
(Thermo Fisher Scientt Hfadbd ;o miVanlatl h almm,t aMA)n df arg ati |
human reviewed database (02/ 04HT2 2i,n 4Rr, 2t6e40 me
Di scoverer v2.5 for the UTI dat a.

The mass spectrometry proteomics data have

Prot eome Xcdratnigem @ohspr ot eomecendr & aptee PReé D

partner repdesi aveyPMDE BOHT-dHedo mit nPad DO 3a9n5d0 9

(UTI1)
4. 2.3 Data Normalization
Previ©MBIlryeporter 1 o0on i nt enesaicthi edsa toafs eqtu awnetri

nor mal i aednous ifsitgedp tpwoo ces s-bianhebl a-bHygalwr bBsn

normalization as’®peé%oi’cadaby neke ¢ hrei heavdb. dat aset
TMT reporter ion intensities of quantified pr
were normalized using the corresponding QC po
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consi deirmdbdtwehhd nor mali zation. Across batch 1
protein by dividing the geometric mean of the
(2boot of the product of all QC poolencharmwynelos
create a scali-ngté¢lachormalheedwi TRITnreporter i
mul tiplied by this scabanghf aoromalicaedaldatlaat

for further statistical anal ysi s.

4. 2. 4Anmatyasi s

First, a |inear regression method was wused
survival outcome. For each protein factor, TM
vari abl-cgagy asndr WiOv a | (yes or nBdbwas shendade pe
were used to account for batch cl usWeers, and
excluded Npr=otli)ns hati2 Qves a&Mmquie¥ £ocft eadl |d ux7 3 os amp |
smal | s aMupllitei psliezecompant sedn$ owe usiHoghthleeg gB € Bj ¢
H) false discovery ratvaeal (UEBB®RKr pr oo®tdaitdies teidad q lul
signiAnealajnges were per farlmeadc du ¢ ihregFrdhsd quadsakegree”
(FC) valuesewefercahchl protein by dividing th
l evel s by the-smegan vofr sdegMToprmomhevel s. FC cut

established using a power “mrdoysiesspotnEamegypt p

for which the smallest number of patients had
Second, a |l ogistic regression method was u
predict survival outcome (likelihood ratio te

detcted in O55 patients (>20% of 273% patients)
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transformed, and missing values were i mputed
compl-a&t &@&h gom -aatnadn chom*¥Farueach pr@agi sufacval, (
or no) was the dependent variable, and the im
were adjusted for primary infection source, a
i mmunosuppression, igandegemralsi oai model sL owgir €t c
predictive ability for clinical variables onl
proteins (based on LRT p); and clinical varia
el astiessieonrmgdel was used to analyze al/l pro
p < 0.05, controlling for but not penali zing
FDRdjusted p < 0.05 in the | ineaa Iroegirstsisd on
regression model were also analyzed for their
penalizing clinical covariates. Opti mal par am
validation error. Areas mhideéeentbdei cueveal AUESI
each model

|l ngenuity Pathwag SBSealtgbi Todl PAPr Retri eval
Genes/ PSToRIeN @ suefed to identify si@amidfifaarct iDinc

B-Hcorrecteand mi Oi.n"bubm i nteraction score = 0. 4(

4.3 Resul ts
4. 3.1 Patient Characteristics

Demographic characteristics of the ProCESS
showhabdile Most patients (68%) sEHDvadmidsdgirom, sa

27% of patdieemnttid i eal fas Afri can Amarviea arg/eBlod c 8.
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TabWeDemographi cs

of t he

ProCESS Patients

Characteristic Survivors Non-Survivors Statistic
N 185 88
Age (years} 60 £ 16 68 £ 14 <0.001
Primary UTI (N, %Y 123 (66%) 43 (49%) 7.771
African American/Black (N, %) 54 (29%) 17 (19%) 3.651
Female (N, %) 89 (48%) 50 (57%) 1.810
Renal Failure (N, %) 30 (16%) 21 (24%) 2.296
History of Dialysis (N, %) 12 (6%) 5 (6%) 0.066
DiabetegN, %) 64 (35%) 38 (43%) 1.879
History of Liver Disease (N, %Y 11 (6%) 17 (19%) 11.585
Immunocompromised (N, %) 14 (8%) 22 (25%) 15.679
Active Cancer (N, %) 20 (11%) 28 (32%) 18.161

Sel

e

sAverage N 1 s Paalbaed i ddvicatwiasn o ali ¢ weldutnebde rusafng a
patients and perscuernvtiavgaelg roaf o i toat trael s twictshiwier e cal cul a
contingency.iitmbdi ecataemal wserse frequendcdieds.Mgigviecr t 00
di sease includes patients with history of at | eas
failure, or coma; chronBoald®t@epaeistissgnorfictamer di if v
survival otc ®mé&Ssyoadipsa hi st or yé®=o fl 8lainvhelrl 1di58&a
respectivegynviiwmonr hegr mom t han the survivor gr
frequencies of renal failure, diabetes, or a
There was also no difference in the percentag
groups.
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younger -sturavrn vimars. A greater percentage of sur
nosurvivor s. Regardi ng comoalbioduttc oense st,h atth enraey
greater percentage of ci=mmubnadBiciodnppartoine nstesd wpiatthi ea
or a historyd=ofls8lainwelrl 1d58&as e ePpwrcwiiwaer ygr a wmp
t he survivor grfoeurpen cleheirre twae fnroeqguenci es of r
hi story of dialysis across survival outcome g

percentage of females between the two surviva

4. 3.2 Characteristriactsemme the Septic Pl asma P

This secondary analysis requi®r®B¥ug.,enwe mal i
assessed the similarity of metrics, such as p
i nt ensIMsi ewseer e hi ghl y -acbodrormeil naatle da ni dAi= U Thle9 d &8 ar sae
FigdtAR. Given the higheatobhenbeirnofheathpl edata:
generally had a higher number of PSMs for eac
correspondedo Md antFawsditBEyogand TMT intensities
each proteinlbdombeal thedi bfftadataset s.

The tmoisnttywbundant protei nTsabilne efahcéh tdoapt aesiegtt
most abundant proteins-106egmopmpB eaved poO,Cédpopro
compl ement factor H, cerubdopli admina, Dgomplo¢ me m
similar in both datasets,iS5wi,t7/Blth&SeR&@Malr aoagip
coagul ant proteins are allTabd42pi gNbyabbuwundahtee
(compl ement C3Uc[h@3i]n, [fAE@A]i,noagnedn hapt ogl obin [F

i mmunodepl eted during sample preparation are
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A. B.
60,000 - 60,000 i - 10
1 » ® Intra Abdominal
] ~ e UTI - 9
50,000 - 50,000
T . - 8 'E'
4 w
40,000 - ] 7§
’ ] 40,000 - TMT Intensity £
7] 7 - 6 E
% 1 : ) ] =
J [ = J [ ]
:a__.ao,ooo ] 7 e 0.9706 2 30,000 4 5 3
=) -l
] 43
20,000 - 20,000 £
4 o L 3 [
E
] ¢ _’g".-: - 2
10000 1. W7 10,000 1
f PSMs !
orT¥— 0 0
0 10,000 20,000 30,000 40,000 0 450 900 1350 1800
Intra-Abdominal PSMs Proteins
Figdt@orrelation of( Alltlhe ttwd ad athasndtes. of P SMs
datadas of each of the common identifiedBprotei
Each of the common identifiad MIrotheiemsd t(yN a=nd
number of PSMs is pl-abdemcin®&8ll uéarapaerdemed 1 @]
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TabW2Thi Mdyt Abundant Proteins in Septic Patients6é Depleted
Intra-Abdominal UTI
. Logio Average Logio Average
Accession Gene Protein Name Rank? Total gl‘CIJ'MT ) Rank? Total gl'CI)'MT )
Number PSMs . PSMs .
Intensity Intensity
P02790 HPX Hemopexin 1 31098 9.30 1 56731 9.66
P04114 APOB Apolipoprotein B100 2 30723 8.78 4 47151 8.92
POCOL5 C4B Complement CB 3 30206 7.79 2 54371 8.04
POCOL4 C4A Complement CA 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
P0O0751 CFB Complementactor 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
Isoform 2 of IntesUtrypsin
Q146242 ITIH4 inhibitor heavy chai¥1pH4 10 11104 6.57 13 20453 6.37
Q14624  ITIH4 '”te[;u”yps'” Inhibitor 11 10893 8.78 12 20478 9.12
eavy chain H4
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-ll 14 10205 8.51 10 22162 9.00
P010422  KNG1 Isoform LMW of 15 10054 8.39 18 16510 8.57
Kininogen1
P19823  ITIH2 Inter-Utrypsin inhibitor ;5 g645 8.51 16 19252  8.89
heavy chain H2

P01042 KNG1 Kininogenl 17 9307 8.16 20 15538 8.51
P01031 C5 Complement C5 18 9289 8.31 17 17576 8.64
P01011 SERPINA3  Ul-antichymotrypsin 19 8792 8.84 21 15157 9.10
P10643 C7 Complement component C 20 7957 8.29 24 12511 8.42
P04275 VWF von Willebrand factor 21 7798 7.79 27 11941 7.90
P02671* FGA Fi brinogen 22 7377 8.27 22 14712 8.71
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Tabd42d conh)Magyt Abundant Proteins in Septic Patientsd Depletec

Intra-Abdominal UTI
. Logio Average Logio Average
Accession Gene Protein Name Rank Total ’ TMT ) Rank Total k T™MT k
Number PSMs . PSMs .
Intensity Intensity
P04217 Al1BG U-1B-glycoprotein 23 6836 8.51 25 12293 8.72
P06727  APOA4 Apolipoprotein AV 24 6780 8.39 28 11554 8.62
P05155 SERPING1 P'asriﬁ&‘t’;fase 1 25 6617 8.45 19 15883 8.96
P19827  ITIH1 Inter-Utrypsin inhibitor 26 6449 8.13 26 12287 8.51
heavy chain H1
P43652 AFM Afamin 27 6097 8.17 31 11211 8.47
P02765 AHSG U-2-HS-glycoprotein 28 5873 8.31 30 11251 8.76
P04003 C4BPA C4d4bbi nding pr 29 5821 7.78 14 20425 8.60
P00738* HP Haptoglobin 30 5682 8.16 9 23406 9.21
P027511 FN1 Isoform 1 of Fibronectin 48 3793 8.11 23 13401 8.32
P02749 APOH b-2-glycoprotein 1 33 5180 8.53 29 11493 8.87
;Proteinbds rankofwidéplne te @aftehptldadoasdapSstesae d sgn t ot al number of PS
protein that was i mmunodepl eted.
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Il n sepsis pati emlddomiirnal pirnfmaactyi amgs,r a2, 540
identified acroGlsa@t)amT®d rD, DH1a% ciréstTeM Trpsr oa coraa scs
were identified in sepChiapt)ehnideont sl wi 8h4p0i ma
uni que plasma proteins were identified in sep
identified FngbopéhThaesas@rtB800@)npr (Masrily are
metabolism, inflammation/i mmune response, <cyt
(Fi gdrne

There were 910 proteins uniqgue to the UTI
proteins unfahbaemioalt hdataset (Fwgdi)ei dienret i f i a
proteins unique to the UTkldasagetl ang laar guel
(Fi gune 4.ixynaling at Sertoli cel lajhinghliyons, v
signi fi caFnitgupleet Miwysd observations are consi st
sepsi s secoGQdaptyiIrtnoB3eUTelsst i(ngly, after FDR adju

pat hways were observed i-ambodnh@apr daceiase®tuni que

4. 3.3 Di-Expressed!| Pyoteins and Pat hways Associ

Proteins (N = 1,806 proteins) in common be
|l inear regression model . Foll o®i pgoFEBRNadjhast
significant differences in relativer prooes n |

(Fi gdr @aASlupp!l emabt a) . D40fl t hese, 227 proteins w

t wo were increased I nne®prsvMisvearug.vi vors compar
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Protein Identifications

Intra-Abdominal UTi

231
(7%)

910
(26%)

LXR/RXR Activation

Complement System

Acute Phase Response Signaling

FXR/RXR Activation

Hepatic Fibrosis / Hepatic Stellate Cell Activation
Atherosclerosis Signaling

Axonal Guidance Signaling

Actin Cytoskeleton Signaling

Coagulation System

DHCR24 Signaling Pathway

0 10 20 30 40
-log(B-H p value)

Figd2rRati ent samples from the ProCESS cohort

sourcealfdonfibmal S Tland anal yzed i neiipvi dually wi:i

guantitati vTeo pp:r oMeenoomiDcisa.gr am of the overl ap of
e two datasets. Bottom: The top 10 most i

S
the two pri m€@awgoipraltehbwtaiyen weaoer ¢ ede.nrtyi f i ed
ing Fisheroés exact test and adjust-ed for m
chberg correct-Hon. BAtHpahiblieaRy;;RXR := Bl i ver X
ceptor/retinoid X receptor; FXR/IRKQRRR2=4 f=ar ne
ydr oxpadedwdt ase.

)
f
u

w-S TC
g(’DOU)OI
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UTI Pathways

Axonal Guidance Signaling |

Regulation of elF4 and !
p70S6K Signaling

Clathrin-mediated
Endocytosis Signaling

Ephrin Receptor Signaling |

Integrin Signaling

Inhibition of ARE-Mediated I
mRNA Degradation Pathway

Colanic Acid Building
Blocks Biosynthesis

Sertoli Cell-Sertoli Cell

Junction Signaling I
Xenobiotic Metabolism PXR T

Signaling Pathway

0 1 2 3 4 5 6 7
-log(B-H p value)

Figur®Bhd.Bop 10 most significant pathways of |
patients wit Kamroirpraatrdyyw alyTsl swer e i denti fied fron
Fi sher 6s exactr trewltt iapnlde ahdyj puosttheeds if-Bbbot BbETr gg UuUS
corr eAcbtbiroenvi &t i=o B® fHjoBchileréirFgl; = eukaryotic trans
factor 4; p70S6K = -Pi7rd6h Sél amaemase; mMRRE = ®mW&ss el

acid; PXRe=Xpregeptor.
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b
@

45 1MYG1 L2 VCAM1 Pentose Phosphate Pathway
4] \.ll \._| /HRG Superoxide Radicals Degradation
GRPEL1 l APIP Antigen Presentation Pathway
3.5 XRCC6
@ Thioredoxin Pathway
2 3 JoxcT
z \ GCSH HMGN1 Vitamin-C Transport
a
g25 \. s LPA Cellular Effects of Sildenafil (Viagra)
2 HLA-A _—
-:E:‘ 2 TXNRD2 \..- (APQ-A) Gluconeogenesis |
% soD2 et
=) 0 e : ;
215 ] TAI-II_SDF(’#B \&_;i Unfolded protein response
FlaheR) ormp -- Pentose Phosphate Pathway
1 ] (Oxidative Branch)
IGF-1 Signaling
0.5 1 Glutathione Redox Reactions Il
0 T T T T T T T " 0 2 4

-4 -3 -2 -1 0 1 2 3 4
Log, Survivors/Non-Survivors

-log(B-H p value)
Figdr@AJol cano pl oiofo favperrcatgeeedp oftMiTgrr oi on abunda
of sepsi s ssuurvviivvoorss taos feanf upwtad duen ( Nf =FBDRBR9 pr c
withmdjrnusted p < 0.05). Light grseiygndiaftiac apnoti nR B
adj usvtaddueps (adjarsd/ecdri gnonf0 .c@H)t fol d change Ve
points indicate pr ot eaidn su swadtdnepb ot adjsugtned i g an
change values (N = 229 pvradtueel nasn)d. fDpa sdh ecdnh al nignee
Exampl easpraotdé¢B)larbged redi.t y Pat hway Axalresisedof di
proteins (gr € &AL ad a tpaad ghdwi anytss )weirne i denti fi ed fr
using Fisherodés exact test adjusted-Hhbohbmubtiop
correction. -AbdrERBeMaacrhiobmisg; BMYG1L = MYG1l exonu
= GrpE protein homolog 1, mitochondrawlrepai k
cresosmpl ementing protein -16p;h oAsPplhiPytde adead gl t WVCAM
vascul ar cel |l adhesi oncombéhk dctudei d ; c OXICAYLme A ut
mi tochondrial; GCSH = glycine cleavage system
hi stone c¢hr omo slodma |-M1ipAiostoefionr mH M@ wk o chytthen ant i ge
chain; TXNRD2 = thioredoxin reductase 2; SOD2
shock 70

( ARXO) =

kDa protein 1B; TALDOilch ¢grpoepit dbéeil
apol i pdpr=oti-lniskud Agpa o &Eh 1.
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The pentose phosphate pathway (PPP) was th
bet ween sursiuvy or sHo g8 &=( BRlogMQBE;,. Gl uconeogenesi s
oxidative branch of the PHPpwer 6. D8ocoasdgfi DR
respedtiiguaBgy.; Several pathways related to reac
significantly altered: super oxwadye (riHdodphc=Bl deg
0.006) and glutathHope=rre yMIBHr. e ddhtei o Mmsnuinle (B s
was i mplicated with the antigen presentation
sur vi wHorps =(Hl .gMQBH;. The punoftoelidhedr esponse was al
survival -Houpt ccolRrtle.g041B3d;,. These findings were supj

anal §sppl dment a)l. Tabl e D4. 2

Transal dol ase (TALDO1; p = 0.044, FC = 0.3
p =3Q. FX = 0.27), thioredoxin (TXN) reductase
2 of human |l ewWkbayhd( BipAi=g®n 014, FC = 0.47),

protein 1B (HSPAl1Barp xampiies bEmemoti &mes i n
pat hways that ar e deFcrgedakded Viars cud psi < ed U r vaidvhee
(VCAM1; p < 0.001, FC = 0.53) iBi qdrmabt ahdwet er
phase protrdaicrh hgil sytciogpirmea ei n (HRG; p < 0.001, F
(AR or LPA; p = 0.007, FC =exlpr8etss enk rper dthei mm:m

in sepsi BigdrAdi vor s (

4. 3.4 Prediction Analysis

Proteins (N 1, 6085 phatewese(de0D&cbédalh

al so analyzed using a |-9sgvenhipgrokegiresshaad mod
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values GSpppl 6mébBta)l. Tabl e D4. 3

First, raglregisstoinc model was created to pred
clinicalprvamairaybliensf e(cti on source, age, race, S
i mmunosuppression, and renal fail urseur vandorrses

with an ABCgdtAB.. 7 Next, the model was updated
significant @granéedi pancpepniah Aarcoplasmic ret
Suppl emendD®B), Tadd el ti ng Fing@m@ ATGe=a@d826 o ol
three next most si-gotfvaanhgpfateonsdgeptantbyd
[ LRT p = 0.0062htaERidgmparontein 1 [LRT p = 0.0

0.004]) further imomaneaageed ot laeF idghiRedOBI. BSNLF ¢,

elastic net regression model was adjusted to
and resulted in the highest AUC = 0.980. With
had -zneorno coefficients, suggesting thMdtrablmp,ort

ten proteins from the -ekptesbeddbweweenl sepdi
nosur vitTabd43 . ( An el astic metotmocmeasl woft ht td s ei tca
resul ted i n FRing®RAB. =THeBB3mgqdel s suggested all
necessary to predict survival outcome, but th
that focus on mechanAdditci pnalklkynsf umt sempsinod
include various and iterati-eepsebdsetspodt ehes
most sensitive and specific pr-egistodsesf wbeb
sampliees would |i kely decrease the number of

prognostic prediction.
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1.0
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= AUC: 0.980 (0.966-0.995)
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- Logistic without any proteins
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Fi gdr@®ARecei ver

Operating Curve (ROC) of five

analyze the value of proteomics data for pred
model was first used for each protgegisur Wi vall,
out comes. Red represents a |l ogistic regressio
outcomes, yellow represents a |l ogistic regres
and JSPR1), grey represkatfsi ael mgststsicgmiefgireas
JSRP1, PAFAH1BS3, EHD1, and CD48), blue repres:
77 significant proteins, and green represents
t hat arensbgnhfanahyses. Each model s AUC and
(BSTRI NG network of the 74 proteins used in t6bh
nonero coefficients. Disconnected noms,s amdc hi
l ine thickness i1 ndicatesfrtohne asltlr einngttenReodft iporno ts
represents immune system proteins, green indi
represents proteins relkkltwead rnmeprtdasd&kmtcy rionvtualtior
factor (I GF) regulation and transport protein
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Tabl el04 .P.oteins Signi fElaanReaeg Nedositbndsi near

Protein

Survivors

Non
Survivors

Logio Average TMT

: Gene Protein Name .
Accession Intensity
P19320 VCAM1 Vascular cell adhesion protein 1 7.00 7.28
P18065 IGFBP2 Insulinlike growth factofbinding protein 2 6.51 6.74
P30086 PEBP1 Phosphatidylethanolamidgnding protein 1 6.06 6.59
P08294  SOD3 Extracellular superoxide dismutase [Za] 5.57 5.79
P07108 DBI Acyl-CoA-binding protein 5.44 5.86
P68104 EEF1A1 Elongation factor 4J1 5.38 5.63
P35613 BSG Basigin 5.09 5.43
P35318 ADM Pro-adrenomedullin 4.69 491
Q96DR8 MUCL1 Mucin-like protein 1 4.23 4.81
Q6JBY9 RCSD1 CapZinteracting protein 4.23 4.55
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STRI NG analysis of the 74 protei s gueweal e
4 Bb. The innate i mmune system, cel/l adhesi on
enriched, along with pr-btkéengrowah fWwaceore(hG6

upt &ak g dB8Suppl emenda@d) 4 Tabl e

4 . Dl scussion

I n this study, we performam«dsai agcomaodadry marm
(Chapter 9°2t % nudnd3er st and universal factors tha
outcomes. The datasets cameff redrlaasmpdloy sce sWha ft e
African American/ Bl ack aabdd omhion ahla di nefi et chteiro npsr i
Mal es and females were equally represented in

survival outcomes iwh op ehtaiveentb eppap uflffidteirst udi ed

4. 4.1 Dataset Comparisons

Both t-hedomitmal and UTI dataset identified
(>2500 and >3200, respectively), most 1|likely
and onl i ne3% r®cptdroonxaitmaotne.l y 2/ 3 of these ident
bet ween the two datasets. This high degree of
endotoxins or |ipopolysaccharinegati P& biactehe

Whil e PpatCIESBt s did not necessaril yvatbhdaomi mal i
infections andEUTitm®1 é%€®Tunben . hfirgohm saingni fi cance o
pat hways, such as the compl ement a&asryestienmdi @atuit\

of an excessive immune respons®rtohat niss rehan a
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compl ement system and acute phase response ha
sepsis sec-abdamy nt o® Cifamtfde autnispresc i f i ed®bacteri al
Pat hways related to |ipid metabolism and the
Sep2§1i S25 29, 35, 43

Approxi mately 900 proteins were only ident
relavbedellll signaling armdntsriasnselnat iwd n3flr g wlva toiu
Notably, proteins (N addbdbmioraly dadastitf de d in
| PA pathways with statisticalgesitgmigfitha&msece mafy!
critical to sepsis survival. The higher numbe
due to a |l arger number of samples analyzed in

We al so observed a high-mbsgr @ad u@fd ag ieminlsar in
dataset, further supportingald@missalblienfseatriedar
UTl s, and overal/l demonstrating typical pl asm
interesting observfagdurmntheavrmasprtdhtadi Adhreep wdndad et
(C3, FGA, and HP) were stil!l hi ghly abundant
FGA were only8d&wpettedi anhcy,/75although HP and ¢
depleted attyTaq%eenf-IMARBepdbetoobher prefrfdcti on:
may help i mprove depletion of these proteins

Finally, protein abundBMTeisntasmseistsieals ban d vt

PSMs demonstrate theyteththhealWworkplroduaosbdl fo
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4. 4.2 Factors Associated with Sepsis Survival
Gl ycogen metabolism was the most significa
nosurvivors, with toxe dRRP v(ep arrtainacthl)aralnyd tgheaic o
i mplicated. The oxidativeb6phasaghatod dme NRPRPP €
ri bubtpcthsoesphate, a precur sor®Maert dmedntol nesitcr aatceidd st,
gl ycogen met ab olpihsam elci oantterdo |isn fmaadfhrae aotr ge rte sgfo n
murine macr opha-gleS waoathsesntmadreaphmages to synt
goes through glycogenolysis and the PPP (inst
i nfl ammator yr \mavBalogkageg shhe PPP, however, dec
downregul ated expression of nitric %dwicke spec
with-ibB8ced peritonitis and a human macrophag
bl ogkt he PPP or glycogenol ysi&Cdromweas pagndian glsy
observed | ower | evels of sever al PPP and gl yc
survieGpbosphogluconatpephdeplholydbgtomadileDO1

transkeucothase;hofs phsitaen da ICholapdico gk iycas daoBer

|l evels of these enzymes in sepsis survivors s
l eading to | ess inflammationni sepsp Si SUSWI wiov
arise from | ower | evwvlte,l sVOAMIp,r oatned ncse |sluuclha ra sc oHh

network (CCN) family member 2 (CCN2). Similar

in human sepsis Pp%%tients, mice, and rats.
Il n this comprehensive analysis, we uncover
the TXN pathway, and protein folding in survi:

anldeat shoEH&Rmprgmtagien 7(1 kDa pr od ememml{eHSKC&0 or
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HSP70 ) awerleg al l decreased inssepsversurbbower s
of SOD2 and TXN have been reported in both hu
nosiur vi4¥®xposure to LPS and rceerbadded rlagigel sh ymfc
although a previous study found rmardviifvfoerr € necvee
of HSP7T@her pl asma | ewelvs voofr s ® Bidti ccoalt oea ereil d |

| ossower | evels of D2nfal smmabiroel|l aneé WWOt-h | owe
oxi dant-i mfnldaramdti o*'r Y pg ieduarivdsinvor s may have a Si
of oxidative str es s XtNh atn dT XN Per adrf rhaatmeraeadou dye .r o |
hi ghern | sepesiss Vviomr s may suggest i mmunosuppr e:

and altered’®protein folding.

4. FaZtors to PredicEl 8gtRée&cydNdestODudmr ome from
The | ogistic regression m@delmawiyt h ndrelcy i ©ln
age, race, sex, and the presence of diabetes,
moderately differenti-atedi sepsiadbThkessmiayacodntrr
sepsis inciderftheaaddbti morofhl ihg.two most si
ability to distinguish-shetvweom sse@nids agui nigv @
proteins furtécecirct ince ealsieldi tyheofprt he model . I
proteins in the model greatl y | nsperposviesd siutrsv iavco
fromsoomivors, with 74 -pérasesmaoefroiteiast havimg:
lragely related to the innate I mmune system, C €

actin cytoskeleton, and have Db%®%n 3pré&%iously
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Generally, biomarker (s) or biomiac&lhry pasef
assay for 74 plasma proteins may be costly an
ten proteins that were statistically signific
These ten proteinsnal aarse pwerdde cridtnga s ug wfifviadi o
74 proteins and performed as well as the mode
proteins may be excalpl amt sdarddiedatwa s hf drarfgeelrl

Two of these VEAMAr atveliAMDID&Bras been propose
of a diagnostic biomarker %amanéelasf @r ogempsits cs &
and septic®sAckenpameidenht sn, a hypotensive and
previouwssed besendayt pobgao30ic mar kerPfAGIF sepsi ¢
binding protei-aeRl sngonadbhedgjncoet el ates to a
assessment (SOFA) score, a®TEhimetcmingselsavesread:t
evaluated as biomarkers, blhéesphati reylettan ol &1
bindingipgrat eéihmomimbi n -binthdibng oirn hidhbiatzcerp aims r el
system and | ipid metabwmdn sagt iamat e atsh g i mo d pul
foll owing aEuiaopid@dikhgenhc ee r e matkimitneg apcrtdtnegi n
protei#j kmupirmtein 1, -Uatldhvel omgatieem fpaetvomoub
sepsis. Ovoetreailns, arheeshei gphrl y r el evant i n mechan
fol-upwanal yses for their potenti al utility as

The use of elastic net regression model s t
demonstrated in an integrated proteomi&s and
While both studies identified a high number o

the signi ffThhd st cprud tde ibres due to the |l atter stu
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days 1 &mMd atdmpesti on or differences in sample
racial/ ethnic backgrounds, technicaltdohfenad
clinical wvariabl 8 hiesel Wlddd eirrentthe emaddlss .hi gh

fol-upwin | arger and more diverse cohorts.

4. 4.4 Study Strengths and Limitations
Secondary analysis of twodemsstongxpambheom
proteomes from ~3068°> BP¥veenesswpeesfpamieatsou
|l ocations in the U.S., represented two racial
sources. Technical reprodedi bot i daycloéamheedan
A substanti al number of pr ot eedxnpsr easnsde dp abt entwnaeyesn
survi vorssuravnidv onrosn have been reported by others
l' inear redresesifact oas can affect the plasma p
mort @Pilfmc.l usi on of multiple clinical variable

elastic net regression was a strength of this

Limitathobeassbbdy include the | ack of sampl
Hi spanic, Asian American, Native American, ofr
infections such as CAP, skin, or CNS infectiol

Neugereauaflound t hat CAP coul-adbdemidndlf earechthlada
infections and UTIls, but the | atter three wer
met aboilomiesder to move forwardnpotfemtdi aln biho:
analysis, validation with ccfaorrtgserofs atmpd wes asn oz

also |ikely reduce the number of proteins tha
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t he regr essi ofni tnmoeddeh esA eanrte loivneirt ati on to el ast.i
inability to interpret coefficients and deter
to the model performance. We also did not tes:
cbse to use all the data possible for the el a
sepsis survival &Ff&enbklieacdi fyuytacees ishblsei n
the prognostic candi dat esnitcoala ansosraey nidaensa ggena b |
4.5 Conclusions

We conducted a secondary analysis of two p
comprehensively identi f-egx prreost ed ch sbdthvade mra dii\
sepsis survsiuveli vyoansd MWendemonstr ddteddveae nhitdgh d
pl asma proteome of sepahbhdompianalenitsf ev¢ttihoms i anm¢
Gl ycogen metabolism and its effect on inflamm
survivor s. Proteins r eltaitoend, ttoh es utpheiroorxei ddoex irna dp
protein folding were important in sepsis suryv
pat hways in the initial independent datasets.
predictingals eopusticso nseusr,vuipl s hadghbsf ohl bawrger and
cohorts are necessary. Future studies that es-
across primary infection sources wil/l greatly
subeeaquy reduce patient mortality rates in se
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CHAPTER 5

Concl uvasnidautsur e Directi ons

5.1 Conclusions

I n this diss¢eomatiedn, qgeemit i tative proteomi
samples to better understand faepsi s.tNWatanaf
samples from patients who had enrolled in the
(ProCESSPRatsiteudtys wer e fr om acrhbissspanhiec UWhS.t,e ioc
African American/ Bl ackabdoal einfhect hans poi mar i
infections (UTIs). Plasma samples were coll ec
treatment), and survival outcomes were define

| €hapt,en h2 s plasma proteomics workflow was
sepsi s sursiuveli yoansdwhorlbad mp miama n yabiedmotmi an & $ .
infections are one of the most commoghi nfect:i
mortality rate. Proteomics results indicated
and |iver cell asurvatwvioos,tlhanweépsias mabmnhered
related to inflammatios aadcuiaer ceé¢el | adbesva
(VCAM1), changed consistently in sepsis survi
certain pathways related to the i mmune respon

activation andomlryldifgemiaftiioaanNt Iwereael t ered bet we

sepsis sursiuvelisvoasd dbe | evels of several pr
background and survival outcome, suggesting t
i ntreanf ebi nding and receptor activity, and natu
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areas of the immune system that have subtl e d
influence sepsis survival

| €Ehapt,emwed3 extended thesfwomksepsssu@gpnt s amp

UTI s. Di fferent infection sources may i nfl uen
mortality rates. UTl s are also one of the mos
di sproporti omlagd .| yPradtfeami dsem esul ts indicatec
l ess i nflammat-swomvitwhwams sapdi sulmoeaquentl y, | es:
Sever al deXpreeened apd gt ei ns b etsweevn vsoe s iwse rseu t
encchhed in reproductive and urogenital systems,

i mportant. VCAMlaptiedwaZz i & €ed I ower ii-n sepsi s
survivors. Altered metabolism waepeshsepat¢edeam
Proteins involved in metabol iem,| tpheli meume ir
transl ation were dependent on both race and s
proteins, most of whi cihn wseerpes inso,t wperreev itohues Inyo srt
patientsd racial/ ethnic background and sepsis
changes in sepsis survivors (e.g., less infla
ot her resppeséebsi mayobpasientsdé primary infect

| €Ehapt,emwed combi ne@h amtt arska tnd odnmacb m3i ngl e dat &
perform a secondary, comprehensive analysis o
Most i1 denti fitdaklie @mbautnhaiamceanckevel s were si mil
demonstrating high technical reprodegabi vety
bacteri a. Glycogen metabol i sm wassusrivginviofrisc,ant

suggesdss nignfil ammati on i n survivors. The | atterl
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of VCAM1 in sepsi s ssuurrvviivvoorrss .c oAmwpdai rtei do ntaol npoant h

based on survival outcome that weswepearodxiobeser
radi cal degradation, thioredoxin pathway, and
sepsissurnvoinvor s may i ndi cat ef oiunmmupnroostuep pnrse, s siinocnl.

VCAM1, were identified asnpoaanel abktprcogabste

key proteins that were di ff esruernvtiivao r sb esthweuelnd sb

explored in fut verxe ssttiundgi edsa toars eottsh.er pr e
Overall, this dissertation worikemrtmp hfasome s
underrepresented racial/ ethnic backgrounds in
primary infection sources. Diversity in sepsi
|l evel factors that infHuemaceabepgsbspasutvesaln
work also points to the I mmune system as a ke
uni ver sal changes in a diverse patient popul a

5.2 Future Directions
5.2.1 I ncreasingnSamplverSiizeg and Pat.

First, further proteomic characterizati on
more diverse cohorts is needed to more compl e
factors that influence survi vado@ruapxhimeal|. IDd ove
age, sex, pri mary infection source, and raci a
could influence dGCHdEtfeernMabesnasdptemalesefro
from a variety of ampelse ss hforud M poett ivainctesd dyeidt. m&u r

infection sources should be analyzed (e.g., s
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respiratory infections have ?bhietenwosutludd isetdi Iwi tbhe
incleade phAtients in a | arge study to allow fo
ot her underrepresented racial/ethnic backgrou
Al askan Native) is cruci al b e c a ursaet, e sd etshpai nt eN oan
Hi spanic Wt hespapaenensts have been completel
studies about sepsis survival. l ncluding Hisp
as these patients appeatyt oah atgiestphaanmicNawh iotre |
pat i o sresults could help identify wuniversal
outcomes. Additionally, the characterization
given the dr asitdans nwehoe aiscee ttni fAyneas mul t i r aci &

Based on technical and Cbhiaopltoegrist3a2f ‘dhvnddr i3at i o

o

hanges of 1.20 (the | owest detectable by TMT
nosurvivors with gordo uppa.t ilefntosn ep ewe rset utdoy desi gn

and -snuornvi vors of si x r aeHiaslp/aentihcn iWwh ikt aec k gArf a u rcdas

American/ Bl ack, Hi spanic/ Latino, Asian Ameri c:
Nati ve, Nat i vel fHacwalisilaann,d earn]d, Paancd mul t i raci al )
sources (r easbpdiormaitnoarly,, UTlt,r askin, centr al ner v o

3,888 sepsi s npeacteisesnatrsgonildo &1 @ . B®i)s number of pa
be droend at the expense of raising fold change

1.50 i s achievable with only 648 patients. Wh

—+

heoretical study design woul, d I gqdanagreanloiuse amaurl

anrdeqgaddeti owagl foll ow
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Whil e our study was powered to detect chan
vivors when stratifying by racial backgrou
|l d motstfruarttifegy data based on comorbidities
not have data from the ProCESS parent tri
urance status). However, severyali mpamdr siedis
tality and do so disparateClyaptten®espit et
y two proteomics studies examining factors
pital admission haage iancd ustedxdi aMtalr a dakbd yeksi donee
liver disease3whnid e mOjudedesuap pcessdedn SOFA a
siology and Chronic Health Evalwuation |1 (
erity) alns adgteokmineed edvger gemusampbaysi zes,
spective patient enroll ment to collect dat

o account to better identify proteins whos

ivors are associated only with survival out

Studying plasma samples | eftover from clin
a strategy to improve samplse dinzd aamgae matsip
pital systems, thousands of biospeci mens a
at ment gud4d @& amecwer s Abt ebei2ddg useful for clini
ically discardegl aBlmwegsampl eBeseut dmbanpar
sis studies, as these samples are collecte
essarily days); may be subject to fewer re
sampdlederf rotmudi es such as ProCESS,; and al | c

ersity may be in terms of patientsd ages,
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terms of hospital type (i.e., noampgliimmdg e(dmd ot
traditional research samples are biased towar
remnant plasma samples, the technical feasibi
research plasma must beéea okegman siternatlend/.e sTtheg aREM
(REMI SE) study is a prospective study |l ed by

University of Pittsburgh School of Medicine 't

| i pidomics, and meeatmbtemresubtadieem &rpil ot
(N = 8 patients; one remnant and one research
research plasma were similar in termnmsataf nprtot
showndAdi onally, many of the proteins and rel a

were also identifie@hapt &r 9(CESdnd@EBrpI kaswrd f @ me .
remnant plasma may be able to identHbwetVactor

further samples are required to confirm this

5.2.2 Changes Only in African American/ Bl ack

| €Ehapterseer al pat hways related to T celll
t he comtplseymret em, were only represented in Afri
Simil £hlaypt eirpnrd®t eins related to T csedrlvipwall i f e
out come i ntseutalcati omr dteeinn | evel s were depender

outcomes and racial/ et hnChca pt,eeakegdr eou nrdesl. a tAesd mtec
activity, single nucleotide polymorphisms (SN
beendl toekd&frican American/ Bl ack individuals w

increased ri dRAbftebesasn t&eraenit dr genkisn (@l 0)
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proliferation factor and a cytokilne) skeaveted

di fferent frequencies between African Ameri cal

i n -ipmfol ammatory alleles and cy%dokemals omnhérf rik
also had difference in allelam famelg Camtiass ame tw

It is possible that African American/ Bl ack
high state of i nflammation in sepsis, which i
di ssertation worskbsBquelnlt fcyn otkiimre dred el s i n
sepsis patients could be measured by coll ecti
from sepsis patients, culturing and isolating

proliferawviaonoandaa&kers and t he 2d®enrcoeynttpriantg on
woul d be interestingi hbl dmmatr or peal feldeésfar en
this patient population and if theyouwlsd olte at e
measur ed wiitnhk eedn ziy$tmmneu nosor bent asfagse MELhB8AsS)
t hat all ows for higher sample throughput and
Ol inkds Target 9°dmalyn fblea nenvaetni amo r R4 ri énld g mac y tvo k
generally too | ow in abundance to be identifi
spectrometry, ebnapsleody ipnrgo tdeiosntiocvsercyoul d uncover
proteome of PBMCs. PBMC rbrecetne csmheusd i headv @ nn OAtf rp rc
American/ Bl ack sepsis patients. It would be i

bi ol ogi cal factors that may contribute to inf
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5.2.3 VCAM1 as Part of a Sepsis Biomarker Pan
The ten protei nts itrhako twe rree gihegapstifedric &dlann al y s €
demonstrate the most potential as -pp oigmolsdriger
and more diverse cohorts to demonstrate repro
Of theseinen PCANM1I may be the most i mportar
i nvestigation given its sCGChganptfarcaanBedmdl 3o st
VCAM1 had significant prognostic valwue in pro
and semk ipxa’tsihemictrseeased VCAM1 | evels in ProCESS
phenotypes retrospectively assocdfatiesd dwistste rtia
work further supports VCAM1d6s progniosamktBlagplk
patients. Il nterestingly, VCAM1l has al so been

for sepsis 2fTolelroewiorge ,UTVICBAM1 | evel s shoul d be

patients; patients with infection, but not se
and -snuornvi vors of septic shock to fully capture
st ages. These | evels could be analyzed with ta
commonly wused clinically to measure VCAM1. VC

t hat VCAM1 alone is a sufficienhhemankae pfotde
Chaptanrd 4proteins from the |iteflatpopol paabclas
binding profBhoudd beuexetiongd in combination

pane.l of biomarkers for sepsis.
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5.2.4 Other Areas for Exploration

Studying the proteomes wrfvisvegrssi sats udivfifveorresnt
provide additional mechani stWhi lieofwe maern @no mlb
anal yze sampl esnccyo |deeptaErBtjihreants se menr, ga call y zich @ ds
atater ti mepp3 btedayW/eeED.admicouilan)dadd to the un
of what drivestsepismpactufAvd Ratigdatdinents. i mposs
at what point in disease progressimud tpggtlieent s
ti mepoi nma ya nhad lgps iapsrnoovried | ongi tudinal view of s
Addi ti omalally,tymat diff-@eagdyopo-BnBpadmitssi(en)y. ¢
alkbBe® examinmed stand cha#ageaean tshuatvi dRiloe @EBHBIN G eps
coll ectgdi mbotembhiton at theseday meipmempoisni nus
this dilsseswuatwi eyrsvianmadr sgaomwp eld bleased on t hes
andama&l yzed to find proteomi c Afnaadtyaggr s ua-o/n tvrail b
year-Epoattmcsesgli onbe hel pf-uér mnt g eagpthimeogxth)aoha sed ry
of sepsis surgsiepsi s dgwelromepasd -sncamies&i din.ghe

Results in this dissferd-eappe o:mf iword&khaprogeg it

could be furChaeptemrmpdoopddctliae and urogenital

performing functional anal yesxipsr eosfs epdr ot eeti wiese nt hs
sur vi vorssuravnidv onrosn wi t h primary UTIs. This find
examroméepn changes in the infected tissue spe
human patients, so ani mal model s tahbadto minmailc s

infections, andPUdbtseomoeclsdabal ysddbefpéotal me

uncover changes besweenveusvivors and non
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Transl ation initiationepprod®es ead iweFeuraliswor
survivors of sepsis secondar yahaoomiThnal, ibufte atoi
and they chang#ld spiami lcaWwhytienaNdnAfrican Amer
These proteins do not have a |iterature prece
i nvestigation in | arger studisesantdo sepsetcaibfliicsiht y
secondaryyntoaw@blsulr@ments of these and rel ate
benefAddiiali onal related proteins could be stud
characterize these pat hways.

It woswl deali mportant to compare the proteonm
sour ces baeb/dod nalt rianf ecti ons and UTI s, espec
sepsis. CAP has been extensively studied in p
deploent met hods, tagging strategies, and depth
CAPsypically caused by bacteria, but the prot
observed baekdweminnalntirmf eCh d ptisntecash GARBTUSsSUuanN! vy
resul tingpofsriotm vGr abmact eria. The 74 (or small er
Chapttehratd have prognostic bi omerxkert i mat ermrtoit aelo |
datasets of pat ieonrt samdicmh npt i‘f@AR cCEABING .be an
excellent test model since CAP samdverd maldiddde
bl oodstream i r¥Dedteirami sniargd i UTlumn.i Ckapalker.fghct or
glycogen méettalelti ¥m odrent proteins) change si mi
patients with other primary infection sources

prognosticamdodat &er
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Table B2.1.TMT channel group assignments.

Batch
Tag 1 2 3 4 5 6 7 8
126 NHW N NHW S NHW S AA NS NHW S AA S NHW S NHW N
127N NHW S Pool NHW S Pool NHW N NHW N NHW N -
127C NHW S AA S NHW N NHW S AA S NHW S NHW N -
128N NHW S AA NS NHW N NHW S AA S NHW S NHW S -
128C Pool AA S NHW N NHW S Pool NHW S AA S -
129N NHW S NHW S NHW N NHW N NHW S NHW N AA S NHW N
129C NHW N NHW N NHW S NHW S NHW S AA S NHW S -
130N NHW N NHW N Pool AA S AA S AA NS NHW N -
130C AA S NHW S AA S NHW N AA NE AA S NHW N -
131N NHW S NHW S AA NS NHW N NHW N Pool NHW S Pool
131C AA S NHW N NHW S NHW S NHW N NHW S Pool -
132N NHW N AA S AA S NHW N NHW S NHW S AA S -
132C AA S NHW N NHW N AA S NHW S NHW N NHW N -
133N NHW S NHW S AA S NHW N NHWS NHW N AA NES -
133C AA NS NHW N NHW N AA S NHW N NHW S NHW S -
134N NHW N NHW S NHW S NHW S NHW S NHW N NHW S -

Abbreviations: NHW = NofHispanic White; AA = African American/Black; S = Survivor; NS = Nearvivor.
*Denotes a sample that wasaealyzed in Batch 8 (with Tag 128C) due to low tagging efficiency.
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Table B2.2 Differentially-Expressed Proteins between Survivors and-Sorvivors.

Accession Gene Protein Name Adjusted Fold
Number p-value2 Change
P40261 NNMT NicotinamideN-methyltransferase  <0.001 0.24
Q9GzV9 FGF23 Fibroblast growth factor 23 <0.001 0.27
P04733 MT1F MetallothioneirlF <0.001 0.27
Q00839  HNRNPU Heterogeneous nuclear <0.001  0.32

ribonucleoprotein U
Q9Y279 VSIG4 V-set and |m.m.unoglobL.1I|doma|r+ <0.001 0.33

containing protein 4
P10645 CHGA ChromogranirA <0.001 0.34
P63313 TMSB10 Thymosinb-10 <0.001 0.39
P27930 ILIR2 Interleukinl1 receptor type 2 <0.001 0.40
014152 EIE3A Eukaryotic translatlo_n initiation facto <0.001 0.40

3 subunit A
Sushi, von Willebrand factor type A
QA4LDES SVEP1 EGF and pentraxin domagontaining <0.001 0.45
protein 1

Q68BLS8 OLFML2B Olfactomedinlike protein 2B <0.001 0.45

AGNMY®6 ANXA2P2 Putative annexin Adke protein <0.001 0.45
Q02487 DSC2 Desmocollin2 <0.001 0.46
Q6JBY9 RCSD1 CapZinteracting protein <0.001 0.46
014246 ADGREL Adhesion G protektoupled <0.001 0.46

receptor E1
Scavenger receptor cysteirieh type
Q86VB7 CD163 1 protein M130 <0.001 0.47

Q9UGM3 DMBT1 Deleted mmal;)g:(r;:arilrt] brain tumors 1 <0.001 0.47
P04080 CSTB CystatinB <0.001 0.47
P80723 BASP1 Brain acid soluble protein 1 <0.001 0.48
P27816 MAP4 Microtubuleassociated protein 4  <0.001 0.48
QO8ET2 SIGLEC14 Sialic acidbinding Iglike lectin 14 <0.001 0.49
P08833 IGEBP1 Insulin-like grovvth factorbinding <0.001 0.49

protein 1
Q9Y6R7 FCGBP IgGFcbinding protein <0.001 0.49
P10451 SPP1 Osteopontin <0.001 0.49
P36896 ACVR1B Activin receptor typelB <0.001 0.49
P19320 VCAM1 Vascular celldhesion protein 1 <0.001 0.50
Q9Y5Y7 LYVEL Lymphatlc_ vesgel endothelial <0.001 0.50
hyaluronic acid receptor 1
Q15063 POSTN Periostin <0.001 0.50

Q8TDQO HAVCR2 Hepatitis A virus cellular receptor 2 <0.001 0.51
P29279 CCN2 CCN family member 2 <0.001 0.51
P08637 ECGR3A Low affinity immunoglobuling Fc <0.001 0.51

region receptor IHA
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Table B2.2(cont). Differentially-Expressed Proteins between Survivors and-Sorvivors.

Accession Gene Protein Name Adjusted Fold
Number p-value2 Change
P15090 FABP4 Fatty acidbinding protein, adipocyte <0.001 0.51
Q03403 TFF2 Trefoil factor 2 <0.001 0.51

Isoform 2 of HLA class |

P044392 HLA-A histocompatibility antigen, & chain <0.001 0.51
pP27824 CANX Calnexin <0.001 0.52
P24821 TNC Tenascin <0.001 0.52

Q9UKJE3 PILRA Isoform _3 of Paired immunoglobulin <0.001 052

like type 2 receptoa
Q8NBJ4 GOLM1 Golgi membrane protein 1 <0.001 0.53
P13796 LCP1 Plastin2 <0.001 0.53
pP22528 SPRR1B Cornifin-B <0.001 0.53
pP22897 MRC1 Macrophage mannose receptor 1  <0.001 0.54
P35442 THBS2 Thrombospondif <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 Neuroblastomauppressorof 557 55
tumorigenicity 1
P07998 RNASE1 Ribonuclease pancreatic <0.001 0.56
P80188 LCN2 Neutrophil Igelatin_asassociated <0.001 056
ipocalin

Q9BYE9 CDHR2 Cadherinrelated family member 2 <0.001 0.56
Q9HD89 RETN Resistin <0.001 0.57
Q14767 LTBP2 Laten'&tran_sfo_rming grqwth factds- <0.001 057

binding protein 2
Q12805  EFEMP1 EGF-containing fibulinlike <0001 057
extracellular matrix protein 1
Neuroblast differentiatiofassociated
Q09666 AHNAK protein AHNAK <0.001 0.57
P12830 CDH1 Cadherinl <0.001 0.57
P02452 COL1A1 Collagena-1(l) chain <0.001 0.57
P24043 LAMA2 Laminin subuni@-2 <0.001 0.58

Q9HCB6 SPON1 Spondinl <0.001 0.58
P12110 COL6A2 Collagena-2(VI) chain <0.001 0.59
043493  TGOLN2 TransGolgi network integral <0.001  0.59

membrane protein 2

Q9UMX5 NENF Neudesin <0.001 0.59

P31995 ECGR2C Low affinity immunoglobuling Fc <0.001 0.59
region receptor it

015123 ANGPT2 Angiopoietin2 <0.001 0.60

P08174 CD55 Complementlecayaccelerating factol <0.001 0.60
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Table B2.2(cont). Differentially-Expressed Proteins between Survivors and-Sorvivors.

Accession Gene Protein Name Adjusted Fold
Number p-value2 Change
Macrophage&olony-stimulating factor
P07333 CSF1R 1 receptor <0.001 0.60
P20908 COL5A1 Collagena-1(V) chain <0.001 0.60
Q9NPG4 PCDH12 Protocadherisl2 <0.001 0.60
P12318 FCGR2A Low affinity immunoglobuling Fc <0.001 0.60
region receptor ta ' '
Tumornecrosis factor receptor
P25445 FAS superfamily member 6 <0.001 0.61
Alkaline phosphatase, tissue
P05186 ALPL nonspecific isozyme <0.001 0.61
Q12866 MERTK Tyrosineprotein kinase Mer <0.001 0.61
Q6UX71 PLXDC2 Plexin domaircontaining protein 2 <0.001 0.61
P18065 IGEBP2 Insulin-like %rr%\;\gil:]fgctommdmg <0.001 061
Q9H8J5 MANSC1 MANSC domaincontaining protein 1 <0.001 0.61
P20810 CAST Calpastatin <0.001 0.61
Isoform 5 of EGFcontaining fibulin
Q128055 EFEMPL like extracellular matriyprotein 1 <0.001 0.61
Q01523 DEFAS5 Defensinb <0.001 0.61
Q969E1 LEAP2 leer-exp;)e:&?ddea; timicrobial <0.001 0.61
P00451 F8 Coagulation factor VIlI <0.001 0.62
099650 OSMR OncostatlnM-spgmflc receptor <0.001 0.62
subunitb
Q03167 TGEBR3 Transforming gt;/c;)vgtg factds receptor <0.001 0.62
016270 IGEBP7 Insulin-like %rr%\;\gir;]fgctomlndmg <0.001 0.62
Q13201 MMRN1 Multimerin-1 <0.001 0.62
P08123 COL1A2 Collagena-2(l) chain <0.001 0.62
QONPY3 CD93 Complement component C1q recept <0.001 0.62
P00390 GSR Glutathione reductase, mitochondri: <0.001 0.62
Q9BY67 CADM1 Cell adhesion molecule 1 <0.001 0.62
075022 LILRB3 Leukocyte immunoglobuliiike <0.001 0.62
receptor subfamily B member 3 ' '
P07307 ASGR2 Asialoglycoprotein receptor 2 <0.001 0.63
P12111 COLG6A3 Collagena-3(VI) chain <0.001 0.63
012907 L MAN? Vesicular mte%rlaph;gmbrane protein <0.001 063
P55285 CDH®6 Cadherin6 <0.001 0.63
Q01638 ILIRL1 Interleukinl receptorlike 1 <0.001 0.63
P17900 GM2A Ganglioside GM2 activator <0.001 0.63
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Table B2.2(cont). Differentially-Expressed Proteins between Survivors and-Sorvivors.

Accession Gene Protein Name Adjusted Fold
Number p-value2 Change
P19438 TNERSE1A Tumor necrqsis factor receptor <0.001 063

superfamily member 1A
095998 IL18BP Interleukin18-binding protein <0.001 0.64

Q6eUY14 ADAMTSL4 ADAMTS-like protein 4 <0.001 0.64
Q9HCUO CD248 Endosialin <0.001 0.65
Q14515 SPARCL1 SPARGIike protein 1 <0.001 0.65
P20827 EFNAL EphrinAl <0.001 0.65
P14625 HSP9O0B1 Endoplasmin <0.001 0.65
Q13740 ALCAM CD166 antigen <0.001 0.66
000461 GOLIM4 Golgi integral membrane protein 4 <0.001 0.66

Q6UVK1 CSPG4 Chondroitin sulfatgroteoglycan 4  <0.001 0.66
Q13444 ADAM15 Dijintegrin and. metalloprc_)teinase <0.001 0.66

omainrcontaining protein 15
P35555 FBN1 Fibrillin-1 <0.001 0.67

Q6EMK4 VASN Vasorin <0.001 0.67
014786 NRP1 Neuropilin-1 <0.001 0.67
P07602 PSAP Prosaposin <0.001 0.67
Q99784 OLFM1 Noelin <0.001 0.67
QOHBRO  SLC3salp  "utative sodiurtoupled neutral g 5 g 67

amino acid transporter 10
Q14563 SEMA3A SemaphorirBA <0.001 0.67
P61769 B2M b-2-microglobulin <0.001 0.67
P78324 SIRPA Tyrosineprotein phosphatase non <0.001 0.68
receptor type substrate 1

QI9NNX6 CD209 CD209 antigen <0.001 0.68
P52799 EFNB2 Ephrin-B2 <0.001 0.68
Q92692 NECTIN2 Nectin-2 <0.001 0.68

Leukocyte immunoglobulitike
QB8N6C8 LILRA3 recepto{ subfamily E,]lknember 3 <0.001 0.69
P14543 NID1 Nidogenl <0.001 0.69
P98095 FBLN2 Fibulin-2 <0.001 0.69

Q6WN342 CHRDL2 Isoform 2 of Chordidike protein 2 <0.001 0.69

P98172 EFNB1 EphrinB1 <0.001 0.69
Inter-a-trypsin inhibitor
Q06033 ITIH3 heavy chain H3 <0.001 0.70
Q02952 AKAP12 A-kinase anchor protein 12 <0.001 0.70
P61916 NPC2 NPC intracellular cholesterol <0.001 0.70
transporter 2
P07339 CTSD Cathepsin D <0.001 0.70
Q969H8 MYDGF Myeloid-derived growth factor <0.001 0.70
000391 QSOX1 Sulfhydryl oxidase 1 <0.001 0.71
Q14956 GPNMB Transmembrane glycoprotein NMB  <0.001 0.71
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Table B2.2(cont). Differentially-Expressed Proteins between Survivors and-Sorvivors.

Accession Gene Protein Name Adjusted Fold
Number p-value2 Change
Q9GZX9 TWSG1 Twisted gastrulation protein <0.001 071
homolog 1
P11717 IGE2R Cationrindependent mannoe <0.001 0.72
phosphate receptor
Q8N8z6  pcpLpi  Discoidin, CUBand LCCL domain 001 ¢ 75
containing protein 1
060462 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
QoePD2  DCBLD2 ~ Discoidin, CUB and LCCLdomain g 55 g 75
containing protein 2
Q93091 RNASE6 Ribonuclease K6 <0.001 0.72
P10153 RNASE2 Non-secretory ribonuclease <0.001 0.73
P19022 CDH2 Cadherin2 <0.001 0.74
Q9ULI3 HEG1 Protein HEG homolog 1 <0.001 0.74
Q9UJJ9 GNPTG N-acetylglucosamind- <0.001  0.75
phosphotransferase subugit
P01011 SERPINA3 a-l-antichymotrypsin <0.001 0.75
QINQ76 MEPE Matrix extracellulaf <0.001 0.75
phosphoglycoprotein
P21709 EPHA1 Ephrin typeA receptor 1 <0.001 0.75
P15151 PVR Poliovirus receptor <0.001 0.76
P08571 CD14 Monocyte differentiation <0001  0.76
antigen CD14
014672 ADAM10 Disintegrin and. metalloprqtelnase <0.001 0.76
domainrcontaining protein 10
P01034 CST3 CystatinC <0.001 0.76
P05155 SERPING1 Plasmaprotease C1 inhibitor <0.001 0.77
Q86TH1  ADAMTSL2 ADAMTS-like protein 2 <0.001 0.77
Q5JPEY NOMO2 Nodal modulator 2 <0.001 0.77
Q9BPW5 RASL11B Raslike protein family member 11B  <0.001 0.77
Q9Y4Ll HYOU1 Hypoxia upregulated protein 1 <0.001 0.78
P02745 C10A Complement Clq subcomponent <0.001 0.78
subunit A
P13598 ICAM2 Intercellular adhesion molecule 2 <0.001 0.79
P33151 CDH5 Cadherinb <0.001 0.79
P40189 IL6ST Interleukin6 receptor subunt <0.001 0.80
P02746 C10B Complement Clqubcomponent <0.001 0.80
subunit B
P02747 C1QC Complement Clq subcomponent <0.001 0.80
subunit C
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Table B2.2(cont). Differentially-Expressed Proteins between Survivors and-Sorvivors.

Accession Gene Protein Name Adjusted Fold
Number p-value2 Change
Q96RW7 HMCN1 Hemicentinl <0.001 0.80
Q04721 NOTCH2 Neurogenic Iocu§ notch homolog <0.001 081
protein 2
Cyclic AMP-dependent transcriptior
Q99941 ATF6B tactor ATEG b <0.001 0.83
P17813 ENG Endoglin <0.001 0.83
Q8WWZ8 OIT3 Oncoprotelnllor;gtjecitre]d transcript 3 <0.001 0.83
Q9BWPS8 COLEC11 Collectin11 <0.001 0.83
P08195 SLC3A2 4F2 cellsurface antigen heavy chaii  <0.001 0.84
Q9Y6Z7 COLEC10 Collectin-10 <0.001 0.84
P00450 CP Ceruloplasmin <0.001 0.88
P18850 ATEG Cyclic AMP-dependent transcriptior <0.001 0.89
factor ATR6 a
05T5S1 CcCDC183 Coiled-call dor_nalncontalnlng <0.001 1.05
protein 183
Q14520 HABP2 Hyaluronanbinding protein 2 <0.001 1.14
075356  ENTPD5 Ectonucleoside triphosphate 55, 4 15
diphosphohydrolase 5
P13671 C6 Complement component C6 <0.001 1.18
P02774 GC Vitamin D-binding protein <0.001 1.21
P19827 ITIH1 Inter-a-trypsin inhibitor <0001  1.23
heavy chain H1
P05160 F13B Coagulation factor XIII B chain <0.001 1.23
P10823 ITIH2 Inter-a-trypsin inhibitor <0001 1.6
heavy chain H2
P01008 SERPINC1 Antithrombin-11l <0.001 1.27
P00747 PLG Plasminogen <0.001 1.27
P02749 APOH b-2-glycoprotein 1 <0.001 1.28
Q9UKUSG TRHDE Thyrotropln_releasmg hormone <0.001 129
degrading ectoenzyme
Q14574 DSC3 Desmocollin3 <0.001 1.30
QONTU7 CBLN4 Cerebellind <0.001 1.35
P05546 SERPIND1 Heparin cofactor 2 <0.001 1.44
P03952 KLKB1 Plasma kallikrein <0.001 1.44
Q96KN2 CNDP1 b-Ala-His dipeptidase <0.001  1.45
P013442 IGF2 Isoform 2 of Insulilike <0.001  1.50
growth factor Il
P29622 SERPINA4 Kallistatin <0.001 1.54
Q9UGM5 FETUB FetuinB <0.001 1.54
P02753 RBP4 Retinolbinding protein 4 <0.001 1.56
P27169 PON1 Serumparaoxonase/arylesterase 1 <0.001 1.57
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Table B2.2(cont). Differentially-Expressed Proteins between Survivors and-Sorvivors.

Accession Gene Protein Name Adjusted Fold
Number p-value2 Change
Q86UV6 TRIM74 Tripartite motifcontaining protein 74 <0.001 1.58
P13284 IFI30 ginterferoninducible lysosomal thiol <0.001 159

reductase ' '
P80108 GPLD1 Phosphatldyl|n05|t_eglycanspe0|f|c <0.001 164
phospholipase D
P17936 IGEBP3 Insulin-like grovvth factorbinding <0.001 166
protein 3
P06276 BCHE Cholinesterase <0.001 1.73
P35858 IGEALS Insulin-like growth factofbinding <0.001 201
protein complex acid labile subunit ' '
P01160 NPPA Natriuretic peptides A 0.005 0.53
Q9Y524 HEBP2 Hemebinding protein 2 0.005 0.56
Ectonucleotide
Q13822 ENPP2 pyrophosphatase/phosphodiestera:  0.005 0.59
family member 2
Q15848 ADIPOQ Adiponectin 0.005 0.61
060664 PLIN3 Perilipin-3 0.005 0.63
ABNI73 LILRAS Leukocyte immunoglobuliiike 0.005  0.63
receptor subfamily A member 5
Dyslexiaassociated protein
Q8IZA0 KIAAO319L KIAA0319-like protein 0.005 0.64
Q96CG8 CTHRC1 Collagen trlplgrfget:g;(nrfpeaiontalnlng 0.005 0.65
Q14314 FGL2 Fibroleukin 0.005 0.68
P54760 EPHB4 Ephrin typeB receptor 4 0.005 0.70
P16035 TIMP2 Metalloproteinase inhibitor 2 0.005 0.70
P26572 MgaT1  a-l.gmannosylglycoprotein 2o-N- - 555 g 79
acetylglucosaminyltransferase
Q5ZPR3 CD276 CD276 antigen 0.005 0.71
P78504 JAG1 Protein jagged. 0.005 0.73
P22692 IGEBP4 Insulin-like growthfactor—blndlng 0.005 0.73
protein 4
P46531 NOTCH1 Neurogenic Iocu_s notch homolog 0.005 0.74
protein 1
Q9NPR2 SEMA4B SemaphorimB 0.005 0.75
P09603 CSF1 Ma‘:mphagfzgt%'f?“m“'a“”g 0.005  0.75
Q92859 NEO1 Neogenin 0.005 0.76
086VZ4 LRP11 Low-density Ilpoprot_eln receptor 0.005 0.77
related protein 11
P28799 GRN Progranulin 0.005 0.81
P359161 FLT4 Isoform 2 of Vascular endothelial 0.005 0.81

growth factor receptor 3
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Table B2.2(cont) Differentially-Expressed Proteins between Survivors and-Sorvivors.

Accession : Adjusted  Fold
Number Gene Protein Name p-\J/aIuea Change®
Inter-a-trypsin inhibitor
Q14624 ITIH4 heavy chain H4 0.005 0.83
P03951 F11 Coagulation factor XI 0.005 1.09
P14735 IDE Insulinrdegrading enzyme 0.005 1.17
Q13200 PSMD2 26S proteasome noATPase 0005  1.21
regulatory subunit 2
Q96PD5 PGLYRP2  N-acetylmuramoyL-alanine amidase 0.005 1.29
P02743 APCS Serum amyloid RRomponent 0.005 1.31
Q9BYX2 TBC1D2 TBC1domain family member 2A 0.005 1.48
P04196 HRG Histidine-rich glycoprotein 0.005 1.72
P35754 GLRX Glutaredoxinl 0.009 0.50
Q9Y624 F11R Junctional adhesion molecule A 0.009 0.58
P11021 HSPAS Endoplasmic reticulum chaperone B 0.009 0.60
Q8N149 LILRA2 Leukocyte immunoglobuliﬂike 0.009 0.60
receptor subfamily A member 2
P17927 CR1 Complement receptor type 1 0.009 0.61
P10644 PRKAR1A cAMP-dependent protein kl_nase typ 0.009 0.62
I-a regulatory subunit
Q9BUDG6 SPON2 Spondin2 0.009 0.68
Q9H6X2 ANTXR1 Anthrax toxin receptor 1 0.009 0.69
QI9NS71 GKN1 Gastrokinel 0.009 0.69
ADP-ribosyl cyclase/cyclic ADP
Q10588 BST1 ribose hydrolase 2 0.009 0.71
P10646 TFPI Tissuefactor pathway inhibitor 0.009 0.71
P08253 MMP2 72 kDa type IV collagenase 0.009 0.73
095633 FSTL3 Follistatin-related protein 3 0.009 0.74
Q92626 PXDN Peroxidasin homolog 0.009 0.75
QouBU7 DBF4 Protein DBF4 homolog A 0.009 0.76
043157 PLXNB1 PlexinB1 0.009 0.77
P05556 ITGB1 Integrinb-1 0.009 0.78
P55268 LAMB2 Laminin subunib-2 0.009 0.80
P32942 ICAM3 Intercellular adhesion molecule 3 0.009 0.80
P28827 PTPRM Receptottype tyrosineprotein 0.009  0.82
phosphatasm
086504 ADGRG6 Adhesion Gprotein coupled 0.009 0.83
receptor G6
P49908 SELENOP Selenoprotein P 0.009 1.16
Q9BXX0 EMILINZ2 EMILIN -2 0.012 0.50
014508 WEDC?2 WAP four—disulfk_:le core domain 0.012 0.54
protein 2
P07942 LAMB1 Laminin subunib-1 0.012 0.56
P11047 LAMC1 Laminin subuniig-1 0.012 0.59
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Table B2.2(cont). Differentially-Expressed Proteins between Survivors and-Sorvivors.

Accession Gene Protein Name Adjusted Fold
Number p-value2 Change

Q16627 CCL14 C-C motif chemokine 14 0.012 0.61
HLA class | histocompatibility

P10321 HLA-C : . 0.012 0.61
antigen, Ca chain
P00167 CYB5A Cytochrome b5 0.012 0.64
Q86X29 LSR Lipolysis-stimulated lipoprotein 0.012 0.66
receptor
P39060 COL18A1 Collagena-1(XVIIl) chain 0.012 0.73
094985 CLSTN1 Calsynteninl 0.012 0.74
P19256 CD58 Lymphocyte fgnctiorassociated 0.012 0.79
antigen 3
P35590 TIE1 Tyrosineprotein kinase receptor Fie  0.012 0.80
P05154 SERPINAS Plasma serinprotease inhibitor 0.012 1.28
015335 CHAD Chondroadherin 0.012 1.39
P05362 ICAM1 Intercellular adhesion molecule 1 0.016 0.57
Q14697 GANAB Neutrala-glucosidase AB 0.016 0.60
Q96RD9 FCRL5 Fc receptotike protein 5 0.016 0.66
P08581 MET Hepatocyte growth factor receptor 0.016 0.76
P12109 COL6Al Collagena-1(VI) chain 0.016 0.77
Q13275 SEMA3F SemaphorirBF 0.016 0.86
P13473 LAMP?2 Lysosomeassociatg:d membrane 0.016 0.90
glycoprotein 2
P13611 VCAN Versican core protein 0.020 0.37
P09972 ALDOC Fructosebisphosphate aldolase C  0.020 0.42
P10643 C7 Complement component C7 0.020 0.72
007954 LRP1 Prolowdensity Iipopro_tein receptor 0.020 073
related protein 1
08WUJ3 CEMIP Cell migrationinducing and 0.020 0.75

hyaluronarbinding protein

P16109 SELP P-selectin 0.020 0.81

P31937 HIBADH 3-hydroxy|so_butyrate qlehydrogenas 0.023 0.95
mitochondrial

P55058 PLTP Phospholipid transfer protein 0.023 0.34

P49406  MRPL19 39S ribosomal protein L19, 0023 054
mitochondrial

P04275 VWF von Willebrand factor 0.023 0.60

014798 TNFRSFi0C |umornecrosisfactorreceptor 555 g

superfamily member 10C
Q9BRKS5 SDF4 45 kDa calciurrbinding protein 0.023 0.72
Receptoitypetyrosineprotein

P08575 PTPRC 0.023 0.77
phosphatase C

Q5T2D2 TREML2 Tremtlike transcript 2 protein 0.023 0.78

Q08380 LGALS3BP Galectin3-binding protein 0.026 0.40
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Table B2.2(cont). Differentially-ExpressedProteins between Survivors and N8arvivors.

Accession Gene Protein Name Adjusted Fold
Number p-value2 Change
P02768 ALB Albumin 0.026 0.41
P54727 RAD23B UV excision repair protein RAD23 0.026 0.56

homolog B
P01589 IL2RA Interleukin2 receptor subuna 0.026 0.58
P10253 GAA Lysosomak-glucosidase 0.026 0.64
075347 TBCA Tubulin-specific chaperone A 0.026 0.64
P09326 CD48 CD48 antigen 0.026 0.69
Q02763 TEK Angiopoietinl 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 PreX carboxypeptidase  0.028 0.83
Q04756 HGFAC Hepatocyte growth factor activator  0.028 1.04
Non-histonechromosomal protein
P05114 HMGN1 HMG-14 0.031 0.27
P33241 LSP1 Lymphocytespecific protein 1 0.031 0.51
Q12841 FSTL1 Follistatin-related protein 1 0.031 0.56

Q9UEWS3 MARCO Macrophage receptor MARCO 0.031 0.63

Q8IZF2 ADGRF5 Adhesion G proteitoupled 0031  0.76

receptor F5

095428 PAPLN Papilin 0.031 0.78

P17181 IFNAR1 Interferona/b receptor 1 0.031 0.82

P04180 LCAT Phosphatidylcholinsterol 0.031 0.86

acyltransferase
P02765 AHSG a-2-HS-glycoprotein 0.031 1.24
Heterogeneous nuclear

P22626 HNRNPA2B1 ribonucleoproteins A2/B1 0.034 0.40

015394 NCAM2 Neural cell adhesion molecule 2 0.034 0.90

Q03591 CFHR1 Complement factor Helated protein 1 0.034 1.13

QO6H15 TIMD4 T-cdell im.munogllot.)ulin and.mucin 0.037 0.45
omainrcontaining protein 4

P15311 EZR Ezrin 0.037 0.48

P48163 ME1 NADP-dependent malic enzyme 0.037 0.54

043278 SPINT1 Kunitz-type protease inhibitor 1 0.037 0.55

P07858 CTSB Cathepsin B 0.037 0.66
N-acetylglucosaming-

Q9UK23 NAGPA phosphodiestes-N- 0.040 0.80

acetylglucosaminidase

Q5VY43 PEAR1 Platelet endothelial aggregation 0.042 0.84

receptor 1
P14151 SELL L-selectin 0.042 0.85
P06681 C2 Complement C2 0.042 0.91
Q961Y4 CPB2 Carboxypeptidase B2 0.042 1.10
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Table B2.2(cont) Differentially-Expressed Proteins between Survivors and-Sorvivors.

Accession Gene Protein Name Adjusted Fold
Number p-value2 Change
Q9H993 ARMT1 Damagecontrol phosphatase ARMT. 0.045 0.45
Q6UX06 OLFM4 Olfactomedind 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 Receptoitype tyrosineprotein 0.047  0.65

phosphatase F
P234673 PTPRB Isoform 3 of‘ Receptetype tyrosine 0.047 0.76
protein phosphatage
012913 PTPRJ Receptottype tyrosineprotein 0.047  0.99

phosphatask

4p-values were calculated using a linear regression model and adjusted usirfff&BRhange cutoffs
of O01.48 or OO0. 6 Zsurbivors.Bokl eanotes proteins thad mest/bathofaid change
cutoff and adjusted g 0.05 (seeSection 2.Zor details).
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Table B2.3.Differentially-Expressed Proteins between Survivors and-Sorvivors Stratified by Race.

. . . African
Non-Hispanic White American/Black
Accession Gene Protein Name Adjusted Fold  Adjusted Fold
Number p-value2 Change p-value®2 Change
Q9GzV9 FGF23 Fibroblast growth factor 23 <0.001 0.22 0.066 0.76
P63313 TMSB10 Thymosinb-10 <0.001 0.36 0.083 0.29
P31949 S100A11 Protein S100A11 <0.001 0.37 0.243 0.11
Q9Y279 VSIG4 V-set andmmunogrlgg#lin4domaifcontaining <0.001 0.37 0.075 0.23
Q6JBY9 RCSD1 CapZinteracting protein <0.001 0.44 0.198 0.40
P08833 IGFBP1 Insulin-like growth factorbinding protein 1 <0.001 0.48 0.098 0.36
Q02487 DSC2 Desmocollin2 <0.001 0.48 0.110 0.36
P36896 ACVR1B Activin receptor typelB <0.001 0.48 0.039 0.34
Q9Y6R7 FCGBP IgGFcbinding 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 Olfactomedinlike 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
Isoform 2 of HLA class | histocompatibility
P044392 HLA-A . : <0.001 0.57 <0.001 0.34
antigen, Aa chain
P41271 NBL1 Neuroblastoma suppressor of tumorigenicity ~ <0.001 0.57 0.083 0.40
pP27824 CANX Calnexin <0.001 0.58 0.047 0.32
0604492 LY75 Isoform 2 ofLymphocyte antigen 75 <0.001 0.58 0.231 0.38
Q8TDQO HAVCR2 Hepatitis A virus cellular receptor 2 <0.001 0.58 0.013 0.35
P04080 CSTB CystatinB <0.001 0.58 0.022 0.24
P07998 RNASE1 Ribonuclease pancreatic <0.001 0.59 0.026 0.38
Q12907 LMAN2 Vesicular integramembrane protein VIP36 <0.001 0.60 0.031 0.56
QO8ET2 SIGLEC14 Sialic acidbinding Iglike lectin 14 <0.001 0.61 0.123 0.24
Q15063 POSTN Periostin <0.001 0.61 0.097 0.25
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Table B2.3(con). Differentially-Expressed Proteins between Survivors and-Sorvivors Stratified by Race.

African
American/Black
Adjusted Fold

Non-Hispanic White

Accession Adjusted Fold

Number Gene Protein Name p-value2 Change p-value®2 Change
Q16627 CCL14 C-C motif chemokine 14 <0.001 0.61 0.179 0.46
043493 TGOLN2 TransGolgi network integral membrane protein  <0.001 0.63 0.015 0.40
Q13201 MMRN1 Multimerin-1 <0.001 0.63 0.045 0.54
Q06033 ITIH3 Inter-a-trypsin inhibitor heavy chain H3 <0.001 0.63 0.636 0.94
QINPG4 PCDH12 Protocadherifl2 <0.001 0.64 0.004 0.46
P08123 COL1A2 Collagena-2(l) chain <0.001 0.66 0.003 0.45
0434934  TGOLN2 Isoform 4 of TrangGolgl network integral <0001 066 <0001  0.36
membrane protein 2
P08174 CD55 Complementlecayaccelerating factor <0.001 0.67 0.008 0.38
PODP57 SLURP2 Secreted Ly6/uPAR domaircontaining protein 2 <0.001 0.67 <0.001 0.45
P35613 BSG Basigin <0.001 0.67 0.207 0.30
Q99650 OSMR OncostatinM-specific receptor suburiit <0.001 0.67 0.018 0.43
P48551 IFNAR2 Interferona/b receptor 2 <0.001 0.67 <0.001 0.36
Q09666  AHNAK Ne”r°b'a;trgt';iriﬁ'ﬁlo}fssoc'ated <0.001 067 0068  0.32
P25445 EAS Tumor necrosis factaeceptor superfamily <0.001 067 0.011 0.43
member 6
Q92692 NECTIN2 Nectin-2 <0.001 0.68 0.015 0.54
Q96AP7 ESAM Endothelial celselective adhesion molecule  <0.001 0.68 0.266 0.49
P12111 COLG6A3 Collagena-3(VI) chain <0.001 0.69 0.031 0.39
P20908 COL5A1 Collagena-1(V) chain <0.001 0.69 0.062 0.35
Q9H8J5 MANSC1 MANSC domaincontaining protein 1 <0.001 0.70 <0.001 0.37
P52799 EFNB2 EphrinB2 <0.001 0.70 <0.001 0.53
Q14515 SPARCL1 SPARCIike protein 1 <0.001 0.70 0.059 0.44
Q6EMK4 VASN Vasorin <0.001 0.71 0.108 0.54
P12830 CDH1 Cadherinl <0.001 0.72 0.096 0.27
Q9HCUO CD248 Endosialin <0.001 0.72 0.049 0.43
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Table B2.3(con). Differentially-ExpressedProteins between Survivors and N8uarvivors Stratified by Race.

. . . African
Non-Hispanic White American/Black
Accession Gene Protein Name Adjusted Fold  Adjusted Fold
Number p-value2 Change p-value®2 Change
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
Q9uUBU7 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 Cadherin2 <0.001 0.75 0.053 0.65
P78324 SIRPA Tyrosineprotein phosphatase noeceptor type <0.001 0.76 0.003 0.46
substrate 1
PO1011 SERPINAS a-l-antichymotrypsin <0.001 0.78 0.068 0.62
Q96C90 PPP1R14B Protein phosphataserégulatory subunit 14B <0.001 0.85 <0.001 0.42
P08582 MELTF Melanotransferrin <0.001 0.94 0.360 0.07
Q5T5S1 CCDcC183 Coiled-coil domainrcontaining protein 183 <0.001 1.05 0.223 1.32
Q5vv41 ARHGEF16 r 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 neATPase regulatory subunit  <0.001 1.09 0.092 1.81
0758822 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
076054 SEC14L2 SEC14like protein 2 <0.001 1.18 0.275 0.12
Eukaryotic peptide chain release factor GTP
P15170 GSPT1 arts d'?ng cubunt ERE3A <0.001 121 0009 047
P19827 ITIH1 Inter-a-trypsin inhibitor heavy chain H1 <0.001 1.23 0.114 1.39
P0O0747 PLG Plasminogen <0.001 1.24 <0.001 1.63
P01008 SERPINC1 Antithrombirlll <0.001 1.26 0.011 1.50
P02749 APOH b-2-glycoprotein 1 <0.001 1.27 0.065 1.45
Q9UKUSG TRHDE Thyrotropinreleasing hormonrdegrading <0.001 137 0.538 116
ectoenzyme
P03952 KLKB1 Plasma kallikrein <0.001 1.41 0.008 1.82
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Table B2.3(con). Differentially-ExpressedProteins between Survivors and N8uarvivors Stratified by Race.

. . . African
Non-Hispanic White American/Black
Accession Gene Protein Name Adjusted Fold  Adjusted Fold
Number p-value2 Change p-value®2 Change
P27169 PON1 Serum paraoxonase¥lesterase 1 <0.001 1.43 <0.001 2.25
P02753 RBP4 Retinotbinding protein 4 <0.001 1.49 0.114 1.71
QO9NTU7 CBLN4 Cerebellind <0.001 1.50 0.126 1.19
Q86UV6 TRIM74 Tripartite motiftcontaining protein 74 <0.001 1.56 0.205 2.07
P17936 IGFBP3 Insulin-like growth factorbinding protein 3 <0.001 1.74 0.008 1.78
P06276 BCHE Cholinesterase <0.001 1.80 0.001 1.71
P35858 IGFALS Insulir-like growth factorbinding protein <0.001 203 0002  3.38
complex acid labile subunit
Q4LDE5 SVEP1 Sushi, voriVillebrand factor type A, EGFand ¢ 9 546 0091  0.35
pentraxin domaiftontaining protein 1
Q9UGM3 DMBT1 Deleted in malignant brain tumors 1 protein 0.001 0.49 0.053 0.31
Q8N114 SHISAS5 Protein shis® 0.001 0.50 0.315 0.32
Q9BUDG6 SPON2 Spondin2 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 COLG6A2 Collagena-2(VI) chain 0.001 0.66 0.098 0.36
Q03167 TGFBR3 Transforming growth factds receptor type 3 0.001 0.66 0.061 0.46
P21709 EPHA1 Ephrin typeA receptor 1 0.001 0.68 0.223 0.81
Q128055  EFEMP1 Isoform 5 of EGFcontaining fibulinlike 00001 069 0048  0.36
extracellular matrix protein 1
Q16270 IGFBP7 Insulin-like growth factofbinding protein 7 0.001 0.70 0.011 0.38
QINNX6 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 facteb-induced 0000 080 0309 071
protein igh3
Q14624 ITIH4 Inter-a-trypsin inhibitor heavy chain H4 0.001 0.83 0.911 1.02
P19823 ITIH2 Inter-a-trypsin inhibitor heavy chain H2 0.001 1.25 0.103 1.51
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Table B2.3(con). Differentially-ExpressedProteins between Survivors and N8uarvivors Stratified by Race.

. . . African
Non-Hispanic White American/Black
Accession Gene Protein Name Adjusted Fold  Adjusted Fold
Number p-value2 Change p-value®2 Change
P05160 F13B Coagulation factor XIII Bchain 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 Late”“rans‘cormg‘r%t%riﬁ"gh factds-binding 0002 063 0053  0.35
P55285 CDH6 Cadherin6 0.002 0.64 0.020 0.54
QONPY3 CD93 Complement component C1q receptor 0.002 0.71 0.039 0.36
Q96PD5 PGLYRP2 N-acetylmuramoyl -alanine amidase 0.002 1.24 0.114 1.63
P013442 IGF2 Isoform 2 of Insulirlike growth factor Il 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 growthfactorbinding 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 factofbinding protein 5 0.003 1.18 0.327 0.56
P27930 IL1IR2 Interleukinl1 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
Q9UJJI9 GNPTG N'acety'g'ucosasmuLﬁESOSphOtra”Sferase 0004 076 0041  0.63
P02748 C9 Complementomponent C9 0.004 0.86 0.132 1.28
QINS62 THSD1 ThrombOSpO”d'B&z;‘ndloma'”coma'“'”g 0.004 124 0335 047
QOY5Y7 LYVE1 Lymphatic Vesser'e‘gggf;:‘i"a' hyaluronic acid -, o5 056  0.054  0.34
Q9Y624 F11R Junctional adhesiomolecule A 0.005 0.68 0.113 0.31
Q6WN342 CHRDL2 Isoform 2 of Chordidike protein 2 0.005 0.71 0.029 0.55
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Table B2.3(con). Differentially-ExpressedProteins between Survivors and N8uarvivors Stratified by Race.

. . . African
Non-Hispanic White American/Black
Accession Gene Protein Name Adjusted Fold  Adjusted Fold
Number p-value2 Change p-value®2 Change
QOHBRO SLC38A10 Putativesodiumcoupled neutral amino acid 0.005 0.74 0.037 0.43
transporter 10
P98172 EFNB1 EphrinB1 0.005 0.75 0.017 0.46
Q8NDA2 HMCN2 Hemicentin2 0.005 1.11 0.050 0.55
P13796 LCP1 Plastin2 0.006 0.55 0.094 0.43
P17900 GM2A Ganglioside GMactivator 0.006 0.62 0.113 0.51
014786 NRP1 Neuropilin-1 0.006 0.74 0.009 0.45
P14543 NID1 Nidogenl 0.006 0.77 0.114 0.44
P43652 AFM Afamin 0.006 1.42 0.827 1.04
Q8NHJ6 LILRB4 Leukocyte immunoglobulifike receptor 0.007 060  <0.001  0.29
subfamily B member 4
Q6UX71 PLXDC2 Plexin domaircontaining protein 2 0.007 0.72 0.047 0.35
P04180 LCAT Phosphatidylcholinsterol acyltransferase 0.007 0.82 0.512 0.85
P80108 GPLD1 Phosphatidylinositeglycanspecific 0.007 160 0034 270
phospholipase D
Dyslexiaassociated protein
Q8IZA0 KIAA0319L KIAA0319-like protein 0.008 0.67 0.120 0.48
Q96CG8 CTHRC1 Collagen triple helix repeatontaining 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 agfotLeCinCi domaiontaining 5508 079 0.045  0.49
Q9Y4D7 PLXND1 PlexinD1 0.008 1.12 0.385 0.74
Q14246 ADGRE1 Adhesion G protektoupled 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 Collagena-1(l) chain 0.010 0.62 0.110 0.36
014672 ADAM10 Disintegrin and metalloproteinase domain 0.010 0.69 0.315 0.79

containing protein 10
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Table B2.3(con). Differentially-Expressed Proteins between Survivors and-Sorvivors Stratified by Race.

. . . African
Non-Hispanic White American/Black
Accession Gene Protein Name Adjusted Fold  Adjusted Fold
Number p-value2 Change p-value®2 Change
QI9NQ76 MEPE Matrix extracellular phosphoglycoprotein 0.010 0.81 0.220 0.52
P359161 FLT4 Isoform 2 of Vascular endothelial growth factc 0.010 0.84 0.132 067
receptor 3
Q9UGM5 FETUB FetuinB 0.010 1.42 0.003 2.40
Q9Y4Ll HYOU1 Hypoxia upregulated protein 1 0.011 0.80 0.123 0.62
Q12805 EFEMP1 EGFcontaining flblerl(ljr:(!iI;elextracellular matrix 0.012 061 0.012 0.40
P10646 TFPI Tissue factor pathway inhibitor 0.012 0.68 0.331 0.59
P02745 Cl1QA Complement C1qg 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 alaningich C-kinase substrate 0.016 0.49 0.275 0.17
075071  EFCAB14  Erhand Ca'c'“”Ff’r'gtde'irr‘]glioma'moma'”'”g 0016 052  <0.001  0.34
Q9HCB6 SPON1 Spondinl 0.016 0.67 0.033 0.32
P20138 CD33 Myeloid cell surface antigen CD33 0.016 0.79 0.164 0.28
QU6KG7  MEGF1p  Multiple ep'dermz'rgtg‘;]"tfofa‘“d'ke domains 516 085 0278 038
QINS71 GKN1 Gastrokinel 0.017 0.65 0.265 0.63
P12318  FCGR2A Low affinity immunoglobuling Fc region 0017 070 0110  0.39
receptor Ha
Q15113 PCOLCE Procollagen @ndopeptidase enhancer 1 0.017 1.10 0.448 0.83
Q92529 SHC3 SHGtransforming protein 3 0.017 1.22 0.916 0.91
Q96KN2 CNDP1 b-Ala-His dipeptidase 0.017 1.42 <0.001 1.96
P10451 SPP1 Osteopontin 0.018 0.65 0.068 0.22
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Table B2.3(con). Differentially-ExpressedProteins between Survivors and N8uarvivors Stratified by Race.

African
American/Black
Adjusted Fold

Non-Hispanic White

Accession Adjusted Fold

Number Gene Protein Name p-value2 Change p-value®2 Change
P16070 CD44 CD44 antigen 0.018 0.66 0.113 0.28
P19438 TNERSE1A Tumor necrosis factor receptor superfamily 0018 0.70 0.085 0.42
member 1A
Q14563 SEMA3A SemaphorirBA 0.018 0.74 0.137 0.47
QIH6X2 ANTXR1 Anthrax toxin receptor 1 0.019 0.73 0.124 0.54
000391 QSOX1 Sulfhydryl oxidase 1 0.020 0.74 0.093 0.54
Q13308 PTK7 Inactive tyrosineprotein kinase 7 0.020 0.77 0.270 0.22
P35442 THBS2 Thrombospondis? 0.021 0.62 0.008 0.32
P15529 CD46 Membrane cofactor protein 0.022 0.69 0.024 0.26
095998 IL18BP Interleukin18-binding protein 0.022 0.74 0.066 0.40
P16109 SELP P-selectin 0.023 0.83 0.343 0.75
095967 EFEMP2 EGFcontaining fibpurl(i)r:gilzezextracellular matrix 0.024 0.73 0.052 0.47
P504402 GATM Isoform 2 of Glycineamidinotransferase, 0.024 088 0284  0.08
mitochondrial
P31995  FCGR2C Low affinity immunoglobuling Fc region 0025 068 0011  0.35
receptor c
P01034 CST3 CystatinC 0.025 0.79 0.113 0.60
P02746 Cl1QB Complement C1qg subcomponent subunit B 0.025 0.85 0.114 0.60
075339 CILP Cartilage intermediate layer protein 1 0.025 1.01 0.205 0.63
pP22528 SPRR1B Cornifin-B 0.026 0.50 0.202 0.38
P22626 2 HNRNPA2B1 Heterogeneous nuclear ribonucleoproteins A2;  0.026 0.50 0.241 0.20
P15151 PVR Poliovirus receptor 0.026 0.82 0.018 0.56
Q9BXXO0 EMILIN2 EMILIN -2 0.028 0.55 0.072 0.30
000461 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 b-2-microglobulin 0.029 0.71 0.126 0.45
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Table B2.3(con). Differentially-Expressed Proteins between Survivors and-Sorvivors Stratified by Race.

. . . African
Non-Hispanic White American/Black
Accession Gene Protein Name Adjusted Fold  Adjusted Fold
Number p-value2 Change p-value®2 Change
P10644  PRKARIA CAMP-dependent protein kinase typa | 0.030 067 0152  0.44
regulatory subunit
P24043 LAMA2 Laminin subunita-2 0.031 0.68 0.018 0.33
A6NI73 LILRAS Leukocyte immunoglobulkiike receptor 0031 072 0190  0.39
subfamily A member 5
P11717 IGF2R Ca“O”'”depe”‘i‘zgtegg;‘”mph“phate 0.031 075 0017 059
060664 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 "g?gg;eg‘lrecept“e'ated 0.035 089 0087 047
P29692 EEF1D Elongation factor 4 0.035 1.18 0.132 0.26
P33241 LSP1 Lymphocytespecific protein 1 0.037 0.55 0.179 0.33
075821 EIF3G Fukaryotic transiation Initiation factor 3 0.037 063 0280 027
Q08554 DSC1 Desmocollinl 0.037 1.27 0.558 0.71
Q6UY14  ADAMTSL4 ADAMTS-like protein 4 0.038 0.72 0.011 0.39
P20827 EFNAL EphrinAl 0.039 0.65 0.050 0.50
P07942 LAMB1 Laminin subunib-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
015123 ANGPT2 Angiopoietin2 0.042 0.64 0.061 0.44
P02747 ClQcC Complement C1qg subcomponent subunit C ~ 0.042 0.85 0.140 0.60
Q14697 GANAB Neutrala-glucosidase AB 0.043 0.70 0.239 0.32
P60763 RAC3 Rasrelated C3 botulinum toxin substrate 3 0.045 0.94 0.118 0.42

199



Table B2.3(con). Differentially-Expressed Proteins between Survivors and-Sorvivors Stratified by Race.

. . . African
Non-Hispanic White American/Black
Accession Gene Protein Name Adjusted Fold  Adjusted Fold
Number p-value2 Change p-value®2 Change
Q14061 COX17 Cytochrome c oxidase copper chaperone 0.109 0.50 <0.001 0.06
P01861 IGHG4 Immunoglobulin heavy constag# 0.505 1.29 <0.001 0.11
Q14152 EIF3A Fukaryotic transiation fnitiation factor 3 0209 062 <0001  0.14
Q6UWH4 GASK1B Golgi-associated kinase 1B 0.091 0.57 <0.001 0.31
QINS15 LTBP3 Late”“rans‘cormg‘r%t%riﬁ"gh factds-binding 0103 085 <0.001  0.38
Q5ZPR3 CD276 CD276 antigen 0.247 0.76 <0.001 0.50
P50897 PPT1 Palmitoylprotein 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 CystatinA 0.277 1.00 <0.001 2.47
P01210 PENK ProenkephalifA 0.506 0.73 0.001 0.26
Q9BX97 PLVAP Plasmalemmaesicleassociated protein 0.395 0.85 0.001 0.33
Q96lY4 CPB2 Carboxypeptidase B2 0.717 1.00 0.001 1.56
Q03591 CFHR1 Complement factor Helated protein 1 0.085 1.10 0.001 1.71
P04003 C4BPA C4b-binding proteina chain 0.385 0.84 0.001 2.58
076061 STC2 Stanniocalcir2 0.208 0.92 0.002 0.47
Q7z7M8  B3GNT8 UDP-GIcNAc:bGalb-1,3N- 0.842 108 0002 051
acetylglucosaminyltransferase 8
P01185 AVP Vasopressimeurophysin Zopeptin 0.342 0.87 0.002 1.66
Q6P4E1 GOLM2 Protein GOLM2 0.398 0.86 0.003 0.41
P20851 C4BPB C4b-binding proteinb chain 0.273 0.82 0.003 2.37
Q9UK23 NAGPA N-acetylglucosamind-phosphodiestes-N- 0260  0.89 0004 054
acetylglucosaminidase
Q92485 SMPDL3B  Acid sphingomyelinaséike phosphodiesterase =  0.663 1.22 0.007 0.33
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Table B2.3(con). Differentially-Expressed Proteins between Survivors and-Sorvivors Stratified by Race.

. . . African
Non-Hispanic White American/Black
Accession Gene Protein Name Adjusted Fold  Adjusted Fold
Number p-value2 Change p-value®2 Change
QI9NQ36  SCUBE2 Signal peptide, CUB and Edike domain 0.147 078 0007 035
containing protein 2
060763 Uso1 General vesicular transport factor p115 0.656 0.59 0.008 0.10
P55000 SLURP1 Secreted Ly6/uPARrelated protein 1 0.786 0.53 0.008 0.12
P54764 EPHA4 Ephrin typeA receptor 4 0.652 0.95 0.008 0.47
Q02763 TEK Angiopoietinl receptor 0.208 0.89 0.008 0.65
P17181 IFNAR1 Interferona/b 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 complexbunit 3 0.875 0.93 0.012 0.42
Q9H6B4 CLMP CXADR-like membrane protein 0.488 0.91 0.012 0.70
Q96H15 TIMDA4 T-cellimmunoglobulin and mucin domain 5 15, 54 0015 025
containing protein 4
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 immunoglobuling Fc region 0.091 062 0018  0.29
receptor II}A
QOH1UA MEGE9 Multiple epiderma;r%rtc;\i/xtg factdike domains 0.891 102 0.018 0.55
P26572  MGATL a-1,3mannosyiglycoprotein 2o-N- 0.055 073 0020  0.56
acetylglucosaminyltransferase
Q01638 ILIRL1 Interleukinl1 receptoilike 1 0.502 0.87 0.024 0.24
P17813 ENG Endoglin 0.183 0.93 0.024 0.57
QBNVY1 HIBCH 3-hydroxyisobutyrylCoA hydrolase, 0.529 053  0.025 0.13

mitochondrial
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Table B2.3(con). Differentially-Expressed Proteins between Survivors and-Sorvivors Stratified by Race.

Accession

African
American/Black
Adjusted Fold

Non-Hispanic White
Adjusted Fold

Number Gene Protein Name p-value2 Change p-value®2 Change
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 Integrinb-1 0.213 0.85 0.034 0.57
P15090 FABP4 Fatty acidbinding protein, adipocyte 0.061 0.56 0.037 0.30
Q9BZR6 RTN4R Reticulonr4 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 subuniig-1 0.095 0.70 0.041 0.32
Q9Y574 HEBP2 Hemebinding 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 typeB 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 functiomassociated antigen 3 0.505 0.95 0.047 0.42
P81605 DCD Dermcidin 0.991 1.09 0.048 0.31
P00390 GSR Glutathione reductasajitochondrial 0.164 0.73 0.048 0.35
043157 PLXNB1 PlexinB1 0.162 0.82 0.049 0.61
P02743 APCS Serum amyloid Romponent 0.088 1.24 0.049 1.64
3p-values were calculated using a linear regression model and adjusted usifffDRd change cutoffs of

survivors (seé&ection 2.2or details)F o | d

change cutoffs of

Bold denotes proteins that meet both fold change cutoff and adjustédp.
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Table B2.4.Proteins with Significant RaeBurvival Interaction.

Fold Change Values
Non- African

Accession . All . : :
Gene Protein Name p-value? . Hispanic American/
Number Patients’ Whiteb Black®
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
060763 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
QSNHJI6 LILRB4 Leukocyte immunoglobulilike receptorsubfamily <0.001 0.54 0.60 0.29
B member 4
Q53RD9 FBLN7 Fibulin-7 <0.001 0.55 0.61 0.30
Q6UWH4  GASKI1B Golgi-associated kinase 1B <0.001 0.56 0.57 0.31
075071  EFCAB14 EFhand Ca'C'“”;’r'gtde'ir;]glioma'moma'”'”g <0.001  0.57 0.52 0.34
P01861 IGHG4 Immunoglobulin heavy constag# <0.001 0.60 1.29 0.11
P48551 IFNAR2 Interferona/b receptor 2 <0.001 0.61 0.67 0.36
0434934 TGOLN? Isoform 4 of TraneSoFI)?étrgiart]vxéork integral membran <0.001 061 0.66 0.36
PODP57 SLURP2 Secreted Ly6/uPAR domaircontaining protein 2 <0.001 0.69 0.67 0.45
Q9BX97 PLVAP Plasmalemma vesiclgssociated protein <0.001 0.69 0.85 0.33
QINS15 LTBP3 Latenttransformg\%tgeri?]gth factds-binding <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-acetylglucosamind-phosphodiestea-N- <0001 080  0.89 0.54
acetylglucosaminidase
P17181 IFNAR1 Interferona/b receptor 1 <0.001 0.82 0.96 0.49
Q02763 TEK Angiopoietinl receptor <0.001 0.84 0.89 0.65
Q92485 SMPDL3B  Acid sphingomyelinaséike phosphodiesterase 3b <0.001 0.88 1.22 0.33
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Table B2.4(coni. Proteins with Significant RaeBurvival Interaction.

Fold Change Values
Non- African
Hispanic American/

WhiteP BlackP

Accession . All
Number Gene Protein Name p-value? Patients

Eukaryotic peptide chain release factor GliRding

P15170 GSPT1 : <0.001 0.96 1.21 0.47
subunit ERF3A
P50897 PPT1 Palmitoylprotein thioesterase 1 <0.001 1.00 1.08 0.67
0758822 ATRN Isoform 2 of Attractin <0.001 1.03 1.15 0.70
Q5VvVv41 ARHGEF16 r guanine nucleotide exchange factor 16 <0.001 1.09 1.06 1.75
Q92529 SHC3 SHGCtransforming protein 3 <0.001 1.10 1.22 0.91
P01185 AVP Vasopressimeurophysin Zopeptin <0.001 1.12 0.87 1.66
P01040 CSTA CystatinA <0.001 1.31 1.00 2.47
P013442 IGF2 Isoform 2 of Insulirlike growth factor Il <0.001 1.50 1.32 2.57
P01210 PENK ProenkephalirA 0.001 0.58 0.73 0.26
076061 STC2 Stanniocalcir? 0.001 0.79 0.92 0.47
Q7z7M8  B3GNT8 UDP-GlcNACbGalb-1,3N- 0.001 090  1.08 0.51
acetylglucosaminyltransferase 8
P55000 SLURP1 Secreted Ly6/uPARrelated protein 1 0.002 0.32 0.53 0.12
P04003 C4BPA C4b-binding proteina chain 0.002 1.12 0.84 2.58
P20851 C4BPB C4b-binding proteirb chain 0.005 1.05 0.82 2.37
QINQ36  SCUBE2 Signal peptide, CUB and Edike domair 0009 067 078 0.35
containing protein 2
P27169 PON1 Serum paraoxonase/arylesterase 1 0.015 1.57 1.43 2.25
P54764 EPHA4 Ephrin typeA 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
P044392 HLA-A Isoform 2 of HLA ClZSZ I(:E;tnocompatlblllty antiger 0023 051 057 034
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

204



Table B2.4(coni. Proteins with Significant RaeBurvival Interaction.

Fold Change Values

Accession : All Non- Alrican
Number Gene Protein Name p-value? Patients Hlsp_anlc American/

WhiteP BlackP

Q8NDA2 HMCN2 Hemicentin2 0.030 0.94 1.11 0.55

P06681 C2 Complement C2 0.031 0.91 0.87 1.11

Q9H8JI5 MANSC1 MANSC domaincontaining protein 1 0.037 0.61 0.70 0.37

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

3p-values were calculated using a linear regression model and adjusted usif&DRenotes proteins that meet fold change cutoff (see
Section 2.2or details) in comparisons of survivors/rsarvivors.
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APPENDIX C

Supplementary Information for Chapter 3
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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 WS WS WS W NS WS WS AA S WS W NS¢ Poo W S -
127N WS AAS WS W NS WS W NS WS WNS WNS WA W NS -
127C WNS Pool W NS Pool AAS WNS WS AA S WS AAS AANS -
128N W NS WS WS WS AA S WS AANS WS AAS W NS Pool Pool
128C WS W NS WS W NS WS AAS WS AA S WS WS W NS -
129N W NS WS WS WS AA S WS WS W NS W S W NS¢ W S -
129C AAS WS AANS AAS WS WS WS WS Pool AANS WS -
130N AANS WS WNS AANS WS WNS AAS WS WS WS AA S -
130C AAS WNS WS WS WS AAS Pool AANS WNS WS WS -
131N WS WS AAS AAS WNS AAS WS WNS AA ¢W N¢ W S -
131C WS AAS AAS WS WNS AANS WNS WS WS WS AA S -
132N Pool WNS WNS WS W NS WS W NS WS AAS WS AA S -
132C WS AAS WS WS WS WS WNS AAS AANS AAS WNS -
133N WS WS AAS WS WS WS AA S WS WS AAS WS -
133C AAS AAS WS AA S Pool WS WS WS WS WS WS -
134N WS WS Pool WS AANS Pool WS Pool WS WS WS AA S

Abbreviations: W = NorHispanic White; AA = African American/Black; S = Survivor; NS = N8uarvivor.
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Table C3.2.Differentially-ExpressedProteins between Sepsis Survivors and{Sanvivors.

Accession Adjusted Fold

Number Gene Protein Name p-value2 Changé
pag748  AcADvL Vet longchain specific acyLoA =g 55 g
dehydrogenase, mitochondrial

P33121 ACSL1 Long-chainfatty-acid-CoA ligase 1  <0.001 0.10
A disintegrin and metalloproteinase

075173 ADAMTS4 with thrombospondin motifs 4 0.010 0.58
Q15848 ADIPOQ Adiponectin 0.006 0.40
Q8IUX7 AEBP1 Adipocyte enhancebinding protein 1 0.014 0.62
Q09666 AHNAK Neuroblast differentiatioassociated 0.006 0.56

protein AHNAK
Activator of 90 kDa heat shock protei

095433 AHSAL ATPase homolog 1

<0.001 0.20

Q02952 AKAP12 A-kinase anchor protein 12 <0.001 0.60
P15121 AKRLB1 Aldo-keto reductase family 1 <0.001 061
member B1
P42330 AKR1C3 Aldo-keto reductase family 1 0.006 011
member C3
Q13740 ALCAM CD166 antigen 0.010 0.54
015123 ANGPT2 Angiopoietin2 <0.001 0.62
Q9BY76 ANGPTL4 Angiopoietinrelated protein 4 0.006 0.60
A6NMY6 ANXA2P2 Putative annexin Adike protein <0.001 0.50
P27695 APEX1 DNA-(apurinic or apyrimidinic site) <0.001 0.12
endonuclease
Q96GX9 APIP Methylthioribulosel-phosphate 0.028 0.29
dehydratase
QOVvD83 APOBR Apolipoprotein B receptor 0.031 0.60
P0O7307 ASGR2 Asialoglycoprotein receptor 2 <0.001 0.62
000244 ATOX1 Copper transport protein ATOX1 0.010 0.48
P80723 BASP1 Brain acid soluble protein 1 0.010 0.43
Q9BUT1 BDH?2 3—hydroxybutt3;lr§ée2dehydrogenase <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
PODP25 CALM3 Calmodulin3 0.043 0.53
P27797 CALR Calreticulin 0.018 0.54
pP27824 CANX Calnexin <0.001 0.55
Q9BQI4 cCDC3 Coiled-coil dom_alncontalnlng <0.001 0.42
protein 3
Q86VB7 CD163 Scavenger receptor cysteineh type 1 <0.001 0.50

protein M130
Q9HCUO CD248 Endosialin 0.006 0.58
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Table C3.2(cont). Differentially-ExpressedProteins between Sepsis Survivors and-Non
Survivors.

Accession Gene Protein Name Adjusted Fold
Number p-value Change
Q9UGN4 CD300A CMRF35like molecule 8 <0.001 0.57
Q6UXG3 CD300LG CMRF35like molecule 9 0.010 0.62
P08174 CD55 Complementlecayaccelerating factor <0.001 0.61
P42081 CD86 T-lymphocyte activation antigen CD8 <0.001 0.55
Q16543 CDC37 Hsp90 cechaperone Cdc37 0.025 0.56
P12830 CDH1 Cadherinl 0.014 0.51
Q12864 CDH17 Cadherinl7 <0.001 0.47
P55285 CDH6 Cadherin6 0.034 0.62
Q9BYE9 CDHR2 Cadherinrelated family member 2 0.031 0.57
Q9UKY7 CDvV3 Protein CDV3 homolog 0.014 0.60

Cell growth regulator with EF hand

Q99674 CGREF1 d : ) 0.010 0.38
omain protein 1
P10645 CHGA ChromogranirA 0.006 0.48
P05060 CHGB Secretogranii <0.001 0.62
P04118 CLPS Colipase 0.043 0.42
Q9BQT9 CLSTNS3 Calsynteninr3 0.037 0.35
P20908 COL5A1 Col | aX\8 chairl 0.031 0.62
P12110 COL6A2 Col | a2(\W)chaib <0.001 0.57
Q5KU26 COLEC12 Collectin12 0.010 0.60
P17927 CR1 Complement receptor type 1 <0.001 0.59
Q6UXH1 CRELD2 Protein disulfide isomerase CRELDz 0.006 0.54
P46108 CRK Adapter molecule crk 0.034 0.45
P07333 CSF1R Macrophage colongtimulating factor <0.001 0.62
1 receptor
P04080 CSTB CystatinB 0.006 0.53
P32929 CTH Cystat hlyjagseni ne 0.018 0.16
P07339 CTSD Cathepsin D <0.001 0.54
P09341 CXCL1 Growthr egul at ed U 0.022 0.11
Q96HY6 DDRGK1 DDRGK domaincontaining protein 1~ <0.001 0.28
Q02487 DSC2 Desmocollin2 <0.001 0.47
Q14126 DSG2 Desmogleir2 <0.001 0.47
Q128055 EFEMP1 Islc_)form 5 of EGFcontai_ning fibL_JIin 0.010 0.51
ike extracellular matrix protein 1
Q12805 EFEMP1 EGF-containing fibulirlike 0.025 0.56

extracellular matrix protein 1
Q96C19 EFHD2 EF-handdomaircontaining protein D2  0.028 0.54
P98172 EFNB1 EphrinB1 <0.001 0.59
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Table C3.2(cont). Differentially-Expressed Proteins between Sepsis Survivors and Non
Survivors.

Accession Gene Protein Name Adjusted Fold
Number p-value Change
075821 EIF3G Eukaryotic translatlo_n initiation factor 0.014 0.35

subunit G
P56537 EIF6 Eukaryotic translation initiation factor  0.028 0.58
Q15370 ELOB ElonginB 0.040 0.59
Q9BXXO0 EMILINZ2 EMILIN -2 <0.001 0.58
QOHC35 EML4 Echinoderm*nicrotgbuIeassociated <0.001 0.6
proteinlike 4
Q15375 EPHA7 Ephrin typeA receptor 7 0.031 0.59
P38117 ETFB El ectron transfer 0.014 0.18
P12104 FABP2 Fatty acidbinding protein, intestinal  <0.001 0.32
P15090 FABP4 Fattyacid-binding protein, adipocyte  0.006 0.36
Q01469 FABP5 Fatty acidbinding protein 5 <0.001 0.52
P98095 FBLN2 Fibulin-2 <0.001 0.58
P12318  FCGR2A oW affinity imn ;5 53
region receptor th

Q96AC1 FERMT2 Fermitinfamily 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 L y s o s eglueosidade 0.006 0.58
Q14353 GAMT Guanidinoacetate {hethyltransferase  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 Glutaredoxinl 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 reassembhgtacking protein 2  <0.001 0.18
P07359 GP1BA Pl atelet glycop 0.010 0.62
Q9HAV7 GRPEL1 GrpE protein homolog 1, mitochondrii  <0.001 0.07
P00390 GSR Glutathione reductaseitochondrial 0.018 0.54

Q5QNW6 H2BC18 Histone H2B type F <0.001 0.05
Q16695 H3-4 Histone H3.1t <0.001 0.17
P62805 'gf"g’%,'ﬂ% Histone H4 0.043  0.23
P42357 HAL Histidine ammonidyase <0.001 0.20
Q8TDQO HAVCR2 Hepatitis A viruscellular receptor 2 <0.001 0.61
Q9Y574 HEBP2 Hemebinding protein 2 0.04 0.37
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Table C3.2(cont). Differentially-Expressed Proteins between Sepsis Survivors and Non
Survivors.

Accession Gene Protein Name Adjusted Fold
Number p-value Change

P01889 HLA-B HLA class | histocqmpatibility_antigen <0.001 0.58
B U chain
Non-histone chromosomal protein
HMG-14
Heterogeneous nuclear
ribonucleoprotein Al
Heterogeneous nuclear

P05114 HMGN1 0.031 0.25

P09651 HNRNPA1 <0.001 0.46

Q14103  HNRNPD ibonueleoprotein DO 0.034 0.32

P52597  HNRNPF Heterogeneous nuclear 0.018 0.38
ribonucleoprotein F

P61978  HNRNPK Heterogeneous nuclear 0.014  0.42

ribonucleoprotein K
Heterogeneous nuclear

ribonucleoprotein L
Heterogeneous nuclear

P14866 HNRNPL <0.001 0.17

Q1KMD3 HNRNPUL2 . A : 0.018 0.39
ribonucleoprotein tlike protein 2

P04196 HRG Histidine-rich glycoprotein <0.001 1.83

P14625 HSP90B1 Endoplasmin 0.031 0.60

P48551 IFNAR2 I nterferon U/ E <0001 0.55

P08833 IGEBP1 Insulin-like grovvt_h factofrbinding 0.034 0.49
protein 1

P18065 IGEBP?2 Insulin-like grovvt_h factofrbinding 0.006 0.54
protein 2

P01589 IL2RA Interleukin2 r ecept or 0.031 0.48

P12268  IMPDH2 Inosine5-monophosphate <0.001  0.40

dehydrogenase 2

P49441 INPP1 Inositol polyphosphate-phosphatase <0.001 0.19

P78504 JAG1 Protein jagged. <0.001 0.62

Q15046 KARS1 Lysine-tRNA ligase <0.001 0.15

P05783 KRT18 Keratin, type | cytoskeletal 18 0.031 0.23

Q53H82 LACTB2 Endoribonuclease LACTB2 0.034 0.29

Q61SS4 LAIR? Leukocytea;somated immunoglobutir <0.001 0.38

like receptor 2

P24043 LAMAZ2 Laminin-3ubun <0.001 0.61

P13796 LCP1 Plastin2 <0.001 0.61

P56470 LGALS4 Galectin4 0.006 0.14

P38571 LIPA Lysosomal acidipase/cholesteryl este <0.001 0.43
hydrolase

012907 L MAN? Vesicular mteg\g/rlaFt)rggmbrane protein <0.001 0.56

P20700 LMNB1 Lamin-B1 0.028 0.48
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Table C3.2(cont). Differentially-ExpressedProteins between Sepsis Survivors and-Non

cytosolic [GTP]

212

Survivors.
Accession Gene Protein Name Adjusted Fold
Number p-value Change
Q32MZz4  LRRFIP1 Leucinerich repeat flightless 0.006  0.62
Interacting protein 1
P33241 LSP1 Lymphocytespecific protein 1 0.006 0.62
P09960 LTA4H Leukotriene A4 hydrolase 0.037 0.53
Q14767 LTBP2 Latentt pans forming 5001 o061
inding protein 2
Q8N2S1 LTBP4 Latentt pans forming 5001 062
inding protein 4
QOY5Y7 LYVEL L)r/]mphatlc. vesgedandothellal <0.001 0.44
yaluronic acid receptor 1
QINTJI4 MAN2C1 Umannosidase 2C1 <0.001 0.38
P29966  MARCKS Myristoylated alanineich <0.001  0.49
C-kinase substrate
Q12866 MERTK Tyrosineprotein kinase Mer <0.001 0.54
P22894 MMP8 Neutrophilcollagenase 0.040 0.50
Q13201 MMRN1 Multimerin-1 <0.001 0.51
P22897 MRC1 Macrophage mannose receptor 1 <0.001 0.53
Q96DRS8 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
014950 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 suppressorof _ 55; )
tumorigenicity 1
Q92692 NECTIN2 Nectin-2 <0.001 0.60
Q9NQS3 NECTIN3 Nectin-3 <0.001 0.62
Q9UMX5 NENF Neudesin 0.006 0.56
P08138 NGER Tumor necro_sis factor receptor <0.001 0.58
superfamily member 16
P01160 NPPA Natriuretic peptides A 0.025 0.59
Q68BL7 OLFML2A Olfactomedinlike protein 2A <0.001 0.52
Q96BN8 OTULIN Ubiquitin thioesterase otulin <0.001 0.58
P11940 PABPC1 Polyadenylatéoinding protein 1 0.043 0.50
P68402  PAFAH1B2 Plateletactivating factor 0031 047
acetyl hydrol ase
Q08174 PCDH1 Protocadherirl 0.043 0.58
P35558 PCK1 Phosphoenolpyruvate carboxykinast <0.001 0.09



Table C3.2(cont). Differentially-ExpressedProteins between Sepsis Survivors and-Non

Survivors.
Accession Gene Protein Name Adjusted Fold
Number p-value Change
Q96HC4 PDLIM5 PDZ and LIM domain protein 5 0.006 0.55
Q96GDO0O PDXP Chronophin 0.014 0.18
095336 PGLS 6-phosphogluconolactonase 0.045 0.52
000264 PGRMC1 Membraneassociated progesterone <0.001 051
receptor component 1
Q9NRX4 PHPT1 14 kDa phosphohistidine phosphata: <0.001 0.57
P19957 PI3 Elafin 0.006 0.53
QO6FE7 PIK3IP1 Phosphoinositid@-kinaseinteracting 0.006 0.52
protein 1
Q9UKJE3 PILRA Isoforml3_of Paired immunoglobuhn <0.001 061
i ke type 2 r
000169  PITPNA Phosphatidylinosi 55y (2
isoform
Q9Y263 PLAA Phospholipase &-activating protein 0.006 0.55
Q4KWHS PLCHL 1-phosphatidylinositol 4,{’mi_sphosphate 0.022 053
phosphodilest e
060664 PLIN3 Perilipin-3 0.037 0.60
Q14651 PLS1 Plastinl 0.022 0.13
P55058 PLTP Phospholipid transfer protein 0.010 0.52
Q6UX71 PLXDC2 Plexin domaircontaining protein 2 ~ <0.001 0.59
Q150636 POSTN Isoform 6 of Periostin <0.001 0.62
Q15063 POSTN Periostin 0.028 0.58
Q150633 POSTN Isoform 3 of Periostin 0.031 0.48
P62937 PPIA Peptidytprolyl cistransisomerase A 0.014 0.53
P48147 PREP Prolyl endopeptidase 0.048 0.46
P49643 PRIM2 DNA primase large subunit 0.006 0.48
P10644 PRKARIA CAMP-dependent protein kinase type 0.037 0.59
U regul atory
P14314 PRKCSH Gl ucosidase 2 0.006 0.58
095084 PRSS23 Serine protease 23 0.045 0.53
P07602 PSAP Prosaposin <0.001 0.59
Q9P2B2 PTGERN Prostaglandin F2 receptor negative <0.001 0.57
regulator
Q8N8N7 PTGR2 Prostaglandin reductase 2 <0.001 0.13
Q13308 PTK7 Inactivetyrosineprotein kinase 7 <0.001 0.56
P06454 PTMA Prot hymosin 0.028 0.26
P10586 PTPRF Receptoitype tyrosineprotein 0034 055

phosphatase F
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Table C3.2(cont). Differentially-ExpressedProteins between Sepsis Survivors and-Non

Survivors.

Accession Gene Protein Name Adjusted Fold
Number p-value Change
P63000 RACL Rasrelated C3 botulinum toxin <0.001 053

Substrate 1
P54727 RAD23B uv ex0|S|orr1I repair protein RAD23 0.040 0.61
omolog B
P50120 RBP2 Retinotbinding protein 2 0.031 0.31
P62877 RBX1 E3 ubiquitinprotein ligase RBX1 <0.001 0.18
Q6JBY9 RCSD1 CapZinteracting protein 0.048 0.50
Q00765  REEPS Receptor expressieenhancing g 591 ¢ g
protein 5
P07998 RNASE1 Ribonuclease pancreatic 0.022 0.62
P13489 RNH1 Ribonuclease inhibitor 0.043 0.56
P10155 RO60 60 kDa SSA/Ro ribonucleoprotein <0.001 0.15
Tyrosineprotein kinase transmembrat
Q01974 ROR2 y P receptor ROR2 <0.001  0.56
P30050 RPL12 60S ribosomaprotein 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 Rasrelated protein FRas2 <0.001 0.56
P05109 S100A8 Protein S100A8 0.025 0.43
P06702 S100A9 Protein S100A9 0.025 0.43
Q96GP6 SCARF2 Scavenger receptor class F member <0.001 0.56
QINQ36  SCUBE2 Sig(;‘a' peptide, CUBNd EGFike o,y g9
omaincontaining protein 2
P18827 SDC1 Syndecaril 0.025 0.50

Q6UXD5 SEZ6L2 Seizure @ike protein 2 0.006 0.51

QINULS SHEL Shiftlessfantivirall inhibitor o_f ribosome <0.001 0.20
rameshifting protein

QO8ET2 SIGLEC14 Sialic acidbinding Iglike lectin 14 <0.001 0.57

Q9HBRO  SLC38A10 Putative soo_lium:oupled neutral aminc <0.001 0.61
acid transporter 10

Q14515 SPARCL1 SPARCIike protein 1 <0.001 0.60

043278 SPINT1 Kunitz-type protease inhibitor 1 0.025 0.58

P05455 SSB Lupus La protein <0.001 0.10

Q9NUL3 STAU2 Doublestéanded RNAbinding protein <0.001 0.44
taufen homolog 2

P52823 STC1 Stanniocalcinl <0.001 0.50

P16949 STMN1 Stathmin <0.001 0.51
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Table C3.2(cont). Differentially-Expressed Proteins between Sepsis Survivors and Non

Survivors.

Accession Gene Protein Name Adjusted Fold
Number p-value Change
P53999 SUB1 Activated RNA polymerase I 0043  0.20

transcriptional coactivator p15
Sushi, vorWillebrand factor type A,
Q4LDES SVEP1 EGF and pentraxin domagontaining 0.010 0.40
protein 1
075347 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 TGFb r e dypegRt or <0.001 0.59
043493  TGOLN2 TransGolgi network integral <0001 056

membrane protein 2
P35442 THBS2 Thrombospondif 0.006 0.51
Q9P016 THYN1 Thymocyte nuclear protein 1 <0.001 0.12
Q96H15 TIMD4 T-cell |m.munogl_opulln and_mucm <0.001 0.52
domaincontaining protein 4

Q9NZR1 TMOD2 Tropomodulin2 0.045 0.36

QINPS84 TNFRSF12A Tumor necrosis factor receptor 0.006 057
superfamily member 12A

092956 TNFRSE14 Tumor necrosis factor receptor 0.006 0.59
superfamily member 14

P19438  TNFRSF1A Tumor necrosis factor receptor _ 557 g g
superfamily member 1A

P45379 TNNT2 Troponin T, cardiac muscle <0.001 0.26

P13693 TPT1 Translatlonalcho_ntrolled tumor 0.028 0.49

protein

Q71U36 TUBALA T u b u 1A ahainU 0.006 0.59

P10599 TXN Thioredoxin 0.022 0.52

QIBRA2 TXNDC17 Thioredoxin do_malrcontalnlng 0.010 051

protein 17
0SNBS9 TXNDC5 Thioredoxin dor_nalrcontalnlng 0.010 0.54
protein 5
P61077 UBE2D3 Ubiquitin-conjugating enzyme E2 D3  0.045 0.54
P46939 UTRN Utrophin 0.006 0.33
Synaptic vesicle membrane protein

Q99536 VAT1 VAT-1 homolog 0.006 0.56

P19320 VCAM1 Vascular cell adhesion protein 1 <0.001 0.53

P136112 VCAN Isoform V1 of Versican core protein  <0.001 0.33
P13611 VCAN Versicancore protein <0.001 0.46
P08670 VIM Vimentin 0.006 0.49
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Table C3.2(cont). Differentially-Expressed Proteins between Sepsis Survivors and Non
Survivors.
Accession Adjusted Fold

Number Gene Protein Name p-value Change

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

P04275 VWF von Willebrand factor <0.001 0.52

P23381 WARS1 Tryptophan-tRNA ligase, cytoplasmic  0.045 0.54

014980 XPO1 Exportin-1 0.014 0.34

P12956 XRCC6 X-ray repalrcross_complementlng <0.001 0.24
protein 6

075191 XYLB Xylulose kinase <0.001 0.19

QBSDK2 ZEYVE?6 Zinc finger FYVE QOmachontalnlng <0.001 0.48
protein 26

*p-values were calculated using a linear regression model and adjusted usirfFsIdRhange cutoffs
of O1.62 or O0O0. 62 beasurvivereane cansdersd as differantiadiypressed s / n o n
proteins. Se&ection 3.2for details.
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Table C3.3.Differentially-Expressed Proteins in Stratified Comparisons of Sepsis Survivors arguxamors.

. . : African
Non-Hispanic White American/Black
Accession Gene Protein Name Adjusted Fold  Adjusted Fold
Number p-value2 Change p-value2 Change
P49588 AARS1 Alanine-tRNA ligase, cytoplasmic 0.048 0.55 0.310 0.40
P49748 ACADVL Very longchain spgcific acy(;oA dehydrogenase, 0.035 0.29 <0.001 0.11
mitochondrial
P33121 ACSL1 Long-chainfatty-acid-CoA ligase 1 <0.001 0.60 <0.001 0.02
Q13444 ADAM15 Disintegrin and metglrlggi(r)]teligase domaintaining 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
095433 AHSAL Activator of 90 kainr;(ca)%[gskllock protein ATPase 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 Adike 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
000244 ATOX1 Copper transport protein ATOX1 0.017 0.54 0.189 0.35
P36543 ATP6V1El 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
PODP25 CALM3 Calmodulin3 0.016 0.55 0.309 0.47
P27824 CANX Calnexin 0.006 0.57 0.026 0.48
Q9BQI4 CCDC3 Coiled-coil domaircontaining protein 3 0.014 0.42 <0.001 0.43
Q86VB7 CD163 Scavenger receptor cysteirieh type 1 protein M130 0.019 0.51 0.224 0.47
Q9HCUO CD248 Endosialin 0.024 0.55 0.047 0.73
Q9UGN4 CD300A CMRF35like molecule 8 0.030 0.53 0.240 0.67
Q16543 CDC37 Hsp90 cechaperone Cdc37 0.025 0.56 0.269 0.55
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Table C3.3(cont). Differentially-ExpressedProteins in Stratified Comparisons of Sepsis Survivors andSNowivors.

. . : African
Non-Hispanic White American/Black
Accession Gene Protein Name Adjusted Fold  Adjusted Fold
Number p-value2 Change p-value2 Change
Q12864 CDH17 Cadherinl7 0.013 0.40 0.342 0.71
Q99674 CGREF1 Cell growth regulator with EF hand domain protein . 0.039 0.37 0.129 0.42
P10645 CHGA ChromogranirA 0.030 0.48 0.107 0.53
P04118 CLPS Colipase 0.204 0.53 0.006 0.22
P20908 COL5A1 Col | aX\8 chairl 0.048 0.57 0.318 0.79
P12110 COLG6A2 Col | a2(\)chait 0.001 0.56 0.043 0.62
Q5KU26  COLEC12 Collectin12 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 Cystat hlyaseni ne 0 0.021 0.24 0.302 0.08
P07339 CTSD Cathepsin D 0.029 0.56 <0.001 0.47
Q96HY6 DDRGK1 DDRGK domaincontaining 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 Desmocollin2 0.001 0.47 0.051 0.48
Q14126 DSG2 Desmogleir2 0.002 0.49 0.257 0.42
0128055 EFEMP1 Isoform 5 of EGFconte_lining fil_:)ulinlike extracellular 0.036 0.48 0.427 0.66
matrix protein 1
075821 EIF3G Eukaryotic translation initiation factors2ibunit G 0.041 0.43 0.087 0.20
Q9HC35 EML4 Echinoderm microtubulassociated proteilike 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 El ectron transfer f| 0.095 0.34 0.003 0.05
P15090 FABP4 Fatty acidbinding protein, adipocyte 0.006 0.42 0.196 0.25
Q01469 FABP5 Fatty acidbinding 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
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Table C3.3(cont). Differentially-Expressed Proteins in Stratified Comparisons of Sepsis Survivors ar8UNarors.

. . : African
Non-Hispanic White American/Black
Accession Gene Protein Name Adjusted Fold  Adjusted Fold
Number p-value2 Change p-value2 Change
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 reassembhgtacking 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 ammonidyase 0.088 0.36 <0.001 0.06

Isoform 2 of HLA class histocompatibility antigen,

P044392 HLA-A A U chain

0.102 0.67 <0.001 0.12

P05114 HMGN1 Non-histone chromosomal protein HMG} 0.037 0.30 0.164 0.18
P09651 HNRNPAl Heterogeneous nuclear ribonucleoprotein Al <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 HSPAS8 Heat shock cognate 71 kDa protein 0.041 0.53 0.287 0.32
P18065 IGFBP2 Insulin-like growth factofbinding protein 2 0.005 0.51 0.214 0.63
Q01344 IL5RA Interleukin5 r ecept or sub <0.001 2.02 0.381 0.02
P12268 IMPDH2 Inosine5-monophosphate dehydrogenase 2 0.012 0.43 0.161 0.35
Q9GZP8 IMUP Immortalization upregulated protein 0.778 1.11 0.007 2.63
P49441 INPP1 Inositol polyphosphate-fphosphatase <0.001 0.41 <0.001 0.06
P0O7476 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 Leukocyteassociated immunoglobuliike receptor 2 <0.001 0.32 0.907 0.99
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Table C3.3(cont). Differentially-Expressed Proteins in Stratified Comparisons of Sepsis Survivors ar8UNarors.

African
American/Black
Adjusted Fold

Non-Hispanic White

Accession Adjusted Fold

Number Gene Protein Name p-value2 Change p-value2 Change
P56470 LGALS4 Galectin4 0.088 0.31 0.001 0.03
Q12907 LMANZ2 Vesicular integramembrane protein VIP36 0.006 0.63 0.043 0.40
Q32Mz4 LRRFIP1 Leucinerich repeat flightlesenteracting protein 1 0.001 0.52 0.781 1.02
Q32MZ43  LRRFIP1 Isoform 3 of Leucineétiztgﬁiat flightlessnteracting 0.490 0.63 0.017 0.27
P09960 LTA4H Leukotriene A4 hydrolase 0.049 0.57 0.220 0.44
Q9Y5Y7 LYVE1 Lymphatic vessel endothelial hyaluronic acid recepto  0.009 0.40 0.054 0.64
QO9NTJI4 MAN2C1 Umannosidase 2C1 0.003 0.54 <0.001 0.16
P29966 MARCKS Myristoylated alaningich 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 Tyrosineprotein 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 MetallothioneinlF 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 Nmethyltransferase 0.032 0.25 0.320 0.05
Q96BN8 OTULIN Ubiquitin thioesterase otulin <0.001 0.71 <0.001 0.30
P68402 PAFAH1B2 Plateletact i vati ng factor ac 0.231 0.63 <0.001 0.24
P35558 PCK1 Phosphoenolpyruvate carboxykinase, cytosolic [GTI  0.150 0.25 <0.001 0.02
Q96HC4 PDLIM5 PDZ and LIM domain protein 5 0.010 0.45 0.874 0.86
Q96GDO0 PDXP Chronophin 0.006 0.28 0.066 0.08
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Table C3.3(cont). Differentially-ExpressedProteins in Stratified Comparisons of Sepsis Survivors and3Nowivors.

Non-Hispanic White Améar\{ggg/nBlack
Accession Gene Protein Name Adjusted Fold  Adjusted Fold
Number p-value® Change p-value2 Changée
000264 PGRMC1 Membraneassociated progesterone receptor compone 0.001 0.63 0.039 0.29
P19957 PI3 Elafin 0.081 0.64 0.030 0.34
Q00169 PITPNA Phosphatidylinositol t <0.001 0.43 <0.001 0.07
Q9Y263 PLAA Phospholipas@-2-activating protein 0.251 0.75 <0.001 0.26
Q8NHPS8 PLBD2 Putative phospholipaselixe 2 0.622 0.91 <0.001 0.37
Q14651 PLS1 Plastinl <0.001 0.28 0.090 0.04
P55058 PLTP Phospholipid transfer protein 0.042 0.49 0.214 0.60
Q6UX71 PLXDC?2 Plexindomaircontaining protein 2 0.010 0.56 0.129 0.69
Q8TBYS8 PMFBP1 Polyaminemodulated factor-binding protein 1 0.221 0.79 0.001 0.39
Q150636 POSTN Isoform 6 of Periostin <0.001 0.55 0.063 1.05
Q15063 POSTN Periostin 0.015 0.49 0.769 1.01
Q150633 POSTN Isoform 3 of Periostin 0.038 0.40 0.422 0.91
P62937 PPIA Peptidytprolyl cistrans 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 tyrosineprotein kinase 7 0.008 0.53 0.003 0.68
P06454 PTMA Prothymosin U 0.019 0.31 0.188 0.16
Q08623 PUDP Pseudouridiné'-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 ubiquitinprotein ligase RBX1 0.067 0.31 <0.001 0.06
Q00765 REEP5 Receptoexpressiorenhancing protein 5 0.019 0.19 0.061 0.03
P10155 RO60 60 kDa SSA/Ro ribonucleoprotein <0.001 0.30 <0.001 0.05
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Table C3.3(cont). Differentially-ExpressedProteins in Stratified Comparisons of Sepsis Survivors andSNowivors.

. . : African
Non-Hispanic White American/Black
Accession Gene Protein Name Adjusted Fold  Adjusted Fold
Number p-value2 Change p-value2 Change
P30050 RPL12 60S ribosomaprotein 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 ProteinS100A9 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 Syndecaril 0.041 0.54 0.148 0.41
Q6UXD5 SEZ6L2 Seizure @ike protein 2 0.020 0.50 0.171 0.54
QONUL5 SHEL Shiftless antiviralnhibig%tc;l;r:ibosomal frameshifting 0.002 0.40 0.005 0.06
P05455 SSB Lupus La protein 0.094 0.37 <0.001 0.02
QINUL3 STAU? DoublestrandedrI]?NAbinding protein Staufen 0.094 051 0.001 0.31
omolog 2
P52823 STC1 Stanniocalcinl 0.015 0.52 <0.001 0.43
P16949 STMN1 Stathmin 0.019 0.54 0.197 0.41
P53999 SUB1 Activated RNA polymerase [l transcriptional 0.031 0.27 0.206 0.09
coactivator p15
Q4LDES SVEP1 Sushi, von V\gllebrgnd fact_or type A, .EGF and pentra: 0.012 0.37 0.258 053
omaincontaining protein 1
P37837 TALDO1 Transaldolase 0.047 0.48 0.275 0.23
A2RU30 TESPAl Protein TESPA1 <0.001 0.53 0.423 0.68
043493 TGOLN2 TransGolgi network integral membrane protein 2 0.004 0.54 0.036 0.62
P35442 THBS2 Thrombospondif 0.048 0.51 0.033 0.53
Q9P016 THYN1 Thymocyte nuclear protein 1 0.001 0.28 <0.001 0.04
QO6H15 TIMD4 T-cell immmunoglobulin and mucin domagontaining <0.001 0.46 0.353 0.70

protein 4
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Table C3.3(cont). Differentially-Expressed Proteins in Stratified Comparisons of Sepsis Survivors ar8UNaKors.

. . : African
Non-Hispanic White American/Black
Accession Gene Protein Name Adjusted Fold  Adjusted Fold
Number p-value2 Change p-value2 Change
Q9NZR1 TMOD2 Tropomodulin2 0.013 0.40 0.257 0.27
P45379 TNNT2 Troponin T, cardiac muscle <0.001 0.21 0.336 1.18
P13693 TPT1 Translationallycontrolled tumor protein 0.006 0.57 0.301 0.34
Q71U36  TUBAI1A T u b u 1A ahainU 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
P136112 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 domagontaining protein 4  <0.001 0.46 0.283 0.60
P04275 VWF von Willebrand factor 0.025 0.54 0.081 0.44
014980 XPO1 Exportin-1 <0.001 0.41 0.292 0.23
P12956 XRCC6 X-ray repair crossomplementing protein 6 <0.001 0.40 <0.001 0.10
075191 XYLB Xylulose kinase 0.247 0.40 <0.001 0.06

3p-values were calculated using a linear regression model and adjusted usiff6ilBR.h ange cut of fs of OMispane or 0OO0.
White sepsis survivors/nesurvivors are considered as differentiadypressed proteins (s€ection3.2.°Fol d change cutoffs of
between African American/Black survivors/neurvivorsare considered as differentialixpressed proteins (s€ection 3.2. Bold denotes

proteins that meet both fold change cutoff and adjuste@.p5.
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Table C3.4 STRING Results from Proteins DifferentialxpressedVithin Patient Groups.

Non African
Hispanic = American/
White Black
Category Term ID Term Description Adjusted p-value?
G0:0007155 Cell adhesion <0.001 -
G0:0034097 Response to cytokine 0.003 -
G0:0050896 Response tetimulus 0.003 -
GO-0071345 Cellular response to cytokine 0.008 i
stimulus
G0:0016032 Viral process 0.009 0.001
GO0:0010033 Response to organic substar  0.009 -
G0:0044419 Interspecies interaction 0.032 <0.001
between organisms
GO:0071310 Cellular response to organic 0.032 i
substance
G0:0042221 Response to chemical 0.034 -
GO:0070887 Cellular response to chemic: 0.039 i
stimulus
. . G0:0009056 Catabolic process - <0.001
GO Biological Organic substance catabolit
Process  GO:1901575 g ; <0.001
process
G0:0044403 Symbiotic process - <0.001
G0:0019080 Viral gene expression - 0.002
GO:0032787 ~ Monocarboxylic acid : 0.007
metabolic process
G0:0016042 Lipid catabolic process - 0.011
GO0:0006631  Fatty acid metabolic proces: - 0.014
GO:0072329 ~ Monocarboxylic acid : 0.014
catabolic process
G0:0006629 Lipid metabolic process - 0.022
GO:0019752 Carboxylic acid metabolic i 0.033
process
G0:0044248 Cellular catabolic process - 0.039
GO:0046395 Carboxylic acid catabolic i 0.039
process
G0:0005509 Calcium ion binding 0.001 -
G0:0003723 RNA binding 0.003 -
G0:0005488 Binding 0.003 -
Go Molecular Cell adhesion molecule
Function G0:0050839 - 0.005 -
binding
G0:0005515 Protein binding 0.025 -
G0:0031406 Carboxylic acid binding 0.036 -
GO Cellular G0:0005576 Extracellular region <0.001 0.019
Component G0:0005615 Extracellular space <0.001 0.006
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Table C3.4(cont). STRING Results from Proteins DifferentialgxpressaNithin Patient

Groups.
Non African
Hispanic  American/
White Black
Category Term ID Term Description Adjusted p-value?
G0:1903561 Extracellular vesicle <0.001 -
G0:0070062 Extracellular exosome <0.001 0.003
G0:0031982 Vesicle <0.001 -
GO:0005737 Cytoplasm <0.001 <0.001
G0:0031012 Extracellular matrix <0.001 -
G0:0062023 Collagencontaining <0.001 :
extracellular matrix
G0:0070161 Anchoring junction <0.001 -
G0:0043226 Organelle 0.002 -
G0:0110165 Cellular anatomical entity 0.002 -
G0:1904813  ficolin-1-rich granule lumen 0.002 -
G0:0043227 Membranebounded organelle  0.002 -
G0:0005925 Focal adhesion 0.004 -
GO Cellular G0:0005622 Intracellular 0.005 0.015
Component G0:0030141 Secretory granule 0.005 -
G0:0012505 Endomembrane system 0.008 -
G0:0030054 Cell junction 0.008 -
G0:0032432 Actin filament bundle 0.008 -
G0:0099503 Secretory vesicle 0.010 -
G0:0005829 Cytosol 0.011 0.003
G0:0034774 Secretory granule lumen 0.012 -
GO0:1990904  Ribonucleoprotein complex 0.016 0.034
G0:0031410 Cytoplasmic vesicle 0.023 -
G0:0099080 Supramolecular complex 0.033 -
G0:0015629 Actin cytoskeleton 0.037 -
G0:0043229 Intracellular organelle 0.042 -
G0:0005844 Polysome 0.046 -
G0:0022626 Cytosolic ribosome - 0.019
Mixed, incl. negative
CL:1454 re_gulat_ion of mrna splicing, 0.020 i
via spliceosome, and rnphf
zinc finger
SC-:I-IEs”t\Ie? CL:12057 Fatty acid degradation_, and i 0.022
Ketone body metabolism
Fatty aciddegradation, and
CL:12058 f at t y-oxidationdsing - 0.045

acyCoA dehydrogenase

225



Table C3.4(cont).STRING Results from Proteins Differentialxpressed Within Patient

Groups.
Non African
Hispanic  American/
White Black
Category Term ID Term Description Adjusted p-value?
STRING CL:170 Cytoplasmic_ ribosomal i 0.045
Cluster proteins
HSA-1474244 ExtraceIIL_JIar _matrix 0.028 i
organization
HSA-168256 Immune System 0.028 -
HSA-447115 Interleukin-12 family 0.028 :
signaling
HSA-1643685 Disease 0.028 -
HSA-2408522 Selenoamino acid metabolisi  0.037 0.021
HSA-449147 Signaling by Interleukins 0.037 -
Gene and protein expressio
HSA-8950505 by JAK-STAT signaling after 0.037 -
Interleukin12 stimulation
HSA-1430728 Metabolism - 0.021
L13amediated translational
HSA-156827 silencing of Ceruloplasmin - 0.040
expression
HSA-156902 Peptide chain elongation - 0.040
SRRdependent cotranslation
Reactome ~ HSA-1799339 protein?argeting to membran i 0.040
Pathway HSA-192823 Viral MRNA Translation - 0.040
HSA-2408557 Selenocysteine synthesis - 0.040
HSA-71291 Metabolism o_f amino acids i 0.040
and derivatives
Formation of a pool of free
HSA-72689 40S subunits - 0.040
GTP hydrolysis and joining o
HSA-72706 the 6)68 ri)t/)osomaljsubugit i 0.040
HSA-72764 Eukaryotig Trgnslation i 0.040
Termination
Regulation of expression of
HSA-9010553 Ol iTe o ROBOS - 0.040
Response of EIF2AK4
HSA-9633012 (GCN2) toamino acid - 0.040
deficiency
Nonsense Mediated Decay
HAS-975956 (NMD) independent of the - 0.040

Exon Junction Complex (EJC
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Table C3.4(cont).STRING Results from Proteins Differentialxpressed Within Patient

Groups.
Non African
Hispanic  American/
White Black
Category Term ID Term Description Adjusted p-value?
Reactome Nonsense Mediated Decay
Pathway HSA-975957 (NMD) ephanced by the Exo - 0.040
Junction Complex (EJC)
WikiPathway WP477 Cytoplasmic ribosomal ; 0.043
proteins
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 orgar <0.001 <0.001
BTO:0000174 Embryonic structure <0.001 0.028
BT0O:0000449 Fetus <0.001 -
BTO:0001078 Placenta <0.001 0.011
BTO:0001489 Whole body <0.001 0.004
BTO:0000083 Female reproductive systenr  <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 -
Tissues BTO:0000634 Integgmept <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 Skeletalsystem <0.001 -
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Table C3.4(cont).STRING Results from Proteins Differentialxpressed Within Patient

Groups.
Non African
Hispanic  American/
White Black
Category Term ID Term Description Adjusted p-value?

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 -
Tissues 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 -
BT0O:0002692 Enterochromaffidike 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 -
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Table C3.4(cont).STRING Results from Proteins Differentialxpressed Within Patient

Groups.
Non African
Hispanic  American/
White Black
Category Term ID Term Description Adjusted p-value?

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 3T3L1 cell 0.021 -
BTO:0000551 Lung cancer cell 0.023 -
BTO:0000903 Atrium 0.026 -
Tissues 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
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

Cellular GOCC:0005829 Cytosol <0.001 0.003
Compartment GoCcC: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 Membranebounded organelle  0.015 -
GOCC:0098636 Protein complex i_nvolved in 0.015 i

cell adhesion
GOCC:0098637 Protein complefmvol\_/ed in 0.015 i
cell-matrix adhesion
GOCC:1990904 Ribonucleoprotein complex 0.021 0.032
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Table C3.4(cont).STRING Results from Proteins Differentialxpressed Within Patient
Groups.

Non African
Hispanic  American/
White Black
Category Term ID Term Description Adjusted p-value?
GOCC:0030054 Cell junction 0.023 -
GOCC:0062023  Collagencontaining 0.025 .

extracellular matrix
Cellular GOCC:0099080  Supramolecular complex 0.026 -

Compartment GOCC:0030141 Secretory granule 0.037 -
GOCC:0005844 Polysome 0.039 -
GOCC:0070161 Anchoring junction 0.044 -
GOCC:0022626 Cytosolic ribosome - 0.032

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 -
UniProt KW-1015 Disulfide bond 0.003 -
Keywords KW-0694 RNA-binding 0.005 0.032
KW-0245 EGFlike 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 Hostvirus interaction 0.021 -
KW-0430 Lectin 0.022 -
. SM00409 Immunoglobulin 0.003 -
Protelln Epidermal growth factelike
Domain SM00181 P grow! 0.014 .
domain

#Adjustedusing the BenjaminHochberg procedure by STRING. GO = Gene Ontoldgy.
indicates where a term was not enriched significantly.
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Table C3.5 STRING Results from Proteins with a Significant R&eevival Outcome
Interaction.

Category Term ID Term Description 'gd\J/l;TSeeg
G0:0016032 Viral process 0.005
G0:0019080 Viral gene expression 0.005
G0:0044403 Symbiotic process 0.005
G0:0044238 Primary metabolic process 0.005
G0:0044419 Interspecies interactidmetween organisms  0.005
G0:0019752 Carboxylic acid metabolic process 0.021
GO0:0071704 Organic substance metabolic process  0.021
G0:0006413 Translational initiation 0.023
) i G0:0032787 Monocarboxylic acid metabolic process  0.023
GOPErB(l)c():Iggécal G0:0043604 Amide biosynthetic process 0.023
G0:0009056 Catabolic process 0.026
G0:0019081 Viral translation 0.031
G0O:0071356 Cellular response to tumor necrosis facto  0.031
GO0:1901575 Organic substance catabolic process 0.031
G0:0071310 Cellular response torganic substance 0.043
G0:0006629 Lipid metabolic process 0.050
G0:0043043 Peptide biosynthetic process 0.050
GO:0046641 Positive rfeguladlilon 0.050
G0:0072329 Monocarboxylic acid catabolic process 0.050
G0:0005829 Cytosol <0.001
GO:0005737 Cytoplasm <0.001
GO Cellular G0:0070062 Extracellular exosome 0.005
Component G0:0005615 Extracellular space 0.007
G0:0005576 Extracellular region 0.010
G0:0005622 Intracellular 0.025
BT0O:0001488 Endocrine gland <0.001
BTO:0000345 Digestive gland <0.001
BTO:0000522 Gland <0.001
BTO:0000081 Reproductive system 0.001
Tissues 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
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Table C3.5(cont). STRING Results from Proteins with a Significant R&evival Outcome
Interaction.

Category Term ID Term Description 'gd\J/l;TSeeg
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
Tissues : :

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

GOCC:000582¢ Cytosol <0.001

Cellular 5500005622 Intracellular 0.006

Compartment _

GOCC:0005737 Cytoplasm 0.012

KW-0007 Acetylation <0.001

UniProt KW-0963 Cytoplasm 0.001

Keywords KW-0687 Ribonucleoprotein 0.016

KW-0597 Phosphoprotein 0.036

4Adjusted using the Benjamitiochberg procedure by STRING. GO = Gene Ontology.
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Tabl e DD4 fer-Eexpni éedrdogdki ns

Bet ween

S-8pesvesVvEBUSBYVIV

Accession Adjusted Fold Number
Number Gene Name p-value2 Change® pf
Patients
P49588  AARSI1 Alanine-tRNAligase, 49 g g 238
cytoplasmic
P36896 ACVR1B Activin receptor typelB <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 4 5,5 55 199
binding protein 1
Neuroblast differentiation
Q09666 AHNAK associated protein AHNAF <0.001 0.57 269
P14550  AKR1A1  Aldo-ketoreductasefamib o4, 39 269
1 member Al
p15121  AKRip1  Aldo-ketoreductasefami o, 55 269
1 member B1
Q13740 ALCAM CD166 antigen <0.001 0.60 269
4-trimethylamine
P49189 ALDHO9A1 butyraldehyde 0.047 0.31 254
dehydrogenase
P04075  ALDOA Fructosebisphosphate , na; 53 273
aldolase A
P09972  ALDOC Fructosebisphosphate , hos 46 273
aldolase C
Q86V81 ALYREF THO complex subunit 4 0.035 0.58 148
QU6NU7  AMDHD1 .. -robable 0033  0.33 199
imidazolonepropionase
015123 ANGPT2 Angiopoietin2 <0.001 0.59 246
ABNMY6  ANXA2P2 P“ta“"epig[‘eeiﬁ'” ABke 5001 047 75
0105673  AP1B1 Isoform C of AP1 0004 031 30
complex subunib-1
DNA-(apurinic or
P27695 APEX1 apyrimidinic site) <0.001 0.16 58
endonuclease
Methylthioribulosel-
Q96GX9 APIP phosphate dehydratase <0.001 0.23 60
Damagecontrol
Q9H993 ARMT1 ohosphatase ARMTL 0.021 0.43 219
QoUll2  ATPSIFL ATPase inhibitor, 0023  0.38 179
mitochondrial
P8O723  BASP1 Brain acid soluble 4 501 45 269
protein 1
P35613 BSG Basigin <0.001 0.46 194
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Tabl e(Odbil)f er-Eexprne@addegd Proteins Between Sepsi
Survivors.
Accession Adjusted Fold Number
Number Gene Name p-value2 Change of
Patients
Q9BY67 CADM1 Cell adhesion molecule 1 <0.001 0.59 273
PODP25 CALM3 Calmodulin3 0.016 0.49 273
P27797 CALR Calreticulin 0.016 0.51 273
pP27824 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
Scavenger receptor
Q86VB7 CD163 cysteinerich type 1 protein  <0.001 0.49 273
M130
Q8N6Q3 CD177 CD177 antigen <0.001 0.60 266
Q9HCUO CD248 Endosialin <0.001 0.61 273
P26842 CD27 CD27 antigen 0.016 0.53 224
P15529 CD46 Membrane cofactor proteii <0.001 0.59 254
P32320 CDA Cytidine deaminase 0.014 0.55 209
P12830 CDH1 Cadherinl <0.001 0.55 273
Q12864 CDH17 Cadherinl7 0.044 0.52 246
Q9BYEY CDHR2 Cadherinrelated family 55, (58 273
member 2
Cell growth regulator with
Q99674 CGREF1 EF h%nd domgiprotein 1 <0.001 0.48 263
P10645 CHGA ChromogranirA <0.001 0.44 273
P12110 COL6A2 Collagend-2(VI) chain <0.001 0.59 273
P17927 CR1 Comp'?%‘z”i feceplor 0001 061 269
Protein disulfide isomeras
Q6UXH1 CRELD2 CRELD2 0.014 0.59 189
P46108 CRK Adapter molecule crk 0.010 0.46 173
Macrophage colony
P0O7333 CSF1R stimulating factor 1 <0.001 0.61 273
receptor
P04080 CSTB CystatinB <0.001 0.47 264
P07339 CTSD Cathepsin D <0.001 0.61 273
QINUQY  CYRIB CYFIPrelated Racl 4516 (56 239
interactor B
QINWV4 CzIB CXXC motif containing 5574 (59 227
zinc binding protein
P07108 DBl Acyl-CoA-binding protein  0.044 0.38 250
Q96C86 DCPS m7GpppX diphosphatase 0.004 0.30 45



Tabl e(Odbitl)f er-exprna@addegd Proteins Between

Survivor s.

Sepsi

Accession Adjusted Fold Number
Number Gene Name p-value2 Change of
Patients
N(G),N(G)
095865 DDAH2 dimethylarginine 0.010 0.54 265
dimethylaminohydrolase 2
Deleted in malignant brair
Q9UGM3 DMBT1 tumors 1 protein <0.001 0.51 266
Q6E0U42 DMKN Isoform 2 of Dermokine  <0.001 0.59 74
Q9NY33 DPP3 Dipeptidyl peptidase 3 0.030 0.44 268
Q02487 DSC2 Desmocollin2 <0.001 0.48 269
Q14126 DSG2 Desmogleir2 0.010 0.46 273
013011 EcHr  HBSrqi24ydienoykCoA /g 3y 214
isomerase, mitochondrial
P68104 EEF1Al Elongation factor 401 0.044 0.57 224
P26641 EEF1G Elongation factor b 0.040 0.58 252
EGFcontaining fibulin
Q12805 EFEMP1 like extracellular matrix ~ <0.001 0.58 273
protein 1
Isoform 5 of EGF
containing fibulinlike
Q128055 EFEMP1 extracellular matrix <0.001 0.56 228
protein 1
Q96C19  EFHD2 EF-hand domain 0010 052 168
containing protein D2 ' '
Eukaryotic translation
Q14152 EIF3A initiation factor 3 <0.001 0.34 163
subunit A
Eukaryotic translation
075821 EIF3G initiation factor 3 0.021 0.43 103
subunit G
P23588 EIF4B Eukaryotic ranslation ¢ 5,5 (55 205
initiation factor 4B ' '
Q15370 ELOB ElonginB 0.004 0.61 264
Q9BXX0 EMILIN2 EMILIN -2 <0.001 0.55 266
043491 EPB41L2 Band 4.1like protein 2 0.010 0.61 159
P84090 ERH E”hancﬁgr?]‘;'{gg'me”tary 0.004 0.46 90
Eukaryotic peptide chain
P62495 ETF1 release factor subunit 1 0.042 0.50 180
P15311 EZR Ezrin 0.004 0.48 272
QOY624 F11R Junctional adiesion <5001 0.61 224
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Tabl e(Odbitl)f er-exprna@addegd Proteins Between
Survivors.
Accession Adjusted Fold Number
Number Gene Name p-value2 Change of
Patients
Po7148  FABPL oY ac'd?i'\:‘;'”g protein, 5045 025 273
P15000  FABp4  atyacidbindingprotein, 5 g 43 269
adipocyte
P16930 FAH Fumarylacetoacetase 0.021 0.54 269
Q9Y6R7 FCGBP IgGFcbinding protein <0.001 0.60 273
Low affinity
P12318 FCGR2A immunoglobulino Fc <0.001 0.57 89
region receptor ta
Peptidytprolyl cistrans
Q00688 FKBP3 isomerase FKBP3 0.023 0.61 224
Q16658 FSCN1 Fascin 0.045 0.60 239
Q12841 FSTL1 Follistatinrelated protein 1 <0.001 0.60 273
P23434 GesH  Clycine cleavage system | ) ), 0.21 99
protein, mitochondrial
Isoform 2 of Glyoxalase
Q9HC382 GLOD4 domaircontaining 0.028 0.51 258
protein 4
P35754 GLRX Glutaredoxinl <0.001 0.50 253
P17900 GM2A Ganglioside GM2 activato <0.001 0.59 269
P60983 GMFB Glia maturation factob 0.010 0.54 179
Q8NBJ4 GOLM1 Golgi membrane protein 1 <0.001 0.59 273
QOHAV?  GRPEL1  C'PEproteinhomologl, g 45y g5 60
mitochondrial
P00390 GSR Glutat_hlone redyctase, <0.001 058 273
mitochondrial
P48637 GSS Glutathione synthetase  0.010 0.55 273
P46952 HAAO 3'hydr3>.‘yamhra””ate 34 0035 034 210
ioxygenase
Hydroxyacytcoenzyme A
Q16836 HADH dehydrogenase, 0.040 0.22 102
mitochondrial
Q8TDQO  HAVCRz  HepatiisAviruscellular = 501 g5 264
receptor 2
P51858 HDGF Hepatomaderived 0.007 0.37 254
growth factor
Q9NRV9 HEBP1 Hemebinding protein 1 0.044 0.52 209
Q9Y5Z74 HEBP2 Hemebinding protein 2 0.004 0.44 253
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Tabl e(Odbil)f er-Eexpn éPrdogcki ns Bet ween S-epsis Sur
Survivors.

Accession Adjusted Fold Number
Number Gene Name p-value2 Change pf
Patients
3-hydroxyisobutyrate
P31937 HIBADH dehydrogenase, 0.030 0.28 145
mitochondrial
Adenosines*-
P49773 HINT1 monophosphoramidase  0.030 0.38 264
HINT1
Isoform 2 of HLA class |
P044392 HLA-A histocompatibility antigen, 0.016 0.47 60
A Uchain
PO5114  HMGN1  Norrhistone chromosoma 0.26 187

protein HMG14
Non-histone chromosoma
P05204 HMGN2 protein HMG17 0.018 0.24 59

Heterogeneous nuclear

P22626  HNRNPAZBL oo teins Azip1 <0001 039 247
P52597  HNRNPF Heterogeneous nuclear 55, 0.42 87
ribonucleoprotein F
P61978  HNRNPK Heterogeneous nuclear 4, 4 0.39 240
ribonucleoprotein K
Q00839  HNRNPU Heterogeneous nuclear 4, 4 0.41 144
ribonucleoprotein U
Heterogeneous nuclear
Q1KMD3 HNRNPUL2  ribonucleoprotein tike 0.016 0.31 96
protein 2
P04196 HRG Histidine-rich glycoprotein  <0.001 1.77 273
PODMVYO  HSPAILB Heatshock 70kDa 4,5 45 273
protein 1B
P11142 HSPAS Heat shock cognate ) 55 0.52 273
71kDa protein
092598  HSPH1 Heat Sholfg;)mte'” 105 o018 058 200
P48551 IFNAR2 InterferonUb receptor 2 <0.001 0.56 150
Poss33  Igrpp1  Msulivlike growth factor 55 g5 273
binding protein 1
P18065  IGFpz  'msulivlike growthfactor g 55 g 5q 273
binding protein 2
P27930 IL1R2 '”ter'e‘i';/'gelzreceptor <0001 055 273
P01589 IL2RA Interleukin2 receptor g 557 g5 193
subunitU
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Tabl e(Odbil)f er-Exprnead dgd Prot ei
Survivors.

ns Bet ween

Accession Adjusted Fold Number
Number Gene Name p-value2 Change of
Patients’
PO5783  KRTI8 Keratin, type | 0.045  0.35 83
cytoskeletal 18
P24043 LAMA2 Laminin subunit}2 <0.001 0.60 273
P07942 LAMB1 Laminin subunib-1 <0.001 0.60 273
P11047 LAMC1 Laminin subunib-1 <0.001 0.61 273
P13796 LCP1 Plastin2 <0.001 0.60 273
P09382 LGALS1 Galectinl 0.007 0.61 269
Q08380 LGALS3BP Galectin3-binding protein  0.004 0.52 273
Lysosomal acid
P38571 LIPA lipase/cholesteryl ester <0.001 0.55 71
hydrolase
Vesicular integral
Q12907  LMAN2 embrane proteign Vipgg <0001 060 273
P08519 LPA Apolipoprotein(a) 0.007 1.84 273
Leucinerich repeat
Q32Mz4 LRRFIP1 flightlessinteracting 0.004 0.54 160
protein 1
P33241 LSP1 Lymphocytespecific <0.001  0.56 191
protein 1
P09960 LTA4H Leukotriene A4 hydrolase  0.010 0.51 273
Latenttransforming
Q14767 LTBP2 growth factorb-binding <0.001 0.60 273
protein 2
Lymphatic vessel
Q9YS5Y7 LYVE1 endothelial hyaluronic acic <0.001 0.47 273
receptor 1
Q9NTJI4 MAN2C1 Umannosidase 2C1 <0.001 0.42 31
P29966  MARCKS  Mvristoylatedalaninerich 55, (44 252
C-kinase substrate
P49006 MARCKSL1 MARCKS-related protein  0.004 0.34 58
P48163 ME1 NADP-dependent 0026 046 269
malic enzyme
Q12866  MERTK Ty[(‘.’s'”ep”’te'” <0.001 057 269
inase Mer
P22894 MMP8 Neutrophilcollagenase 0.010 0.48 268
Q13201 MMRN1 Multimerin-1 <0.001 0.57 269
P22897 MRC1 Macrophage mannose ;551 (54 273
receptor 1
Q96DR8 MUCL1 Mucin-like protein 1 0.016 0.26 72
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Tabl e(Odbil) f er-Expn éPrdogdki ns Bet ween S-epsis
Survivors.
Accession Adjusted Fold Number
Number Gene Name p-value2 Change of
Patients’
Q9HBO7 MYG1 MYG1 exonuclease <0.001 0.14 30
P35579 MYH9 Myosin-9 0.038 0.58 273
014950  MyLiz2s  Mvyosinregulatoryight 55, (53 194
chain 12B
Q8NCW5  NAXE NAD(P)H-hydrate 0045  0.31 131
epimerase
P41271 NBL1 Neuroblastoma suppressc i, o1 61 269
of tumorigenicity 1
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
SuccinytCoA:3-ketoacid
P55809 OXCT1 coenzyme A transferase . 0.004 0.10 30
mitochondrial
P07237 P4HB Protein disulfidesomerase 0.028 0.53 273
Q99497 PARK7 Parkinson disease protein  0.042 0.53 269
P30086 ~ PEBP1 " hosphatidylethanolamine , o,7 g 5 273
binding protein 1
015067 pEas  hosphoribosylformylglyci  hag 5 35 119
namidine synthase
6-phosphogluconate
P52209 PGD dehydrogenase, 0.014 0.59 273
decarboxylating
P00558 PGK1 Phosphoglycerate kinase  0.026 0.60 273
095336 PGLS 6-phosphogluco 0.016 0.58 252
nolactonase
Membraneassociated
000264 PGRMC1 progesterone receptor  <0.001 0.49 90
component 1
QINRX4 PHPT1 14 kDa phosphohistidine , 4 0.53 252
phosphatase
P19957 PI3 Elafin <0.001 0.58 236
QU6FE7  PIK3Ip1 D hosphoinositid@-kinase —_,nh1 (g1 273
interacting protein 1
Isoform 3 of Paired
Q9UKJL3 PILRA immunoglobulinlike type  <0.001 0.57 239
2 receptoi)
1-phosphatidylinositol 4;5
Q4KWHS8 PLCH1 bisphosphate <0.001 0.54 105
phosphodiesterasgl
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Patients
060664 PLIN3 Perilipin-3 <0.001 0.61 266
P55058 PLTP Phospholipid transfer 551 45 273
protein
Q6UX71  PLXDC2  "lexindomaircontaining  _a01 g g0 273
protein 2
Q15063 POSTN Periostin <0.001 0.56 243
Q150633 POSTN Isoform 3 of Periostin 0.018 0.49 165
Q150635 POSTN Isoform 5 of Periostin 0.044 0.51 59
P62937 PPIA Peptidytprolyl cistrans i, 55, g9 273
isomerase A
CAMP-dependent protein
P10644 PRKAR1A  kinase type-Uregulatory  <0.001 0.61 269
subunit
CAMP-dependent protein
P13861 PRKAR2A  kinase type HUregulatory  0.030 0.27 87
subunit
P28062  PSMB8 Proteasome suburbt - o5 g0 269
type-8
P28065  PSMB9 Proteasome suburbt 545 g0 269
type9
Q13308 PTK7 Inactive tyrosineprotein - _ 557 (.55 270
kinase 7
P20962 PTMS Parathymosin 0.016 0.26 253
P10586  PTPRF Receptoftype tyrosine 5 551 g 59 269
protein phosphatase F
UV excision repair protein
P54727 RAD23B RAD23 homolog B <0.001 0.59 273
Q6JBY9 RCSD1 CapZinteracting protein ~ <0.001 0.48 160
Q06141  REG3A  Regeneratingislederived —  han 47 269
protein 3U
2-iminobutanoate/2
P52758 RIDA iminopropanoate 0.016 0.27 237
deaminase
P07998 RNASE1 Ribonuclease pancreatic <0.001 0.55 269
Q9H4A4 RNPEP Aminopeptidase B 0.045 0.41 265
P47914 RPL29 60S ribosomal protein L2¢ <0.001 0.37 45
P31949 S100A11 Protein S100A11 0.021 0.46 254
P06702 S100A9 Protein S100A9 0.016 0.51 273
Q15424  SAFB Scaffold attachment 545 g 51 90

factor B1
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P49591  SARSL Serine-tRNAligase, 4435 (g1 237
cytoplasmic
QU6GP6  SCARF2 ~ ScavengereceptorclassF i, nn1 g g 104
member 2
P18827 SDC1 Syndecarl 0.045 0.58 268
Q9UHDS SEPTIN9 Septin9 0.014 0.16 22
Q01105 SET Protein SET <0.001 0.54 30
Q6UXD5 SEZ6L2 Seizure €ike protein 2 0.021 0.42 258
P07988  SFTPB Pulmonarysurfactant = a5 (59 208
associated protein B
Q8N114 SHISA5S Protein shis#® <0.001 0.61 164
QO8ET2  siGLEc1a Sw@licacidbindinglglike g 55, (55 269
lectin 14
Q6US41  SLcaalo ~ Sodiumdriven chloride g 641 g 30
bicarbonate exchanger
P00441 sop1 Superoxide dismutase ) 555 35 273
[Cu-Zn]
P04179 SOD2 Superoxide dismutase ) o5 ( 57 273
[Mn], mitochondrial
P08294 soD3 Extracellular superoxide 15 g1 273
dismutase [CZn]
043278 SPINT1 Kunitztype protease 4 591 56 269
inhibitor 1
P35270 SPR Sepiapterin reductase 0.016 0.20 58
Q9Y5Y6 ST14 Suppressorof 4451 (59 241
tumorigenicity 14 protein
Doublestranded RNA
Q9NUL3 STAU2 binding protein Staufen  <0.001 0.51 164
homolog 2
Sushi, von Willebrand
Q4LDE5  SVEP1 factortype AEGF and g 551 (543 273
pentraxin domain
containing protein 1
P37837 TALDO1 Transaldolase 0.044 0.37 273
P26639  TARS1 | weonine-tRNAligasel, 4.9  (5g 239
cytoplasmic
075347 TBCA Tubulin-specific <0.001  0.59 273
chaperone A
P37173 TGFBR2 TGFb receptor type2 <0.001 0.53 45
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TransGolgi network
043493 TGOLN2 integral membrane <0.001 0.58 273
protein 2
Isoform 4 of TrangGolgi
0434934 TGOLNZ2 network integral membran <0.001 0.49 44
protein 2
P35442 THBS2 Thrombospondif <0.001 0.53 269
T-cell immunoglobulin anc
Q96H15 TIMD4 mucindomaincontaining  <0.001 0.51 254
protein 4
P29401 TKT Transketolase 0.035 0.44 273
P63313 TMSB10 Thymosinb-10 <0.001 0.52 119
Tumor necrosis factor
Q92956 TNFRSF14 receptor superfamily <0.001 0.61 120
member 14
P13693 TPT1 Translationalchor_ltrolled 0.004 053 269
tumor protein
P10599 TXN Thioredoxin 0.004 0.59 273
Q16881  TXNRD1  |hioredoxinreductasel, 49 g5 269
cytoplasmic
QONNW7  TXNRD2  |Mmoredoxinreductase 2, 51 ggg 164
mitochondrial
P19971 TYMP Thymidine phosphorylase 0.042 0.43 268
060763 Uso1 Ge”ere}' vesicular ranspo - 549 0 3g 119
actor p115
Vesicleassociated
095292 VAPB membrane protein <0.001 0.37 30
associated protein B/C
P19320  VCAM1 Vascular celladhesion 9 (53 273
protein 1
P13611 VCAN Versican core protein <0.001 0.41 273
P136112  VCAN Isoform V1 of Versican 4591 .39 236
core protein
V-set and immunoglobulir
Q9Y279 VSIG4 domaircontaining <0.001 0.43 269
protein 4
P04275 VWF von Willebrand factor <0.001 0.57 273
P12956  XRCC6 X-rayreparcross - _gqq; (o1 45
complementing protein 6
P67809 YBX1 Y -box-binding protein 1 0.030 0.35 177
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Accession Adjusted Fold Number
Number Gene Name p-value2 Change of
Patients
P61981 YWHAG 14-3-3 proteind 0.044 0.47 273

%-values were calcul ated uasdjnus taed Prnektatir g nrdedy R ceustsoi fof n
of Oalr. 6@0et wseeepssU ISV i v-@u sy inwor s ar e conex pdreesesdedas di
prot@hmsmber of patients (N = 273 maxi mum) that h:
signal to noiSe®e(c3/iMor tddrRe ahh d Isd .
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Category Term ID Term Description 'gd\J/l;TSeeg
G0:0050896 Response to stimulus <0.001
G0:0007155 Cell adhesion <0.001
G0:0010033 Response torganic substance <0.001
GO0:0070887  Cellular response to chemical stimult  <0.001
G0:0042221 Response to chemical <0.001
GO0:0071704 Organic substance metabolic proces <0.001
G0:0002376 Immune system process <0.001
G0O:0006950 Response tsetress <0.001
G0:0032940 Secretion by cell <0.001
G0:0045055 Regulated exocytosis <0.001
G0:0008152 Metabolic process <0.001
GO0:0071310 Cellular response to organic substani <0.001
G0:0044403 Symbiotic process <0.001
G0:0044281 Smallmolecule metabolic process  <0.001
G0:0006955 Immune response <0.001
GO:0044419 Interspecies intgraction between <0.001

organisms
GO-0002366 Leukoqyte activation involved in <0.001
immune response
GO Biological G0:0002252 Immune effector process <0.001
Process G0:0009987 Cellular process <0.001
G0:0016032 Viral process <0.001
G0:0016192 Vesiclemediated transport <0.001
G0:1990748 Cellular detoxification <0.001
GO:0002275 Myeloid_cell activation involved in <0.001
immune response
G0:0050865 Regulation of cell activation <0.001
GO:1901700 Response to oxygerontaining <0.001
compound
G0:0002274 Myeloid leukocyte activation <0.001
G0:0045321 Leukocyte activation <0.001
G0:0002443 Leukocyte mediated immunity <0.001
G0:0043299 Leukocyte degranulation <0.001
G0:0044282 Small molecule catabolic process  <0.001
GO-0035722 interleukinl2-mediated signaling <0.001
pathway

G0:0050867 Positive regulation of cell activation  <0.001
G0:0002444  Myeloid leukocyte mediatednmunity <0.001
G0:0043312 Neutrophil degranulation <0.001
G0:0001775 Cell activation <0.001
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G0:0034097 Response to cytokine <0.001
GO0:0046364  Monosaccharide biosynthetic proces <0.001
G0:0055114 Oxidationreduction process <0.001
GO:0002684 Positive regulation of immune systen <0.001
process
GO:0048519 Negative regulation of biological <0.001
process
G0:0098609 Cell-cell adhesion <0.001
GO:1901564 Organonitrogen compound metabolic <0.001
process
G0:0002682  Regulation of immune system proces <0.001
G0:0048523  Negativeregulation of cellular process <0.001
G0:0050789 Regulation of biological process <0.001
G0:0065007 Biological regulation <0.001
GO:0032101 Regulation of_response to external <0.001
stimulus
GO0:0071345  Cellular response to cytokine stimulu  <0.001
GO0:0051716 Cellular response to stimulus <0.001
G0:0002694 Regulation of leukocyte activation ~ <0.001
GO Biological G0:0065008 Regulation of biological quality <0.001
Process G0:0080134 Regulation of response to stress  <0.001
G0:0019221  Cytokinemediated signaling pathway <0.001
GO:0006091 Generation of precursor metabolites a <0.001
energy
G0:0050863 Regulation of T cell activation <0.001
GO:0002696 Positive regu]atic_)n of leukocyte <0.001
activation
G0:0019752 Carboxylic acid metabolic process  <0.001
G0:0044238 Primary metabolic process <0.001
G0:0048518 Positive regulation of biological proces <0.001
GO:0098742 Cell-cell adhesion_ via plasma <0.001
membrane adhesion molecules
G0:0030155 Regulation of cell adhesion 0.001
G0:0048583 Regulation of response to stimulus  0.001
G0:0051249 Regulation of lymphocyte activation ~ 0.001
G0:0006807  Nitrogen compound metabolic proces 0.001
G0:0044237 Cellular metabolic process 0.001
GO:0050870  Positive regulation of T cell activation  0.001
G0:0045454 Cell redox homeostasis 0.002
G0:0022407 Regulation of cetcell adhesion 0.002
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GO:0032269 Negative regulatic_m of cellular proteir 0.002
metabolic process
G0:0045785 Positive regulation of cell adhesion  0.002
GO0:0051246 Regulation of proteimetabolic process  0.002
G0:0062197 Cellular response to chemical stress  0.002
G0:0030198 Extracellular matrix organization 0.002
G0O:0007565 Female pregnancy 0.002
G0:0009636 Response to toxic substance 0.002
G0:0046395 Carboxylic acidcatabolic process 0.002
G0:0051701 Interaction with host 0.002
G0:0001817 Regulation of cytokine production 0.003
G0:0010035 Response to inorganic substance  0.003
G0:1901575 Organic substance catabolic proces  0.003
G0:0022409 Positiveregulation of celcell adhesion  0.003
GO0:0050794 Regulation of cellular process 0.003
G0:0009719 Response to endogenous stimulus  0.003
G0:0043086 Negative regulation of catalytic activit  0.003
GO:1903037 Regulationacgrizgil;oncyte cetlell 0.003
GOPI?:)oCIgglscal GO0:0006520  Cellular amino acid metabolic proces  0.003
G0:1990428 MiRNA transport 0.003
G0:0042129 Regulation of T cell proliferation 0.004
G0:0006098 Pentosegphosphate shunt 0.004
GO0:0007166 Cell surface receptmignaling pathway  0.004
GO:0051251 Positive regulz_ation of lymphocyte 0.004
activation
G0:0052548 Regulation of endopeptidase activity 0.004
G0:0044409 Entry into host 0.004
G0:0044283 Small molecule biosynthetic process  0.005
G0:0051641 Cellular localization 0.005
GO:0050776 Regulation of immune response 0.005
GO:0032268 Regulation of cellular protein metaboli 0.005
process
G0:0019322 Pentose biosynthetic process 0.005
G0:0006457 Protein folding 0.005
GO:0009725 Response to hormone 0.006
GO-0048585 Negative regu_lation of response to 0.006
stimulus
G0:0006979 Response to oxidative stress 0.007
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GO:0051239 Regulation of multicellular organisma 0.007
process
GO:0072593 Reactive oxygen species metabolic 0.007
process
G0:0016052 Carbohydrate catabolic process 0.008
G0:0036293 Response to decreased oxygen leve  0.008
G0:1901605 U-amino acid metabolic process 0.010
GO:0055086 Nucleobasecontaining small molecule 0.010
metabolic process
GO:0001819 Positiveregulation of cytokine 0.010
production
G0:0006959 Humoral immune response 0.010
G0:0048522  Positive regulation of cellular proces:  0.010
G0:0007165 Signal transduction 0.011
G0:0009888 Tissue development 0.011
G0:0051179 Localization 0.011
G0O:0000305 Response to oxygen radical 0.011
G0:0031347 Regulation of defense response 0.011
G0:0051649 Establishment of localization incell ~ 0.011
GO Biological GO0:0070663 Regulation of leukocyte proliferation  0.011
Process GO:0051240 Positive regu_latlon afnulticellular 0.012
organismal process
G0:0000302 Response to reactive oxygen specie  0.012
G0:0005996 Monosaccharide metabolic process 0.012
G0:0019730 Antimicrobial humoral response 0.012
G0:0009056 Catabolic process 0.012
G0:0051235 Maintenance of location 0.012
G0:0032879 Regulation of localization 0.012
G0:0034599 Cellular response to oxidative stress  0.013
G0:0046718 Viral entry into host cell 0.013
G0:0002576 Platelet degranulation 0.014
G0:0030162 Regulation ofproteolysis 0.014
GO:0042102 Positive regulati_on of T cell 0.015
proliferation
GO-0010951 Negative regulati_o_n of endopeptidas: 0.015
activity
G0:0001666 Response to hypoxia 0.017
G0:0010226 Response to lithium ion 0.018
G0:0010941 Regulation of cell death 0.019
G0:0009605 Response to external stimulus 0.020
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GO0:0042326 Negative regulation of phosphorylatio  0.021
G0:1901606 U-amino acid catabolic process 0.021
GO:0050778 Positive regulation of immune respon:  0.021
G0:0050790 Regulation of catalytic activity 0.021
G0:0006518 Peptide metabolic process 0.021
GO:0048584 Positive regu!atlon of response to 0.022
stimulus
GO:0045936 Negative regulatlon of phosphate 0.023
metabolic process
G0:0008217 Regulation of blood pressure 0.024
G0:0043687  Posttranslational protein modification  0.024
G0:0006898 Receptommediated endocytosis 0.026
Heterophilic ceHlcell adhesion via
GO0:0007157 plasma membrane cell adhesion 0.026
molecules
G0:0032787 Monocarboxylic acid metabolic proces 0.026
G0:0050900 Leukocyte migration 0.026
GO:0070665 Positive regu_latlon of leukocyte 0.026
proliferation
GO Biological GO:0055117 Regulation of ca_rdlac muscle 0.026
Process contraction
G0:0110096 Cellular response to aldehyde 0.026
G0:0010646 Regulation of celcommunication 0.027
GO'1902175 Reg.ula!tlon of OX|_dat_|ve sFresBduced 0.027
intrinsic apoptotic signaling pathway
GO:0032102 Negative regulatlorl of response to 0.028
external stimulus
G0:0007568 Aging 0.028
GO:0010608 Posttranscriptional r_egulatlon of gent 0.028
expression
G0:0042592 Homeostatic process 0.028
G0:0009607 Response to biotic stimulus 0.029
GO:0044092 Negative regulat_lon of molecular 0.029
function
G0:0007154 Cell communication 0.030
G0:0023052 Signaling 0.030
G0:0006952 Defense response 0.030
GO:0010605 Negative regulatlc_m of macromolecul 0.030
metabolic process
GO:0060452 Positive regulation of cardiac muscle 0.031

contraction
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G0:0071474 Cellular hyperosmotic response 0.031
G0:1901652 Response to peptide 0.031
G0:0007162 Negative regulation of cell adhesion  0.032
G0:0023051 Regulation of signaling 0.033
G0:0009611 Response to wounding 0.033
G0:0006081 Cellular aldehyde metabolic process  0.037
GO:0009892 Negative regulation of metabolic 0.037
process
G0:0040011 Locomotion 0.037
GO-0060670 Branching involved in Iabyrinthine laye 0.037
morphogenesis
GO0:0051707 Response to other organism 0.038
G0:0007159 Leukocyte ceHcell adhesion 0.039
GO:0034641 Cellular nitrogercompound metabolic 0.039
process
G0:0006810 Transport 0.040
GO:0032970 Regulation of actin filamerltased 0.042
process
GO Biological GO0:0032530 Regulation of microvillus organizatior  0.043
Process GO:0051348 Negative regulgti.on of transferase 0.043
activity
G0:0005999 Xylulose biosynthetic process 0.045
G0:0043434 Response to peptide hormone 0.045
G0O:0050793 Regulation of developmental proces: 0.045
G0:0097238 Cellular response to methylglyoxal 0.045
GO:2000568 Positive regulat.ion .of memory T cell 0.045
activation
G0:0051651 Maintenance of location in cell 0.047
G0:0006986 Response to unfolded protein 0.047
GO:0051346 Negative regul.at.ion of hydrolase 0.048
activity
G0:0071285 Cellular response to lithium ion 0.049
G0:0045088 Regulation of innate immune respons  0.049
G0:0009966 Regulation of signal transduction 0.050
GO0:0033673  Negative regulation of kinase activity  0.050
GO:0045824 Negative regulation of innate immune 0.050
response
G0:0034620 Cellularresponse to unfolded protein  0.050
GO Molecular G0:0050839 Cell adhesion molecule binding <0.001
Function G0:0005515 Protein binding <0.001
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G0O:0045296 Cadherin binding <0.001
G0:0005488 Binding <0.001
G0:0003723 RNA binding <0.001
G0:0005539 Glycosaminoglycan binding <0.001
G0:0016209 Antioxidant activity <0.001
G0:0044877 Proteinrcontaining complex binding  <0.001
G0:0005509 Calcium ion binding <0.001
G0:0005102 Signaling receptor binding <0.001
G0:1901681 Sulfur compoundinding <0.001
G0:0015036 Disulfide oxidoreductase activity <0.001
Oxidoreductase activity, acting on a
G0:0016668 sulfur group of donors, NAD(P) as  <0.001
acceptor
G0:0005178 Integrin binding <0.001
G0:0008201 Heparin binding 0.002
G0:0042802 Identical protein binding 0.002
G0:0036094 Small molecule binding 0.003
GO Molecular G0:0030246 Carbohydrate binding 0.004
Function GO0:0015037 Peptide disulfide oxidoreductase activ  0.005
G0:0016491 Oxidoreductase activity 0.006
G0:0004784 Superoxide dismutase activity 0.007
G0:0031406 Carboxylic acid binding 0.008
G0O:0004857 Enzyme inhibitor activity 0.019
GO0:0004791 Thioredoxindisulfide reductase activity  0.019
G0O:0003779 Actin binding 0.024
G0:0019955 Cytokine binding 0.024
G0:0019838 Growth factor binding 0.025
G0:0009055 Electron transfer activity 0.026
G0:0001618 Virus receptor activity 0.029
GO:0097493 Structural moleculg gctivity conferring 0.029
elasticity
G0:0008092 Cytoskeletal protein binding 0.036
G0:0098632 Cell-cell adhesion mediator activity ~ 0.037
G0:0043168 Anion binding 0.041
G0:0008135 Translation factor activity, RNA bindint  0.041
G0:0050661 NADP binding 0.044
GO Cellular G0:0005615 Extracellular space <0.001
Component GO0:0005576 Extracellular region <0.001
G0:0070062 Extracellular exosome <0.001
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G0:0031982 Vesicle <0.001
G0:0031012 Extracellular matrix <0.001
G0:0062023 Collagencontaining extracellular matri;  <0.001
GO:0005737 Cytoplasm <0.001
G0:0030141 Secretory granule <0.001
G0:0099503 Secretory vesicle <0.001
G0:0043227 Membranebounded organelle <0.001
GO0:0034774 Secretory granule lumen <0.001
G0:0070161 Anchoring junction <0.001
G0:0031410 Cytoplasmic vesicle <0.001
G0:0005925 Focal adhesion <0.001
G0:0005829 Cytosol <0.001
G0:0009986 Cell surface <0.001
G0:1904813 ficolin-1-rich granule lumen <0.001
G0:0043226 Organelle <0.001
G0:0110165 Cellular anatomical entity <0.001
G0:0098552 Side of membrane <0.001
G0:1904724 Tertiary granule lumen <0.001
G0:0015629 Actin cytoskeleton 0.001

GO CCellular ) . )

Component G0:0005788 Endoplasmic reticulum lumen 0.001
G0:0005622 Intracellular 0.001
G0:0012505 Endomembrane system 0.002
G0:0070820 Tertiary granule 0.002
G0:0030054 Cell junction 0.005
G0:0070013 Intracellular organelle lumen 0.007
G0:0009897 External side of plasma membrane  0.007
G0:0098589 Membrane region 0.008
G0:0071944 Cell periphery 0.008
G0:0032432 Actin filament bundle 0.011
G0:0045121 Membrane raft 0.018
G0:0002102 Podosome 0.019
G0:0098576 Lumenal side of membrane 0.026
G0:0005886 Plasma membrane 0.026
G0:0031091 PlateletUgranule 0.029
G0:0048471 Perinuclear region of cytoplasm 0.029
G0:0043202 Lysosomal lumen 0.036
G0:0001772 Immunological synapse 0.039
G0:0005606 laminin-1 complex 0.041
G0:0043259 laminin-10 complex 0.041
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GO Cellular G0:0097454 Schwann cell microvillus 0.041
Component G0:0031093 PlateletUgranule lumen 0.044
CL:11552 Pentosephosphate_pathway, and 0.011
Glycolysis
Fructose 1,&isphosphate metabolic
CL:11557 process, and xylulose biosynthetic  0.016
process
CL:11549 Carbon metabolism, and Pyruvate 0.021
metabolism
CL:11554 Glycolygis, and-ructosel,6- 0.037
bisphosphatase
Mixed, incl. negative regulation of
CL:1454 MRNA splicing, via spliceosome, anc  0.037
RNPHF zinc finger
CL:13061 G'“tatgglr;en&?gz?r']sm' and 0.038
STRING Cluster Mixed, incl. Complement and
CL:19705 coagulation cascades, and lipoprotei 0.041
particle
CL:11547 Mixed, incl. Carbon metabolism, and 0.047
Starch and sucrose metabolism
Eukaryotic translation elongation factc
CL:335 1 complex, and 60S acidic ribosoma  0.047
protein PO
Mixed, incl. HMG14 and HMG17, anc
CL:5948 HuR (ELAVL1) binds and stabilizes  0.047
MRNA
CharcotMarie-Tooth disease type 2D.
CL:622 and SerytRNA synthetase Nerminal 0.047
domain
hsa00030 Pentose phosphate pathway 0.001
hsa01200 Carbonmetabolism 0.002
hsa04512 ECM-receptor interaction 0.011
hsa04514 Cell adhesion molecules 0.020
KEGG Pathway hsa03320 PPAR .signaling pathway . 0.021
hsa00010 Glycolysis / Gluconeogenesis 0.044
hsa04141 Protein proces_sing in endoplasmic 0.044
reticulum
hsa04151 PI3K-Akt signaling pathway 0.044
hsa04612 Antigen processing and presentatior 0.044
Reactomd?athway HSA-168256 Immune System <0.001
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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 <0.001

Species
HSA-447115 Interleukin12 family signaling <0.001
HSA-6798695 Neutrophil degranulation <0.001
HSA-9020591 Interleukin12 signaling <0.001
HSA-449147 Signaling by Interleukins <0.001
Regulation of Insulidike Growth
Factor (IGF) transport and uptake b
HSA-381426 Insulin-(like )Growtr? Factor BiF;lding > <0.001
Proteins (IGFBPs)
Gene and protein expression by JAK
HSA-8950505 STAT signaling after Interleukii2 <0.001
stimulation
HSA-8957275 Posttranslational_protein <0.001
phosphorylation
HSA-1643685 Disease <0.001
Reactome Pathway sa.1280215 Cytokine Signaling in Immune systen  <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 (_)f amino acids and 0.011
derivatives
HSA-15869 Metabolism of nucleotides 0.019
HSA-109582 Hemostasis 0.024
HSA-1474228 Degradation of the extracellular matri  0.024
HSA-203615 eNOS activation 0.039
HSA-499943 Interconvers_ion of nucleotide-cand 0.040
triphosphates
HSA-216083 Integrin cell surface interactions 0.045
HSA-442720 CREBl phosphorylation through the 0.045
activation of Adenylate Cyclase
HSA-2262752 Cellular responses to stress 0.047
o WP3888 VEGFA-VEGFR2 signaling pathway  0.001
WikiPathway WP134 Pentosghosphate metabolism 0.001
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WP2806 Complement system 0.001
WP408 Oxidative stress response 0.001
WP3668 Hypothesized_ pathways in pathogene 0.003
of cardiovascular disease
WP107 Translation factors 0.004
WP15 Selenium micronutrient network 0.009
o WP3942 PPAR signaling pathway 0.015
WikiPathway WP3932 Focaladhesio_n: PI3KAkt-mTOR- 0.019
signaling pathway
WpP2884 NRF2 pathway 0.022
WpP2882 Nuclear receptors mefaathway 0.022
WP4754 IL-18 signaling pathway 0.022
WP3940 Onecarbon metabolism and related 0.024
pathways
Human Phenotype EFO:0007937 Blood protein measurement <0.001
(Monarch
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
Tissue 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
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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
BT0O: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
BT0O: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
Tissue 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
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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
Tissue 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 Ovarycancer 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
BT0O:0001853 Vascularendothelium 0.027
BTO:0000404 Epidermis 0.027
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BTO:0000959 Esophagus 0.027

BTO:0001421 Uterine cervix 0.027

BTO:0006110 M1 macrophage 0.030

BTO:0001629 Left ventricle 0.032

Tissue 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
GOCC:000557¢€ Extracellular region <0.001
GOCC:000561t Extracellular space <0.001
GOCC:004323C 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:011016E Cellular anatomical entity <0.001
GOCC:0030141 Secretory granule <0.001
GOCC:0031012 Extracellular matrix <0.001
GOCC:004322¢ Organelle <0.001
GOCC:000582¢ Cytosol <0.001
GOCC:0043227 Membranebounded organelle <0.001

Cellular GOCC:003141C Cytoplasmic vesicle <0.001
Compartment ~ GOCC:0005622 Intracellular <0.001
GOCC:1904813 ficolin-1-rich granule lumen <0.001
GOCC:0070013 Intracellular organelle lumen <0.001
GOCC:000998¢€ Cell surface <0.001
GOCC:001250¢ Endomembrane system <0.001
GOCC:009863€ Protein complex !nvolved in cell <0.001

adhesion

GOCC:0062023 Collagencontaining extracellular matri;. <0.001

GOCC:0031983 Vesicle lumen 0.001

GOCC:0070161 Anchoring junction 0.001

GOCC:1904724 Tertiary granule lumen 0.001

GOCC:001562¢ Actin cytoskeleton 0.002

GOCC:0044853 Plasma membrane raft 0.002

GOCC:007082C Tertiary granule 0.002
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GOCC:0098637 Protein complefmvol\_/ed in cellmatrix 0.002
adhesion

GOCC:004322¢ Intracellular organelle 0.003
GOCC:000592& Focal adhesion 0.004
GOCC:0098552 Side of membrane 0.005
GOCC:0034774 Secretory granule lumen 0.006
Cellular GOCC:009858¢ Membrane region 0.007
Compartment ~ GOCC:0032432 Actin filament bundle 0.011
GOCC:0045121 Membrane raft 0.017
GOCC:0005783 Endoplasmic reticulum 0.032
GOCC:009857¢€ Lumenal side of membrane 0.036
GOCC:0043202 Lysosomal lumen 0.036
GOCC:0031091 PlateletUgranule 0.040
GOCC:0030054 Cell junction 0.050

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 Hostvirusinteraction <0.001

KW-0358 Heparinbinding <0.001

KW-0272 Extracellular matrix <0.001

KW-0325 Glycoprotein <0.001

KW-0106 Calcium <0.001

KW-0393 Immunoglobulin domain <0.001
UniProt Keyword KW-0430 Lectin 0.001
KW-0648 Protein biosynthesis 0.001
KW-0676 Redoxactive 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
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UniProt Keyword KW-1183 Host cellreceptor for virus entry 0.034
IPR0O03599 Immunoglobulin subtype 0.038
: . IPRO07110 Immunoglobulinlike domain 0.038
Protein Domains Immunoglobulinlike domain
and Features IPR036179 . 0.038
(InterPro) superfamlly :
IPRO00742 EGFlike domain 0.039
IPRO03598 Immunoglobulin subtype 2 0.039
SM00409 Immunoglobulin 0.003
Domain abundant in complement
Protein Domains SM00032 control proteins i 0.025
(SMART) Putative DNAbinding (bihelical) motif
SMO00513 predicted to be involved in 0.034

chromosomal organisation
Adj ussieng t hedoRBerbjeangi rpirocedure by STRING. GO
= Kyoto Encyclopedia of Genes and Genomes. SM
Researd¢hnd@oohtes where a term was not enriche
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Variable Name Elastic Net .
or Protein . Regression Loglstlg
Accession Gene Protein Name Non-Zero Regression

Number Coefficient  P~Value
Q9HBW9 ADGRL4 Adhesion Goroteincoupled 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 All -0.201 0.027
095445 APOM Apolipoprotein M -0.220 0.018
P35613 BSG Basigin -0.194 0.039
P00915 CAl Carbonic anhydrase 1 -0.176 0.011
Q9HB71 CACYBP Calcyclinbinding protein -0.092 0.047
Q05682 CALD1 Caldesmon 0.020 0.016
043852 CALU Calumenin -0.073 0.046
P09326 CD48 CD48 antigen 0.205 0.004
Q16543 CDC37 Hsp90co-chaperone Cdc37 -0.134 0.013
Q92496 CFHR4 Complement factor Helated protein 4 0.228 0.034
P094962 CLTA Isoform Nonbrain of Clathrin light chain A 0.159 0.007
P53621 COPA Coatomer subuniy 0.049 0.02
Q14019 COTL1 Coactosinlike 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 401 -0.100 0.032
075071 EFCAB14 EF-hand calciurrbinding domaircontaining protein 14 -0.229 0.022
Q9H4AM9 EHD1 EH domaincontaining protein 1 0.277 0.003
QouBC2 EPS15L1 Epidermal growth factor receptor substrateiké 1 0.282 0.012
Q96AP7 ESAM Endothelial cellselective adhesion molecule 0.050 0.004
P12259 F5 Coagulation factor V -0.139 0.017
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Variable Name Elastic Net -
or Protein . Regression Loglstlg
Accession Gene Protein Name Non-Zero Regression
Number Coefficient  P~Value
P231424 FBLN1 Isoform C of Fibulinl -0.198 0.035
Q53RD9 FBLN7 Fibulin-7 -0.107 0.044
P09467 FBP1 Fructosel,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 kinagsbmaircontaining protein 0.296 0.016
P21333 FLNA Filamin-A -0.114 0.011
Q9HCNG6 GP6 Platelet glycoprotein VI -0.150 0.035
P06744 GPI Glucose6-phosphate isomerase 0.182 0.012
P06396 GSN Gelsolin -0.035 0.005
Q96RW7 HMCN1 Hemicentinl -0.157 0.035
P18065 IGFBP2 Insulin-like growth factofbinding protein 2 0.012 0.014
P24592 IGFBP6 Insulin-like growth factofbinding protein 6 -0.116 0.04
Q96MG2 JSRP1 Junctional sarcoplasmic reticulum protein 1 -0.311 <0.001
P04264 KRT1 Keratin, type llcytoskeletal 1 0.174 0.009
P18428 LBP Lipopolysacchariddinding protein 0.128 0.02
Q969E1 LEAP2 Liver-expressed antimicrobial peptide 2 0.225 0.031
A6NI73 LILRAS Leukocyte immunoglobuliike receptor subfamily A member 5 0.034 0.04
P50281 MMP14 Matrix metalloproteinasé4 -0.233 0.02
Q13421 MSLN Mesothelin 0.070 0.033
Q96DRS8 MUCL1 Mucin-like protein 1 -0.321 0.007
P53602 MVD Diphosphomevalonate decarboxylase -0.099 0.044
Q13564 NAE1 NEDDB8-activating enzyme E1 regulatory subunit 0.212 0.019
Q96P20 NLRP3 NACHT, LRR and PYD domainrsontaining protein 3 -0.131 0.043
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Variable Name Elastic Net -
or Protein . Regression Loglstlg
Accession Gene Protein Name Non-Zero Regression
Number Coefficient  P~Value
P02763 ORM1 U-1-acid glycoprotein 1 -0.084 0.009
Q15102 PAFAH1B3 Plateletactivating factor acetylhydrolase 1B subuldit 0.078 0.002
Q9UN70 PCDHGC3 Protocadherin-C3 -0.279 0.045
P30086 PEBP1 Phosphatidylethanolamidgnding protein 1 0.141 0.023
P12955 PEPD XaaPro dipeptidase -0.204 0.023
PODJD7 PGA4 Pepsin A4 0.318 <0.001
Q99453 PHOX2B Paired mesoderm homeobox protein 2B -0.405 0.013
Q8IUZ5 PHYKPL 5-phosphohydroxyt-lysine phosphdyase -0.021 0.04
P48739 PITPNB Phosphatidylinositol transfer proteisoform 0.088 0.013
060568 PLOD3 Multifunctional procollagen lysine hydroxylase and 0215 0.008
glycosyltransferase LH3
094903 PLPBP Pyridoxal phosphate homeostasis protein 0.101 0.046
P30044 PRDX5 Peroxiredoxirs, mitochondrial 0.248 0.005
Q15185 PTGES3 Prostaglandin E synthase 3 0.232 0.004
000391 QSOX1 Sulfhydryl oxidase 1 -0.108 0.028
Q6JBY9 RCSD1 CapZinteracting protein -0.134 0.036
Q9BRS2 RIOK1 Serine/threoningrotein kinase RIO1 0.223 0.006
Q15404 RSU1 Ras suppressor protein 1 0.194 0.023
B5MCN3 SEC14L6 Putative SEC14ike protein 6 -0.004 0.045
P04278 SHBG Sex hormondinding globulin 0.233 0.007
P08294 SOD3 Extracellular superoxide dismutase [Za] 0.142 0.015
Q6ICL3 TANGO2 Transport and Golgi organization protein 2 homolog 0.144 0.036
P20062 TCN2 Transcobalami?2 0.282 0.049
P16035 TIMP2 Metalloproteinase inhibitor 2 -0.055 0.022
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Variable Name Elastic Net .
or Protein . Regression Loglstlg
Accession Gene Protein Name Non-Zero Regression
Number Coefficient  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 .0.237

Organ Damage
Diabetes

without Organ -0.447

Damage
Female -0.342

Immunpcompro 1.447

mised

Immunocompro

mised (NULE) 6.545

Non-Hispanic

Whitz -0.969

Renal Failure -0.974

UTI Source 1.258
*Ii ndiac ptreods ei n that was i mmunodepl eted.
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Category Term ID Term Description o value?
G(?:Molgcular G0:0050839 Cell adhesion molecule binding 0.020
unction

G0:0005576 Extracellular region <0.001

G0:0005615 Extracellular space <0.001

G0:1903561 Extracellular vesicle <0.001

G0:0070062 Extracellular exosome <0.001

G0:0031982 Vesicle <0.001

G0:0031410 Cytoplasmicvesicle 0.001

GO0:0034774 Secretory granule lumen 0.001

G0:1904813 ficolin-1-rich granule lumen 0.001

G0:0012505 Endomembrane system 0.005

G0:0030863 Cortical cytoskeleton 0.005

G0:0005794 Golgi apparatus 0.008

GO Cellular G0:0005938 Cell cortex 0.013
Component G0:0030864 Cortical actin cytoskeleton 0.015
G0:0031093 PlateletUgranule lumen 0.015

G0:0005788 Endoplasmic reticulum lumen 0.016

G0:0030478 Actin cap 0.017

G0:0002102 Podosome 0.018

G0:0030141 Secretory granule 0.025

G0:0099503 Secretory vesicle 0.029

G0:0015629 Actin cytoskeleton 0.031

G0:0032994 Proteinlipid complex 0.038

GO:0034366 Spherical high:le_nsity lipoprotein 0.046

particle
G0:0062023 Collagencontaining extracellular matri:  0.047
Regulation of Insulidike Growth
Factor (IGF) transport and uptake b
HSA-381426 Insulirk(like )Grovvtkl? Factor Bie]ding > 0001
Proteins (IGFBPs)

HSA-109582 Hemostasis 0.012

HSA-114608 Platelet degranulation 0.012

Reactome Pathway HSA-168249 Innate Immune System 0.013
HSA-76002 Platelet activation,_signaling and 0.024

aggregation
HSA-8957275 Posttranslatlonal_proteln 0.024
phosphorylation

HSA-168256 Immune System 0.026

HSA-1474244 Extracellular matrix organization 0.039

Human Phenotype HP:0001933 Subcutaneous hemorrhage 0.008

(Monarch)

HP:0001892 Abnormal bleeding 0.019



266

Tabl e( Dd88BRIL NG Results from the 74 Most
OQut comes.
Category Term ID Term Description ?d\]/l;itjee:‘j
DiseaseGene DOID:9120 Amyloidosis 0.041
Association
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
Tissue BTO:0000089 Blo_od_ <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
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
Cellular GOCC:1904813 ficolin-1-rich granule lumen 0.004
Compartment 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 PlateletUgranule lumen 0.025
GOCC:0034774 Secretory granule lumen 0.038
GOCC:0030141 Secretory granule 0.042
UniProt Keyword KW-0964 Se_creted <0.001
KW-0732 Signal <0.001

Signi fi
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KW-1015 Disulfide bond <0.001
UniProt Keyword KW-0106 Calcium 0.004
KW-0393 Immunoglobulin domain 0.042

Signi fi

SAdjusted usi HpcthtberBe pjr dmiediur eeb®PnBSdROYBE. GO
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Abbreviation Term
Mg microgram
13c heavy carbon
N heavy nitrogen
ACN acetonitrile
ACSL1 long-chainfatty-acid-CoA ligase
AGC automated gain control
APACHE I Acute Physiology and Chronic Health Evaluation Il
APO-A apolipoprotein A
APOL1 apolipoprotein L1
APR acute phase response
AUC area under the curve
BCA bicinchoninic acid
B-H BenjaminiHochberg
C3 complement C3
C4BPA C4b-binding protein a
C4BPB Cdbbi nding protein D
CAMP Cyclic adenosine monophosphate
CAP communityacquired pnuemonia
CCN2 cellular communication network family member 2
CD147 basigin
CDH17 cadherinl7
CNS central nervous system
CRK adapter molecule crk
CRP C-reactive protein
DAMP damageassociated molecular pattern
DDA datadependent acquisition
DNA deoxyribonucleic acid
ECM extracellular matrix
ED emergency department
EIF2 eukaryotic initiation factor 2
ELISA enzymelinked immunoassay
F8 Factor VIlI
FA formic acid
FAIM3 Fcu receptor
FC fold change
FDR false discovery rate
FGA fibrinogenUchain
HAP high abundant proteins
HCD higherenergy collisioAnduced dissociation
HF/HSCA hepatic fibrosis/hepatic stellate cell activation
Hg mercury
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Abbreviation Term
HIV/AIDS Humanimmunodeficiency virus/Acquired immunodeficiency syndrome
HLA human leukocyte antigen
HLA-A Isoform 2 of human leukocyte a.ntigen class | histocompatibility antigen,
chain (HLA-A)
HP haptoglobin
HPLC high performance liquidhromatography
HRG histidinerich 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 InternationalClassification of Diseases, Tenth Revision
ICD-9 International Classification of Diseases, Ninth Revision
ICU intensive care unit
IDNK IDNK gluconokinase
[o} immunoglobulins
IGF insulin-like growth factor
IGF-1 insulin-like growth factorl
IL interleukin
IPA Ingenuity Pathway Analysis
IRB Institutional Review Board
iTRAQ Isobaric Tag for Relative and Absolute Quantitation
JAK-STAT Janus kinassignal transducer and activator of transcription
kDa kilodalton
KEGG Kyoto Encyclopedia of Genes and Genomes
LAP low abundant proteins
LC-MS liquid chromatographynass spectrometry
LC-MS/MS liquid chromatographyandem mass spectrometry
LPS lipopolysaccharide
LRT likelihood ratio test
MAP medium abundant proteins
MARCKS myristoylated alanineich 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)
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Abbreviation Term
NADPH Nicotinamide adenine dinucleotide phosphate (reduced)
NK natural killer
NLRP1 NLR family pyrindomain containing 3
PAMP pathogerassociated molecular pattern
PBMCs peripheral blood mononuclear cells
PCT Procalcitonin
pg/mL picogram/milliliter
pH potential of hydrogen
PLACS8 Placenta Associated 8
PLG plasminogen
PON1 Serumparaoxonase/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
gSOFA Quick Sequential (SepsiRelated) Organ Failure Assessment
REMISE REMnant biospecimen Investigation in SEpsis
RNA-seq RNA sequencing analysis
RP reversegphase
SDSPAGE sodium dodecyl sulfatgolyacrylamide gel electrophoresis
SLE systemic lupugrythematosus
SNP single nucleotide polymorphism
SOD superoxide
SOD1 superoxide dismutase 1
SOD2 superoxide dismutase 2
SOD3 superoxide dismutase 3
SOFA Sequential (SepsiRelated) Organ Failure Assessment
STRING Search Tool for Retrieval dhteracting Genes/Protein
TALDO1 transaldolase
TBST Tris-buffered saline with TweeR0
Th T-helper
TLR Toll-like receptor
TMT Tandem Mass Tag
TMTpro Tandem Mass Tag (Proline)
TNF tumor necrosis factor
TXN thioredoxin
TXNR2 thioredoxinreductase 2
UPEC uropathogenic Escherichia coli
UTI urinary tract infection
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VCAM1 vascular cell adhesion molecule 1
VWF von Willebrand factor
ZIP zone improvement plan
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immunodepletion of human patient plasma samples; automated sample preparation using Biomek i7 Liquid
Handling Workstation (Beckman Coulter):limuse column pulling and packing; high resolutiorMS/MS
analysis using Dionex Ultimate 3000 latd QExactive HF (Thermo Fisher Scientific); Western blotting

- Software used: Empower, Proteome Discoverer, Xcalibur, Ingenuity Pathway Analysis, STRING

Senior Undergraduate Research AAsguestamMayleol?7
Gannon University Eri e, PA
Advi sor : Keith Michael Kri se, Ph. D.

- Assessed pepsin A activity loss in the presence of adidieal scavenger following sonication

- Mentored a sophomore student working on the project
- Techniques used: sonication, BXIS assay

NSIREU Student MayJul #1620
West Virginia University Morgant own, V
Advi sor : Justin Legleiter, Ph. D.

-Developed a thioflavin assay to monitor small pept
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- Techniques used: atomic force microscopy, protein purification using liquid chromatography and gel
electrophoresis, fluoseence assay

Teaching & Tutoring Experience

Vanderbilt University Center for TeaMars mygiNI | e,
Certificate in College Teaching Fal l 2021
- Studied different styles of pedagogy, assessment, and diversity, equity, and inclusion strategies for the college

classroom, with an emphasis on backward design

- Redesigned a general chemistry unit on stoichiometry using backward design and active learning

- Guestlectured on fundamentals of mass spectrometry (see CHEM 2100 TA experience below) and was
observed with an excellent pe&view

Vanderbilt University, Department ofNaCshhewiilslte,y

Teaching Assistant Fal | 2018, Sprispr2ahy9 20R4
- CHEM 1611: STEM Success Honors Professional Development Seminar

o Contributed to development of syllabus and curriculum
- CHEM 1602D: General Chemistry 2 Discussion
0 Led recitation sessions for undergraduates (2 sections of typically 24 studéjtsséag the Chem101
online platform, graded student exams using Gradescope, held office hours
- CHEM 2100: Introduction to Analytical Chemistry
0 Guestlectured on fundamentals of mass spectrometry; received excellent student reviews
o Implemented a virtual &wity to introduce undergraduates to mass spectrontetsgd proteomics
0 Graded exams
- CHEM 1601L: General Chemistry 1 Laboratory
0 Supervised laboratory techniques for undergraduates (2 sections of typically 24 students each), graded
laboratory reports andavksheets, held office hours
- CHEM 1602L: General Chemistry 2 Laboratory
0 Supervised laboratory techniques for undergraduates (2 sections of typically 19 students each), graded
laboratory reports and worksheets, held office hours
- CHEM 1010L: Introductory @emistry Laboratory
0 Compiled individual lab experiment assignments into an official lab manual

Sourced4Teachers Ti onest a, F
Dedicated Building Substitute to North Clarion High School September 201i7 May 2018

- Gained experience with classroom managemestjpline, and teaching lessons for gradd®7

Gannon University, Writing & Research Erine erPA
Peer Consultant August 2014 May 2017
- Facilitated interactive, oren-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
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Keystone SMILES Ameri Corps Knox, PA
QuarterTerm Member Mayi August 2015

- Day-camp instructor fogrades %

- Organized and implemented scieficee s ed acti vi ti es, including | essons

geography, with other AmeriCorps members

Gannon University, STEM Cent er Eri e, PA
Peer Tutor August 2014 May 2015

- Facilitated interactivegne-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.; P&&Kmer, O. M.; Robinson, R. A.
S., TowardPrognostic Protein Biomarkers for Sepsis Survival OutcoManuscript inpreparation.

8. Seymour, C. W.; Urbanek, K. L.; Nakayama, A.; Kennedy, J. N.; Powell, R.; Robinson, RKApf. K.

L.; Billiar, T.; Vodovotz, Y.; Wendell, S.; Cooper, V.; Tang, L.; Mayr, F. B.; Reitz, K.; Horvat, C.; Angus,
D. C.; PeckPalmer, O. M., A prospectivahort protocol for the REMnant biospecimen Investigation in
SEpsis (REMISE) Studyanuscript in preparation.

7. Stonebraker, A. R.; Hankin, Kapp, K. L.; Li, P.; Valentine, S. J.; Legleiter, J., Charge within Nt17
peptides modulates huntingtin aggreégaand initial lipid binding eventddanuscript under review.

6. Kapp, K. L.; Choi, M. J.; Bai, K.; Du, L.; Yende, S.; Kellum, J. A.; Angus, D. C.; Peakner, O. M.;
Robinson, R. A. S. Pathways Associated with Positive Sepsis Survival Outcomes am Afimerican/Black
and NonHispanic White UTI PatientShock2023 DOI: 10.1097/SHK.0000000000002176 From NLM
Publisher.

5.Kapp, K. L .; Robinson, R. A. S.; Verberfautton, S. D.; Stepler, K. E., Student feedback from incorporation
of a virtual proteomics module into the undergraduate analytical curricdl@nem Edc, 2023,100(8),
31243131.

4. Kapp, K. L.; Arul, A. B.; Zhang, K. C.; Du, L.; Yende, S.; Kellum, J. A.; Angus, D. C.; Heakner, O. M.;
Robinson, R. A. S., Proteomic changes associated with racial background and sepsis survival outcomes.
Molecular Omics2022 18(10), 923937.

3. King, C.D.;Kapp, K. L.; Arul, A. B.; Choi, M. J.; Robinson, R. A. S., Advancements in automation of
plasma proteomics protocoldolecular Omics2022 18 (9), 828839.

2. Beasley, M.; Stonebraker, A. R.; HasanKipp, K. L .; Liang, B. J.; Agarwal, G.; Groover, S.; Sddig-.;
Legleiter, J., Lipid membranes influence the ability of small molecules to inhibit huntingtin fibrillization.
Biochemistry2019,58 (43), 43614373.

1.Kapp, K.; Hetz, R.; Krise, K.M., Effects of ultrasound on the digestive enzyme pep§irogeedings of the
31°'National Conference on Undergraduate Research (NCMRnphis, TN, April 68, 2017.
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8.

Presentations

Kapp, K. L.; Choi, M. J.; Arul, A. B.; Zhang, K. C.; Du, L.; Yende, S.; Kellum, J. A.; Angus, D. C.;-Peck
Pal mer , 0. M. ; Robi nson, R. A. S. fiPr ot evami c
outcomes of sepsis patients with primary ur.i
Organization (HUPQ) 2022 Congress, Cancun, Quintana Roo, Mexico, December 5, 2022; Oral.

Kapp,K.L. APl asma proteomiepsis® studiyvdlspatcbmes.

chan
nary

University Chemical Biology Association of Students Seminar, Nashville, TN. October 17, 2022; Oral.
Kapp, K. L.; Arul, A. B.; Zhang, K. C.; Du, L.; Yende, S.; Kellum, J. A.; Angus, D. C.; Healkner, O.

()

n

M. ; Robi nson, R. A S. iProteomic changes associ a
primaryintraa bd omi nal i nfecti on. 0 oRferenseelharlestn, 8G MatB1, HUP O
2022; Oral.

Kapp, K. L.; Yende, S.; Kellum, J. A.; Angus, D.C.; Pdela | me r , 0. M. ;

Robi nson

proteomics to study disparities in sepsis. o

Student Research Symposium, Nashville, TN. August 12, 2021; Poster.
Kapp,K.L.A Pl asma proteomics to study the
at Vanderbilt University Chemistry Forum, Nashville, TN. April 15, 2021; Oral.
Kapp.K.;Het z, R. ; Pham, S. ; Kri se, K. M.

Conference, Erie, PA. April 22, 2017; Oral.

Kapp, K.; Hetz, R.; Pham S. ; Kri se, K. M. ANEffects
Presented at Celebrate Gannon, Erie, PA. April 18, 2017; Poster.
Kapp, K.; Het z, R. ; Kri se, K. M. AREffects

e

ffect

Prese

of

AEffects
Present ed atAnSial Yndergraduaté Stud@nbResearch and Creative Accomplishment

of

r

of

c

of ul trasol

31 National Conference on Undergraduate Research (NCUR), Memphis, TN. Ap204.7; Oral.
peptideobs

Kapp, K_; Legleiter, J. AOptimizing a smal

West Virginia Univer sitydSym@siumporgantdwndWw\. July 28d uat e

2016; Poster.

Awards

- World HUPO Congress 2022 Travel Award

- Vanderbilt University Graduate School Travel Grant to Present Research
- Vanderbilt University Graduate Student Council Travel Award

- American Chemical Society Nashville Local Section Student Travel Grant
- US HUPO 2022 Travel Award

- Vanderbilt ChemistnBiology Interface ¥32 Training GranEellow

(5T32GM065086PI: G. Sulikowski, B. Bachmann

- FirstYear Chemistry Graduate Student Thmute Thesis Competition
- St. Catherine Medal

0 Awarded to a Gannon University undergraduate student for demonstrating
outstanding leadership, scholarship, and service
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- Braeger Award for Research Writing Spring 2013
0 Selected out of undergraduate students at Gannon University for excellence

in research writing
- Excellence in Firstyear Chemistry Award Spring 2013
0 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) 20227 Present
- United States Human Proteomeg@nization (US HUPO) 20217 Present
- American Chemical Society (ACS) 20217 Present
- American Association for the Advancement of Science (AAAS) 202071 Present
- Graduate Women in Science (GWIS) 20197 Present
- Vanderbilt University Women in Science and Engirieg (VU-WIiSE) 20197 Present
- Vanderbilt University Chemical Biology Association of Students (VU CBAS) 20197 Present

Students Mentored

- Rowan O. Atwood, Vanderbilt University Undergraduate (Psychology and Spanish Majorspring 2023
- Kaitlyn Kim, Vanderlilt University Undergraduate (Chemistry Major) Spring 2023

Leadership Experience & Service Activities

- Pod Coordinator, Females in Mass Spectrometry (FeMS) Mentoring Committee  Fall 2022i Present

- Scientist Pen Pal, Letters to a f¥eentist Fall 20227 Present
- Pen Pal with a Purpose, Vanderhilt University
Graduate Student Council Fall 2022 Present, Fall 2010 Spring 2021

- Mock Thesis Committee Member for Sarah Zelle
Vanderbilt University Chemical & Physi Sammer2028
- Invited Panelist, Presenting & Publishing Your Research, Gannon University

Writing & Research Center Experiencariel April 2022
- Member, Vanderbilt University Beckman Scholars Program Selection Committee January 2022
- Membership VicePresident, White Rose Alumni Chapter of Gamma Sigma Sigma

National Service Sorority (GSS) January 2022 May 2023
- Alumni Member of Stategic Planning & Evaluation Committee, GSS September 2021 Present
- Judge, Vanderbilt University Summer Science Academy Undergraduate Symposium  August 2022
- Vice-President, GWIS Nashville Chapter Fall 202171 Spring 2022
- Invited Panelist, Presenting & Pigling Your Research, Gannon University

Writing & Research Center Experience Panel April 2021
- Invited Panelist, Graduate School for Fi@&tneration Students, Gannon University

Writing & Research Center Experience Panel February 2021
- Event Planner, GWIS Nashville Chapter Fall 20201 Spring 2021
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- Organizer, ComSciCon Atlanta 2021 Fall 20201 Spring 2021
- Secretay, White Rose Alumni Chapter of GSS Spring 2020 Present
- Outreach Chair, VEWISE Fall 20191 Spring 2020
- Nationals Representative, Eta Pi Chapter of GSS Spring 2017
- Secretary, Gamma Sigma Epsilon Chemistry Honor Society Fall 20161 Spring 2017
- ServiceVice-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, Yucatan, México,

Gannon UniversityCenter for Social Concerns Spring 2016
- GannonUniversity Ambassador Fall 20151 Spring 2017
- President, Alpha Sigma Honor Chapter of Lambda Sigma Sophomore Honor Fadli@15/ Spring 2017
- ServeMore Sophomore, Gannon University Center for Social Concerns Fall 20147 Spring 2015
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