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Abstract

We havepreviously shown that 12 days of high-dose calcineurin inhibition induced tolerance in
MHC inbredminiature swingeceivingMHC-mismatchedung, kidney, orco-transplanted
heartkidney-allograftsHowever, if lung grafts were procured from brain dead donors, and
transplanted aloné¢hey wererejected within 195 daysHere, we investigated whethéonor

brain deattwith or withoutallograftischemiawould also preveriblerancenduction in kidney

or heartkidneyrecipients Four kidneyrecipients treated with2 days of calcineurin inhibition

received organs from donors rendered brain dead for 4 IRindseartkidneyrecipients also
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treatedwith calcineurin inhibitiorreceived organs from donors rendered brain dead for 4 hours,
8 hours o# hourswith 4 additional hours of cold storage.contrast to lung allograft recipients,
all isolatedkidney or teartkidneyrecipientsthatreceived organs from brain dead donors
achieved long term survival (> 100 days) without histologic evidence of rejectmn. P
inflammatory.cytokine gene expression was upregulated in lungs and hearts, but not kidney
allografts afterbrain deathlhese datauggesthatthe deleteriouseffects of brain death and
ischemiaon‘tolerance inductioare aganspecific which has implications in the application of
tolerance to'clinical transplantation.

I ntroduction

Clinical studiesyhave demonstratétt longterm tolerance can be achievi@ humarrecipients

of kidneyallografts(1). Howe\er, kidney allograftsransplanted into these patients were
procured from living-related donors atrensplanted with shoischemic timesThus, the donor
organs had not been exposed to the highly inflammatory milieu consequent to brain death, nor
had they been exposed to prolonged ischemia. Givettetberious effects of brain deathd
ischemiaoprergan function and allograft survival (R)is necessaryo understand how brain

death and'ischemia affects tolerance indudbieiore extending tolerance protocols proven

successfuln.recipients of livingdonor organs to recipients of cadaveric-donor organs.

Ourlaboratory has previoushktudial the effects of brain death idung transplantation model
usingMHC-inbred miniature swinéNe showed that a 12-day course of hapse tacrolimus
inducedlongrterm tolerance imecipients of fully MHGmismatched lungllograftsprocured

from healthy.nonbraindeaddonors. However, when lung allografts were procured from donors
rendered brain dead and mechanically ventilated for four hours prior to organ procureeyent, t
were al rejected within 45 day&3). These dataconfirm,in a preclinical modelthatthe
deleterious.effects of brain death in thenor have the potential to renderatherwise

successful tolerance protocol ineffective.

In separate'toleranstudies usingminiature swineit has beershown that a 12kay course of
high-dose tacrolimus couldlsoinducetolerance irrecipients of fully MHCmismatchedidney
allografts(4), but not of heart allograftsn fact, when isolatedheartallografts werdransplanted
across the sanfall MHC barrierwith the same 1-2lay course of tacrolimus, theyereall
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rejected within 40 days (5). Howeverhenheart and kidnegllograftsfrom the saméHC-
mismatchealonorwereco-transplanted under al2-daycourseof tacrolinus, recipients
uniformly becane toleranbf both organs (5)These studiedemonstrate that the ability of a

particular tolerance protocol to induce letrggm unresponsiveness is oregpecific(6).

Given the'strikingorganspecific differences we have obserwedhe ability oftolerance
inductionprotocols to achievenmuneunresponsiveneswe askedwhether thesffects of brain
death andischemia on tolerance induction waidd differ dependg on the organ transplanted.
Here we show thain contrast to lung allograft recipientionor brain death and prolonged organ
ischemia dichet,prevent tolerance inductionisolated kidney or heart plus kidnejfograft

recipients.

Material and M ethods

Animals

Transplantrdenors and recipients wereskdd from our herd of MH@\bred miniature swine

(age, 3-6 months; weight, 15-50 Kg). Swine leukocyte antigeSILA)% (MHC class /119

donor organs were transplanted into SLMHC class /119 recipients to achieve a2

haplotypestaSs | MHC mismatchwhile SLA% (MHC class /11 donor organs were

transplanted into SLA(MHC class ¥/11°) recipients to achieve atfaplotyge, full MHC

mismatchAll animal care and procedures were approved by the Massachusetts General Hospital
Institutional”Animal Care and Use Committee and conducted in compliancénei@uide for

the Care and:Use of Laboratory Animals

Experimental groups

Eight miniature swine receivembmbined heart and kidnejlografts from the same fully MHC
disparate donors and were treated with a 12-day course of tacrolimus. Organs in Group 1
recipients were procurddom donors rendered brain dead for 4 hours (n=2). Organs in Group 2
were procured.from donors rendered brain dead for 8 hours (n=2). Organs in Group 3 were
procured from donors rendered brain dead for 4 hours then stored for 4 additional hours in
University of Wisconsin solution on ice (n=2). Group 4 animals received a combined
heartkidney transplant whout brain death, but were taken back to the OR©D 2 to undergo
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renal arteryclamping for 80 minutes so as to induce a periogarin ischemic injuryn the

kidney graft Group 5 animals underwent bilateral native nephrectomieg¢eeived isolated

MHC class idisparate kidney allografts from donors rendered brain dead for 4 hours and a 12-
day course of cyclosporine (n=#&ecipientsverefollowed for over 3 months and regarded
tolerant if,atPOD 100, heart allografts showstrong contractiaswith no signs of rejection on
biopsy and.recipients hambrmal creatinine levels with no rejection kidney biopsy.

Operativeprocedur es

Donor brain death and cold ischemia. Under general anesthesia, brain death was induced by
intracraniakinflation o 30 cc Foley catheter over a period of one minutev8gh elicited a
Cushing responseAll donors were mechanically ventilated asichilarly suppored with
crystlloid fluidsiand dopamine to maintain an adequate bfweslsure for 4r 8-hous

following brain deathOrgans in Group 1, 2, 4, andaere transplanted immediately aftegan
procurement. Organs in Group 3 were stored in University of Wisconsin solution on ice t
prolong the=cold ischemic time3;hours for kidneys, 4 hours fbeartsas hearts were
implantedafterthe kidneys

Heart and.kidney transplantation. Recipients underwent bilateral nephrectomy. The aorta and
inferior vena cava were used for etegside arterial and venous anastomoses for both the heart
and kidney, witlthe heart placed on the right and the kidney on thénlefises of heart/kidney
co-transplantation A vesicoureteral anastomosigs performeds part of the kidney

implantation(8).

Renal artery clamping. The laparotomyvasre-opened and, after heparin administration (200
units/kg), the renal artery was clamped for 80 minuiiéls a bulldog clampTwenty-four hours
after clamping,/a kidney biopsy was performed to evaluate the degree of ischengic inju
Kidney-injury'moleculel (KIM-1), atransmembrane protein thatsgecifically up+egulatedn

injured proximal tubulaepithelial cellasvasused to assess the degreéesohemicrenalinjury

(9).
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in grafting. Split-thickness skin grafts were placed on the dorsum of teng-tolerant
recipientsin Group 4 Animals received fresh (self: SEor frozen (donor: SLA, third party:
SLA" skin grafts.

| mmunosuppression and r g ection monitoring

Tacrolimus,(Haorui Pharrr@hem Inc., Irvine, CA) was administered as a continuous infagion

a dose 0f 0:08-0.20 mg/kg (target trougtel of 3050 ng/ml) for 12 consecutive days, starting

on the day ofransplantationCyclosporine was given as a daily intravenous infusion over 1 hour
(13 to 16 mg/kg/day with target levels 400 to 800 ng/mL) for 12 consecutive days, starting on the
day of transplantatiorCardiac allograft rejection was defined by either loss of a ventricular
impulse onspalpation, and/or the lack of ventricular contraction on echocardiography. Renal

allograft rejection was defined as sustained rise in serum creat;>10 mg/dL and/or uremia.

Histopathological examination

Scoring ofsacute rejection aardiac allografbiopsies was based on the International Society for
Heart and Lung Transplantation System (1@%ute rejection irkidney allograftbiopsiesvas
scored according to the Banff classificati{@i). Somekidney samplewerealsostainedwith

an antimouse/raFoxP3 antibody(clone: FJK16s, eBioscience, Inc., San Diego, CA).

Cell-mediated lympholysis (CML) assay

Effector cells'were incubated with target cellgf¢ctor/target ratios of 100:1, 50:1, 25:1, and
12.5:1. Twostarget cells were tested in each assay: (1) PBLs SLA matchediomoingSLA:

class 1 and class ff}), and (2) thiréparty PBLs>'Cr release was determined on a gamma
counter (Micromedicgiuntsville, AL). The results were expressed as a percentage of specific
lysis and calculated as followBercentage of specific lysis = ((Experimental release [epm]

Spontaneous release [cpm]) / (Maximum release [ep8pontaneous release [cpm])) x 100 (5).

Mixed lymphecyte reaction (MLR) assay

Cultures containing # 10° responder and 4 x Bradiated (2500 cGy) stiulator PBMCs were
incubated for 5 daydter which 1 uCi of [3H}thymidine was added to each w¢8H]-
thymidine incorporation was determined in triplicate samples by beta-stiotilcounting.
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Absolute counts were compensated for background and then expressed as stimulegéisn indi
(SI), calculated as Si average cpm for a respondastimulator @ir per cpm of the same

responder stimulated by an autologous stimulator (5).

Flow cytometry
The presence_ of antionor immunoglobulin (IgM and 1gG) in the serum of experimeswane
was examined bflow cytometry using a Becton Dickinson FACScalibur (Sunnyvale, &A)

previouslydeseribed5).

I mmunofluorescence staining for KIM-1
Tissue from‘&idney biopsy performed 2dours after renal arteglamping wastairedwith the

anti-pigKIM -1 antibodyas described previous({t2).

Quantitative PCR

Kidney, lungyand heart biopsy specimens obtained before and after brain death wergeslibmer
in RNAlater (Qiagen, Valencia, CA, USA) and snap-frozen in liquid nitrogA was

isolated from tissue (Qiagen RNeasy Mini Kit) and used to derivestirahd cDNA (Invitrogen
cDNA Syathesis Kit). Fold change difference was calculated usindptiige deltaCt method,

and all samples were normalized to GAP@RCRprimers were synthesized based on
previously pulihed reports of swinspecific assays for H1, IL-6, TNF-, IFN-y and GAPDH

(13).

Results

Donor brain death did not prevent tolerance induction in recipients of co-transplanted
heart and kidney allografts or isolated kidney allogr afts.

We have previously demonstrated thNiC-mismatched recipients of ¢cansplantedheart
kidney allografts fronthe samdnealthy, non-brain dead donors all baeatolerant of their
allografts after.a 1-2lay coursef tacrolimusand survived long term (5Jablel shows that
longterm, stable tolerance was still observed in uncomplicatgdientswhich receivedully
MHC-disparateneart and kidney allografts from donors rendered brain fdeadhours (Group
1) orfor 8 hours (Group 2) before organ procurem@iiagrafts in thesetolerantrecipients
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survived over 100 days without any histologic evidence of rejection on serial cardiae®iopsi
(Fig S1a). Serial CML assay4Fig 18 and MLR (Fig 1b assayslemonstrated the loss of host
anti-donor T cells responséy PODs30-60,while serial FACS analysis revealtdte absence of
significantalloantibodylevelsat any time poin(Fig S2). One animal (#21505) died &10D 16
from pulmonary embolism. Another animal (#22029) developed recurrent pneumvithias
septicemia.(Gram+ cocci drGram- rodg, requiring intravenous antibiotic (vancomycin,
piperacillinftazobactajrtreatmenfor several weeks. Howevergspite this prolonged
inflammatory staterecipient#22029continued to exhibitlonorspecific unresponsivenessin

vitro assaysvith only minimal changes on cardiac biopgi€ablel).

The kidney-allografts in these recipients all maintained normal function as evidence by serial
creatinine levels despite the finding of a variable mononuclear cellular infiltrate classified as
Banff borderline or TCMR | (Figur81b). The infiltrates ofteformed organizedggregates
around arterioles and small artemesh in FoxP3+ cells (Fig S1gimilar tothe Teg-rich
organizeddymphoid structures (TOLS) that we have observed in spontaneouslgdocephe
kidney allagrafts(14). TOLS were seen as early as 16 d#@Z1505) and were present in 10/11
allograft kidneys at 3 months (Table 1) but were not observed in the heart allografts

Donor brain death had no effect @tipients of isolated kidney allograftss bngterm stable
tolerance was alsobserved irall cyclosporinetreatedrecipientsreceivingclassl disparate

kidney allografis from donors rendered brain dead for 4 hours (Table I, Group 5). Although the
protocol used«in Group 5 varied from the Groups 1-4, previous studies initié€s miniature
swineindicatethatthe rejection response and survival of class I-disparate kidney (15) or heart
allografts(8) transplanted under the cover of cyclospormmic that of fully MHC-disparate
kidneys(4).or.heartq5) transplantd under the cover @gacrolimus. Isolated cardiac allografts

were not testedh this brain death studgshearts from notbrain dead dononsereall rejeced

within 40 days (5).

Comparison of donor brain death effectsin recipients of MHC dispar ate heart/kidney

versuslung allogr afts.
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To demonstrate the orgapecificeffects of brain death on tolerance induction, we compared the
survival times of recipientsco-trarsplanted withheartkidney allografts from brain dead donors

to recipients of brakdleadlung allografts (data published previouédy). In this comparison, all
braindead #ografts were retrieved four houadterintracerebral injuryand all allograftsvere
transplanted.across a full MHC barneith the same 12lay course of tacrolimus. Figure 2

shows the clear orgaspecific differences in the effeat$ brain death on tolerancesaipients of
braindead lungs all rejected by postoperative daydtereagecipients obrain dead kidneys

or heartkidneyallograftsurvived long term

Organ-spegifiesehangesin tissue cytokine gene expression after brain death.

To determine the inflammatory effects of brain death, we measured the chagtkine gene
expression of TLR2, TLR4, IL-1, IL-6, TN&, and IFN in donor organs. Kidney, lung, and
hearttissue wagollected from anima (n=4 for kidney, n=3 for lung, n=2 for heart) before and
4 hours after induction of brageath Quantitative PCR was performed and fold change in gene
expressiopwas calculated before normalizing to GAPDH. There was little change in RNA
levels of cytokine gene expression in the kidneys (Fjg Bacontrast, gbstantial increases in
RNA forfk=1 and IL-6 were observed in 2/3 lungs and in 2/2 hedtes brain death (Figb and

C).

Cold ischemia in addition to brain death did not prevent the induction of tolerance of heart
and kidney-allogr afts.

When the heart and kidneyere exposed to a8 hour period of cold ischemia addition tothe
four hour period of brain death, longrm stable tolerance was still achie&dblel, Group 3)
Serialheartbiopsies showed no rejection anditro assays revealed no adnor T ¢ B cell
responses.after, 3 montfigablel). The only difference noted in this growas the cardiac

allograft'sgreater susceptibility to ventricular arrhythmia after reperfusion

Warm ischemic renal injury induced by renal artery clamping did not prevent the

induction of tolerance.

Two additional hearkidneytransplantsvere performed using organs from healthy, non-brain
dead donors that were intentionally subjected to warm ischemia by returairgcipientso the
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operating room of?OD 2 to undergon situ donorrenal artery clamping for 80 minutegaplel,
Group 4). This resulted in a shargri@ase in serum creatinine in both recipients with levels
peaking between 4 and 6 mg/dL 72 reafter the ischemimsult. Howevercreatinine levels
gradually decreased to baseline levels over a period of two weiekey biopsies performed 24
hours after.eclampingndstained for KIM1 confirmedthat the renal tubule epithelium had
suffered an.ischemic injufcompareFig S1d and e). Despite this extended period of warm
ischemia with*documented tubular injury, both recipients accepted the heart agyd kidn
allografts longterm anchewed no anti-donof cell (Figlc and 1bor B cells responses. Serial
biopsies showed no signsaxdllular rejection in the heafffig S1f) and minimal iniltrate in the
kidney (Tablel):

Donor-specific (SLA®) andthird-party (SLA") skin grafts were placed on the Groupedipients

on POB 97 (#21736) and 98 (#21420)he thirdparty skin grafts were rejected within 10 days;
however, the donospecific skin graftsurvivedto days 35 (#21420) and 62 (#21736). Of note,
serialbiopgies of the heart and kidney allografts in both recipients showed no evidence of
rejection wellafter rejection of donor skin (ové0 days). This finding demonstrates that even
after an‘isehemic insult the tolerogenic kidney is able to induce and maintain a robust state of

unresponsiveness.

Discussion

Therecent successeshieved in inducing toleranag human recipients of living-donor kidney
allograftshas. prompted investigators to consider applying the same protocols to recipients of
organs procured from brain-dead dororslowever, there is little experimental literattme

guide this newrinitiativeas mossmall and large-animal tolerance studies have used organs
from hedthy, nonbraindead donorgransplantedinder optimal circumstancesth very short

ischemic times.This concern is heightened by our previous report demonsttasitdpnor

! Request for Proposals from the Immune Tolerance Network (ITN) entitled “Clinical Trials of
Immune Tolerance in Transplantation using Deceased Donor Organs” at
http://www.immunetolerance.org/sites/files/2014%20RFP%20Deceased%20Donor%20Transpla

ntation.pdf.
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brain deatrcan render ineffective talerarce protocol that was otherwisaccessful imecipients
receivinglungs from healthy, nobraindead donorgFig 2)(3).

Previously documented orgapecificdifferences in tolerance induction (4, 5) led us to consider
whether the.effects of brain death and ischemia on tolerance induction wouldfalso d
depending.othe organ transplanteHere wedemonstrate thain contrast to lung allograft
recipients;"brain death and ischerféald and warm) did not prevemti¢rance induction in

isolated kidney or heart plus kidnescipients These findings suggest thkite tolerance, the
effects of donor brain death and ischemia vary with the organ transplanted.

The effect'of donor brain dea#imd organ ischemian organ quality has been studied
extensively; howeveinvestigations intdhe effect of brain deatind ischemian tolerance
inductionarelimited. Francuski et 8{16) showedhatdonor brain deathffected the long term
function and histology of rat kidneys transplanted into recipients treated witlyd @id@yA

and anti-CDB4=mAb therapy, biitdid not have amffect on overalgraft survival. The same

group demenstrated that extended cold ischemia did not interfere with the inductiokidhey
allograft teleranceisinganti-CD4 mAb treatmentl7). These findings are in line with our

results inporcine recipients akolatal kidney allograft. However, to our knowledge, comparable
studies evaluating the effects of brain deathoterance irheart odung allograft recipienthiave

not been performed.

Ourfindingthat isolatekidneyrecipientsand heart/kidneyecipients were spared from the
deleterious effects of brain death and ischgmi@ontrast to lung allograffsuggests an organ-
specific mechanism which has not been previously described. fdsstsextend our earlier
studies using.nobraindead donors by showing that not only kidgney allograf ableto
conferring.tolerance on otherwise toleramesistant heast(5), butalsotha they possess an
intrinsic ability'to counter the deleterious effects of brain death and ischemia on tolerance

induction.

To investigatehe mechanisms underlying these orgpecific differencesve measured the
changsin geneexpression of TLR2, TLR4, IL-1, IL-6, TN&, and IFNy which occurred in
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kidney, heart and luntissueafter 4 hours of brain death.itlle change irRNA levels of
cytokine gene expressiaovas observeth kidneytissue busubstantial increases in RNA for-IL
1 and IL-6 were observed in lung and heart tisdtex brain deathThese orgaispecific
differences in gene expression following brain death are consistent with prespouss in the
literaturg18,:19)

These findings'suggest that the differential effects observedadi@erdeath observed in our
studyresultsfrom organspecific difference in the upregulation of pro-inflammatory genes like

IL-6 versus protective genes such as-HO This theory posits that following brain teahe

balance ofsproetective gene expression versus inflammatory gene expnesstirey allografts
favorsa protective miliepyallowing for the induction of tolerancehereasn lung allografts,

that balances shifted towards morepro-inflammatorystatewhichtiltsthe overall immune
responserbm tolerance twardrejection.Recently, Zheng et al. (20) demonstrated a population

of donor-derived, nonclassical monocytes retained in donor lung grafts that may explain the pro-

inflammaterynature of these allografts.

In summarypur results show that tlteleterious effects of brain death andhemia on
tolerance.nductioniffer depending on the organ transplanted, with kidney being more resistant
to the effects of brain death and ischemia than lungs. Mordadeey allograft§rom brain

dead donorare capable of extending their protective efféatsotransplanted brain dead heart
allografts. sThese findings ggest thaattempts to apply tolerance inductiprotocols to

recipients okextrarenal, brain dead organs may requeeparating in time thergan implantation

and the initiation of a tolerance protocol. Indeed, we have shown that delaying theomduct
tolerance until the inflammatory state associated with brain death and I/R injury disisipates
both feasibleand effectivg(21).
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Figure L egends

Figure 1. apSerial cetmediated lympholysis (CML) assays using responder cells from animal
#21690. Praransplant antdonor responses (blue) were lost by POD 62 but strong responses
against 3 party antigen (Yorkshire PBMC) (red) persistBjiIRepresentative mixelgmphocyte
reaction (MER) assays. In animal #21690 and animal #21420 pre-transplant anti-donor s2sponse
were lost by POD 30 (blue) but strong response agdfhsagy antigen (Yorghire PBMC)

(red) persistect) Serial CML assays using responder cells from animal #2173@cdPisplant
anti-donorresponses were lost by POD35 (blue) but strong responses dlparsy antigen
(Yorkshire'RBMC) (red) persisted.

Figure 2. Donor bran death effects in recipients of heart/kidney versus lung allografts. Survival
times of brain dead heart and kidney allograft recipients (solid line) are compared to the survival
times of nonbrain dead lung allograft recipients (dotted line) and braid tegy allograft

recipients (dashed line). The lung allograft data was published previously (3).

Figure 3: Change in tissue gene expression after brain death. gPCR was performed on RNA
isolated from kidney (A), lung (B), and heart (C) tissue collected from anbeé&lse and 4
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hours after induction of brain death. Fold change difference was calculated estiuykie
delta Ct method, and all samples were normalized to GAPDH.

Suppor ting-knfer mation
Additional'Supporting Information may be found online in the supporting information tab for

this article.

Figure S1:Histelogy of heart and kidney allograf{s) H&E staining of heart tissue biopsied

from animal#21690 on POD 113 and graded as ISHI(B)PAS staining an¢c) FoxP3

staining (krown) of kidney tissue biopsied from animal #21690 on POD 113. Focally dense
infiltrates contain abundant Foxp3+ cells (resembling Treg-rich organizqahbjchstructures
(TOLS) (14)-KIM-1 immunofluorescence stainingrenal tubular epithelial cells in animal

#21420 beforéd) and 24 hours aftde) renal arteryclamping (nuclei staining blue, KIM-1

staining green). Negative controls were incubated with the secondary antibody only and did not
show significant staining (data not showf).H&E staining of heart tissue biopsied from animal
#21736,0n,POD 97 and graded as ISHLT 0.

Figure S2=Serum alloantibody levels in heart/kidney recipients. Serum levels @it
IgM and 1gG antibodies were measured by flow cytometry. Data were normalized to the mean
fluorescence intensity (MFI) of negative control values to plot normalizedaslBlfunction of

postoperative day. Dotted line represents the average normalized MFI of puomitinad serum.
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Table 1: Graft survival, histology of heart-kidney and isolated kidney recipients

) Graft Histology
Group | Organ Protocol Animal # )
survival at 3 months
Heart: ISHLT OR
Heart 21690 |>100days [Kidney:
1 & Brain death x 4hrs i1t2+TOLS
Kidney 16 days n/a (i0t1+TOLS
21505 .
(died of PE) |at 16 days)
Heart: ISHLT OR
22025 |>100days |Kidney:
Heart .
i1t3+TOLS
2 & Brain death x 8hrs
. Heart: ISHLT 1R
Kidney
22029 |>100days |Kidney:
i0t2+TOLS
Heart: ISHLT OR
21740 |>100days |Kidney:
Heart ,
5 - Brain death x 4hrs i112+TOLS
. Cold ischemia x 4hrs Heart: ISHLT OR
Kidney
22026 |>100days |Kidney:
i1t2 no TOLS
Heart: ISHLT OR
21420 |>100days |Kidney:
Heart | Warm renal ischemia x )
i1t2+TOLS
4 & 80mins
. Heart: ISHLT OR
Kidney
21736 |>100days |Kidney:
i1t2+TOLS
18055 |[>100days |i1t2+TOLS
18225 |>100days |iOt3+TOLS
5 Kidney | Brain death x 4hrs
18226 |>100days |i1t2+TOLS
18353 |[>100days |i0Ot2+TOLS

POD, postoperative day; ISHLT, International Society for heart and lung transplantation; ACR,

acute cellular rejection; PE, pulmonary embolism; TOLS, Treg-rich Organized Lymphoid

Structure; i, t Banff lesion scores for interstitial inflammation and tubulitis, respectively.
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Fold Change

Figure 3

Change in Gene Expression in Kidney Tissue
Four Hours After Induetion of Brain Death
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Change in Gene Expression in Heart Tissue
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Supplemental Figure S1
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Supplemental Figure S2
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