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Background.  Chroni c¢ transplan t nephropath y re-
main s a poorl y define d inflammator vy proces sthat lim-
it s th e surviva | rat e of most rena | transplants . We an-
alyze d th e gene profil e of chronicall y rejecte d kidney
transplant s to identif y candidat e genes that charac-
teriz e chroni c transplan t nephropathy.

Methods. To distinguis h genes presen t in norma | re-
nal tissu e or specifi ¢ for end-stag e rena | failure , we
compare d th e gene profile s of 13 chronicall vy rejected
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s wit h 16 norma | kidney s and 12
¢ kidney s usin g a 7K huma n cDNA

kidne y transplant
end-stag e polycysti

microarray . Afte r eliminatio n of genes wit h signals
close to background , 2,190 genes wer e availabl e for
statistica | analysis.

Results. Mor e tha n 20% of th e examine d gene s were
significantl y regulate d whe n compare d wit h the ex-
pressio n leve | of norma | rena | tissu e (P<0.0003). Hier-
archi c clusterin g based on 571 genes differentiated
norma | and transplan t tissue , and transplan t and
polycysti ¢ kidne y tissue . Most of thes e gene s encoded
protein s involve d in cellula r metabolism , transport,
signaling , transcriptiona | activation , adhesion , and
th e immun e response . Notably , comprehensiv e gene
profilin g of chronicall y rejecte d kidney s reveale d two
distinc t subset s of chronicall y rejecte d transplants.
Neithe r clinica | data nor histolog y coul d explai n this
geneti ¢ heterogeneity.

Conclusions.  Microarra y analysi s of rejecte d kid-
ney s may hel p to defin e differen t entitie s of transplant
nephropathy , reflectin g th e multifactoria | cause of
chroni c rejection.

Chroni ¢ transplan t nephropath y remain s an unresolved
problem in allograf t transplantation . Recent studie s demon-
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strate d that the advances in immunosuppressio n have re-
duced early graft rejection (1) and improve d organ survival
withi n the first year after transplantatio n (2). However, the
median surviva |l of cadaveric renal allograft has basically
remaine d unchanged, and the two main causes of graft loss
remain chroni c transplan t nephropath y and death of recipi-
ent wit h functionin g graft. The current strategy to combat
chronic transplan t nephropath y is a combinatoria | use of
calcineuri n inhibitor s (i.e., cyclosporine and FK506), newer
immunosuppressive s such as rapamycin (3), and glucocorti-
coids or antimetabolite s (i.e., azathioprin e and derivative s of
mycophenolic acid) (4). Althoug h these strategie s are tar-
geted at patient s wit h early signs of chronic graft loss, the
diagnosis of chroni c transplan t nephropath y is currentl y lim-
ited to fairl y advanced stages and relie s on the detection of
interstitia | fibrosis, tubula r atrophy, and transplan t arteri-
opathy (5). In addition, it seems difficul t to monitor the
progression of chronic rejection (6).

The pathogenesis of chronic transplan t nephropath y re-
main s elusive, and variou s theorie s have been entertaine d to
explain the progressive loss of renal function after organ
transplantatio n (7-9). Several immunologi ¢ and nonimmuno-
logic factors have been identifie d that clearly contribut e to
chroni ¢ graft dysfunction , includin g human leukocyt e anti-
gen (HLA ) mismatche s (10, 11); acute cellular and humoral
rejection s (12); tissue damage durin g organ retrieval , stor-
age, and surgery; insufficien t renal mass and glomerular
hyperperfusio n (13); toxicit y of calcineurin-inhibitor s (14);
arteria | hypertension (15); and dyslipoproteinemi a (16).
These concepts are not mutuall y exclusive, and chronic
transplan t nephropath y likel y result s from a combinatio n of
several mechanisms. Each of these factors has distinct
targets and may require individual interventions that
have to be implemented early after transplantation to
prevent the irreversible damage associated with chronic
transplant nephropathy.

Detection and classificatio n of chroni c transplan t nephrop-
athy, particularl y at the early stages, remain s cumbersome
and relies mainly on histologi c changes that are often irre-
versibl e and signal progressive deterioratio n of renal func-
tion (17). Because the complication s of long-ter m immuno-
suppression are well known, only those patients who
experience chronic transplan t dysfunction as the result of
immunologi ¢ mechanisms should be exposed to the risk s of
increased immunosuppression . To help defin e chroni c trans-
plant nephropath y wit h more accuracy and potentiall y iden-
tif y early causes of thi s complication , we performe d genetic
profilin g of renal transplant s that were removed at the time
of chronic renal allograf t failure.

MATERIAL S AND METHODS

Microarrays

cDNA microarray s were produced and processed essentially ac-
cording to the Stanfor d protocol described by Eisen and Brown (18).
Approximatel y 7,000 annotated genes from the RZPD (Resource
Center and Primar y Database, Berlin , Germany ) were obtained as
bacterial stocks. Plasmid s were purifie d using the Qiagen 96-well
Turb o Kit (Qiagen, Hilden , Germany), and insert s were purifie d by
polymeras e chain reaction (PCR) using vector primer s flankin g the
individua | insert s (5'-CTG CAA GGC GAT TAAGTT GGG TAAC -3'
and 5'-GTG AGC GGA TAA CAATTT CAC ACA GGA AAC AGC-3).
PCR products were purifie d by ethanol precipitatio n and resus-

TRANSPLANTATION

Vol. 76, No. 3

pended in H,0. Aliquot s were transferre d int o0 384-well plates, dried,
and resuspended in 3 standar d salin e citrat e or dimethy | sulfoxide
10%to afinal concentratio n of approximatel y 40 ng/ L. Printin gwas
performe d on aminosilane-coate d slides (CMT-GAP |l Slides, Corn-
ing, NY), using an arrayer that was assembled according to specifi-
cations by the Stanfor d group wit h softwar e provided by J. de Risi
(http://cmgm.stanford.edu/pbrown).

Tissue Samples

Informe d consent was obtained from all patient s according to the
study protocol approved by th e ethics committe e of Freibur g Univer-
sity . Electiv e transplan t removal was performed on all renal graft
recipient s at the Freibur g transplan t center after transplan t failure
and reinitiatio n of renal replacement therapy . Normal renal tissue
was obtained from tumor nephrectomies; tumor infiltratio n was ex-
cluded by histology . Tissue samples (approximatel y1 1 2cm) were
removed from th e cortex and medull a of th e kidney s and snap-frozen
in liqui d nitroge n immediatel y after organ removal. Samples from
kidney s wit h end-stage polycysti c kidney disease (PKD) were ob-
taine d from organs removed durin g transplan t surgery . After exclu-
sion of insufficien t or tumor-contaminate d samples, 12 kidney s with
end-stage PKD, 13 chronicall y rejected renal allografts , and 16 nor-
mal renal tissues were analyzed by microarrays.

RNA Preparation

Frozen tissue was homogenized in 4 M guanidiniu m isothiocya-
nate with 0.72% -mercaptoethano| using a Polytron (PT-MR2100,
Kinematic a AG, Lucerne, Switzerland) . Total RNA was subse-
quentl y purifie d on a cesium chlorid e gradient . After ethanol precip-
itation , RNA was resuspended at a concentration of 0.4to4 g/ L
and stored at  80°C.

Hybridization

All hybridization s were performed in the presence of an equal
amount of reference RNA (Stratagene, La Jolla, CA) as recently
described by Boldric k et al. (19). Twenty-fou r microgram s of tissu e or
reference RNA were transcribe d int o cDNA in the presence of Cy3-
and Cy5-labeled dUTP, using Superscript |l reverse transcriptase
(RT) (Invitrogen , Carlsbad, CA). All other steps, includin g hybrid-
ization , were performe d followin g th e protocol publishe d by P. Brown
et al. (http://cmgm.stanford.edu/pbrow n for details) ; a PCR-purifica-
tion kit (Qiagen, Hilden , Germany ) was used for cDNA purification
after dye labeling.

Data Analysis

Signal intensitie swere measured by an Axon 4000A scanner using
GenePix 3.0 softwar e (Axon Instrument s Inc., Union City, CA). The
experimenta | design include d a color-reversal experiment for every
tissu e sampl e to correct for dye-specific effects. Initially , the log ratio
of measured Cy3 and Cy5 values obtained from th e image analysis
softwar e was computed. Global normalizatio n of expression values
was performe d by adjustin g the data to zero median and unit vari-
ance to obtain an identical distributio n of overall gene expression.
Takin g the mean of the expression values of the dye-swap experi-
ments allows correction for dye-specific effects. Followin g an ap-
proach proposed by Dudoit et al. (20), the computed expression ratios
should not depend on the intensit y of the spots. Thus, a smooth
nonlinear least squares fit was computed to correct for an intensity-
dependent bias (Fig. 1). To exclude artifact s near background range,
all genes were eliminate d with a signal less than threefol d over
background in at least 80% of specimens withi n a group. Applying
these criteria , 2,190 genes were subjected to statistica | analysis. A
two-sample t test was used for a statistica | analysi s of differentially
expressed genes. To adjust the obtained P values, the method by
Benjamin i and Hochberg (21) was applied to control for multiple
testing . Hierarchica | clusterin g was performe d using the R statisti-
cal softwar e package (www.r-project.org).
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FiGURe 1. t bias. Data of
one representativ. e arra y after linea r globa | normalization.
The measure d log ratio s of each spot on the y-axi s versus
signa | intensitie s on th e x-axi s ar e shown . A smooth , nonlin-
ear least-square s fit was compute d and used to correc t for
intensity-dependen  t bias.

Correctio n of intensity-dependen

Semiquantitativ e Reverse Transcriptase-Polymerase
Chain Reaction

Total RNA (1 g) from all 13 transplan t and 12 normal kidneys
was purifie d with the RNase free DNase set (Qiagen, Hilden , Ger-
many) and reverse transcribe d int o cDNAs using oligo (dT) 12 to 18
prime r and Superscript Il RT (Invitrogen , Carlsbad, CA). Each PCR
was performed with GAPDH as an interna | control in each reaction
vial . The followin g primer s were used: (5'-3'): GAPDH : tggaaatcccat-
caccatct, gtcttctgggtggcagtgat ; Z34893: gcctcagtgaaggtctcctg, ctccat-
gtaggctgtgctga; M15881: ccaatgacatgaaggtgtcg, tgtaagtggcatgggtt-
tca; L13275: cgacctgaggaaaaagatgc, cttcagcagagggaagttgg; X57809:

TaBLE 1. Clinica | characteristic
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accacaccctccaaacaaag tgggatcctgcagctctagt ; M31523: tcttctcatgctce-

cgtgatg, gcagtggtgggtgctttatt ; X07743: gaaggggagcgtgttcaata, agtg-
gtcctgcetgtttggte ; JO3037: caatggtcatgctitcaacg , ccccatatttggtgttccag;

M14564: ccgcacaccaactatcagtg tgccactccttctcattgtg ; M59305: gattgc-
catgactgatgtgg , cactgccgattcttctagge ; and AF038451: cagcattcttgctc-
cttgtg , gggtttgttgcttgtcttgg . The PCR reaction was initiate d by a
denaturatio n for 5 min at 94°C, followed by 28 cycles of denaturation

for 30 seg annealin g for 1 min at 55°C, and elongation for 2 min at
72°C. The PCR product s were run on a 3% agarose gel and evaluated
in relatio n to th e correspondin g GAPDH band usin g th e Scion Image
softwar e (Scion, Frederick , MD).

RESULTS
Data Collection and Qualit y Control

To characterize end-stage chronic nephropathy, we used sur-
gical specimens of chronically rejected transplants (Table 1)
that yielded a minimal amount of 50 g of total RNA. Thirteen
transplants fulfilled this criterion and were included in our
analysis (Table 1). To determine whether the profile of 7,000
genes differentiates these organs from normal renal tissue and
other states of chronic renal failure, we used nonaffected renal
tissue removed during 16 tumor nephrectomies and 12 samples
from patients with end-stage PKD. To compare individual kid-
neys, each microarray analysis was performed against a stan-
dard reference RNA. In addition, each hybridization was re-
peated with inversed dyes to correct for the effects of different
dye incorporation and to reduce the statistical error.

Hierarchica | Clusterin g Differentiate s Chroni ¢ Transplant
Nephropath y from Normal Renal Tissue and Polycystic
Kidney Disease

Themicroarray analysis of 16 control kidneys, 13 renal trans-
plants, and 12 polycystic kidneys, entailing more than 550,000
single measurements, clearly distinguished the gene expression
pattern of chronically rejected kidney transplants from the ex-
pression patterns of normal kidneys and polycystic kidneys
with end-stage renal disease (ESRD). More than 20% of the
examined genes meeting the inclusion criteria were signifi-
cantly regulated when compared with the expression level of
normal renal tissue (P 0.0003). We performed two-dimen-
sional hierarchical cluster analysis using genes with significant

s of transplan t patients

Tx Sex Age Renal disease Time s_ince Best serum creatinine HL A mismatches
transplantatio n (mo) (mg/dL) A-B-DR
1 F 28 Chroni c glomorulonephriti s 106 1.0 1-1-1
2 F 50 Mesangioproliferativ e glomerulonephriti s 26 1.2 NK
3 F a7 IgA nephropath y 168 1.3 1-1-1
4 F 21 Congenital renal hypoplasia 66 1.3 1-1-0
5 M 47 Chroni c pyelonephriti s 174 1.0 1-1-0
6 M 44 Membranou s glomerulonephriti s 107 1.2 0-1-0
7 M 41 Mesangioproliferatative 97 1.2 0-0-0
glomerulonephritis
8 F 40 Lupu s nephriti stype V 132 1.6 2-1-1
9 F 40 Chroni c extracapillary 102 1.2 2-1-1
glomerulonephritis
10 F 21 Juvenil e nephronophitisi s 67 0.6 0-1-1
11 F 61 Membranou s glomerulonephriti s 181 0.9 1-1-1
12 F 38 Diabeti c nephropath y 133 1.2 NK
13 M 34 Mesangioproliferatative 158 1.3 2-1-1

glomerulonephritis

HLA , human leukocyt e antigen ; Ig, immunoglobulin ; Tx, transplantation ; NK, not known.
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Ficure 2. Hierarchica | cluste r analysi s of 16 norma | kid-
neys, 13 transplan t kidneys , and 12 kidney s wit h polycystic
kidne y diseas e (PKD) . Hierarchica | clusterin g wa s performed
on th e basi s of 571 gene s differentiatin g th e thre e tissue sat a
significanc e level of P valu e less than 0.0003 (norma | vs.
transplan t kidne y tissue ) and P valu e less tha n 0.05 (trans-
plant vs. PKD tissue) . The dendrogra m has two major
branches . One branc h contain s all 16 norma | samples,
wherea s kidney s wit h end-stag e rena | diseas e (ESRD ) are
sorte d int o th e othe r branch . The cluste r analysi s revealed

that the gene expressio n profile s of normal , cystic , and re-
jecte d kidney s are clearl y distinct.

differences between transplants and normal kidney tissue
(P 0.0003) or transplants and PKD tissue (P 0.05). A total of
571 genes fulfilled these criteria and were included in the clus-
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Ficure 3. Geneti ¢ heterogeneit y of chroni c transplan t ne-
phropathy . Comprehensiv e gene profilin g of chronicall y re-
jecte d kidney sreveale d tw o distinc t subset s of chroni c trans-
plan t nephropath y that wer e not apparen t by clinica | or
histologi ¢ data . These tw o subgroup s wer e designate d T1
(Tx1, Tx5, Tx10, Tx11, and Tx13) and T2 (Tx2, Tx3, Tx4, Tx6,
Tx7, Tx8, Tx9, and Tx12). Ther e wer e 48 gene s separating
thes e tw o group s wit h a significanc e leve | of 1% for th e false
discover y erro r rate . These genes encod e for a variet y of
biologi ¢ functions , includin g cellula r metabolism , signaling,
and th e immun e system.

ter analysis. On the basis of these 571 genes, the hierarchical
clustering allocated transplants with chronic rejection, normal
renal tissue, and polycystic kidneys with ESRD in distinct
groups. In two patients, a bilateral PKD nephrectomy was
performed with a delay of several months. The corresponding
kidneys (PKD 9 and 3, and PKD 12 and 4) were identified as
closely related tissues by the hierarchical cluster algorithm. As
shown in Figure 2, the dendrogram has two major branches.
One branch contains all 16 normal samples, whereas kidneys
with ESRD constitute the other branch. The ESRD branch is
further divided intotwo major branches, one containing a group
of five transplants (Tx1, Tx5, Tx10, Tx11, and Tx13). The sec-
ond branch divides the remaining kidneys into two subgroups.
The first subgroup consisted of the transplants Tx2, Tx3, Tx4,
Tx6, Tx8, and Tx9, revealing a similar expression prdfile. The
transplants Tx7 and Tx12 are found in a second subgroup
together with all polycystic kidneys (Fig. 2). Thus, the dendro-
gram revealed that chronically failing transplants form a het-
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TaBLE 2. Regulate d genes that differentiat e chroni c transplan t failur e fro m rena | failur e of polycysti c kidneys
Fold-change Gene name 1D Category

2.36 Aquaporin e 2 water channel D31846 Homeostasis

2.21 Lipoprotei n lipase M15856 Lipi d metabolism

1.88 PML- 2 M79463 Unknown

1.78 Aquaporin e 3 water channel AB001325 Homeostasis

1.67 Napsin 1 precursor AF098484 Protei n metabolism

1.54 Flotillin- 1 AF089750 Signaling

1.54 Aortic-typ e smooth muscle alpha-acti n M33216 Cytoskeleton

1.58 Sarcospan-2 (SPN2) AF016028 Cytoskeleton

1.60 Proteasome activato r hPA2 D45248 Protei n metabolism

1.63 Ribosomal protein L39 D79205 Protei n metabolism

1.66 Ceramid e glucosyltransferas e D50840 Signaling

1.68 Aorti ¢ carboxypeptidase-lik e protein AF053944 Cytoskeleton

1.71 Ribosomal protein S15 X84407 Protei n metabolism

1.74 DKFZp586J02 1 AL110197 Unknown

1.85 Type |V collagenase M55593 Adhesion/ECM

1.87 Hepatocyt e growt h factor activato r inhibito r ABO000095 Signaling

1.87 RIG-lik e 7-1 AF034208 Unknown

1.89 Proteasome subunit MECI- 1 Y13640 Protei n metabolism

1.94 Prostaglandi n E receptor EP3 subtype D86096 Immun e response

1.97 TEM 8 (tumor endothelia | marker 8 precursor) AF279149 Unknown

2.49 MH C class 1 Al565209 Immun e response

2.61 KIAA020 1 D86956 Inflammation

2.77 Diubiquiti n Y12653 Protei n metabolism

2.88 DNA-bindin g protein M91196 Transcription

3.01 FYN bindin g protein AF001862 Signaling

3.08 Complement subcomponent Cls M18767 Inflammation

4.93 Immunoglobuli n heavy chain AJ239383 Immun e response

Genes are liste d that were significantl y differen t from normal and polycysti ckidney s(p  0.05) and at least 1.5-fold up- or down-regulated.
The largest subgroup were nin e genes involve d in metabolism ; th e other genes belonged to th e categories immun e response, inflammation,
transcription , signaling , cytoskeleton, adhesion, and homeostasis. All genes were sequence verified , and genes that could not be verifie d were
omitted . Some genes were spotted in duplicat e and showed nearly identica | regulation , of which only one is shown the result tables 2 or 3.

MHC , major histocompatibilit y complex.

erogeneous group with sometransplants more closely related to
other kidneys with ESRD.

Hierarchica | Clusterin g Reveals Two Subgroup s Among
Chronicall y Rejected Transplan t Kidneys

The dendrogram defined two distinc t groups of chronically
rejected transplant s that were differen t from normal or poly-
cystic kidneys, designated T1 (Tx1, Tx5, Tx10, Tx11, and
Tx13) and T2 (Tx2, Tx3, Tx4, Tx 6, Tx 8, and Tx 9), and were
subjected to furthe r analysis. There were 48 genes separat-
ing these two groups wit h a significanc e level of 1% for the
false discovery error rate. Thus, the expected number of
falsely selected genes, 0.48, is much smaller than the actual
number of genes found. This indicate s th e statistica | signifi-
cance of the two subgroups. Figur e 3 demonstrate s the ex-
pression patter n of the 48 discriminatin g genes that encode
for a variet y of biologic functions , includin g cellular metabo-
lism, signaling, and the immun e system. Several clinical
criteria , includin g donor characteristics , HL A mismatches,
immunosuppression , reason for explantation , and length of
tim e after initiatio n of hemodialysis , faile d to distinguis h the
tw o subgroups, and no histologi c difference s between th e two
subgroups could be found according to the Banff classifica-
tion (Table 4).

Specifically Regulated Genes that DifferentiateChronic
Transplant Failure from Renal Failure of Polycystic Kidneys

To identif y genes specific for chronic transplan t nephro-
pathy, we evaluated all genes that were significantly (P 0.05)

different from normal and polycystic kidneys. We further lim-
ited our analysis to genes that were at least 1.5-fold up-regu-
lated or down-regulated and eliminated genes generally altered
in ESRD by including only genes significantly (P 0.05) differ-
ent between rejected transplants and polycystic kidneys. As
shown in Table 2, 27 genes met these criteria, 22 of which were
up-regulated and six of which were down-regulated in the
transplant group. Genes of interest were subsequently anno-
tated according to their biologic function. The largest subgroup
was composed of nine genes involved in metabolism. The other
genes belonged to the following categories: immune response,
inflammation, transcription, signaling, cytoskeleton, adhesion,
and homeostasis.

Genes Characteristi ¢ for ESRD

We chose a similar strategy to identif y genes that were
differentiall y regulate d in both transplan t and polycysti c kid-
neys in comparison with normal renal tissue. To identify
genes characteristi ¢ for ESRD, we selected genes that were
significantl y (P 0.05) different from normal tissue and at
least 1.5-fold up-regulate d or down-regulated ; 429 genes met
these criteria . In Table 3, 49 potentia | ESRD “marke r genes’
are depicted that were more than fourfol d regulate d in the
ESRD group, 11 of which were up-regulate d and 37 of which
down-regulated . Notably , 8 of the 11 up-regulate d genes be-
long to the immun e response group, whereas th e down-reg-
ulate d genes mainl y encode for variou s metaboli ¢ functions.
It is noteworth y that immun e response genes are up-regu-
lated in the PKD and transplan t groups, indicatin g that
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TasLE 3. Gene s differentiall
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y regulate d in ESRD.

Fold-_cI:_:ange fold;:;gnge Gene name Gene ID Category
21.73 25.88 Glutathion e S-transferas e A3 L13275 Oxygen and radical metabolism
15.75 20.94 Phenylalanin e hydroxylas e u49897 Protei n metabolism
12.23 19.62 Serum albumi n gene M12523 Homeostasis
11.32 13.52 Glucose-6-phosphatase u01120 Carbohydrat e metabolism

9.59 11.69 Glutathion e S-transferas e subunit 1 M21758 Oxygen and radical metabolism
9.54 12.21 C19-steroid specific UDP-gluconuryl-transferas e U59209 Steroi d metabolism

9.03 12.82 Na-dependant high affinit y dicarboxalat e transporte r AF154121 Homeostasis

8.95 14.20 Dopa decarboxylase (DDC) M88700 Protei n metabolism

8.32 11.73 D-amin o acid oxidase X13227 Protei n metabolism

7.89 7.60 Uromoduli n (Tamm-Horsfal | glycoprotein ) M15881 Unknown

6.35 6.95 4-hydroxyphenylpyruvi ¢ acid dioxygenase D31628 Protei n metabolism

5.89 8.40 Galectin 7 LO7769 Cell cycle

5.86 9.67 AK 3 pseudogene X60674 DN A metabolism

5.52 7.98 Translationa | inhibito r protein p14.4 X95384 Protei n metabolism

5.52 7.88 Maltase-glucoamylas e AF016833 Carbohydrat e metabolism
5.50 7.13 Kloth o AB005142 Signaling

541 8.47 Metallothionei n X64177 Homeostasis

5.34 9.69 Common acute lymphoblasti c leukemi a antige n J03779 Immun e response

5.32 7.42 Aldolase C X05196 Carbohydrat e metabolism
5.29 6.51 Methylmalonat e semialdehyd e dehydrogenase M93405 Carbohydrat e metabolism
5.14 5.53 Putativ e glycine-N-acyltransferas e AF023466 Protein metabolism

5.08 6.95 Ketohexokinas e X78678 Carbohydrat e metabolism
5.01 7.90 Alpha-methylacyl-Co A recemase AF047020 Lipi d metabolism

491 6.28 Zn-alpha2-glycoprotei n X59766 Adhesion/ECM

4.82 5.85 Argininosuccinat e synthetas e X01630 Protei n metabolism

4.81 4.03 Atria | natriureti c peptid e clearance receptor M59305 Homeostasis

4.73 4.87 Fructose-1,6-biphosphatas e (FBP1) U21931 Carbohydrat e metabolism
4.73 5.13 Apolipoprotei n H M62839 Lipi d metabolism

4.50 4.41 Cytosoli c epoxide hydrolas e LO5779 Oxygen and radical metabolism
4.40 4.43 F-actin capping protei n beta subunit u03271 Cytoskeleton

4.25 5.49 GIF-growt h inhibitor y factor S72043 Homeostasis

4.18 7.06 Apolipoprotei n E M12529 Lipi d metabolism

4.16 6.24 NPDO009 AF237813 Lipi d metabolism

4.11 7.73 Phosphenolpyruvat e carboxykinas e L05144 Carbohydrat e metabolism
4.10 5.69 MTI L AJ011772 Homeostasis

4.05 5.33 Liver-typ e alkalin e phosphatase X14174 Differentiation

4.01 5.38 Enyol-Co A LO7077 Lipi d metabolism

4.47 6.17 HE 4 extracellula r proteinas e inhibito r homologue X63187 Protei n metabolism

5.09 5.96 Nicotinamid e N-methyltransferas e u08021 DN A metabolism

5.26 4.54 Immunoglobuli n heavy chain AF013620 Immun e response

6.69 6.25 Ig rearrange d gamma chain M63438 Immun e response

6.78 4.25 CD53 glycoprotein M37033 Immun e response

7.06 4.71 Secreted cement gland protein AF038451 Steroid metabolism

7.35 5.40 Ig lambd a heavy chain Y14737 Immun e response

8.48 7.18 SNC73 protein AF067420 Immun e response

9.11 9.98 Ig kappa chain M11937 Immun e response

9.20 6.66 Rearrange d immunoglobuli n heavy chain u19885 Immun e response

9.81 9.44 Ig germlin e kappa-chain C18 X72815 Immun e response

To identif y significantl y regulate d genes in ESRD, we selected genes that were significantl y differen t from normal tissue (P

0.05) and

at least 1.5-fold up- or down-regulated . A group of 430 genes met these criteria . Thi s tabl e list s all genes that were more than 4-fold regulated

in the ESRD group.

PKD, polycysti c kidne y disease; ESRD, end-stage renal disease; |g, immunoglobulin.

hematopoieti c cells infiltratin g the failin g kidney s probably
cause thi s up-regulation.

Verificatio n of Differentiall y Expressed Candidat e Genes by
Reverse Transcriptase-Polymeras e Chain Reaction

To demonstrat e that differentiall y regulate d genes were
correctly identifie d by microarra y analysis, we performed
semiquantitativ. e RT-PCR of several candidate genes. Al-
though thi s method may underestimat e differences in gene

expression, the result s obtained by RT-PCR closely mirror
the microarra y data (Fig. 4) except for one gene, M27749,
which is an immunoglobulin light chain carrying the MER
22 repetitive element. The up-regulation of M27749 seen
in several array experiments could not be verified with
RT-PCR specific for the M27749 sequence and is most
likely the result of the cross-reactivity with several differ-
ent light chains that are not amplified using specific
primer sets for M27749.
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s of transplan t patient s belongin g to th e transplan t subgroup s T1 and T2 and th e Banff

classificatio n of th e transplan t subgroup s T1l and T2

Tim e since . Donor Donor  Donor serum . . . Warml
Tx-cluster  Tx Sex restar t of Immunosuppression S Cold ischemia time ischemia
hemodialysis age sex creatinine time
1 1 F 1 mo FK506, Steroids 46 F 0.7 37 h 45 min 35 min
1 5 M 8 mo Steroids, MM F 30 F 1 15 h 57 min 21 min
1 10 F 1mo Cyclosporine, Steroids, 57 M 1.3 25 h 24 min 25 min
MMF
1 11 F 3mo Cyclosporine, Steroid s 16 M 0.9 18 h 28 min 26 min
1 13 M 6 mo Cyclosporine, Steroid s 19 M 0.9 14 h 1 min 23 min
Mean 3.8 31 33.6 17.6 1.0 0.2 22h 19 min 9h39min 26 5min
2 2 F 4 mo Steroid s 10 F 0.7 16 h 28 min 27 min
2 3 F 19 mo FK506, Steroids 47 M 1.4 14 h 39 min 33 min
2 4 F 3mo FK506, Steroid s 14 M 1 15 h 57 min 30 min
2 6 M 10 mo FK506, Steroid s 30 F 0.6 21 h 21 min 25 min
2 7 M 25mo Steroid s 43 M 1 19 h 22 min 27 min
2 8 F 39 mo None NK NK NK 35h 49 min 26 min
2 9 F 2 mo Cyclosporine, Steroid s 57 M 0.6 30 h 7 min 28 min
2 12 F 30 mo FK506, MM F NK NK NK NK NK
Mean 16.5 13.9 33.5 18.8 09 03 21h58 min 8hO01min 28 3 min
P value NS NS NS NS NS
Tx-cluster Tx cg ci ct cv
1 1 3 3 3 2
1 5 3 3 3 3
1 10 1 2 2 2
1 11 3 2 2 2
1 13 3 1 2 2
Mean 2.6 1.8 2.4 2.2
2 2 1 3 2 1
2 3 3 3 3 3
2 4 1 2 2 1
2 6 3 3 3 3
2 7 3 3 3 3
2 8 1 1 1 2
2 9 3 3 2 2
2 12 2 3 3 2
Mean 2.1 2.6 2.4 2.1
P NS NS NS NS

Histologi cfinding s of transplan t kidney s belongin g to th e transplan t subgroups T1 and T2. For classification , th e revised Banff '97 criteria
were used: eg., allograf t glomerulopathy ; ci, interstitia | fibrosis ; ct, tubula r atrophy ; cv, vascular fibrou s intima | thickening . No significan t
difference s were found between th e two groups. NS, not significant ; MMF , mycophenolat e mofetil.

DISCUSSION

Chroni c transplan t nephropath y remain s a poorly defined
disease entit y that accounts for a 3% to 4% annual graft loss
after the first year of transplantatio n and that limit s the
current half-lif e of renal allograft s (7-9, 22, 23). Calcineurin
inhibitor s have significantl y improved the short-ter m sur-
vival , but they had littl e impact on th e long-ter m outcome of
renal transplants . Durin g the past years, it has become in-
creasingly apparent that chronic rejection has multiple
causes, generall y divide d int o immunologi ¢ and nonimmuno-
logic factors. HL A mismatche s and preforme d donor-specific
antibodies, often responsible for acute vascular rejections
(24), are predictiv e of subsequent graft dysfunction . At later
stages, glomerular hyperfiltratio n as the result of progres-
sive nephron loss may contribut e to progressive renal dys-
functio n that is no longer amenable to immunosuppressive
therapy (13, 25). Optimizin g donor conditioning , reducing
ischemia times, and treatin g hypertensio n and hyperlipid-
emia are believed to reduce the risk of chronic rejection.
However, these factor s probably account for less than 40% of

the graft dysfunctio n observed in experimenta |l models of
chroni c rejection (26). Therefore, improvin g immunosuppres-
sive therapy that prevents acute rejection and subsequent
chroni ¢ dysfunctio n withou t interferin g with the develop-
ment of immun e tolerance early after transplantatio n re-
main s a major task. To optimiz e curren t immunosuppressive
protocols, clearly defined sensitive and specific marker s are
needed that reliabl y predict chronic rejection at an early
stage. Currently , the diagnosis of chronic rejection relies
mainl y on nonspecifi ¢ histologi ¢ finding s (23), and more sen-
sitiv e tools are needed to accuratel y diagnose chroni c trans-
plant nephropathy.

We therefor e analyzed the patter n of gene expression in
renal transplants . Chronicall y rejected transplant s were cho-
sen for two reasons: First, these transplant s provid e suffi-
cient materia | for microarra y analysi s avoidin g the bias as-
sociated wit h nonlinea r amplificatio n methods. Second, these
transplant s may more uniforml y reveal the typical gene ex-
pression patter n of chronic rejection. Microarra y analysis
from transplan t biopsies at earlier stages are confounded by



546

Ficure 4. Verificatio n of th e differentia | expressio n of can-
didat e genes by revers e transcriptase-polymeras e chain re-
actio n (RT-PCR) . Differentia | expressio n of candidat e genes
wa s verifie d by RT-PCR . Semiquantitativ. e RT-PC R of several
candidat e genes was performe d for 10 regulate d genes. The
result s obtaine d by RT-PC R showe d comparabl e result s to
th e microarra y data except for one gene, M27749 . Th e mean
of th eratio s of gene expressio n was calculate d wit h th e Scion
Imag e softwar e (Scion , Frederick , MD).

th e multiplicit y of events, includin g the recovery from isch-
emia-reperfusio n injury , acute rejection, drug toxicity , and
infection . We analyzed th e differentiall y regulate d genes of
chroni c rejection in comparison wit h two differen t controls:
First , we subtracte d all housekeeping genes, typicall y ex-
pressed in normal renal tissue. Second, we eliminate d genes
differentiall y regulate d in ESRD not relate d to chroni c rejec-
tion. The second control is problemati ¢ because it can elimi-

nate potential genes of interest from furthe r analysis, for
example, genes that are nonspecific for transplan t nephrop-
athy but predictiv e of chroni c rejection early after transplan-

tation . Therefore, we selected polycysti c kidney s wit h ESRD,
because glomerula r hyperperfusio n and secondary focal scle-
rosis does not seem to significantl y contribut e to the patho-
genesis of renal failur e in thi s hereditar y disease. Gene pro-
filin g of each sample was performe d compared wit h a well-
defined reference RNA to allow the comparison between the
thre e sets of tissues. To distinguis h gene expression patterns

of th e thre e sets of samples, we selected 571 genes that were
differentiall y regulated , using the paired t test to calculate
statistica | significance . These genes were subsequently used
for hierarchica | clustering, an algorith m that determines
how closely relate d samples are, on the basis of the expres-
sion profil e of each sample. Theresult s are typicall y depicted
as two-dimensiona | dendrogram s (Fig. 2) in which short ver-
tical line s tothe next branch indicat e a high level of similar-

ity . Not surprisingly , thi s analysi s revealed that chronically

rejected transplant s are more closely related to polycystic
kidney s than they are to normal tissue. However, it is quite
remarkabl ethat th etw o polycysti ckidney s removed from the
same tw o patients , respectively , withi n several months, were
correctly identifie d as closely relate d tissues by the hierar-

chical cluster algorith m (PKD 9 and 3, and PKD 12 and 4).
The 13 transplant s were identifie d as distinct entities , dif-
ferent from normal tissue and more closely related to the
gene expression patter n in polycystic kidney s with renal
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failure . Surprisingly , the differentia | expression of 48 genes
furthe r subdivide d th e transplant s int o two distinc t groups.
Correlatio n wit h clinical and histologi ¢ data did not reveal
apparent difference s between these tw o groups, thu s indicat-
ing that microarra y analysi s can identif y distinc t subsets of
chroni c rejection that are not apparent by clinical or histo-
logic criteria.

A variet y of cytokines, profibroti ¢ growt h factors, and ma-
tri X protein s have been implicate d in the pathogenesis of
chronic rejection (7, 23, 25, 27) and correlat e wit h th e devel-
opment of structura | injury (28-30). Whether microarray
analysi s of samples taken as protocol biopsies may reveal
new pathogenic or therapeuti c target s remain s to be shown.
However, our pilot study of 13 transplant s clearly shows that
thi s approach can defin e different subsets of chronic trans-
plant dysfunctio n that may indeed represent different dis-
ease entitie s requirin g differen t therapeuti ¢ approaches to
prolong graft survival.
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SIMULTANEOU S PANCREAS-KIDNE Y TRANSPLAN T FROM
LIVIN G RELATE D DONOR : A SINGLE-CENTE R EXPERIENCE

ADAM ZIELI NSKI, SAwoMIR  NAzZAREWSKI , DIEGO BOGETTI, PIERPAOLO SILERI , GIULIANO TESTA,

Background. Simultaneou s pancrea s and kidney
transplantatio n (SPK) fro m cadaveri c donor s has be-
com e a widel y accepte d therapeuti c¢ optio n for insulin-
dependen t uremi c patients .In 1996 th e firs t SPK from
a liv e dono r wa s performed . Thi s procedur e offer sthe
advantag e of a bette r immunologi ¢ match , reduced
cold ischemi a injury , and decrease d waitin g time . As
such , it is an attractiv e alternativ e treatmen t for dia-
beti c patient s wit h end-stag e nephropath y wit h an
availabl e livin g donor.

Methods. We performe d six SPK's fro m living-related
donors . Ther e wer e four men and tw 0 wome n among
th e recipients ; media n age wa s 34 (range , 29-39) years.
All donor s wer e recipients ’ sibling s wit h excellent
HL A matching . Donor s underwen t standardize d met-
aboli ¢ workup , anti-insuli n and anti-isle t antibod y as-
says, and compute d tomograph y of th e abdomen . Both
donor sand recipient swer e treate d wit h octreotid e for
5 day s perioperatively . Afte r transplantation , th e pa-
tient s wer e maintaine d on tacrolimus-base d immuno-
suppression , wit h the exceptio n of one recipien t of
SPK fro m an identica | twin , wh o receive d cyclospor-
in e monotherapy.

Results. All th e donor s ar e doin g wel | and hav e nor-
mal rena | functio n and bloo d glucos e levels . One-year
patient , renal , and pancreati ¢ graft surviva | rates
wer e 100%, 100%, and 83%, respectively . Acut e kidney
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rejectio n was documente d in tw o patients , and both
recovere d completel y afte r OKT 3 therapy . No rejec-
tio n of pancreati c graf t has been documented . Except
for one patien t who lost th e graf t becaus e of hemor-
rhagi ¢ pancreatitis , all recipient s maintaine d serum
glucos e level s at less than 130 mg/d L withou t insulin
therapy .No majo r surgica | complication ssuch as graft

thrombosis , intra-abdomina | infection , or abscess
wer e reported.
Conclusions. Livin g dono r SPK can represen t a suc-

cessfu | alternativ e to cadaveri ¢ donor SPK. The pro-
cedur e can be performe d safely in th e donor and with
low morbidit y in th e recipient.

The annual incidence of type 1 diabetes has been rising
steadil y worldwid e durin g the past 70 years. It is now esti-
mated that thi s disease affects 500,000 to 800,000 people in
the Unite d States and a comparable number in Europe (1).

To reestablis h th e euglycemic state, th e treatmen t options
for diabeti c patient s includ e either multipl e daily insulin
injection s or continuou s subcutaneous insuli n infusio n by
external or interna | pump. Despit e th e aggressive exogenous
insuli n therapy , life-threatenin g long-ter m complications , in-
cludin g nephropathy , develop in diabetic patients (2).
Chroni ¢ renal insufficienc y leads th e patient to dialysi s and
significantl y diminishe s day-to-day qualit y of life. Moreover,
diabeti c patient s wit h end-stage renal disease (ESRD) man-
ifest the highest mortalit y of any group of patient s with
ESRD and th e highest rat e of severe coronary atherosclerotic
events (3,4). Insuli n independence for these patient s can only
be achieved by transplantatio n of pancreati c islet beta cells.
The resumption of normal glucose homeostasis can be
achieved after free islet cell transplantation , which has been
introduce d to the treatmen t in recent years (5). It is concep-
tuall y the most efficient modality , but considerin g its many



