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ABSTRACT

Allelic differences in gene promoter or codifying regions have been described to affect
regulation of gene expression, consequently increasing or decreasing cytokine production
and signal transduction responses to a given stimulus. This observation has been reported
for interleukin (IL)-10 (�1082 A/G; �819/�592 CT/CA), transforming growth factor
(TGF)-� (codon 10 C/T, codon 25 G/C), tumor necrosis factor (TNF)-� (�308 G/A),
TNF-� (�252 A/G), interferon (IFN)-� (�874 T/A), IL-6 (�174 G/C), and IL-4R�
(�1902 G/A). To evaluate the influence of these cytokine genotypes on the development
of acute or chronic rejection, we correlated the genotypes of both kidney graft recipients
and cadaver donors with the clinical outcome. Kidney recipients had 5 years follow-up, at
least 2 HLA-DRB compatibilities, and a maximum of 25% anti-HLA pretransplantation
sensitization. The clinical outcomes were grouped as follows: stable functioning graft (NR,
n � 35); acute rejection episodes (AR, n � 31); and chronic rejection (CR, n � 31). The
cytokine genotype polymorphisms were defined using PCR-SSP typing. A statistical
analysis showed a significant prevalence of recipient IL-10 �819/�592 genotype among
CR individuals; whereas among donors, the TGF-� codon 10 CT genotype was signifi-
cantly associated with the AR cohort and the IL-6 �174 CC genotype with CR. Other
albeit not significant observations included a strong predisposition of recipient TGF-�
codon 10 CT genotype with CR, and TNF-� 252 AA with AR. A low frequency of TNF-�
�308 AA genotype also was observed among recipients and donors who showed poor
allograft outcomes.
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ESPITE the advances in immunosuppressive therapy,
acute and chronic rejection remain major causes of

ong-term allograft failure. After kidney transplantation,
he presence of non-self antigens induces activation of
ntigen specific T and B lymphocytes. This results in a
ascade of small soluble peptide mediators, called cyto-
ines, released by graft infiltrating and local cells. Cyto-
ines, by binding to high affinity receptors on target cells,
nduce biochemical signals that regulate the immune system
y influencing cellular activation, differentiation, and func-
ion.1 These changes are dependent on cytokine levels;
herefore, expression of these genes is under stringent
ontrol. Allelic differences in promoter or codifying regions
ave been described to regulate gene expression, conse-
uently increasing or decreasing cytokine production or
ignal transduction to a single stimuli.2,3 This observation
as been reported for interleukin (IL)-10 (�1082 A/G,

819/�592 CT/CA), transforming growth factor (TGF)-� 0
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codon 10 C/T, codon 25 G/C), tumor necrosis factor
TNF)-� (�308 G/A), TNF-� (�252 A/G), interferon
IFN)-� (�874 T/A), IL-6 (�174 G/C), and IL-4R� (�1902
/A).2,3 To evaluate the influence of cytokine genotypes on

he development of acute or chronic rejection, genotype
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requencies were compared among a population of renal
ransplant recipients. In addition, because cytokines derived
rom the graft may influence the local immune environ-
ent, donor genotypes also were examined.

ATERIALS AND METHODS

ytokine genotypes were identified using polymerase chain reac-
ions (PCR) and sequence specific primers (SSP) as described
lsewhere.4,5 Genomic DNA was extracted from frozen buffy coats
r spleen cells of cadaver donors using a “salting-out” procedure.
To decrease the impact of known deleterious effects on graft

volution donor-recipient pairs were chosen without prior anti-
LA sensitization and more than 2 HLA-DR compatibilities.

maximum � 25% anti- class I). All patients followed an immuno-
uppressive therapy based on cyclosporine (CsA), azathioprine,
nd corticosteroids. Nonimmune risk factors, such as obesity and
iabetes, led to exclusion from the study.
Patients were grouped according to clinical outcomes: nonrejec-

ors (NR, n � 35), acute rejection episodes (AR, n � 31); and
hronic rejection processes (CR, n � 31). Patients with at least 1
ejection crisis within the first posttransplantation month, proven
sing renal biopsy according to the Banff 97 revised criteria,6 were

ncluded as AR. CR patients showed a sustained increase in

Table 1. Rate (%) of Cytokine Polymorphism Genotypes in Rec
AR (Group AR), and Graf

Recip

Group
NR

(n � 35)

Gro
AR

(n �

L-6 (�174) GG 48.6 48.4
GC 42.9 45.2
CC 8.6 6.5

L-10 (�1082) GG 14.3 12.9
GA 54.3 58.1
AA 31.4 29

L-10 (�819/�592) T/T A/A 6.6 9.7
C/T C/A 34.3 41.9
C/C C/C 57.1 48.4

NF-� (�308) GG 74.3 93.5
GA 25.7 3.2
AA 0 3.2

NF-� (�252) AA 2.9 0
AG 57.1 35.5
GG 40 64.5

GF-� (codon 10) CC 17.1 22.6
CT 42.9 38.7
TT 40 38.7

GF-� (codon 25) GG 82.9 83.9
GC 14.3 16.1
CC 2.9 0

FN-� (�874) TT 31.4 19.4
AT 51.4 64.5
AA 17.1 16.1

L-4R� (�1902) GG 68.6 54.8
GA 25.7 35.5
AA 5.7 9.7

*Significant cytokine genotypes of recipients and donors associated with AR
†Genotype disturbance frequencies that although nonsignificant clearly prev
‡High production TNF-� �308 A/A genotype of both donors and recipients
reatinine levels over time, a diagnosis that was confirmed using T
istological assessment of renal biopsy specimens. NR were pa-
ients with stable graft function for more than 3 years who did not
ave an AR history.
Univariate statistical analysis compared ages of the 3 groups with

he nonparametric Kruskal-Wallis test. Comparisons of cytokine
enotype rates were performed using a Chi-square test or a Fisher
xact test.

ESULTS

o evaluate the influence of cytokine genotypes on the
evelopment of AR or CR, genotype frequencies in recip-

ents and cadaver kidney donors were stratified according to
he clinical outcome.

As shown in Table 1, statistical analysis showed a statis-
ically significant prevalence of recipient IL-10 �819/�592
T/CA genotype among CR individuals (P � .01), whereas
onor TGF-� codon 10 C/T genotype was significantly
igher among AR grafts (P � .012) and IL-6 �174 C/C
enotype among CR patients (P � .05). Moreover, al-
hough nonsignificant, we observed a strong trend of recip-
ent TGF-� codon 10 C/T genotype with CR and TNF-�
52 A/A with AR (P was nonsignificant). The analysis of

s and Donors With Stable Graft (Group NR), Grafts Developing
veloping CR (Group CR)

Donor

Group
CR

(n � 31)

Group
NR

(n � 35)

Group
AR

(n � 31)

Group
CR

(n � 31)

38.7 45.7 61.3 45.2
45.2 48.6 32.3 29
16.1 5.7 6.5 25.8*
16.1 25.7 22.6 19.4
54.8 40 29 48.4
29 34.3 48.4 32.3
0 2.9 9.7 6.5

67.7* 51.4 41.9 48.4
32.3 45.7 48.4 51.6
74.2 80 83.6 71
22.6 20 16.1 19.4
3.2‡ 0 0 9.7‡

9.7 11.4 9.7 12.9
64.5 31.4 29 32.3
41.9 57.1 61.3 54.8
19.4 20 12.9 12.9
61.3† 40 71* 58.1
19.4 40 16.1 29
93.5 85.7 80.6 83.9
3.2 14.3 19.4 16.1
3.2 0 0 0
9.7 20 12.9 12.9

67.7 51.4 58.1 64.5
22.6 28.6 29 22.6
54.8 60 58.1 67.7
38.7 37.1 29 25.8
6.5 2.9 12.9 6.5

comparing stable graft frequencies (P � .05).
he problematic renal allografts.
nly found in poor outcome transplants (P was nonsignificant).
ipient
ts De

ient

up

31)

‡

†

or CR
ail in t
was o
NF-� genotype frequencies suggested that the less com-
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on �308 A/A high production genotype only was found in
ecipients and donors of poor outcome kidney transplants
P was nonsignificant).

ISCUSSION

R and CR of allogeneic transplants are complex processes
nfluenced by many immune and nonimmune factors.1

mong the population evaluated herein, there was no
ssociation between HLA class I mismatches and the
llograft course, but a detrimental association of clinical
utcome of transplants with donor age was present albeit
ot-significant (p�0.05).
Previous work reported that the IL-10 �1082 G/A sub-

titution correlates with poor renal allograft outcome.2 We
id not confirm this finding, but did observe a significant
ssociation between IL-10 �819/�592 heterozygous recip-
ents and CR. Therefore, various nucleotide forms of the
L-10 gene promoting region influence regulation of gene
xpression. Our study also noted a correlation between
onor TGF-� codon 10 heterozygous genotype and an AR
risis. Recipients of the same genotype showed a marked
levation of CR injured grafts, albeit nonsignificant. This
bservation conforms with the biological activity of TGF-�
o promote fibrinogenesis, a clear sign of CR. Expression of
his cytokine is up-regulated by CsA,7 a mechanism that,
hen associated with the heterozygous gene, could be

esponsible for the detrimental outcome of renal allografts
y AR, if the donor has the 2 variants that codify polymor-
hism, or by CR, if the recipient has the 2 variants.
IL-6, a pleotropic cytokine mediator of the acute phase

esponse, was reported in another study5 as an impact
actor predictive of the incidence and severity of AR after
enal transplantation when donor genotype was IL-6 �174
C. This effect was independent of other major genetic
eterminants of AR, even donor-recipient HLA-DR
atching.5 In our study the probed population was selected
ith full HLA-DR matching and we could not see the
escribed association, but we did find a significant correla-
ion between donor IL-6 �174 CC genotype and CR
njured grafts. This genotype remains a strong donor factor
redictive of allograft outcome.
The utility of cytokine genotype profiles to predict graft

mmune outcome is controversial. The conflicting results
ay in part, be due to variables among transplant centers,

uch as immunotherapy regimens and the different proce-
ures for rejection diagnosis (proven or not using biopsy).8

urthermore, because the molecules encoded by these
enes act in highly coordinated pathways, we can hardly
xpect to correlate a single gene variant with the entire
mmune reaction to a kidney transplant.

In this study we sought to assess the impact of donors and
ecipient, gene variants for the development of AR and CR
n kidney transplants. Like in other studies, we did observe
ssociations between clinical outcome and gene vari-
nts.2,5,9 Nevertheless, these were not clear enough to
dentify high-risk patients or direct immunosuppressive
egimens. To elucidate the consequences of gene variants in
llograft immunological outcomes, further efforts must be
ade to increase sample size and include a multivariate

nalysis in the statistical study.
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3. Hackstein H, Klüter H, Fricke L, et al: Tissue Antigens

4:573, 1998
4. Perrey C, Turner SJ, Pravica V, et al: Transplant Immunol

:127, 1999
5. Marshall S, Mclaren A, Mckinney E, et al: Transplantation

1:469, 2001
6. Racusen LR, Solez K, Colvin RB, et al: Kidney Int 55:713,

999
7. Khanna A, Cairns VR, Becker CG, et al: Transplantation

7:882, 1999
8. Alkalin E, Murphy B: Curr Opin. Immunol 13:572, 2001
9. Poli F, Boschiero L, Giannoni F, et al: Cytokine 12:1778, 2000


	Impact of Donor and Recipient Cytokine Genotypes on Renal Allograft Outcome
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES


