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Background
Recently, several important polymorphisms have been identified in T-cell activation and effec-
tor pathway genes and have been reported to be associated with inter-patient variability in
alloimmune responses. The present study was designed to assess the impact of these genetic
variations on the outcomes of allogeneic hematopoietic stem cell transplantation. 

Design and Methods
We first investigated ten single nucleotide polymorphisms in six genes, CD28, inducible co-
stimulator, cytotoxic T-lymphocyte antigen 4, granzyme B, Fas and Fas ligand, in 138 pairs of
patients and their unrelated donors and a second cohort of 102 pairs of patients and their HLA-
identical sibling donors. 

Results
We observed that patients receiving stem cells from a donor with the cytotoxic T-lymphocyte
antigen 4 gene CT60 variant allele (AA genotype) had a reduced incidence of grades II–IV acute
graft-versus-host disease; however, they experienced early cytomegalovirus infection and
relapsed more frequently, which suggested an interaction between the donor cytotoxic T-lym-
phocyte antigen 4 gene CT60 AA genotype and reduced T-cell alloreactivity. Furthermore, an
unrelated donor with the granzyme B +55 variant genotype (AA) was an independent risk fac-
tor for development of grades II–IV acute graft-versus-host disease (P=0.024, RR=1.811). Among
patients with acute myelogenous leukemia, those with the Fas -670 TT genotype were at high-
er risk of relapse (P=0.003, RR=3.823). The presence of these susceptible alleles in the donor
and/or patient resulted in worse overall survival (54.9% versus 69.5%, P=0.029).

Conclusions
Our data suggest that genotype analysis of T-cell activation and effector pathway genes can be
used for risk assessment for patients with hematologic malignancies before hematopoietic stem
cell transplantation.

Key words: CD28, inducible co-stimulator, cytotoxic T-lymphocyte antigen 4, granzyme B, Fas,
Fas ligand, polymorphism, hematopoietic stem cell transplantation. 
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Introduction 

Allogeneic hematopoietic stem cell transplantation
(allo-HSCT) is widely performed as the only curative
therapy for a variety of malignant hematologic diseases.
The growing indications and improvements in transplan-
tation technology and supportive care have led to an
increased number of allo-HSCT. However, disease
relapse, major infection and graft-versus-host disease
(GVHD) are leading causes of death following allo-HSCT,
and limit the use of this important procedure.1 Defining
variables that predispose to these events is, therefore, of
critical importance. Current evidence suggests that in
addition to HLA matching, genetic diversity among
donors and recipients, including cytokine genes, innate
immunity genes and pharmacogenetic polymorphisms,
affect the success of transplantation by regulating alloim-
mune responses.2-5
Optimal donor T lymphocyte proliferation, differenti-

ation and acquisition of effector functions play a critical
role in alloimmune reactivity, and their ability to detect
non-self-antigens can lead to GVHD or contribute to the
prevention of relapse and infections after transplantation.
CD28, inducible co-stimulator (ICOS) and cytotoxic T-
lymphocyte antigen 4 (CTLA-4) belong to the same fam-
ily of T-cell co-stimulatory molecules. CD28 is the pri-
mary co-stimulatory molecule and is constitutively
expressed on the majority of T cells. CD28 transduces a
signal that enhances the activation and proliferation of T
cells.6 Another member of the CD28 family is ICOS.
Although not constitutively expressed, ICOS is rapidly
up-regulated on T lymphocytes upon activation.7 CTLA-
4, a structural homolog of CD28, is a key factor in regu-
lating and maintaining self-tolerance, providing a nega-
tive signal to T-cell responses.8 After activation, three
effector pathways have been described for T-cell cyto-
toxicity: granzyme B/perforin, Fas/Fas ligand (FasL) and
secreted molecules such as tumor necrosis factor-alpha
(TNF-α).9,10
Recently, several important polymorphisms have been

identified in these activation and effector pathway genes
and have been reported to be associated with the risk of
different autoimmune diseases, some malignancies and
allograft rejection in solid organ transplantation
patients.11-15 These data suggest that these polymor-
phisms correlate with gene function and contribute to
inter-patient variability in alloimmune responses.
However, such information is less available in allo-
HSCT. We hypothesized that gene polymorphisms in T-
cell activation and effector pathways from donors or
patients may affect the outcomes of allo-HSCT. We have
previously reported the relationship between polymor-
phisms in donor and/or patient cytokine genes, such as
TNF-α, TNF-b, transforming growth factor-b and inter-
leukin-10, and the risk of acute GVHD (aGVHD).16,17 In
the present study, we further investigated the influence
of CD28, CTLA-4, ICOS, granzyme B, Fas and FasL gene
polymorphisms on T-cell alloimmune responses after
HSCT. The effect of non-HLA immunogenetics may not
be comparable between the unrelated donor (URD)
transplantation cohort and the HLA-identical sibling
transplantation cohort, with regard to the degree of the
discrepancy in genetic variations between donor and
patient, significant differences in the incidence of trans-
plantation-related complications and outcomes.

However, very few studies on the effect of non-HLA
immunogenetics have simultaneously been evaluated in
sibling and URD transplantation cohorts. We have now
confirmed the analysis in two independent cohorts. The
initial cohort consisted of 138 pairs of patients and their
URD. The second cohort consisted of 102 pairs of
patients and their HLA-identical sibling donors. Since it
is known that CD28, ICOS and CTLA-4 are specifically
expressed on T cells and that alloimmune responses are
mediated mainly by donor T cells after allo-HSCT, only
the effect of donor CD28, ICOS and CTLA-4 gene poly-
morphisms were investigated.

Design and Methods

Characteristics of the patients, donors and transplants 
We unselectively included all patients undergoing allo-HSCT

in our Bone Marrow Transplantation Center between January
2001 and March 2009 into the present study if the donors’ and
patients’ DNA were stored in our specimen pool and clinical
data were available. Divided according to donor type (URD ver-
sus sibling), there were no significant differences in terms of
donor-patient gender, underlying disease, disease status before
transplantation, conditioning regimen or the status of
cytomegalovirus (CMV) recurrent infection in donors and
patients pre-transplantation (Table 1). The only significant differ-
ences between the two cohorts were in patients’ age and the
source of stem cells: these variables were not identified as signif-
icant in univariate or multivariate outcome analysis. Thus the
transplantation characteristics of the two cohorts were very sim-
ilar and the final analysis of the clinical end-points included both
cohorts.
All the patients and their donors were of Chinese origin. The

study was approved by the local ethics committee. All the
patients and donors gave their written informed consent.

Graft-versus-host disease prophylaxis 
and conditioning regimen 
Low-resolution HLA typing had been performed for HLA-A,

-B, and -DRB1 in the sibling transplantation cohort, and high-
resolution DNA typing for HLA-A, -B, -C, -DRB1, and -DQB1 in
the URD transplantation cohort. The main myeloablative condi-
tioning regimen used involved busulfan/cyclophosphamide
without total body irradiation; reduced-intensity conditioning
regimens were predominantly fludarabine-based combinations
without total body irradiation. On the basis of clinical and ani-
mal studies, mycophenolate mofetil as an adjunct to the combi-
nation of cyclosporine A and methotrexate appeared to augment
the actions of standard immunosuppressant agents without
adding overlapping toxicities.18-21 Furthermore, our previous clin-
ical data and animal studies have suggested that low-dose
mycophenolate mofetil provides similar immunosuppression
without adversely affecting engraftment.22,23 Following this
rationale, in our center, all patients received the same GVHD
prophylaxis, consisting of cyclosporine A, methotrexate and
low-dose mycophenolate mofetil. Cyclosporine A was sched-
uled to be given intravenously at a dose of 2.5 mg/kg/day from
day −1, with a target blood level of 200–300 ng/mL. The dosage
was tapered during the second month after transplantation,
according to chimeric status and evidence of GVHD.
Mycophenolate mofetil was initiated orally at a dose of 500
mg/day on day +1, and withdrawn on day +100. Methotrexate
was given at a dose of 15 mg/day on day +1 and 10 mg/day on
days +3 and +6. 

Activation and effector pathway genes in allo-HSCT
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Genotyping single nucleotide polymorphisms in T-cell
activation and effector pathway genes
Genomic DNA was extracted from peripheral blood samples

obtained from recipients and donors before transplantation,
using a salting-out method with a commercial DNA extraction
kit (Dynal Biotech, Brown Deer, WI, USA), following the manu-
facturer’s recommendations. DNA was quantified by spec-
trophotometry.
Single nucleotide polymorphism nomenclature uses a number

that refers to its position in the nucleotide sequence upstream
(indicated by a minus sign) or downstream (indicated by a plus
sign) of the start of the transcription site, followed by two letters
indicating the polymorphism, adenine (A), cytosine (C), guanine
(G) or thymine (T). Ten single nucleotide polymorphsims recent-
ly described to interfere with T-cell immune responses, including
-594 A/G (rs35593994) in the CD28 gene promoter region; -693
A/G (rs11883722) in the ICOS gene promoter region; -1722 A/G
(rs733618) in the promoter, +49 A/G in exon 1 (rs231775), and
CT60 A/G (rs3087243) in the 3-terminal untranslated region of
the CTLA-4 gene; +55 A/G (rs8192917) in exon 2 and -295 C/T
(rs7144366) in the promoter of the granzyme B gene; -1377 A/G
(rs2234767) and -670 C/T (rs1800682) in the promoter of the Fas
gene, and -844 C/T (rs763110) in the promoter of the FasL gene,
were determined by multiplex SNaPshot technology, according
to previously described methods,16,17 using an ABI fluorescence-
based allelic discrimination method assay (Applied Biosystems,
Foster City, CA, USA). Detailed information on the primers used
is available in the Online Supplementary Methods (Online
Supplementary Table S1).

Evaluation of clinical outcome
The end-points of T-cell alloimmune responses post-HSCT

which were studied were induction of GVHD, prevention of
major infection and recurrence of malignancy. Only patients
with successful engraftment were included in the analysis of
aGVHD. Acute GVHD was diagnosed and graded using estab-
lished criteria.24 Given that grade I typically refers to patients
with clinically uncertain aGVHD and most clinicians do not treat
these patients systemically, only aGVHD of grades II and higher
were considered for analysis. Patients who survived ≥100 days
were analyzed for chronic GVHD (cGVHD). 
CMV reactivation and disease continue to be important com-

plications post-HSCT25,26 and CMV infection is of special con-
cern in the Chinese population. The incidence of asymptomatic
infection is high. The episodes of major infection were focused
on early CMV infection post-HSCT. Surveillance of CMV (by
pp65 antigenemia) was performed using peripheral blood sam-
ples on a weekly basis until day +100 and monthly thereafter.
According to published standard criteria,27 recurrent CMV infec-
tion is defined as new detection of CMV antigenemia or CMV
seropositivity [CMV-specific immune globulin M positive, CMV
IgM(+)] in a patient or donor who had a previously documented
infection and who had not had virus detected for an interval of
at least 4 weeks during active surveillance. CMV antigenemia
was defined as more than two pp65 antigen-positive cells per
50,000 leukocytes. Early CMV infection refers to antigenemia or
disease occurring within day 100 after transplantation.
Ganciclovir or foscarnet sodium was given for CMV prophylaxis
or pre-emptive pre-transplantation treatment. Pre-emptive ther-
apy was started whenever CMV antigenemia was detected.

Statistical analysis
Linkage disequilibrium analysis among pairs of alleles was

performed using Fisher’s exact test. Cumulative incidences using
the competing risk method,28 as described by Gray,29 were stud-

ied to determine the differences in probabilities of aGVHD,
cGVHD, early CMV infection and relapse in the presence of
polymorphisms. Death without signs of GVHD was considered
a competing risk in the analysis of GVHD incidence. The com-
peting risks for early CMV infection and relapse were death
without CMV infection and death in complete remission,
respectively. Overall survival was calculated from transplanta-
tion to death from any cause and estimated using the Kaplan-
Meier method. Multivariate Cox regression models using a for-
ward stepwise procedure with the likelihood ratio criterion
(inclusion/exclusion criteria: P<0.05/P>0.1 respectively) were
applied to analyze the effects of these characteristics and other
known clinical and biological factors on allo-HSCT outcomes.
All variables in the univariate analysis with a P-value at or below
0.2 were included in the multivariate analysis.
Statistical analysis was performed using SPSS software ver-

sion 16.0 and the cmprsk and CumIncidence28 packages in R
(The R foundation, http://www.r-project.org). All probability values
were two-sided and P values less than 0.05 were considered sta-
tistically significant. P values between 0.05 and 0.1 were consid-
ered to be indicative of a trend.
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Table 1. Characteristics of the patients, donors and transplants in the two
cohorts.
Characteristics Unrelated donor Sibling P value

transplant transplant
(n=138) (n=102)

Age (median, range), years 24(10-50) 32(14-52) < 0.001
Donor-patient gender, n.(%) 0.249
Female-male 35(25.4) 33(32.4)
Other 103(74.6) 69(67.6)
Underlying disease, n. (%) 0.11
Acute myelogenous leukemia 54(39.1) 35(34.3)
Acute lymphoblastic leukemia 44(31.9) 21(10.6)
Chronic myelogenous leukemia 35(25.4) 39(38.2)
Myelodysplastic syndrome 3(2.2) 2(2.0)
Non-Hodgkin’s lymphoma 2(1.4) 1(1.0)
Multiple myeloma 0 2(2.0)
Paroxysmal nocturnal hemoglobinuria 0 1(1.0)
Chronic myelomonocytic leukemia 0 1(1.0)
Disease statusa 0.345
Standard 124(89.9) 96(94.1)
High 14(10.1) 6(5.9)
Stem cell source, n. (%) < 0.001
Bone marrow 56(40.6) 12(12.8)
Peripheral blood stem cells 82(59.4) 90(87.2)
Conditioning regimen, n. (%) 0.946
Myeloablative 120(87) 89(87.3)
Reduced intensity conditionings 18(13.0) 13(12.7)
Pre-transplantation CMV 0.892
recurrent infection 
(donor/patient), n. (%)
+/+ 2(1.45) 1(0.98)
+/- 1(0.72) 1(0.98)
-/+ 42(30.43) 27(26.47)
-/- 93(67.39) 73(71.57)

aStandard-risk cancers included acute lymphoblastic leukemia, acute myelogenous leukemia, non-
Hodgkin’s lymphoma and multiple myeloma in complete remission and chronic myelogenous
leukemia in chronic phase. High-risk cancers included acute lymphoblastic leukemia, acute myel-
ogenous leukemia, non-Hodgkin’s lymphoma and multiple myeloma in relapse; chronic myeloge-
nous leukemia in other than chronic phase.
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Results

Frequency of polymorphisms in donors’ and patients’
genes and corresponding phenotypes

The frequencies of CD28, ICOS, CTLA-4, granzyme B,
Fas and FasL genotypes in 240 allo-HSCT donors and
patients were in good agreement with those referenced in
the GenBank NCBI SNP databases (Online Supplementary
Table S2). This is the first report of the allele frequencies at
CD28 -594 and Fas -1377 loci in a Chinese population.
There were no significant differences in the distribution of
these genotypes between the URD transplantation cohort
and the HLA-identical sibling donor transplantation
cohort. No significant deviations from the expected
Hardy-Weinberg genotype frequencies were observed
(data not shown). 

Effect of genetic variations in T-cell activation 
and effector pathways on graft-versus-host disease:
univariate and multivariate analyses in both cohorts
Analysis of the outcomes of the two separate cohorts in

the present study demonstrated higher cumulative inci-
dences of grades II–IV aGVHD (43.5% versus 12.7%, Gray’s
test P<0.0001) and severe aGVHD (13.2% versus 7.8%,
Gray’s test P=0.0022) in the URD transplantation cohort
compared with the sibling donor transplantation cohort.
However the incidences of limited and extensive cGVHD
were comparable in the two cohorts (16.7% versus 22.5%,
P=0.31; 15.9% versus 10.8%, P=0.343, respectively). 
When assessing the risk of aGVHD according to genetic

variations in T-cell activation and effector pathways in
recipients and donors, we found that two single
nucleotide polymorphisms in donors, CTLA-4 CT60 and
granzyme B +55, influenced the risk of development of
aGVHD. The association was particularly strong in the
URD transplantation cohort. Patients receiving stem cells
from an URD with the CTLA-4 CT60 variant allele (A
allele) had a lower incidence of grades II–IV aGVHD than
those who received stem cells from a URD with the wild-
type allele (G allele) (AA: 16.7% versus AG/GG: 47.5%,
Gray’s test P=0.016; Figure 1A). However, URD with the
granzyme B +55 variant allele (A allele) were associated
with a higher incidence of grades II–IV aGVHD (AA:
54.8% versus AG/GG: 34.2%, Gray’s test P=0.038; Figure
2). The same effect was observed in the cohort of sibling
donors although the incidence of clinically significant
aGVHD in this cohort was low overall and the association
was not statistically significant (for CTLA-4 CT60: Gray’s
test P=0.2; for granzyme B +55: Gray’s test P=0.17). The
small number of patients with severe aGVHD in the two
separate cohorts precluded statistical analysis of the rela-
tionship between these gene polymorphisms and severe
aGVHD.
Multivariate Cox regression analysis for aGVHD in the

URD transplantation cohort including donor CTLA-4
CT60 genotype, donor granzyme B +55 genotype and
major known risk factors (donor-patient gender relation,
conditioning regimen, stem cell source, HLA matching,
and patients’ pre-transplantation and post-transplantation
CMV infection status) (Table 2) confirmed that an URD
with the granzyme B +55 variant genotype (AA) was an
independent risk factor for development of grades II–IV
aGVHD (P=0.024, RR = 1.811, 95% CI, 1.080–3.038). In
contrast, an URD with the CTLA-4 CT60 variant geno-

type (AA) was protective (P=0.025, RR=3.806, 95% CI,
1.187–12.204). Myeloablative conditioning also con-
tributed significantly to the development of grades II–IV
aGVHD (P=0.042, RR=3.363, 95% CI, 1.045–10.826). A
female donor and male recipient pairing was found to be
a less significant factor (P=0.087). Severe grades of
aGVHD were not influenced by the CTLA-4 CT60 or
granzyme B +55 genotype. The incidence of aGVHD was
not affected by polymorphisms of the CD28, ICOS, Fas or
FasL genes. No polymorphism was significantly associat-
ed with the risk of cGVHD.

Effect of genetic variations in T-cell activation and
effector pathways on early cytomegalovirus infection:
univariate and multivariate analyses in both cohorts
In the present study cohorts, all patients and almost all

donors were CMV seropositive [CMV-specific immune
globulin G positive, CMV-IgG(+)] before HSCT and only
one donor from the Taiwan Tzu Chi Stem Cells Center
was CMV seronegative. All patients received CMV pro-
phylaxis and those experiencing pre-transplantation recur-
rent CMV infection received pre-emptive treatment. In the
URD transplantation cohort, 44 patients (31.88%) experi-
enced recurrent CMV infection pre-transplantation, as did
28 patients (27.45%) in the sibling donor cohort (Table 1).
Of the total of 240 patients, 134 (55.8%) experienced early
CMV infection with a median onset at 27 days (range, 2–
64) post-HSCT. Of these 134 patients, 28 (20.9%) devel-
oped CMV infection during granulocytopenia and 106
(79.1%) developed the infection after neutrophil recovery.
However the different CMV serostatus in the Chinese
population did not result in a significantly higher inci-
dence of CMV disease in an allo-HSCT setting. In the
present study, the majority of patients developed CMV-
positive antigenemia without disease; only 9 (6.7%)
patients developed CMV disease (7 patients with CMV
pneumonia and 2 patients with CMV enteritis), compared
with the 8%–10% described in the literature.25
Patients who received stem cells from donors with the

CTLA-4 CT60 variant genotype (AA) had a higher inci-
dence of early CMV infection than those with the wild-
type genotype (AG or GG) in both the URD transplanta-
tion cohort (AA: 84.2% versus AG or GG: 59.7%, Gray’s
test P=0.027, Figure 1B) and the sibling transplantation
cohort (AA: 90% versus AG or GG: 41.3%, Gray’s test
P<0.0001, Figure 1C), although a higher incidence of early
CMV infection was observed in the URD transplantation
cohort (63% versus 46%, Gray’s test P=0.025). Donor
CTLA-4 CT60 genotype, together with other clinical and
biological factors (donor-patient gender relation, condi-
tioning regimen, stem cell source, aGVHD, donor type
and patients’ pre-transplantation CMV infection status)
known to contribute to the development of early CMV
infection were subjected to multivariate analysis including
the two cohorts. The results are given in Table 2. Three
independent risk factors were significantly associated
with early CMV infection: URD (P=0.044, RR=1.440, 95%
CI, 1.010–2.055), patients experiencing recurrent CMV
infection pre-transplantation (P=0.012, RR=0.632, 95%
CI, 0.442–0.903) and donors with the CTLA-4 CT60 AA
genotype (P<0.0001, RR=0.383, 95% CI, 0.243–0.605) all
contributed to the development of early CMV infection.
There was no significant difference in the impact of CD28,
ICOS, granzyme B, Fas and FasL single nucleotide poly-
morphisms on early CMV infection.

Activation and effector pathway genes in allo-HSCT

haematologica | 2012; 97(12) 1807

©Ferr
ata

 S
tor

ti F
ou

nd
ati

on



Effect of genetic variations in T-cell activation and
effector pathways on disease relapse
There was no significant difference in the cumulative

incidence of relapse between the two cohorts. Given that
allo-HSCT ultimately fails in a significant fraction of
patients with acute leukemia due to disease relapse, and
that the relapse risk differs based on the diagnosis, further
analysis of the effect of genetic variations in the activation
and effector pathways on disease relapse was performed
separately in 94 patients with acute myelogenous
leukemia (AML) including five patients in the blast phase
of chronic myelogenous leukemia, and 65 patients with
acute lymphoblastic leukemia. In the AML cohort, more
than half (58.3%) of patients receiving grafts from donors
with the CTLA-4 CT60 variant genotype (AA) relapsed,
but the incidence of relapse decreased to 22.4% in those
receiving grafts from donors with the CTLA-4 CT60 wild-
type allele (Gray’s test P=0.011, Figure 1D). AML patients
with the Fas -670 homogeneous variant allele (TT geno-
type) had a higher incidence of relapse compared to those
with the wild-type allele (CC or CT genotype) (TT: 43.9%
versus CC/CT: 16.7%, Gray’s test P=0.02, Figure 3).
Disease relapse was not affected by polymorphisms of the
CD28, ICOS, granzyme B or FasL genes. Multivariate
analysis in 94 AML patients including donor CTLA-4
CT60 genotype, patients’ Fas -670 genotype and major
known risk factors such as disease status before HSCT,
aGVHD, cGVHD, donor type and patients’ age, confirmed
that donors with the CTLA-4 CT60 variant genotype

(P=0.047, RR=2.792, 95% CI, 1.013–7.696), patients with
the Fas -670 variant genotype (P=0.003, RR=3.823 95%
CI, 1.566–9.337) and disease status before transplantation
(P=0.035, RR=3.341 95% CI, 1.089–10.249) contributed to
the risk of AML relapse after allo-HSCT. However,
patients experiencing cGVHD were less prone to relapse
(P=0.097) (Table 2). Interestingly, the effects of CTLA-4
CT60 and Fas -670 polymorphisms futures were highly
significant in AML but did not show any trend in patients
with acute lymphocytic leukemia (data not shown). No sig-
nificant impact of CD28, ICOS, Granzyme B and FasL sin-
gle nucleotide polymorphisms was observed on the inci-
dence of relapse of either AML or acute lymphocytic
leukemia.

Risk assessment before allogeneic hematopoietic 
stem cell transplantation according to genetic 
variations and outcomes
Since donor CTLA-4 CT60 genotype, donor granzyme

B +55 genotype and recipient Fas -670 genotype were sig-
nificantly associated with transplant-related life-threaten-
ing complications, including aGVHD, early CMV infection
and disease relapse, analysis of these genotypes can be
used pre-HSCT to assess risk. When overall survival was
analyzed in relation to the occurrence of isolated patient
or donor variants, a significant worse overall survival was
observed in AML patients with the Fas -670 homogeneous
variant allele (TT genotype) than in those with the wild-
type allele (CC or CT genotype) (TT: 40.8% versus

H. Xiao et al.
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Figure 1. The capacity
for T-cell alloimmune
reactivity stratified
according to the donors’
CTLA-4 CT60 genotype.
Cumulative incidence of
grades II to IV aGVHD
(A), early CMV infection
in the URD transplanta-
tion cohort (B), early
CMV infection in the sib-
ling transplantation
cohort (C) and relapse
in AML patients (D).
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CC/CT: 74.7%, generalized Wilcoxon’s test P=0.004).
Although a trend toward worse overall survival was
observed both in patients receiving grafts from CTLA-4
CT60 AA donors and in patients receiving grafts from
granzyme B +55 AA donors, the analysis did not reach
true significance (data not shown). We next analyzed overall
survival in relation to the occurrence of combined variants:
patients were stratified into two groups with respect to
the presence or absence of the susceptible alleles in the
donor and/or patient. One hundred and thirty-one
patient-donor pairs included at least one susceptible allele
(patients with a CTLA-4 CT60 AA donor, patients with a
granzyme B +55 AA donor, AML patients with a Fas -670
TT genotype or a combination of these), and 109 patient-
donor pairs involved wild-type genotypes. With a median
follow up of 34 months (range, 8-113), the presence of the
susceptible alleles in the donors and/or patients resulted in
a worse overall survival at 5 years than did the presence of
the wild-type genotypes (54.9% versus 69.5%, log-rank,
P=0.029, Figure 4).

Discussion

Transplantation outcome may be influenced not only by
the ability of T cells to recognize antigens but also by their
capacity to become activated or de-activated. We first
examined the roles of a wide range of genetic variations in
T-cell activation and effector pathways in alloimmune
responses following allo-HSCT. The primary and novel
findings of this study highlight the previously unrecog-
nized effect of variations in the CTLA-4, granzyme B and
Fas genes in both the donors and patients on the outcomes
of allo-HSCT. 
In the past few years, with the discovery of a large array

of co-stimulatory molecules and the realization of these
molecules’ potential as targets to modulate clinical
immune responses, interest in co-stimulatory molecules
has increased remarkably. CTLA-4 is the most extensively
studied inhibitory T-cell molecule, essential for T-cell
homeostasis and tolerance induction. CTLA-4, a competi-
tive antagonist for B7, has an approximately 100-fold

higher affinity and avidity for B7 than has CD28. In con-
ventional T cells, CTLA-4 efficiently competes with the
positive co-stimulatory molecule CD28 and transduces
negative signals. Furthermore, Foxp3+CD25+CD4+ regula-
tory T cells critically require CTLA-4 to suppress immune

Table 2. Multivariate analysis for the capacity of T-cell alloimmune reactivity.
Variablea RR ( 95%CI ) P

Grades II-IV aGVHDb

Donor-patient gender Female to male 1.641(0.935-2.883) 0.087
Others

Conditioning regimen Myeloablative therapy 3.363 (1.045-10.826) 0.042
RIC

Stem cell source Bone marrow 1.399 (0.805-2.429) 0.176
PBSC

HLA matching Allele matched 1.384 (0.811-2.362) 0.206
1or 2 allele mismatched

Patients’ pre-transplantation Recurrent infection 0.692 0.236
CMV infection No (0.376-1.272)
CMV infection after Early infection 1.316 0.318
HSCT No (0.767-2.257)
Donor CTLA-4 CT60 genotype AG/GG 3.806 0.025

AA (1.187-12.204)
Donor granzyme B +55 AA 1.811 0.024
genotype AG/GG (1.080-3.038)

Early CMV infectionc

Donor-patient gender Female to male 1.041 (0.712-1.522) 0.881
Others

Conditioning regimen Myeloablative therapy 0.794 (0.486-1.297) 0.323
RIC

Stem cell source Bone marrow 0.874 0.508
PBSC (0.591-1.293)

Acute GVHD With II-IV aGVHD 1.193 (0.801-1.777) 0.333
No

Donor type Unrelated donor 1.440 (1.010-2.055) 0.044
Sibling donor

Donor CTLA-4 CT60 genotype AA 0.383
AG/GG (0.243-0.605) <0.0001

Patients’ pre- Recurrent infection 0.632 0.012
transplantation CMV infection No (0.442-0.903)

AML relapsed
Disease status before HSCT High 3.341 0.035

Standard (1.089-10.249)
Donor CTLA-4 CT60 genotype AA 2.792 0.047

AG/GG (1.013-7.696)
Patient Fas -670 genotype TT 3.823 0.003

TC/CC (1.566-9.337)
Acute GVHD No 1.935 0.148

With II-IV aGVHD (0.580-6.455)
Chronic GVHD No 2.173 0.097

With cGVHD (0.674-7.004)
Donor type Sibling donor 0.931 0.490

Unrelated donor (0.269-3.225)
Age >30 years 0.781  0.432

Younger than 30 years (0.272-2.244)
aThe genetic and clinical factors included in the multivariate analysis are stated in the table.
bMultivariate analysis was performed in the URD transplantation cohort including 138 patients.
cMultivariate analysis was performed in the URD and sibling transplantation cohorts including
240 patients. dMultivariate analysis was performed in the AML cohort including 94 patients. RIC:
reduced intensity conditioning; PBSC: peripheral blood stem cells.

Figure 2. Cumulative incidence of grades II to IV aGVHD stratified
according to the donors’ granzyme B +55 genotypes 

Donor GranzymeB +55 AA: 54.8%

Donor GranzymeB +55 AG/GG: 34.2%
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responses by down-regulation of B7 on dendritic cells and
by affecting the potency of dendritic cells to activate other
T cells.30 CT60 is the most widely studied disease-associ-
ated polymorphism of the CTLA-4 gene. Previous studies
have indicated that the CTLA-4 CT60 AA genotype is a
tolerogenic genotype associated with autoimmune dis-
eases including systemic lupus erythematosus and Graves’
disease; however, it is also a strong candidate susceptibili-
ty gene in several malignancies, which suggests an interac-
tion between CTLA-4 CT60 AA genotype and lower T-
cell immunological responses.31,32 However, the results of
recent studies on the impact of the CTLA-4 CT60 geno-
type on the outcomes of allo-HSCT have been inconsis-
tent. Our data suggest that the A-to-G transition at CT60
of the CTLA-4 gene has a profound effect on the capacity
of T cells to mount alloimmune responses after allo-
HSCT. Patients receiving stem cells from a donor with the
CTLA-4 CT60 variant allele (AA genotype) had a lower
incidence of grades II–IV aGVHD; however, they experi-
enced early CMV infection and relapsed more frequently
than those who received grafts from donors with wild-
type alleles (AG/GG genotypes). Bosch-Vizcaya A et al.
suggested that the donor CTLA-4 CT60 AA genotype was
also associated with lower overall survival and disease-
free survival, this being related to an increased risk of
relapse.33 These observations and our data all indicate that
the polymorphic feature of CTLA-4 CT60 influences T-
cell activation and that the AA genotype is associated with
a reduced capacity for T-cell activation. In contrast, Orru et
al. reported that thalassemia patients with the CT60 AA
genotype experienced grades II–IV aGVHD more fre-
quently than patients with other genotypes after unrelated
donor allo-HSCT.34 Perez-Garcia et al.35 reported that the
donor CT60 AA genotype was associated with an
increased risk of grades II–IV aGVHD and a lower risk of
relapse in a HLA-identical sibling transplantation cohort.
Murase et al. found that the donor CT60 A allele did not
affect the incidence of GVHD, but was associated with a
significantly lower risk of relapse and a trend toward high-
er overall survival after HLA-identical sibling transplanta-
tion in a Japanese population.36 Metaxas et al. further eval-
uated the CTLA-4 CT60 genotype with the outcomes of
donor lymphocyte infusion in 79 patients after allo-HSCT
and observed that patients receiving lymphocytes from a
donor with the CTLA-4 CT60 A-allele had a better chance
of achieving sustained complete donor chimerism and had
better overall survival.37 Taken together, these observa-
tions indicate that the CTLA-4 CT60 AA genotype is asso-
ciated with a higher capacity for T-cell activation.
Intriguingly, Perez-Garcia’s group investigated the associ-
ation between CTLA4 CT60 genotype and the incidence
of leukemic relapse in adult AML patients after
chemotherapy and found that the CT60 AA genotype was
associated with a higher rate of leukemic relapse,38 which
seemed to contradict their own previous results. The
rational explanation for those discrepancies resides in the
full understanding of the exact influence of this polymor-
phism on CTLA-4 function and expression.
The CTLA-4 gene consists of four exons and is translat-

ed into two protein isoforms: a full-length isoform
(flCTLA-4) and a soluble form (sCTLA-4) that lacks exon
3, which encodes the transmembrane domain. CT60 maps
to the 3’ untranslated region of CTLA-4 and plays a role in
the efficiency of the splicing and production of sCTLA-4.
The A allele at CT60 produced more sCTLA-4 than did

the G allele both in patients with autoimmune diseases
and in healthy controls.11,35 Regarding the function of
sCTLA-4, primary investigations indicated that this mole-
cule, lacking a transmembrane domain, is able to bind B7
with a similar affinity to flCTLA-4 and is functionally
active with an inhibitory effect on the mixed leukocyte
response in vitro.39 Thus our results may be explained by
greater production of sCTLA-4 in patients receiving stem
cells from a donor with the CTLA4 CT60 AA genotype,
which contributes to suppression of T-cell alloimmune
responses post-HSCT.    
These data also indicated a previously unrecognized

role for variations of the T-cell effector pathway genes in
the outcomes of allo-HSCT. Granzyme B, a unique effec-
tor protease for immune defense, is used by cytotoxic T
lymphocytes and natural killer cells as a molecular
weapon in their defense against alloantigens, virus-infect-
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Figure 3. Cumulative incidence of relapse in AML patients stratified
according to the patients’ Fas -670 genotypes.

Figure 4. Overall survival of patients stratified according to the
donors’ CTLA-4 CT60 genotype, donors’ granzyme B +55 genotype
and patients’ Fas -670 genotype.
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ed and malignantly transformed host cells.40 The impor-
tance of the granzyme B/perforin pathway in the patho-
genesis of aGVHD is well established.41,42 Increased gene
expression of granzyme B was detected in patients with
aGVHD43 and an elevated serum level of granzyme B post-
HSCT was highly predictive of the risk and severity of
aGVHD.44 However, inter-individual variability in the
baseline expression and activity of granzyme B may result
from variations in the granzyme B gene. Espinoza et al.
reported that donors and/or patients with the granzyme B
+55 G- allele positive genotype were associated with
improved overall survival after unrelated HLA-fully
matched T-cell-replete bone marrow transplantation, but
failed to find any significant association with aGVHD.45
We identified for the first time that polymorphism of
granzyme B +55 influenced the risk of aGVHD and that
the AA genotype was a strong candidate for the suscepti-
bility genotype. The non-synonymous single nucleotide
polymorphism +55 A/G, located in exon 2, is responsible
for the amino acid substitution of a glutamine (CAA) to
arginine (CGA) (numbering with reference to the human
chymotrypsinogen A sequence). Previous studies showed
that the granzyme B +55 AA genotype is associated with
increased expression of granzyme B, and that the G- allele
positive genotype was incapable of inducing apoptosis,46,47
a finding which is in good agreement with our results. 
Fas is another effector molecule and Fas-mediated apop-

totic death is an important pathway in alloimmune
responses. The Fas-mediated apoptotic pathway has been
found to be dysregulated in several immune system malig-
nancies, resulting in down-regulation of apoptosis and
subsequent persistence of the malignant clone.48 Fas -670
C/T, one of the most important promoter polymorphisms,
which occurs within the signal transducers and activators
of transcription 1 (STAT1) transcription factor binding site,
may dysregulate promoter activity and affect Fas gene
expression.49 The Fas -670 C-allele positive, wild-type allele
with higher Fas expression,49 reduced the risk of AML six-
fold compared to the risk in subjects with the -670 variant
allele (T-allele)50 and the same effects were observed in
adult T cell leukemia51 and invasive squamous cell carcino-
mas.52 Furthermore, our study proves that AML patients
with the Fas -670 C-allele had a significantly lower risk of
relapse following allo-HSCT. This suggests that polymor-
phism of Fas -670 may contribute to apoptosis-resistant
clones in AML. However, this strong association was only

observed in AML patients but not in patients with other
myelogenous or lymphoid malignancies. A possible expla-
nation for this discrepancy may be that the mechanisms
and/or threshold for the graft-versus-leukemia effect differ
between acute myelogenous malignancies, chronic myel-
ogenous malignancies and lymphoid malignancies. 
In addition to HLA matching, huge advances in human

genomics have identified many non-HLA polymor-
phisms that have been found to influence the outcomes
of allo-HSCT. Our present study suggests that a donor’s
CTLA-4 CT60 genotype, donor’s granzyme B +55 geno-
type and a patient’s Fas -670 genotype are significantly
associated with the outcomes of allo-HSCT, and that the
presence of these susceptible alleles in the donor and/or
patient results in worse overall survival. Analysis of the
donor’s and/or patient’s genotype for T-cell activation
and effector pathway genes could, therefore, be used for
pre-HSCT risk assessment for patients with hematologic
malignancies. The compelling urgency is to construct a
risk “index” of clinical and genetic variables that would
not only enable selection of an optimal unrelated donor
out of multiple potential donors, but that could also be
used to divide patients into genetically low- and high-
risk subjects. Transplant recipients would thus benefit
from accurate risk assessment and individualization of
immunosuppressive therapy, taking into account the
donor’s and patient’s genetic data, as well as other risk
factors. 
This study is the first report of the relationship between

genetic variations of the activation and effector pathway
molecules in transplant donors and recipients and the
capacity for T-cell alloimmune responses after allo-HSCT.
According to our results, special targeting of the CTLA-4,
granzyme B and Fas pathways may be a promising thera-
peutic strategy in patients with aGVHD, CMV infection
and leukemia relapse after allo-HSCT.
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