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CTLA-4 inhibitory molecule plays an important role in regulating T cell activation. It is considered a cru-
cial element in keeping the immune balance and has been implicated in cancer, autoimmunity and trans-
plantation immunology. Inconsistent observations are reported regarding its association with
hematopoietic stem cell transplantation (HSCT). Genotyping of CTLA-4 was performed in recipients
and their HLA-matched donors for +49A/G and CT60 polymorphisms (80 and 94 pairs, respectively) using
PCR-RFLP. No association was encountered between both polymorphisms in patients and donors and
acute or chronic graft versus host disease. Significant association was observed between recipient
+49A/G G allele and lower disease-free survival and overall survival compared to AA genotype (HR:
2.17, p = 0.03, 95% CI: 1.05–4.48 and HR: 2.54, p = 0.01, 95% CI: 1.16–5.54), respectively. Our results sug-
gest that CTLA-4 genotyping may predict outcome in patients post HSCT. To validate our results, further
studies on a larger cohort are needed.
� 2013 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights

reserved.
1. Introduction

Allogeneic hematopoietic stem cell transplantation (AHSCT) is a
curative treatment for a variety of malignant and non-malignant
diseases. Improved outcomes are related to reductions in graft-
versus-host disease (GVHD), relapse and infectious complications.

Donor T cells have been shown to enhance engraftment of HSC,
reconstitute T cell immunity and mediate graft versus host disease
(GVHD) and graft versus leukemia (GVL) effect. Genetic diversity
affects the development of tolerance and the reconstitution of
immune system following HSCT [1].

The cytotoxic T-lymphocyte antigen-4 (CTLA-4) inhibitory
receptor is a transmembrane homodimer glycoprotein homolo-
gous to CD28. It competes with CD28 for binding with B7 (CD80
and CD86) with higher affinity, resulting in inhibition of T cell acti-
vation [2,3]. Impairment of CD28 costimulation may also result
from capturing of costimulatory ligands (CD80 and CD86) of anti-
gen-presenting cells through trans-endocytosis and degradation
inside CTLA-4-expressing cells [4]. CTLA-4 is expressed transiently
on activated CD4+ and CD8+ T lymphocytes and constitutively on
CD4+CD25+ T regulatory lymphocytes (Treg) [5]. It plays an impor-
tant role in regulating T cell activation and has been involved in
peripheral T cell tolerance [6–8]. It suppresses T cell proliferation
and induces apoptosis in activated T cell and controls Treg [9,10].
CTLA-4 is considered a crucial element, in keeping the immune bal-
ance and has been implicated in cancer, autoimmunity and trans-
plantation immunology [10,11].

CTLA-4 gene consists of three exons and two introns. CTLA-4
protein is expressed in two main isoforms: full length (flCTLA-4)
and soluble (sCTLA-4) which lacks exon 3 (transmembrane do-
main) resulting from alternative splicing [11,12]. Many SNPs have
been identified including the +49A/G (rs231775) located in exon 1
in the leader sequence at position +49, and the CT60 A/G
(rs3087243) located in 30-untranslated region (30UTR) at position
+6230 (located in 6.1-kb region 30 of the CTLA-4 gene) [10,11].

CTLA-4 +49A/G polymorphism resulting in a threonine–alanine
conversion at codon 17, has been recognized as a functional poly-
morphism of CTLA-4, with the G allele associated with reduced
surface expression of CTLA-4 protein and lower mRNA levels of
the sCTLA-4 [13–16]. The CT60 polymorphism, affects the ratio of
trans-membrane to soluble mRNA splice forms of the CTLA-4 gene,
the G allele at the CT60 position was associated with a 50% reduc-
tion in the soluble CTLA-4 isoform and with lower Treg levels
[14,17].

The soluble form of CTLA-4 may have a dual function in the
immune response, besides binding B7 on APCs and preventing
B7/CD28-mediated costimulation of T-cell activation, it can also
impede B7/CTLA-4 interaction and consequently prevent the nega-
tive signal to T cells [18,19].

Studies showed conflicting results regarding the impact of
CTLA-4 polymorphism on HSCT outcome [20–28]. Our aim is to
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address the effect of +49A/G and CT60 polymorphisms in a cohort
of Egyptian patients transplanted from matched sibling donors.
2. Patients and methods

2.1. Patients

Ninety four patients and their respective HLA matched sibling
donors transplanted at National Cancer Institute, Cairo University
and at Nasser institute between 2007 and 2009 were enrolled in
the study. Informed consent was obtained. Patient characteristics
are mentioned in Table 1. Median age of patients was 34 years
(range: 2–54). Median age of donors was 30 years (range: 10–
48), they were 55 males and 39 females.
2.1.1. Conditioning regimens and GVHD prophylaxis
Conditioning regimens included Flu/Bu: Fludarabine 30 mg/m2/

d IV daily for four days (D-10, D-9, D-4 and D-2) and Busulphan
4 mg/Kg p.o. daily for four days (D-8 to D-5); Flu/Alk: Fludarabine
30 mg/m2/d IV daily for four days (D-7 to D-4) and Alkeran
(Melphalan) 70 mg/m2/d IV for two days (D-3 and D-2); Bu/
cy:Busulphan 4 mg/Kg p.o. daily for four days (D-7 to D-4) and
Cyclophosphamide 60 mg/Kg/d IV for two days (D-3 and D-2)
given with 2-mercaptoethane sulfonate sodium (MESNA).

Graft versus host disease (GVHD) prophylaxis was given by
Cyclosporin-A (CSA) 3 mg/kg IV from day one to be changed to oral
form (3 mg/kg) once the patient can swallow for 9–12 months
post-transplant. Also, GVHD prophylaxis included short course IV
methotrexate (15 mg/m2 day one and 10 mg/m2 days three and
six) with leucovorin rescue and mycophenolate mofetil (MMF)
1000 mg twice daily PO.

Disease-free survival (DFS) was defined as the time from trans-
plantation to relapse or death. Overall survival (OS) was calculated
from transplantation to death.
Table 1
Patient characteristics.

Age: median (range) 34 (2–54)
Sex (male:female) 1.5:1
Disease at transplantation, n (%)

Acute myeloid leukaemia 59(62.8)
Myelodysplastic syndrome 15(16)
Chronic myeloid leukemia 20(21.3)

Prior therapy, n (%)
No 33(35.1)

61(64.9)
Yes

Sex combination (Recipient/Donor), n (%)
M/M 32(34)
M/F 25(26.6)
F/F 14(14.9)
F/M 23(24.5)

Source of stem cells, n (%)
Bone marrow 12(12.7)
Peripheral blood 82(87.3)

Conditioning regimen, n (%)
Busulfan/Cyclophosphamide 4(4.2)
Busulfan/Fludarabin 72(76.7)
Fludarabin/Melphalan 18(19.1)

GVHD prophylaxis, n (%)
Cyclosporine /Methotrexate 76(80.8)
Cycosporine/MMF 18(19.2)

Graft versus host disease, n (%)
Acute

Grade 0–I 68(72.3)
Grade II–IV 26(27.7)

Chronic
No 63(67)
Extensive 31(33)
2.2. Genotyping of CTLA-4 polymorphism

Genomic DNA was extracted using salting out technique [29]
and QIAamp DNA Mini Kit (Qiagen, Germany), according to the
manufacturer’s protocol. Quality and quantity of DNA were as-
sessed using spectrophotometer (NanoDrop Spectrophotometer
ND-1000, Thermo-Scientific, USA).

CTLA-4 polymorphisms +49A/G and CT60 were assessed by
PCR-RFLP (polymerase chain reaction–restriction fragment length
polymorphism) [30,31]. Genomic DNA was amplified in a PCR reac-
tion in a total volume of 25 ll containing 100 ng genomic DNA, 1X
Go Taq buffer including 1.5 mM MgCl2, 1.25 U Go Taq DNA poly-
merase (Promega, Madison, USA), 0.2 mM each dNTP (Thermo Sci-
entific, Fermentas) and 10 pmoles of each primer: +49A/G (forward
primer 50CCACGGCTTCCTTTCTCGTA-30 and a reverse primer 50-
AGTCTCACTCACCTTTGCAG-30), and CT60 A/G F: 50-CACCAVTAT
TTGGGATATACC-30 and a reverse primer 50- AGGTCTATATTTCAG-
GAAGGC-30. PCR conditions for +49A/G consisted of initial denatur-
ation at 95 �C for 2 min, followed by 40 cycles at 94 �C for 30 s,
50 �C for 45 s and 72 �C for 30 s and a final extension step at
72 �C for 10 min. Conditions for CT60, consisted of 30 cycles at
94 �C for 30 s, 60 �C for 30 s and 72 �C for 1 min followed by exten-
sion at 72 �C for 10 min. This resulted in fragments of 327 bp and
266 bp for +49A/G and CT60, respectively. Genotyping was carried
out by digesting the amplified PCR products with the restriction
enzymes, BbvI (Thermo Scientific, Fermentas) recognizing +A49A/
G and NcoI (New England Biolab) recognizing CT60 A/G. Digested
products were separated on 2% agarose stained with ethidium bro-
mide. For +49A/G, this resulted in no digestion with a 327 bp single
band with AA genotype, two bands of 244 bp and 83 bp with GG
and 327 bp, 244 bp and 83 bp with A/G genotype. While for
CT60, this resulted in a 216 bp band for GG, 196 bp for AA and
two bands of 216 bp and 196 bp for A/G. In genotypes AA and A/
G, the enzyme also generated a fragment of 20 bp, which was too
small to be seen in the gel.
2.3. Statistical methods

Data was analyzed using IBM SPSS advanced statistics version
20 (SPSS Inc., Chicago, IL). Numerical data were expressed as med-
ian and range. Hardy–Weinberg equilibrium was tested using
Pearson’s chi-squared test. Qualitative data were expressed as
frequency and percentage. Chi-square test (Fisher’s exact test)
was used to examine the relation between qualitative variables.
Survival analysis was done using Kaplan–Meier method and Cox-
regression method. Hazard ratio (HR) with its 95% confidence
interval (CI) was used for risk assessment. A p-value < 0.05 was
considered significant.
Table 2
Genotype and allele frequencies of CTLA-4 +49 and CT60 polymorphisms in patients
and donors.

Genotypes and alleles Recipient N (%) Donor N (%)

+49 A/G (80)
A/A 39(48.8) 42(52.5)
A/G 35(43.7) 30(37.5)
G/G 6(7.5) 8(10)
A allele 113(70.6) 114(71.3)
G allele 47(29.4) 46(28.7)

CT60 (94)
A/A 19(20.2) 20(21.3)
A/G 49(52.1) 50(53.2)
G/G 26(27.7) 24(25.5)
A allele 87(46.2) 90(47.9)
G allele 101(53.7) 98(52.1)



Table 3
Association of CTLA-4 +49A/G and CT60 polymorphisms with transplantation outcome.

Acute GVHD (II–IV) Chronic GVHD Overall survival Disease free survival

P HR 95%CI P HR 95% CI P HR 95% CI P HR 95% CI

+49A/G
R-CT49 AG+GG vs AA 1.0 1.0 0.36–2.76 0.74 0.85 0.32–2.25 0.01 2.54 1.16–5.54 0.03 2.17 1.05–4.48
R-CT49 GG vs AG+AA 0.14 1.37 1.19–1.57 0.10 1.45 1.24–1.69 0.63 1.34 0.40–4.41 0.51 0.67 0.25–2.20
D-CT49 AG+GG vs AA 0.79 1.14 0.41–3.14 0.64 0.79 0.30–2.11 0.85 1.06 0.52–2.18 0.16 2.12 0.74–6.06
D-CT49 GG vs AG+AA 0.83 0.84 0.16–4.42 0.26 2.18 0.53–9.02 0.23 1.90 0.66–5.46 0.68 0.86 0.42–1.75

CT60
R-CT60 AG+GG vs AA 0.38 1.81 0.47–6.96 0.87 1.12 0.34–3.49 0.80 1.11 0.46–2.69 0.66 1.95 0.96–3.96
R-CT60 GG vs AG+AA 0.67 1.23 0.45–3.32 0.44 0.67 0.24–1.83 0.34 1.40 0.68–2.87 0.53 1.49 0.46–4.87
D-CT60 AG+GG vs AA 0.30 1.98 0.52–7.58 0.13 2.66 0.70–10.0 0.83 1.09 0.45–2.64 0.87 1.06 0.47–2.42
D-CT60 GG vs AG+AA 0.16 0.43 0.13–1.42 0.96 1.02 0.38–2.71 0.72 1.14 0.53–2.44 0.85 0.94 0.42–2.03

R, recipient; D, donor; HR, Hazard ratio; CI, confidence interval.

Fig. 1. Disease free survival (DFS) according to recipient CTLA-4 +49A/G polymor-
phism (p = 0.03). (AG+GG = 42, AA = 38).

Fig. 2. Overall survival (OS) according to recipient CTLA-4 +49A/G polymorphism
(p = 0.01). (AG + GG = 42, AA = 38).

G.I. Mossallam, M.A. Samra / Human Immunology 74 (2013) 1643–1648 1645
3. Results

Eighty pairs of recipients and their corresponding matched sib-
ling donors were genotyped for CTLA-4 +49A/G and 94 pairs for
CT60 polymorphisms. The genotype distributions of the study
group were consistent with those predicted by the Hardy–Wein-
berg equilibrium (Table 2).

Incidence of acute graft versus host disease (aGVHD) grades
II–IV in the whole cohort was 27.7%, while that of extensive
chronic graft versus host disease (cGVHD) was 33% (Table 1).
No association was observed between both polymorphisms in
patients and donors and aGVHD (grade II–IV) or extensive
cGVHD (Table 3).

Median follow-up post allogeneic HSCT was 20.5 (range: 0.5–
65) months. Recipient CTLA-4 +49A/G G allele (AG+GG) showed
significant association with lower DFS and OS compared to AA
genotype (HR: 2.17, p = 0.03, 95% CI: 1.05–4.48 and HR: 2.54,
p = 0.01, 95% CI: 1.16–5.54, respectively (Table 3, Figs. 1 and 2).
Multivariate cox regression analysis including recipient +49A/G
genotype and other contributing factors (age, diagnosis, disease
stage, and cGVHD) confirmed that +49A/G G allele was an indepen-
dent risk factor for lower DFS and OS. When this cohort was di-
vided into gender-matched and gender-mismatched subgroups
(37 and 43, respectively), significant association between recipient
+49A/G G allele and survival was only retained in gender-mis-
matched subgroup for DFS (p = 0.028). Within this subgroup no
significant difference in DFS was observed between female donor
to male recipient (23/43) compared to male donor to female reci-
pient from (p = 0.41).

Significant association between recipient +49A/G G allele and
DFS and OS was only retained for recipients receiving myeloab-
lative regimen (Flu/Bu and Bu/Cy) (64 recipients), (p = 0.061 and
p = 0.023, respectively), and not for those receiving RIC (Flu/Mel)
(16 recipients) (p = 0.32 and p = 0.36, respectively), when the co-
hort was subdivided according to the conditioning regimen.

From the 80 patients analyzed for CTLA-4 +49, 15 were still
alive beyond 42 months: 10/38 (26.3%) of those carrying AA geno-
type compared to 5/42 (11.9%) of those carrying AG or GG (G al-
lele). Alternatively, sixty six percent of them carries AA genotype
while 34% carries AG or GG (G allele).

Ten percent of patients with AA genotype relapsed compared
to 17% of those with G allele. Studying infection as a cause of
death among total deaths [31], no significant association was
found with +49A/G G allele (AG+GG) compared to AA
(p = 0.53). Donor +49A/G genotype was not associated with DFS
or OS. The polymorphism at CT60 in recipients and donors did
not affect DFS or OS (Table 3).



Table 4
Association of CTLA-4 +49A/G and CT60 polymorphisms with transplantation outcome in different studies.

Acute GVHD Chronic GVHD Relapse/DFS OS

+49A/
G

CT60 +49A/G CT60 +49A/G CT60 +49A/G CT60

Current work (80R/D and 94R/D for +49
and CT60) (Egyptian)

NO NO NO NO (R) AA longer
DFS

NO (R) AA longer
OS

NO

Azarian et al (225D) (French) NO NO GG
reduced
risk

NO No with
relapse

No with relapse NO NO

Perez-Garcia et al (536D) (Spanish) NO AA
increased
risk

– – NO G allele
increased
relapse

NO G allele worse OS

Vannucchi et al (147D) (Italian) NO AA
increased
risk

NO AA
increased
risk

NO NO NO NO

Piccioli et al (133R/D) (Italian) NO NO NO NO (R) G allele
longer DFS

NO (R) G allele
longer OS

NO

Murasae et al (147D) (Japanese) NO NO NO NO �318, +49, CT60 C-A-A decrease
risk of relapse

�318, +49, CT60 C-A-A longer OS

Sellami et al (112D) (Tunisian) NO – GG
increased
risk

– – – – –

Jagasia et al (164R/D) (American) – – – – NO NO NO NO

Orru et al (72R) (Italian) NO AA
increased
risk

– – – – – –

Xiao et al (102R/D) and (138R/D)
(Chinese)

– (D) AA
reduced risk

– – – (D) AA
increased
relapse

– (D) AA trend
toward worse OS

R, recipient; D, donor; NO, No association; –, not done; N.B., all were using mainly myeloablative conditioning regimen.
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4. Discussion

The CTLA-4 inhibitory action includes many mechanisms
involving delivery of an inhibitory signal to the T cell, ligand com-
petition (with CD28 for CD80/86 molecules), trans-endocytosis and
degradation of costimulatory ligands (CD80 and CD86) inside
CTLA-4-expressing cells [4] and a role in Treg function [32]. Incon-
sistent observations are reported regarding the functional effect of
CTLA-4 +49A/G and CT60 polymorphisms and its association with
transplantation outcome [20–28]. CTLA-4 +49A/G A allele is associ-
ated with increased expression of flCTLA-4 after cellular stimula-
tion while G allele is associated with decreased expression. Both
+49A/G and CT60 A alleles are associated with increased level of
sCTLA-4 in T cells, whereas, G alleles are associated with reduced
production [14,16,21,33,34]. sCTLA4 might act both as inhibitor
or enhancer of the immune response resulting in different out-
comes [18,19].

In our study, no association was encountered between CTLA-4
49A/G and CT60 polymorphisms in both recipients and donors
and acute GVHD or chronic GVHD. The lack of association was also
reported by Piccioli et al. [23] in recipient/donor pairs and Murase
et al. [24] in donors of an Italian and Japanese cohorts, respectively.
While Vannucchi el al. [22], in another Italian cohort, reported lack
of association between donor +49A/G and GVHD; whereas CT60 AA
genotype was associated with both acute and chronic GVHD. Per-
ez-Garcia et al. [21] confirmed the association between donor
CT60 A allele and the increased risk of aGVHD in a Spanish study,
while Orru et al. [27] found an association between recipient CT60
AA genotype and the increased risk of aGVHD in thalassaemic Ital-
ian patients. On the contrary, Xiao et al. [28] reported reduced inci-
dence of aGVHD with CT60 A allele in a Chinese cohort. Azarian
et al. [20] in a French study, reported lack of association between
both polymorphisms and aGVHD, whereas donor +49A/G GG was
associated with cGVHD in accordance with a Tunisian study con-
ducted by Sellami et al. [25],while Jagasia et al. [26] reported lack
of association between both polymorphisms and cGVHD (Table 4).
Although donor T-cell has a central role in mediating effective
graft versus leukemia effect, preventing and controlling opportu-
nistic infections [35], surviving host T-cell populations may also
contribute to the emergent lymphoid compartment [36]. Our data
suggest an association between recipient +49A/G AA genotype
and enhanced T cell activation compared to G allele. Recipient
+49AA genotype showed lower rates of infection and relapse com-
pared to AG and GG genotypes and was significantly associated
with longer DFS and OS. Murase et al. [24] also reported decreased
risk of relapse in recipients with donors carrying CTLA-4 (�318,
+49, CT60) C-A-A haplotype compared to those lacking this haplo-
type coupled with a trend toward association with longer survival.
On the contrary, Piccioli et al. [23] observed significant decrease in
relapse rate, longer DFS and OS in recipients with +49 G allele, while
Vannucchi et al. [22] and Jagasia et al. [26] reported lack of associ-
ation between CTLA-4 +49A/G polymorphism in recipients and do-
nors and DFS or OS (Table 4). CTLA-4 molecule is expressed by
recipient lymphocytes, leukemic cells and monocytes [37,38]. In
our cohort, the association of survival with recipient genotype
was not retained for those receiving RIC conditioning regimen
which may probably be due to the small sample size in this sub-
group. Association between recipient genotype and survival was
previously reported by Piccioli et al. [23] using comparable condi-
tioning regimens, however, their results were opposite to ours as
mentioned earlier. Although the functional effect of +49A/G poly-
morphism is mainly related to the expression of flCTLA-4, with
the G allele associated with reduced expression [16], the decreased
level of sCTLA-4 associated the same allele and the ratio between
the two isoforms may play a role in our scenario. In the absence
of sCTLA-4 competing with flCLA-4 for the CD28 ligand, T cells are
more likely to be inactivated and less capable of detecting tumour
antigens, leading to evasion of GVL effect. This role of sCTLA-4 in
blocking the interaction of flCTLA-4 with its ligand and enhancing
T-cell activation was suggested from its association with some
autoimmune disease [39–41]. On the other hand, Erfani et al. [34]
suggested an association between increased sCTLA-4 and CTLA-4-
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induced suppression of tumor immunity in breast cancer patients.
Further analysis is, however, needed to explain our findings.

In our study, CT60 polymorphism in recipients and donors did
not affect DFS or OS. This was in line with Vannucchi et al. [22]
and Jagasia et al. [26]. While Murase et al. [24] and Perez-Garcia
et al. [21] reported increased relapse rate in patients with donors
carrying CT60 G allele. This finding was however, contradicted la-
ter by the same authors in another cohort of AML patients after
chemotherapy, where the CT60 AA genotype was associated with
an increased risk of leukemic relapse [42]. This was in accordance
with Xiao et al. [28] segregating AML cases, they reported in-
creased relapse in patients with donors carrying CT60 AA geno-
type. Bosch-Vizcaya et al. [43]suggested the same association
between donor CT60 AA genotype and lower DFS and OS in T-cell
depleted transplant.

Anti-CTLA-4 antagonistic monoclonal antibodies can be used to
promote T cell functions in immunotherapies for malignancies and
infections [44]. The CTLA-4 antibody (Ipilimumab) may be used for
relapse after AHCST [7,45].

The observed disagreement regarding the contribution of differ-
ent CTLA-4 alleles in transplantation outcome may be related to
the reported discrepancy in the functional effect of the studied
polymorphisms, ethnic variation and difference in disease type
and conditioning regimen.

Our results suggest that CTLA-4 genotyping may predict out-
come in patients post ASCT. To validate our results, further studies
on a larger cohort are needed.
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