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Abstract
Purpose  Allogeneic hematopoietic stem cell transplantation (HSCT) is a curative approach for a variety of hematological 
diseases; however, it is still associated with substantial morbidity and mortality. Transplant-related mortality (TRM) after 
HSCT depends mainly on the toxicity of the conditioning regimen, infections, and graft-versus-host disease. The purpose of 
this study was to identify the association between CTLA-4 single nucleotide polymorphisms and TRM in children undergo-
ing allogeneic HSCT.
Methods  153 donors and 153 children with acute lymphoblastic leukemia, acute myeloid leukemia or juvenile myelomono-
cytic leukemia who had undergone allogeneic HSCT were genotyped of CTLA-4 gene for rs3087243 (CT60G>A), rs231775 
(+ 49 A>G) and rs4553808 using TaqMan real-time polymerase chain reaction.
Results  We observed a significant association between the donor’s CLTA-4 genotype of rs3087243 and TRM in children 
undergoing allogeneic HSCT. Genotype AG was found in 78 donors (51%), GG in 44 donors (29%) and 31 donors (20%) 
were homozygous for AA. 30 patients died as a result of transplant-related causes. Interestingly, we observed a significantly 
reduced TRM in children who were transplanted from a donor with the CTLA-4 genotype GG in comparison to genotype 
AG or AA (9 versus 19 versus 36%, P = 0.013). In addition, we found significant differences of event-free survival (EFS) 
depending on the donor’s genotype. The EFS was 64, 46 or 32% if the patient was transplanted from a donor with CTLA-4 
genotype GG, AG or AA, respectively (P = 0.043). In multivariate analysis, CTLA-4 genotype of rs3087243 was an inde-
pendent risk factor for TRM (P = 0.011) and EFS (P = 0.035).
Conclusion  This study provides first evidence that the CTLA-4 polymorphisms are significant risk factors for TRM and 
survival in children undergoing allogeneic HSCT and should be evaluated in further trials.
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Introduction

Cancer is the second leading cause of death after accidents 
in children aged 1–14 years. The most common type of can-
cer in children is leukemia, which accounts for about one-
third of all cases. Of these, acute lymphoblastic leukemia 

(ALL) is prevalent with about 75% followed by acute 
myeloid leukemia (AML) and juvenile myelomonocytic 
leukemia (JMML). However, thanks to significant improve-
ment in treatment in recent decades, the 10-year survival of 
ALL has increased to over 90% (Pui et al. 2017). For most 
patients, chemotherapy is a sufficient treatment, although 
certain patients require a more aggressive treatment. Allo-
geneic hematopoietic stem cell transplantation (HSCT) has 
developed into an effective curative treatment for children 
with leukemia and poor risk features. The success of the 
allogeneic HSCT depends on several factors, of which the 
graft-versus-leukemia effect is very important for outcome 
(Hoffmann et al. 2015; Qin et al. 2016; Seggewiss and Ein-
sele 2010).
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Cytotoxic T-lymphocyte antigen-4 (CTLA-4) is a cru-
cial inhibitory immune checkpoint molecule (Alatrash 
et al. 2016). The CTLA-4 gene is located on chromosome 
2q33 and consists of 4 exons. Exons 1 and 2 code for 
the extracellular domain, exon 3 encodes the transmem-
brane domain and exon 4 encodes the cytoplasmic part. 
In humans, there are two main isoforms: the isoform full 
length CTLA-4 (flCTLA-4) that contains 4 exons and the 
isoform soluble CTLA-4 (sCTLA-4) which is generated 
by alternative splicing and lacks the transmembrane part 
(Mossallam and Samra 2013; Teft et al. 2006; Zhang et al. 
2016). In resting T cells, flCTLA-4 is mainly localized in 
intracellular compartments (Linsley et al. 1996; Salama 
and Hodi 2011). The translocation to the cell surface is 
provoked by T cell receptor contact combined with fur-
ther costimulatory signals (Egen and Allison 2002; Lin-
sley et al. 1996; Salama and Hodi 2011). Subsequently, 
CTLA-4 binds CD80 and CD86 on antigen-presenting 
cells with an affinity 20 times higher than the compet-
ing CD28 indicating that the inhibitory signal predomi-
nates. The downregulation of the T cell-mediated immune 
response is particularly implemented by the inhibition of 
the cell cycle, decrease of transcription factors NFκB, 
NF-AT and AP-1 and reduced production of cytokines 
such as IL-2 (Karabon et al. 2015; Krummel and Allison 
1995; Linsley et al. 1992; Sansom and Walker 2006; Teft 
et al. 2006; Valk et al. 2008).These mechanisms lead to 
modulation of the immune response, influence on T cell 
homeostasis, differentiation, and affection of central and 
peripheral tolerance (Krummel and Allison 1995; Lau-
rent et al. 2010; Olsson et al. 1999; Sellami et al. 2011; 
Valk et al. 2008; Zhang et al. 2016). The significance of 
CTLA-4 was verified by studies with monoclonal anti-
bodies and CTLA-4 deficient mice which developed lym-
phoproliferative diseases and died within 4 weeks (Fife 
et al. 2006; Tivol et al. 1995; Waterhouse et al. 1995). 
To ensure the required balance sCLTA-4, constitutively 
expressed by regulatory T cells, amplifies the immune 
response (Magistrelli et al. 1999; Purohit et al. 2005). 
Genetic polymorphisms within the CTLA-4 gene affect the 
ratio of the two isoforms and, therefore, the extent of the T 
cell activity (Karabon et al. 2015; Mossallam and Samra 
2013; Perez-Garcia et al. 2007; Ueda et al. 2003). The 
single nucleotide polymorphism (SNP) CT60 has gained 
increasing attention in the latest research, because a large 
number of studies described CT60 as a possible predictor 
of transplantation outcome (Bosch-Vizcaya et al. 2012; 
Jagasia et al. 2012; Karabon et al. 2015; Mossallam and 
Samra 2013; Orrù et al. 2012; Qin et al. 2016; Sellami 
et al. 2011; Metaxas et al. 2012). Our aim was to examine 
the association between certain CTLA-4 polymorphisms 
and the outcome after allogeneic HSCT in children.

Patients and methods

Patients

We retrospectively analyzed 153 patients and their donors 
transplanted at the Department of Pediatrics, Jena Univer-
sity Hospital, Jena, Germany. We included all children with 
ALL, AML, and JMML who received allogeneic hematopoi-
etic stem cell transplantation. Further characteristics of the 
patients are presented in Table 1.

Genotyping of CTLA‑4 polymorphism

DNA was isolated from blood, cord blood, or bone mar-
row aspirates using High Pure PCR Template Preparation 
Kit (Roche, Mannheim, Germany) according to the manu-
facturer’s instructions. The concentration of the purified 

Table 1   Characteristics of patients and donors (n = 153)

Characteristics Total, no. (%)

Median age of the patients (y) 11
Sex of the patients
 Male 88 (57.5)
 Female 65 (42.5)

Disease
 ALL 90 (58.8)
 AML 58 (38.0)
 JMML 5 (3.2)

Remission (complete)
 First 49 (32.0)
 Second 40 (26.2)
 Third 15 (9.8)
 Not in remission 49 (32.0)

Conditioning regimen (based on)
 Total body irradiation 79 (51.6)
 Busulfan 68 (44.4)

GVHD prophylaxis
 Cyclosporine A/methotrexate 98 (64.1)
 Cyclosporine A 38 (24.8)
 None 12 (7.8)
 Others 5 (3.3)

Donor type
 HLA-matched unrelated 71 (46.6)
 HLA-mismatched unrelated 20 (13.1)
 HLA-identical related 47 (30.7)
 HLA-haploidentical related 15 (9.8)

Cell type
 Bone marrow 105 (68.6)
 Peripheral blood stem cells 46 (30.1)
 Cord blood 2 (1.3)
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template DNA was quantified at 260 and 280 nm using 
the BioPhotometer plus (Eppendorf, Wesseling-Berzdorf, 
Germany). We generated a mix containing 1 µL (10 ng/µL) 
DNA, 10 µL Genotyping Mastermix, 9.5 µL sterile aqua 
and 0.5 µL primer-probe mix (TaqMan Genotyping Assays 
by Applied Biosystems). The samples and minimum five 
negative controls were transferred into 96-well optical 
Reaction Plates with Barcode by pipettes. Using 7900HT 
Fast Real-Time PCR System by Applied Biosystems, the 
DNA underwent an absolute quantification process with 
two diverse detectors. Therefore, the samples were heated 
10 min to 95 °C for activation, followed by 40 cycles each 
of 15 s at 92 °C for denaturation and closing with 60 s at 
60 °C for annealing and extension. Afterwards, the particular 
SNP was analyzed during an allelic discrimination post-read 
run. Overall we explored three different SNPs: rs3087243 
(C_3296043_10), rs231775 (C_2415786_20) and rs4553808 
(C_27916481_10).

Statistical analysis

Our primary aim was to examine a potential correlation 
between CTLA-4 polymorphism and event-free survival 
(EFS), overall survival (OS), transplant-related mortality 
(TRM), and relapse rate (RR). EFS and OS were calculated 
by the Kaplan–Meier method. Differences were compared 
using the log-rank test. OS was defined as the time between 
stem cell transplantation and death of any cause. EFS 
describes the time between stem cell transplantation and 
relapse, secondary malignancy, or death. RR and TRM were 
analyzed using survival calculation with competing risks. 
Differences between the curves were evaluated with the Gray 
test (Gray 1988). RR describes the cumulative incidence of 
relapse. TRM was defined as death without a former sign 
of progression or relapse. All calculations were made using 
IBM SPSS Statistics 23 and R Foundation for Statistical 
Computing 3.2.5. A P value of < 0.05 was considered statis-
tically significant. Multivariate analyses were performed to 
identify possible confounding variables such as disease risk, 
gender match, and age at time of diagnosis. Disease risk was 
considered low if the patients were transplanted in complete 
first or second remission and high if the transplantation was 
performed in more than second remission or in relapse.

Results

Frequency of polymorphisms

We analyzed 153 pairs of patients and their donors. The 
heterozygote genotype AG of CTLA-4 SNP rs3087243 was 
found in 78 donors (51.0%), GG in 44 donors (28.8%) and 
AA in 31 donors (20.3%). The distribution of CTLA-4 SNPs 

did not differ from results of a publication with 536 donors 
(Perez-Garcia et al. 2007).

Event‑free survival

Three years post-transplantation, 74 of 153 patients (48.4%) 
survived without a relapse. Interestingly, we found a sig-
nificant association between the donor’s genotype and the 
event-free survival (EFS). The EFS was 63.6, 46.2 or 32.3% 
if the patient was transplanted from a donor with CTLA-4 
genotype GG, AG, or AA, respectively (P = 0.043) (Fig. 1). 
This difference was also detected when analyzing only 
patients who were in first or second remission at time of 
transplantation (P = 0.020). The EFS was also better for 
patients transplanted from donors with CTLA-4 genotype 
GG, when analyzing only patients with ALL (P = 0.038).

Transplant‑related mortality

Seventy patients died within 3 years post-transplantation, 
30 deaths of which were transplant related. Ten patients 
(33.3%) died of infection in which seven patients (23.3%) 
suffered from viral infection and three patients (10.0%) 
from invasive fungal disease. Three of the ten patients 
were additionally diagnosed with graft-versus-host dis-
ease (GVHD). Further five patients (16.7%) died of acute 
GVHD, two patients (6.7%) of chronic GVHD and three 
patients (10.0%) of hepatic sinusoidal obstruction syndrome. 
Further ten patients (33.3%) died of multi-organ failure with 
different leading focuses. In four cases (13.3%), the patient’s 

Fig. 1   Event-free survival according to donor’s SNP rs3087243 status
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condition was primarily impaired by pulmonary failure, in 
three cases (10.0%) by sepsis without an identified pathogen, 
in one case (3.3%) by cardiomyopathy, in one case (3.3%) by 
capillary leak syndrome and in one case (3.3%) by intracra-
nial hemorrhage. We observed a significantly reduced TRM 
in children who were transplanted from a donor with the 
CTLA-4 genotype GG in comparison to genotype AG or AA 
(9.1 versus 19.2 versus 35.5%, P = 0.013) (Fig. 2).

Multivariate analysis

Multivariate analysis was used to test whether the associa-
tion between donor’s CTLA-4 polymorphism and TRM and 
EFS was affected by other factors. The results are presented 
in Table 2 and indicate that the rs3087243 CTLA-4 SNP is 
an independent risk factor for EFS and TRM.

The donor’s CTLA-4 SNP CT60 was not significantly 
associated with either acute GVHD (P = 0.477) or chronic 
GVHD (P = 0.55). There was no significant correlation 
between CT60 SNP and RR (P = 0.748). The recipient’s 
genotype had no significant effect on the surveyed clini-
cal outcomes. Furthermore, no significant correlation was 

observed between the CTLA-4 polymorphisms rs231775 or 
rs4553808 and acute GVHD, chronic GVHD, OS or TRM.

Discussion

In this paper, we would like to point out that the donor’s 
CTLA-4 polymorphism CT60 has a significant influence on 
TRM (P = 0.011) and EFS (P = 0.035). CT60 is located in 
the 3’untranslated region of the CTLA-4 gene (Purohit et al. 
2005). Many studies have evaluated the correlation between 
the exchange of guanine and adenine in CT60 and the out-
come after allogeneic HSCT: Perez Garcia et al. (2007) pos-
tulated in their study that donor’s CT60G>A [AA] increased 
the risk of acute GVHD II-IV but with a reduced relapse 
rate and better 5-year overall survival. Similarly, Qin et al. 
(2016) found an association between CT60G>A [AA] or 
[AG] and the higher risk of developing an extensive chronic 
GVHD compared to CT60G>A [GG] in patients diagnosed 
with ALL. However, results of other studies conflict with 
the conclusions above. Karabon et al. (2015) described a 
lower frequency, that was not statistically significant, of 
acute GVHD if the donor had the genotype CT60G>A [AA] 
compared to CT60G>A [AG] or [GG]. Correspondingly, 
the study of Xiao et al. (2012) indicated that patients receiv-
ing hematopoietic stem cells from donors with CT60G>A 
[AA] had a lower risk of developing acute GVHD II-IV. 
This incoherency may be explained by different types of 
transplantation, different conditioning protocols, and GVHD 
prophylaxis or different ethnic constellations. For example, 
Karabon et al. (2015) and Xiao et al. (2012) included cases 
with both related and unrelated donors. Whereas Perez Gar-
cia et al. (2007) and Qin et al. (2016) used more homog-
enous groups with either HLA-identical siblings or HLA-
haploidentical donors. In addition, our patients are children 
while all other studies analyzed adults (median age 11 years 
versus 23–34 years). Further pediatric studies are needed to 
evaluate the significance of this difference.

In our study, we found no statistically significant cor-
relation between CT60G>A polymorphisms and acute or 
chronic GVHD. The lack of association was also reported 
by Mossallam et al. (2013) and Murase et al. (2011). How-
ever, we postulate that allele A is associated with a higher 
risk of TRM referring to an explanatory model, which is 

Fig. 2   Transplant-related mortality according to donor’s SNP 
rs3087243 status

Table 2   Multivariate analysis. 
Event-free survival (EFS) and 
transplant-related mortality 
(TRM)

Variable EFS TRM

HR (95% CI) P HR (97.5% CI) P

Donor CTLA-4 (rs3087243) 0.704 (0.509–0.975) 0.035 0.507 (0.301–0.853) 0.011
Disease risk 0.413 (0.259–0.658) < 0.001 3.029 (1.407–6.519) 0.005
Gender match 1.398 (0.870–2.248) 0.166 1.570 (0.744–3.312) 0.240
Age at time of diagnosis 0.937 (0.589–1.491) 0.782 2.041 (0.959–4.345) 0.064
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supported by the assumptions of Perez et al. (2007) and Qin 
et al. (2016): CTLA-4 exists in two isoforms. The isoform 
flCTLA-4 inhibits the T-cell activation by negative signaling 
and leads to T-cell anergy by B7 sequestration (Schwartz 
2003; Krummel and Allison 1995; Jagasia et al. 2012). 
The isoform sCTLA-4 antagonizes this process to keep the 
immune response in balance. The A allele leads to a higher 
expression of sCTLA-4 and consequently the T cells stay 
more active (Perez-Garcia et al. 2007; Qin et al. 2016; Ueda 
et al. 2003). This explains the higher incidence of GVHD 
if patients received stem cells from donors with CT60G>A 
[AA]. However, this also means that the graft-versus-leu-
kemia effect is intensified. This consideration matches with 
the fact that in other CTLA-4 polymorphisms, a correlation 
between A allele and decreased risk of relapse was shown 
because the more active T cells destroy residual leukemic 
cells (Jagasia et al. 2012).

We found a significant correlation between the children 
receiving CT60 [GG] T-cells from their donor and a better 
EFS (63.6 versus 46.2 and 32.3%). For an explanation, sev-
eral studies focused only on one complication, the GVHD. 
In our research, the transplant-related mortality was pre-
dominated by infections (10 cases) and multi-organ failure 
(10 cases), whereas acute and chronic GVHD caused death 
in seven cases. We assume that CT60 [GG] optimizes the 
activity of the T-cells, so that the balance between suppres-
sion of the immune response and an effective defense is well 
adjusted. Precisely, patients are protected from an exces-
sive T-cell activity that can cause multi-organ failure, but 
the level of activity stays high enough to fulfill an accu-
rate defense of infections. This hypothesis matches with the 
results of Bosch et al. (2012) who found a non-significant 
trend of increased TRM, when the donor had genotype CT60 
[AA]. Knowing the level of T-cell activity, determined by 
CTLA-4 polymorphisms, could improve the risk assessment 
and promote the selection of the most suitable donor and 
medication.

In conclusion, this study provides first evidence that the 
CTLA-4 polymorphisms could be significant risk factors 
for TRM and survival in children undergoing allogeneic 
HSCT. Thus, further pediatric multicenter studies with a 
larger number of patients are necessary to properly evaluate 
our findings.
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