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ABSTRACT 

Background: Dysregulated expression of co-stimulatory molecules is one of the immune escape mecha-
nisms employed in hematologic malignancies like acute myeloid leukemia (AML). 

Objectives: To evaluate the expression of the CD28 and CTLA-4 molecules in 62 adults with de novo AML 
and its correlation with the development of acute graft vs host disease (GVHD) after hematopoietic stem-
cell transplantation. 

Methods: The relative expression of CD28 and CTLA-4 was measured by quantitative SYBR Green real-
time PCR method in a group of patients and controls as well as different risk groups (high, intermediate 
and favorite risk), M3 vs non-M3 and GVHD vs non-GVHD patients.

Results: The mRNA expression of CD28 (7.9-fold) and CTLA-4 (5.7-fold) was significantly increased in 
AML patients compared with healthy controls (p=0.006 and 0.02, respectively). Although the mean ex-
pression of both CD28 and CTLA-4 was increased in high-risk group compared with low-risk and in-
termediate-risk groups, the difference was not statistically significant. Also, the mean expression of the 
CTLA-4, but not CD28, was significantly higher in M3 patients compared with non-M3 ones (p<0.001). 
The expression of CD28 was upregulated in GVHD patients, while the expression of CTLA-4 was slightly 
lower in GVHD patients compared with non-GVHD patients, though the difference was not statistically 
significant. There was no significant correlation between the expression of CD28 and CTLA-4 and labora-
tory parameters like white blood cells and platelets counts, and hemoglobin and lactate dehydrogenase 
level in AML patients. 

Conclusions: CD28 and CTLA-4 molecules are aberrantly expressed in peripheral blood leukocytes of AML 
patients and might contribute to the development of aGVHD after hematopoietic stem cell transplanta-
tion.

KEYWORDS: Acute graft versus host disease (aGVHD); AML; Co-stimulatory molecules; Hematopoietic 
stem cell transplantation (HSCT)

INTRODUCTION

Acute myeloid leukemia (AML) is the 
most common acute leukemia in adults 
that is usually treated with standard 

chemotherapy regimens and in some cases 
with allogeneic stem-cell transplantation [1]. 
Although AML cells express antigens that 
can be recognized by the host T cells, the host 
immune system is mostly unable to eradicate 
the blast cells. 

Graft-versus-host disease (GVHD) is a critical 
complication occurred mostly after allogeneic 
hematopoietic stem-cell transplantation (allo-
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HSCT) [2]. Acute GVHD (aGVHD) occurs at 
the first three months after HSCT and is still 
the main cause of morbidity and mortality af-
ter allo-HSCT; Activation of T lymphocytes 
has been shown to have a major role in the 
pathogenesis and severity of this disease [3].

It is well-known that full activation of T cells 
requires two signals: TCR stimulation (sig-
nal 1) and co-stimulatory signals provided 
by engagement of co-stimulatory molecules 
and their ligands on the surface of the im-
mune cells (signal 2) [4]. CD28 and cytotoxic 
T-lymphocyte-associated protein 4 (CTLA-4) 
are among the most studied co-stimulatory 
molecules that regulate T cell activation [5]. 
The role of CD28 and CTLA-4 in the devel-
opment of aGVHD after HSCT has been stud-
ied in animal models [6, 7]. 

It has been shown that AML blasts constitu-
tively express CTLA-4 and its ligands CD80 
and CD86 at the diagnosis, which may favor 
their escape from T cell activation and effector 
function [8-11]. However, there is not enough 
report about the association between the ex-
pression of CD28 and CTLA-4 in peripheral 
blood leukocytes of AML patients and devel-
opment of aGVHD. We therefore evaluated 
the expression of the CD28 and CTLA-4 mol-
ecules in peripheral blood mononuclear cells 
(PBMCs) of adult patients with de novo AML 
at the time of diagnosis prior to chemotherapy, 
and assessed its correlation with laboratory 
and clinical parameters. We also investigated 
whether change in the CD28 and CTLA-4 ex-
pression was associated with the development 
of aGVHD post-HSCT. 

PATIENTS AND METHODS

In this cross-sectional study, 62 adults with de 
novo AML who referred to our central hospi-
tal between years 2015 and 2016 were inves-
tigated. Fifty healthy age- and sex-matched 
individuals were also evaluated as normal con-
trols. The AML was diagnosed based on the 
morphology, cytochemistry and immunophe-
notyping. Clinical and laboratory data includ-
ing French-American-British (FAB) subclass, 

complete blood count, and hemoglobin (Hb) 
and lactate dehydrogenase (LDH) levels, were 
also collected. All patients received the stan-
dard induction chemotherapy, which consisted 
of daunorubicin 45 mg/m2 on days 1 to 3 and 
cytarabine 100–200 mg/m2 on days 1 to 7, 
followed by high doses of a cytarabine-based 
consolidation phase (cytarabine 3 g/m2 q12h 
for 3 days, repeated for 2–3 cycles). For M3 
patients, arsenic trioxide (0.15 mg/kg/day iv) 
was used until bone marrow remission occurs 
plus ATRA (45 mg/m2/day) in two divided 
doses in addition to the standard induction 
chemotherapy regimen. 

From all patients, 18 undergone HSCT from 
related HLA-matched donors; 8 of these 18 pa-
tients developed aGvHD; 10 did not. aGvHD 
was graded according to the classic Glucks-
berg-Seattle criteria and the International 
Bone Marrow Transplant Registry [12].

Sample Collection and Ribonucleic Acid 
Purification
Five mL peripheral blood was collected in 
ethylene-diamine-tetra-acetic acid (EDTA)-
containing tubes from all patients at the time 
of diagnosis prior to chemotherapy and also 
from healthy controls. The peripheral blood 
mononuclear cells (PBMCs) were isolated us-
ing Ficoll-hypaque (Inno-train, Germany) 
density gradient centrifugation. Total RNA 
was extracted by Trizol reagent (Invitrogen, 
USA). The quantity of the extracted RNA was 
evaluated by Nanodrop (Thermo Fisher Sci-
entific, USA). Then, total RNA was converted 
into cDNA using Prime Script RT Reagent 
kit (Takara, Japan) according to the manufac-
turer’s instruction in the T100 thermocycler 
(Bio-Rad Laboratories, USA).

SYBR Green Real-Time PCR
For the quantitative analysis of CD28 and 
CTLA-4 mRNAs expression, the SYBR 
Green Real-Time PCR was performed us-
ing SYBR® Premix Ex Taq™ II (Tli RNase 
H Plus) (Takara, Japan) in an iQ5 thermocy-
cler (BioRad Laboratories, USA). The specific 
primers were designed by Allele ID program. 
Glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) gene was used as the internal con-
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trol and the expression of CD28 and CTLA-
4 mRNAs was normalized to that. Real-time 
PCR reaction program and primer sequences 
are summarized in Table 1. The specificity 
of the reaction was confirmed by melt curve 
analysis for all genes. The changes in the rela-
tive expression levels of CD28 and CTLA-4 
mRNAs were calculated by [2‑∆∆Ct] method, 
where ∆∆Ct = [∆Ct (patients) – ∆Ct (con-
trols)] and ∆Ct = [Ct (sample) – Ct (house-
keeping gene)]. All reactions were performed 
at least in duplicate wells.

Ethics
This study was approved by the Ethics Com-
mittee of Shiraz University of Medical Sci-
ences. All procedures performed in this study 
were in accordance with the ethical standards 
of the institutional and/or national research 
committee and with the 1964 Helsinki decla-
ration and its later amendments or comparable 
ethical standards. Informed written consent 
was obtained from all participants.

Statistical Analysis 
Data were analyzed by SPSS® for Windows® 
ver 18. Independent sample Student’s t test 
and Mann-Whitney U test were used for com-
paring mean expression of CD28 and CTLA-
4 between AML patients and controls, pa-

tients with different FAB groups as well as 
patients with and without aGVHD. Correla-
tion between CD28 and CTLA-4 gene expres-
sion and laboratory parameters was assessed 
by Pearson correlation coefficient. A p value 
<0.05 was considered statistically significant. 

RESULTS

From 62 studied AML patients, 35 (56%) were 
male and 27 (44%) were female. The mean±SD 
age of patients was 50.0±2.4 (range 20–81) 
years. The laboratory data of AML patients 
are presented in Table 2.

CD28 and CTLA-4 Gene Expression in 
AML Patients and Development of aGVHD
The relative mRNA expression of CD28 and 
CTLA-4 genes was measured in AML pa-
tients and compared with that in healthy con-
trols as ∆Ct values (Fig 1). The expression of 
CD28 was significantly increased by 7.9-fold 
in the PBMCs of AML patients compared 
with healthy controls (p=0.006). CTLA‑4 had 
a significantly higher expression (5.7-fold) in 
the PBMCs of AML patients than healthy con-
trols (p=0.02). The mean expression of CD28 
and CTLA-4 was compared in HSCT patients 
with and without aGVHD. The mean ∆Ct of 
the CD28 was lower in aGVHD patients com-
pared with those without aGVHD (1.86±2.05 
vs 2.24±2.33, respectively), indicating higher 
expression of CD28 in aGVHD patients com-
pared to non-aGVHD patients. However, the 
difference was not statistically significant 
(p=0.9). The mean ∆Ct of the CTLA‑4 was 
slightly higher in aGVHD patients compared 

Table 1: The primers (5’ → 3’) and PCR condition for the CD28 and CTLA-4 and GAPDH transcripts

Gene PCR Product 
length PCR Program

CD28
Forward primer: GCGTCTTTCAGTTCCCCTCA
Reverse primer: GCTTCACCAAAATCTTGTTTCCTGT

150-bp
95°C/2 min, 40 cycles of 95 
°C/30 sec, 60 °C/20 sec, and 
70 °C/30 sec

CTLA-4
Forward primer: TACCCACCGCCATACTACCT
Reverse primer: GGCACGGTTCTGGATCAATTA

70-bp
95 °C/2 min, 40 cycles of 95 
°C/30 sec, 60 °C/20 sec, and 
70°C/30 sec

GAPDH
Forward primer: GGACTCATGACCACAGTCCA
Reverse primer: CCAGTAGAGGCAGGGATGAT

119-bp
95 °C/2 min, 40 cycles of 95 
°C/30 sec, 57.5 °C/20 sec, 
and 70 °C/30 sec

Table 2: Laboratory data of AML patients

Variable Mean±SD

WBC count 50,046±72,511

PLT count 54,137±52,824

Hb (g/dL) 8.1±2.3

LDH (U/L) 1434±1065
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with non-aGVHD patients (3.58±1.32 vs 
3.43±1.4, respectively), showing slightly lower 
expression of the CTLA-4 in GVHD patients 
(p=0.94).

Association of the CD28 and CTLA-4 Gene 
Expression and Laboratory Findings 
The association between mean ∆Ct of CD28 
and CTLA-4 mRNA with laboratory param-
eters such as white blood cells (WBC) and 
platelets count, and Hb and LDH levels were 
evaluated in AML patients. There was no sig-
nificant association between the mean level of 
CD28 and CTLA-4 expression and laboratory 
parameters in AML patients.

The CD28 and CTLA-4 Expression 
according to AML Risk Stratification and 
FAB Groups
Based on the 2017 European Leukemia Net 
(ELN) genetic risk stratification, AML pa-
tients were divided into three groups: “favor-
able,” “intermediate,” and “high-risk” groups 
[13]. Accordingly, from 62 AML patients 
studied, 22 were high risk; 26, intermediate; 
and the remaining 14 had favorable risk. The 
mean expression of both CD28 and CTLA-4 
was increased in high-risk group compared 
with low-risk and intermediate-risk groups, 
although the difference was not statistically 
significant.

The mean CD28 and CTLA-4 expression 
level was evaluated according to FAB sub-

type of AML patients. Based on the cytoge-
netic aberration, AML patients were catego-
rized into M3 and non-M3 groups. Although 
the mean mRNA level of CD28 expression 
was increased in M3 patients compared with 
non-M3 ones, the difference was not statisti-
cally significant (p=0.36). The mean expres-
sion of CTLA-4 was significantly (p<0.001) 
increased in M3 patients compared with non-
M3 ones (0.12±1.24 vs 5.07±6.06). 

DISCUSSION

It is obvious that the co-stimulatory mole-
cules have an indispensable role in providing 
the second signal needed for full activation of 
the T cells [4]. Among them, the CD28 and 
CTLA-4 molecules have been largely impli-
cated in the T cell activation and inhibition, 
respectively [4]. 

In this study, we evaluated the mean mRNA 
expression of CD28 and CTLA-4 molecules 
in peripheral blood leukocytes of the newly 
diagnosed adults with AML. We also studied 
whether a change in the CD28 and CTLA-4 
expression was associated with disease out-
come like the development of aGVHD in pa-
tients who had HSCT. Our results showed that 
the mean mRNA expression of CD28 (7.9-
fold) and CTLA-4 (5.7-fold) was significantly 
increased in peripheral blood leukocytes of the 
AML patients compared with healthy con-

Figure 1: CD28 and CTLA-4 mean ∆CT in AML patients and controls
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trols. 

The defective anti-leukemic immune response 
has been shown in AML patients [14]. Le 
Dieu, et al, demonstrated that peripheral blood 
T cells taken from AML patients are dys-
functional and form defective immunological 
synapses with AML blasts that contribute to 
the failure of a host anti-leukemic immune re-
sponse [15]. On the other hand, it has been 
shown that malignancies like AML exploit 
different immune evasion strategy to inhibit 
the generation of the functional anti-tumor 
immune responses that promotes AML blast 
survival and prevents their efficient recogni-
tion and destruction by the host immune sys-
tem [14, 16]. Recent studies describe that in 
addition to cells of the immune system, my-
eloid leukemic cells can also express co-stim-
ulatory molecules like CTLA-4 and PD-1 to 
hamper efficient anti-leukemic T cell response 
[16]. In this regard, expression of the co-
stimulatory molecules of B7 superfamily B7-2 
(CD86), B7-H2 (inducible co-stimulator li-
gand, ICOSL) and CTLA-4, have been detect-
ed on the surface of AML cell subpopulations 
[10, 17-20]. Moreover, the presence of B7-2+ 
and/or B7-H2+ AML cell subpopulations has 
been shown to have strong negative prognos-
tic value, which has been associated with poor 
clinical outcomes such as hyperleukocytosis 
and limited disease-free or relapse-free sur-
vival [17-19]. Dolen, et al, revealed increased 
expression of B7 family molecules on AML 
cells like B7-H1 (PD-L1) and B7-DC (PD-L2) 
along with downregulation of B7-H2 (ICOSL) 
on AML cells, which is associated with AML 
cells immunosuppressive phenotype, attenu-
ation of helper T-cell responses and promote 
the differentiation of regulatory T cells, espe-
cially through the PD1 pathway [21]. 

Based on our results, it is proposed that the 
increased expression of CTLA-4 in periph-
eral blood leukocytes of AML patients could 
be associated with defective T cell anti-tumor 
response and support the immunosuppres-
sive environment observed in AML patients 
that favor disease progression. Moreover, in 
addition to conventional T cells, CTLA-4 is 
also expressed on the surface of regulatory 

T cells (Tregs) and contributes to the sup-
pressive function of Tregs [22]. Therefore, it 
can be presumed that Tregs with increased 
expression of CTLA-4 molecule might have 
more immunosuppressive activities in AML 
patients. The reason for increased CD28 ex-
pression in our AML patients is unknown. 
However, it can be hypothesized that higher 
expression of CD28 in peripheral blood leuko-
cytes of our AML patients might be a natural 
protective strategy of the immune system to 
improve recognition of tumor cells by cells of 
the immune system and fight against tumor 
cell progression but overexpression of CTLA-
4 molecule (which binds to the same ligands as 
CD28 albeit with higher affinity) might over-
come this CD28 positive effect and render im-
mune system to the immunosuppressive con-
dition. This hypothesis needs to be clarified in 
more complete in vitro and in vivo studies in a 
larger population of AML patients. 

As expected, we found that the expression of 
the CD28 was higher in patients with GVHD 
than those without GVHD, albeit the differ-
ence was not statistically significant, while the 
expression of CTLA-4 was slightly lower in 
GVHD patients compared with non-GVHD 
ones.

aGVHD is a major deleterious complication 
after HSCT. Activation of T lymphocytes has 
been shown to be associated with the patho-
genesis and severity of this disease [2]. Using 
the experimental model of aGVHD, it has been 
shown that co-stimulatory molecules have a 
critical role in the development of aGVHD [3, 
23]. CD28-deficient mice exhibited reduced 
severe GVHD, providing that GVHD is at 
least partially dependent on signaling through 
CD28 receptor since selective targeting of 
CD28 with an anti-CD28 blocking antibody 
prevents donor T cells proliferation and sig-
nificantly inhibits GVHD [6]. On the other 
hands, studies in animal models have shown 
that infusion of CTLA4-Ig (a soluble fusion 
protein containing the extracellular domain 
of CTLA-4 linked to an IgG Fc region) di-
minished GVHD in recipients of mismatched 
grafts, albeit with a lesser extent than anti-
CD28 antibodies [7, 24]. Accordingly, lack of 
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association between CD28 and CTLA-4 ex-
pression and development of aGVHD in our 
AML patients might be attributed to the lim-
ited number of HSCT patients who developed 
aGVHD. 

According to the risk stratification of AML 
patients, the expression of both CD28 and 
CTLA-4 was augmented in high-risk group 
compared to the low- and intermediate-risk 
groups, although the difference was not sta-
tistically significant. Another finding of our 
study was increased expression of CTLA-4 in 
AML patients with M3 FAB subtypes. There-
fore, according to these results, it can be pro-
posed that the dysfunctional immune system 
may be more pronounced in M3 AML patients 
compared to other FAB groups as well as in 
patients included in high-risk group compared 
to low- and intermediate-risk groups, which 
need to be confirmed by larger studies. There 
was no significant association between the 
mean level of CD28 and CTLA-4 expression 
and laboratory parameters (WBC and plate-
lets count, and Hb and LDH levels) in AML 
patients. 

It should be noted that in addition to the cells 
of the immune system, peripheral blood mono-
nuclear cells also constitute a fraction of leu-
kemic blasts, and such changes in CD28 and 
CTLA-4 gene expression may also be attrib-
uted to AML blasts. Therefore, it is better to 
evaluate the change in these co-stimulatory 
molecules and also other molecules such as 
ICOS and PD-1 in an isolated population 
of T cells as well as blasts (both peripheral 
blood and bone marrow-derived) from AML 
patients. To clarify the critical role of CD28 
and CTLA-4 gene in the clinical outcome of 
AML patients (e.g., occurrence of aGVHD), 
study of a larger population of AML patients, 
particularly those who developed aGVHD af-
ter HSCT, is thus recommended. If so, mod-
ulation of these co-stimulatory molecules by 
administration of drugs targeting these mol-
ecules might be beneficial for the management 
of aGVHD post-HSCT in AML patients.

In conclusion, we found that CD28 and CTLA-
4 molecules were aberrantly expressed in pe-

ripheral blood leukocytes of AML patients, 
especially in those with M3 FAB subtypes. 
Studying other co-stimulatory as well as co-
inhibitory molecules in line with increasing 
the number of AML patients, particularly 
those who underwent HSCT and developed 
aGVHD, may provide additional information 
for using these molecules as a targeted thera-
py in line with the standard conventional che-
motherapy for reducing the risk of aGVHD 
after HSCT.
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