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Abstract
Cytokines seem to play a crucial role in physiological and pathological conditions of acute myeloid leukemia (AML). The 
aim of this study was to evaluate the expression levels of interleukins-6 (IL-6) and IL-18 in patients with AML and its cor-
relation with response to therapy and graft versus host disease (GvHD) after bone marrow transplantation. The expression 
levels of IL-6 and IL-18 genes were done in all patients and compared with matched control. Complete remission (CR) 
was used for evaluation of the effects of these cytokines on response to treatment in patients group. The expression level of 
these cytokines was also evaluated in patients who underwent bone marrow transplantation and experienced acute GvHD in 
compare with patients without aGvHD. Il-6 gene expression level was significantly higher in these patients in comparison 
with control but Il-18 gene expression level was not statistically significant compared to control group. Il-6 and also Il-18 
expression levels were significantly higher in patients without a response to treatment according to CR compared to patient’s 
whit response to treatment as well as patients experienced aGvHD after bone marrow transplantation. IL-6 and Il-18 are 
important markers in the progression of the disease and could be considered as a prognostic marker in acute leukemia. It is 
recommended that more studies with larger study groups and more involved cytokines are needed for more evaluation of the 
cytokine roles in pathophysiology and progression of acute leukemia.
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Introduction

Acute myeloid leukemia (AML) is a most common acute 
leukemia in adults which characterized by myeloblast accu-
mulation (> 20%) in blood or bone marrow, due to defects 
in myelopoiesis maturation [1]. It might be cured in 35–40% 
of the patients younger than the age of 60 and in 5–15% of 
the patients older than the age of 60 years old [2]. Prognostic 
markers are of importance in risk assessment and treatment 
strategy, which affect the clinical outcomes. The under-
standing of the genetic basis and molecular aspects of AML 
has provided new insights into prognosis and therapy [3]. 
Considering the underlying mechanisms of AML, cytokine 
deregulation has been found to contribute to disease pro-
gression [4]. Cytokines are released to control the induced 
cellular stresses in cancer, infection, and inflammation. On 
the other hand, tumor cells can either release cytokines [5] 
or recruit the host cytokines for division and invasion [6]. 
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Interleukin-6 (IL-6) represents a major cytokine, involved in 
versatile regulatory pathways of inflammation, immune reg-
ulation [7], and cancer (proliferation promotion, apoptosis 
prevention, metastasis facilitation, and metabolism of cancer 
cells) [8–10]. Signal transducer and activator of transcrip-
tion (STATs) and Janus kinase (JAKs) are of IL-6-induced 
pathways [11]. Since the elevated concentrations of IL-6 
are associated with poor prognosis, it might be considered 
as a predictor of survival in patients with cancer [12]. IL-18 
represents a cytokine with pro-inflammatory and immune 
regulatory functions. The expression of IL-18 in inflamma-
tion, cancers, autoimmune diseases, and serious infections 
has been observed [13]. Considering cancer, a dual role has 
been observed: it can either provoke the immune system 
to fight against cancer or contribute to tumor development, 
angiogenesis, and prometastatic processes. Other studies 
have reported a correlation between the levels of IL-18 and 
the prognosis of AML. Higher levels of IL-18 have been 
correlated with worse prognosis of AML [14]. Graft ver-
sus host disease (GvHD) is an immune-mediated reaction 
which frequently occurred after bone marrow transplantation 
in AML patients. T cell-mediated immunity and cytokine 
release are main mechanisms involved in GvHD reaction. 
The aim of this study was to evaluate the expression lev-
els of IL-6 and IL-18 in Iranian patients with AML and its 
correlation with response to therapy and GvHD after bone 
marrow transplantation.

Methods

Patients and Samples

In a cross-sectional study, 70 newly diagnosed AML patients 
were enrolled as a study group during 2015 and 2016. Fifty 
age-sex matched healthy subjects were also evaluated as nor-
mal controls. The patients were diagnosed based on clinical 
manifestations, bone marrow examination, and immunophe-
notyping. All patients received standard chemotherapy, 
which consisted of daunorubicin and cytarabine, also, for 
M3 patients, arsenic trioxide and ATRA in 2 divided doses 
in addition to standard induction chemotherapy regiment 

according to the manufacturer’s instructions as previously 
described briefly [15–18]. A total of 29 patients received 
HSCT from related HLA-matched donors and sub-grouped 
to aGvHD experienced and not-experienced (non-aGvHD) 
HSCT patients. Consequently, 9 patients experienced 
aGvHD, while 20 did not experience aGvHD. aGvHD was 
graded according to the classic Glucksberg–Seattle crite-
ria and the International Bone Marrow Transplant Registry 
[19]. From all aGvHD experienced patients, 4 developed 
low grade (grade I + II) while 5 developed high grade (grade 
III + IV) of aGvHD. The study was approved by the Ethical 
Committee of Shiraz University of Medical Sciences, and 
the informed consent was obtained from all patients. For 
determination of the mRNA expression level of IL-6 and 
IL-18 genes, an in-house- SYBR Green Real-Time PCR was 
used and GAPDH also considered as internal control.

RNA Isolation and cDNA Synthesis

Total RNA was extracted by RNX-Plus solution (CinnaGen, 
Tehran, Iran). The quantity of extracted RNA was evalu-
ated by NanoDrop spectrophotometer at 260/280 nm, and 
the quality of extracted RNA was assessed by running 3 μL 
on 1% agarose gel. The first-strand cDNA was synthesized 
using Prime Script RT Reagent Kit (Takara, Japan) accord-
ing to the manufacturer’s guidelines [15–17].

SYBR Green Real‑Time Polymerase Chain Reaction 
(Real‑Time PCR)

For the quantitative analysis of IL-6 and IL-18 mRNAs 
expression profile in the understudied groups, SYBR Green 
Real-Time PCR method was performed. Glyceraldehyde 
3-phosphate dehydrogenase gene was used as internal con-
trol for minor fluctuations. Polymerase chain reaction pro-
gram and primer sequences are summarized in Table 1. A 
melt curve was analyzed to confirm the specificity of reac-
tion at the end of the program. To check the specificity of 
the amplification reaction, a melting-curve analysis was 
evaluated. The results for the target genes were measured as 
fluorescent signal intensity and normalized to the internal 

Table 1   The primers and thermocycling condition for the IL-6, IL-18, and GAPDH transcripts

Gene Primer sequences (5’- > 3’) PCR Product 
length

Thermocycling condition

IL-6: F
IL-6: R

ACC​CCC​AAT​AAA​TAT​AGG​ACT​GGA​
GCT​TCT​CTT​TCG​TTC​CCG​GT

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

IL-18: F
IL-18: R

AGC​TTG​TGA​AAA​AGA​GAG​AGA​CCT​
GCT​AGT​CTT​CGT​TTT​GAA​CAG​TGA​

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

GAPDH:F
GAPDH:R

GGA​CTC​ATG​ACC​ACA​GTC​CA
CCA​GTA​GAG​GCA​GGG​ATG​AT

119 bp 95 °C/2 min, 40 cycles of 95 °C/30 s, 57.5 °C/20 s, and 70 °C/30 s
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standard gene GAPDH. Relative quantification was meas-
ured using the comparative Ct (2

−ΔΔCt) method [20].

Statistical Analyses

Statistical analyses were performed with SPSS software 
(SPSS: An IBM Company, version 19.0, IBM Corporation, 
Armonk, NY, USA). The statistical differences in expression 
level of IL-6 and IL-18 and the fold changes in patients and 
controls were compared via independent t-test. The expres-
sion level of IL-6 and IL-18 was compared between patients 
according to the presence of aGvHD and response to chemo-
therapy treatment by independent t test. P values less than 
0.05 were considered significant.

Results

From 70 studied recipients, 37 were male (52.8%) and 33 
(47.2%) were female. The mean age of patients was 49 ± 2.4 
ranged from 20 to 86 years, and the mean age of the control 
group was 48 ± 3.5 ranged 19–84 years. The laboratory char-
acteristics of patients with AML patients showed the mean 
white blood cells (WBC) counts (49,514 ± 9672 /cmm), 
platelet count (55,136 ± 8312 /mL), Hb level (9.6 ± 0.23 g/
dL), and lactate dehydrogenase (LDH) level (1313 ± 258 
U/L).

Interleukin‑6 Gene Expression in AML Patients 
and Controls

The mRNA expression analysis of IL-6 gene measured as 
cycle threshold (Ct) and ∆Ct values (Fig. 1). After the sta-
tistical analysis, our results revealed that the expression level 
of IL-6 was significantly (4.92 times) higher in the PBMCs 
of AML patients compared to healthy controls (P < 0.03).

Interleukin‑18 Gene Expression in AML Patients 
and Controls

The mRNA expression analysis of IL-18 gene measured 
as cycle threshold (Ct) and ∆Ct values (Fig. 2). After the 
statistical analysis, our results revealed that the expression 
level of IL-18 was not significantly (2.63 times) higher in 
the PBMCs of AML patients compared to healthy controls 
(P = 0.1).

IL‑6 and IL‑18 Expression in HSCT Patients 
and Development of the aGvHD

The mean expression of IL-6 and IL-18 was compared 
between patients who underwent bone marrow transplan-
tation with and without aGvHD. The results demonstrated 
that IL-6 and IL-18 were upregulated in patients developed 
aGvHD compared to those without aGvHD, although the 
difference was not statistically significant (1.2 ± 1.1 vs. 

Fig. 1   Boxplot of mean of 
interleukin-6 ∆CT in (AML) 
patients and controls
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2.9 ± 0.7; P = 0.2 and 3.6 ± 1.08 vs. 3.8 ± 0.93; P = 0.8 
respectively). IL-6 and IL-18 were overexpressed in patients 
experienced high grade (grades III–IV) aGvHD compared 
to those patients who developed low grade (grades 0–II) 
aGvHD, although the difference was not statistically sig-
nificant too (3.2 ± 1.7 vs. 1.8 ± 1.3; P = 0.5 and 1.3 ± 1.8 vs. 
3.5 ± 1.2; P = 0.3 respectively).

IL‑6 and IL‑18 Expression in AML Patients 
and Response to Treatment

The expression levels of IL-6 and IL-18 were evaluated 
in AML patients according to their response to treatment 
based on CR. The results showed that both IL-6 and IL-18 
gene expression levels were increased in AML patients who 
did not respond to therapy compared to those patients who 
respond to therapy. Although the expression level of IL-6 
was significantly higher (P = 0.03), the expression level of 
IL-18 was not statistically significant between two groups 
(P = 0.5).

IL‑6 and IL‑18 Expression According to Cytogenetic 
Risk Factors

Details of cytogenetic information of AML patients are 
shown in Table 2. Among all AML patients, 33 (30.5%) 
had FLT3-ITD mutation. Based on the generally genetic 

risk stratification, AML patients were divided into three 
groups; favorable, intermediate, and high-risk groups. 
Accordingly, 34 patients were included in high risk, 21 
in intermediate, and the remaining 15 in favorable risk 
groups. The mean expression level of IL-6 and IL-18 were 
compared within risk stratification group. The results 
showed that the mean expression level of IL-18 was sig-
nificantly decreased in favorable risk groups compared to 
high-risk groups (6.1 ± 0.6 vs. 2.3 ± 6; P = 0.001), while 
no significant difference was observed between high risk 
and favorable risk for the mean expression level of IL-6. 
The results also showed that the mean expression level of 
IL-6 and IL-18 was significantly increased in high-risk 
groups compared to intermediate risk group (3.6 ± 1.02 
vs. 10.2 ± 0.64; P = 0.001 and 6.1 ± 66 vs. 10.1 ± 0.92; 
P = 0.02, respectively).

Fig. 2   Boxplot of mean of 
interleukin-18 ∆CT in (AML) 
patients and controls

Table 2   Acute myeloid leukemia with recurrent cytogenetic abnor-
malities

Cytogenetic abnormalities No. (%)

t(8;21)(q22;q22); RUNX1-RUNX1T1 17 (17.5%)
inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB-

MYH11
15 (14.3%)

t(15;17)(q22;q12); PML-RARA​ 4 (5.7.5%)
t(9;11)(p22;q23); MLLT3-MLL 13 (9.1%)
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Association IL‑18 and IL‑6 Gene Expression and Risk 
Factors

In this study, a significant association was found between 
sex and fms-like tyrosine kinase 3 (FLT3) with IL-6 gene 
expression (P = 0.04 and P = 0.02, respectively) in AML 
patients. Also, a significant association was found between 
sex, LDH and FLT3 with IL-18 gene expression (P = 0.006, 
P = 0.05, and P = 0.03, respectively) of AML patients.

Discussion

Leukemia has been reported as the sixth prevalent cancer 
type in Iran [21], represented with the higher incidence in 
males than females [22]. In the present study, the expres-
sion profiles of IL-6 and IL-18 were considered as a prog-
nostic marker in AML patients, evaluating 70 patients in 
Shiraz, Iran. Some prognostic factors have been identified in 
AML such as clinical features (age and performance status), 
cytogenetic abnormalities, rearrangements in the chromo-
some, gene mutations, gene expression profiles [23], WBC 
count, and CD34 expression [24]. These prognostic mark-
ers might help with defining the treatment plan for AML 
patients.

It has been observed that cytokine signaling pathways 
are disrupted in AML, which in turn affect various aspects 
of cell development and proliferation [4]. These devia-
tions might be considered in diagnosis, prognosis, and drug 
development. For instance, elevated concentrations of tumor 
necrosis factor alpha determined as an adverse prognostic 
factor [25].

High levels of IL-6 have been found in most of the cancer 
types, and its role in several aspects of cancer progression 
has been elucidated [26, 27]. Additionally, drug therapy was 
found to be less effective in higher IL-6 levels [11]. IL-6 
concentrations are correlated with various stages of tumor 
growth and consequently, the survival rate. So, it has been 
identified as a prognostic marker in pancreatic carcinoma 
[12], diffuse large cell lymphoma [28], advanced Hodgkin’s 
disease [29], colorectal [30], and metastatic renal carcinoma 
[31]. In this study, overexpression of IL-6 was observed in 
AML patients, in agreement with the studies by Sanches-
Correa et al. [32] and Heikkilä et al. [33]. This overexpres-
sion has been correlated to a worse prognosis for AML 
patients. It can also be used as a marker to validate the effi-
cacy of some medications, as Mitsunaga et al. have applied 
IL-6 as a predictor for gemcitabine efficacy in pancreatic 
carcinoma [34]. Moreover, anti-IL-6 monoclonal antibod-
ies are in clinical trials for some of the cancer types [26]. 
Additionally, IL-18 levels might be considered as an indica-
tor of worse prognostic effects, which have been reported in 

various types of cancers such as AML [14] pancreatic [35], 
gastric [36], and breast cancer [37]. The higher expression 
levels of IL-18 and its receptor have been also reported to 
induce drug resistance in AML, proposing a target for drug 
therapy [38]. Although elevated expression levels of IL-18 
were observed in this study, a significant difference was not 
detected in AML patients compared to the control group. 
As mentioned in the study by Zhang et al., the expression 
of IL-18 might be associated with other known risk factors 
and prognostic indicators of AML such as age, WBC and 
CD34 titers, and high-risk karyotype (unfavorable cytoge-
netic abnormalities, FAB subtype) [14]. On the other hand, 
different levels of IL-18 have been associated to different 
stages of cancers [37]; as in the study by Kawabata et al., 
no significant elevation was noted in the stages Ι and IV of 
gastric carcinoma, while the expression level of IL-18 was 
significantly increased in stages ΙΙ and ΙΙΙ [36]. According 
to the results of the present study, the highest expression of 
IL-6 and IL-18 genes was seen in patients who had a high 
genetic risk; this increase was statistically significant only 
in the IL-18 level of high-risk group when compared with 
the favorable groups. Furthermore, the lowest expression of 
these genes was seen in patients with favorable genetic risk. 
The observed results in the present work might be affected 
by other risk factors and inter-individual differences, as 
well. Mutations in FLT3 and nucleophosmin-1 are known as 
adverse prognostic markers in AML [39]. Also, overexpres-
sion of FLT3 in AML has been reported previously, contrib-
uting to apoptosis inhibition or proliferation enhancement 
in primary AML blasts [40]. In the studies by Ozeki et al. 
[41] and Kuchenbauer et al. [42], FLT3 overexpression was 
mentioned as a prognostic marker for AML which is associ-
ated with lower survival rate. In this study, the correlation 
between the expression profiles of IL-6 and IL-18 with FLT3 
was determined. A positive correlation was found between 
IL-6 and IL-18 expressions with FLT3 expression. In some 
of the studies, higher concentration levels of LDH have been 
mentioned as another prognostic marker in AML [3, 43]. 
Our investigations implicated that the expression of IL-18 is 
positively correlated to LDH levels. It has been reported that 
the incidence of AML is affected by sex and age. Females of 
30–54 years of age and males over 50 years of age are more 
affected [44]. In the present study, a correlation between the 
expression of IL-6 and IL-18 with sex is reported, as well.

Based on our results, the expression levels of Il-6 and 
Il-18 were higher in patients experiencing aGvHD after 
bone marrow transplantation although it was not statically 
significant in comparison with patients without aGvHD. It 
is demonstrated that higher levels of cytokines including 
Il-6 and Il-18 are important mediators in pathophysiology 
and aGvHD [45, 46]. So, regulation of these cytokines is 
effective prophylaxis and control of aGvHD.
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Conclusion

In conclusion, cytokine profiles including Il-6 and Il-18 
are important markers in the progression of the disease and 
could be considered as a prognostic marker in acute leu-
kemia. So, the control of the expression and regulation of 
these cytokines are a good indicator for the management of 
the disease. It is recommended that more studies with larger 
study groups and more involved cytokines are needed for 
more evaluation of the cytokine roles in pathophysiology 
and progression of acute leukemia.
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