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Abstract 
Background: Acute Myeloid Leukemia (AML) is a group of heterogeneous malignancies caused by defects in 
differentiation of hematopoietic cells. SRY-box containing gene 17(SOX17) is a transcription factor which 
plays an important role in several biological processes, including cardiogenesis, angiogenesis, and 
lymphopoiesis. Aberrant expression of SOX17 has been detected in solid tumors. This study was performed to 
investigate the alternations of SOX17 expression in AML patients. 
Materials and methods: This case-control study included 54 AML patients who were referred to Molecular 
Pathology Cancer Research Center of Ghaem Hospital in North East of Iran from October 2011 to May 2016. 
Patients were classified according to French-American-British (FAB) and World Health Organization (WHO) 
criteria. RNA was extracted from peripheral blood. SOX17 gene expression was evaluated by real-time 
quantitative polymerase chain reaction (RQ-PCR). 
Results: Over expression of SOX17 was observed in 34 (62.96%) AML  patients. No relation was noticed 
between SOX17 expression and patient survival (p=0.493). In addition, no correlation among patient survival, 
Sex(p=0.322),hemoglobin(p=0.866) and white blood cell (WBC) (p=0.103).  
Conclusion: Based on these results, SOX17 did not have any important role in AML pathogenesis. Thus, it 
can’t be used as a diagnostic and prognostic factor. However, more studies are required to fully elucidate the 
role of SOX17 in AML. 
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Introduction 
Acute Myeloid Leukemia (AML) is 
extremely heterogeneous group of clonal 
disorders in hematopoietic precursors. it is 
characterized by cessation of 
differentiation and overgrowth of myeloid 
blasts (1-3).This malignancy is the most 
common form of acute leukemia in 
adults(4) and its occurrence increases with 
age (5).  “Wnt/β catenin” is an important 
pathway for differentiation of fetal 
hematopoietic and non-hematopoietic stem 
cells (6-8). Downstream signaling pathway 
activates different proteins that cause 
biologic changes within the cells. GATA6, 

GATA4, FOXA2 and SRY-box containing 
gene 17 (SOX17) are among those proteins 
that are activated by “Wnt/β catenin” 
signaling. GATA6 and SOX17 are two 
specially necessary proteins for cell 
differentiation(9). SOX17 has a dual 
function. It not only has a role in 
differentiation of hematopoietic stem cells 
but also works as an antagonist of “Wnt/β 
catenin” signaling pathway. It causes cell 
differentiation inhibition and reduces cell 
division(10). SOX17 protein is a member 
of “SOX” family. This family is composed 
of twenty members that are divided into 
four groups (6, 11-13). Expression of 
SOX17 in solid tumors is accompanied by 
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reduction of cell division, tumor size and 
metastasis (12-14). On the other hand, 
SOX17 is known as the main transcription 
factor that causes fetal hematopoietic cells 
transformation to adult hematopoietic cells 
(15). Therefore, it is hypothesized that  
over expression of SOX17 in adults may 
lead to leukemia (16) . Previous studies 
showed that  reduction of  SOX17 
expression in AML patients is associated 
with poor prognosis(17). Chromosomal 
translocations induce altered expression of 
transcription factors which are associated 
with different prognosis. At the same time, 
the prognosis is unknown in a large 
number of cases (18, 19). SOX17 
expression was evaluated in AML patients 
and its relation with hospitalized patient 
survival in North eastern Iran to find out 
whether it could be used as a biological 
marker for AML prognosis. 
 

Materials and Methods 
This case-control study included 54 AML 
patients who were referred to Molecular 
Pathology Cancer Research Center of 
Ghaem Hospital in North East of Iran from 
October 2011 to May 2016. Patients were 
classified according to French-American-
British (FAB) and World Health 
Organization (WHO) criteria. Disease was 
diagnosed by two expert haemato-
oncologists and the patients were referred 
to the hematology laboratory of Ghaem 
Hospital, Mashhad University of Medical 
Sciences for confirmatory tests. Fifty and 
four age and sex matched healthy controls 
were recruited, and their information were 
collected and used in statistical analysis. 
Bone marrow and peripheral blood 
samples were collected in EDTA 
containing tubes. Consent forms were 
signed by all patients and healthy controls.  
All the protocol steps were approved by 
the ethics committee of MUMS.  
Information, including age, sex, and 
laboratory findings was obtained from 
patients medical records.  
 
 

 
Cytogenetical analysis 
Patients were divided into two groups 
cytogenetically: normal and abnormal. 
Cytogenetic analysis of patients was 
performed by R banding metaphase 
method. 
 
RNA extraction and cDNA synthesis 
Bone marrow mononuclear cells or 
peripheral blood cells of AML patients 
were isolated by gradient ficole method. 
Total RNA was extracted using RNA 
extraction Kit (Tri-pure Kit, Roch 
Company) and stored at -70 °C. cDNA 
synthesis was performed according to 
Kit’s guidelines (RNX-Plus solution kit 
number RN7713C).  
Materials required for the RT-PCR 
included 2 µgs RNA, 4 µgs reaction 
buffer, 5 M (X), one µg RiboLock RNase 
inhibitor, 2 µgs dNTP, one µg Reverse 
Transcriptase, one µg forward primer, one 
µg reverse primer and 9 µgs distilled water 
(DEPCE-water). The RT-PCR conditions 
included 10 minutes at 25 ° C, 60 min at 
42 ° C and finally, at a tempreture of 70 °C 
the reaction stopped. Nanodrop 2000 was 
used to check the quality and quantity of 
synthesized cDNA. 
 
Real time-PCR 
SYBR Green PCR method (SYBR Green 
real-time PCR) was used to investigate the 
expression of SOX17. SOX17 gene 
expression was measured using 2-ΔΔCT 
method and GAPDH reference gene. 
Primers used for SOX17 gene were as 
follows: forward, 5′-
TGCTGGGCAAGTCGTGGA-3′ and 
reverse, 5′-
CCACTACCGCGACTGCCAGA-3′. 
Furthermore, the forward and reverse 
primer sequences for the GAPDH gene 
were TGCACCACCAACTGCTTAGC 
and GCATGGACTGTGGTCATGAG, 
respectively. 
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Real time-PCR reaction was performed at 
a volume of 20 ul. Materials needed for 
this reaction included 10 ul  CYBER 
Green Katara , 0.5 µl 10 Pico molar 
forward primer, 0.5 µl 10 Pico molar 
reverse primer, 2 µl cDNA, and 7 µl 
double-distilled water. Initial denaturing 
step was performed at 95° C for 30 
seconds, followed by 40 cyclesat64° C for 
30 seconds and finally 40 cycles of 
extension step at 72° C for 30 seconds. 
Melting curve analysis was performed to 
ensure the specificity of reaction steps. 
 
Statistical analysis 
Statistical analysis was performed by 
SPSS (version 16). Student T-test and 
Mann-witheny test were used to assess 
significance of differences between 
SOX17 gene expression and internal 
control gene (GAPDH). Kaplan-Meier and 
Cox regression tests were applied to 
examine the relationships between patient 
survival and gene expression. P values 
<0.05 were considered significant. 
 

Results 
  This cross-sectional case-control study 
included 54 AML patients. Concerning 
sex, 20 (37 %) of the patients were female 
and 34 (63%) were male. Patients’ mean 
age was 36.24±23.46. The minimum age 

was six months and the maximum was 74 
years. The mean white blood cell (WBC) 
and platelet (Plt) counts and Hb 
concentration were 48.74±53.52, 
65.57±53.59, and 7.75±2.32; respectively. 
In this study, SOX17 gene expression was 
examined in AML patients and healthy 
controls. Patients were divided into two 
groups based on SOX17 expression: a 
group with increased expression, and the 
other with decreased expression of 
SOX17. No significant correlations were 
found between SOX17 expression and age, 
gender, WBC and Plt counts in both AML 
groups. However, a significant correlation 
was observed between Hemoglobin (Hb) 
concentration and SOX17 gene expression 
in the AML group (p<0.039) (Table I). 
Twenty four-month survival of AML 
patients was calculated (range between 2-
48 months). Survival mean was 31.30 ± 
1.95 in females and 33.17 ± 2.42 in males. 
No significant correlation was found 
between SOX17 expression and patient 
survival. Moreover, the overall survival 
was examinedin cohort with normal 
karyotypes and no correlation was 
observed between SOX17 expression and 
patient survival (Figure 1). No correlation 
was found among Sex, hemoglobin, and 
WBC with survival (Table II).  
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Table I: Correlation between SOX17expression and patients’ parameters. 

Patients’ parameters 

SOX17 expression Low high Total p-Value 

Sex, male/female 10/10 21/13 31/23 .569 

Median age, years 35.33 31.97 36.24±23.46 .594 

Median WBC, 
×109/L (range) 

61.34 41.33 48.74 .213 

Median platelets, 
×109/L (range) 

63.40 66.85 65.67 .807 

HG 6. 96 8.22 7.75 .039 

FAB    .526 

M0 0 1 1  

M1 6 8 14  

M2 3 8 11  

M3 3 5 8  

M4 4 4 8  

M5 5 4 9  

M6 0 2 2  

M7 1 0 1  

WHO    .147 

AML with t(8;21) 1 3 4  

AML with t(15;17) 1 7 8  

AML with t(6;9) 0 2 2  

AML with inv(16) 2 1 3  

AMLwith normal 
cytogenetic 

15 
 
 

22 37 .269 

*P<0.05     
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 Table II: correlation between  Hb, Sex and WBC with overall survival  in AML patients 

 

 

 

Figure 1. Kaplan-Meier survival curve on the two groups based on SOX17 expression. (A) All 

patients; (B) cytogenetically normal patients. 

Discussion 
Variations of molecular genetics are not 
only a basis to predict prognosis, but also a 
potential molecular target for leukemia 
treatment. Malignancy transformation 
process is complicated in leukemia(20). 
Some important prognostic cytogenetic 
and molecular markers, including 
repetitive translocations such as t(15;17), 
internal tandem duplication of  flt3 gene, 
NPM1 gene mutations, partial tandem 
duplication of  MLL gene, mutation in 
CCAAT/enhancer binding protein alpha( 
CEBPA), and Wilms tumor 1(WT1) genes 
are discovered (21). 
Gene expression alterations have been 
observed in solid tumors such as colon 
(12, 22) and breast cancers(23, 24). 

Decreased expression of SOX17 is 
associated with tumor progression and 
poor prognosis in solid tumors. Ying Kuo 
et al., showed low expression of SOX 17 
in esophageal cancer. They showed a link 
between SOX 17 expression and tumor 
progression(25). According to the role of 
SOX17 gene in fetal Hematopoiesis, it is 
thought that increased expression of 
SOX17 is associated with increased risk of 
AML(16). However, later studies showed 
that hyper-methylation of SOX 17 gene 
promoter is associated with poor prognosis 
in blood malignancies. Fan R et al., 
detected SOX17 gene methylation in MDS 
patients. In this study, 164 patients with 
MDS were examined by methylation-
specific PCR method.  SOX17 gene was 

Factor P value 
SOX17 expression .493 
Hb .866 
Sex .322 
WBC .103 
*P<0.05  

A                                                                                      B 
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methylated in 96 patients. According to 
WHO criteria and IPSS, SOX17 gene was 
highly methylated in patients who had 
poor prognostic indicator (17). 
A similar study was done by Ghasemi et 
al., in 2015 (26). They identified SOX17 
gene promoter hyper methylation in AML 
patients. They suggested that gene hyper-
methylation is associated with decreased 
SOX 17 expression and poor prognosis. 
They did not find any relation between 
SOX17 methylation and recurrence 
occurrence. They demonstrated that gene 
methylation is significantly higher in 
AML-M1 group. In this study, however, 
no correlation was discovered between 
gene expression and various subgroups of 
AML based FAB and WHO 
classifications. Hemoglobin concentration 
in cases with increased expression of 
SOX17 was significantly higher in 
comparison with the cases with decreased 
expression of SOX17 (P=0.039). This 
finding was not consistent with Ghasemi's 
study. They did not observe any relations 
between laboratory findings and gene 
methylation. There is no data regarding 
patient survival and SOX17 gene 
expression in hematologic malignancies. 
Tang et al., examined SOX17 gene 
expression in patients with AML (17); 
they concluded that decreased expression  
of SOX17 gene is associated with 
decreased survival rate of patients. In 
comparison with Tang’s study, these 
results indicated that there is no significant 
correlations between SOX17 gene 
expression level and patient survival rate 
(P=0.493). In this research, SOX17 
expression was not significantly correlated 
with age, sex and hematologic parameters; 
but in contrast with findings of current 
investigation, Tang‘s study showed that 
hemoglobin levels are significantly 
associated with increased expression of 
SOX17. Tang showed that average 
survival rate of patients was 1-19 months. 
In comparison with their study, a longer 
period study was designed. Based on the 
results of this study, there was no 

significant correlation between patient 
survival rate and others parameters. The 
median age of Tang's study was 55 years 
that is higher than this study 
(36.24±23.46). Maybe younger patients 
and longer period study led to this 
difference between the current 
investigation and Tang's study.      
 

Conclusion 
These differences may be due to lower 
sample size and shorter survival period in 
this study. Finally, this study showed that 
there is no significant correlation between 
SOX17 gene expression level and survival 
rate of AML patients. Furthermore, 
survival study of patients did not show any 
significant relationships between SOX17 
gene expression and survival rate of 
normal cytogenetic AML patients. It is 
better to perform further studies with 
larger sample size and quantitative real-
time PCR methods to determine the role of 
SOX17 gene in patient’s prognosis. 
 

Conflict of interest  
The authors report no conflict of interest. 
 

References 
1.Meyers CA, Albitar M, Estey E. 
Cognitive impairment, fatigue, and 
cytokine levels in patients with acute 
myelogenous leukemia or myelodysplastic 
syndrome. Cancer 2005;104(4):788-93. 
2.Juliusson G, Antunovic P, Derolf Å, 
Lehmann S, Möllgård L, Stockelberg D, et 
al. Age and acute myeloid leukemia: real 
world data on decision to treat and 
outcomes from the Swedish Acute 
Leukemia Registry. Blood 
2009;113(18):4179-87. 
3.Walter RB, Othus M, Burnett AK, 
Löwenberg B, Kantarjian HM, 
Ossenkoppele GJ, et al. Significance of 
FAB subclassification of" Acute Myeloid 
Leukemia, NOS" in the 2008 WHO 
classification: analysis of 5,848 newly 
diagnosed patients. Blood 2013: 
10:4624404-08 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ph
o.

ss
u.

ac
.ir

 o
n 

20
24

-1
0-

02
 ]

 

                               6 / 8

https://ijpho.ssu.ac.ir/article-1-312-en.html


Relationship Between SOX17 Gene Expression and Prognosis in Acute Myeloid Leukemia 

60                                                                                          Iran J  Ped Hematol Oncol. 2018,  Vol 8. No 1, 54-61                                                                                  
 

4.Wang Y, Krivtsov AV, Sinha AU, North 
TE, Goessling W, Feng Z, et al. The 
Wnt/β-catenin pathway is required for the 
development of leukemia stem cells in 
AML. Sci J 2010;327(5973):1650-3. 
5.Lupinacci R, Andraus W, Haddad LDP, 
Herman P. Simultaneous laparoscopic 
resection of primary colorectal cancer and 
associated liver metastases: a systematic 
review. Tech Coloproctol 2014;18(2):129-
35. 
6.Rossi DJ, Jamieson CH, Weissman IL. 
Stems cells and the pathways to aging and 
cancer. Cell 2008;132(4):681-96. 
7.Klaus A, Birchmeier W. Wnt signalling 
and its impact on development and cancer. 
Nat Rev Cancer 2008;8(5):387-98. 
8.Logan CY, Nusse R. The Wnt signaling 
pathway in development and disease. 
Annu Rev Cell Dev Biol 2004;20:781-810. 
9.Singh AM, Chappell J, Trost R, Lin L, 
Wang T, Tang J, et al. Cell-cycle control 
of developmentally regulated transcription 
factors accounts for heterogeneity in 
human pluripotent cells. Stem cell rep 
2013;1(6):532-44. 
10.Zorn AM, Barish GD, Williams BO, 
Lavender P, Klymkowsky MW, Varmus 
HE. Regulation of Wnt signaling by Sox 
proteins: XSox17α/β and XSox3 
physically interact with β-catenin. 
Mol Cell 1999;4(4):487-98. 
11.Nakajima-Takagi Y, Osawa M, Oshima 
M, Takagi H, Miyagi S, Endoh M, et al. 
Role of SOX17 in hematopoietic 
development from human embryonic stem 
cells. Blood 2013;121(3):447-58. 
12.Ye Y-W, Wu J-H, Wang C-M, Zhou Y, 
Du C-Y, Zheng B-Q, et al. Sox17 
regulates proliferation and cell cycle 
during gastric cancer progression. 
Cancer Lett 2011;307(2):124-31. 
13.He S, Kim I, Lim MS, Morrison SJ. 
Sox17 expression confers self-renewal 
potential and fetal stem cell characteristics 
upon adult hematopoietic progenitors. 
Genes Dev 2011;25(15):1613-27. 
14.Yin D, Jia Y, Yu Y, Brock MV, 
Herman JG, Han C, et al. SOX17 
methylation inhibits its antagonism of Wnt 

signaling pathway in lung cancer. Discov 
med 2012;14(74):33. 
15.Kim I, Saunders TL, Morrison SJ. 
Sox17 dependence distinguishes the 
transcriptional regulation of fetal from 
adult hematopoietic stem cells. Cell 
2007;130(3):470-83. 
16.Chhabra A, Mikkola HK. Return to 
youth with Sox17. Genes Dev 
2011;25(15):1557-62. 
17.Tang C-y, Lin J, Qian W, Yang J, Ma 
J-c, Deng Z-q, et al. Low SOX17 
expression: prognostic significance in de 
novo acute myeloid leukemia with normal 
cytogenetics. Clin Chem Lab Med 
(CCLM) 2014;52(12):1843-50. 
18.Estey EH. Acute myeloid leukemia: 
2013 update on risk‐stratification and 
management. Am J Hematol 
2013;88(4):317-27. 
19.Swerdllow S, Campo E, Harris NL. 
WHO classification of tumours of 
haematopoietic and lymphoid tissues: 
France: IARC Press 2008; 4-10 
20.Shtivelman E, Lifshitz B, Gale RP, 
Canaani E. Fused transcript of abl and bcr 
genes in chronic myelogenous leukaemia. 
nature 1985; 315: 550-554 
21.Erber WN. Diagnostic techniques in 
hematological malignancies: Netw Sci 
(Camb Univ Press) 2010; 10-15 
22. O'Connell MJ, Lavery I, Yothers 
G, Paik S, Clark-Langone KM, Lopatin M, 
et al. Relationship between tumor gene 
expression and recurrence in four 
independent studies of patients with stage 
II/III colon cancer treated with surgery 
alone or surgery plus adjuvant fluorouracil 
plus leucovorin.J Clin Oncol  2010;28: 
9538-43 
23.Christgen M, Geffers R, Ballmaier M, 
Christgen H, Poczkaj J, Krech T, et al. 
Down-regulation of the Fetal Stem Cell 
Factor SOX17 by H33342 a mechanism 
responsible differentiation  gene 
expression breastcancer bside population  
cells. J Biol Chem 2010;285(9):6412-8. 
24.Katoh M. Expression of human SOX7 
in normal tissues and tumors. Int J Mol 
Med 2002;9:363-8. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ph
o.

ss
u.

ac
.ir

 o
n 

20
24

-1
0-

02
 ]

 

                               7 / 8

https://ijpho.ssu.ac.ir/article-1-312-en.html


 
Khiabani et al  

 Iran J  Ped Hematol Oncol. 2018,  Vol 8.No 1, 54-61                                                                                          61                                                                                                                             

 

25.Kuo I, Wu CC, Chang JM, Huang YL, 
Lin CH, Yan JJ, et al. Low SOX17 
expression is a prognostic factor and 
drives transcriptional dysregulation and 
esophageal cancer progression. Int 
J Cancer 2014;135(3):563-73. 

26.Ghasemi A, Ghotaslou A, Ghaffari K, 
Mohammadi M. Methylation Status of 
SOX17 and RUNX3 Genes in Acute 
Leukemia. IBJC 2015;7(5):213-9. 
 
 

 
 
 

 
 

 
 
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ph
o.

ss
u.

ac
.ir

 o
n 

20
24

-1
0-

02
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

https://ijpho.ssu.ac.ir/article-1-312-en.html
http://www.tcpdf.org

