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The rs9909659G/A polymorphisms of the STAT3 gene provide
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Background: The signal transducer and activator of transcription 3 (STAT3) is one of the most prominent
predictable factors for cancer and leukemia. This study aimed to investigate the relationship between STAT3
gene polymorphisms and the treatment outcome of acute myelogenous leukemia (AML) in a Chinese
population.

Methods: A total of 152 AML patients were included in our study, and the therapeutic effects were
evaluated. Two single nucleotide polymorphisms (SNPs) in the STAT3 gene (rs9909659G/A and
rs17886724T/C) were genotyped. SNP genotyping was performed using the MassARRAY system (Sequenom)
via matrix-assisted laser desorption ionization time-of-flight mass spectrometry.

Results: The results illustrated that the frequency of the TC/CC genotype of rs17886724 was higher in
the unfavorable group than that of the T/T genotypes (P=0.004). Meanwhile, the C allele in rs17886724 was
more frequently classified into the unfavorable group (P=0.023). Age and gender classifications were similar
for different rs9909659 genotypes. Patients with M7, low hemoglobin, unfavorable cytogenetic factor,
unfavorable gene mutation factor, and high lactate dehydrogenase (LDH) were associated with the GA/AA
genotype in rs9909659 (P=0.031, P=0.000, P=0.000, P=0.019, and P=0.001, respectively). Patients with the
GA/AA genotype of rs9909659 suffered from poor treatment, including unfavorable cytogenetic and poor
response (P=0.001 and P=0.038, respectively). Clearly, AML patients with the GA/AA genotype of rs9909659
were not sensitive to standard chemotherapy.

Conclusions: The rs9909659G/A polymorphisms of the STAT3 gene could be used to predict the

treatment outcome in AML patients.
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Introduction with a complete remission (CR) rate of about 70% (2).
Acute myelogenous leukemia (AML) is a heterogeneous However, the clinical efficacy and prognosis vary in AML

clone disorder of hematopoietic stem cells, with an increased patients. Recent studies have demonstrated that genetic

incidence in adults; the median age at presentation is about factors are a major prognostic factor of AML (3-5).
70 years old (1). Cytarabine combined with anthracycline Single nucleotide polymorphisms (SNPs), which can be
has long been considered the standard induction regimen, interpreted as DNA sequence polymorphisms attributed
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Figure 1 Regulation pathway of signal transducer and activator of transcription 3 (STAT3) in cancer and leukemia.

to a single nucleotide mutation, are the most frequently
occurring human genetic variations (6). SNPs with rich
sites, representativeness, and genetic stability contribute to
phenotypic diversity, drug tolerance, different susceptibility
to diseases, and differences in response to environmental
factors. As a result, SNPs are popularly used as molecular
markers to facilitate the identification of genetic factors
responsible for diseases, early diagnosis, prediction of
occurrence, treatment outcome, prognosis, and potential
targeted molecular therapy (7-9). Some genes have been
reported to be associated with the chemotherapy response
in AML patients (10-12). However, the ideal candidate gene
predicting the chemotherapy response remains unknown.
The Janus kinase/signal transducer and activator of
transcription (JAK/STAT) pathway mediates signaling
by cytokines, which control survival, proliferation, and
differentiation of several cell types. STATs are activated
by phosphorylation of a tyrosine residue located in the
C-terminus transactivation domain. Following JAK-
mediated phosphorylation, STAT proteins dimerize and
translocate to the nucleus, where they regulate gene
expression (13). The more prominent factor in this signaling
pathway is signal transducer and activator of transcription 3
(STAT3) for cancer and leukemia, and the activation pathway
of STAT?3 is shown in Figure 1. The interleukin-6 family
of cytokines function as ligands bound to corresponding
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cytokine receptors are the most well-known traditional
activators of STAT3. Bromberg’s group confirmed that
the mutants of STAT3, A661, and N663 are constitutively
active and transform cells (14). Therefore, constitutive
STAT3 activation promotes cellular transformation
and plays an important role in human tumors (15).
The STAT?3 transcription factor is constitutively activated
in human AML cell lines and may contribute to the
autonomous proliferation of AML blasts (16). Steensma’s
group also considered that STAT signaling pathways are
activated in most AML cases (17). The role of JAK/STAT
mutations in cancer has only recently begun to be explored,
and mutations in components of this pathway are possibly
present in a wide variety of cancers.

In this study, we aimed to confirm the STAT3 genotype
distributions of AML patients in a Chinese population
and further evaluate the association between STAT3
polymorphisms and treatment outcomes of AML.

Methods
Patients

A total of 152 patients with newly diagnosed AML
according to FAB criteria at the Drum Tower Hospital
in Jiangsu Province between May 2011 and September
2015 were enrolled in the study. This study was approved
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by the ethics committee of the hospital and performed in
accordance with the Declaration of Helsinki. All patients
provided written informed consent before enrollment. AML
patients who were diagnosed with any other cancer types
or other hematological malignancies were eliminated from
the study. The M3 subtype (acute promyelocytic leukemia)
and patients who received allogeneic hematopoietic stem
cell transplantation (HSCT) or autologous HSCT were
excluded. Cytogenetic risk groups were divided according
to the Medical Research Council cytogenetic classification
system (18). The presence of 5/del(5q), 7/del(7q), abn3q,
complex aberrations (>3 independent aberrations), t(9;22),
and t(6;9) were identified as unfavorable karyotypes, whereas
t(8;21) and inv (18) were classified as favorable karyotypes.
The remaining patients, that is, those with normal karyotype
and all other karyotypic aberrations, comprised the
intermediate risk group. Gene mutation risk groups were
divided according to the NCCN gene mutation classification
system (19). NPM1 and CEBPA were identified as favorable
gene mutations, whereas FLT3/ITD and C-KIT were
classified as unfavorable gene mutations. The patients were
then divided into two groups according to age >45 vs. <45;
white blood cell (WBC) counts >50x10°/L vs. <50x10°/L;
and level of serum lactate dehydrogenase (LDH) >1,000 ws.
<1,000 IU/L.

Chemotherapy regimens and therapeutic effect evaluation

All patients were treated with standard induction
chemotherapy (45 mg/m’/day i.v. daunorubicin for
1-3 days and 100 mg/m’/day i.v. cytarabine for 1-7 days).
Consolidation therapies were performed based on two
more cycles of high-dose cytarabine (2-3 g/m’/day i.v. for
3 consecutive h for 1-3 days). CR was defined according to
the criteria of the International Working Group (19). Partial
remission (PR) indicated that at least one of the standards
on clinical manifestation, blood analysis, and bone marrow
was not met; less than 20% of blast cells were observed in
the bone marrow. Non-remission (NR) indicated that all
standards of CR on clinical manifestation, blood analysis,
and bone marrow were not met; more than 20% of blast cells
were observed in the bone marrow. Early death was defined
as death within 8 weeks from the start of the first induction
therapy course. Leukemia-free survival (LFS) was defined
as the interval from the date of confirmed CR to the date
of confirmed relapse from any causes, whereas event-free
survival (EFS) was defined as the interval from the date of
treatment to the date of a confirmed relapse, persistence of
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the disease, or death from any causes. Overall survival (OS)
was defined as the length of time from the date of diagnosis
to the date of death from any causes or last follow-up.

DNA extraction and polymorphism genotyping

We selected two SNPs within the STAT3 gene that have
been reported to be associated with cancer development and
outcome (20-22). These SNPs coding polymorphisms for
amino acid substitutions likely affect the resulting protein
structure and function. They occur at a relatively high
frequency, thereby affecting a relatively large portion of the
general population.

Genomic DNA was isolated from peripheral blood
leukocytes by the phenol-chloroform extraction method.
SNP genotyping was performed by matrix-assisted laser
desorption ionization time-of-flight mass spectrometry
according to the manufacturer’s instructions. The STAT3
genotypes were inspected, and the results were tested
for departures from the Hardy-Weinberg equilibrium
separately for cases by SNP analyzer software.

Statistical analysis

Demographic and clinical variables of different genotypes
were evaluated using the Pearson Chi-squared test or
Fisher’s exact test, as appropriate. The Kaplan-Meier
product-limit method was used to determine OS. The
differences were assessed by the log-rank test. The
prognostic impact of different variables on survival (LES
and EFS) was determined by multivariate Cox proportional
hazards model. All data were statistically analyzed using a
commercially available statistical software package (SPSS
19.0; IBM Corp., Armonk, NY, USA). All tests were
bilateral, and P<0.05 was considered statistically significant.
Odds ratios with 95% confidence intervals (CIs) were also
calculated.

Results
Clinical characteristics and distribution of genotypes

As shown in Table 1, patient characteristics, such as
gender, age, FAB classification, leukocytosis at the time
of presentation, WBC and platelet counts, and levels of
hemoglobin and LDH, were not significantly different
among the groups with different STAT3 genotypes in
rs17886724. The frequency of the TC/CC genotype of
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Table 1 Patients’ characteristics according to the rs17886724 and the rs9909659 genotypes

Variable rs17886724 rs9909659
T TC CC T allele C allele GG GA AA G allele A allele
Gender
Female 35 21 16 63.2% 36.8% 19 40 13 54.2% 45.8%
Male 35 27 18 60.6% 39.4% 25 41 14 56.9% 43.1%
P value 0.799 0.771 0.799 0.734
Age (years)
>45 42 29 14 66.5% 33.5% 31 39 14 60.1% 39.9%
<45 28 19 20 57.5% 42.5% 13 42 13 50.0% 50.0%
P value 0.145 0.192 0.053 0.155
FAB classification
Mo 4 5 1 65.0% 35.0% 2 4 4 40.0% 60.0%
M1 5 1 75.0% 25.0% 3 6 39.3% 61.7%
M2 32 22 14 63.2% 36.8% 18 46 4 60.3% 39.7%
M4 4 6 55.6% 44.4% 10 6 2 72.2% 27.8%
M5 12 9 7 58.9% 41.1% 7 17 4 55.4% 44.6%
M6 2 5 45.5% 54.5% 3 3 5 40.9% 59.1%
M7 1 0 83.3% 16.7% 1 0 2 33.3% 66.7%
P value 0.624 0.268 0.031° 0.000*
Cytogenetic risk
Favorable 18 15 6 62.8% 37.2% 10 24 5 50.0% 50.0%
Intermediate 46 15 21 65.2% 34.8% 22 47 13 60.4% 39.6%
Unfavorable 6 8 7 47.6% 52.4% 4 9 8 33.3% 66.7%
P value 0.004* 0.023* 0.000° 0.001*
Gene mutation
Favorable 41 20 14 68.0% 32.0% 30 35 10 63.3% 36.7%
Unfavorable 29 28 20 55.8% 44.2% 14 46 17 48.1% 51.9%
P value 0.109 0.051 0.019° 0.000*
Lab at diagnosis
WBC (x10%/L)
<50 62 43 30 62.5% 37.5% 38 71 26 51.9% 48.1%
>50 8 5 4 68.2% 31.8% 6 10 1 68.2% 31.8%
P value 0.888 0.403 0.317 0.058
Hemoglobin (g/L)
<100 39 22 21 62.7% 37.3% 14 64 4 54.4% 45.6%
>100 31 26 13 61.8% 38.2% 30 17 23 53.7% 46.3%
P value 0.299 0.884 0.000° 1.000
Platelets (x10%L)
<60 36 25 19 60.1% 39.9% 25 43 14 58.0% 42.0%
>60 34 23 15 63.2% 36.8% 19 38 13 49.2% 50.8%
P value 0.513 0.335 0.506 0.202

Table 1 (continued)
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Table 1 (continued)

Variable rs17886724 rs9909659
TT TC CC T allele C allele GG GA AA G allele A allele
LDH (U/L)
>1,000 37 25 20 75.6% 24.4% 16 63 3 58.5% 41.5%
<1,000 33 23 14 80.0% 20.0% 28 18 24 52.8% 47.2%
P value 0.279 0.814 0.001" 0.937
Blast (%)
>50 42 19 14 68.6% 31.4% 21 44 10 58.7% 41.3%
<50 28 29 20 55.1% 44.9% 23 37 17 53.9% 46.1%
P value 0.179 0.081 0.038° 0.089

2 odd ratio (95% Cl) =0.205 (0.912-5.968); °, odd ratio (95% CI) =0.411 (0.071-2.768); °, odd ratio (95% Cl) =3.646 (0.072-9.153); °, odd
ratio (95% Cl) =0.752 (0.487-2.325); °, odd ratio (95% Cl) =0.537 (0.087-3.314); /, odd ratio (95% Cl) =1.383 (0.935-4.163); 9, odd ratio
(95% Cl) =0.252 (0.187-1.325); *, P<0.05. FAB, French-American-British criteria; WBC, white blood cells; LDH, lactate dehydrogenase;
MO, minimally differentiated acute myelogenous leukemia (AML); M1, AML without maturation; M2, AML with maturation; M4, acute

myelomonocytic leukemia; M5, acute monocytic leukemia; M6, erythroleukemia; M7, acute megakaryoblastic leukemia.

rs17886724 was higher in the unfavorable group than that
of the T/T genotypes (P=0.004). Meanwhile, the C allele
in rs17886724 was more frequently classified into the
unfavorable group (P=0.023). Age and gender classifications
were similar in different genotypes of rs9909659. Moreover,
patients with M7, low hemoglobin, unfavorable cytogenetic
factor, unfavorable gene mutation factor, and high LDH
were associated with the GA/AA genotype in rs9909659
(P=0.031, P=0.000, P=0.000, P=0.019, and P=0.001,
respectively).

The STAT3 genotype distributions are displayed in
detail in Table 1. The frequencies of the TT, TC, and
CC genotypes in rs17886724 were 46.05%, 31.58%, and
28.37%, respectively, whereas those of the GG, GA, and AA
genotypes in rs9909659 were 28.95%, 53.29%, and 17.76%,
respectively. Linkage disequilibrium (LD) analysis showed
no LD between rs17886724 and rs9909659 in the STAT3
SNPs.

Trreatment outcomes according to STAT3 genotypes

All 152 patients received standard remission induction
chemotherapy. Responses of patients to treatment were
evaluated after every chemotherapy cycle. Responses were
subdivided into four groups, namely, CR, PR, NR, and
early death. Differences in the chemotherapy response
based on the STAT3 genotypes are shown in Table 2.
The polymorphic genotypes of rs17886724T/C were not
significantly different between AML patients who had good
response and those who had poor response to standard
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chemotherapy (P>0.05), but the T'T genotype in rs17886724
showed a higher CR rate after the first chemotherapy cycle
(P=0.037). As reflected in the statistical results, different
responses to chemotherapy in AML patients were associated
to STAT3 rs9909659 genotypes. Figure 2 shows that the
rate of AML patients with the rs9909659 G/G genotype
achieving good response was higher than those with the
G/A and A/A genotypes (P=0.038).

The median follow-up time was 14 months (range,
1-24 months). As shown in Table 3, the <6 months rates
of EFS for patients who had a median EFS duration of
124 and 119 days with the TT and TC/CC genotypes in
rs17886724 were 48% and 57%, respectively, whereas the
<6 months rates of EFS for patients who had a median EFS
duration of 124 and 121 days with the GG and GA/AA
genotypes in rs9909659 were 53% and 43 %, respectively.
The <6 and 6-24 months rates of LFS for patients who had
a median LFS duration of 113 and 117 days with the TT
and TC/CC genotypes in rs17886724 were 56% and 61%,
respectively, whereas the <6 and 6-12 months rates of LFS
for patients who had a median LFS duration of 106 and
122 days with the GG and GA/AA genotypes in rs9909659
were 53% and 60%, respectively. However, the genotype
frequencies of rs17886724T/C and rs9909659G/A were not
significantly different between patients with EFS <6 months
and EFS >6 months, as well as between LFS <6 months
and LFS >6 months. The Kaplan-Meier method and log-
rank test showed that patients with the GA/AA genotype in
rs9909659G/A had significantly worse OS than those with
the GG genotype (P=0.001) (Figure 34). For other SNPs,
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Table 2 Responses to chemotherapy of different signal transducer and activator of transcription 3 (STAT3) genotypes
Outcomes rs17886724 rs9909659

TT (n=70) TC (n=48) CC (n=34) Pvalue GG (n=44) GA (n=81) AA (n=27) P value
CR after 1st course, n [%] 25[37] 16[39] 412] 0.037* 13 [28] 18 [22] 14 [50] 0.166
CR after 2nd course, n [%] 14[19]  13[21] 8 [24] 0.498 8 [19] 21 [26] 6 [23] 0.750
PR, n [%] 20[27] 11[18] 11 [35] 0.456 19 [43] 18 [22] 5[19] 0.131
NR, n [%] 11[17] 5[13] 9 [24] 0.557 2 [5] 23 [28] 0[0] 0.002*
Early death, n [%] 0[0] 31[9] 2 [5] 0.093 2 [5] 102] 28] 0.298
Good response (CR + PR), n [%] 59[85] 40([79] 23 [71] 0.839 40 [91] 57 [71] 25 [92] 0.601
Bad response (NR + Early death), n [%] 11[15] 8 [21] 11 [29] 0.366 419] 24 [29] 28] 0.038*

*, P<0.05. CR, complete remission; PR, partial remission; NR, non-remission.
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Figure 2 Response to chemotherapy in patients with different
genotypes in rs9909659 (P=0.038). CR, complete remission; PR,

partial remission; NR, non-remission; ED, early death.

patients with the TC/CC genotype of rs17886724T/C
did not have significantly worse OS than those with
the T'T genotype (P=0.553) (Figure 3B). The survival
analyses by Cox regression model are shown in 7able 4. On
univariate analysis, WBC >50x10°/L (P=0.027, P=0.003),
CR after 1st Course (P=0.018, P=0.034), cytogenetic risk
(P=0.001, P=0.000), gene mutation (P=0.020, P=0.036),
rs17886724TC/CC genotype (P=0.017, P=0.021), and
rs9909659GA/AA genotype (P=0.003, P=0.000) were
significantly associated with EFS and PFS. However, on
multivariate Cox regression analysis, only cytogenetic risk
(P=0.013, P=0.001, respectively) and rs9909659GA/AA
genotype (P=0.015, P=0.042, respectively) remained as an
independent significant predictor for EFS and PFS.

Discussion

In this retrospective study, we explored the associations
between STAT3 gene polymorphisms and treatment
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outcome in patients with AML in a Chinese population.
Our analysis highlights the relevance of the gene variant
in Ara-C-based chemotherapy response. We found that
the genotypes of STAT?3 rs17886724 and rs9909659 were
associated with the clinical characteristics of patient with
AML. The AML patients with the rs9909659GA/AA
genotype were not sensitive to standard chemotherapy.
Constitutive activation of STAT proteins, especially
STAT3 and STATS, has been detected in a variety of
human cancers (23,24). Furthermore, various oncoproteins
have been shown to directly cause STAT activation
(25,26). These proteins include the leukemogenic fusion
oncoprotein tyrosine kinases, such as breakpoint cluster
region (Ber)-Abelson (Abl), TEL-JAK2, and TEL-platelet-
derived growth factor-beta receptor. Thus, aberrant STAT
activation may place a central role in cancer development.
A testable hypothesis is that heterochromatin formation
constitutes a tumor suppression mechanism, and
heterochromatin destabilization is a crucial change in the
global chromatin structure that promotes oncogene-induced
tumorigenesis. As one of the most extensively studied STAT
members, STAT3 signaling has proven to be important
in the pathogenesis of classical Hodgkin’s lymphoma (27).
Several groups confirmed that STAT?3 protein has a primary
oncogene of nasal-type natural killer cell lymphoma,
and STATS3 is a malignancy factor in cutaneous T-cell
lymphoma (28,29). The occurrence of STAT?3 activation in
AML is not plausible (30). Recent evidence revealed that
STAT3 plays a vital role in mediating drug resistance to
targeted cancer therapies and chemotherapies (31). STAT3
gene polymorphisms are important in diagnosing various
diseases and evaluating responses of patients to therapies.
Lei er al. (32) suggested that rs1905339 (A > G) in the
STAT3 region is associated with an increased breast cancer
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Table 3 Treatment outcomes in patients with acute myelogenous leukemia (AML) according to the signal transducer and activator of
transcription 3 (STAT3) gene polymorphisms

rs17886724 rs9909659
Survival variable
TT genotype TC/CC genotype GG genotype GA/AA genotype
Event-free survival (n=130)
Evaluable 54 76 39 91
Probability, <6 months 26 (48%) 45 (59%) 21 (54%) 41 (45%)
Median [range] (day) 124 [54-180] 119 [64-175] 124 [83-178] 121 [54-180]
Probability, 6-24 months 28 (52%) 31 (41%) 18 (46%) 50 (55%)
Median [range] (day) 452 [184-717] 516 [181-702] 509 [361-708] 500 [181-716]
P Value 0.85 0.022*
Leukemia-free survival (n=104)
Evaluable 42 62 39 65
Probability, <6 months 22 (52%) 38 (61%) 21 (53%) 39 (60%)
Median [range] (day) 113 [51-177] 117 [59-178] 106 [51-153] 122 [59-178]
Probability, 6-24 months 20 (48%) 24 (39%) 18 (47%) 26 (40%)
Median [range] (day) 408 [184-656] 476 [183-694] 542 [194-694] 512 [183-684]
P value 0.76 0.026*
*, P<0.05.
A 1.0 = e D B 1.04
- — TC
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Figure 3 Kaplan-Meier curve for overall survival according to the rs17886724 and the rs9909659 genotypes. (A) rs9909659 (Log-rank test,

P<0.05); (B) rs17886724 (Log-rank test, P=0.533).

risk (P=0.000, CI: 1.03-1.08). Permuth-Wey ez 4l. reported
that STAT3 genetic polymorphisms are associated with
unfavorable response to platinum-based therapy in patients
with advanced serous epithelial ovarian cancer (33). SNPs
of STAT3 were identified to be independent predictors for
OS of lung cancer patients in a Han Chinese population (34).
However, only few studies have investigated the association
of STAT?3 genetic polymorphisms with chemotherapy

© Translational Cancer Research. All rights reserved.

response in AML patients.

According to the present research, no association
was found between STAT3 genotypes and responses to
chemotherapy in AML patients with rs17886724, as well
as clinical characteristics among different genotypes in
rs17886724. Simultaneously, patients with hemoglobin
levels less than 100 g/L exhibited LDH of more than 1,000.
Unfavorable cytogenetic factors were associated with the
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Table 4 Univariate and multivariate analysis for event-free survival (EFS) and leukemia-free survival (LFS) outcomes

Covariates EFS LFS
HR 95% ClI P value HR 95% CI P value
Univariate analysis
Age (>45 years) 0.69 0.37-1.29 0.241 0.72 0.43-1.18 0.192
Gender 0.94 0.50-1.75 0.835 1.01 0.61-1.68 0.976
FAB classification 0.82 0.34-1.95 0.648 0.76 0.39-1.46 0.406
WBC >50 (x10%L) 1.29 1.03-1.62 0.027 1.35 1.11-1.64 0.003
CR after 1st course 0.20 0.05-0.75 0.018 0.31 0.10-0.91 0.034
Cytogenetic risk 1.41 1.14-1.73 0.001 1.43 1.19-1.71 0.000
Gene mutation 2.13 1.13-4.01 0.020 1.75 1.04-2.95 0.036
rs17886724TC/CC genotype 2.19 1.15-4.16 0.017 1.82 1.09-3.03 0.021
rs9909659GA/AA genotype 1.44 1.13-1.83 0.003 1.44 1.18-1.76 0.000
Multivariate analysis
Cytogenetic risk 1.30 1.06-1.61 0.013 1.35 1.13-1.62 0.001
rs9909659GA/AA genotype 2.50 1.19-5.26 0.015 1.75 1.02-3.03 0.042
GA/AA genotype in rs9909659, which may be associated Footnote

with poor response to chemotherapy and poor OS. These
potential factors in the rs9909659GA/AA genotype could
be related to the poor prognosis of AML. No significant
associations were found among EFS duration, LFS
duration, and different genotypes in rs9909659, which may
be due to the limited observation time and samples.

In conclusion, AML patients with the GA/AA genotype
in 1s9909659 were not sensitive to standard chemotherapy,
which could also be a predictor for OS in AML patients.
The observation duration and number of patients should
be increased in future work. Further studies should be
conducted to overcome the limitations of this study, such
as the relatively small number of patients, small number of
target genotypes, and follow-up time. Replication studies
would help determine the potential mechanism of STAT?3
SNPs, as well as develop novel therapeutic target strategies
to improve the chemotherapy response and prognosis.
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