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Background: Acute myeloid leukemia (AML) is one of the most common hematological
diseases in adults. The overall survival rate remains unsatisfactory. It is urgent to identify
potential prognostic biomarkers and develop new molecular therapeutic strategies for AML.
Signal transducer and activator of transcription (STAT) is a family of genes that encode
intracellular transcription factors. STATs are associated with leukemogenesis, cellular trans-
formation, and cell cycle in AML.

Methods: We used sequencing data and clinical data from The Cancer Genome Atlas
(TCGA) and ONCOMINE to identify expression difference, gene variability and correlation
as well as prognostic effects of STAT genes in AML patients. Then, we verified the
expression difference of STAT6 between healthy control and AML patients and its prognostic
impact in Gene Expression Omnibus (GEO) database and our own recruited cohort.
Results: The mRNA level of STAT6 was increased in AML patients among TCGA, GEO
and ONCOMINE public datasets and was found to be an independent risk factor of overall
survival in all AML patients and patients who only received chemotherapy by multivariate
analysis. In our study, STAT6 mRNA level was markedly up-regulated in AML patients
(n=105) compared to healthy donor (n=39) (P=0.0435) as a validated cohort. Patients that
only received chemotherapy in high STAT6 group showed significantly lower overall
survival (OS) (P=0.0055).

Conclusion: STAT6 expression was increased in AML patients. STAT6 was found to be an
adverse prognosis factor in AML patients, especially those who only received chemotherapy
treatments.
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Introduction

Acute myeloid leukemia (AML) is characterized by dysfunction and abnormal clone
of malignant hematopoietic stem cells." It is one of the most common hematological
diseases in adults.? Although many AML patients were able to benefit from stereo-
typical induction chemotherapy and allogeneic or autologous hematopoietic stem cell
transplantation (HSCT), the overall survival rate of AML patients remains unsatis-
factory. Moreover, patients present different chemotherapy response and prognosis to
those therapies and the potential mechanisms are still under investigation. Recently,
the development of molecule-targeting drugs has prolonged survival and improved
clinical outcome of AML patients.’ Advances in epigenetic mutation studies of DNA
methyltransferase 3 alpha (DNMT3A), fms related receptor tyrosine kinase 3 (FLT3),
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tet methylcytosine dioxygenase 2 (TET2), argininosucci-
nate lyase 1 (ASL1) have profoundly changed our under-
standing of the mechanisms of AML development.
However, with the complexity in the pathogenesis of
AML, the leukemogenesis is still not clearly understood.
It is urgent to identify potential prognostic biomarkers and
develop new molecular therapeutic strategies for AML.

Signal transducer and activator of transcription
(STAT) is a family of genes that encode intracellular
transcription factors in regulating cell proliferation,
differentiation, and cell cycle progression in cancer.
The STAT family includes seven members: STATI,
STAT2, STAT3, STAT4, STAT5A, STAT5B, STAT6.*
STATs play an essential role in chromatin structure
and crosstalk with various oncogenic pathways in
inflammation and cancer.” Several studies demonstrated
that higher STAT protein expression improved carcino-
genesis and influenced prognosis of patients.
Prognostic and predictive roles of STAT gene family
were also observed in glioblastoma, gastric cancer as
well as lung cancer.®”® There were also researchers
demonstrating that STATSs participated in the pathogen-
esis of AML, and inhibition of STAT induced pathways
was found to enhance leukemogenesis. Enhanced acti-
vations of STATs were also shown to be related with
disease treatments.'®!!

Improvements in sequencing methods provided us
with a more comprehensive understanding of the biol-
ogy of AML. The gene expression patterns in bioinfor-
matic datasets help provide information on expression
differences, related clinical characteristics and functions
and clinical outcomes related to these genes. In our
study, we aimed to explore the mRNA expressions of
STATs on the clinical characteristics and prognostic
significance of AML patients. We examined the relation-
ship between expression profiles of STATs and clinical
outcomes in AML patients not only from bioinformatic
datasets such as The Cancer Genome Atlas (TCGA),
Gene Expression Omnibus (GEO) but also from AML

patients we recruited.

Methods

Public Database
The gene expression database of ONCOMINE (https://www.
oncomine.org/), GEPIA (http://gepia.cancer-pku.cn/), GEO

(https://www.ncbi.nlm.nih.gov/geo/), Xena (https://xenab

rowser.net/) and TCGA (https://www.cancer.gov/tcga) are

publicly accessible. To have an overview (Figure 1) of the
mRNA expressions of STATs in leukemia in the
ONCOMINE database, we defined the selection thresholds
as fold-change = 1.5, p-value = 0.001. For a further detailed
analysis of STAT in AML in different ONCOMINE data-
bases, the screening threshold was identified as P <0.05
(Supplemental Table 1). For STAT family genes, the analysis

of the comparison between cancer and normal sets was
performed. STATs expression in AML patients and normal
was analyzed using GEPIA, consisting of the AML patients’
data from TCGA and the normal data from GTEXs. The
TCGA Acute Myeloid Leukemia database was screened for
adult AML patients with complete corresponding clinical
features, STAT 1-6 expression data and excluded the overall
survival time of zero from the Xena database. A total of 132
patients who met the criteria were included in the study;
among them, 72 received chemotherapy treatment only, and
60 patients received auto/allo-HSCT. The major clinical fea-
tures used in the diagnosis of AML patients are presented in
Table 2. In addition, the gene expression datasets GSE13159
and GSE9476 of AML were also included from the Gene
Expression Omnibus (GEO) database.

Patients and Ethics

A cohort of 105 AML patients and 39 healthy donors were
enrolled between March 2016 to June 2019 in this study.
The FAB of AML patients was classified according to the
2016 World Health Organization (WHO) criteria. The
corresponding clinical features of AML patients are pre-
sented in Supplemental Table 4. The overall survival was

defined as the time from diagnosis to death or the follow-
up was terminated on November 15th, 2019. This study
was conducted by the Declaration of Helsinki. It was
approved by the ethics committee of Xiangya Hospital,
Central South University.

RT-qPCR

Bone marrow mononuclear cells (BMMNCs) were separated
using Ficoll-Hypaque (GE Healthcare, United States). Total
RNA was extracted from BMMNCs with Trizol reagent (Life
Technologies, United States). Reverse transcription to cDNA
was performed using PrimeScript Kit (TaKaRa, Japan). Real-
time PCR using Cham Q Universal SYBR Green Master Mix
(Vazyme, China) was completed on the ViiATM7 RT-PCR
system (Applied Biosystems, USA). The primers used for
STAT6 expression were: forward: 5-GTTCCGCCACTTGC
CAATG-3', reverse: 5'- TGGATCTCCCCTACTCGGTG-3".
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Figure | Transcription levels of STAT family members in different types of cancers (ONCOMINE). The graph shows the number of datasets which had mRNA over-
expression (red) or down-regulated expression (blue) of the STATs gene in ONCOMINE. The threshold was designed with following parameters: p-value of |E-3 and fold

change of I.5.

Relative STAT6 expression mRNA levels were calculated by

2724T and were normalized to internal control (B-Actin).

Functional Analysis

The analyses of genetic alterations frequency, co-expression,
and interaction network of STAT genes were performed with
an online tool cBioPortal (https://www.cbioportal.org/).
Analysis of gene ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathways of STATs and
neighboring genes showed enrichment using the online tool

Metascape (https://metascape.org/).

Statistical Analyses
All statistical analyses were completed using SPSS 22.0 and
GraphPad Prism 8.0. Pearson Chi-square analysis or Fisher

exact test was used for the comparison of categorical vari-
ables, whereas Mann—Whitney’s U-test was used for the
comparison of continuous variables. The prognostic effect
of STAT6 expression was analyzed through Kaplan-Meier
analysis using the Log rank test. Univariate and multivariate
proportional hazard regression analysis was performed using
Cox regression. The P-value <0.05 (two-tailed) in all statis-
tical analyses was defined as statistically significant.

Results
Expression Levels of STATs in AML

Patients
Seven STAT family members have been identified in
human cancers. We compared the mRNA levels of
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STATs in cancers with those in normal tissue samples by
using ONCOMINE databases (Figure 1 and Supplemental
Table 1). ONCOMINE analysis showed that, for STAT],
STAT2 and STAT5A, they increase in some datasets and
decrease in other datasets. For STAT4, STAT5B and STATG,
more datasets showed a decreased STAT in leukemia
patients. For detailed analysis in ONCOMINE datasets,
we further searched the expression of STATs in AML
patients. In the Andersson Leukemia dataset, STAT2,
STAT5A and STAT5B were increased by 1.339, 1.295 and
1.428 folds, respectively, in AML patients compared to
healthy people (P = 0.018, 0.01 and 0.001, respectively).
In the Valk Leukemia dataset, the increase was seen in
STAT2, STAT3 and STAT6 and the P values compared with
normal bone marrow were 0.015, 0.027 and 7.09E-4.
Moreover, STAT2 and STAT6 were also significantly higher

in the Haferlach Leukemia dataset. STAT2 increased by
1.171 folds while STAT6 increased by 1.265 folds, and the
P-values compared with control were 8.31E-4 and 1.85E-7
accordingly (Supplemental Table 1). To make a more

detailed comparison in AML, we further analyzed the
AML patients from the TCGA database. We found
mRNA expression levels of STAT2, STAT4 and STAT6
were significantly higher in AML than in normal tissues
by using GEPIA (Figure 2).

Genetic Alterations and Correlations of
STATs Genes in AML

The percentages of genetic alterations in STAT family
members for leukemia varied from 3 to 9% for individual
genes based on the TCGA Provisional dataset (STATI, 5%;
STAT2, 5%; STAT3, 9%; STAT4, 6%; STAT5A, 4%; STAT5B,
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Y

==

LAML
(num(T)=173; num(N)=70)

submit your manuscripi

11168

Dove

t

OncoTargets and Therapy 2020:13


https://www.dovepress.com/get_supplementary_file.php?f=272757.docx
https://www.dovepress.com/get_supplementary_file.php?f=272757.docx
https://www.dovepress.com/get_supplementary_file.php?f=272757.docx
http://www.dovepress.com
http://www.dovepress.com

Dove

Liu et al

7%; STAT6, 3%; Figure 3A). Pearson correlation analysis
was conducted using expression data (RNA Seq V2 RSEM)
of STAT family members collected from the cBioPortal
online tool for Leukemia (TCGA, Provisional). The results
indicated a significant positive correlation among STATS5B
and STAT5A, STAT5B and STAT3, except these, only mild to
moderate correlation between others (Figure 3B). Kaplan—
Meier plot and Log rank test indicated no significant differ-
ence in overall survival (OS) between the cases with altera-
tions in one of the query genes and those without (P = 0.220,
Figure 3C). Next, we constructed the network for STATs

A
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and the 50 most frequently altered neighboring genes by
using cBioPortal (Figure 3D and Supplemental material).

Functional Enrichment Analysis of STATs
in AML Patients

The functions of STAT family members and their co-
activated genes were predicted by analyzing GO and
KEGG in Metascape. The top 20 GO enrichment items
were classified into 2 functional groups: biological process
group (16 items) and molecular function group (4 items)
(Figure 4A and B and Supplemental Table 2). STATs and

No alterations

STAT5A STATSB STAT6

]Eﬂim 0.181

Figure 3 Alteration frequency and correlation of STAT family members and neighbor gene network in AML. (A) OncoPrint visual summary of alteration on a query of STAT
family members; (B) co-expression analysis of STAT family members at the gene level; (C) Kaplan—Meier plots comparing OS in cases with/without STAT family member
gene alterations. (D) Gene—gene interaction network among STAT family members and 50 most frequently altered neighboring genes.
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their neighboring genes were enriched in cytokine-
mediated signaling pathway and cytokine production, pep-
tidyl-tyrosine phosphorylation, cell differentiation, such as
myeloid cell leukocyte and myeloid leukocyte differentia-
tion, positive regulation of cell migration, transmembrane
receptor protein tyrosine kinase signaling pathway, posi-
tive regulation of kinase activity and so on. The functions
for these genes were mainly enriched in GTPase activity,
protein kinase activity, protein phosphatase binding and
MAP kinase activity.

The top 12 KEGG pathways for the STAT family mem-
bers and their neighboring genes are shown in Figure 4C
and D and Supplemental Table 3. Among these pathways,

pathways in cancer and Ras cell signaling, Cytokine-

cytokine receptor interaction, Natural killer cell mediated
cytotoxicity and Endocytosis were found to be related to
multiple tumor development and were involved in leukemia
tumorigenesis and pathogenesis.

To better understand the relationship between STAT
family members and leukemia, a Metascape protein—protein
interaction enrichment analysis was performed. The protein—
protein interaction network and MCODE components iden-
tified in the gene lists are shown in Figure 4E and F.

Prognostic Value of STAT6 in AML

Patients
To investigate the prognostic value of STATs expression in
AML patients, we further studied the role of STATs genes
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Figure 4 Enrichment analysis of STATs family members and neighboring genes in AML. (A) Heatmap of Gene Ontology (GO) enriched terms colored by p-values. (B)
Network of GO enriched terms colored by p-value, where terms containing more genes tend to have a more significant p-value. (C) Heatmap of Kyoto Encyclopedia of
Genes and Genomes (KEGG) enriched terms colored by p-values. (D) Network of KEGG enriched terms colored by p-value, where terms containing more genes tend to
have a more significant p-value. (E) Protein—protein interaction (PPl) network and three most significant MCODE components form the PPl network. (F) Independent

functional enrichment analysis of three MCODE components.
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Figure 5 Prognostic value of mRNA level of STAT family members in leukemia
patients with high (blue) and low (red) expression rates. (A) Overall Survival of
AML patients. (B) Overall Survival of only chemotherapy-only group. (C) Overall
Survival of HSCT group.

in the survival of AML patients from the TCGA database
(divided AML patients into two groups according to the
median level of STATs). Based on the Kaplan-Meier ana-
lysis, the STATs showed no correlation with the overall
survival rate among total AML patients and patients with
auto/allo-HSCT. However, in patients who have only
received chemotherapy, higher expression of ST7TAT6
showed a poor prognosis (Figure 5A-C). Furthermore,

we evaluated the prognostic effect of STATs expression
in AML patients by using Cox regression analysis; in both
unicox and multicox analysis, STAT6 was found as an
independent predictor for overall survival in all AML
patients and AML patients only received chemotherapy
(Table 1).

Clinical Features of STAT6 in AML

Patients

To explore the clinical features in AML patients, the
comparison of clinical/laboratory characteristics of AML
patients between two groups (STAT6"E" and STAT6')
was summarized in Table 2. There were no significant
differences between STAT6™E" and STAT6'™ groups in
sex, PM blasts and BM blasts (P > 0.05). However,
STAT6" 8" cases had significantly higher white blood
cells (WBC) and older age (P = 0.002 and 0.018).
Additionally, significant differences in distributions of
French-American-British (FAB) classifications and cyto-
genetics were observed. STAT6 high expression was mark-
edly negatively correlated with FAB-M3 (P = 0.005) and
t (15;17) cytogenesis (P=0.009). No significant differences
were found between STAT6 expression among the gene

mutations.

Verification of STAT6 in Expression and

Prognosis Value in Validated AML Patients
We analyzed data from GEO datasets, GSE13159 and
GSE9476, to verify the expression of STAT6 in AML
patients (Figure 6A and B). In both datasets, ST476 showed
an increased expression in AML compared to healthy con-
trol. We next determined the expression and prognostic
impact of STAT6 in recruited AML patients. Patients’ char-
acteristics are shown in Supplemental Table 4. Follow-up

data were available in 105 patients. Firstly, we observed that
STAT6 was overexpressed in AML patients compared to
healthy donors (Figure 6C). By Kaplan-Meier analysis,
only patients who received chemotherapy treatment and
have a lower expression of STAT6 showed higher over-all
survival (Figure 6E). Cox regression analysis also identified
that STAT6 expression could be an independent factor of OS
in AML patients who received chemotherapy treatment
(Supplemental Table 5). Although not significant, there

was also a higher survival tendency in the overall survival
of STAT6"Y group in all AML patients (Figure 6D).
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Table 2 Clinic-Pathologic Characteristics in AML Patients of

Different STAT6 Expression Among TCGA Cohort

Parameters STATé6 Expression P-value
Low Group High Group
(n=66) (n=66)

Median age (years) | 51 (22-8I) 60 (21-88) 0.018

Sex (Female/male) | 29/37 34/32 0.384

Mdeian WBC 8.3 (0.4-202.7) | 22.9 (1.7-223.8) | 0.002

Mdeian BM Blast 72(30-100) 72(30-99) 0.479

Mdeian PB Blast 32(0-97) 41 (0-91) 0.377

FAB
MO 6 6 |
Ml 14 19 0.315
M2 18 13 0.305
M3 12 2 0.005
M4 10 17 0.131
M5 3 9 0.069
Mé 2 0 0.154
M7 | 0 0.315

Cytogenetics
Normal 23 33 0.078
t(1517) I 2 0.009
t(8;21) 4 2 0.511
inv(16) 4 6 0.676
+8 4 2 0.69
del(5) | 0 |
—7/del(7) 2 2 |
11923 | 4 0.362
Other 7 4 0.345
t(9'22) | 2 |
Complex 7 8 0.784
NO data 0 2

Mutations
TP53 5 4 |
FLT3 16 22 0.249
TET2 5 7 0.545
RUNXI 8 5 0.381
IDHI 8 6 0.572
IDH2 5 10 0.170
NPMI 14 21 0.168
DNMT3A 13 20 0.159
NRAS 4 3 0.698
KRAS 0.676
CEBPA 6 6 |

Discussion

AML is a malignant hematological disease and is asso-
ciated with many different cytogenetic abnormalities with
genetic alterations detected at diagnosis. It is the leading
cause of leukemia-associated deaths worldwide each year.
Although significant progress was made in the last two

decades, etiologies, pathogenesis and biomarker of the
disease are not yet clarified and are still worth researching.
Meanwhile, for patients who received standard therapy,
effects and prognosis vary. The STAT gene family contains
seven different members, STAT! to STAT6, and is a group
of proteins located mainly in nucleus and modulates target
genes for cell proliferation, differentiation and apoptosis.
The function of STAT genes has been validated in several
cancer types.*'*'?> STAT-related transcription factors were
found constitutively activated in peripheral blood cells
from AML patients.'*

Furthermore, the JAK/STAT pathway is heavily involved
in AML, and blocking phosphorylation of JAK-STAT could
inhibit proliferation of AML cells in vitro and in vivo.">"”
Among different STAT proteins, it was confirmed that
STAT1 is activated in AML while inhibiting its activation
decreases leukemia cell proliferation.'®'® STAT3 and STATS
are hyperactivated in the progression and nosogenesis of
myeloid leukemia. STAT3 and STATS usually collaborate
with upstream oncogenic drivers such as FLT3-ITD, BCL-
ABL and JAK2.?° Inhibition of STAT3 was found to have
potent anti-leukemia activity, and blocking the expression of
STATS could inhibit proliferation and enhance apoptosis of
AML cells.>"** STAT6 induced by interleukin 4 (IL-4) also
has an anti-leukemia effect in primitive AML cells.”

Although basic to translational research have found
a potent role for STATs in the disease pathogenesis and
disease inhibition, the role of STATs as biomarkers for
disease diagnosis and prognosis is still worth investigating.
Our research identified an expression difference in healthy
control and AML patients and prognosis differences in
patients with high or low expression of STATs in TCGA
and ONCOMINE database. Herein, we selected STAT
gene expression to analyze and investigate whether the
change of expression of different STATs was related to
clinical parameters as well as prognosis.

STAT6 is a member of the STAT gene family and was
found to play different roles according to cancer type.'>**2¢
In AML, STAT6 was increased in AML blasts and partici-
pated in the pathogenesis of AML.***” Through analysis of
expression differences and prognosis values, we demon-
strated that expression of STAT6 was increased in AML
patients. Although it failed to achieve a significant role in
predicting OS, STAT6 high expression was related to poor
prognosis in patients who only received chemotherapy.
Thereafter, we verified these results with the GEO databases
and our cohort. Overexpression of STAT6 was found in both
GEO database GSE13159 and GSE9476. We also recruited

OncoTargets and Therapy 2020:13

submit your manuscript

11173

Dove


http://www.dovepress.com
http://www.dovepress.com

Liu et al Dove
A C P=0.0435
GSE13159 e Normal
® AML 200
0.8 T
- 180- m
x 160 -
0.6 - 140
& 1204 »
g 100N
0.4 1] 10 u
s 8 [ ™
s X 6 =
o 4 e T et
0.2 ©° 2 __®ga®
E 1,0 ®ee® el [T T L)
B 0.0 7] o... ® ..oo Sm EE
STAT1 STAT2 STAT3 STAT4 STATSA STATSB STATE 0,5- ..' ’ ‘
e Normal [ ] o
GSE9476 o AL ° bl
10 ns .- 00l — ©ogee  mgmm
o x N 9
s . E o v ;‘ . %x \‘\,,‘b ({/\Q
. = X T e = ? X > 40\
o g . =+ & 3
ns $ - " <~ P
4 W
- o

STAT1

STAT2 STAT3 STAT4 STATSA STATSB

1.00

= High-expression
= Low-expression

o
3
a

Survival probability
8

o
N
o

p = 0.052

0.00

1000
Time

STATE

1.00
= High-expression

= Low-expression

o
N
a

Survival probability

o
N
o

p = 0.0055

1200

Figure 6 Expression and prognostic value of STATs in GEO datasets and recruited AML patients. (A, B) Expression of STATs in GEO datasets; (C) expression of STAT6 in
recruited AML patients; (D, E) prognostic value of overall survival of STAT6 in total recruited AML patients (D) or chemotherapy-only (E) AML patients. *: P<0.05; **:

P<0.01; ***: P<0.001.

105 AML patients, who had undergone chemotherapy or
HSCT. STAT6 increased in these patients while a poor prog-
nosis with higher STAT6 expression in patients only received
chemotherapies was also verified. In accordance with our
finding, STAT6 level and activation were confirmed to have
a prognostic value in patients who underwent chemotherapy
in several cancer types, such as primary CNS lymphoma,

2830 and may relate to the

B cell lymphoma and colon cancer,
patients’ immune function.’'

It is well known that STAT signaling can be activated
by diverse cytokines that are involved in many biological
processes, such as immunity, cell division, cell death, and
cancer development. From our GO and KEGG analyses,
we demonstrated that STATs are enriched in cell differen-
tiation, cell migration and pathways in cancer, which are
all risk factors in AML progression. In the AML research
field, STAT®6 is mainly triggered by IL-4, SHP-1 and JAK.

In these signaling pathways, STAT6 usually get triggered

and phosphorylated.?***3** Our research was the first to
find and validate the expression differences of STATs in
AML patients and the prognostic value of the STAT6 gene
in AML patients only-received chemotherapy treatment.
These results may lead to further investigations of the gene
function of STAT6. Whether STAT6 could be a prognostic
factor or some important target, more evidence should be
proved.
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