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High expression of SIX1 is an independent predictor
of poor prognosis in endometrial cancer
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Abstract: Objective: The overexpression of transcription factor Sine oculis homeobox 1 (SIX1) is discovered in vari-
ous malignant tumors and has been known to be closely associated with tumorigenesis, progression and prog-
nosis. This study aims to determine the role of SIX1 in endometrial cancer (EC). Methods: In this study, we ana-
lyzed the SIX1 expression profile and the correlation with the corresponding clinical characteristics of EC samples
from the Cancer Genome Atlas (TCGA), Gene Expression Omnibus (GEO) and Clinical Proteomic Tumor Analysis
Consortium (CPTAC) databases. Wilcoxon signed-rank test was applied to analyze the difference between tumor
group and control group. The potential biological processes or signaling pathways related to SIX1 activity in EC was
also assessed. Results: The results showed that SIX1 was overexpressed in EC tissues compared to normal tis-
sues (P=2.029e-15, P=6.25e-6). The SIX1 level was correlated with tumor grade (P=2.91e-4), peritoneal cytology
(P=0.005), and the subsequent tumor surgery (P=1.169e-4). SIX1 expression was negatively associated with overall
survival rate (P=4.241e-4, P=0.000241) and served as an independent factor that affected EC overall survival rate
(P=0.005063), similar to other factors such as age, Figo stage, and tumor (T) stage. SIX1 participates in cancer
pathogenesis through gene regulation that involves PISBK/AKT/MTOR signaling, mitotic spindle, G2M checkpoint,
E2F targets, NOTCH signaling, glycolysis, cholesterol homeostasis, DNA repair and early estrogen response. Con-
clusions: Our data demonstrate that SIX1 is overexpressed in EC and associated with adverse clinicopathological
outcomes, which can function as an independent factor for EC prognosis.
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Introduction

Endometrial carcinoma (EC) represents a type
of common malignant disease in women glob-
ally [1] and the incidence has been increasing
in recent years [2], along with a markedly high
mortality. There are approximately 20% of pa-
tients who eventually succumb to the devastat-
ing disease [2, 3].

Transcription factor Sine oculis homeobox 1
(SIX1) belongs to SIX family [4]. Aberrant ex-
pression of SIX1 plays important roles in both
occurrence and development of tumor [5, 6].
SIX1 contributes to a cancer-protective factor
and modulates the biological activities of tu-
mor cells [7-9]. Also, the overexpression of SIX1
was observed in several kinds of cancers,
including endometrial cancer [10], esophageal

squamous cell carcinoma [11], acute myeloid
leukemia [12], cervical cancer [13], and thyroid
carcinoma [14]. It is believed that SIX1 is asso-
ciated with malignant tumor progression such
as metastasis and poor survival [15]. However,
whether SIX1 is involved in EC remains unclear.
The purpose of our study was to systematically
investigate SIX1 expression and determine its
prognostic value in EC patients. In addition, we
aimed to explore the possible biological path-
ways or signaling pathways related to SIX1 in
the pathogenesis of EC.

Material and methods
Dataset collection

The gene expression profiles (587 cases,
Workflow Type: HTSeq-FPKM) and clinical data
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were downloaded from TCGA Genomic Data
Commons data portal.

Validation using the gene expression omnibus
(GEO) and clinical proteomic tumor analysis
consortium (CPTAC) databases

GSE17025 from the GEO database was used
to validate SIX1 expression. The dataset in-
cluded 91 EC patients at stage | and 12 age-
matched normal endometrial samples. CPTAC
integrated genomic and proteome data to iden-
tify and describe all kinds of proteins from
tumor and adjacent normal tissues to identify
possible candidates as biomarkers of tumors.
In addition, the expressions of SIX1 protein
between normal and EC tissues were com-
pared by using UALCAN [16] from the CPTAC
database.

Clinicopathological features investigation

All samples from TCGA were sub-grouped as
high and low level based on the median SIX1
level.

Gene set enrichment analysis (GSEA)

GSEA [17], is a computationally efficient algo-
rithm designated for gene study. EC samples
obtained from TCGA were separated into SIX1
high expression group and SIX1 low expression
group as mentioned above followed by statisti-
cal analysis of relevant indicators using GSEA
v3.0.

Statistical method

Data in this study were presented as mean *
standard deviation. Statistical Product and
Service Solutions (SPSS) 19.0 software (SPSS
Inc., Chicago, IL, USA) was used for data pro-
cessing. T test was used for the comparison
between two groups, and continuous data from
multiple groups were analyzed by using one-
way ANOVA, with the Tukey’s post hoc test.
Gehan-Breslow-Wilcoxon test was used to
determine the survival difference between two
groups. Kruskal test and the logistic regres-
sion test evaluated the association using R
software (V.3.6.2). Clinical factors related to
overall survival rate of EC patients were identi-
fied by Cox regression assay and Kaplan-Meier
method. P-values <0.05 were considered sta-
tistically significant.

2841

Results
SIX1 level in EC patients

SIX1 expressions in EC and normal samples
were evaluated from TCGA (Tumor =552,
Normal =35) and the result showed that SIX1
level was significantly elevated in EC com-
pared to that in normal control (P=2.029e-15)
(Figure 1A). Similar statistical difference was
also detected in the paired tumor and its adja-
cent normal tissue (P=1.354e-5) (Figure 1B).
The significantly higher SIX1 expression was
also assessed in EC tissues obtained from
GEO study GSE17025 as presented in Figure
1C (P=6.25e-6). In addition, SIX1 protein ex-
pression was also significantly higher in EC tis-
sues than that in normal tissues from CPTAC
database as shown in Figure 1D (P=4.033e-
5), confirming our findings at the mRNA level.

The association of SIX1 expression with EC
clinical characteristics

The clinical characteristics of EC patients, the
clinical data of 548 patients from TCGA were
collected and grouped based on Figo stage,
TNM stage, tumor grade, histology, menopause
status, peritoneal cytology, surgical approach
and the characteristics of the surgery (tumor-
free). The Kruskal test results revealed that
the SIX1 level was associated with tumor gra-
de (P=2.91e-4), peritoneal cytology (P=0.005),
and the characteristics of the surgery (P=
1.169e-4) (Figure 2). Notably, the increase of
SIX1 was related to the elevation of tumor
grade. The SIX1 expression of positive as-
cites cytology was found higher than that of
negative ascites cytology. The SIX1 expres-
sion of patients with surgical residual was
markedly higher than those with free tumor.
Meanwhile, our data revealed no significant
correlation between the Figo stage, TNM stage
and histology, and the level of SIX1 expres-
sion (Figure 3). SIX1 level was related to
adverse prognostic variables (Table 1). High
SIX1 level in EC was statistically associated
with tumor grade (P=0.001143322 for G3 vs
G1; P=0.006300469 for G3 vs G2), peritone-
al cytology (P=0.00216459 for positive vs
negative), and the characteristics of the sur-
gery (P=0.001500783 for with tumor vs tumor
free) (Table 1). These findings revealed associ-
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Figure 1. SIX1 is highly expressed in EC tissues. A. SIX1 expression between EC and normal tissues from TCGA
database (normal =35, tumor =552). B. SIX1 expression between matched EC and APC tissue from TCGA database
(normal =35, tumor =35). C. SIX1 expression between EC and normal tissues from GEO database (normal =12,
tumor =91). D. SIX1 expression between EC and normal tissues from CPTAC database (normal =31, tumor =100).
SIX1, Sine oculis homeobox 1; EC, endometrial cancer; TCGA, The Cancer Genome Atlas; APC, adjacent para-cancer;
GEO, Gene Expression Omnibus; CPTAC, Clinical Proteomic Tumor Analysis Consortium.

ation of high SIX1 level with poor prognosis of
EC.

The correlation of SIX1 level with EC prognosis

The correlation between the prognosis of endo-
metrial cancer patients and the SIX1 expres-
sion levels was explored using Kaplan-Meier
analysis. As illustrated in Figure 3, the survival
rate of SIX1 high level group (5-year survival:
68.4%) was significantly lower than the low
level group (85.2%) (P=4.241e-4).

Cox analyses of OS among EC patients

Univariate Cox analysis showed a statistical
association of high SIX1 level with poor over-
all survival rate [hazard ratio (HR): 1.354607;
95% Cl: 1.151992-1.592858; P=0.000241].
We also identified some other clinical factors
that might be associated with relatively low
survival rate, including age, Figo stage, histolo-
gy, tumor grade and TNM stage (Table 2).

2842

Multivariate Cox analysis demonstrated high
SIX1 level to be an independent risk factor for
overall survival rate among EC patients with a
HR of 1.255019 (95% CI: 1.070705-1.47106,
P=0.005063) age (HR: 1.023688, 95% CI:
1.000126-1.047805, P=0.04877), Figo and T
stage (HR: 1.786826, 95% Cl: 1.279625-
2.495065, P=0.000656), and tumor grade
(HR: 0.023641, 95% Cl: 1.075222-2.748215,
P=0.023641) (Table 2).

Biological processes or pathways associated
with SIX1 expression

To identify the SIX1-related biological process-
es or pathways involved in the pathogenesis
of EC, GSEA assay was conducted and the
result showed that SIX1 associated biologi-
cal processes or signaling pathways include
‘PIBK/AKT/MTOR signaling’, ‘mitotic spindle’,
‘G2M checkpoint’, ‘E2F targets’, ‘NOTCH sig-
naling’, ‘glycolysis’, ‘cholesterol homeostasis’,
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Figure 2. Association of SIX1 expression with clinical variables in EC from TCGA database. A. Tumor grade. B. Ascites
cytology status. C. Whether the operation is tumor-free. D. Figo stage. E. T stage. F. Distant metastasis. G. Lymph
node metastasis. H. Histology subtype. SIX1, Sine oculis homeobox 1; EC, endometrial cancer; TCGA, The Cancer
Genome Atlas.

‘DNA repair’ and ‘early estrogen response’. (Table 3 and Figure 4). The above results sug-
These biological processes and signaling path- gested the involvement of SIX1 in the develop-
ways were changed with aberrant SIX1 level ment of EC.
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Figure 3. Prognostic significance of SIX1 in EC, assessed by Kaplan-Meier
plotter. SIX1, Sine oculis homeobox 1; EC, endometrial cancer.

Discussion

Endometrial cancer represents a common
type of gynecological malignancies in devel-
oped countries [18]. Furthermore, its inciden-
ce has been rapidly increasing in the USA
recently [19]. Early diagnosis facilitates the
prognosis of the disease [20]. Up to date,
there have been no reliable methods for early
diagnosis and effective therapy against this
disease.

SIX1 belongs to the sine oculis homeobox
family [21] and plays a well-established role in
tumorigenesis [15]. For example, Six1 overex-
pression can affect the proliferation of color-
ectal cancer cells by activating Wnt/-catenin
signaling [22]. Additionally, SIX1 promoted
osteosarcoma cell growth by activating PI3K/
AKT signaling [23]. However, whether SIX1 is
involved in the progression of EC remains
unknown. We found significant upregulation of
SIX1 in endometrial cancer tissues compared
to normal endometrial tissues and the para-
cancer tissues, in agreement with the results
of GEO study GSE17025. SIX1 level in EC tis-
sues was also significantly elevated. Similar
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I which was in line with our

15 results [28]. Our result unrav-

eled an association of high
SIX1 level with EC poor out-
comes which was in accor-
dance with previous studies
in osteosarcoma [29], esoph-
ageal cancer [30], hepatocellular carcinoma
[31], prostate cancer [32] and colorectal can-
cer [33]. All these studies demonstrated that
SIX1 overexpression was a prognostic fac-
tor for poor survival. Moreover, it is noted that
SIX1 knockdown could suppress DDP resis-
tance in non-small-cell lung cancer cells (NS-
CLSs) [34] and enhance paclitaxel sensitivity
of hepatocellular carcinoma cells [35]. There-
fore, it is proposed that SIX1 may also be a
potential target for treating EC.

SIX1 contributes to the regulation of cancer
cells proliferation [36]. Additionally, by regulat-
ing ERK, SIX1 regulates tumor cell invasion
[37]. SIX1 can influence tumor microenviron-
ment, as well as promote tumor development
and progression [9]. Upregulated SIX1 can
also promote HCC cell growth and invasion by
regulating MMP-9 [8]. We performed GSEA
using TCGA data to further evaluate the roles
of SIX1 in EC, and as a result, SIX1 may par-
ticipate in regulating the proliferation of tumor
cells such as mitotic spindle and G2M check-
point. Moreover, our data suggested that SIX1
is closely related to multiple signaling pathways
such as PI3BK/AKT/MTOR signaling, NOTCH sig-
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Table 1. Association between SIX1 expression and clinical pathological characteristics of the EC

patients
characteristics Total (N)  Odds ratio for SIX1 95% Cl P-value
Figo/T stage

(vs) 390 1.026032 0.5673105-1.852573 0.9318377

(Hnrvs 1) 463 1.102059 0.7300798-1.664599 0.643452

(IVvsl) 368 2.027439 0.9340816-4.66036 0.08135141
Grade

(G2 vs G1) 218 1.409091 0.8182054-2.442822 0.2182168

(G3vs G1) 423 0.2182168 1.366031-3.472236 0.001143322

(G3vs G2) 445 1.812057 1.186491-2.788371 0.006300469
M stage

(M1 vs MO) 543 1.079799 0.5084594-2.306641 0.8406878
N stage

(N1+N2 vs NO) 535 1.062827 0.666531-1.69686 1.69686
Histology

(serous vs endometroid) 537 0.8760947 0.5933435-1.291668 0.5044681
Menopause status

(post vs peri) 461 1.135181 0.4265455-3.074648 0.7978767

(pre vs peri) 52 1.0625 0.331042-3.448223 0.9184371

(pre vs post) 479 0.9444444 0.4709182-1.886675 0.8707381
Peritoneal cytology

(Positive vs negative) 407 2.535787 1.41898-4.691813 0.00216459
With tumor vs tumor free 462 2.290503 1.385172-3.868607 0.001500783
Surgical approach

(open vs mini-invisive) 519 0.8044139 0.5641882-1.145442 0.2279554

SIX1, Sine oculis homeobox 1; EC, endometrial cancer; Cl, confidence interval; Post, prior bilateral ovariectomy or >12 months
since last menstrual period with no prior hysterectomy; Pre, <6 months since last menstrual period and no prior bilateral
ovariectomy and not on estrogen replacement; Peri, 6-12 months since last menstrual period; P-values in bold print indicate

statistically significant differences.

Table 2. Univariable and multivariable Cox analyses of overall survival of EC patients

Parameter Univariate analysis Multivariate analysis

(N=527) HR 95% Cl P-value HR 95% Cl P-value
Age 1.031969 1.009505-1.054934 0.005073 1.023688 1.000126-1.047805 0.048771
Grade 2.622629 1.704185-4.036053 1.17e-05 1.718994 1.075222-2.748215 0.023641
Figostage 1.985491  1.616599-2.43856 6.15e-11 1.786826 1.279625-2.495065 0.000656
T stage 1.985491 1.616599-2.43856 6.15e-11 1.786826 1.279625-2.495065 0.000656

M stage 4.388336  2.25142-8.553486  1.40e-05
N stage 3.218735  1.98479-5.219823  2.15e-06
Histology 2.780334 1.777736-4.348374  7.42e-06
SIX1 1.354607 1.151992-1.592858 0.000241

0.842492 0.335826-2.113576  0.714946
1.117473  0.602219-2.073573 0.724735
1.275626  0.771201-2.109982 0.343075
1.255019 1.070705-1.47106  0.005063

SIX1, Sine oculis homeobox 1; HR, hazard ratio; Cl, confidence interval; P-values in bold print indicate statistically significant

differences.

naling, E2F targets, DNA repair and early estro-
gen response. The biological processes related
to glycolysis and cholesterol homeostasis can
affect the material metabolism of tumor cells
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and promote tumor cell growth. While PI3K/
AKT/MTOR signaling was reported as a key fac-
tor in EC development [38], AKT inhibitor signifi-
cantly decreased SIX1's effect on cell growth

Am J Transl Res 2021;13(4):2840-2848
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Table 3. Biological processes or signaling pathways associated with SIX1 expression

Gene set ES NES NOM P-value FDR g-value
PI3k/AKT/MTOR signaling -0.50862 -1.85568 0.004 0.044654
Mitotic spindle -0.60529 -2.06665 0.004024 0.022918
G2M checkpoint -0.72909 -2.05715 0.008032 0.01855
E2F targets -0.75283 -1.96647 0.014 0.03592
NOTCH signaling -0.55541 -1.8054 0.01417 0.055925
Glycolysis -0.45734 -1.68532 0.024242 0.064034
Cholesterol homeostasis -0.48201 -1.63903 0.027944 0.073193
DNA repair -0.53234 -1.72811 0.041257 0.082555
Estrogen response early -0.41188765 -1.5964891 0.04499 0.080924

SIX1, Sine oculis homeobox 1; ES, enrichment score; NES, normalized enrichment score; NOM P-val, nominal P value; FDR
g-val, false discovery rate q value.

In conclusion, our data dem-
onstrate that high expres-
sion of SIX1 functions as
an independent predictor of
poor prognosis in endome-
trial cancer, which provides
insights for the diagnosis and
treatment against EC in the
future.
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