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Abstract: Background: Endometrial carcinoma (EC) is one of the most common cancers in women, and its
pathogenesis is complex. Abnormal spindle microtubule assembly (ASPM) is highly expressed in a variety of cancers
and is related to poor clinical prognosis and recurrence. However, the role of ASPM in EC is still unclear. Our study
was conducted to investigate the association of ASPM with tumour progression and prognosis in EC. Methods:
The expression level of ASPM in EC patients was analysed by using the TCGA database and by using immunohisto-
chemistry (IHC) to analyse EC patient samples. The relationship between ASPM expression and clinicopathological
variables was analysed by the chi-square test. Survival curves were analysed by Kaplan-Meier survival analysis and
log-rank test. Univariate and multivariate Cox regression analyses were performed to measure the prognosis of EC.
The effects of ASPM on the proliferation, invasion and metastasis of EC cells (HEC-1A and Ishikawa) were analysed
by MTT and Transwell assays. The effect of ASPM on the Wnt/B-catenin signalling pathway was detected by Western
blotting. Results: ASPM was highly overexpressed in EC. Overexpression of ASPM was related to significantly worse
overall survival (P<0.05) in EC patients. Univariate and multivariate Cox regression analyses suggested that up-
regulation of ASPM was related to poor prognosis in EC. Knockdown of ASPM inhibited the proliferation, migration
and invasion of EC cells. ASPM knockdown suppressed the Wnt/B-catenin signalling pathway, while B-catenin over-
expression reversed the effect of ShASPM on cell activity. Conclusions: ASPM acts as an independent predictor of

clinical prognosis and serves as a potential target gene for EC therapy.
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Introduction

Endometrial cancer (EC) is the second most
common malignancy of the female genital tract,
and approximately 320,000 women worldwide
are diagnosed with EC each year [1, 2]. EC is
caused by abnormal cell growth. It mainly
occurs in women between 55 and 65 years old,
but with the increase in obesity and the
decrease in physical activity, the incidence of
EC is on the rise in young women [3, 4]. At pre-
sent, surgery, chemotherapy and radiotherapy
are the primary therapeutic strategies for EC.
However, only a few EC patients are sensitive to
these treatments, and the prognosis is relative-
ly poor [5]. Therefore, deciphering the molecu-
lar mechanism of EC occurrence and develop-
ment is crucial for the prevention, diagnosis
and therapy of EC.

Wingless-type (Wnt) signalling is a signal trans-
duction pathway. Intracellular free calcium and

-catenin are two important intracellular trans-
ducers [6, 7]. The Wnt/B-catenin signalling
pathway plays a key role in cell development
and differentiation and is closely related to tum-
origenesis, invasion, and metastasis [8]. Abe-
rrant Wnt/B-catenin signalling is also closely
related to a high incidence of various human
cancers [9, 10]. Chen et al. reported that aber-
rant activation of Wnt/B-catenin signalling plays
a crucial role in the progression of colorectal
cancer [11]. Yu et al. [12] pointed out that the
Wnt pathway is an important signalling cascade
involved in mammary organogenesis and breast
oncogenesis. Early studies documented that
approximately 40% of ECs have aberrant activa-
tion of the Wnt/B-catenin signalling pathway.

Abnormal spindle microtubule assembly (ASPM)
is a centrosomal protein that plays a crucial role
in mitotic spindle regulation, neurogenesis and
brain size regulation [13, 14]. ASPM is a posi-
tive regulator of the Wnt signalling pathway
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[15]. Studies have reported that ASPM is highly
expressed in a variety of cancers and is related
to poor clinical prognosis and recurrence. Pai et
al. [16] reported that the expression of ASPM is
increased in prostate cancer and promotes the
multiplication, migration and invasion of cancer
cells by enhancing Wnt-B-catenin signalling.
Recent evidence has shown that the ASPM
expression level in EC patients is upregulated
[17]. However, the relationship between ASPM
and the clinical prognosis of EC has not been
reported.

Herein, we explored the expression of ASPM in
EC patients by immunohistochemistry (IHC).
The relationship between ASPM protein expres-
sion and the survival or clinical prognosis of EC
was further studied. We present evidence that
ASPM promotes EC cell proliferation, migration
and invasion by promoting Wnt/B-catenin acti-
vation. ASPM can act as an independent pre-
dictor of clinical prognosis and serve as a feasi-
ble target gene for EC therapy.

Methods
TCGA datasets

ASPM expression datasets from TCGA, includ-
ing 546 uterine corpus endometrial carcinoma
(UCEC) tissues and 35 normal endometrial tis-
sues, were downloaded (https://tcgadata.nci.
nih.gov/tcga) to determine ASPM expression at
the mRNA level and further perform Kaplan-
Meier survival analysis.

Patients and specimens

EC tissues were obtained as clinical specimens
from 140 EC patients who underwent primary
tumour resection in Jiangsu Province Hospital.
None of the patients received chemotherapy or
radiotherapy before the operation. Tissues
were stored in liquid nitrogen for subsequent
detection. The research was supported by the
Medical Ethics Committee of the First Affiliated
Hospital of Nanjing Medical University, and all
patients provided consent before the research
began.

Cell culture

Human EC cell lines (HEC-1A and Ishikawa)
were purchased from Procell (Wuhan, China).
The cells were incubated in Dulbecco’s modi-
fied Eagle’s medium (DMEM) containing 10%
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foetal bovine serum (FBS) and then cultured at
37°C with 5% CO2. After 2-3 stable generations,
logarithmic phase cells were harvested for sub-
sequent tests.

RNA extraction and gRT-PCR

RNA was extracted from carcinoma tissues
using the TRIzol Reagent Kit (Invitrogen, USA). A
reverse transcription kit (Takara, Dalian, China)
was used to reverse transcribe RNA to cDNA.
gRT-PCR assays were executed by using SYBR
Premix Ex Taq (Takara) as directed by the man-
ufacturer, and the cycling programmes were set
as follows: 95°C for 10 min, followed by 40
cycles of 95°C for 50 s, annealing and elonga-
tion at 72°C for 10 min. The results were nor-
malized to the expression of GAPDH. The
sequences of the primers for GAPDH were
5-CAAACTCCCCTTCTGACAGC-3' (forward) and
5’-CCGAATCACACTGACAAACG-3’ (reverse). The
ASPM primers were 5-ACACTCCAGCTGGGAC-
UUACAGACAAGAGCC-3’ (forward) and 5-CTC-
AACTGGTGTCGTGGAGTCGGCAATTCAGTT-
GAGGAGCAAGG-3’ (reverse). An ABI 7500 real-
time PCR system (Applied Biosystems, USA)
was applied for data analysis. Each trial was
performed three times.

Western blot assay

Total protein was acquired from cells by using
the mammalian protein extraction reagent RIPA
(Beyotime, Haimen, China) containing 1% pro-
tease inhibitor cocktail (Roche) and PMSF
(Roche). Then, the proteins were separated by
10% SDS-PAGE and transferred to 0.22 mm
nitrocellulose membranes (Sigma-Aldrich). The
membrane was blocked with 5% milk in Tris-
buffered saline at 25°C for 1 h, incubated with
specific primary antibodies (ASPM, B-catenin,
C-myc and cyclin D1) overnight at 4°C and then
incubated with secondary antibodies for 2 h at
37°C. Finally, protein bands of interest were
imaged by a Bio-Rad imaging system.

Methyl thiazolyl tetrazolium (MTT) assay

Cell proliferation ability was determined through
the MTT assay. The transfected cells (HEC-1A
and Ishikawa) were seeded in 96 well plates (5
x 10° cells/well). Then, 20 yl of MTT solution
was added at 72 h, and the cells were further
cultured for 4 h at 37°C. Absorbance at 490 nm
was measured by a microplate reader. All
experiments were performed three times.
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Cell transfection

Cells were transfected with specific shRNA
using Lipofectamine® 3000 (Invitrogen, Carls-
bad, CA, USA) according to the manufacturer’s
protocol. shASPM was synthesized by Invitrogen
to specifically knockdown ASPM. To construct
af-catenin-overexpressing plasmids, B-catenin
cDNA was inserted into the p-MSCV-IRES-GFP
plasmid. For transfection, the cells were seed-
ed in 6-well plates and cultured for 24 h until
they reached 70%-80% confluence. Then, the
cells were transfected with 2 pg of plasmid
using Lipofectamine 3000 (Invitrogen) accord-
ing to the manufacturer’s protocol.

Cell migration and invasion assay

Cells were transfected with specific sh-ASPM
using Lipofectamine® 3000 (Invitrogen, USA)
according to the manufacturer’s protocol. After
transfection for 48 h, the migration analysis
was detected via Transwell insert chambers (8
mm pore size, Corning, USA). Approximately 2 x
104 cells were plated in the upper chambers in
triplicate without serum. Twenty-four-well Tr-
answell plates with 8.0 uym pore, Matrigel-
coated membranes (BD Bioscience, USA) were
used to detect cell invasion ability. Cells (2 x
10%) were seeded into upper chambers in tripli-
cate without serum. The lower compartment
was filled with medium supplemented with 10%
FBS as a chemical attractant. After 24 h of cul-
tivation, cells in the upper chambers that did
not migrate or invade were cleared by cotton
swabs, and cells that migrated or invaded to
the lower surface of the membrane were immo-
bilized by cold methanol and dyed with 0.1%
crystal violet. All migrated and invaded cells
were counted in at least ten random regions of
each membrane by light microscopy.

IHC staining and analyses

Tissue microarrays (TMAs) were constructed
and stained by IHC based on previous studies
[18, 19]. In short, samples were incubated with
1:100 diluted anti-ASPM (goat polyclonal anti-
body, sc-488883, Santa Cruz Biotech Co., Ltd.,
USA) at 4°C overnight and then cultivated for
30 min at 25°C with goat anti-rabbit Envision
System Plus-HRP (Dako Cytomation). After
washing with PBS 3 times, samples were culti-
vated with DAB for 1 min, counterstained with
Mayer haematoxylin, dehydrated, and fixed.
PBS was used as the negative control.
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Stained slides were evaluated by 2 independ-
ent single-blinded investigators. A semiquanti-
tative scoring system was performed to assess
the staining intensity (0, negative intensity; 1,
weak intensity; 2, moderate intensity; 3, strong
intensity) and the percentage of stained cells
(0, <5%; 1, 5%-25%; 2, 26%-50%; 3, 51%-75%;
and 4, >75%). The staining intensity score was
then multiplied by the proportion of positive
cells to obtain the immunoreactivity score for
each sample. Acquired images were evaluated
by digital sharpening. All samples were stained
and evaluated in triplicate.

Luciferase reporter assay

Cells were transfected with the TCF/LEF Re-
porter (Baiao-Laibo, Beijing, China). After stimu-
lation of the cells with recombinant human
Wnt-3a (R&D Systems, Minneapolis, USA), the
Chroma-Glo™ Luciferase Assay System (Pro-
mega, Madison, Wisconsin, USA) was used to
determine the TCF/LEF reporter activity.

Statistical analysis

The Chi-squared test was performed to deter-
mine the correlation of ASPM with clinical path-
ological variables. Survival rates were analysed
by Kaplan-Meier survival analysis, and the dif-
ferences in survival curves were measured via
the log-rank test. Univariate and multivariate
Cox regressions were used to measure the haz-
ard ratio of overall survival. SPSS 22 software
(IBM, Chicago, IL) was used for statistical analy-
sis. The results are shown as the mean + S.D.
(n=3). When comparing two groups, Student’s
t-test was implemented to calculate differenc-
es; when comparing multiple groups, one-way
ANOVA was performed. P<0.05 was identified
as statistically significant and is indicated by *.

Results

Expression of ASPM is upregulated in EC tis-
sues

The ASPM expression levels in 546 EC patients
were analysed by using the TCGA database. As
indicated in Figure 1A, the transcript level of
ASPM in UCEC was significantly upregulated
compared with that in normal endometrial epi-
thelium (P<0.0001). Based on individual can-
cer stages, ASPM was significantly highly
expressed in EC tissues compared with normal
tissues (P<0.0001), but only stage 1 and stage
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Figure 1. The expression of ASPM in EC patients was analysed by using the TCGA database. A. The transcript level
of ASPM in UCEC tissues and in normal endometrial epithelium. B. Expression of ASPM in different stages of UCEC.
C. Expression of ASPM in different types of UCEC. D. Kaplan-Meier analyses were used to measure the survival rate
of patients with high and low ASPM expression.
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Figure 2. Representative IHC staining of ASPM in TMA. A. Negative intensity, O; B. Weak intensity, 1; C. Moderate
intensity, 2; D. Strong intensity, 3. Scale bar, 200 uym. E. The influence of ASPM expression on the OS of EC patients
was calculated by Kaplan-Meier analyses and the log-rank test.

3 were significantly different (P<0.05) between
stages (Figure 1B). The expression of ASPM in
UCEC based on histological subtypes was also
determined, and the results revealed that
ASPM was more highly expressed in serous
than in normal (P<0.0001) or other types of
UCEC (P<0.0001) (Figure 1C). Kaplan-Meier
survival analysis suggested that patients with
high ASPM expression showed a lower survival
rate and poorer prognosis than patients with
low ASPM expression (P=0.0039) (Figure 1D).

High expression of ASPM is associated with a
lower survival rate in EC patients

To investigate the expression pattern of ASPM
in EC, we performed IHC staining on tumour tis-
sues of 102 patients with tumour resection. A
semiquantitative scoring system was per-
formed to assess the staining intensity (O, neg-
ative intensity; 1, weak intensity; 2, moderate
intensity; 3, strong intensity) and the percent-
age of stained cells (0, <5%; 1, 5%-25%; 2,
26%-50%; 3, 51%-75%; and 4, >75%). The
ASPM scores were obtained by multiplying the
staining intensity score and the proportion of
positive cells. ASPM expression was highly het-
erogeneous among ECs (Figure 2A-D). Next,
the relationship of ASPM expression with over-
all survival (0OS) in endometrial carcinoma
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patients was assessed by Kaplan-Meier analy-
sis and log-rank test. EC patients with high
ASPM expression had significantly shorter OS
compared with those with low expression
(P<0.001; Figure 2E). The results suggested
that patients with a higher level of ASPM had a
poorer prognosis.

Upregulated ASPM is related to poor prognosis
in EC

A chi-square test was performed to reveal the
correlation between ASPM expression and clin-
icopathologic variables in EC (Table 1). No sig-
nificant changes in ASPM expression were
demonstrated in patients older or younger than
50 years old (P=0.863). In addition, there was
no significant correlation between ASPM
expression and tumour grade (P=0.534), path-
ological type (P=0.936) or menopausal status
(P=0.617). However, tumour stage (P<0.0001)
showed a significant effect on the expression of
ASPM. To further explore the effect of ASPM
alone and among the other predictors of EC,
Cox regression models of univariate and multi-
variate analyses were performed to reveal the
clinical prognostic value of ASPM in EC (Table
2). The univariate analysis showed that ASPM
(P=0.002) and stage (P=0.008) were signifi-
cantly associated with poor prognosis in EC

Am J Transl Res 2020;12(5):1942-1953



ASPM has therapeutic potential in endometrial cancer

Table 1. Correlation between the clinicopath-
ologic characteristics and the expression of
ASPM in EC

variable - ASPM
High Low P
age
<50 17 20 0.863
>50 38 65
Stage
| 18 70  <0.0001*
I/ 37 15
Grade

I 16 29 0.534

Ipalll 39 56
Pathological type

Adenocarcinoma 45 70 0.936

Others 10 15
Menopausal status

Premenopausal 25 35 0.617

Postmenopausal 30 50

* indicates a statistical significance.

patients. The multivariate analysis results sug-
gested that the level of ASPM mRNA expressi-
on (P=0.017) was an independent prognostic
factor for EC.

Knockdown of ASPM inhibited the prolifera-
tion, migration and invasion of EC cells

To ascertain the function of high expression of
ASPM in the development of EC, we knocked
down its expression by Lipofectamine® 3000-
mediated RNA interference. qRT-PCR analysis
demonstrated that the expression of ASPM in
the control group was similar to that in the
sh-NC group, while the ASPM mRNA levels in
the sh-ASPM group were downregulated com-
pared with those in the sh-NC group (Figure
3A). In addition, MTT analysis revealed that
knockdown of ASPM significantly inhibited ce-
Il viability in HEC-1A and Ishikawa cell lines
(Figure 3B and 3C). Meanwhile, the role of
ASPM on the migration and invasion of HEC-1A
and Ishikawa cells was detected via Transwell
assays. The results revealed that the number
of migratory and invasive cells was markedly
decreased after transfection with sh-ASPM
compared with transfection with sh-NC (Fi-
gure 3D and 3E). Altogether, these results
demonstrated that ASPM significantly promot-
ed the malignant nature of EC cells.

1947

Knockdown of ASPM suppresses the Wnt/[3-
catenin signalling pathway

To further explore the underlying mechanisms
of ASPM in EC, a Western blot assay was used
to explore the influence of ASPM on Wnt/[3-
catenin signalling. Specifically, we detected
fluctuations of Wnt/B-catenin signalling path-
way-related markers, such as B-catenin, C-myc,
and cyclin D1, following transfection of EC cell
lines (HEC-1A and Ishikawa) with sh-ASPM. The
outcomes showed that B-catenin, C-myc and
cyclin D1 expression was significantly inhibited
in EC cells with sh-ASPM interference com-
pared with NC cells (Figure 4). These results
showed that knockdown of ASPM can inhibit
the activation of the Wnt/B-catenin signalling
pathway.

Upregulation of the Wnt/B-catenin signalling
pathway can block the effect of shASPM on EC
cells

To evaluate whether ASPM regulates Wnt path-
way activity, we expressed Wnt reporter con-
structs in HEC-1A and Ishikawa cells. The lucif-
erase activity of the shASPM treatment group
was lower than that in the NC group, which indi-
cated that sh-ASPM significantly inhibited Wnt-
mediated luciferase reporter activation (Figure
5A). B-catenin is a crucial downstream compo-
nent of the Wnt signalling pathway [20]. We
found that knockdown of ASPM led to a sub-
stantial reduction in B-catenin protein levels,
raising the possibility that ASPM can maintain
Wnt pathway activity by regulating 3-catenin. In
addition, the expression levels of C-myc and
cyclin D1 were all downregulated in the shASPM
group compared with the NC group (Figure
5B-E), whereas those downregulated by sh-
ASPM were reversed by overexpression of
B-catenin (Figure 5B-E). As shown in Figure 5F,
compared with the effects in the NC group, the
cell viability of the shASPM treatment group
was decreased, but the overexpression of
B-catenin reversed the effect of shASPM on cell
activity. Similarly, compared with the NC group,
the migration and invasion abilities of the
shASPM group were decreased, while the over-
expression of B-catenin reversed the effect of
shASPM, resulting in the recovery of EC cell
migration and invasion abilities (Figure 5G and
5H).
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Table 2. Univariate and multivariate Cox-regression analysis of ASPM expression and prognostic fac-
tors in EC patients

Variable Univariable Multivariable

Overall survival (HR [95% CI])  p-value Overall survival (HR [95% CI]) p-value
Age 1.0579 (0.459-2.436) 0.897
Stage 0.333(0.148-0.749) 0.008* 0.621 (0.253-1.529) 0.3
Grade 0.738 (0.319-1.708) 0.478
ASPM 0.235 (0.094-0.586) 0.002* 0.295 (0.108-0.806) 0.017*
Pathological type 1.946 (0.844-4.486) 0.118 1.716 (0.734-4.009) 0.213
Menopausal status 0.934 (0.428-2.039) 0.865

Abbreviation: Cl, confidence interval; HR, hazard ratio. Bold type and (*) indicate statistical significance.
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Figure 3. ASPM knockdown blocked the proliferation, migration and invasion of EC cells. A. gRT-PCR was used to
measure ASPM expression in HEC-1A and Ishikawa cells after transfection with sh-ASPM or sh-NC. B and C. MTT
tests were used to measure the viability of HEC-1A and Ishikawa cells after transfection with sh-ASPM or sh-NC. D.
Cell migration was performed in HEC-1A and Ishikawa cells after transfection with sh-ASPM or sh-NC. E. Cell inva-
sion was assessed in HEC-1A and Ishikawa cells after transfection with sh-ASPM or sh-NC. The number of migrated
or invaded cells was counted by analysing photographs at 100 x magnification in five random fields per chamber.
All samples were stained and evaluated in triplicate. *P<0.05, **P<0.01.
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markers was determined by Western blot assay in Ishikawa cells after trans-

fection with sh-ASPM. Pixel densities were analysed and are presented as

histograms. *P<0.05, **P<0.01.

Discussion

EC is one of the most common cancers in
women, accounting for approximately 76,000
deaths each year worldwide [21]. The morbidity
and mortality rates of EC are on the rise, and
the onset age has decreased, seriously jeop-
ardizing women’s health [22]. Therefore, identi-
fying novel biomarkers is essential for detect-
ing EC recurrence, metastasis, and treatment
and prolonging the survival rate of patients.

ASPM is a centrosomal protein that is related
to poor clinical prognosis in various tumours.
Vange and his colleagues [23] revealed that
ASPM was a potential gastric stem/progenitor
cell marker. Wang et al. [24] pointed out that
ASPM was overexpressed in gastric cancer,
and the expression of ASPM in poorly differenti-
ated tumours was significantly lower than that

1949

Wnt signalling is crucial in em-
bryogenesis, healing and tis-
sue homeostasis, playing an
important role in major axis formation, organo-
genesis, and cell multiplication [26, 27]. Wnt
signalling can also induce epithelial-mesenchy-
mal transition (EMT) and promote the metas-
tasis of cancer cells. Stemmer et al. reported
that the Wnt signalling pathway can increase
the expression of the transcription factors
Slug, Snail, and Twist and decrease the expr-
ession of E-cadherin, resulting in the polarity of
the cell epithelium and the absence of junc-
tions, which promotes EMT and enhances cell
migration and invasion [28]. Yamamoto et al.
[29] pointed out that Wnt5a promoted the
aggressiveness of prostate cancer. Activation
of the Wnt/B-catenin pathway is frequently
observed in ECs, and many studies have con-
firmed the role of Wnt/B-catenin signalling in
EC. McConechy et al. [30] suggested that -
catenin mutation occurred in 20-25% of endo-
metrioid ECs. A more reliable IHC study report-
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Figure 5. Upregulation of the Wnt/B-catenin signalling pathway can block the effect of ASPM knockdown on the proliferation, migration and invasion of EC cells. A.
Changes of Wnt-mediated luciferase activity in control- or ASPM-shRNA transduced HEC-1A or Ishikawa cells. B and C. The expression of Wnt/B-catenin signalling
pathway-related markers was determined by Western blot assay in HEC-1A cells after transfection with sh-ASPM and overexpression of -catenin. D and E. The
expression of Wnt/B-catenin signalling pathway-related markers was determined by Western blot assay in Ishikawa cells after transfection with sh-ASPM and overex-
pression of B-catenin. F. The viability of HEC-1A and Ishikawa cells after transfection with sh-ASPM or overexpression of B-catenin. G. Cells migration were assessed
in HEC-1A and Ishikawa cells after transfection with sh-ASPM and overexpression of B-catenin. H. Cells invasion were assessed in HEC-1A and Ishikawa cells after
transfection with sh-ASPM and overexpression of 3-catenin. *P<0.05, **P<0.01.

1951 Am J Transl Res 2020;12(5):1942-1953



ASPM has therapeutic potential in endometrial cancer

ed activation of B-catenin in 12-31% of endo-
metrioid EC [31]. Chan et al. documented that
approximately 40% of ECs have aberrant acti-
vation of the Wnt/(-catenin signalling pathway
[32]. All of this evidence suggests that activa-
tion of the Wnt pathway accelerates the devel-
opment of EC. Here, the in vitro experiment
demonstrated that the expression of Wnt/B-
catenin was significantly inhibited in EC cells
after ASPM knockdown. To investigate the
physiological function of ASPM, ASPM knock-
down in HEC-1A and Ishikawa cells was per-
formed via a specific sh-ASPM. MTT and
Transwell assay results indicated that silencing
ASPM inhibited cell proliferation, migration and
invasion. To evaluate whether ASPM regulates
Wnt pathway activity, we expressed Wnt report-
er constructs in HEC-1A and Ishikawa cells. The
luciferase activity in the shASPM treatment
group was lower than that in the NC group,
which indicated that the knockdown of ASPM
significantly inhibited Wnt-mediated luciferase
reporter activation. In addition, the expression
of B-catenin, C-myc, and cyclin D1 and the cell
activity, migration and invasion ability in the
shASPM group were all decreased compared
with those in the NC group, and overexpression
of B-catenin reversed this effect.

Conclusions

These data show that ASPM is markedly over-
expressed in EC tissues and that ASPM overex-
pression can augment Wnt/B-catenin expres-
sion, promoting the proliferation, migration and
invasion of EC cells. ASPM acts as an independ-
ent predictor of clinical prognosis and serves
as a possible target gene for EC therapy.
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