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Background: The TESTIN gene was demonstrated to be a tumor suppressor in prostate and breast cancer through inhibit-
ing tumor growth and invasion. Herein, we aimed to investigate the detailed functions of TESTIN in the high-
ly sexual hormone (estrogen)-dependent malignancy, endometrial carcinoma.

Material/Methods: TESTIN mRNA and protein expression were measured by gRT-PCR, Western blot and immunohistochemis-
try. Upregulation of TESTIN was achieved by transfecting the pcDNA3.1-TESTIN plasmids into AN3CA cells.
Knockdown of TESTIN was achieved by transfecting the shRNA-TESTIN into Ishikawa cells. MTT assay, colony
formation assay, and Transwell assay were used to investigate the effects of TESTIN on cellular proliferation
and invasion. The apoptotic status and cell cycle were analyzed using flow cytometry. MMP2 secretion was de-
termined by ELISA assay. The xenograft assay was used to investigate the functions of TESTIN in nude mice.
Results: Compared to the non-malignant adjacent endometrium, 54% of tumor samples presented downregulation
of TESTIN (P<0.001). Loss of TESTIN protein was correlated with advanced tumor stage (P=0.047), high grade
(P=0.034), and lymphatic vascular space invasion (P=0.036). In vitro, overexpression of TESTIN suppressed
cell proliferation, induced dramatic G1 arrest, and inhibited tumor invasion through blocking the secretion of
MMP?2. Loss of TESTIN accelerated cellular proliferation, promoted cell cycle progression, and enhanced tumor
invasion by increasing the secretion of MMP2. Consistently, TESTIN could significantly delay the growth of xe-
nografts in nude mice.

Conclusions: TESTIN was commonly downregulated in human endometrial carcinoma and was associated with poor prog-
nostic markers. Moreover, TESTIN significantly inhibited tumor growth and invasion via arresting cell cycle in
in vitro and in vivo experiments. Therefore, we propose that TESTIN might be a prognostic marker and thera-
peutic target for endometrial carcinoma.
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Background

Globally, endometrial carcinoma is the leading malignancy of
the female genital system [1]. In the United States, there are
projected to be 49 500 new cases and 8200 deaths caused by
endometrial carcinoma in this year [2]. Despite a high early
diagnosis rate (>70%), more than 25% of patients with endo-
metrial carcinoma finally present regional/distant metastasis
[3,4]. To date, the main treatments for endometrial carcinoma
are still surgery and/or radiation therapy, and chemotherapy
is another choice for tumors at later stage or distant metasta-
sis [5,6]. Unfortunately, these approaches can lead significant
psychological/physical damage to patients and huge socio-eco-
nomic burdens. As our current knowledge about the mecha-
nisms involved in endometrial carcinoma is quite limited, fur-
ther elucidation of its molecular processes is urgently required.

In the past decades, tumor suppressor genes (e.g., p53, p16,
PTEN, EMX2, and APC) were demonstrated to be deeply in-
volved in various human cancers [7-11]. Orthotopic expres-
sion of these genes was essential for embryogenesis and
normal body development, which manipulated cellular prolif-
eration, differentiation, migration, cell cycle progression, and
programmed cell death (apoptosis and autophagy). When in-
activated by genetic (e.g., mutations, loss of heterozygosity,
and copy number variation) or epigenetic alterations (e.g., DNA
methylation, histone acetylation, and chromosome remodel-
ing), these tumor suppressors lose their suppressive functions
on tumor growth, migration, invasion, and metastasis [12-16].

Recently, the TESTIN gene was characterized as a novel tumor
suppressor gene [17]. This gene is located on human chro-
mosome 7g31.2, containing 7 exons and encoding a protein
of 421 amino acids [18]. It contains 3 zinc-binding domains
that play important roles in focal adhesion [19]. TESTIN pro-
tein localizes along actin stress fibers at cell—cell junction ar-
eas and the focal adhesion plaques [20]. It interacts with a
variety of cytoskeletal factors (e.g., zyxin, VASP, talin, and ac-
tin [20]. Moreover, TESTIN was also demonstrated to be able
to inhibit the invasion of breast cancer cells through down-
regulating miR-29 [21]. As MMP2 (an enzyme that degrades
the basement matrix) is a direct target of miR-29, the nega-
tive regulation of TESTIN on miR-29 then suppressed the level
of MMP2 and the cellular invasion [22]. It had been reported
that TESTIN mRNA and/or protein expression was decreased
or even totally lost by hypermethylation and loss of hetero-
zygosity in human ovarian cancer, glioblastoma, and sexu-
al hormone-related cancers (prostate cancer and breast can-
cer) [23-26]. Because it is highly associated with unopposed
estrogen exposure, here, we investigated whether TESTIN af-
fected biological behaviors of endometrial carcinoma in in vi-
tro and in vivo experiments.
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Table 1. Relationship between TESTIN expression and clinico-
pathological characteristics.
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* The grade system are only applicable for endometroid
endometrial cancer; ** twenty-three cases took the
lymphadenectomy surgery were included in this analysis.

Material and Methods

Tissue samples collection

From December 2009 to January 2012, a panel of 50 endome-
trial carcinoma fresh tissues and their non-malignant adjacent
endometrium were collected from patients at the Department
of Obstetrics and Gynecology at the affiliated hospital of
Binzhou Medical College. All participants provided written in-
formed consent and this study was approved by the Ethical
Committee of Binzhou Medical College. All these tumors were
staged and graded according to FIGO criteria for endometrial
cancer (FIGO 2009). The clinicopathologic parameters of pa-
tients are summarized in Table 1.
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Immunohistochemical staining

This experiment was performed strictly following the protocol
previously described [21]. In brief, the 5-pm slides were routine-
ly deparaffinized and rehydrated, then antigen was retrieved
in pH-9.0 retrieval buffer (Maixin Biotechnology, Fujian, China).
Antibody staining was visualized using HISTOSTAIN-Plus IHC
Kit (MingRui Biotechnology, Shanghai, China). The primary an-
tibody for TESTIN was purchased from Abcam (ab57292, MA,
USA). The results were scored based on the distribution and
intensity of staining. The distribution was graded as: focal ex-
pression (<10% positive staining), regional expression (11-50%
positive staining), and diffuse expression (>50% positive stain-
ing). The intensity was graded as: negative, weak, moderate,
and intense. The final scores were classified as TESTIN-negative
(focal distribution, or regional distribution and negative/weak
staining) or TESTIN-positive (diffuse distribution, or regional
distribution and moderate/intense staining).

Cell lines culture

Five endometrial carcinoma cell lines (Ishikawa, KLE, AN3CA,
ECC-1, and HEC-1A) were used in this study. All the cells were
routinely cultured in DMEM/F12 medium (Gibco, CA, USA) sup-
plemented with 10% fetal bovine serum (Gibco), supplement-
ed with 5% CO, at 37°C.

Quantitative RT-PCR (qRT-PCR) analysis

Total RNA was collected using TRIzol reagents (Invitrogen,
CA, USA) according to the instructions. Then the cDNA was
transcribed from 500-ng RNA by the PrimerScript RT reagent
(Takara, Dalian, China). qRT-PCR was performed on the StepOne
System (Applied Biosystems, CA, USA). The primers and condi-
tions were described in a previous report [26]. GAPDH was set
as the endogenous control and relative expression of TESTIN
was calculated using the 2247 method. All the procedures
were repeated in triplicate.

Western blot

Total protein was extracted using RIPA lyses buffer and the
protein concentration was measured by the BCA assay kit
(Thermo Fisher, CA, USA). An equal amount of protein was
loaded onto and separated by 12% SDS-PAGE and transferred
to PVDF membrane, then incubated with primary antibody for
TESTIN overnight at 4°C. On the second day, after 2-hour incu-
bation with secondary antibody, the specific bands were devel-
oped with enhanced chemiluminescence (ECL buffer, Beyotime
Biotechnology, Hangzhou, China). GAPDH was used as an en-
dogenous control. Primary antibodies for cyclin D1 and CDK4
were purchased from Cell Signaling (MA, USA). The experiment
was repeated in triplicate.
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Plasmid construction and transfection

Both the plasmid containing full-length TESTIN cDNA (pcDNA3.1-
TESTIN) and the plasmid carrying shRNA-TESTIN (pGPU6-Neo-
GFP-shRNA-TES) were established, as previously described [21].
Geneticin (G418, Sigma, CA, USA) was used to select cells sta-
bly overexpressing TESTIN. To establish the Ishikawa cell line
with TESTIN knockdown, the pGPU6-Neo-GFP-shRNA-TES plas-
mids were transfected into Ishikawa cells using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA), and Ishikawa cells trans-
fected with empty vector were used as the negative control.
The alterations of TESTIN mRNA and protein were confirmed
by gRT-PCR and Western blot.

Cell growth curve

MTT assay was used to determine the impacts of TESTIN on
cellular growth. We seeded 3x103 cells/well into 96-well plates
and incubated them overnight. Five ul of MTT solution (Sigma,
5 mg/ml) was added into each well at the indicated time point.
Two hours later, 100 pl DMSO (Sigma) was added to dissolve
the formazan. The absorbance value was measured on a mi-
croplate reader (BioRad, CA, USA) at 570 nm. The experiments
were repeated in triplicate.

Colony formation assay

Two hundreds cells were plated into each well of the 6-well
plates and routinely cultured. Two weeks later, colonies con-
taining more than 50 cells were fixed with pre-chilled 10%
methanol and stained with 0.1% crystal violet. The colony
number was counted on an inverted microscope. The experi-
ments were repeated in triplicate.

Invasion assay

Transwell chambers (8-pm diameter, Millipore, CA, USA)
were used to detect the changes of cellular invasion. Briefly,
1x10° cells were suspended in 300 pl conditioning medium and
were plated onto the upper chamber. Another 500 pl DMEM/F12
medium with 10% FBS was put in the bottom chamber. After
24-h incubation, cells on the bottom membrane were fixed by
methanol and stained with 0.1% crystal violet. Ten high-pow-
er fields (HPF) were randomly chosen to count the cells. The
experiment was performed in triplicate.

Measurement of the concentration of MMP2

We plated 1x10° cells/well into the 24-well plates and incubat-
ed them overnight. The supernatant was collected at the indi-
cated time point, and centrifuged at 200 g for 5 min. Then the
MMP2 concentration was measured using the human MMP2
ELISA Kit (R&D Systems, MN, USA) according to instructions.
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Figure 1. Expression of TESTIN protein in
endometrial carcinoma and normal
endometrium tissues: (A) TESTIN
protein was highly expressed in
normal endometrium; (B-D), TESTIN
protein was lost gradually in stage |
(B), stage Il (C), and stage Ill (D); (E), in
the 5 human endometrial carcinoma
cell lines, AN3CA presented the lowest
and Ishikawa had the highest mRNA
expression of TESTIN.

Results were read on the microplate reader. This experiment
was repeated in triplicate.

Apoptosis assay

Apoptotic cells were detected using the PI/Annexin V stain-
ing kit (Thermo Fisher) on a FACS Calibur (BD Biosciences, CA,
USA). Briefly, 1.5x10° cells/well were seeded into 6-well plates
and incubated 24 h, then the cells were harvested and washed
with PBS, stained by PI (2 mg/ml) and Annexin V (100 ug/ml),
and incubated in the dark for 15 min. The experiments were
repeated in triplicate.

Cell cycle analysis

After being routinely cultured for 48 h, 1x10¢ tumor cells were
collected and fixed with 70% ethanol for at least 2 h at =20°C.
Then the cells were washed and stained with propidium io-
dide (PI, 25 pg/ml, Sigma) for 15 min in the dark. The cell cy-
cle status was determined on the FACS Calibur. The experi-
ments were performed in triplicate.

Tumor xenografts assay

The endometrial carcinoma model was established by sub-
cutaneously injecting tumor cells into the posterior flank of
nude mice. We purchased 5-6-week-old female BALB/c athy-
mic nude mice from SLAC Biotechnologic Company (Shanghai,
China). Animal-handling procedures were performed in accor-
dance with the approval of the Binzhou Medical College Animal
Care and Use Committee. In brief, 1x10° cells were injected
on Day 1, and on Days 7, 14, 21, and 28 the length and width
of tumor xenografts were measured by calipers using the for-
mula: tumor volume = (lengthxwidth?)/2. On Day 28, all the
mice were sacrificed and fresh tumor tissues were obtained
for immunohistochemical staining.

Statistical analysis
SPSS 16.0 was used for data analysis. All the data are shown

as mean #SD. y? test or t-test was used, as appropriate, and
P<0.05 was defined to be statistically significant.
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Figure 2. The effects of TESTIN overexpression on AN3CA cells: (A) both mRNA and protein of TESTIN were notably upregulated in
AN3CA cells transfected by pcDNA3.1-TESTIN; (B and C) abundant TESTIN suppressed cellular growth and colony-forming
abilities (P=0.012 and <0.001 on Day 2 and Day 3 in MTT assay, and P=0.008 in colony formation assay); (D and E) TESTIN
inhibited cellular invasion through blocking the secretion of MMP2 (P=0.032 in Transwell assay, and P=0.02 for MMP2
alterations); (F and G) TESTIN significantly induced apoptosis and G1 phase arrest (P=0.016 and P=0.002, respectively);
(H)4TESTIN dramatically decelerated the xenograft growth (P=0.035, 0.018, 0.01 for the 2", 3™, and 4t week); (1) the

expression of Ki 67 was suppressed by TESTIN.

Results

TESTIN protein was downregulated in endometrial
carcinoma.

Compared to the adjacent normal endometrium, the tumor tis-
sues presented significantly lower expression of TESTIN; pos-
itive TESTIN staining was identified in 96% of the normal ad-
jacent endometrium tissues (48/50), while in the endometrial
carcinoma, positive TESTIN staining was only detected in 27
cases (54%, P<0.001, Figure 1, Table 1).

As shown in Table 1, loss of TESTIN protein was correlated
with advanced tumor stage (P=0.047), high grade (P=0.034),
and lymphatic vascular space invasion (P=0.036). There was
no relation between TESTIN protein expression and patient

age, pathologic subtype, myometrial invasion, or lymphat-
ic metastasis.

Among the 5 endometrial cancer cell lines, AN3CA had the
lowest and Ishikawa showed the highest mRNA expression
of TESTIN (Figure 1E).

Overexpression of TESTIN inhibited cellular proliferation and
invasion in AN3CA cells.

We successfully overexpressed both mRNA and protein of
TESTIN in AN3CA cells (Figure 2A). Abundant TESTIN suppressed
cell growth (P=0.012 and <0.001 on Day 2 and Day 3, Figure
2B) and colony-forming ability (P=0.008, Figure 2C); overex-
pression of TESTIN also inhibited cellular invasion (P=0.032,
Figure 2D) through blocking the secretion of MMP2 (P=0.02,
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Figure 3. The affects of TESTIN knockdown on Ishikawa cells: (A) both mRNA and protein of TESTIN were downregulated in Ishikawa
cells by transfection with shRNA-TESTIN; (B and C) loss of TESTIN enhanced cellular growth and colony formation (P=0.027
and 0.011 on Day 2 and Day 3 in MTT assay, and P=0.036 in colony formation assay); (D and E) loss of TESTIN promoted
cellular invasion through upregulating the secretion of MMP2 (P=0.026 in Transwell assay, and P=0.03 for MMP2 alterations);
(F and G) loss of TESTIN reduced cellular apoptosis and released many more cells into S phase (P=0.015 and P=0.009,
respectively); (H) loss of TESTIN notably accelerated the xenograft growth (P=0.038, 0.013, 0.018 for the 2", 3 and 4" week,
respectively); (I) the expression of Ki 67 was upregulated by loss of TESTIN.

Figure 2E). Moreover, TESTIN significantly induced apopto-
sis (P=0.016, Figure 2F) and G1 phase arrest (P=0.002, Figure
2F), accompanied with decreased level of cyclin D1 and CDK4
(Figure 2B). In the xenografts growth assay, TESTIN significant-
ly decelerated tumor growth (P=0.035, 0.018, 0.01 for the 2",
3, and 4" week, Figure 2F). The proliferative marker (Ki 67)
was also impaired by TESTIN (Figure 2G).

Knockdown of TESTIN promoted cellular proliferation and in-
vasion in Ishikawa cells.

As shown in Figure 3A, both mRNA and protein of TESTIN
were notably decreased in Ishikawa cells. With loss of TESTIN,
Ishikawa cells presented upregulated cellular growth (P=0.027
and 0.011 on Day 2 and Day 3, Figure 3B) and colony forming
(P=0.036, Figure 3C). In Transwell assay, many more Ishikawa

cells invaded into the lower chamber (P=0.026, Figure 3D), with
elevated secretion of MMP2 (P=0.03, Figure 3E). Loss of TESTIN
also dramatically reduced apoptosis (P=0.015, Figure 3F), and
a large number of Ishikawa cells were released into S phase
(P=0.009, Figure 3G). Consistently, loss of TESTIN upregulat-
ed the protein of cyclin D1 and CDK4 (Figure 3B). In vivo, tu-
mor growth was significantly promoted in the shRNA-TESTIN
group (P=0.038, 0.013, and 0.018 for the 2", 3" and 4t week,
respectively, Figure 3H). The expression of Ki 67 was also up-
regulated as the result of TESTIN loss (Figure 3I).

Discussion

Endometrial carcinoma was commonly confined in the endo-
metrium and most tumors could be removed by hysterectomy
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[27,28]. Unfortunately, more than one-fifth of patients present-
ed identifiable regional or distant metastases, which would
ultimately recur within the first 2-3 years after initial treat-
ments [29,30]. Therefore, better understanding of the mo-
lecular mechanisms of endometrial carcinoma is needed to
improve diagnosis and treatment. During recent decades, ad-
vances in the understanding of the molecular subtypes of en-
dometrial cancer have underpinned the first step [4,31-33].
Recently, TESTIN was reported to be deeply involved in 2 sex
hormone-associated cancers: prostate cancer (androgen-de-
pendent) and breast cancer (estrogen-dependent) [21,24]. Thus,
we hypothesized TESTIN might play a key role in endometrial
carcinoma, which is a malignance highly dependent on unop-
posed estrogen exposure.

In the present study, using both in vitro and in vivo models, we
elucidated the detailed functions of TESTIN gene on the pro-
liferation, invasion, and cell cycle manipulation in endometri-
al carcinoma. First of all, we detected that TESTIN protein was
commonly silenced in endometrial carcinoma samples, while
the non-malignant adjacent endometrium presented normal
expression of TESTIN. In addition, loss of TESTIN was associ-
ated with late tumor stage, advanced histological grade, and
lymphatic vascular space invasion. These results are similar
to those in other human cancers [17,21].

Next, we found that TESTIN could significantly suppress cell
proliferation and the xenografts growth, through inhibiting cell
cycle progression (G1 phase arrest); whereas loss of TESTIN
accelerated the growth of Ishikawa cells and the xenografts
through promoting cell cycle progression. We also found that
TESTIN could induce notable apoptosis in AN3CA cells, and
loss of TESTIN reduced apoptosis in Ishikawa cells. This is con-
sistent with previously studies of ovarian and breast cancer,
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in which TESTIN was proved to induce apoptosis in both cas-
pase-dependent and caspase-independent manner [23,26].

Moreover, we detected dramatic impacts of TESTIN on cellular
invasion in Tranwell assay; abundant TESTIN prohibited AN3CA
cells from invading to the bottom chamber, while loss of TESTIN
enhanced the invasion of Ishikawa cells. According to a breast
cancer study, TESTIN can inhibit tumor invasion through down-
regulating the miR-29-MMP2 axis [21]. Therefore, we investigat-
ed the effects of TESTIN on the secretion of MMP2. Similarly, the
MMP2 level was significantly suppressed by TESTIN overexpres-
sion and promoted when TESTIN was silenced. However, we did
not detect notable alterations of miR-29 (data not shown), and
we hypothesized another pathway between TESTIN and MMP2
might exist, which will be further investigated in our next project.

Conclusions

The expression of TESTIN was notably silenced in endometri-
al carcinoma tissues but did not match the expression in nor-
mal endometrium, and loss of TESTIN was significantly as-
sociated with poor prognostic markers like late tumor stage,
advanced histological grade, and lymphatic vascular space in-
vasion. Moreover, in in vitro and in vivo experiments, we dem-
onstrated that TESTIN played a significant role in the inhibition
of tumor growth (via arresting cell cycle progression) and in-
vasion (via inhibiting the MMP2 secretion). Therefore, we pro-
pose that TESTIN might be a prognostic marker and therapeu-
tic target for endometrial carcinoma.
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