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Abstract: Introduction: Known as a tumor suppressor, the Ras association domain family 1 isoform A (RASSF1A) is
implicated in many human cancers, such as endometrial carcinoma. There is little known about the tumor inhibitive
effects of RASSF1A on endometrial carcinoma. The present study was designed to investigate the role of RASSF1A
in HEC-1-A cells and to explore its potential mechanisms. Materials and methods: In this study, overexpression of
RASSF1A was established by transfection the recombinant adenoviral RASSF1A in HEC-1-A cells. Cells viability was
assessed by MTT assay and the apoptosis was analyzed using flow cytometry. Cell migration and invasion were
measured in Transwell assay. The levels of ERx and PELP1 protein and extracellular regulated protein kinase (ERK)
pathway activation were detected by Western blot. Results: RASSF1A over-expression could significantly inhibit the
proliferation, migration and invasion of the HEC-1-A cells in transfection with RASSF1A group compared to that in
transfection with control group, also induced apoptosis and suppressed the tumor growth after injection in nude
mice. Moreover, overexpression of RASSF1A could inhibit the ERK signal pathway activation and decrease the ERx
and PELP1 expression. Conclusion: Tumor suppressive efficiency of RASSF1A is exerted through the regulation of
ERK pathway activation, ERa and PELP1 expression.
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Introduction tumor suppressor gene, is decreased in en-

dometrial carcinoma [5-7]. Previous studies
As we all know, the endometrial carcinoma is have revealed the evidence that heterologous
one of the most common and aggressive car- expression of RASSF1A could inhibit tumor

cinoma in women worldwide [1]. With a very hi-
gh potential for migration and invasion, the inci-
dence and mortality rate of endometrial carci-
noma is raising in the world [2]. Although sev-
eral molecular targeting therapies and surgery
have been applied in the treatment of endome-
trial cancer cases, the effects including the
long-term survival for patients have not been
satisfactory, and the prognosis is still poor [3,
4], Therefore, it is important to understand the
deeper molecular mechanisms underlying the
pathogenesis and progression of this cancer
involved in proliferation, migration and inva-

cells proliferation and metastasis [8, 9]. RA-
SSF1A is also associated with regulating the
expression of estrogen receptor (ERx) and ac-
tivation of extracellular regulated protein kina-
se (ERK) in tumor cells [10-12]. ER«x is an im-
portant player in the proliferation, survival and
differentiation of cells through regulating the
activation of signal transduction pathways, su-
ch as ERK signal pathway [13-15]. PELP1/
MNAR, as a new ERa co-activator, regulates
ERa expression through several signal path-
ways and promotes tumor cells proliferation

sion. and apoptosis through activation of the Src/
MAPK pathway but inhibit the PISK/Akt path-
Ras association domain family 1 isoform A way. However, it is not clear whether RASSF1A

(RASSF1A), which is frequently known as a has effect on regulating these proteins includ-
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ing ERK, ERa and PELP1 in endometrial carci-
noma cells to suppress the tumor growth and
metastasis. In previous studies, ERK phosph-
orylation was shown to be inhibited by RASSF-
1A overexpression in tumor cells and tissues,
which suggested that RASSF1A plays an im-
portant role in regulating ERK activation. The
significance of ERK, ERa and PELP1 expres-
sion in endometrial carcinoma with the RAS-
SF1A component is currently unknown.

In this study, we have upregulated the expres-
sion of RASSF1A by transfection the recombi-
nant adenoviral RASSF1A in HEC-1-A cells, to
detect the suppressive effects of RASSF1A
on proliferation, migration and invasion, and
the regulation on ERK signal pathway activa-
tion, ERa and PELP1 expression was also fur-
ther investigated.

Materials and methods
Reagents

Primary antibodies p-ERK and t-ERK were pur-
chased from CST (Beverly, MA), RASSF1A, PE-
LP1 and GAPDH were obtained from Abcam
(Shanghai, China), and ERa was from Santa
Cruz (Heidelberg, Germany). t-ERK was used for
internal control to normalize the density of
p-ERK.

Cell culture and adenovirus transfection

Human HEC-1-A cells were purchased from
NTCC (Shanghai, China). The cells were cul-
tured in McCoy’s 5A supplement with 10% fe-
tal bovine serum (FBS), under a condition of
5% CO,, 37°C in the incubator. The recombi-
nant adenoviral human RASSF1A (rAd-RASS-
F1A) was purchased from Bio Vector (Shanghai,
China) then transfected into the HEC-1-A cells.
rAd-Control was also purchased from Bio Ve-
ctor to be used as control. All were performed
according to the manufacturer’s instructions.

Western blot analysis

Western blot analysis was performed as de-
scribed previously [16]. Briefly, the proteins
were extracted from the harvested cells with
radio immunoprecipitation assay (RIPA). A to-
tal of 20 pg proteins were supplement and se-
parated with 10% SDS-PAGE gel, then trans-
ferred onto a PVDF membrane (Millipore). The
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membrane with primary antibody was incu-
bated overnight at 4°C. Signals were detected
by ECL substrate (Bio-Rad, USA) and quanti-
fied using image analysis system Image J
software.

Immunohistochemistry

Human RASSF1A antibody (1:200) in phos-
phate-buffered saline was incubated over-
night at 4°C. Fluorescent microscope (Nikon,
ECLIPSE 80i, Japan) was applied to detect and
a CCD Spot camera was used to collect pho-
tos. The pictures were saved as TIF formats
and processed by Adobe Photoshop 7.0.

MTT assay

HEC-1-A cells (Blank), transfected with control
(rAd-Control) and transfected with RASSF1A
(rAd-RASSF1A) were seeded in 96-well plates in
triplicates (10* cells per well). Cell viability was
detected using 3-(4,5)-dimethylthiahiazo (-z-
y1)-3,5-di-phenytetrazoliumromide (MTT) at a
450 nm wavelength measured by a 96-well
plate reader to obtain the absorbance.

Flow cytometry assay for cell apoptosis

After transfected with RASSF1A or control for
48 hours, HEC-1-A cells were collected and
washed three times with ice-cold PBS buffer.
Cells were stained with 1 ml PI dye and incu-
bated at 4°C for 30 min in a dark place. The
apoptotic cells were analyzed by flow cytome-
try FACS Calibur (BD, Bioscience) according to
the manufacturer’s instructions. Flow cytome-
try excited wavelength with 488 nm, with a
wave length of 515 nm through the filter to
detect FITC fluorescence, another wave length
greater than 560 nm filter to detect PI.

Cell migration and invasion assay

The cell migration and invasion assay was
performed described as before [16]. HEC-1-A
cells were transfected with RASSF1A or Control
for 48 hours. After 0.1% gelatin incubation for
an hour, cells (2x10°%) were seeded in upper
chambers of transwells (Corning, MA), while
1x10° cells were also plated on the upper
chamber percolated with Matrigel (BD Bio-
science) coating for invasion assay, all the bot-
tom chambers were added into 600 yl DMEM
containing 10% FBS. After incubated for 24
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Figure 1. RASSF1A expression was upregulated in cells after transfected with rAd-RASSF1A. A: Western blot of
RASSF1A protein level in HEC-1-A cells, cells transfected rAd-Control, cells transfected with rAd-RASSF1A. Data
showed was the mean + SD. **, P<0.01 vs. cells transfected rAd-Control. B: Immunofluorescence staining was
showed for RASSF1A expression in HEC-1-A cells, cells transfected rAd-Control, cells transfected with rAd-RASSF1A.
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Figure 2. RASSF1A attenuates the proliferation of
endometrial carcinoma cells. HEC-1-A cells viability
was detected by MTT. Data are showed as mean *
SD. **, P<0.01 vs. cells transfected with rAd-Control.

hours, the upper chamber was removed and
fixed by anhydrous ethanol for 10 minutes,
stained with 0.2% crystal violet for 5 minutes.
Finally the membranes of bottom chambers
were removed gently and imaged with the
microscope (Olympus).

Tumor growth assay

Twenty female BALB/c nude mice (22-25 g)
were purchased from the Animal Department,
China Medical University (Shenyang, China),
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and kept under a constant environment (12/
12 h light/dark cycle). Mice were randomly
divided into two groups (n = 10/group) and
injected 1x10° HEC-1-A cells transfected with
RASSF1A or Control in 50 pl of 1xPBS at the
right flanks subcutaneously. The tumor size
was measured with a micro caliper.

Statistical analysis

Data were presented as the mean + the stan-
dard deviation (SD). Analysis between groups
was assessed by Student’s t test (GraphPad
Prismb). Differences were termed statistically
significant at P<0.05.

Results

The expression of RASSF1A in endometrial
carcinoma cells after transfection

To determine whether the expression of RA-
SSF1A was elevated in endometrial carcino-
ma cells after transfection with recombinant
RASSF1A gene (rAd-RASSF1A), we detected the
level of RASSF1A protein using western blot.
As shown in Figure 1A, RASSF1A expression
was significantly upregulated in cells after the
transfection with rAd-RASSF1A compared to
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Figure 3. RASSF1A overexpression inhibits the migration and invasion of HEC-1-A cells. (A) Representative images
of migration and invasion were shown. Bar = 50. (B) The analysis of migration and invasion (C) in HEC-1-A cells were
measured. Data were shown as mean + SD. ***, P<0.001 vs. cells transfected with rAd-Control.

the rAd-Control groups, which lack the endo-
genous expression of RASSF1A. Immunofluo-
rescence staining also showed that HEC-1-A
cells transfected with rAd-RASSF1A stained
positively for RASSF1A (Figure 1B). Thus, we
confirmed that the expression of RASSF1A
was elevated in endometrial carcinoma cells
after transfection with rAd-RASSF1A.

RASSF1A overexpression suppresses endome-
trial carcinoma cells proliferation

To determine the RASSF1A overexpression
transfected with the recombinant RASSF1A,
cell viability in HEC-1-A cells was detected by
MTT assay. MTT assay showed that cell viabi-
lity was significantly decreased at 48, 72 and
96 h in transfection with rAd-RASSF1A group
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compared to that in rAd-Control group, sug-
gesting that RASSF1A could attenuate the
proliferation of endometrial carcinoma cells
(Figure 2A). The roles of RASSF1A on cells
apoptosis were assessed by flow cytometry
with annexin V-FITC/PI staining at 48 h after
transfection with RASSF1A or Control. The
percentage of apoptotic cells in rAd-RASSF1A
group was significantly elevated compared to
that in rAd-Control group or without transfec-
tion (10.8%+0.61 vs. 1.6+0.53 and 1.6+0.51;
P<0.05; Figure 6).

RASSF1A overexpression attenuates the endo-
metrial carcinoma cells migration and invasion

To evaluate the tumor-suppressed effects of
RASSF1A, we also detected the migration and

Int J Clin Exp Pathol 2018;11(2):577-585
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Figure 4. RASSF1A suppresses the expression of the p-ERK, ERa and PELP1. Western blot analysis was applied
to detect the level of p-ERK (A), ERa (B) and PELP1 (C) protein in HEC-1-A cells transfected with blank, rAd-Control
and rAd-RASSF1A respectively. Data were shown as mean + SEM. **, P<0.01 vs. cells transfected with rAd-Control.
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Figure 5. RASSF1A inhibits the tumor growth in vivo. A: Tumor volume in nude mice injected with HEC-1-A cells trans-
fected with rAd-RASSF1A or rAd-Control was analyzed. B: Tumor weights in nude mice injected with HEC-1-A cells
transfected with rAd-RASSF1A or rAd-Control was analyzed. C: The representative pictures of tumors were taken
from nude mice. Data were shown as mean + SEM. **, P<0.01; ***, P<0.001 vs. cells transfected with rAd-Control.

invasion potential of HEC-1-A cells. As shown
in Figure 3A, overexpression of RASSF1A at-
tenuated the migration and invasion of HEC-
1-A cells after transfection with RASSF1A for
24 h in transwell assay, which was also sup-
ported by the migration and invasion cell num-
ber/field analysis in Figure 3B (P<0.05).

RASSF1A decreases ERa, PELP1 expression
and inhibits the ERK signal pathway activation

To determine the effects of RASSF1A overex-
pression on ERa, PELP1 and ERK signaling ac-
tivation, the western blot analysis was applied
to reveal the expression of ERa, PELP1 and
p-ERK. As shown in Figure 4, the p-ERK, ER«
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and PELP1 expression was significantly inhi-
bited after rAd-RASSF1A transfection compa-
red to the rAd-Control transfection in endome-
trial carcinoma cells, which suggesting that
RASSF1A could play an important role in endo-
metrial carcinoma via inhibiting the p-ERK, ER
and PELP1 expression.

RESSF1A inhibits the tumor growth of endo-
metrial carcinoma in vivo

HEC-1-A cells with the rAd-RASSF1A or rAd-
Control transfection were inoculated into the
nude mice. As shown in Figure 5, the tumor
volume was significantly small observed in rAd-
RASSF1A transfection groups after 18 days

Int J Clin Exp Pathol 2018;11(2):577-585
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Figure 6. HEC-1-A cells apoptosis was assessed by flow cytometry of annexin V-FITC/PI staining. The blank (A) and
the HEC-1-A cells transfected with rAd-RASSF1A (C) or rAd-Control (B) was showed. (D) The analysis of apoptosis
cells was showed. Data are showed as mean + SD. **, P<0.01 vs. cells transfected with rAd-Control.

compare with that in rAd-Control transfection
groups (P<0.05). Moreover, a lower tumor wei-
ghts also were detected in rAd-RASSF1A in-
jected mice compared to rAd-Control injected
mice (P<0.05). The results reveal that RASSF-
1A could inhibit tumor growth in the xenograft
HEC-1-A endometrial carcinoma cells.

Discussion

In this study, we have found that RASSF1A
exerted a tumor suppressive activity in endo-
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metrial carcinoma cells. First, RASSF1A over-
expression significantly inhibited the HEC-1-A
cells viability and proliferation, induced apopto-
sis. Second, RASSF1A overexpression nega-
tively regulated the HEC-1-A cells migration
and invasion. Third, RASSF1A could inhibit the
tumor growth in mice. A major founding of this
study is that RASSF1A overexpression down-
regulated the ERa, PELP1 expression and ERK
signal pathway activation, implying that there
may be some dynamic relationships between
the tumor suppressive effect of RASSF1A and

Int J Clin Exp Pathol 2018;11(2):577-585
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the expression of ERx, PELP1 and p-ERK, whi-
ch should provide further evidence to be elu-
cidate in the future.

RASSF1A expression has been reported to
be downregulated in several human cancers
and considered to be an important effector in
the carcinogenesis and progression of the can-
cers [17]. Previous studies have demonstrated
that RASSF1A is involved in the cell prolifera-
tion [18], migration and invasion [19], cell apo-
ptosis and cell signaling pathway [20, 21].
Moreover, overexpression expression of RAS-
SF1A can reduce tumorigenic transformation
and tumorigenic feature of cervical [18], kid-
ney [22], and prostate tumors [13]. However,
there is little known about the suppressive ro-
le of RASSF1A in endometrial carcinoma cells.
So we have constructed the recombinant ade-
noviral plasmid to elevate the expression of
RASSF1A in HEC-1-A cells, which significantly
suppressed the HEC-1-A cells proliferation and
inhibited the tumor growth in nude mice. Ac-
cordance with previous studies [21, 23], our
findings also revealed that overexpression of
RASSF1A promoted apoptosis in HEC-1-A ce-
lIs. Furthermore, RASSF1A overexpression also
significantly inhibited the migration and inva-
sion of HEC-1-A cells. Thus, the results demon-
strate that the RASSF1A functions as a tu-
mor suppressor via regulating the proliferation,
apoptosis, migration and invasion in endome-
trial carcinoma cells.

The ERK signaling pathway, activated in va-
riety of tumors, plays a crucial role in regulat-
ing the proliferation, survival and invasion of
endometrial carcinoma cells [10, 24-26]. Other
researchers have demonstrated that RASSF-
1A functioned as a tumor suppressor through
regulating several signal pathways, such as
inhibition of the Wnt/B-catenin signaling [16],
ERK and AKT signaling [27]. In our study, west-
ern blot assay showed that RASSF1A overex-
pression significantly inhibited the ERK signal
pathway activation in HEC-1-A cells. Overex-
pression of RASSF1A also was observed to
inhibit the level of ERa and PELP1 protein, the
important markers for prognosis and predic-
tive of response to endocrine therapy in pa-
tients with endometrial carcinoma [28-31].
Thus, these results suggest that RASSF1A
suppresses the proliferation and metastasis
of endometrial carcinoma via inhibiting ERK
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signal pathway activation and ER«a, PELP1 pro-
tein level.

In conclusion, RASSF1A functions as a tumor
suppressor in endometrial carcinoma through
suppressing the proliferation, migration and
invasion, promoting apoptosis in HEC-1-A cells,
and inhibiting tumor growth in nude mice, prob-
ably with relation to the ERK signaling pathway.
These findings reveal a new potential therap-
eutic application of RASSF1A in anti-metastatic
therapy for endometrial carcinoma.
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