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Abstract
To investigate the expression status of FAM98A and its potential involvement in endometrial carcinoma, the relative expres-
sion of FAM98A in clinical endometrial carcinoma tissues was analyzed by immunohistochemistry and real-time polymerase 
chain reaction. Endogenous FAM98A protein was determined by Western blotting. The overall survival was calculated by the 
Kaplan–Meier’s analysis. Cell growth/viability/proliferation was evaluated by cell counting, 3-(4,5-Dimethylthiazol-2-yl)-
2,5-Diphenyltetrazolium Bromide assay, and clonogenic assay, respectively. Cell apoptosis was determined by the Annexin 
V/7-AAD double-staining methods followed by flow cytometry analysis. The regulatory effect of miR-142-3p on FAM98A 
was interrogated by luciferase reporter assay. Aberrant overexpression of FAM98A was found in endometrial carcinoma 
both in vitro and in vivo. Furthermore, high level of FMA98A was associated with poor prognosis. FAM98A deficiency in 
Ishikawa and RL95-2 cells significantly inhibited cell growth, cell viability, and cell proliferation. In addition, FAM98A-
knockdown stimulated remarkable cell apoptosis, which might be mediated by down-regulation of BCL2 and up-regulation 
of BAX. Mechanistically, it was demonstrated that miR-142-3p directly targeted FAM98A, and modulated its expression. 
In conclusion, we unraveled the oncogenic properties of FAM98A in endometrial carcinoma and highlighted the miR-142-
3p-FAM98A signaling in this disease.
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Introduction

The endometrial carcinoma is one of the most common 
gynecological malignancies derived from the endometrium 
[1]. In 2012, 320,000 new cases were diagnosed and 76,000 
cancer-related deaths were claimed by this disease [2]. Clini-
cally, approximately 40% of incidence of endometrial carci-
noma is related to obesity [3]. The other risk factors include 
excessive estrogen exposure, hypertension, and diabetes [4]. 
In addition, the hereditary genetic abnormalities account 
for 2 to 5% of morbidity of endometrial carcinoma [5]. 

Histologically, endometrial cancer is roughly categorized 
into endometrioid carcinoma, adenocarcinoma, and serous 
carcinoma [6]. Endometrial carcinoma is commonly diag-
nosed by endometrial biopsy or by obtaining samples during 
the procedure such as dilation and curettage. Clinically, the 
primary treatment for this disease is abdominal hysterec-
tomy, along with the surgical removal of fallopian tubes and 
ovaries. Radiotherapy, chemotherapy, and hormone therapy 
either individually or in combination are applicable for the 
advanced patients [7]. The overall 5-year survival rate is 
relatively favorable with intervention at the early stage.

Family with sequence similarity 98 members A 
(FAM98A) was identified with a divergent N-terminal cal-
ponin homology (CH)-like domain adjoined to an array of 
C-terminal heptad repeats to form a coiled-coil structure 
[8]. The ensuing genome-wide association study identi-
fied SNP (rs1900780) of FAM98A might contribute to the 
type 2 diabetes (T2D) via interaction with insulin secre-
tion loci [9]. In the osteopetrosis mice model, FAM98A 
was characterized to associate with nuclear distribution 
protein nudE-like 1 (NDEL1) and pleckstrin homology 
domain-containing family M member 1 (PLEKHM1) 
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which consequently connected lysosomes to microtubules, 
whereas DEF8 interacted with PLEKHM1 to promote its 
binding to RAB7 [10]. In this context, PKHKEM1, DEF8, 
FAM98A, and NDEL1 constituted a molecular complex 
that regulated lysosome positioning and secretion through 
RAB7. Ozeki et al. demonstrated that FAM98A associ-
ated with stress granule-localized proteins such as DDX1, 
ATXN2, ATXN2L, and NUFIP2 and played a partial role 
in organization of stress granules [11]. More recently, 
the emerging lines of evidence indicated that FAM98A 
might involve in the tumor biology as well. Akter et al. 
for the first time showed that FAM98A was arginine-
methylated by PRMT1 and widely expressed in numerous 
ovarian cancer cell lines and important for the malignant 
characteristics [12]. Further investigation found that two 
structural homologs FMA98A and FAM98B included in a 
novel complex with DDX1 and C14orf166 were required 
for PRMT1 expression and colorectal cancer progression 
[13]. However, the relative expression status of FAM98A 
in endometrial carcinoma is still elusive currently.

Here we set out to address this issue in our endometrial 
carcinoma sample panel at both transcript and protein level. 
We hypothesize that FAM98A participates in cancer pro-
gression in endometrial carcinoma.

Materials and methods

Patient samples

All human-related study was approved by the Ethics Com-
mittee of the Affiliated Yantai Yuhuangding Hospital of 
Qingdao University Medical College. In total, 20 adjacent 
non-tumor endometrial tissues and 69 endometrial carci-
noma tissues were collected from cancer patients with writ-
ten informed consents.

Cell culture

The immortalized normal human endometrial cell line 
NEEC and carcinoma cell lines Ishikawa, RL95-2, HEC-1A, 
HEC-1B, and AN3CA were ordered from the Shanghai Cell 
Bank (Shanghai, China) and authenticated to be mycoplasma 
free. The exponential cells were maintained in RPMI-modi-
fied medium (HyClone, MO, USA) supplemented with 10% 
fetal bovine serum and 1% penicillin/streptomycin. All cells 
were cultured in the humidified CO2 (5%, 37 °C) incuba-
tor. For cell counting, the indicated cells were detached by 
trypsin digestion and prepared into single-cell suspension. 
Cell counting was performed under light microscope with 
hemacytometer.

Transfection

The indicated plasmids were transfected into host cells 
using the lipofectamine 2000 (Invitrogen, MA, USA) as 
guided by the manufacturer. To obtain higher efficiency, 
we adopted suspension transfection routine in this study. 
The single-cell suspension was prepared in complete 
culture medium in 6-well plate. 2 μg plasmids were pre-
packaged with 10 μL lipofectamine 2000 and incubated 
at ambient temperature for 5 min. The mixture was then 
added into cell suspension dropwise and dispersed well 
by cross wobbling.

Immunohistochemistry

The paraffin-embedded tissue sections (5 μM, formalin-
fixed) were dewaxed and rehydrated. Antigen unmasking 
was performed with sodium citrate retrieval buffer (pH6). 
Sections were stained with anti-FAM98A (1  μg/mL, 
Thermo Fisher, PA5-57584) or isotype control antibody 
overnight at 4 °C. The secondary antibody (Vector Labo-
ratories, CA, USA) was incubated at room temperature for 
1 h. The signal was detected with DAB method followed 
by hematoxylin staining.

Real‑time polymerase chain reaction (PCR)

The TRIzol reagent (Invitrogen, MA, USA) was used to 
extract intracellular RNA following the manufacturer’s 
guide. RNA was precipitated by absolute isopropanol and 
washed with 75% ethanol. RNA concentration was quanti-
fied using the Nanodrop 2000 (Thermo Fisher, Waltham, 
MA USA). The integrity of RNA was quality checked by 
agarose electrophoresis. Reverse transcription for total 
mRNA was performed with the High-Capacity cDNA 
Reverse Transcription Kit (Thermo Fisher, Waltham, 
MA USA), for miRNA was performed with the miScript 
II RT Kit (Qiagen, Valencia, CA, USA) according to the 
provider’s manual. For quantitative purpose, the SYBR 
Green Real-Time Master Mix was used and assay was 
performed on the CFX96 Touch (Bio-Rad, Hercules, 
CA, USA). The 2−ΔΔCt method was adopted to calculate 
the relative expression. The primers used in this study 
were as follows: FAM98A (F: GTG​CCT​GAC​AGA​GGT​
GGT​AGAC, R: CCT​CCG​TAT​GAG​GAA​TGT​TCA​TAG​). 
BAX BCL2: (F: GAC​ATG​TTT​TCT​GAC​GGC​AAC, R: 
GAC​ATC​AGT​CGC​TTC​AGT​GAC). (F:CTG​AGA​AGG​
TGA​GAT​AAG​CCCTG, R: CAA​TTC​TGT​TGA​CGT​GGA​
AATG). GAPDH: (F: TGT​CAT​CAA​TGG​AAA​TCC​CATC, 
R: CAG​TGG​ACT​CCA​CGA​CGT​ACTC).
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Western blotting

The cell lysates were prepared in radioimmunoprecipitation 
lysis buffer on ice and followed by high-speed refrigerated 
centrifugation to completely remove cell debris. The pro-
tein quantification was conducted with BCA Protein Quan-
tification Kit (ab102536, Abcam, Cambridge, MA, USA). 
The protein samples were resolved by sodium dodecyl sul-
fate–polyacrylamide gel electrophoresis and transferred onto 
polyvinylidene fluoride membrane. The non-specific back-
ground was eliminated by skim milk (5% in tris-buffered 
saline and Tween-20 buffer) blocking at room temperature 
for one hour. The target bands were blotted with specific 
primary antibody overnight at 4 °C and hybridized with 
corresponding HRP-conjugated secondary antibodies. The 
commercially available enhanced electrochemilumines-
cence kit (ECL, Millipore, Billerica, MA, USA) was used 
for visualization.

3‑(4,5‑Dimethylthiazol‑2‑yl)‑2,5‑Diphenyltetrazo‑
lium Bromide (MTT) assay

Cell viability was determined by the commercial available 
MTT Assay Kit (ab211091, Abcam, Cambridge, MA, USA). 
Briefly, 10,000 cells were seeded into each well in 96-well 
plate and cultured for 24 h. The culture medium was com-
pletely aspirated and replaced by the mixture of serum-free 
medium and MTT reagent (100 uL, 1:1). After incubation 
at 37 °C for 3 h, 150 uL of MTT solvent was added into 
each well and subjected to vigorous shaking for 15 min. 
The absorption at 590 nm was read on the PowerWave XS2 
Microplate Spectrophotometer (BioTek, VT, USA).

Clonogenic assay

The exponential Ishikawa or RL95-2 cells were prepared 
into single-cell suspension via trypsin digestion. 1000 cells 
were seeded into each well of 6-well plate in triplicate and 
allowed consecutive culture for 2 weeks. After the evident 
colonies were visible, the culture medium was removed 
and replaced with phosphate-buffered saline for wash 3 
times. Cells were then fixed with 4% paraformaldehyde at 
room temperature for 15 min and stained with crystal violet 
(0.25% in 20% methanol) for 10 min. The representative 
images were acquired under optical microscope.

Cell apoptosis

The log phase cells were cultured in 60 mm petri dish 
with serum-free medium for 48 h. The single-cell suspen-
sion (1 × 106 cells/ml in staining buffer) was prepared and 
stained with Annexin V (5 μL for 100 uL cell suspension, 
BioLegend, San Diego, CA, USA) and 7-AAD (5 μL for 

100 μL cell suspension) at room temperature for 15 min in 
the dark. After adding 400 μL of Annexin V binding buffer, 
the apoptosis was analyzed with the BD FACSCelesta (BD 
BioSciences, Franklin Lakes, NJ, USA).

Luciferase reporter assay

The 3′UTR sequence was subcloned into the dual-lucif-
erase reporter vector psiCHECK2 and co-transfected with 
either scramble control or miRNA mimic into Ishikawa and 
RL95-2 cells. The relative luciferase activity was deter-
mined using Luciferase Assay System (Promega, Madison, 
WI, USA) on the SpectraMax iD3 Multi-Mode Microplate 
Reader (Molecular Devices, Sunnyvale, CA, USA).

Statistical analysis

The results were obtained from three independent repeats 
unless indicated. Data were analyzed and processed using 
the PRISM 6.0 software. The one- or two-way ANOVA fol-
lowed by a Tukey post hoc test was employed for statistical 
comparison. P value was calculated and P < 0.05 was con-
sidered as significantly different.

Results

FAM98A is upregulated in endometrial carcinoma 
and increased FAM98A expression predicts poor 
prognosis in endometrial carcinoma patients

We first evaluated the relative expression status of FAM98A 
protein in endometrial carcinoma patients. As shown in 
Fig. 1a, the immunohistochemistry (IHC) results indicated 
the remarkably high level of FAM98A in comparison with 
the adjacent non-tumor control. The expression of FAM98A 
transcripts in more clinical endometrial carcinoma samples 
was determined by real-time PCR. We totally compared 
69 cancer cases with 20 adjacent non-tumor controls for 
this end. The significant increase of FAM98A mRNA was 
observed in the malignant ones (3.2 vs. 1.3, P < 0.01) com-
pared to the adjacent non-tumor group (Fig. 1b). Further-
more, we compared FAM98A protein in our endometrial 
carcinoma cell line panel with the immortalized endometrial 
epithelial cell. As shown in Fig. 1c, the relative high expres-
sion of FAM98A was observed in all our collected endo-
metrial carcinoma cell lines including Ishikawa, RL95-2, 
HEC-1A, HEC-1B, and AN3CA. In addition, we analyzed 
the potential prognostic relevance of aberrant expression of 
FAM98A in our clinical patient pool. Our results unambig-
uously demonstrated that high FAM98A was significantly 
associated with unfavorable outcome (Fig. 1d, P < 0.05). 
Our study firstly characterized aberrant overexpression of 
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FAM98A in endometrial carcinoma, which predicted the 
poor prognosis of this disease.

FAM98A‑deficiency inhibits endometrial carcinoma 
cells proliferation

Our previous results implicated the oncogenic property of 
FAM98A in endometrial carcinoma both in vitro and in vivo. 
Next, we attempted to silence the FAM98A expression in 
Ishikawa and RL95-2 cells and investigate its impact on the 
cell proliferative behavior. The success in establishment of 
stable FAM98A-deficient cell lines is shown in Fig. 2a. To 
exclude the potential off-target effect of individual shRNA, 
here we employed two independent shRNA to knockdown 
FAM98A. FAM98A-deficiency significantly suppressed cell 
growth in both Ishikawa and RL95-2 cells in comparison 
with scramble control (Fig. 2b, c). Likewise, our MTT assay 
results demonstrated that knockdown of FAM98A compro-
mised the cell viability as well (Fig. 2d, e). We further evalu-
ated the clonogenic capacity in response to FAM98A knock-
down in endometrial carcinoma cells. The visible colonies 
were remarkably decreased in FAM98A-deficient Ishikawa 
and RL95-2 cells (Fig. 2f, g). Therefore, our results high-
lighted the critical role of FAM98A in maintenance of cell 
growth in endometrial carcinoma.

Knockdown of FAM98A induces cell apoptosis 
in endometrial carcinoma cell lines

Next, we sought to clarify whether FAM98A inhibited 
spontaneous apoptosis in endometrial carcinoma cells. The 
Ishikawa and RL95-2 cells were deprived of serum in the 
culture medium for 48 h. The cell apoptosis was measured 
with the Annexin V/7-AAD method. As shown in Fig. 3a, 
the FAM98A-deficiency stimulated remarkable apoptosis 
in response to serum starvation in Ishikawa cells. Both 
early and late apoptosis were increased in FAM98A-
knockdown cells. Consistently, the comparable effects 
were observed in RL95-2 cells (Fig. 3b). In addition to 
the pro-proliferative effects, here we demonstrated that 
knockdown of FAM98A induced significant cell apoptosis 
in endometrial carcinoma cells.

Cellular expression of apoptosis‑related gene 
was analyzed in endometrial carcinoma cells

Next, we pursued to investigate the alterations in apop-
totic signaling in the FAM98A-deficient cells upon serum 
restriction. The transcripts of BAX and BCL2 were quan-
tified by real-time PCR. FAM98A-silencing significantly 
increased BAX transcription and decreased BCL2 tran-
scription in both Ishikawa and RL95-2 cells (Fig. 4a). 
Likewise, the protein level of BAX and BCL2 was regu-
lated in the same manner in response to FAM98A manipu-
lation (Fig. 4b). Therefore, in agreement with previously 
observed apoptotic phenotype in FAM98A-deficient cell 

Fig. 1   FAM98A is upregulated 
in endometrial carcinoma and 
increased FAM98A expres-
sion predicts poor prognosis in 
endometrial carcinoma patients. 
a IHC analysis of FAM98A 
expression in endometrial car-
cinoma tissues. Representative 
400X pictures were presented. 
Scale bars, 50 μm. b Quantita-
tive RT-PCR analysis of the 
level of FAM98A RNA in 
endometrial carcinoma tissues. 
GAPDH served as loading 
controls. c WB detection of 
FAM98A protein in endometrial 
carcinoma cells lines. β-actin 
served as loading controls. d 
Kaplan–Meier’s analysis of the 
correlation between FAM98A 
expression and overall survival 
of endometrial carcinoma 
patients. Data were presented as 
mean ± SD of three independent 
experiments. **P < 0.01
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while deprived of serum, here we further demonstrated the 
fundamental changes in the apoptotic molecular events.

FAM98A is a direct target of miR‑142‑3p

Our previous results uncovered the aberrant overexpression 
of FAM98A in endometrial carcinoma and its oncogenic 
properties. However, the upstream signaling in mediating 
the up-regulation of FAM98A is still elusive in this context. 
Here, we focused on the potential involvement of micro-
RNA in the regulatory actions of FAM98A. With the aid 
of online bioinformatics algorithm (http://www.targe​tscan​
.org/), we identified a putative binding site of miR-142-3p 
in the 3′UTR region (Fig. 5a) and constructed the scramble 

control luciferase reporter plasmid. Co-transfection with 
miR-142-3p mimic significantly inhibited the luciferase 
activity in comparison with negative control. However, the 
mutation introduced into the putative sequence completely 
abolished this inhibitory effect (Fig. 5b). The endogenous 
FAM98A protein was remarkably decreased in response to 
ectopic expression of miR-142-3p mimic in both Ishikawa 
and RL95-2 cells (Fig. 5c). In view of the potential regula-
tory action of miR-142-3p on FAM98A in endometrial car-
cinoma, we further analyzed the expression status of miR-
142-3p in our clinical endometrial carcinoma sample panel. 
As shown in Fig. 5d, the relative expression of miR-142-3p 
in malignancies was significantly lower than in the normal 
counterparts. Comparison of FAM98A and miR-142-3p 

Fig. 2   FAM98A inhibits 
endometrial carcinoma cells 
proliferation. a Western blotting 
assay for the levels of FAM98A 
in Ishikawa and RL95-2 cells 
stably expressing shCtrl or 
shFAM98A. β-Actin served as 
loading controls. b Ishikawa c 
RL95-2 cells were subjected to 
cell number assay every 24 h. 
Cell proliferation assay of d 
Ishikawa and e RL95-2 cells 
were measured at 96 h by MTT. 
f Ishikawa g RL95-2 cells were 
subjected to cell colony forma-
tion assay. Data were presented 
as mean ± SD of three inde-
pendent experiments. *P < 0.05; 
**P < 0.01

http://www.targetscan.org/
http://www.targetscan.org/
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Fig. 3   Knockdown of FAM98A induces cell apoptosis in endometrial 
carcinoma cell lines. Representative of flow cytometry analysis of a 
Ishikawa and b RL95-2 cells death after cells were deprived of FBS 

for 48  h. Data are mean ± SD of three independent experiment and 
each measured in triplicate, **P < 0.01

Fig. 4   Cellular expression 
of apoptosis-related gene 
was analyzed in endometrial 
carcinoma cells. a BAX and 
BCL2 levels were measured via 
qRT-PCR and normalized to 
the level of GAPDH. b Western 
blot analysis of BCL2 and BAX 
expression. β-actin serves as 
an internal control. Data are 
mean ± S.D. of three independ-
ent experiment and each meas-
ured in triplicate (*P < 0.05)
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identified the reverse correlation in this disease (Fig. 5e). 
Therefore, we demonstrated that miR-142-3p directly modu-
lated FAM98A expression in endometrial carcinoma.

Discussion

The previous investigations unraveled the intimate associa-
tion between aberrant expression of FAM98A and incidence 
of some human malignancies such as ovarian carcinoma and 
colorectal cancer [12, 13]. However, the relative expression 
status of FAM98A in endometrial carcinoma and its poten-
tial mechanistic involvement in this disease was still elusive. 
Here, we for the first time characterized the aberrant over-
expression of FAM98A at both protein and mRNA levels in 
our clinical endometrial carcinoma panel. The comparable 
results were consolidated in the cell culture. Furthermore, 
the Kaplan–Meier’s survival curve implicated the evident 
unfavorable prognostic value of high FAM98A. Therefore, 
our data for the first time uncovered the oncogenic proper-
ties of FMA98A in endometrial carcinoma. Through gene 
manipulation with specific shRNAs, we demonstrated that 
FAM98A-deficiency in endometrial carcinoma cells tre-
mendously impaired cell proliferation and cell viability. 
Notably, we detected spontaneous cell apoptosis in the 

FMA98A-deficient Ishikawa and RL95-2 cells in sharp 
contrast to the parental control upon serum deprivation. In 
addition to the pro-proliferative effects, here we disclosed 
the anti-apoptotic properties of FAM98A in endometrial 
carcinoma. In this regard, decreased BCL2 and increased 
BAX was observed in FAM98A-knockdown cells under the 
serum-free culture conditions, which suggested that these 
key factors played critical role in mediating cell apoptosis 
in this context. Mechanistically, we predicted and identified 
that miR-142-3p directly modulated FAM98A expression 
via post-transcriptional mode. Ectopic introduction of miR-
142-3p remarkably inhibited endogenous FAM98A. Most 
importantly, we detected the concomitant down-regulation 
of miR-142-3p in FAM98A-proficient endometrial carci-
noma cells and the reverse correlation between these two 
genes. The fundamental role of the miR-142-3p-FAM98A 
signaling underlying the malignant behaviors of endometrial 
carcinoma was highlighted in our investigation.

Assembling lines of evidence suggested the indispensa-
ble roles of miR-142-3p in variety of human cancers. For 
instance, Jia et  al. characterized aberrant expression of 
miR-142-3p in breast cancer and identified the target genes 
HMGA1 and FZD7, through which miR-142-3p might 
serve as tumor suppressor and potential diagnostic marker 
and therapeutic target [14]. Gao et al. demonstrated that 

Fig. 5   FAM98A is a direct target of miR-142-3p. a Sequences 
of miRNA and the potential miRNA binding sites at the 3′UTR of 
FAM98A. b Relative luciferase activity of Ishikawa and RL95-2 
cells after co-transfected with wild-type or mutant FAM98A 3′UTR 
reporter genes and miR-ctrl or miR-142-3p mimic. c Overexpression 
of miR-142-3p reduced the protein expression of FAM98A in Ishi-

kawa and RL95-2 cells. d miR-142-3p levels in cancer tissues and 
adjacent non-tumor tissues were detected via qRT-PCR and normal-
ized to the level of U6. e The correlation between miR-142-3p and 
FAM98A in endometrial carcinoma tissues was analyzed. Data are 
mean ± S.D. of three independent experiment and each measured in 
triplicate (**P < 0.01)
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miR-142-3p inhibited cell proliferation and chemoresist-
ance in ovarian cancer via targeting sirtuin-1 [15]. Wang 
et al. showed the down-regulation of miR-142-3p and its 
tumor suppressor role in gastric cancer [16]. Godfrey et al. 
provided evidence that miR-142-3p was downregulated in 
aggressive p53 mutant mouse models of pancreatic ductal 
adenocarcinoma by hypermethylation of its locus [17]. 
Wan et al. proposed that miR-142 regulated CD4 + T cells 
in human non-small cell lung cancer through PD-L1 expres-
sion via the PTEN pathway [18]. Trissal et al. identified 
miR-142 loss-of-function mutations derepressed ASH1L to 
increase HOXA gene expression and promoted leukemogen-
esis [19]. Lee et al. unraveled miR-142-3p was involved in 
the regulation of MGMT expression glioblastoma cells [20]. 
In hepatocellular carcinoma, Hua et al. demonstrated that 
miR-142-3p inhibited aerobic glycolysis and cell prolifera-
tion via targeting LDHA [21]. Wang et al. found that miR-
142 suppressed tumorigenesis of non-small-cell lung cancer 
by targeting PIK3CA [22]. On the contrary, the oncogenic 
properties of miR-142 were proposed in a number of reports. 
Islam et al. suggested that high miR-142 expression was 
associated with the biological aggressiveness of cancer [23]. 
Bai et al. demonstrated that miR-142 induced cancer stem 
cell-like properties of cutaneous squamous cell carcinoma 
via inhibiting PTEN [24]. Liu et al. showed that miR-142 
promoted cell growth and migration in renal cell carcinoma 
by targeting BTG3 [25]. In agreement with the tumor sup-
pressor function of miR-142-3p, here we characterized the 
down-regulation of miR-142-3p in endometrial carcinoma 
and implicated in FAM98A regulation, which consequently 
contributed to the tumorigenesis of endometrial carcinoma.

With advance in understanding the fundamental functions 
of microRNAs in human cancers, a number of microRNAs 
have been identified to play kaleidoscopic roles in endome-
trial carcinoma. MiR-302 family members including 302b-
3p, 302c-3p, and 302d-3p inhibited epithelial–mesenchymal 
transition and promoted apoptosis [26]. MiR-101 was shown 
to inhibit angiogenesis via COX-2 in endometrial carcinoma 
[27]. Ma et al. demonstrated that miR-302a-5p/367-3p-
HMGA2 axis regulated malignant processes during endo-
metrial cancer development [28]. Lu et al. reported miR-
424/E2F6 feedback loop modulated cell invasion, migration, 
and epithelial-to-mesenchymal transition [29]. Devor et al. 
uncovered that dysregulation of miR-181c expression influ-
enced the recurrence of endometrial endometrioid adeno-
carcinoma by modulating NOTCH2 expression [30]. Chen 
et al. showed that miR-29b inhibited angiogenesis by target-
ing vascular endothelial growth factor through the MAPK/
ERK and PI3 K/AKT signaling pathway [31]. Here, we for 
the first time characterized suppressive expression of miR-
142-3p in endometrial carcinoma, which negatively regu-
lated FAM98A expression post-transcriptionally and con-
sequently contributed to the malignant behaviors.

Conclusion

In summary, we unraveled the aberrant overexpression of 
FAM98A in endometrial carcinoma and highlighted the crit-
ical role of miR-142-3p-FAM98A signaling in this disease.
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