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Family with Sequence Similarity 83 Member H
Promotes the Viability and Metastasis of Cervical
Cancer Cells and Indicates a Poor Prognosis
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Purpose: Family with sequence similarity 83 member H (FAM83H) plays key roles in tumorigenesis. However, the specific roles
of FAM83H in cervical cancer (CC) have not been well studied.

Materials and Methods: The RNA-seq data of 306 CC tissues and three normal samples downloaded from The Cancer Genome
Atlas were used to analyze the expression of FAM83H. The Kaplan-Meier method was used to draw survival curves. Associations
between FAM83H expression and clinicopathological factors were analyzed by chi-square test. Cox proportional hazards model
was used to analyze prognostic factors. Loss-of-function assays were conducted to discover the biological functions of FAM83H
in cell proliferation, colony formation, invasion, and migration. Real-time Quantitative Reverse Transcription PCR (qQRT-PCR)
and Western blotting were used to measure the expression levels of FAM83H in CC cell lines.

Results: Our results demonstrated that FAM83H is overexpressed in CC tissues and that high FAM83H expression is associated
with worse overall survival (OS). High FAM83H expression in CC was associated with clinical stage, pathologic tumor, and patho-
logic node. Univariate analysis suggested that FAM83H expression was significantly related to the OS of CC patients. Although
multivariate analysis showed that FAM83H expression was not an independent prognostic factor for the OS of CC patients, the ef-
fects of FAM83H on CC cell growth and motility was significant. Loss-of-function experiments demonstrated that knockdown of

FAMBS83H inhibited proliferation, colony formation, migration, and invasion of CC cells by inactivating PI3K/AKT pathway.
Conclusion: FAM83H might play a crucial role in CC progression and could act as a novel therapeutic target in CC.
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INTRODUCTION

Cervical cancer (CC), the second most common malignancy
in females worldwide, is a primary cause of cancer death,
leading to about 300000 deaths each year.! Statistically, about
500000 new cases arise per year, and 85% of the pathologic
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types are squamous cell carcinoma. In China, CC accounts for
5% of cancer occurrences and 3.8% of mortalities in women.?
In recent decades, although the cervical cytology screening
has facilitated early detection and early treatment, morbidity
rates remain high. Worriedly, more and more cases in young-
er individuals are being recorded. Moreover, the etiology of
this cancer is still largely unclear. Thus, many researchers have
sought to identify the molecular mechanisms involved in the
progression of CC and to seek out more effective tumor thera-
py strategies.

Family with sequence similarity 83 (FAM83) family mem-
bers have been shown to possess oncogenic properties, and
the expression thereof has been found to be elevated in sever-
al human cancer types, including breast cancer.>* Typically,
FAMS83 family members are related to poor cancer prognosis.®
FAMS83 member H (FAM83H) is one member of FAMS83. Re-
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cently, it has been reported that FAM83H controls the organi-
zation of the keratin cytoskeleton, as well as the formation of
desmosomes.”® In recent research, up-regulation of FAM83H
in cancer tissues, compared to normal samples, has been de-
scribed. For example, FAM83H has been suggested to con-
tribute to the development of colorectal cancer by regulating
the organization of the keratin cytoskeleton.*® Another study
also showed that FAM83H might be an important biomarker
that can cause androgen independent prostate cancer pro-
gression.'” Moreover, Kim, et al." have proposed that FAM83H
plays important roles in the progression of hepatocellular car-
cinoma and is a poor prognostic predictor in hepatocellular
carcinoma patients. Nevertheless, the exact role of FAM83H in
CC has not been studied to date, and the detailed action
mechanisms of FAM83H in CC still remain unknown.

In our study, we conducted in vitro assays to investigate the
expression and the mechanisms of FAM83H in the progres-
sion of CC. Our results demonstrated that FAM83H is involved
in CC cell proliferation and migration, suggesting that
FAMB83H as a potential novel therapeutic target for CC.

MATERIALS AND METHODS

Bioinformatic analysis

The RNA-seq data and clinical data of 306 CC patients and
three normal control samples were downloaded from The
Cancer Genome Atlas (TCGA, https://tcga-data.nci.Nih.gov/
tcga). The RNA-seq data were used to analyze the expression
of FAM83H in CC patients and normal samples. A total of 304
CC patients with detailed clinical information were divided
into low or high expression groups according to the median
expression of FAM83H. Detailed information on these 304 CC
patients is shown in Supplementary Table 1 (only online). The
association between the expression of FAM83H and overall
survival (OS) was assessed using Kaplan-Meier analysis with
log rank test used for comparison. Chi-square (X?) test was
used to analyze the association between FAM83H expression
and the clinicopathological features of patients with CC. Uni-
variate and multivariate Cox proportional hazards models
were performed to evaluate the prognostic value of FAM83H.
In addition, we also analyzed the association between expres-
sion of FAM83H and OS of CC patients by searching the Hu-
man Protein Atlas (https://www.proteinatlas.org) database
and Gene Expression Profiling Interactive Analysis (GEPIA,
http://gepia.cancer-pku.cn/) database. Patients in the Human
Protein Atlas were divided into high or low expression groups
with the best cut-off point, while patients in the GEPIA data-
base were divided into high or low expression groups based
on the median of FAM83H expression. The data download
process complied with all laws and regulations.
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Cell culture and transfection
Human CC cell lines HeLa and SiHa were obtained from the
Chinese Academy of Sciences (Shanghai, China). Hacat cells
were used as a control. These cells were routinely cultured in
RPMI-1640 medium (Gibco, Grand Island, NY, USA) supple-
mented with 10% heat-inactivated fetal bovine serum (FBS,
Sijiging Biotec, Hangzhou, China), 100 U/mL penicillin, and
0.1 mg/mL streptomycin (Sigma Chemical Company, Shanghai,
China) at 37°C with 5% CO, in a humidified incubator. Non-
adherent cells were washed away after 3 days, and adherent cells
were incubated with fresh complete medium. The cells were
sub-cultured at the split ratio of 1:2 after reaching confluence.
Two FAM83H-specific small interfering RNAs (si-
FAM83H#1: 5'-GAGGAAGUCCAACUACAGG-3' and si-
FAM83H#2: 5'- CUACAGGAUUUAUCGAGCA-3') were syn-
thesized by GenePharma (Shanghai, China). Lipofectamine
2000 transfection reagent (Invitrogen, Carlsbad, CA, USA) was
used for transfection. Twenty-four hours after transfection,
the HeLa cells were lysed and then subjected to Real-time
Quantitative Reverse Transcription PCR (qQRT-PCR) to exam-
ine the efficiency of inhibition. HeLa cells transfected with
scrambled siRNA control (si-con) were regarded as controls.

RNA extraction and qRT-PCR

Total RNA was extracted using TRIzol Reagent (Invitrogen,
Carlsbad, CA, USA) from CC cells transfected with siRNA and
the negative controls. The extracted RNA was dissolved using
RNAase-free water that was treated with diethyl pyrocarbon-
ate. Next, cDNA was synthesized based on total RNA using
PrimeScript RT reagent Kit (TaKaRa, Dalian, China). After-
wards, qRT-PCR was conducted to quantify the expression
levels of FAM83H. The primers for this gene were as follows:
FAMBS83H, F: 5'- CTGGACCAGAAGATGCCCCT-3', and R: 5'-
CTGGAGGAGATGGCAGACCT-3'. Glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) was used as an endogenous
control (F: 5'-GGAGCGAGATCCCTCCAAAAT-3', R: 5'-GGCT
GTTGTCATACTTCTCATGG-3"). The 222" method was uti-
lized to calculate the relative expression levels.

Cell proliferation and colony formation assays

Cell proliferation ability was assessed using a Cell-Counting
Kit 8 (CCK-8) assay, as described by the manufacturer. The
HelLa cells were cultured in 96-well plates, and then, 10 pL of
CCK-8 solution was added to each well at the indicated time
points (24, 48, 72, and 96 h) after transfection. Further, cells
were cultured for 2 h at 37°C in a 5% CO; incubator. Absor-
bance was measured at 450 nm.

Colony formation was conducted as described previous-
ly."*'® Specifically, si-FAM83H and si-control cells were cul-
tured in medium supplemented with 10% FBS, and replacing
the medium every four days. Then, the cells were incubated at
37°Cin a 5% CO; incubator for 1 week. Subsequently, 4%
paraformaldehyde was used to fix the colonies, and 0.1% crys-
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tal violet (Sigma, St. Louis, MO, USA) was applied to stain the
colonies. The images of the colonies were photographed. The
number of colonies were quantified using Image] software
(National Institutes of Health, Bethesda, MD, USA). The num-
ber of colonies in the si-con group was defined as 100%.

In vitro woundhealing, migration, and invasion assays
The effect of FAM83H on the migration of HeLa cells was
measured using wound-healing assay kits. Wound healing in-
serts were added into 24-well plates, and the cells were seed-
ed to either side of the insert after 24 h transfection and cul-
tured overnight to form a monolayer. After that, inserts were
discarded when an open wound field in the monolayer of
cells was generated. Then, cells continued to be cultured for
24 h under standard conditions. Photographs of wound heal-
ing were recorded with a phase-contrast microscope at 0 and
24 h after eliminating the inserts.

The migration assay was carried out using a 24-transwell
migration chamber with 8-um pore filters (BD Biosciences,
San Jose, CA, USA). HeLa cells were added into the migration
chamber where the bottom chamber was filled with 500 pL of
complete medium supplemented with 10% FBS. For the inva-
sion assay, 2x10° cells were seeded in the upper chamber
containing an 8-um pore Matrigel Invasion Chamber (BD
Biosciences, San Jose, CA, USA). Serum-free medium was put
into the lower chamber in the invasion assay. The migration
and invasion chambers were incubated at 37°C overnight.
Thereafter, the migrated or invaded cells on lower surface of
the filter were stained with 0.1% crystal violet for 20 min and
counted in five microscopic fields for each well.

Western blotting analysis

Cells were lysed using RIPA buffer (Beyotime, Jiangsu, China),
and protein concentration was measured with Bio-Rad DC
protein assay (Bio-Rad, Hercules, CA, USA). Then, a total of
20 pg of protein from the cell lysate was subjected to sodium
dodecylsulphate polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred to polyvinylidene difluoride mem-
branes. Subsequently, membranes were blocked with 5%
non-fat milk overnight and incubated with the specific prima-
ry antibodies (anti-FAM83H, anti-AKT, anti-p-AKT, anti-PI3K,
anti-p-PI3K, and anti-GAPDH). Following washing for 30 min
with TBST, secondary antibody was used to incubate the
membranes in TBST for 2 h at room temperature. After wash-
ing, the interested protein signals were captured using En-
hanced Chemiluminescence Plus detection kit (Thermo Fish-
er Scientific, Rockford, IL, USA).

Statistical analysis

One-way analysis of variance (ANOVA) was utilized to com-
pare the values of multi-groups. All experiments were carried
out in triplicate. Statistical analysis was performed using SPSS
22.0 software (IBM Corp., Armonk, NY, USA). p values <0.05
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were considered statistically significant.

RESULTS

FAMB83H elevated in CC

By retrieving the data in the TCGA database and GEPIA data-
base, we characterized FAM83H expression in CC (Fig. 1A-C).
Results revealed marked up-regulation of FAM83H expression
in CC tissues, compared to normal tissues (Fig. 1A-C).

In order to verify the bioinformatics results, we next mea-
sured the expression of FAM83H in the CC cell lines SiHa and
HeLa using qRT-PCR. Consistent with the bioinformatics re-
sults, FAM83H expression was remarkably up-regulated in
SiHa and HeLa cell lines when compared with normal Hacat
cells (p<0.001) (Fig. 1D). We found that expression levels in
HeLa cells were significantly higher than those in SiHa cells.
Thus, in our study, we selected HeLa cells for subsequent
analysis.

FAMB83H correlated with clinical characteristics of CC
We then analyzed the relationship between FAM83H and
clinical pathological characteristics of CC based on the data
obtained from TCGA database. The clinicopathological char-
acteristics of CC patients are shown in Table 1. We found that
high FAM83H expression in CC was associated with clinical
stage (p=0.008), pathologic tumor (p=0.023), and pathologic
node (p=0.038).

FAMB83H overexpression related to poor prognosis in CC
To further investigate the prognostic value of FAM83H, we
performed Kaplan-Meier analysis based on the TCGA, GE-
PIA, and the Human Protein Atlas databases. The results
showed that high FAM83H expression is associated with
worse OS in patients with CC based on the TCGA data with
the median of FAM83H expression used as the cutoff (Fig. 1E,
p=0.027). Although the difference was not significant, we also
noted that high FAM83H expression was associated with low-
er survival rate to some extent in the GEPIA database (Fig. 1E
p=0.053). From the Human Protein Atlas database, we found
that higher expression of FAM83H was associated with shorter
survival with the best cut-off point (Fig. 1G, p=0.004).

Next, we performed univariate and multivariate propor-
tional hazards analyses to identify independent prognostic
factors for survival in CC patients. Univariate analysis suggest-
ed that FAM83H expression (p=0.028), clinical stage (p=0.001),
pathologic tumor (p<0.001), pathologic metastasis (p=0.020),
and pathologic node (p=0.003) were significantly related to
the OS of CC patients (Table 2). Multivariate analysis demon-
strated that pathologic tumor was an independent prognostic
factor for the OS of CC patients (Table 2) (p=0.033). However,
FAMS83H expression could not be regarded as independent
prognostic factor for the OS of CC patients (p=0.716). Above
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Fig. 1. FAM83H over-expression is associated with poor prognosis of CC. (A) FAM83H expression at mRNA level in CC tissues in TCGA database. (B)
FAMB83H expression at mRNA level in CC tissues in GEPIA database (match TCGA normal data). (C) FAM83H expression at mRNA level in CC tissues
in GEPIA database (match TCGA normal and GTEx data). (D) Real-time Quantitative Reverse Transcription PCR used to measure the expression level
of FAM83H in human CC cell lines (SiHa and HeLa). The expression of FAM83H was significantly higher in CC cells relative to control cells. (E) Kaplan-
Meier curves of OS of CC patients in TCGA database. Patients were sub-grouped into high (n=152) or low (n=152) groups based on the median of
FAMB83H expression. p=0.027. (F) Kaplan-Meier curves of OS of CC patients in GEPIA database. Patients were sub-grouped into high (n=146) or low
(n=146) groups based on the median of FAMB83H expression. (G) Kaplan-Meier curves of OS of CC patients in the Human Protein Atlas database. Pa-
tients were sub-grouped into high (n=224) or low (n=67) groups based on best cut-off point (p=0.004). *p<0.05, **p<0.01. FAMB83H, family with se-
quence similarity 83 member H; CC, cervical cancer; TCGA, The Cancer Genome Atlas; GEPIA, Gene Expression Profiling Interactive Analysis; OS,
overall survival; CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma; TPM, transcripts per million; HR, hazard ratio.
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Table 1. Relationships between FAM83H Expression and Clinicopatho-
logic Features in Cervical Cancer Patients

L Expression of FAM83H
Characteristics - pvalue
Low High

Age (yr) 0.675
<60 118 121
=60 34 31

Grade 0.521
G1+G2 75 78
G3 63 56

Clinical-stage 0.008*
[+l 127 104
[11+V 24 42

Pathologic-T 0.023*
T14T2 17 94
T3+T4 10 20

Pathologic-N 0.038*
NO 79 54
N1 26 34

Pathologic-M 0.514
M0 65 51
M1 7 3

FAMB83H, family with sequence similarity 83 member H.

Since the clinical pathological information was not complete in some cases,
the number of cases in grade, Clinical-stage, Pathologic-T, N and M are less
than 304, and the number of cases are different.

*p<0.05.

YMJ

all, the results indicated that, while the expression of FAM83H
is significantly associated with OS in CC patients, it cannot be
considered an independent prognostic factor.

Knockdown of FAM83H inhibits the proliferation and
growth of HeLa cells

To identify the roles of FAM83H in CC cells, si-FAM83H was
transfected into HeLa cells to determine its effect on the pro-
liferation ability of HeLa cells. In the current study, the trans-
fection efficiency of both si-FAM83H #1 and si-FAM83H #2
was >80% (Fig. 2). In addition, a greater decrease in FAM83H
expression was observed in the si-FAM83H #1 group, com-
pared with the si-FAM83H #2. Thus, si-FAM83H #1 was used
in subsequent experiments.

CCK-8 results suggested that the knockdown of FAM83H ef-
fectively inhibited the proliferation of HeLa cells (Fig. 3) at 48 h
(p<0.05), 72 h (p<0.001), and 96 h (p<0.001). Likewise, colony
formation assay showed that FAM83H silencing reduced the
colony numbers of HeLa cells (p<0.001) (Fig. 4).

Knockdown of FAM83H inhibits the migration and
invasion of HeLa cells

Following 24 h scratch formation in the cell monolayer, the
wound in the FAM83H knockdown cells was wider, compared
with that in the control cells, suggesting that knockdown of
FAMB83H significantly inhibits HeLa cell migration (Fig. 5A).
Subsequently, we also utilized transwell assay to investigate

Table 2. Univariate and Multivariate Analyses of Clinical Prognostic Factors of Cervical Cancer

Univariate analysis

Multivariate analysis

Variables

pvalue HR 95% CI pvalue HR 95% CI

FAMB3H (low/high) 0.028 1.691 1.057-2.706 0.716 1.217 0.423-3.502
Clinical-stage (I+I/111+1V) 0.001 2.286 1.397-3.743 0.209 0.354 0.070-1.789
Pathologic-T (T1+T2/T3+T4) <0.001 3613 1.907-6.846 0.033 5214 1.141-23.828
Pathologic-M (M0/M1) 0.020 3.671 1.229-10.962 0.988 0 0
Pathologic-N (NO/N1+N2+N3) 0.003 2.807 1.408-5.593 0.137 2.164 0.783-5.984
Age (<60/>60) 0.054 1.641 0.991-2.715 - - -
Grade (G1+G2/G3+G4) 0.681 0.896 0.530-1.513 - - -
HR, hazard ratio; Cl, confidence interval; FAM83H, family with sequence similarity 83 member H.

151 151
S 10— _ _ _ g 10
= si-con si-FAMB3H 1 si-FAMB83H 2 S

’ si-con si-FAMB3H 1 si-FAMB83H 2 c ’ si-con si-FAMB3H 1 si-FAMB83H 2

Fig. 2. FAMB83H expression in HeLa cells transfected with siRNA FAM83H 1# and siRNA FAM83H 2# were measured by Real-Time Quantitative Reverse
Transcription PCR (A) and Western blotting (B and C). *p<0.01 compared to the si-con group. FAMB83H, family with sequence similarity 83 member H;

GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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Fig. 3. Knockdown of FAMB83H inhibits growth and viability of HelLa cells.
CCK-8 assay showing viability of transfected Hela cells at 24, 48, 72, and
96 h. *p<0.05 compared to control, **p<0.001 compared to control. CCK-
8, Cell-Counting Kit 8; FAM83H, family with sequence similarity 83 mem-
ber H; 0D, optical density.
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Fig. 4. Knockdown of FAM83H decreases colony formation of HeLa cells.
(A) Representative images of colony formation assay (x2). The clones
were dyed by 0.1% crystal violet. (B) Quantification of the colony num-
bers. *p<0.001 compared to control. FAM83H, family with sequence
similarity 83 member H.
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the potential effects of FAM83H knockdown on cell migration
and invasion. We observed that, after FAM83H silencing, the
migration and invasion of CC cells were effectively inhibited
(p<0.001) (Fig. 5B and C). Overall, these data indicated that
FAMBS83H promotes CC cell migration and invasion.

Knockdown of FAM83H inhibits the activation of PI3K
signaling pathway

To further describe the specific molecular mechanism of
FAMB83H-regulated proliferation and migration of CC cells, we
used Western blotting to explore the candidate targets of
FAMS83H, by which we selected the PI3K signaling pathway
(AKT, p-AKT, PI3K, p-PI3K) as a target, since the PI3K path-
way plays key roles in mediating proliferation and migra-
tion."'® Fig. 6 shows that knockdown of FAM83H remarkably
inhibited the expression levels of p-AKT and p-PI3K in CC
cells (p<0.001), but did not influence total PI3K and AKT ex-
pression levels.

» 15 [1si-con [ si-FAMB83H
si-con  si-FAMB3H %
-PI3K S
P 8 10 L T
PI3K S
[«h)
p-AKT D | *
g 05 M -
AKT 2 um
©
[eb)
GAPDH = 00
p-PI3K/PI3K  p-AKT/AKT

A

Fig. 6. The expression of PI3K/AKT pathway related proteins. After
FAMB83H silencing, the expression of p-AKT and p-PI3K were all reduced
significantly. (A) The expression of PI3K pathway related proteins were
determined by Western blot. (B) Quantification of the protein expres-
sion levels in (A). *p<0.001 compared to control. GAPDH, glyceraldehyde-
3-phosphate dehydrogenase; FAM83H, family with sequence similarity
83 member H.

si-FAMB3H
80 - [Jsicon [ si-FAME3H

60 -

€

2 40+

= nf T T
0

c Invasion Migration

Fig. 5. Analysis of wound-healing (A; x100) and transwell assay [B (<200) and C]. Cells were dyed by 0.1% crystal violet. In HeLa cells transfected with
si-FAMB83H, the invasion and migration were significantly decreased compared to the cells transfected with scrambled si-RNA (si-con). *p<0.001

compared to control. FAM83H, family with sequence similarity 83 member H.
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DISCUSSION

In our study, we investigated the role of FAM83H in CC and
provided evidence suggesting that FAM83H plays an onco-
genic role in CC. The oncogenic role of FAM83H is supported
by the expression of relatively higher levels of FAM83H in CC,
compared with normal tissues obtained from TCGA database.
Consistent with bioinformatics results, overexpression of
FAMB83H was also observed in CC cells. Additionally, high
FAMBS83H expression was found to be closely correlated with
shorter survival in CC patients. As FAM83H has been found to
be overexpressed in multiple other tumor types (e.g., colorec-
tal cancer),*® these data strongly support that FAM83H itself is
an important oncogene in CC.

In depth, we studied the role and significance of FAM83H
in CC cell proliferation and migration. Knockdown of
FAMS83H effectively inhibited the proliferation and growth of
HelLa cells. Colony-formation assay demonstrated that the ex-
pression of FAM83H affects the colony-formation capacity of
HeLa cells. Of note, a previous study demonstrated that
knockdown of FAM83H in LNCaP cells suppressed colony
formation.' So far, FAM83H has been reported to mediate
several target proteins in cell migration and proliferation.
Meanwhile, studies have suggested that the PI3K pathway
plays key roles in mediating proliferation and migration.'**¢
Accordingly, we investigated whether PI3K was affected by
FAMS83H in CC cells using Western blotting.

PI3K/AKT signaling pathway has been implicated in the
physiological functions of human malignant tumors, includ-
ing ovarian, breast, and pancreatic cancer.” AKT activity is
triggered by PI3K, and AKT activation induces cell survival,
migration, and metabolism through phosphorylation of vari-
ous physiological factors.”® It is noteworthy that sustained
AKT activity in CC cells (HeLa and Caski) may facilitate their
growth and survival.” Several studies have reported that the
PI3K/AKT pathway is activated in CC. For example, in a Kore-
an study of 27 CC patients (18 without and nine with recur-
rence), p-AKT expression was related to local recurrence after
primary radiotherapy.® Another study of 46 paraffin-embed-
ded specimens without associated clinical outcome data, p-
AKT staining was positive in 39 (85%) of the samples.? Liu, et
al.?? suggested that inhibition of Akt/mTOR/p70S6K transla-
tional machinery results in the downregulation of MMP-9 and
urokinase plasminogen activator, playing an anti-metastatic
role. In the current study, Western blot analysis revealed sig-
nificant decreases in the activity of p-AKT and p-PI3K in si-
FAM83H-transfected CC cells. Accordingly, we inferred that
FAMS83H promotes CC growth and migration, at least partially
by mediating PI3K/AKT signaling.

To our best knowledge, this is the first study to report that
FAMB83H increases cell proliferation, colony formation, migra-
tion, and invasion of CC cells. Our work suggests that inhibi-
tion of FAM83H might be a potential therapeutic strategy in
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the management of CC. However, we must take into consider-
ation several limitations. To begin with, we did not use clinical
samples collected by ourselves to detect FAM83H expression
in CC tissues. Secondly, animal models of tumors were not
constructed to verify our results obtained in the cell experi-
ments. Nevertheless, our study provides evidence of use to
further exploring the molecular mechanisms of CC and de-
veloping candidate targets for the treatment thereof.
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