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FAM65A promotes the progression
and growth of lung squamous cell carcinoma
in vivo and vitro
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Abstract

Backgrounds Currently, family with sequence similarity 65 member A (FAM65A) is reported as a pivotal regulator
in various cancers. However, the effect of FAM65A in lung squamous cell carcinoma (LSCC) is still unclear, the prime
objective of this research is to explore the role of FAM65A in LSCC.

Methods Gene expression data and correlated clinical information were downloaded from the public database
and the expression of FAM65A was detected. The expression of FAM65A was also detected in our collected clinical
samples and LSCC cell lines. Survival package of R language was used to determine the survival significance of
FAMG65A. Proteins expression level was determined via western blot assay. Cell function experiments and in vivo
experiments were performed to explore the effect of FAM65A on LSCC cell biological behaviors.

Results FAM65A expression was significantly increased in LSCC clinical samples and cell lines. High FAM65A
expression predicted poor prognosis in LSCC patients. After silencing FAM65A, the ability of LSCC cell proliferation,
invasion and migration was decreased, and LSCC cell cycle was blocked. Moreover, in vivo experiments revealed that
silencing FAM65A could inhibit LSCC cell proliferation.

Conclusions High FAM65A expression could enhance proliferative, invasive and migratory abilities of LSCC. FAM65A
might be a novel biomarker of LSCC.
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Introduction

Lung cancer is a primary malignant tumor that occurs in
the lungs [1, 2]. The primary risk factors for lung cancer
include smoking, long-term exposure to asbestos, cer-
tain radioactive gases (such as radon), and air pollution

;Co”eslpo'“doehce? [3]. Globally, the morbidity and mortality of lung cancer
pfua gg&nz%cfr:g remain high among malignant tumors, characterized by

rapid disease progression, poor treatment effect and poor
prognosis [4—6]. According to the 2022 reports from the
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International Agency for Research on Cancer (IARC) and
the American Cancer Society (ACS), nearly 2.5 million
new cases were diagnosed, accounting for 12.4% of the
total global cancer cases [7]. Lung cancer is constantly
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threatening the survival and development of human
beings, and the burden of lung cancer is heavy. At pres-
ent, the research on lung cancer is still under constant
exploration around the world.

In recent decades, with the rapid development of
molecular biology technology and molecular diagnostic
technology, lung tumor markers with important clinical
diagnostic value have been continuously discovered [8,
9]. The diagnosis and treatment of advanced lung cancer
has already entered the era of individualized and precise
treatment guided by molecular typing from histological
typing to determine treatment. In terms of immunother-
apy, anti-PD-1 (programmed death molecule 1) / PD-L1
(Programmed cell Death-Ligand 1)/monoclonal antibod-
ies are used to treat non-small cell lung cancer (NSCLC)
and has achieved good curative effect in related malig-
nant tumors such as and bladder cancer [10-13]. In terms
of targeted therapy, the current common driver genes in
the field of lung cancer mainly include epidermal growth
factor receptor (EGFR), anaplastic lymphoma kinase
(ALK), c-ros proto-oncogene 1 (ROS1) tyrosine kinase
and so on [14-16]. For advanced lung adenocarcinoma,
related targeted therapy drugs have been widely used in
clinic, such as erlotinib (Erlotinib) in the treatment of
patients with EGFR-mutant non-squamous NSCLC [17].
However, due to the lack of available gene mutations in
the targeted therapy of lung squamous cell carcinoma
(LSCCQ), its research progress is still relatively slow com-
pared to lung adenocarcinoma. In addition, with the wide
application of targeted drug therapy, drug resistance has
gradually been found, such as in the process of epidermal
growth factor receptor tyrosine kinase inhibitor (EGFR-
TKIs) drug treatment [18]. Gene mutation occurrence
during treatment always results in decreased treatment
effect [19]. Therefore, exploring the relevant mechanism
of the process of LSCC and to find new gene therapy
targets for LSCC is particularly important. Through the
in-depth study of genomics, potential biomarkers can be
found to discover new gene targets.

Cell migration is critically important in both nor-
mal physiological processes and abnormal pathological
processes [20]. The establishment and maintenance of
anterior-posterior polarity is essential for cell movement
in a particular direction. In the process of cell polariza-
tion, the dynamic reorganization of the actin cytoskel-
eton, the spatial localization of specific proteins, and the
redirection of secretion transport play a crucial role [21].
Cell polarization and migration are dependent on the
close cooperation between several proteins, such as the
small GTP-binding protein RHO GTPase [22]. Currently,
there are 20 RHO GTPase family members, including 8
subfamilies, that have been discovered in mammals [23].
RHO GTPases control multiple cellular events by switch-
ing between an active GTP-binding state and an inactive
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GDP-binding state [24—26]. What is clear now is that
RHO protein is involved in nearly every stage of tumori-
genesis, and several studies have shown that reduced
RHO protein function leads to the morphological
changes observed in tumor cells. Inhibiting RHO protein
may promote a more aggressive tumor phenotype [27].
The K-ras protein, through its intrinsic GTPase activity,
acts as a molecular switch controlling cell proliferation,
differentiation, and survival [28—-30]. Research indicates
that the co-expression of Vavl and K-RasG12D in lung
tissue significantly increased the malignancy of lung can-
cer, suggesting that these two oncogenes synergistically
promote the development of lung tumors [31]. RHO fam-
ily Interacting Cell Polarization regulator 1 (RIPOR1),
also known as family with sequence similarity 65 member
A (FAMG65A), is a newly discovered RHO effector pro-
tein, which can regulate the polarity of migrating cells by
binding to GTP-bound RHO protein through the N-ter-
minal HR1 domain [32]. Moreover, it has been reported
FAMG65A can be regarded as a biomarker in patients with
cholangiocarcinoma [33].

In this study, we analyzed the correlation between
FAMG65A expression in LSCC and clinical prognostic
outcomes, and validated FAM65A expression in clini-
cal samples and multiple LSCC cell lines. In addition,
we investigated the effect of FAM65A on the biologi-
cal behavior of LSCC cells and further validated in vivo
experiments. This study may promote further research
on FAMG65A as a therapeutic target for LSCC.

Materials and methods

Data source and preprocessing

Gene expression profiles of GSE75037 [34], GSE67061
[35], GSE18842 [36], GSE2088 [37], GSE161533 (https://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi) datasets
sourced from Gene Expression Omnibus (GEO) were
downloaded to evaluate FAM65A expression in LSCC.
RNA sequencing data of 502 lung cancer and 49 normal
samples with relevant clinical information were accessed
from The Cancer Genome Atlas (TCGA) database. For
RNA sequencing (RNA-seq) data, counts data was to
converted to transcripts per million (TPM) reads based
on the qCML method using edgeR package of R language
[38], then TPM was converted to log2 (TPM+1) for fur-
ther analysis. GEO2R was used to compare two or more
groups of the microarray data in order to identify genes
that are differentially expressed across experimental
conditions.

Construction of survival model

Hazard ratio (HR) value of the cox risk regression model
and the chi-square test p-value for the survival of the
high and low groups based on TCGA data set was cal-
culated using the survival package of R language. Based
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on the FAM65A expression median, LSCC samples were
divided into two groups with high and low FAM65A
expression. Kaplan-Meier survival analysis was per-
formed based on the relevant clinical data accessed from
TCGA, and finally the overall survival curve was drawn.

GSEA analysis

RNA sequencing data for LSCC was obtained from the
TCGA database. The expression levels of all genes in
LUSC were calculated in relation to the expression of
FAMG65A. The genes were then ranked according to their
correlation coefficients. Gene set enrichment analysis
(GSEA) was conducted using GSEA v4.0.3, available at
https://www.gsea-msigdb.org/gsea/index.jsp.

PPI network analysis

The target protein FAMG65A was entered into the
STRING 11.5 database (https://cn.string-db.org) to
obtain the PPI network and TSV dataset. A protein-
protein interaction analysis for the FAM65A gene was
conducted with a threshold of 0.7. Additionally, the
TSV dataset was imported into CytoScape 3.8.0 for data
analysis and network visualization. The constructed PPI
network was then uploaded to the CytoScape 3.8.0 soft-
ware for connectivity analysis. Genes interacting with
FAMG65A were identified, and the Pearson correlation
of their expression levels with FAM65A in LSCC was
calculated.

Survival analysis

The cancer samples in LSCC were divided into high and
low expression groups based on the median expression
level of FAM65A. Survival analysis was then performed
using the survival package, and the differences in sur-
vival between the high and low expression groups were
assessed using the log-rank test.

Table 1 Clinical characteristics of LSCC patients

LSCC
Total 36
Gender
Male 33
Female 3
Age
>60 30
<60 6
LN
Yes 10
No 26
Degree
[+ 28
Il 8
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Tumor immune microenvironment analysis

ESTIMATE algorithm [39] was used to evaluate the
tumor immune microenvironment scores of the samples
accessed from TCGA. The tumor immune microenviron-
ment scores included the score for tumor purity, the level
of stromal cells presents, and the level of immune cell
infiltration in tumor tissue. And then correlational analy-
sis was performed between gene expression and tumor
immune microenvironment scores.

Patients and clinical specimens

Fresh specimens from 36 LSCC patients were collected
during surgery and the compared surrounding tissues
were collected as controls. Every patient was required
to sign a written informed consent. All aspects of this
study have been approved by the hospital research eth-
ics committee. All patients did not receive any anticancer
chemotherapy, radiotherapy, drug treatment, and biolog-
ical immunotherapy before surgery. The patient’s clinical
information is listed in Table 1. Paraffin sections of lung
tissues were dewaxed, rehydrated, and stained in hema-
toxylin dye solution at 25 °C for 5 min. Tap water was
utilized to wash the sections. The washed sections were
then immersed in 1% hydrochloric acid alcohol solu-
tion for several seconds and rinsed by tap water until the
tissues were back to blue. The sections were stained by
Eosin for 3-5 min and washed in tap water again. After
dehydration, clearing and sealing, the nuclei presented
purple blue or blue, the cytoplasm showed pink, and red
blood cells showed red. In addition, some clinical fresh
samples in vitro were stored at -80 °C for real-time quan-
titative PCR (RT-PCR) and western blot.

Immunohistochemical staining

Paraffin-embedded tissue was sliced and dewaxed. After
antigen retrieval, primary antibodies were incubated with
slides at 4 °C overnight. Herein, anti- FAM65A (#PA5-
52228, Invitrogen, Waltham, MA, USA) was used. After
washing, secondary antibodies were incubated at 37 °C
for 30 min and washed. Then diaminobenzidine (DAB)
was applied for color development. Lastly, all sections
were scanned by Pannoramic DESK, P-MIDI, P250,
P1000 (3D HISTECH, Budapest, Hungary) and were
read by Pannoramic Scanner (3D HISTECH, Budapest,
Hungary).

Cell culture

Human LSCC cell lines (LK2, H1703, H2170 and SK-
MES-1) and the normal lung epithelial cell line BEAS-2B
were purchased from the cell bank of the Type Culture
Collection of the Chinese Academy of Sciences (Shang-
hai, China). BEAS-2B was cultured in BEBM medium
(#CC-3171, LONZA, Basel, Switzerland) containing
0.01 mg/mL fibronectin, 0.03 mg/mL bovine collagen


https://www.gsea-msigdb.org/gsea/index.jsp
https://cn.string-db.org

Chen et al. BMC Cancer (2024) 24:944

type I and 0.01 mg/mL bovine serum albumin (FBS,
#10099158, Gibco, Waltham, MA, USA). The LSCC cell
lines were maintained in RPMI-1640 media (#11875093,
Gibco, Waltham, MA, USA) containing 10% FBS, 100 U/
ml penicillin, and 100 mg/ml streptomycin (#15070063,
Invitrogen, Carlsbad, CA, USA) in a humidified incuba-
tor with 5% CO, at 37°C.

Cell transfection

To down-regulate FAM65A expression, FAM65A short
hairpin RNA (5-AAA CAG CCT CTC TGA AAA
TGC ATC TTA ACT GTG AAA CTT CCC ACA AAG
CTG GAA TAA CGC TAC CAG TTC T-3’) and nega-
tive control (5'-CCG GCA ACA AGA TGA TCA GCA
CCA ACT GCG TTG GTG CTC TTC ATC TTG TTG
TTT TT3'). After removing LSCC cells (SK-MES-1
and H1703 cell lines) from the incubator, trypsin diges-
tion and counting were performed. The cells were
seeded into 6-well plates at a density of 5x10° cells per
well. After 12 h of culture, the cell density would reach
50-70% of the total density of the culture dish and then
siRNA transfection was performed. For siRNA configu-
ration, the EP tube containing siRNA was centrifuged
at 1000 rpm for 1 min, and an appropriate amount of
DEPC water was added to dissolve it, and then a pipette
gun was used to resuspend it to mix thoroughly. The
tubes containing siRNA (7.5 pL)+opti-MEM (180 pL)
and Lipofectamine 2000 (7.5 pL, #11668019, Thermo
Fisher Scientific, Waltham, MA, USA)+opti-MEM (180
uL, #31985070, Gibco, Waltham, MA, USA) separately
were mixed upside down and let stand for 5 min. Lipo-
fectamine 2000 (7.5 pL)+opti-MEM (180 pL) mixture
was added to siRNA+opti-MEM mixture. After being
thoroughly mixed, the mixture was placed at room tem-
perature for 15 min, and then added to the cells in the
culture dish. After 4—6 h, the mixture was changed into
complete medium for further culture.

Real-time quantitative PCR (RT-PCR)

Total RNA was isolated from cells using the RNeasy
Mini Kit (#74904, QIAGEN, Hilden, Germany). Reverse
transcription PCR was performed using Superscript
IV Reverse Transcriptase (#18090010, ThermoFisher,
Waltham, MA, USA). Gene fold changes were deter-
mined by the 2724C algorithm. B-Actin was used as a
reference gene to normalize 272! based assessments.
The specific primer sequences were designed as follows:
FAMG65A, forward 5-GGC GAG TTT CAT CTC CGA
AT-3', reverse: 5'-AGA CAC TGC CCA CAA CCA
CA-3’, B-Actin, forward 5'-GTG GCC GAG GAC TTT
GAT TG-3/, reverse: 5'-CCT GTA ACA ACG CAT CTC
ATATT-3'.
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Cell viability and cell cycle assay

Cell viability was detected using the Cell Counting Kit 8
(CCK-8, #CK04, Dojindo, Shanghai, China). Transfected
SK-MES-1 and H1703 cell lines were seeded into 96-well
plates at a density of 5x10° cells per well and incubated
at 37 °C for 0, 24, 48, 72, and 96 h. Subsequently, CCK-8
solution (10 pl) was added into each well and incubated
for 4 h at 37 °C. Optical density (OD) value was deter-
mined at 450 nm with a microplate reader (Thermo-
Fisher, Waltham, MA, USA).

For tumor sphere formation assay, LSCC cells were cul-
tured in 6-well ultralow-attachment plate, in serum-free
DMEM/F12 supplemented with B27, 20 ng/mL EGF and
20 ng/mL bFGEF, and 4 pg/mL heparin. After 2 weeks of
culture, the spheres were photographed and counted. For
cell cycle detection, 72 h after siRNA transfection, the
cells were trypsinized and washed with PBS, then fixed
overnight at 4 °C in 70% ethanol, and then incubated
with RNase and propidium iodide (PI, # P1304MP, Ther-
moFisher, Waltham, MA, USA) for 10 min. At last these
cells were analyzed by flow cytometry (ThermoFisher,
Waltham, MA, USA).

Bromodeoxyuridine (BrdU) labeling

Cells were seeded onto coverslips, which were put into
24-well plates. 24 h later, the cells were incubated using
BrdU for 1 h and subsequently probed using anti-BrdU
antibody for 2 h (#19-160, Upstate Biotechnology,
Lake Placid, New York, USA). Images of cells were col-
lected under a laser scanning microscope (Carl Zeiss,
Oberkochen, Germany).

Transwell invasion assay

LSCC cells (SK-MES-1 and H1703 cell lines) were seeded
in 24-well plates (5x10* cells/well) and incubated in a
cell incubator for 20 h. After transfection, the cells kept
culturing for another 24 h. The cells were trypsinized and
counted, and 1x10° cells were seeded into each transwell
chamber coated with Matrigel (1:8, 80 uL) and 100 pL
serum-free DMEM medium. The complete medium was
added to the lower chamber of the Transwell chamber,
and after 24 h of culture, the cells in the upper chamber
were wiped with a cotton swab. Cells were fixed with
4% paraformaldehyde for 15 min and stained with crys-
tal violet for 10 min. Under the microscope, five fields
of view were randomly selected to be photographed and
counted. The experiment was repeated three times and
the average was calculated.

Wound healing assay

LSCC cells (SK-MES-1 and H1703 cell lines) were seeded
in 6-well plates (3x10° cells/well) cultured in a cell incu-
bator for 20 h. On the back of the 6-well plate, a uniform
horizontal line was drawn and cells were scratched with
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a pipette (10 uL) along a ruler perpendicular to the hori-
zontal line on the back, and scraped cells were removed
by rinsing with PBA. After transfection treatment, cul-
ture medium was added. Samples were collected at 0 h
and 48 h, and the scratch healing area was calculated
as: mobility=scratch healing area/scratch initiation area
x100%. The experiment was repeated in triplicate and the
average value was calculated.

Co-immunoprecipitation

Cells were lysed in a lysis buffer containing protease
inhibitors and incubated on ice for 30 min. The lysates
were clarified by centrifugation at 12,000 g for 15 min
at 4 °C, and the supernatant was collected. Antibod-
ies specific to the protein of interest were added to the
lysate and incubated overnight at 4 °C with gentle agita-
tion. Protein A/G agarose beads were then added to the
mixture and incubated for 2—4 h at 4 °C to capture the
immune complexes. The beads were washed extensively
with lysis buffer to remove non-specific binding. Bound
proteins were eluted from the beads by boiling in SDS-
PAGE sample buffer for 5 min. The samples were ana-
lyzed by SDS-PAGE and subsequent immunoblotting to
detect the presence of co-precipitated proteins.

Western blot

RIPA lysis buffer (#P0013B, Beyotime Biotechnology,
Shanghai, China) was used for protein extraction from
lung tissue. SDS-PAGE was used to separate protein
samples (60 pg) and PVDF membranes (#03010040001,
Merck, Rahway, New Jersey, USA) were used for transfer.
Extracted protein was then incubated on the membrane
overnight at 4 °C after blocking using the primary anti-
body (FAM65A antibody, 1:1,000;#19325, Cell Signaling
Technology, Danfoss, Massachusetts, USA ). Next, HRP-
conjugated secondary antibodies (1:5,000; #7074 Cell Sig-
naling Technology, Danfoss, Massachusetts, USA) were
used for the incubation in the next day. Visualization was
mainly achieved by a fluorescence imager (Alpha, SAN
Antonio, California, USA) and the expression levels of
specific proteins were normalized to 3-actin levels.

Xenograft assays in nude mice

Male athymic BALB/c nude mice (6 weeks old) were
purchased from Shanghai Laboratory Animals Cen-
ter (Shanghai, China) and randomly divided into 3
groups with 5 mice in each group. SK-MES-1 cells were
transfected with control vector and FAM65A shRNA
according to the instructions of Lipofectamine 3000
(#L3000001, Invitrogen, Waltham, MA, USA). Cells were
treated with 5 pg/mL Puromycin (#A1113802, Thermo
Fisher Scientific, Waltham, MA, USA) for 2 weeks and
injected into mice (10° cells/0.1 ml PBS per mouse) sub-
cutaneously. The needle was inserted into the armpit of
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the left foreleg at a 45° angle and a 5-mm depth, midway
down. The longest diameter (a) and the shortest diam-
eter (b) of the tumor were measured every 3 days with
digital calipers, and the tumor volume (V) was calculated
according to formula: V=a x b%*/2. The mice were killed
and photographed 15 days after injection. The xenograft
tumors were excised and analyzed. The experiments were
conducted in accordance with the approved guidelines
of the Laboratory Animal Ethical Committee at China-
Japan Friendship Hospital (Approval No.2022-KY-127).

Statistical analysis

All statistical analyses and visualizations were performed
using Microsoft Excel, GraphPad Prism 8.0 or R software
(version 4.1.0) except as otherwise noted. Clinical char-
acteristics were expressed as meanztstandard deviation
or n (%). The Benjamini-Hochberg method was used to
control the false discovery rate (FDR). Adjusted p-values
below 0.05 were considered significant. Pearson correla-
tion analysis was performed to determine correlations
between identified features and clinical parameters.

Results

FAMG65A was overexpressed in lung cancer

Through evaluating the data sourcing from GEO datasets
(Fig. 1A) and TCGA database (Fig. 1B), FAM65A expres-
sion in LSCC samples was observed much higher than
that in normal samples. In accordance with the results of
bioinformatics analysis, the mRNA (Fig. 1C) and protein
(Fig. 1D) expression of FAM65A were significantly higher
in our collected caner samples compared with normal
samples. These results suggested that FAM65A may play
an oncogenic role in lung cancer. Through immunobhis-
tochemical analysis of clinical samples, lung squamous
cell carcinoma tissue was visible with disordered cell
arrangement, formation of keratinizing carcinoma nests,
increased nuclear volume, increased nuclear-cytoplasmic
ratio, deep nuclear staining, different nuclear size and
shapes, and abnormal splitting phenomenon (Fig. 1E).
FAMG65A mRNA expression (Fig. 1F) and protein expres-
sion (Fig. 1G) were also observed highly expressed in 4
lung cancer cell lines (SK-MES-1, H1703, H2170 and
LK2) compared with normal lung cell line BEAS-2B, and
FAMG65A had the highest expression in SK-MES-1 cell
line.

High FAM65A expression led to poor prognosis in LSCC
patients

Based on the results of ANOVA analysis of gene expres-
sion in different pathological stages, FAM65A expression
was found positively associated with pathologic stages
and had the highest expression in Stage IV (Fig. 2A).
The results of Kaplan-Meier survival analysis showed
that FAM65A expression was positively correlated with
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Fig.1 FAM65A was highly expressed in LSCC as an oncogene. (A). FAM65A showed significantly high expression in cancer tissues GEO datasets GSE75037,
GSE67061, GSE18842, GSE2088 and GSE161533; (B). FAM65A expression was increased in cancer tissues compared with ordinary tissues sourced from
TCGA database; (C-D). RT-PCR (C) and WB (D) results showed that FAM65A expression in cancer tissues was significantly higher than that in ordinary tis-
sues sourced from the clinical samples we collected. **p <0.01, ***p <0.001; (E). Immunohistochemical observation of histomorphology of LSCC tissues
and corresponding adjacent tissues. Magnification x400. (F). RT-PCR detection of FAM65A expression in normal cell line BEAS-2B, LSCC cell lines SK-MES-1,
H1703, H2170 and LK2. **p <0.01; (G). WB detection of FAM65A expression in normal cell line H520, lung cancer cell lines SK-MES-1, H1703, H2170 and
LK2. **p <0.01; ns, no significance

poorer prognosis. Additionally, the higher the expression  of TCGA patient records, including Gender, Pathologic
level of FAM65A associated with unfavorable progno-  Stage and Race, were, it was found that Stage IV had the
sis in lung cancer (Fig. 2B). In addition, univariate COX  highest risk, followed by Stage III. We further conducted
regression analysis was conducted for FAM65A (Fig. 2C).  survival analysis, and the results showed that patients
Through systematically analyzing the clinical information ~ with high FAM65A expression had significantly lower
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Fig. 2 FAM65A expression was positively correlated with the overall survival rate of LSCC. (A). FAM65A expression in samples of different pathological
stages; (B). The relationship between the FAM65A expression and the survival of patients; (C). Univariate cox regression analysis results of FAM65A. (D)
Disease-free survival anlysis. (E) Disease-specific survival anlysis. (F) Overall survival anlysis. (G) Progression-free survival anlysis. (H) 1-year, 3-year, and
5-year survival anlysis. (I) Multivariate_cox_regression analysis results of FAM65A. (J) Univariate cox regression analysis results of FAM65A

disease-free survival (DFS) (Fig. 2D), disease-specific sur-
vival (DSS) (Fig. 2E), overall survival (OS) (Fig. 2F), and

progression-free survival (PES) (Fig. 2G) compared to

patients with low expression. Subsequently, we evaluated
the predictive ability for 1-year, 3-year, and 5-year sur-
vival (Fig. 2H), and performed both multivariate and uni-
variate COX regression analyses on FAM65A (Fig. 21-]).

pathways

The findings indicated that FAM65A was closely associ-
ated with poor prognosis.

Enrichment analysis of FAM65A in different biological

Based on KEGG enrichment analysis, it was found that
FAMG65A was negatively correlated with pathways such
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as the NF-KAPPA B signaling pathway, proteasome,
DNA replication, and mismatch repair, while it was posi-
tively correlated with pathways such as focal adhesion,
dilated cardiomyopathy, and ECM-receptor interaction
(Fig. 3A). Furthermore, according to NSE analysis, path-
ways such as focal adhesion, dilated cardiomyopathy,
and ECM-receptor interaction were positively enriched,
whereas pathways such as oxidative phosphorylation
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and ribosome were negatively enriched (Fig. 3B). Subse-
quently, through GO-BP analysis, it was discovered that
FAMG65A was negatively correlated with pathways such
as the vascular endothelial growth factor receptor signal-
ing pathway and postsynaptic signaling regulation, while
it was positively correlated with pathways such as intra-
cellular substance transport and oxidative phosphory-
lation (Fig. 3C). Moreover, pathways such as substrate

B
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Fig.3 Enrichment analysis of FAM65A. (A) KEGG multple term GSEA plot. (B) KEGG NES barplot. (C) BP multple term GSEA plot. (D) BP NES barplot. (E) CC
multple term GSEA plot. (F) CC NES barplot. (G) MF multple term GSEA plot. (H) MF NES barplot
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adhesion-dependent cell spreading and neurite organi-
zation were positively enriched, while pathways such as
oxidative phosphorylation and ATP synthesis coupled
electron transport were negatively enriched (Fig. 3D).
Further GO-CC analysis showed that FAM65A was nega-
tively correlated with pathways involved in cell adhesion
protein complexes and integrin complexes, while it was
positively correlated with pathways such as the mito-
chondrial ribosomal small subunit and cytochrome com-
plexes (Fig. 3E). Pathways such as actomyosin and stress
fibers were positively enriched, whereas pathways such
as the mitochondrial ribosomal large subunit and cyto-
chrome complexes were negatively enriched (Fig. 3F).
Finally, through GO-MF analysis, it was revealed that
FAMG65A was negatively correlated with pathways such
as calcium release channel activity and ligand-gated cal-
cium channel activity, while it was positively correlated
with structural matrix proteins and NADH dehydroge-
nase complexes (Fig. 3G). Pathways such as ARF guanine
nucleotide exchange factor activity and calcium release
channel activity were positively enriched, while pathways
such as the mitochondrial ribosomal large subunit and
cytochrome c oxidase were negatively enriched (Fig. 3H).

FAMG65A regulated cellularimmune infiltration

The correlation between FAMG65A expression and
the level of immune cell infiltration, including B cells,
CD4+T cells, CD8+T cells, myeloid dendritic cells, mac-
rophages and neutrophil cells (Fig. 4). The results showed
that the expression of FAM65A had a strong positive cor-
relation with CD4+T cells (R=0.31, P=4.3e-14), myeloid
dendritic cells (R=0.31, P=2.1e-13) and neutrophils
(R=0.18, P=1.9e-5), indicating that FAM65A maybe paly
a certain role of cellular immune infiltration.

Analysis of FAM65A interaction protein

We identified seven genes interacting with FAMG65A,
namely FAU, PDCD10, RHOB, RHOC, STK24, STK25,
and STK26, and constructed a PPI interaction net-
work (Fig. 5A). We further conducted a correlation
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analysis between FAM65A and the interacting genes
and found that the expression of FAM65A was nega-
tively correlated with PDCD10, FAU, and STK26, while
it was positively correlated with RHOB, STK25, RHOC,
and STK24 (Fig. 5B). Subsequent scatter plot analyses
and Pearson correlation analysis confirmed a signifi-
cant negative correlation between FAM65A and FAU,
PDCDI10, and STK26, whereas a positive correlation was
observed between FAM65A and RHOB, as well as STK25
(Fig. 5C-G).

Down-regulating FAM65A affected biological
characteristics of LSCC cells

In order to further explore the effect of FAM65A expres-
sion on the biological behavior of LSCCC cells, we
knocked down FAMG65A in two LSCC cell lines (SK-
MES-1 and H1703) and explored the effect of knocking
down FAMG65A on the biological behavior of LSCC cells.
Firstly, the knockdown effect of FAM65A in SK-MES-1
and H1703 cells was confirmed. Western blot analy-
sis revealed a significant decrease in FAM65A expres-
sion in the sh-FAM65A group (Fig. 6A-B). As shown in
Fig. 6C-D, the BrdU labeling and CCK8 assays showed
that the proliferation of LSCC cells was significantly sup-
pressed after knocking down of FAM65A (p<0.01). In
addition, knock-down of FAM65A also affected the cell
cycle of LSCC cells (Fig. 7). The percentage of LSCC
cells at G2/M phase, where apoptosis might be induced,
was increased (SK-MES-1, p<0.05; H1703, p<0.01).
Next, the effect of FAM65A on the capacity of invasion
and metastasis of lung cancer cells was detected. From
the results of transwell assay and wound healing assay,
it was found that the ability of invasion and metastasis
of lung cancer cells was significantly weakened (Fig. 8A
and B). The results of western blotting analysis showed
that in SK-MES-1 and H1703 cell lines, the expression of
N-cadherin, fibronectin and vimentin was significantly
decreased and the expression of E-cadherin was signifi-
cantly increased after silencing FAM65A compared with
the control group (Fig. 8C). The decreased N-cadherin
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Fig. 4 FAM65A expression was related with cellular immune infiltration. The immune cells contains B cell, CD4+T cell, CD8+T cell, neutrophil, macro-

phage and myeloid dendritic cell
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Fig. 5 Figure 4. FAM65A expression was related with cellular immune infiltration. (A) PPI protein interaction map. (B) Expression correlation between
FAM65A and other genes. (C) Scatter plot of FAM65A and FAU gene expression values. (D) Scatter plot of FAM65A and PDCD10 gene expression values.
(E) Scatter plot of FAM65A and RHOB gene expression values. (F) Scatter plot of FAM65A and STK25 gene expression values. (G) Scatter plot of FAM65A
and STK26 gene expression values



Chen et al. BMC Cancer (2024) 24:944

SK-MES-1 H1703
X g
) S
& & & ®
¥ & ¥ &
ES E
FAMGSA | w— s W —
B-actin | e—— —— s
SK-MES-1
sh-Vector sh-FAMG65A
o
<<
[a)
: “
e
1.
[~}
w
Q
[2'4
wl
=

A 159 _y. sh-Vector

= ~a- sh-FAMB5A {

X L

[%2] 0 *k

b 1.04 L, ij|

‘S ¥ .

g 0.54 !’/i

g "‘__q,—..<

3 0.0 T T T T ,

© 9 1 2 3 4 5
Time: Days

Page 11 of 16

1.5+
Hm sh-Vector

sh-FAMB5A
1.0

—
—

Relative FAM65A protein expression

0.5
0.0 . :
SK-MES-1 H1703
H1703
sh-Vector sh-FAMG5A

DAPI

BrdU

MERGE

§ 207 .e. sh-Vector
T ~a- sh-FAMB5A
s 1.54 {
3 1.0 S i
0.5 R B
= P
i .‘e.tf.—..—.g"'.
[0}
O OO T T T T 1
0 1 2 3 4 5
Time: Days

Fig. 6 FAMG65A regulated the capacity of LSCC cells proliferation. (A). Detection of FAM65A protein expression levels using Western blot; (B) Quantitative
analysis bar graph for the Western blot experiment; (C). BrdU labeling was used to detect the proliferation ability of LSCC cell line SK-MES-1 and H1703
after knockdown of FAM65A. Scale bar =20 um; (D). CCK8 was used to detect the proliferation ability of LSCC cell line SK-MES-1 and H1703 after knock-
down of FAM65A. Each experiment was repeated three times. **p < 0.01; ***p <0.001

and vimentin protein expression indicated that FAM65A
silencing impaired epithelial-mesenchymal transition
(EMT) in LSCC cells. To further verify the interaction
between FAM65A and RHOB, we conducted co-immu-
noprecipitation experiments and found a significant
interaction between FAM65A and RHOB in the SK-
MES-1 and H1703 cell lines (Fig. 8D).

FAM65A promoted LSCC in vivo

To investigate the effect of FAM65A in vivo, xenograft
assays were conducted using SK-MES-1 FAM65A KO
cells. FAM65A depletion was demonstrated having pro-
found effects on growth of SK-MES-1 xenograft tumor
(Fig. 9A). Upon observing and measuring the tumor vol-
ume, it was found that the tumor size in the sh-FAM65A
group of mice was significantly smaller compared to
the sh-Vector group (Fig. 9B). This clarified the impact
of FAM65A on tumor formation. Subsequently, we
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Fig. 7 FAM65A promoted the LSCC cells cell cycle. (A). Knockdown of FAM65A changes the cell cycle of LSCC cell line SK-MES-1; (B). Knockdown of
FAM65A changes the cell cycle of LSCC cell line H1703. Each experiment was repeated three times. *p <0.05; **p <0.01

conducted Western blot experiments to examine EMT
markers and discovered that knocking down FAM65A
significantly inhibited the EMT process (Fig. 9C-D). Fur-
ther, by collecting tumor tissue samples and perform-
ing immunohistochemical staining to detect N-cadherin

expression, it was found that the expression level of
N-cadherin significantly decreased after FAMG65A
knockdown (Fig. 9E). In conclusion, we found that the
tumor incidence in cells with FAM65A knockdown was
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Fig. 8 FAM65A promoted the LSCC cells invasion and migration ability, and the expression of EMT related genes. (A). Knockdown of FAM65A inhibited
the migration of SK-MES-1 and H1703 cells. Scale bar =50 um. **p < 0.01; (B). The wound healing assay showed that sh-KIF1A inhibited LSCC cells migra-
tion. Scale bar =100 um. **p <0.01; ***p <0.001; (C) RT-PCR results of the EMT related genes expression. (D) FAM65A and RHOB protein interactions. Each

experiment was repeated three times. **p <0.01
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Fig. 9 FAM65A promoted LSCC in vivo. (A). Representative image of tumors at the end point. There were 5 nude mice in each group; (B). Growth curve
of nude mice inoculated with sh-Vector and sh-FAM65A SK-MES-1cells; (C). Detection of epithelial-mesenchymal transition marker protein levels using
Western blot; (D). Quantitative analysis of Western blot results presented as bar graphs; (E). Detection of N-cadherin expression using immunohistochemi-

cal staining. **p <0.01

significantly lower than that in negative control cells, and
the knockdown notably inhibited the EMT process.

Discussion

As early as 1986, Dulbecco R had pointed out that the
sequence analysis of the human genome was the turning
point in cancer research [40]. With the popularization
of high-throughput sequencing technology, genome and
transcriptome research has played an important role in
screening tumor molecular markers, determining tumor
therapeutic targets, and exploring tumor transformation
mechanisms [41-43]. In the present study, by analyzing
the sequencing or microarray data in GEO and TCGA
databases, it was concluded that FAM65A is upregulated
in LSCC and associated with poor prognosis [44]. High
expression of FAM65A was also validated in our collected
clinical samples and LSCC cell lines. Further, we prelimi-
narily explored the role of FAM65A in the occurrence

and development of LSCC through in vitro and in vivo
experiments. The results showed that FAM65A can pro-
mote the proliferation, invasion and metastasis of LSCC,
and down-regulation of FAM65A can block the cell cycle
of LSCC and may cause apoptosis.

Gene expression plays an important role in the patho-
genesis of human tumors [45-47]. “Mutation” has been
reported to be the predominant form of FAM65A DNA
alteration in all tumors [44]. Notably, specific gene muta-
tions are valuable in predicting prognosis in some can-
cer patients. For most proteins, phosphorylation is an
extremely important regulatory mechanism [48, 49].
Phosphorylation at the S351 locus of FAM65A was
experimentally confirmed as early as 2009 [50]. In a pre-
vious study, the total protein phosphorylated expression
level of FAM65A at S351 was reported to be down-reg-
ulated in primary tumors [44]. The mutation of FAM65A
in LSCC is of interest.
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Although a lot of analysis has been done in the early
stage of this paper, it is still necessary to further explore
the specific mechanism of FAM65A promoting the pro-
cess of LSCC. The role of FAM65A as a Rho effector pro-
tein is most noteworthy. FAM65A is an adaptor protein
consisting of a C-terminal ARM domain and an N-ter-
minal HR1 domain. The ARM domain binds to CCM3,
which in turn binds to MST3 and MST4, whereas HR1
domain interacts with RHO proteins through a GTP-
dependent manner. FAM65A and RHO activity has no
effect on MST3 and MST4 kinase activity, but binding
of active RHO to FAM65A results in a new localization
of MST4 from the Golgi to some cytoplasmic puncta
in a CCM3- and FAM65A-dependent manner. There
were still limitations in this study, including the lack of
in-depth exploration into the mechanisms by which
FAMG65A affects the progression of LSCC and the defi-
ciencies in the animal experiments. In the future, we will
further refine and supplement the experimental results to
make the conclusion that ‘FAM65A plays a critical role
in the progression of LSCC’ more specific and convinc-
ing. Considering the mutation of FAM65A in LSCC,
the mechanism of FAM65A in LSCC deserves further
exploration.

Conclusion

Collectively, our findings suggest that FAM65A plays a
crucial role in the progression of LSCC. FAMG65A is over-
expressed in LSCC and predicts poor prognosis and pro-
mote LSCC invasion and metastasis. Our results provide
a better understanding of the role of FAM65A in LSCC
progression and a potential therapeutic target and prog-
nostic predictor against this malignancy.
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