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ABSTRACT

As the second most common cancer among women, cervical cancer is a huge threat to their
health all over the world. Integral membrane protein 2A (ITM2A), a member of the Type Il Integral
Membrane protein (ITM2) family, has been reported to act as a tumor suppressor in breast cancer
and ovarian cancer. Moreover, the low expression of ITM2A was associated with cervical adeno-
carcinoma. However, the function of ITM2A in drug resistance in cervical cancer remains unclear.
Here, we used bioinformatics methods to screen differentially expressed genes (DEGs) closely
related to chemotherapeutic relapse cervical carcinoma. ITM2A is downregulated in cervical tumor
tissues and is associated with poor survival. Furthermore, ITM2A is also downregulated in cervical
cancer cells with cisplatin resistance. Overexpression of ITM2A increases the cisplatin sensitivity of
cervical cancer cells. Mechanically, ITM2A upregulation mediates the sensitivity of cervical cancer
cell through Notch signaling pathway. Our study suggests that ITM2A may serve as a target in
mediating cisplatin-resistant cervical cancer.
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Introduction Type II Integral Membrane protein family. This

family contains a BRICHOS domain with the
activity of a chaperone. Previous study reported
that ITM2A is associated with cell differentiation
and is cell-type dependent. In addition, Tai et al.

Cervical cancer is the second most common
cancer among women and the most common
cause of death from gynecological cancer world-
wide [12-4]. At the same time, the survival rate

in patients with advanced or recurrent cervical
cancer is still poor, with a 1-year survival rate of
10-20% [5]. Up to now, chemotherapy is still
the first choice for the treatment of cervical
cancer. The drug resistance of tumor cells is
the main reason for chemotherapy failure,
tumor recurrence, and even patient death [6-
8]. Therefore, it is urgent to study the mechan-
ism of drug resistance and prevent or reverse
drug resistance.

Integral membrane protein 2A (ITM2A) con-
sists of 263 amino acid residues with evolutional
conservation between human and mouse. ITM2A,
along with ITM2B and ITM2C, belongs to the

demonstrated that ITM2A is a target of GATA-3
and is transactivated by GATA-3, which plays an
important role in regulating the function of T cells
[9]. Sim and colleagues also demonstrated that
ITM2A is a transcriptional target of PKA-CREB,
and the expression of ITM2A is regulated by PKA-
CREB signaling pathway, which is involved in
autophagic flux by interacting with v-ATPase
[10]. A recent study revealed that ITM2A acts as
a tumor suppressor in many epithelial cancers,
including breast cancer, ovarian cancer, and cervi-
cal cancer. However, the function and mechanism
of ITM2A in drug resistance in cervical cancer has
not been completely clarified.
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More and more evidence show that the imbal-
ance of ITM2A expression is closely related to
tumors [11]. Therefore, ITM2A may also exert an
important role in cervical cancer development and
treatment. This study aims to detect the expression
of ITM2A in cervical cancer tissues and cells with
cisplatin treatment, and the underlying mechan-
ism of ITM2A in cisplatin resistance of cervical
carcinoma. The results showed that the expression
of ITM2A was significantly downregulated in cer-
vical cancer tissue specimens and cells resistant to
cisplatin chemotherapy. Overexpression of ITM2A
increases the sensitivity of cervical cancer to cis-
platin. High expression of ITM2A mediated by
cisplatin drug stress can promote the death of
CESC cells and make it more sensitive to the
cytotoxic effects of cisplatin. These findings indi-
cate that ITM2A may be a potential target to
decrease recurrence after CESC chemotherapy.

Materials and methods
Cells, reagents, and tissues

Hela and SIHA were cultured in DMEM (pur-
chased from Procell Company, Wuhan, China)
supplemented with 10% FBS and 100 U/ml peni-
cillin/streptomycin. silTM2A and cisplatin were
purchased from GeneCopoeia. Cervical cancer
specimens (40 cases) were provided by The First
People’s Hospital of Yancheng and approved by
the Ethics Committee of the First People’s
Hospital of Yancheng. The experimental manipu-
lations performed have been previously reported
[12]. The siRNA of ITM2A was shown as follows:
siRNA1#:GAGCCTGCATTTACAAGTACTTCAT;
siRNA2#TGGCAGATATCTGCCTCAAACTTAT.
The gene ITM2A was cloned into pcDNA3.1 (+)
expression vector (Invitrogen, USA).
Lipofectamine 3000 was used to co-transfect plas-
mids for the construction of ITM2A overexpres-
sion cells.

Cell viability and colony formation assays

Cell proliferation viability and cytotoxicity assay
were performed as described previously [13].
Cells were seeded, and then the colorimetric
MTT Assay kit (Roche Diagnostics) was used to

measure the cell proliferation until 72 hours. For
the foci formation assay, cells were seeded, cul-
tured, fixed, and stained.

Immunohistochemical assay

The immunohistochemical assay was performed as
previously described [14]. Tumor sections were depar-
affinized, blocked, incubated, counterstained, and
photographed. The images were captured using
a microscope.

RNA extraction and real-time quantitation PCR

Total RNA was extracted as previously depicted
[15]. Primers were listed as follows:

ITM2A forward: 5'-AATGACTGCTTACCTG
GACTTG-3;

ITM2A  reverse:
TCTTCT-3';

NOTCHI1 forward: 5-TGGACCAGATTGGGG
AGTTC-3';

NOTCH1 reverse: 5-GCACACTCGTCTGTG
TTGAC-3';

5-TCCACAGCAACTAGG

Hesl forward: 5-CCTGTCATCCCCGT
CTACAC-3

Hesl reverse: 5-CACATGGAGTCCGCCG
TAA-3';

Jaggedl forward: 5-TGTGGCTTGGATCTG
TTGCTTGG-3";

Jaggedl reverse: 5-ACGTTGTTGGTGGTGTT
GTCCTC-3;

c-Myc  forward:
ACACAAC-3}

c-Myc reverse: 5'-TTGGACGGACAGGATGTA
TGC-3;

GAPDH forward: 5- AGACAGCCGCATCTT
CTTGT-3%;

GAPDH reverse: 5'-
GAGTCAT-3".

5-GTCAAGAGGCGAAC

CTTGCCGTGGGTA

Western blotting

Western blotting was performed as previously
depicted [15]. The membranes were immunoblotted
with the following antibodies: anti-mouse ITM2A
(1:1000, Abcam, ab279387, England), anti-mouse
P-gp (1:1000, Santa, sc-365930, USA), anti-mouse
MDR-1 (1:1000, Santa, sc-55510, USA), anti-mouse



BCRP (1:1000, Santa, sc-377176, USA), anti-rabbit
¢-NOTCHI1 (1:1000, sigma, SAB4502019, Germany),
anti-mouse Hesl (1:1000, Santa, sc- 166410, USA),
anti-mouse Jaggedl (1:1000, Santa, sc- 390177,
USA), anti-mouse c-Myc (1:1000, Santa, sc-40,
USA), and anti-mouse P-actin (1:1000, Santa, sc-
47724, USA).

Cisplatin-resistant cell lines construct

The construction of cisplatin-resistant cells was per-
formed as previously depicted [16], adopting to high-
dose shock combined with a concentration gradient
method. First, the median lethal concentration (IC50)
of cisplatin was determined in cervical cancer cells
Hela and SIHA. The cells were treated with 1:1000
cisplatin as the initial concentration of IC50 for 24 h,
washed with normal saline for 3 times, and routinely
withdrew the drug cultivated. The medium was chan-
ged every day to remove dead cells. After about 7-
18 days, the growth of live cells will resume. After
entering the logarithmic growth phase, the cells pas-
saged once, and continued to culture until the growth
was good and stable. The concentration of cisplatin

will be gradually induced (gradient 10 ng/ml).

Volcano plot, Kaplan-Meier, and GO-KEGG analysis

Different expression genes from GEO were deter-
mined by bioinformatics analysis (limma analysis of
different expression genes, data filtering, and standar-
dization were performed as described previously [17]).
After preprocessing the cervical cancer data from
TCGA, we extracted TPM-type tumor expression
data. According to the expression level of ITM2A,
high and low groups (median) were divided. The
results of differentially expressed gene analysis were
performed by limma and performed by KEGG-GO
analysis by using of the clusterProfiler package for
R language [18,19]. Pathway enrichment analysis was
derived from metascape online (https://metascape.
org/gp/index.html) [20]. The Kaplan-Meier curve
tool (http://kmplot.com/analysis/) was used to mea-
sure the survival rate of patients.

Statistical analysis

Statistical analyses were performed using one-way
ANOVA. Data were presented as means + SEM of at
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least three independent experiments. A P-value of 0.05
or less was considered to be statistically significant.

Results

ITM2A, as a member of the Type II Integral
Membrane protein (ITM2) family, has been reported
to exert a tumor suppressor role in breast cancer and
ovarian cancer. Moreover, the low expression of
ITM2A was associated with cervical adenocarcinoma.
We speculated that ITM2A may also play a critical role
in drug resistance of cervical cancer. We chose the key
gene-ITM2A of DEGs from TCGA by bioinformatics
analysis, and then we analyzed the expression of
ITM2A in cervical cancer cells and tissues. The rela-
tionship between ITM2A and survival in chemother-
apeutic relapse cervical carcinoma was also analyzed.
The expression of drug-resistance-related mRNA and
protein was determined by RT-qPCR and western
blotting, respectively. Cell viability and cell growth
were measured by MTT assay and clonogenic assay.
Our results indicated that ITM2A negatively regulates
cisplatin resistance in cervical cancer through Notch
signal pathway.

Screening of DEGs associated with
chemotherapeutic relapse

First, we analyzed the different expression genes by
limma&edgeR from TCGA_CESC data. As shown in
Figure 1(a), 865 increased DEGs (red) and 1177
decreased DEGs (blue) were analyzed in volcano
plot. We further analyzed chemotherapeutic relapse-
related genes by WGCNA cluster analysis, and
screened 45 DEGs that were significantly associated
with chemotherapeutic relapse (Figure 1(b)). ITM2A
was a decreased DEGs in green module and associated
with notch signaling pathway (Figure 1(c,d)).

The expression of ITM2A was significantly
downregulated in patients with recurrent cervical
cancer after clinical cisplatin treatment

Next, we analyzed the mRNA expression of
ITM2A in cervical cancer from TCGA database.
As shown in Figure 2(a), ITM2A was signifi-
cantly downregulated in tumor tissues compared
with adjacent normal tissues. Moreover,


https://metascape.org/gp/index.html
https://metascape.org/gp/index.html
http://kmplot.com/analysis/

10186 Y. LI ET AL.

Sample dendrogram and trait heatmap

c Module-trait relationships

olcano Plot
‘CGA CESC Volcano Plot

Volgang
Y

Height

group
® Decreased

@ Increased

® Notsignificant

log,(IogFC) man_papillomavirus_types
stage

MEturquoise

MRgreen fll = = = = BN = w N EEM = - &2
Fos

MEyellow

MEblue

05
MEbrown

MEgrey

new_tumor_events

Cisplatin_relapse | ||[| |||

c
e
ol ks ey 600032065 ot ek o GO0 |
R o 007135 e o e O SR BT b 00 0033061
e g B 0 6060337 perinudeas region f coplasm GO0048471)

R -« <o 01522 i acude (€00000323

ation of exogenous pepride antigen via MHC class | GO:0042590) (e micZ0ne (GO0 323 3)

ntercalated disc (600014704

55 (CO0048525)

us by host (GO:0002230)

R 050 ining (GO 0035635)
I <o 0o0+c45)

(©0:0005524)

(B
[ P——————

DA N &
. &7 &8 A
I o &P S VI
s &7 ¢ F & &
< ¢ &
S o7
& &

Figure 1. Screening of DEGs associated with chemotherapeutic relapse from TCGA. (a) Venn plots analyzed the DEGs in cervical
cancer from TCGA. Red: increased DEGs, blue: decreased DEGs. (b) WGCNA cluster analysis of DEGs significantly associated with
chemotherapeutic relapse. (c) Function and pathway enrichment analysis of ITM2A in the green-module gene set in WGCNA. (d)
Protein—protein interaction network of differential genes was determined by STRING.

compared with the low ITM2A group, patients
with high expression of ITM2A showed better
survival rate, including OS, DSS, and PFI
(Figure 2(b)). Then, we collected 40 cases of
cervical cancer relapse specimen from patients
treated with cisplatin and measured ITM2A pro-
tein using IHC staining. The expression of
ITM2A was decreased in tumor tissues of cervi-
cal cancer with cisplatin treatment compared
with normal tissues (Figure 2(c)). We also ana-
lyzed the mRNA and protein expression of
ITM2A using RT-qPCR (Figure 2(d)) and wes-
tern blotting (Figure 2(e)). ITM2A was down-
regulated in tumor compared with normal
specimens. Collectively, these data indicated
that the expression of ITM2A is downregulated
in cervical cancer after cisplatin treatment.

The expression of ITM2A was significantly
downregulated in cisplatin-resistant cervical cancer
cells

To clarify the function of ITM2A in cervical can-
cer, we also analyzed the expression of ITM2A in
cisplatin-resistant cervical cancer cell lines. As
shown in Figure 3(a), ITM2A mRNA was down-
regulated in cisplatin resistance cells of Hela and
SIHA. Furthermore, the mRNA expressions of
P-gp, MDR-1, and BCRP were significantly upre-
gulated in Hela/cisplatin compared with normal
Hela, and similar results were shown in SIHA
cell lines. We also analyzed drug-resistance-
related protein expression. As shown in Figure 3
(b,c), P-gp, MDR-1, and BCRP protein expressions
were upregulated in cisplatin-resistant cell lines.
Furthermore, we found that disintegration and
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Figure 2. The expression of ITM2A was significantly downregulated in patients with recurrent cervical cancer after clinical cisplatin
treatment. (@) mRNA expression of ITM2A was analyzed in TCGA. ***P < 0.001. (b) Kaplan—-Meier curve analyzed the relationship
between ITN2A expression and survival rate (including OS: overall survival, DSS: disease-specific survival, PFl: progress-free interval)
in recurrence cases after treatment with cisplatin. (c) Representative images of immunohistochemical staining of ITM2A in normal
and tumor tissues. (d&e) The expression of ITM2A in normal and tumor tissues was determined by RT-qPCR (d) and western blotting
(e). Error bars represent data from three independent experiments (mean + SD). **P < 0.01.

death of cisplatin-resistant Hela and SIHA cells
were reduced, and surviving cells gradually
returned to their original form (Figure 3(d)).
Collectively, our data demonstrated that ITM2A
negatively regulates drug-resistance-related pro-
tein expression.

Overexpression of ITM2A increases the cisplatin
sensitivity of cervical cancer cells

Next, we constructed ITM2A-overexpression and
ITM2A-knockdown cell lines of cisplatin-resistan
t SIHA. The overexpression of ITM2A in cisplatin-
resistant SIHA was confirmed by RT-qPCR
(Figure 4(a)) and western blotting (Figure 4(b)).
Similarly, the knockdown efficiency of silTM2A (#1
and #2) in SIHA/cisplatin cell lines was also deter-
mined by RT-qPCR (Figure 4(c)) and western blotting
(Figure 4(d)). We then confirmed the IC50 in ITM2A-

overexpression and ITM2A-knockdown SIHA cells.
As shown in Figure 4(e), the IC50 of ITM2A-
overexpression SIHA cells was 20.16 pM. The IC50
of ITM2A-knockdown SIHA cells was 83.74 uM. In
addition, the overexpression of ITM2A decreased col-
ony formation in STHA/cisplatin cells (Figure 4(f,g)),
while knockdown of ITM2A increased colony forma-
tion in SIHA/cisplatin cells. (Figure 4(h,i)). Taken
together, these data indicated that ITM2A positively
regulates the sensitivity of STHA to cisplatin.

ITM2A regulates chemotherapeutic drug
sensitivity through the notch pathway

The Notch protein family consists of four trans-
membrane receptors (Notch 1, 2, 3, and 4), which
was separated after ligand binding on the cell sur-
face, resulting in activation of downstream signal.
Here, we found that ITM2A was associated with
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Figure 4. Overexpression of ITM2A increases the cisplatin sensitivity of cervical cancer cells. (A&B) Overexpression of ITM2A in
cisplatin-resistant SIHA cells was confirmed by RT-qPCR (a) and western blotting (b). (C&D) Knockdown of ITM2A in cisplatin-resistan
t SIHA cells was confirmed by RT-gPCR (c) and western blotting (d). (e) SIHA cisplatin-resistant cell lines were transfected with
indicated plasmids, after treated with different concentration of cisplatin for 72 h, cell viability was measured by MTT assay. (F&G)
Clonogenic assay was performed to measure the capacity of foci formation in SIHA cisplatin-resistant cells treated with empty-vector
and ITM2A-vector. (H&I) Clonogenic assay was performed to measure the capacity of foci formation in SIHA cisplatin-resistant cells
treated with si-ITM2A and si-ctrl. Results presented represent the means of triplicate experiments £ SEM. **P < 0.01.

a notch signal pathway by bioinformatics analysis.
Therefore, we measured the expression of
c-Notchl, Hesl, Jaggedl, and c-Myc using RT-
qPCR and western blotting. As shown in Figure 5
(a,b), overexpression of ITM2A reduced the expres-
sion of c-Notchl, Hesl, Jaggedl, and c-Myc in
SIHA cell lines. Taken together, our data indicated
that ITM2A regulates chemotherapeutic drug sen-
sitivity through downregulation of Notch signaling.

Discussion

Cervical cancer is the fourth most common cancer
in females with high mortality and morbidity
among women worldwide [21]. Cervical cancer is

mainly associated with high-risk human Papilloma
viruses (PVs), smoking, and diet. Most cervical
cancer patients have received chemotherapy, and
only a few women achieve good results because of
drug resistance, especially, in invasive cervical can-
cer (ICC) [22]. It is necessary to clarify the mole-
cular mechanism of drug resistance during
therapy. In this study, we demonstrated that
ITM2A is a decreased DEGs in cervical cancer
patients with chemotherapeutic relapse. In addi-
tion, low expression of ITM2A is associated with
poor survival in cervical cancer patients. The
expression of ITM2A is reduced in cervical cancer
cells with cisplatin resistance. Moreover, ITM2A
negatively regulates the cisplatin sensitivity of
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cervical cancer cells and inhibits colony formation
in cervical cancer cells.

Chemotherapy has been widely used for advanced
cervical cancer, combined with radiotherapy and
surgical excision for clinical cervical cancer treat-
ment. Although cervical cancer patients have
received good treatment with the development of
technology and advanced drugs, the prognosis of
some patients is still poor because of drug resistance.
As is well known, drug resistance is a common
spreading phenomenon in cervical cancer treatment.
Cisplatin is an important treatment tool against sev-
eral solid tumors, including (but not limited to) head
and neck, ovarian cancer, cervical cancer, and lung
cancer [23-26]. Cervical cancer cells are initially
susceptible to chemotherapy with cisplatin. Over
time, they may be more effective through DNA
damage repair, drug inactivation of glutathione and
metallothionein, and drug efflux with various trans-
port systems located in the cell membrane.
Unfortunately, cancer cells are either inherent or
develop resistance to cisplatin relatively quickly,
leading to relapse and treatment failure. Therefore,
new biomarkers with high specificity and sensitivity
for cervical cancer therapy are urgently needed.

Here, we used bioinformatics analysis to screen
out ITM2A, a decreased DEGs in cervical cancer
with chemotherapy relapse. Previous studies have
shown the suppressor role of ITM2A in ovarian
cancer and breast cancer [27-29]. In addition,
ITM2A deficiency was associated with chemore-
sistance, including PTX and carboplatin, and
ITM2A negatively regulated the IC50 of PTX and
carboplatin in ovarian cancer [28]. In this study,
we demonstrate that ITM2A positively regulated
the sensitivity of cisplatin in cervical cancer cells.
Recent study indicated that ITM2A expression was
associated with the LC3B-II/LC3B-I ratio in regu-
lating autophagy [10]. Here, we obtain similar
results for ITM2A in autophagy regulation in cer-
vical cancer cells.

Mechanically, Notch signaling pathway, a type
I transmembrane heterodimeric receptor, induces
the transcription of downstream target genes by
interacting with its ligands. High levels of Notch
signaling pathway molecules have been found in
a variety of cancers, leading to enhanced Notch
signaling and promoting tumor cell survival. The
high expressions of Notch-1 and Jagged-1 are
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associated with poor prognosis of breast cancer
and promote the transformation of breast epithe-
lial cells. Abnormal expressions of Notch-1,
Notch-4 or Jagged-1 are common in breast ductal
carcinoma and lobular carcinoma. Previous stu-
dies demonstrated that the Notch signaling path-
way participated in cisplatin resistance by
regulating drug detoxification or upregulating
DNA repair enzymes. y-secretase inhibitor inhib-
ited Notch signaling pathway and significantly
enhanced the sensitivity of CNE-2 cells to cisplatin
[30]. We also found that ITM2A regulates che-
motherapeutic drug sensitivity through downregu-
lation of Notch signaling. However, the underlying
regulatory mechanism of ITM2A in Notch signal-
ing pathway needs further investigation.

Conclusion

In summary, we demonstrated that ITM2A is
downregulated and associated with poor survival
in cervical cancer with chemotherapeutic relapse.
Moreover, ITM2A is further downregulated in
cisplatin-resistant cervical cancer cells SIHA and
Hela. In addition, ITM2A negatively regulates the
sensitivity of cisplatin in cervical cancer cells
through Notch signaling pathway. However, the
molecular mechanisms of ITM2A in regulation of
the drug resistance in cervical cancer need further
research. ITM2A has the potential to serve as
a new marker in the release of drug resistance in
the future treatment of cervical cancer.

Highlight

® Screening of DEGs is associated with che-
motherapeutic relapse.

® The expression of ITM2A was significantly
downregulated in patients with recurrent cer-
vical cancer after clinical cisplatin treatment.

e The expression of ITM2A was significantly
downregulated in cisplatin-resistant cervical
cancer cells.

® Overexpression of ITM2A increases the cis-
platin sensitivity of cervical cancer cells.

e ITM2A regulates chemotherapeutic drug sen-
sitivity through the Notch pathway.
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