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Cervical cancer is a common female malignancy that is mainly
caused by human papillomavirus (HPV) infection. However,
the incidence of HPV-negative cervical cancer has shown an
increasing trend in recent years. Because the mechanism of
HPV-negative cervical cancer development is unclear, this
study aims to find the pattern of differential gene expression
in HPV-negative cervical cancer and verify the underlying po-
tential mechanism. Differentially expressed genes were
compared among HPV-positive cervical cancer, HPV-negative
cervical cancer, and normal cervical tissues retrieved from
TCGA. Subsequently, dysregulated differentially expressed
genes specifically existed in HPV-negative cervical cancer tis-
sues and HPV-negative cell lines were validated by qRT-PCR,
western blotting, and immunohistochemical staining. We
found seventeen highly expressed genes that were particularly
associated with HPV-negative cervical cancer from analysis of
TCGA database. Among the 17 novel genes, 7 genes (preferen-
tially expressed antigen in melanoma [PRAME], HMGA2, ETS
variant 4 [ETV4], MEX3A, TM7SF2, SLC19A1, and tweety-ho-
mologs 3 [TTYH3]) displayed significantly elevated expression
in HPV-negative cervical cancer cells and HPV-negative cervi-
cal cancer tissues. Additionally, higher expression of MEX3A
and TTYH3was associated with a shorter overall survival of pa-
tients with HPV-negative cervical cancer. Our study implies
that these seven genes are more likely to provide novel insights
into the occurrence and progression of HPV-negative cervical
cancer.

INTRODUCTION
Cervical cancer is a common female malignancy worldwide, with
nearly 600,000 cases and more than 300,000 deaths every year.1 The
mortality rate in developed countries is lower than in developing coun-
tries because of the successful cytological screening and high rate of
prophylactic human papillomavirus (HPV) vaccination in developed
countries.1,2 An estimated 14,480 patients will be diagnosed and an
estimated 4,290 females will die from cervical cancer in the United
States in 2021.3 Persistent HPV infection, especially high-risk HPV,
is considered the principal cause of this disease.4 Recently, emerging
studies have demonstrated the occurrence of HPV-negative cervical
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cancers, which may be attributed to the existence of risk factors,
such as a weakened immune system, older age, chlamydia infection,
and family history other than HPV infection in the occurrence of cer-
vical squamous cell carcinoma.5,6 In addition, compared to patients
with HPV-positive cervical cancer, patients with HPV-negative cervi-
cal cancer are more likely to skew to older age and present an overall
worse outcome, as observed by a shorter survival period, advanced
stages, and higher prevalence of lymph node metastases.6–8

Some previous studies have revealed the different gene expression
patterns of HPV-negative and HPV-positive subtypes of cervical can-
cers, such as Oct4, the long noncoding RNA (lncRNA) PVT1, and
lncRNA SRA1,9–11 implying that various molecular pathways are
involved. However, these studies did not systematically analyze and
verify specific genes related to the development of HPV-negative cer-
vical cancer. We aim to characterize the differential expression of
genes that may constitute novel and comprehensive biomarkers in
HPV-negative cervical cancers. In order to achieve this goal, we
selected possible HPV-negative-related genes from the Cancer
Genome Atlas (TCGA) database, which were further validated by
real-time RT-PCR at the mRNA levels and western blotting analysis
at the protein-expression levels. Additionally, we also detected the
protein expression of these genes by immunohistochemistry (IHC)
in HPV-positive cervical cancer tissues compared with HPV-negative
cervical cancer tissues and normal control tissues. Identifying novel
biomarkers might have the potential to provide novel insights into
the specific mechanisms of carcinogenesis in HPV-negative cervical
carcinoma.
021 ª 2021 The Author(s).
vecommons.org/licenses/by/4.0/).
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Figure 1. Differentially expressed genes in HPV-

negative cervical cancer

(A) Workflow of the analysis of differentially expressed

genes used in the study. (B) Differentially expressed

genes specifically associated with HPV-negative cervical

cancer.
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RESULTS
Significantly differentially expressed genes are involved in HPV-

negative cervical cancer

In an effort to systemically understand genes related to HPV-negative
cervical cancer development (Figure 1A), an analysis of the RNA
sequencing (RNA-seq) data identified 1,583 differentially expressed
genes between HPV-negative cervical cancer and normal cervical tis-
sues and 3,243 differentially expressed genes between HPV-positive
cervical cancer and normal cervical tissues at the cutoff p < 0.01.
Among the 1,583 differentially expressed genes identified between
HPV-negative cervical cancer and normal cervical tissues, 422 genes
were significantly upregulated and 1,161 genes were significantly
downregulated. Moreover, among the 3,243 differentially expressed
genes identified betweenHPV-positive cervical cancer and normal cer-
vical tissues, 1,338 genes were significantly upregulated and 1,905 genes
were significantly downregulated (Figure 1A). Then, we compared the
significantly upregulated and downregulated differentially expressed
genes between HPV-negative and HPV-positive samples. As shown
in Figure 1B, 17 upregulated genes specifically expressed in HPV-nega-
tive cervical cancer were identified, including preferentially expressed
antigen inmelanoma (PRAME), HMGA2,MT1G, SBK1, E26 transfor-
mation specificity (ETS) variant 4 (ETV4), SLC7A5, MEX3A, PLS1,
TM7SF2, PYCR1, SLC19A1, RHPN1, CHD7, tweety-homologs 3
(TTYH3), HSPH1, SLC25A13, and NIPSNAP1. Furthermore, 147
Molecular Therapy: Methods &
downregulated genes were specifically expressed
in HPV-negative cervical cancer, and 405 upre-
gulated and 1,014 downregulated genes were ex-
pressed in bothHPV-negative andHPV-positive
cervical cancer.

Higher mRNA levels of 17 differentially

expressed genes are observed in HPV-

negative cervical cancer cells

qRT-PCR assays were used to detect the mRNA
expression of these 17 genes in HPV-negative
cervical cancer cells (C33A) and HPV-positive
cervical cancer cells (SiHa, Caski, MS751, and
HeLa) and normal cervical squamous cells
(Ect1) to further examine the 17 differentially
expressed genes that were specifically involved
in HPV-negative cervical cancer. Eleven genes
showed significantly elevated mRNA expression
in C33A cells compared to SiHa, Caski, MS751,
HeLa, and Ect1 cells. The 11 significantly ex-
pressed genes were PRAME, HMGA2, SBK1,
ETV4, MEX3A, PLS1, TM7SF2, PYCR1,
SLC19A1, TTYH3, and NIPSNAP1 (Figure 2A). However, the
mRNA levels of the other six genes were not expressed at significantly
higher levels in HPV-negative cells than in other cells (Figure 2B).

Higher protein levels of expressed genes are detected in HPV-

negative cervical cancer cells

We assessed the protein levels of these 11 genes (PRAME, HMGA2,
SBK1, ETV4, MEX3A, PLS1, TM7SF2, PYCR1, SLC19A1, TTYH3,
and NIPSNAP1) in HPV-negative and HPV-positive cervical cancer
cell lines using western blotting. The protein levels of eight specific
genes, PRAME, HMGA2, ETV4, MEX3A, TM7SF2, SLC19A1,
TTYH3, and NIPSNAP1, were higher in C33A cells than in SiHa,
Caski, MS751, HeLa, and Ect1 cells (Figure 3). However, no remark-
able differences in SBK1 levels were observed in all cell lines. Interest-
ingly, PYCR1 showed a higher expression in C33A cells than in SiHa,
Caski, MS751, and Ect1 cells, but the differences between C33A and
HeLa cells were not significant. Intriguingly, in contrast to the results
obtained at the mRNA level, lower expression of the PLS1 protein was
detected in C33A cells than in any other cell line (Figure 3).

Upregulation of proteins is observed in HPV-negative cervical

cancer tissues

We conducted IHC staining to further validate differences in the pro-
tein expression of 11 specific genes, PRAME, HMGA2, SBK1, ETV4,
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Figure 2. The mRNA expression of seventeen upregulated genes in HPV-negative cervical cancer cells

C33A is an HPV-negative cervical cancer cell line. SiHa, Caski, MS751, and HeLa cells are HPV-positive cervical cancer cell lines. Ect1 is a normal cervical squamous cell line.

(A and B) The mRNA expression of 17 upregulated genes, including PRAME, HMGA2, SBK1, ETV4, MEX3A, PLS1, TM7SF2, NIPSNAP1, PYCR1, SLC19A1, TTYH3 (A),

MT1G, SLC7A5, RHPN1, CHD7, HSPH1, and SLC25A13 (B) was detected in different cells. *p < 0.05, **p < 0.01, ***p < 0.001, and ns, not significant. Data are presented as

the means ± SD from triplicate experiments.
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Figure 3. The protein levels of eleven upregulated genes in HPV-negative

cervical cancer cells

C33A is an HPV-negative cervical cancer cell line. SiHa, Caski, MS751, and HeLa

cells are HPV-positive cervical cancer cell lines. Ect1 is a normal cervical squamous

cell line. Levels of the PRAME, HMGA2, ETV4,MEX3A, TM7SF2, SLC19A1, TTYH3,

NIPSNAP1, SBK1, PYCR1, and PLS1 proteins in different cells were determined by

western blotting.
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MEX3A, PLS1, TM7SF2, PYCR1, SLC19A1, TTYH3, and NIPS-
NAP1, in HPV-negative cervical cancer in this study. The mean
IHC scores for these 11 genes in HPV-negative cervical cancer,
HPV-positive cervical cancer, and normal cervical tissues were shown
in Figure 4. Higher expression of PRAME, HMGA2, SBK1, MEX3A,
TM7SF2, and SLC19A1 was detected in HPV-negative and HPV-pos-
itive cervical cancer tissues than in normal cervical tissues, and these 6
proteins were also expressed at higher levels in HPV-negative cervical
cancer tissues than HPV-positive cervical cancer tissues (Figure 5).
Furthermore, significantly elevated levels of the ETV4, PYCR1, and
TTYH3 proteins were observed in HPV-negative cervical cancer tis-
sues, but these proteins were rarely expressed in HPV-positive cervi-
Molecul
cal cancer and normal cervical tissues (Figure 6). Moreover, the
expression levels of PLS1 and NIPSNAP1 were higher in patients
with HPV-positive and HPV-negative cervical cancer than in the
normal group, but no significant differences were observed between
HPV-positive patients and HPV-negative patients (Figure 6). There-
fore, 9 genes were specifically expressed in HPV-negative cervical
cancer, including PRAME, HMGA2, SBK1, MEX3A, TM7SF2,
SLC19A1, ETV4, PYCR1, and TTYH3, compared to HPV-positive
cervical cancer and normal cervical tissues.

Prognostic value of upregulated differentially expressed genes

in patients with HPV-negative cervical cancer, patients with

HPV-positive, and all patients with cervical cancer

Finally, the prognostic value of the 11 upregulated genes (PRAME,
HMGA2, SBK1, ETV4, MEX3A, PLS1, TM7SF2, PYCR1, SLC19A1,
TTYH3, and NIPSNAP1) specifically associated with HPV-negative
cervical cancer was assessed by performing a Kaplan-Meier analysis
of patients with HPV-negative cervical cancer, patients with HPV-
positive cervical cancer, and all patients with cervical cancer. Higher
expression of MEX3A was associated with shorter overall survival
only in patients with HPV-negative cervical cancer (p = 0.04) but
was not associated with the survival of patients with HPV-positive
cervical cancer and all patients with cervical cancer (Figure 7). Addi-
tionally, elevated TTYH3 expression was correlated with shorter
overall survival in patients with HPV-negative cervical cancer (p =
0.034), patients with HPV-positive cervical cancer (p = 0.016), and
all patients with cervical cancer (p = 0.024). Moreover, a high level
of SLC19A1 correlated with a poor prognosis for all patients with cer-
vical cancer (p = 0.031). Nevertheless, other genes showed no associ-
ation with the prognosis of cervical cancer (Figure 8).

DISCUSSION
HPVDNA detection for cervical cancer screening is increasingly used
as an early diagnostic guideline to prevent the progression of cervical
cancer. Nevertheless, an ongoing need exists for studies investigating
the molecular mechanisms related to prevent the development of cer-
vical cancer. Recently, some lncRNAs were reported to be downregu-
lated in HPV-negative cervical cancer. For example, the lncRNA snaR
was downregulated in patients with HPV-negative cervical squamous
cell carcinoma.12 Additionally, the expression of the lncRNA neigh-
boring enhancer of FOXA2 (NEF) was significantly downregulated
in tissues and serum of patients with HPV-negative cervical squa-
mous cell carcinoma compared to HPV-positive patients and healthy
controls, but significant differences were not observed between
healthy controls and HPV-positive patients.13 Remarkably, Liu
et al.14 detected the downregulation of SRA1 in patients with HPV-
negative cervical squamous cell carcinoma, but not HPV-positive pa-
tients. However, upregulated genes involved in HPV-negative cervical
cancer are rarely reported. A recent study observed significantly
higher expression of the lncRNA PVT1 in patients with HPV-positive
cervical cancer and patients with HPV-negative cervical cancer than
in the control group. However, no significant differences in PVT1
levels were observed between HPV-positive patients and HPV-nega-
tive patients.11
ar Therapy: Methods & Clinical Development Vol. 21 June 2021 495
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Figure 4. The protein levels of eleven upregulated genes in HPV-negative cervical cancer tissues

The protein expression level was determined by calculating immunohistochemical staining score. Immunohistochemical staining scores for 11 proteins,

PRAME, HMGA2, SBK1, MEX3A, TM7SF2, SLC19A1, ETV4, PYCR1, TTYH3, PLS1, and NIPSNAP1, in HPV-negative cervical cancer tissues, HPV-positive

cervical cancer tissues, and normal cervical tissues are shown. **p < 0.01, ***p < 0.001, and ****p < 0.0001. Data are presented as the means ± SD from triplicate

experiments.
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Figure 5. Representative images of immunohistochemical staining for several genes

The images of PRAME, HMGA2, SBK1, MEX3A, TM7SF2, and SLC19A1 were presented in HPV-negative cervical cancer tissues, HPV-positive cervical cancer tissues, and

normal cervical tissues.
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Figure 6. Representative image of immunohistochemical staining for several genes

The images of ETV4, PYCR1, TTYH3, PLS1, and NIPSNAP1 were presented in HPV-negative cervical cancer tissues, HPV-positive cervical cancer tissues, and normal

cervical tissues.
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In the present study, we first compared changes in gene expression
between HPV-negative cervical cancer and normal cervical tissues,
as well as between HPV-positive cervical cancer and normal cervical
498 Molecular Therapy: Methods & Clinical Development Vol. 21 June 2
tissues to identify differentially expressed genes. Then, we further
compared the genes that were expressed at significantly higher levels
in HPV-negative cervical cancer tissues than in HPV-positive cervical
021
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cancer tissues to discover genes that were specifically expressed at
higher levels in HPV-negative cervical cancer. Ultimately, 17 genes
specifically upregulated in HPV-negative cervical cancer were found.
A subsequent multiplatform integrative analysis revealed that 11
genes, PRAME, HMGA2, SBK1, ETV4, MEX3A, PLS1, TM7SF2,
PYCR1, SLC19A1, TTYH3, and NIPSNAP1, displayed upregulated
mRNA levels, and 8 specific genes, PRAME, HMGA2, ETV4,
MEX3A, TM7SF2, SLC19A1, TTYH3, and NIPSNAP1, displayed up-
regulated protein levels in HPV-negative cervical cancer cells
compared to HPV-positive cervical cancer cells and normal cervical
squamous cells. Consistent with these findings, PRAME, HMGA2,
SBK1, MEX3A, TM7SF2, SLC19A1, ETV4, PYCR1, and TTYH3
showed higher expression in HPV-negative cervical cancer tissues
than in HPV-positive and normal cervical tissues. Accordingly, 7
genes, PRAME, HMGA2, ETV4, MEX3A, TM7SF2, SLC19A1, and
TTYH3, displayed consistent results in terms of mRNA and protein
levels obtained using qPCR, western blotting, and IHC methods, as
they showed significantly higher expression in HPV-negative cervical
cancer cells and tissues than in HPV-positive cervical cancer and
normal cells or tissues, implying that these 7 genes are more likely
to play pivotal roles in the development of HPV-negative cervical can-
cer. Furthermore, high expression of MEX3A and TTYH3 was also
related to shorter overall survival of patients with HPV-negative cer-
vical cancer, which confirmed the important prognostic value of
MEX3A and TTYH3 expression in patients with HPV-negative cervi-
cal cancer.

PRAME, a testis-selective cancer testis antigen (CTA), is associated
with cell proliferation, apoptosis, differentiation, and the outcomes
and risk of metastasis in human cancers.15,16 PRAME has attracted in-
terest as a candidate target for immunotherapy because it encodes a
membrane-bound protein that regulated autologous cytotoxic T-cell-
mediated immune responses.17 To date, few articles have analyzed
PRAME in cervical cancer. One article illustrated that overexpression
of PRAME in HeLa cells induced caspase-independent cell death,
suggesting that PRAME might function as a tumor suppressor in
cervical cancer progression.18 Our results revealed low levels of the
PRAME mRNA and protein in HeLa cells, other HPV-positive cell
lines, and normal cell lines. In contrast, the PRAME mRNA and
protein were obviously overexpressed in the HPV-negative C33A cell
line and HPV-negative cervical cancer tissues, implying that PRAME
may represent a potential biomarker only for HPV-negative cervical
cancers.

The architectural transcription factor HMGA2 is a nonhistone DNA-
binding factor that tightly binds to adenine and thymine (AT)-rich se-
quences in theminor groove of theDNAhelix.19 Jiang et al.20 identified
that HMGA2 combined with LRP1B and TP63 function as potential
Figure 7. The correlations between five genes and survival rates are shown in

Analysis of the correlations between PRAME, HMGA2, SBK1, ETV4, and MEX3A

(22 samples), patients with HPV-positive cervical cancer (281 samples), and all patien

the TCGA.
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biomarkers that are useful for triaging HPV-positive patients, espe-
cially CIN2+ patients. Notably, the depletion of HMGA2 counteracted
the epithelial-mesenchymal transition and lymph node metastasis by
suppressing the attenuated total reflectance (ATR)/Chk1 signaling
pathway in cervical cancer.21 Consistent with these findings, overex-
pression of the HMGA2 protein was detected when HPV integrated
into flanking regions in cervical cancer.22 Two studies validated that
HMGA2 is commonly positive in HPV-negative adenocarcinomas of
the uterine cervix and corpus23 and HPV-negative head and neck
squamous cell carcinoma.24 However, a previous study did not observe
detectable levels of the HMGICmRNA in three cervical carcinoma cell
lines (SW756, SiHa, and HeLa).25 In our study, lower HMGA2 expres-
sion was detected in the Siha, Caski, MS751, and HeLa cell line than in
the HPV-negative cell line C33A at the mRNA and protein levels.
Notably, IHC staining also identified a significantly elevated level of
HMGA2 in HPV-negative cervical cancer, suggesting that HMGA2
might be a potential biomarker in HPV-negative cervical cancer.

ETV4, a member of the PEA3 subgroup of the ETS transcription
factor family,26 plays important roles in regulating gene expression
during early embryogenesis,27 obesity, and diabetes,28 as well as onco-
genesis,29,30 and its overexpression is involved in the malignant trans-
formation of cells and enhanced tumor cell invasion.31,32 According
to a recent study, ETV4 promotes the migration and metastasis of
clear-cell renal-cell carcinoma in vitro and in vivo.33 However,
research studies on the expression of ETV4 in cervical cancer are
rare. Our study illustrated that ETV4 is specifically associated with
HPV-negative cervical cancer. Higher levels of the ETV4 were de-
tected in HPV-negative cervical cancer than in HPV-positive cervical
cancer and normal cervical tissues, implying that ETV4 might be a
special biomarker of HPV-negative cervical cancer.

TM7SF2 is a human sterol reductase with a function that remains
mysterious in human cancers.34 Bellezza et al.35 discovered that the
ablation of TM7SF2 resulted in the formation of skin papilloma in
mice. The present study is the first to report the association between
TM7SF2 and cervical cancer. Based on our results, TM7SF2 was ex-
pressed at higher levels in the C33A cell line andHPV-negative tissues
than in HPV-positive, normal cell lines and tissues, implying that
TM7SF2 may also play a specific role in the development of HPV-
negative cervical cancer.

SLC19A1, a folate-organic phosphate antiporter, serves as the major
transporter of cyclic dinucleotides, and its depletion and overexpres-
sion affect cyclic dinucleotide uptake and functional responses, which
has implications for the immunotherapeutic treatment of cancer via
cGAS-STING pathway.36,37 In this study, we first identified that
SLC19A1 might play an important role, especially in HPV-negative
cervical cancer patients

expression and survival rates in patients with HPV-negative cervical cancer

ts with cervical cancer (304 samples). All samples information was obtained from
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cervical carcinoma. Overexpression of SLC19A1 was detected in
C33A cell line, whereas low expression was observed in HPV-positive
cell lines, consistent with the results obtained from human tissues,
implying SLC19A1 has potential relevance in the carcinogenesis of
HPV-negative cervical cancer.

The RNA-binding ubiquitin ligase MEX3A is overexpressed in
glioblastoma multiforme specimens, and it targets retinoic acid
inducible gene-I (RIG-I) for ubiquitylation and degradation to alter
the tumorigenesis of glioblastoma multiforme.38 Notably, downregu-
lation of MEX3A inhibited cell growth and migration and promoted
apoptosis in pancreatic ductal adenocarcinoma.39 Moreover, a higher
level of MEX3A was significantly associated with shorter survival of
patients with liver cancer.40 We found higher expression of MEX3A
in HPV-negative cervical carcinoma cell lines and tumor tissues. In
addition, upregulation of MEX3A was associated with shorter overall
survival only in patients with HPV-negative cervical cancer, implying
that MEX3A is not only related to the occurrence of HPV-negative
cervical but also to prognosis of HPV-negative cervical cancer.

The TTYH family, chloride-channel-responsive genes, is involved in
cell adhesion, cell division, tumorigenesis, and regulation of calcium
signaling.41 TTYH3 is the third member of the TTYH family
harboring chloride channel activities and is known as a large-
conductance Ca2+-activated chloride channel that acts as the major
volume-regulated anion channel (VRAC) in astrocytes, together
with TTYH1/2.42,43 A study revealed that the upregulation of the
TTYH3 in gastric cancer was associated with shorter survival.44

Nevertheless, little is known about the expression and function of
TTYH3 in any other tumors. Our data revealed a potentially impor-
tant role for TTYH3 in the development of HPV-negative cervical
cancer, because higher expression of TTYH3 was observed in
HPV-negative cervical cancer cells and tissues. Upregulation of
TTYH3 was also associated with shorter survival, suggesting
TTYH3 might be a potential prognostic marker for patients with
cervical cancer.

In conclusion, to our knowledge, this study is the first to systemati-
cally analyze, examine, and disclose differentially expressed genes
that are specifically expressed in patients with HPV-negative cervical
cancer. Our results firmly identified the significantly increased
expression of 8 novel genes at the mRNA and protein levels, including
PRAME, HMGA2, ETV4, MEX3A, TM7SF2, SLC19A1, TTYH3, and
NIPSNAP1, in HPV-negative cervical carcinoma cell lines compared
to HPV-positive cell lines and a normal cell line. Furthermore, signif-
icantly higher expression of PRAME, HMGA2, ETV4, MEX3A,
TM7SF2, SLC19A1, and TTYH3 was also detected in HPV-negative
cervical cancer tissues, implying that these seven genes may serve as
Figure 8. The associations between six genes and survival rates are shown in

Analysis of the correlation between PLS1, TM7SF2, PYCR1, SLC19A1, TTYH3, and NIP

(22 samples), patients with HPV-positive cervical cancer (281 samples), and all patien

the TCGA.
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new biomarkers for HPV-negative cervical cancer and play pivotal
roles in the occurrence and development of HPV-negaive cervical
cancer. In addition, MEX3A and TTYH3 correlated with shorter
overall survival of patients with HPV-negative cervical cancer, sug-
gesting that the upregulation of MEX3A and TTYH3 were not only
associated with the development of HPV-negative cervical cancer
but also specifically involved in the prognosis of HPV-negative
cervical cancer. In the future, further studies and more analyses will
be performed to extensively investigate the effects of changes in the
expression of these genes, especially MEX3A and TTYH3, on the
biological behavior, chemotherapy sensitivity, related internal
mechanisms, and signaling pathways specifically associated with
HPV-negative cervical carcinoma to provide new insights into the
early screening and effective treatment of HPV-negative cervical
carcinoma.

MATERIALS AND METHODS
Data resources

Publicly available data from the TCGA database were downloaded
on March 15, 2018 from https://www.cancer.gov/about-nci/
organization/ccg/research/structural-genomics/tcga. Three hundred
five samples of cervical cancer and 3 normal cervical tissues from
healthy controls were analyzed; among the cervical cancer tissues,
282 were from patients with a known HPV infection and 23 were
from HPV-negative patients.

Gene expression analysis

The gene expression data were obtained from TCGA public level 2
transcription profiles as raw count values. R packages (edgeR) were
applied to the transcription profiles, and differentially expressed
genes between HPV-positive cervical cancer and normal cervical
tissues and between the HPV-negative cervical cancer and normal
cervical samples were analyzed. Compared to the normal cervix,
differentially expressed genes in HPV-negative or HPV-positive
cervical cancer were divided into four separate groups, including up-
regulated genes expressed in HPV-negative cervical cancer, downre-
gulated genes expressed in HPV-negative cervical cancer, upregulated
genes expressed in HPV-positive cervical cancer, and downregulated
genes expressed in HPV-positive cervical cancer. Then, we compared
the upregulated genes expressed in HPV-negative and HPV-positive
cervical cancer, and two non-intersecting groups and one intersecting
group were obtained, which represent upregulated genes expressed
specifically in HPV-negative or -positive cervical cancer and
upregulated genes expressed in both HPV-negative and HPV-positive
cervical cancer, respectively. Using the same method, we compared
downregulated genes expressed in HPV-negative and HPV-positive
cervical cancer, and two other non-intersecting groups (downregu-
lated genes expressed specifically in HPV-negative cervical cancer
cervical cancer patients

SNAP1 expression and survival rates in patients with HPV-negative cervical cancer

ts with cervical cancer (304 samples). All samples information was obtained from
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Table 1. The primers of HPV-negative specifically upregulated genes

Type Gene name Forward primer (50->30) Reverse primer (50->30)

Human PRAME CGTGCCTGAGCAACTGAT TACCCACCTTGGCGAAAT

Human HMGA2 TGGGGCAGGAACTCAGAAAACT GCACAGGCAGAGGACAGAGTAGT

Human MT1G CCTGGATTTTACGGGTCA AAAGGGGCATCGGAGAAG

Human SBK1 CCCGCACATACACGCACTT CTCCTCGCCATCCCATTCTG

Human ETV4 CATTTGCCACTCCTTCACATCTCAG CAGGGGATCATGGTATTCTTGCTTAA

Human SLC7A5 ACGCCCAGGTGATAGTTCC CATTATACAGCGGCCTCTTTG

Human MEX3A GGCTTGCGTGGCTGTGATG AGTGACTGCCGCCCTTGTG

Human PLS1 TGTTCTTCCCAAGTTCCA TCTATGAGATGATCCGAGTG

Human TM7SF2 CAGCATGAAGCCAAACCC TCTGTGAACTGCGACCCG

Human RHPN1 ACGGCAGCGATGAGGACA TAAGACCCACCAGAAGCCAGAG

Human PYCR1 ATCAATCAGGTCCTCTTCCAC AAGCTGTCAGCGTTTCGG

Human SLC19A1 CGTCCGAGACAATGAAAGTGA CATCTGGCTGTGCTATGCG

Human CHD7 CATGCCTATAAATGGACGA TGGGATACCAATGGAAGTT

Human TTYH3 GCGGGAAGCACAGCAAAC TGTCCTCGGGAATGAACCTC

Human HSPH1 CCACCATAGATGCCGTAG AAAATAGGCCGCTTTGTA

Human SLC25A13 CATAGCGTAGCACTTTCTTA GTTTGGTCTGGGTTCTGT

Human NIPSNAP1 CTGAACCTCCTCCTGACC CCCTTGGAAATCCTCTGT

www.moleculartherapy.org
and downregulated genes expressed specifically in HPV-positive
cervical cancer) and an intersecting group (downregulated genes
expressed in both HPV-negative and HPV-positive cervical cancer)
were obtained. Finally, upregulated differentially expressed genes spe-
cifically detected in HPV-negative cervical cancer were identified.

Cell lines and cell culture

The normal cervical squamous cell line Ect1 was used, in addition to
the human cervical carcinoma cell lines, C33A (HPV-negative) and
SiHa, Caski, MS751, and HeLa (HPV-positive). Cells were purchased
from the European Collection of Authenticated Cell Cultures and
cultured in Dulbecco’s modified Eagle’s medium (DMEM) (Gibco,
USA) containing 10% fetal bovine serum at 37�C in an atmosphere
of 5% CO2 for growth.

qRT-PCR

TRIzol reagent (Invitrogen; Thermo Fisher Scientific) was used to
completely lyse and extract total RNA from HPV-positive, HPV-
negative, and normal cells. The total RNAwas dissolved in diethyl py-
rocarbonate (DEPC)-treated deionized water and quantified with a
spectrophotometer at 260 nm (A260). RNA gel electrophoresis was
conducted to examine DNA contamination. 1 mg RNA was used
for reverse transcription reactions by TransStart Top Green qPCR
Supermix (TransGen Biotech). The cDNA templates were synthe-
sized, and qPCR was conducted using the SYBR Green Real-Time
PCR Master mix (Applied Biosystems; Thermo Fisher Scientific).
The following thermocycling conditions were used: 95�C for 55 s fol-
lowed by 40 cycles of 95�C for 10 s and 57�C for 30 s. Then, gene
expression was determined using a LightCycler 480 II real-time
Molecul
PCR (Roche) instrument and normalized to glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) using the 2�DDCt method. All PCR
reactions were performed in triplicate. The primers for the tested
genes are listed in Table 1.

Western blotting

The primary antibodies included PRAME, HMGA2, SBK1, ETV4,
MEX3A, PLS1, TM7SF2, PYCR1, SLC19A1, TTYH3, NIPSNAP1
GAPDH, and tubulin (the specific information and dilution factor
of each antibody are shown in Table 2). Western blotting (WB) anal-
ysis was performed as described previously.45 Each experiment was
repeated three times.

Immunohistochemical staining

All tissue samples were obtained from patients with cervical cancer
who underwent radical hysterectomy at the Second Affiliated Hos-
pital of Wenzhou Medical University between 2013 and 2018. HPV
testing was performed with a nucleic acid genotyping kit for
HPV (flow cytometry fluorescence hybridization method, Tellgen,
Shanghai). After the detection of HPV within 1 month before the
surgery, 20 HPV-negative and 20 HPV-positive cervical cancer tis-
sues were collected and identified. Furthermore, another 20 normal
cervical tissues were obtained from patients who underwent radical
hysterectomy due to uterine adenomyosis, which was pathologically
confirmed as normal cervical tissue or chronic cervicitis. Patients
did not receive chemotherapy or radiotherapy before surgery. IHC
was performed in cancer tissues using a previously described
method.45 This study was approved by the ethics committee of the
Second Affiliated Hospital of Wenzhou Medical University.
ar Therapy: Methods & Clinical Development Vol. 21 June 2021 503
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Table 2. The primary antibodies of genes in western blotting and IHC

Gene Type WB IHC

PRAME
Abcam, ab219650

1:1,000 1:100
Biorbyt, orb373396

HMGA2 Abcam, ab52039 1:1,000 1:50

SBK1 Novus, NBP1-74148 1:1,000 1:100

ETV4 Abcam, ab70425 1:1,000 1:200

MEX3A Abcam, ab79046 1:1,000 1:100

PLS1
Santa Cruz Biotechnology

1:800 1:250
Sc-271223

TM7SF2 Biorbyt, orb4574 1:1,000 1:500

PYCR1 Proteintech, 13108-1-AP 1:1,000 1:200

SLC19A1
Santa Cruz Biotechnology

1:800 1:250
Sc-390948

TTYH3 Sigma 1:1,000 1:100

NIPSNAP1
Santa Cruz Biotechnology

1:800 1:250
Sc-271223

TUBULIN Boster, BM145 1:2,000

GAPDH Abcam, ab181602 1:2,000

Table 3. Upregulated differentially expressed genes specifically in HPV-

negative cervical cancer

Gene name LogFC LogCPM p value FDR

PRAME 7.3191 7.0601 0.0002 0.0113

HMGA2 6.2526 5.0822 0.0013 0.0483

MT1G 5.2074 4.5062 0.0009 0.0365

SBK1 4.5674 5.7858 0.0003 0.0143

ETV4 3.6619 6.1276 0.0005 0.0243

SLC7A5 3.5818 8.3032 0.0012 0.0464

MEX3A 3.5549 5.8684 0.0005 0.0232

PLS1 3.1988 5.5935 0.0010 0.0411

TM7SF2 2.8849 5.6680 0.0007 0.0313

RHPN1 2.8480 5.5456 0.0009 0.0377

PYCR1 2.5412 6.7111 0.0012 0.0463

SLC19A1 2.2630 5.0747 0.0002 0.0088

CHD7 2.1742 5.6171 0.0010 0.0410

TTYH3 2.0264 7.2369 0.0002 0.0101

HSPH1 1.7805 7.6452 0.0010 0.0402

SLC25A13 1.7218 5.6570 0.0007 0.0299

NIPSNAP1 1.7116 6.8293 0.0013 0.0492

FDR, false discovery rate; LogCPM, log counts per million, which can be understood as
measuring expression level; LogFC, log fold change, which is the log difference between
your groups
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Kaplan-Meier analysis

The Kaplan-Meier analysis was performed by the R package (https://
cran.r-project.org/web/packages/survival/citation.html) to assess in-
dependent predictors of overall survival. Three groups were tested:
22 patients with HPV-negative cervical cancer; 281 patients with
HPV-positive cervical cancer; and 304 patients with cervical cancer
(one person did not have a determined HPV infection history). All
survival information of cervical cancer patients was obtained from
the TCGA database. The mRNA expression status separated the cases
into “low” and “high” according to the comparison between expres-
sion values with median cutoffs values. The log rank test was applied
to detect significant differences between groups.

Systematical analysis

The expression levels of differentially expressed genes obtained from
gene expression analysis section were validated by qRT-PCR for tran-
scriptional levels and by western blotting for translational levels in
HPV-negative cervical cancer cell lines. Moreover, IHC was used to
measure the protein expression of these genes in HPV-positive cervi-
cal cancer tissues compared with HPV-negative cervical cancer tis-
sues and normal control tissues (Table 3).

Statistical analysis

Data were analyzed with GraphPad Prism 8.0 software. The signifi-
cance of differences was determined using unpaired t tests with
Welch’s correction for RT-PCR, western blotting, and IHC experi-
ments. Data are presented as the means ± standard deviations. The
log rank test was applied to detect significant differences between
groups for Kaplan-Meier analysis. p <0.05 was considered statistically
significant. It is important to note that less numbers of HPV-negative
504 Molecular Therapy: Methods & Clinical Development Vol. 21 June 2
cervical cancer cases and only 3 normal cervical tissues of TCGA
database may compromise the data in our study.
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