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Cervical cancer is the fourth most common malignancy in women 
worldwide. Although infection from human papillomavirus (HPV) 
has been the leading cause of cervical cancer, HPV-negative 
cervical cancer accounts for approximately 3-8% of all cases. 
Previous research studies on cervical cancer have focused on 
HPV-positive cervical cancer due to its prevalence, resulting in 
HPV-negative cervical cancer receiving considerably less atten-
tion. As a result, HPV-negative cervical cancer is poorly under-
stood. Its etiology remains elusive mainly due to limitations in 
research methodology such as lack of defined markers and model 
systems. Moreover, false HPV negativity can arise from inaccu-
rate diagnostic methods, which also hinders the progress of re-
search on HPV-negative cervical cancer. Since HPV-negative 
cervical cancer is associated with worse clinical features, greater 
attention is required to understand HPV-negative carcinoma. In 
this review, we provide a summary of knowledge gaps and 
current limitations of HPV-negative cervical cancer research based 
on current clinical statistics. We also discuss future directions 
for understanding the pathogenesis of HPV-independent cervical 
cancer. [BMB Reports 2022; 55(9): 429-438]

INTRODUCTION

In 2020, more than 606,000 women were diagnosed with cer-
vical cancer and around 341,831 women died due to cervical 
cancer worldwide (1). This figure represents that cervical cancer 
is the fourth most common cancer type in women (6.5% of all 
cancer incidence in women) (1). It has the fourth highest mortal-

ity of all cancer cases (7.5% of all cancer related deaths in women) 
(1). Since the discovery of human papillomavirus (HPV) in early 
1980s (2), the majority of cervical cancer cases are associated 
with HPV infection. Most of cervical cancer research studies 
have focused on HPV-positive cervical cancer, aiming to de-
velop diagnostic methods, HPV vaccines, and targeted therapies. 

The reported incidence rate of HPV-positive cervical cancer 
has increased from 85.9% in 1990 to 92.9% in 2010 (3). The 
upward trend in HPV-positive cases is due to improvements in 
HPV detection methods and histological diagnosis (4). This means 
that the number of HPV-negative cases has been declined in 
the same time period. Nonetheless, it is worth to note that about 
3-8% of cervical cancer cases are truly HPV-negative. Cervical 
cancer cases that are HPV-independent are being reported stead-
ily in clinical practice (5-7). 

HPV negative cervical cancer shows the following clinical 
features. Cervical adenocarcinoma is frequently (15-38%) HPV- 
negative (8), although cervical squamous cell carcinoma is mostly 
HPV-positive. HPV-negative cervical cancer patients show sig-
nificantly worse prognosis due to advanced International Fede-
ration of Gynecology and Obstetrics (FIGO) stage with lymphatic 
invasion at diagnosis than HPV-positive cervical cancer patients. 
Although the molecular etiology of HPV-negative cervical adeno-
carcinoma is unknown, several studies have suggested that mu-
tations in TP53, PIK3CA, and CDKN2A are involved (9-12). 

To mitigate the poor prognosis of HPV-negative cervical cancer 
such as poor overall survival (OS) and disease-free survival (DFS), 
greater attention is needed for the treatment plan of these cases. 
Since there is no targeted therapy for HPV-negative cervical 
cancer, more research studies are needed to uncover the etio-
logy of HPV-negative cervical cancer and to provide better the-
rapeutic options for patients with HPV-negative cervical cancer. 

In this review, we will provide an overview of the current 
status of HPV-negative cervical cancer in the perspective of clinic 
and research and discuss new studies to overcome current lim-
itations of HPV-negative cervical cancer research with the aim 
to encourage more basic and translational research on HPV- 
negative cervical cancer. 
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Fig. 1. Understudied HPV-negative cer-
vical cancer. (A) PubMed search results 
indicate that the number of published 
works on HPV-negative cervical cancer 
(blue) is significantly lower than that on 
overall cervical cancer research (red). 
(B) The percentage of published work on 
HPV-negative cervical cancer (1.46%, 
right) is lower than the actual incidence 
rate of HPV-negative cervical cancers in 
the clinic (3-8%, left).

INCIDENCE OF HPV-NEGATIVE CERVICAL CANCER

The association of HPV positivity with cervical cancer was 
identified in the early 1980s (2). Since then, most research 
studies on cervical cancer have focused on HPV-positive cer-
vical cancer. However, several studies have also reported the 
incidence of HPV-negative cervical cancer. We will discuss 
the true portion of HPV independent cervical cancer cases in 
the clinic and its impact on treatment plans.

The number of reported cases of HPV-negative cervical 
cancer has been decreased over time. In 2001, Baay et al. 
reported observational data from Belgian patients with cervical 
cancer and HPV infection and found that HPV-negative cases 
accounted for 13% of women with cervical cancer before 2000 
(8). However, a subsequent study reported that HPV-negative 
cases were decreased, accounting for only 7.1% of women 
with cervical cancer between 2001 and 2008 (13). 

Decreased numbers of HPV-negative cervical cancer in more 
recent studies could be largely explained by improved HPV 
test and histological classification of cervical cancer. Sensitivity 
and specificity of HPV test are critical to determine HPV in-
fection status. Castle and colleagues showed cervical cancer 
screening results with HPV test and Papanicolaou (Pap) test as 
two common test methods for US women (6). Out of 526 
patients with cervical cancer, 98 (18.6%) women showed HPV- 
negative results from the HPV DNA test using Hybrid Capture 
2 (HC2). However, the HC2 test can only detect 13 sub-types 
of high-risk HPVs, leading to a false negativity in 18.6% of 
HPV negative cases. Improved pathological diagnosis also con-
tributes to more accurate identification of truly HPV-negative 
cervical cancer. A recent study with 371 biopsy-proven primary 
cervical cancers showed that 68% of HPV-negative cervical 
cancer cases were in fact non-cervical cancers (5). These results 
suggest that the number of HPV-negative cervical cancer cases 
can be overestimated due to false negative HPV tests and wrong 
histological diagnosis.

To obtain accurate statistics of HPV-negative cervical cancer, 
improved test methods and clinical categorization are needed. 
The Cancer Genome Atlas Research Network (TCGA) analysed 
primary tumors and blood samples from women with cervical 
cancer and showed that 5% of core-set tumors were genotypi-
cally HPV-negative (7). Since whole genome sequencing is not 

feasible for routine HPV test, multiplex polymerase chain re-
action (PCR) based test could be an alternative (14). Comparing 
HPV test methods between HC2 and highly sensitive PCR 
techniques showed that 14 (10.2%) out of 136 women with 
cervical cancer in Spain were HPV negative based on HC2 
test, whereas only 8 (5.8%) cases were confirmed to be truly 
HPV-negative based on PCR test (15). Another study showed 
consistent results (16). A PCR based virus testing has been widely 
used. Its accuracy and applicability in population level have 
been proven during the SARS-CoV-2 pandemic as well (17). 

In the clinic, the diagnosis of HPV negative cervical cancer 
can be wrong due to limitation of HPV testing methods (i.e., 
HC2 and Pap test). Establishing a standard and more accurate 
HPV test with specific diagnosis criteria will lead us to collect 
consistent data from clinical practice. It can also expedite the 
progress of future research on HPV negative cervical cancer. 
Lastly, it is worth to note that most cervical cancer studies have 
used data from Caucasian populations. Considering the incidence 
of HPV negative cervical cancer may vary from different ethnic 
groups, studies on multi-ethnic groups are needed to provide 
more information.

KNOWLEDGE GAP IN HPV-NEGATIVE CERVICAL CANCER

Lack of interest in HPV-negative cervical cancer
After zur Hausen and colleagues detected HPV 16 DNA in 
cervical cancer cells in 1983 (2), following studies have re-
vealed that not only HPV 16, but also other high-risk types of 
HPV including HPV 18 are strongly associated with adeno-
carcinoma of the cervix (18-20). The majority of studies about 
cervical cancer have aimed to discover the viral oncogenic 
mechanism of HPV and develop diagnostic methods for early 
detection, HPV vaccines, and targeted drugs for patients with 
HPV-positive cancer (21). This research trend might have skewed 
the research community to consider HPV infection as the sole 
cause of cervical cancer. This might have also resulted in the 
very limited number of studies covering HPV-negative cervical 
cancer.

The number of studies focusing on HPV-negative cancer is 
extremely low compared to that on HPV-negative cancer. As 
of February 2022, PubMed search with keyword of “cervical 
cancer” has reached 49,868 entries since 1983 (Fig. 1A). As 
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discussed earlier, about 3-8% of human cervical cancers are 
HPV independent based on a conservative estimate. However, 
the number of publications including two search terms, “HPV 
negative” and “cervical cancer”, is only 729, accounting for 
1.46% of publications on cervical cancer in PubMed. This per-
centage is less than a third of the conservatively estimated in-
cidence rate of HPV-negative cervical cancer (Fig. 1B). Although 
the number of publications on HPV-negative cervical cancer 
has slightly increased since 2014, the lack of interest in HPV- 
negative cervical cancer compared to the general interest in 
cervical cancer needs to be improved.

Underestimated clinical significance
Due to less attention to HPV-negative cervical cancer, the 
clinical significance of HPV-negative cervical cancer might 
have been underestimated. Several research studies have sug-
gested that HPV-negative cancer might represent worse clin-
ical features with distinct biological characteristics compared 
to HPV-positive cervical cancer (22-24). The first study that 
evaluated the difference in clinical features between patients 
with HPV-positive cervical cancer and HPV-negative cervical 
cancer had a cohort of 136 women with cervical cancer (8). 
Through PCR-based tests, the cohort was divided into two 
groups, a HPV-positive group and a HPV-negative group. 
Clinical data showed that patients with HPV-negative cervical 
cancer had significantly lower DFS than those with HPV-posi-
tive cervical cancer. In addition, patients with HPV-negative 
cervical cancer tended to have poorer OS than those with 
HPV-positive cervical cancer, although the difference was not 
statistically significant (8). Another noticeable result is that HPV- 
negative cervical cancer is associated with a higher risk of 
progression and mortality than HPV-positive cervical cancer. 
HPV-negative cervical cancer shows advanced FIGO stage at 
diagnosis, which might explain its increased progression and 
mortality. The previous study (8) has also indicated that patients 
with HPV negative cervical cancer have a higher rate of lymph 
node metastasis than patients with HPV positive cervical cancer. 
The limitation of that study was a small number of samples. 
Thus, the clinical significance of HPV-negative cervical cancer 
warranties further research with a larger population. 

Another research analysed clinical and pathological data from 
214 women with cervical cancer in Spain from 2012 to 2015 
(13). It also showed the clinical significance of HPV-negative 
cervical cancer (13). Through a highly sensitive PCR test and 
p16 immunostaining for 214 cervical cancer specimens, 21 (10%) 
tumors were found to be HPV-negative. These HPV-negative 
cervical cancers were associated with advanced FIGO stage 
and lymph node metastases. In terms of clinical characteristics, 
patients with HPV-negative cervical cancer had significantly 
worse DFS and OS as well than those with HPV-positive cer-
vical cancer. Consistently, a meta-analysis study (14) using data 
from 2,838 cervical cancer cases with HPV DNA status in 17 
published studies showed that patients with HPV-positive 
cervical cancer had a better prognosis including OS and DFS 

than patients with HPV-negative cervical cancer. These studies 
showed the clinical significance of HPV-negative cervical cancer, 
suggesting that HPV-negative cervical carcinoma might arise 
via unknown biologically distinct pathways from relatively 
well-characterized HPV-dependent pathways (9).

Distinct biological characteristics of HPV-negative cervical 
cancer
Several studies have suggested that HPV-negative cervical cancer 
might have distinct biological features from HPV-positive car-
cinomas (2, 9, 21, 22, 25). Cervical cancers can be divided 
into two types: squamous cell carcinomas and adenocarcino-
mas. HPV-negative cervical cancer tumors are significantly as-
sociated with adenocarcinomas (2, 9, 21, 22). HPV-negative 
cervical carcinomas also show different histological types such 
as gastric, clear cell, mesonephric, and endometrioid types from 
HPV-positive ones (25). 

HPV-negative cervical cancer may arise due to distinctive 
pathological pathway compared to HPV-positive cervical cancer. 
Nicolás and colleagues showed higher prevalence of p53 muta-
tion in HPV-negative cervical cancers than in HPV-positive 
ones, with 71% of HPV-negative cervical cancer cases display-
ing aberrant p53 immunostaining pattern with p16 overex-
pression (9). Since the strong link between p53 mutation and 
poor prognosis was shown by a previous research (26), the 
phenotypical characteristic might be the reason why HPV-ne-
gative cervical cancer showed more aggressive features including 
advanced FIGO stage, higher rate of metastasis, and poorer 
prognosis than HPV-positive one (11). Loss of function mutation 
of TP53, a tumor suppressor gene encoding tumor suppressor 
p53, is easily found in many other types of cancer (26). Inte-
restingly, viral oncoprotein E6 encoded by HPVs can also 
block apoptosis induced by p53, resulting in outgrowth of 
infected cells (12). Further molecular studies that investigate 
p53 mutations in HPV-negative cervical cancer are required to 
delineate distinct molecular etiologies of HPV-positive and 
HPV-negative cervical cancers. 

Genetic mutations in cervical cancer can provide therapeu-
tic targets. Most HPV-positive cervical cancers have either one 
or both mutations of PI3K-MAPK and TGFβ signaling path-
ways. These genetic pathways are considered as therapeutic 
targets for HPV-positive cervical cancers (7). According to the 
TCGA study, HPV-negative cervical tumors were significantly 
associated with additional genomic mutations in KRAS, ARID1A, 
and PTEN compared to HPV-positive cervical tumors (7). This 
study highlights that unraveling mechanisms of PTEN and 
ARID1A mutations in HPV-negative cervical carcinoma can be 
a milestone to discover novel therapeutic targets. The discovery 
of distinct molecular pathways that lead to HPV negative cer-
vical carcinomas can highlight the biological diversity of cervical 
cancer development.

No targeted drugs
Of nine FDA-approved drugs and two combination therapies 
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Fig. 2. Approved cervical cancer thera-
pies. Standard treatment options include 
surgery, chemo-radiation therapies, targeted 
therapy (or anti-angiogenic therapy), im-
munotherapy, and a combination of these. 
New treatment options are also being 
tested in clinical trials. Further research 
studies will lead to the development of 
more effective novel therapeutic options.

Fig. 3. Distinct molecular etiology of HPV-positive and HPV-nega-
tive cervical cancers. HPV-positive cervical cancers are known to be 
immunologically “hot” with viral proteins driving the oncogenesis. 
Although some mutations of oncogenes or tumor suppressor genes 
have been reported in HPV-negative cervical cancers, more research 
studies on the molecular etiology of this type of cancer are needed 
to elucidate its unique mechanisms of oncogenesis.

for cervical cancer treatment, there are no targeted drugs that 
are specific for HPV-positive or HPV-negative cervical cancers 
(27). Primary treatment option of both HPV-positive and HPV- 
negative cervical cancers is determined by results of clinical 
staging and diagnostic imaging (28). Approved cervical cancer 
therapies include chemoradiation therapies, anti-angiogenic 
drugs, immune checkpoint inhibitors, and combination therapies 
(Fig. 2). Bleomycin Sulfate, hycamtin, and topotecan hydrochlo-
ride are conventional chemotherapy drugs. A recent clinical 
research has shown that adjuvant radiation therapy (RT) or 
concurrent chemoradiation therapy (CCRT) after radical hyste-
rectomy in early cervical cancer can lead to improved thera-
peutic benefits (29). Anti-angiogenic drugs in cervical cancer 
treatment that can inhibit the secretion of vascular endothelial 
growth factor A (VEGF-A) include inhibitors such as bevacizu-
mab, myasi, and zirabev (30). The combination of bevacizumab 
and paclitaxel with cisplatin or topotecan has been used for 
patients who are not suitable for platinum therapy in the EU (31).

Another notable therapeutic option for treating cervical cancer 
is an immunotherapy using immune checkpoint inhibitors. In 
2018, the first immune checkpoint inhibitor, Pembrolizumab, 
targeting PD-1 in cervical cancer was approved by FDA (32). 
Previous clinical studies have demonstrated that blocking PD-1 
pathway is an effective therapeutic option to suppress tumor 
growth in PD-L1 expressing cervical cancers (32-34). Immuno-
therapies are considered attractive options for HPV-positive 
cervical cancer which is referred to as an immunologically “hot” 
tumor (Fig. 3) (34). In particular, a recent in vitro study has 
indicated that HPV infection can increase the expression level 
of PD-L1 in infected cells. Elevated PD-L1 expression level has 
been frequently reported in HPV-positive cervical cancers (30). 
Several successful clinical trials that tested the efficacy of 
pembrolizumab in combination with other chemotherapeutic 
drugs in cervical cancer (34, 35) have resulted in FDA approval 
of pembrolizumab as a neoadjuvant therapy with bevacizumab 
(35). Another immune checkpoint inhibitor, ipilimumab, a CTLA4 
inhibitor, is also being tested in a clinical trial (36). 

The limitation of immunotherapy is that drugs are selectively 

effective only in patients with PD-L1 or CTLA4 positive cervical 
carcinomas. In addition, HPV-negative cervical cancers are con-
sidered as immunologically “cold” as they are not associated 
with viral infection (36). Not surprisingly, immunologically “cold” 
tumors are known to be not responsive to immunotherapies 
(37). 

To overcome limited therapeutic options in HPV-negative 
cervical cancers, more fundamental research studies on the 
molecular etiology and identifying novel therapeutic targets of 
HPV-negative cervical cancer are needed (Fig. 3). Current 
treatment guidelines do not demonstrate specialized treatment 
options based on the histological type of genomic signature of 
cervical carcinomas (38). Optimization of subtype-specific the-
rapeutic strategies based on pathobiological features of cervi-
cal carcinoma can improve therapeutic outcomes (39). Novel 
therapeutic options may be suggested by discovering distinctive 
underlying molecular mechanisms of tumorigenesis in HPV-negative 
cervical carcinomas.
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Table 1. List of human cervical cancer cell lines

Cell line HPV status Cancer type Description Reference

C33A Negative Squamous cell carcinoma Mutation of the p53 tumor suppressor gene
Point mutation at codon 273

Lee et al., 2005; Hirchaud et al., 2013; 
Kim MS et al., 2013

OMC-4 Negative Adenocarcinoma Mutation of the p53 tumor suppressor gene 
well differentiated

Noguchi et al., 2006

CaSki HPV16 Squamous cell carcinoma 200-400 copies of HPV-16 Ahn et al., 2003a; Lee et al., 2005; 
Shin et al., 2008; Lee et al., 2011; 
Cherry et al., 2013; Hirchaud et al., 2013; 
Kim et al., 2013

SiHa HPV16 Squamous cell carcinoma One to two integrated copies of HPV16 Yokoyama et al., 2004; Lee et al., 2005; 
Singh et al., 2010; Lee et al., 2011; 
Di Domenico et al., 2012; 
Kim et al., 2013

HeLa HPV18 Adenocarcinoma 10-50 copies of HPV18 Wang et al., 2001; Samama et al., 2002; 
Guo et al., 2004; Totta et al., 2004; 
Virgili et al., 2004; Zhang et al., 2006; 
Hirchaud et al., 2013

KB-V1/Vbl HPV18 Adenocarcinoma Multidrug resistant Pluchino et al., 2012
TMCC-1 HPV18 Adenocarcinoma Poorly differentiated Yokoyama et al., 2004; Noguchi et al., 2006; 

Yokoyama et al., 2008
ME180 HPV68 Squamous cell carcinoma Absence of estrogen receptor isoforms Yokoyama et al., 2004; Wang et al., 2001

CURRENT LIMITATIONS OF HPV-NEGATIVE CERVICAL 
CANCER RESEARCH

Lack of defined markers and classification
One of the main causes that hinders the progress of HPV 
negative cervical cancer research is the lack of specific defi-
nition to classify HPV-negative cervical cancers. Currently, HPV 
negative cervical cancer cases are distinguished from HPV-posi-
tive cancer cases by HPV detection tests. As discussed earlier, 
HPV infection diagnostic tests are not sufficient to classify HPV 
negative cervical cancer because the test method varies in 
diverse clinical practice environment. The two most clinically 
validated molecular diagnostic methods of HPV infection are 
the HC2 test and an in-house PCR test (40). HC2 test is based 
on a nucleic acid hybridization assay. By using antibodies 
bound to a microtiter plate, specific HPV DNA-RNA hybrids 
are detected and the intensity of emitted light from a lumine-
scent product generated by the reaction is measured as relative 
light unit (RLU). The value of RLU represents the relative amount 
of specific DNA in the specimen. Conventional HC2 test is 
only able to detect 13 high-risk HPV subtypes (HPV 16, 18, 
31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68). A more 
recently developed HC2 test from several providers can detect 
five low-risk HPV subtypes (HPV 6, 11, 42, 43, and 44) in 
addition to the 13 high-risk HPV subtypes (41). 

Compared to the HC2 test, a PCR-based test shows a higher 
sensitivity to detect HPV infection from specimens since an 
amplification process of PCR can enhance the sensitivity of 
detecting low virus copy numbers in samples. By using multi-
plex PCR-based test, the number of HPV subtypes that can be 
detected simultaneously can be significantly increased up to 

19 HPV subtypes (42). While the PCR test can confirm the 
existence of HPV in a specimen, it cannot determine whether 
the HPV infection is transient or promoting tumorigenesis (43). 

Another diagnostic marker for detecting a high-risk HPV in-
fection is p16 immunohistochemistry (IHC). Overexpression of 
p16 has been observed in specific types of cervical carcinoma 
such as cervical preneoplasia and invasive cervical cancer 
(44). In contrast, decreased p16 expression has been observed 
from normal cervix or other cervical cancer subtypes such as 
metaplastic cervical carcinomas (45). The overexpression of p16 
seems to be independent of HPV infection in cervical carcinomas 
because up to 57% of HPV negative cervical cancers display 
p16 protein expression (46, 47). 

For better classification of HPV-negative cervical cancers, 
specific histopathologic markers are required. For example, 
gastric-type adenocarcinoma of the cervix (GAS), a novel type 
of cervical carcinoma, is a HPV-negative cervical adenocar-
cinoma (48). GAS shows worse prognosis than HPV-positive 
adenocarcinoma (48), consistent with other studies showing 
poor clinical outcomes of HPV-negative cervical carcinomas 
(8, 10, 15, 26). To improve the accuracy of GAS diagnosis, 
IHC staining has been suggested to measure intra-cytoplasmic 
gastric type mucin, a GAS specific marker. Likewise, classifying 
subtypes of HPV-negative cervical carcinomas based on their 
histopathological characteristics will be essential to uncover 
tumorigenesis mechanisms of HPV-negative cervical carcinomas 
and identify novel biomarkers.

Limitation of cervical cancer model systems
One of the general challenges in cervical cancer research and 
drug discovery is generating cancer models. The most common 
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in vitro cervical cancer model is using human immortalized 
cancer cell lines. HeLa cell line named after Henrietta Lacks 
who died of an aggressive cervical cancer in 1951 is the oldest 
and most widely used cells in cancer research. Additionally, 
eight more immortalized cervical cancer cell lines have been 
established for cervical cancer research (Table 1). Two cervical 
cancer cell lines, C33A and OMC-4, represent HPV-negative 
cervical cancer. Other common cell lines, CaSki and SiHa, are 
HPV16-positive cervical cancer cell lines. Immortalized cervical 
cancer cell lines with HPV18 include HeLa, KB-V1/Vbj, and 
TMCC-1. ME180 is a cell line containing another high-risk HPV 
type, HPV68. The noticeable difference between HPV-negative 
and HPV-positive cervical cell lines is that the p53 tumor 
suppressor gene is mutated only in two HPV-negative cervical 
cell lines (49). It is plausible to speculate that p53 mutation is 
one of the critical steps in tumorigenesis of HPV-negative cer-
vical carcinomas. 

Recent studies have highlighted that conventional cell lines 
are limited to recapitulate biological characteristics of primary 
cervical cancer cells (50). Using immortalized cervical cancer 
cell lines is particularly discouraged for cancer drug develop-
ment research as it is impossible to permit squamous differen-
tiation of the ectocervix with these cell lines. Alternatively, 
organotypic epithelial raft cultures have been suggested to 
overcome limitations of immortalized cervical cancer cell lines 
in vitro (50).

For in vivo cervical cancer research, syngeneic and xenograft 
mouse models have been established. The most common mouse 
models of cervical cancer are syngeneic mouse models with 
TC-1 Luc cell line and C3 cell line (51). The TC-1 Luc cell line 
is generated by immortalizing primary lung cells of C57BL/6 
mouse with E6 and E7 oncogenes from HPV16 (52). The C3 
cell line is also a murine cell line from C57BL/6 embryonic 
cells. It contains both E and L oncogenes from HPV16 (53). 
Thus, syngeneic mouse models with C3 cell line can be used 
for studies targeting HPV16 L protein. The TC-1 Luc cell line is 
more frequently used for research studies focusing on HPV E 
proteins. Both cell lines are used for not only HPV-positive 
cervical cancer research, but also for HPV-positive head and 
neck cancer and HPV vaccine studies (41). Although both 
TC-1 Luc and C3 cell lines are widely used in studies of HPV 
infection associated diseases, mouse models from those cell 
lines have failed to mimic the specific pathogenesis of cervical 
carcinoma because the origin of these cells is not from cervix 
(52, 53). In addition, those syngeneic models can only re-
present HPV-positive cervical cancers as they are transduced 
to express viral proteins. Alternatively, U14 cell line, a murine 
uterine cervical cancer cell line, is another cell line used for 
generating cervical cancer mouse models. It was established 
from a murine primary cervical carcinoma not associated with 
HPV infection (54). However, whether murine cervical carci-
noma and human cervical carcinoma share common patho-
biological characteristics is currently unknown. Such knowledge 
gap may limit the use of syngeneic mouse model with U14 

cell line in human cervical cancer research. 
For generating cervical cancer xenograft mouse models, SiHa 

and HeLa cell lines are used. SiHa cell line is a squamous 
carcinoma cell line that contains HPV 16 oncogenes. HeLa 
cell line is an epithelial adenocarcinoma cell line that contains 
HPV18 oncogene (55). Human cell line-derived xenograft (CDX) 
models also have limitations as they can only be used for 
HPV-positive cervical cancer studies. For HPV-positive cervical 
cancer research, patient-derived xenograft (PDX) models have 
been established using two major subtypes of human cervical 
cancer: adenocarcinomas and squamous cell carcinoma (56). 
However, the PDX mouse model for HPV-negative cervical 
carcinoma has not been developed yet. The lack of HPV-nega-
tive cervical cancer in vivo models may be partially explained 
by the little demand of experimental models in research com-
munity or by our limited understanding on the tumorigenesis 
mechanisms of HPV-negative cervical carcinomas. 

FUTURE RESEARCH DIRECTIONS

Distinct tumorigenesis mechanisms of HPV-negative cervical 
cancer 
Several studies have suggested that HPV-negative cervical cancer 
might have distinct tumorigenic mechanisms as it has different 
pathobiological characteristics from HPV-positive cervical cancer 
(7, 9, 15, 48). As discussed earlier, our current understanding 
of HPV-negative cervical cancer etiology and progression is 
very poor compared to that for HPV infection associated car-
cinogenic pathways. Recently, a comprehensive genomic study 
was conducted to discover immunogenic alterations in HPV-posi-
tive and HPV-negative cervical cancers using RNA-seq, copy 
number variation, and genetic mutation analysis (57). This study 
identified that nine immune signature genes (BIR2, IL1RAP, 
MMP1, MMP3, MMP13, PIK3CA, PLD1, TFRC, and TNFSF10) 
were up-regulated with frequent genomic amplifications in 
HPV-positive cervical cancer, leading us to speculate that im-
mune alterations in HPV-negative cervical cancer might be dif-
ferent from those in HPV-positive cervical cancer. Such distinct 
immune response can be a novel therapeutic target to improve 
current treatment and develop personalized treatment options. 
More research studies are required to obtain a comprehensive 
understanding on distinct tumorigenesis mechanisms as well 
as differential immune responses of HPV-negative and HPV-posi-
tive cervical cancers. 

Mutations of tumor suppressor genes and oncogenes in 
other cancer types may provide some clues for deciphering the 
molecular etiology of HPV-negative cervical cancers. The KRAS 
oncogene is mutated in most HPV-negative cervical adenocar-
cinomas (7). Since KRAS mutation is also frequently observed 
in lung adenocarcinomas (58), these two distinct tumors may 
share a common tumorigenesis mechanism. Similarly, as men-
tioned earlier, HPV-negative cervical carcinomas are strongly 
associated with adenocarcinomas, including several rare sub-
types such as clear cell and gastric types (25). Cervical clear 
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cell adenocarcinomas are more likely to be observed in older 
cervical cancer patients accompanied by the loss of PTEN 
expression and increases of EGFR and HER2 expression (59). 
Gastric type endocervical adenocarcinoma shows frequent ge-
netic alterations of STK11/LKB1 and TP53 genes (59, 60). Identi-
fying molecular characteristics of HPV-negative carcinoma sub-
types with integrated genomics approaches will shed light on 
new research avenues to discover distinct oncogenic pathways 
of HPV-negative cervical cancer and new treatment options. 

Improvement of cervical cancer model system
To overcome limitations of current in vivo and in vitro cervical 
cancer models, new ideas to generate more human cancer-rele-
vant models have been proposed. Human cervical organoid is 
one of the most attractive tools because it can address critical 
limitation of current 2D immortalized cell line models that fail 
to represent female 3D reproductive tract and intra-tumor 
heterogeneity (61, 62). Several studies have shown that the esta-
blishment of human-derived normal ecto- and endo-cervical 
organoids as well as tumoroid can successfully recapitulate the 
tissue of origins (61-63). It is clear that cervical organoids can 
be used as an experimental platform for both HPV-positive and 
HPV-negative cervical cancer research. 

Patient-derived organoids can play an important role in dis-
covering molecular mechanisms of oncogenesis while main-
taining tumor heterogeneity as well as in drug discovery research. 
Patient-derived organoids represent the pathogenic diversity of 
cervical cancer subtypes including HPV-negative cervical adeno-
carcinomas (62). Recently, a patient-derived organoid model 
from a HPV-negative cervical clear cell carcinoma (cCCC), an 
extremely rare cervical cancer subtype, has been established 
(63). This study revealed that HPV negative cCCC organoid 
had different histological and genetic features compared to 
squamous cell carcinomas and that the oncogene MET was 
overexpressed in cCCC due to copy number gain of MET. 
Interestingly, MET downstream signaling pathways such as 
MEK/ERK and PI3K/AKT were not activated in MET overex-
pressing cCCC, suggesting noncanonical pro-oncogenic effects 
of MET (63). Taken together, those progresses support the idea 
that establishment of human-derived normal and tumorous 
cervical organoids provides a valuable tool for cervical cancer 
research, especially for studies on HPV-negative cervical carci-
nomas.

Exosomes
Exosomes are extracellular vesicles secreted by cells that play 
a critical role in intercellular communication. Exosomes carry 
cell-specific cargos of proteins, nucleic acids, and lipids (64). 
Contents of exosomes vary by cell origin and by pathological 
and physiological conditions of exosome-secreting cells (65). 
Tumor cells can secrete tumor-specific exosomes such as dys-
functional miRNAs involved in cancer pathogenesis (66). As 
exosomes can exist in body fluids, exosomal miRNAs can be 
used as non-invasive diagnostic biomarkers (67) and novel 

therapeutic targets to treat cervical cancer. 
A recent study has revealed the role of miR-221-3p, an exo-

somal miRNA, in promoting angiogenesis in cervical cancer 
(68). For both HPV-positive and HPV-negative cell lines (SiHa 
and CC3A), miR-221-3p can be transported via exosomes from 
cancer cells to vessel endothelial cells. miR-221-3p is corre-
lated with the density of microvascular in vitro. It can improve 
tumor growth in vivo (68). With these results, Wu et al. have 
concluded that exosomal miRNA-221-3p can be a potential 
therapeutic target and a diagnostic biomarker to study the 
progression of cancer (69). Zhang and colleagues have shown 
that other exosomal genetic materials such as lncRNAs are 
differentially expressed between patients with and without 
cervical cancer (70). Hence, the role of exosomes in cervical 
cancer requires more investigation to understand clinical impli-
cations for both improved diagnosis and treatment. 

Recently, Bhat et al. have suggested that there are quantita-
tive and qualitative differences in exosomal cargos between 
HPV-positive and HPV-negative cervical cancer cells (67). Using 
HPV-positive and HPV-negative cell lines, they showed that 
HPV-positive exosomes induced relatively more migration and 
angiogenesis, highlighting the role of exosomes as potential 
pharmacological targets for metastasis of cervical cancer. In a 
follow-up study, they screened exosomes from HPV-positive 
and HPV-negative cervical cancer cells and identified 3,099 
differentially expressed transcripts of lncRNAs (71). These studies 
show that exosomal lncRNAs can be used to differentiate 
HPV-positive and HPV-negative cervical cancer cases. Differ-
ences between exosomes secreted by HPV-positive and HPV- 
negative cervical cancer cells need further investigation as they 
may serve as a more accurate diagnostic tool for HPV-negative 
cervical cancer. 

CONCLUSIONS

In this review, we explored current clinical statistics of HPV 
independent cervical cancers. Although HPV-negative cervical 
cancer accounts for only less than 10% of total cervical cancer 
cases, its clinical impacts are not neglectable because HPV- 
negative cervical cancer patients show advanced FIGO stage at 
diagnosis and poorer prognosis than HPV-positive cases. More-
over, HPV-negative cervical cancers seem to have distinctive 
molecular features compared to HPV-positive cervical cancers, 
highlighting the possible discovery of novel targeted therapies 
for this type of cancer. However, our understanding on mole-
cular etiology and mechanisms of cancer progression of HPV- 
negative cervical cancer is very limited largely due to very few 
research studies focusing on this cancer type. Considering limit-
ations of currently available cervical cancer models, develop-
ment of novel cancer models is urgently needed for basic and 
translational research studies. In that regard, recent achieve-
ments in developing more physiologically relevant cancer models 
especially for HPV-negative cervical cancers such as patient- 
derived organoid model are prominent for future research studies. 
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