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Abstract

The molecular mechanisms of normal cervical squamous epithelium advancing to cervical
intraepithelial neoplasia (CIN) and eventually to cervical squamous cell carcinoma (CSCC)
are largely unknown. This study explored abnormal expression of Yin Yang 1 (YY1) in cervi-
cal cancer and its correlation with the expression of E-cadherin and human papillomavirus
(HPV) 16 E6. YY1, E-cadherin and HPV 16 E6 expression were detected by immunohis-
tochemistry in 90 cervical tissue specimens collected from 30 patients with hysteromyoma,
15 patients with CIN I, 15 patients with CIN II-1ll, and 30 patients with CSCC. The H-score
method was employed to measure the expression of YY1, E-cadherin and HPV16 E6.
Increased expression of YY1 and HPV16 E6, and the decreased expression levels of E-cad-
herin were strongly associated with malignant transformation of the cervical epithelium and
the histological progression of CSCC. The expression of YY1 in cervical tissues was
inversely correlated with E-cadherin expression, and positively correlated with HPV16 E6
expression. Expression of YY1 in CSCC tissues was not significantly correlated with tumor
differentiation, but was significantly correlated with an advanced clinical stage of CSCC.
These results suggest that up-regulation of YY1 is closely associated with the progression
of CSCC, and YY1 may play an important role in the pathogenesis of cervical cancer by
modulating the expression of E-cadherin and HPV16 E6.

Introduction

Cervical cancer is a common malignancy in women, of which the most frequent pathological
type is cervical squamous cell squamous carcinoma (CSCC). Current research suggests that
cervical cancer pathogenesis is associated with the persistent infection of high-risk human pap-
illomavirus (HPV) [1, 2]. However, the pathogenesis of cervical cancer is a complex process,
which involves multiple genes and gene-factors, thus, high-risk persistent HPV infection is not
the only factor in cervical cancer progression and pathogenesis. Apart from high-risk HPV
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infection, studies have demonstrated that various tumor-suppressors, oncogenes and tumor
growth factors are involved in these disease processes [3, 4]. In China, the incidence and mor-
tality of cervical cancer remains high, and the age of cervical cancer onset tends to be younger
[5]. In this regard, cervical cancer has become a serious threat to female health. Investigation
of cellular factors involved in the pathogenesis and progression of cervical cancer may provide
novel strategies for management of this malignancy.

Yin Yang 1 (YY1) is a ubiquitously distributed transcriptional factor belonging to the
GLI-Kruppel class of zinc finger proteins. YY1 can act as either transcriptional activators or
repressors in gene expression regulation [6, 7]. YY1 was found to be oncogenic in various
types of cancers, such as breast cancer, prostate cancer and lymphomas [8, 9]. Specifically,
studies have shown that YY1 is up-regulated in cervical cancer [10] in addition to negatively
regulating the expression of E-cadherin in the pathogenesis of breast cancer [11]. E-cadherin
acts as a tumor-suppressor and is critical for the formation and maintenance of adherent junc-
tions in areas of epithelial cell-cell contact. Most tumors have abnormal cellular architecture,
and loss of tissue integrity leads to local invasion. Thus, loss of E-cadherin critical cellular func-
tion correlates with increased invasiveness and metastasis of tumors [12, 13]. Recent studies
have demonstrated that low E-cadherin expression is a negative, independent prognostic fac-
tor in patients with cervical cancer [14].

The HPV16 E6 gene has been shown to be one of major oncogenes in high-risk persistent
HPV infection and closely associated cervical cancer pathogenesis. HPV16 E6 serves as an
important biomarker for the development of cervical cancer. Mechanistically, HPV16 E6 was
found to promote the pathogenesis and progression of cervical cancer via complex mecha-
nisms, such as suppressing p53 expression, regulating Daxx expression, and enhancing telome-
rase activity [15-17]. Studies have demonstrated that YY1 negatively regulates the HPV16 E6
expression in cervical cancer [18], suggesting that YY1 may target many downstream effectors
to regulate the pathogenesis and progression of cervical cancer.

Effects of YY1 on the expression of E-cadherin and HPV16 E6 has been documented in pre-
vious studies [11, 18]. Previously, we also demonstrated the novel miR-193a-5p-YY1-APC reg-
ulatory axis in regulation of endometrioid endometrial adenocarcinoma progression [19],
however, to the best of our knowledge, the expression of YY1, E-cadherin and HPV16 E6, as
well as the correlations between them, have not been reported on normal cervical tissues, cer-
vical intraepithelial neoplasia (CIN) tissues and CSCC tissues. In this study, the expression of
YY1, E-cadherin and HPV16 E6 in normal cervical tissues, CIN tissues and CSCC tissues was
determined by immunohistochemistry (IHC). The correlations between YY1 and E-cadherin
as well as HPV16 E6 were also analyzed. Our findings may provide new insights into under-
standing YY1-mediated pathogenesis of cervical cancer.

Materials and methods
Patients and clinical samples

A total of 90 patients, 30 patients with hysteromyoma, 15 patients with CIN I, 15 patients with
CIN II-11I, and 30 patients with CSCC were enrolled in this study. CIN or CSCC tissues were
collected from patients with CIN or CSCC receiving cervical biopsy and hysterectomy, and
normal cervical tissues were collected from patients with hysteromyoma receiving hystero-
myoma resection, and all the patients were HPV 16 DNA positive. The clinical characteristics
of patients are described in the results section. All the clinical samples were collected between
May 2013 and April 2015 at the Affiliated Hospital of Guilin Medical University. All clinical
specimens were kept in tissue paraffin blocks. Each pathological diagnosis was reviewed in a
double-blind manner by two experienced pathologists. The clinical stage of cervical cancer was
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defined according to criteria from the International Federation of Gynecology and Obstetrics
in 2009 [20]: 12 cases were diagnosed as Stage I5-Ig;, and 18 cases were diagnosed as Stage Ip,-
I14. With regards to tumor differentiation, 13 cases were well or moderately differentiated, and
17 cases were poorly differentiated. Patients who were pregnant, or who had received a previ-
ous cervical therapy or preoperative treatment, or who were diagnosed other types of malig-
nancies were excluded for the study. This study was reviewed and approved by the Ethics
Committee of the First Affiliated Hospital of Guilin Medical University, and written informed
consent was obtained from all patients.

Immunohistochemistry

Sections measuring 4-pm were sectioned from the paraffin-embedded cervical tissue sample
blocks. The tissue sections were de-paraffinized in xylene for 10 min, fixed using 100% ethanol
for 5 min, and then dehydrated with 95%, 85% and 75% ethanol. Antigen retrieval was per-
formed by placing the tissue sections in sodium citrate buffer (for YY1 and E-cadherin detec-
tion) or ETDA buffer (for HPV16 E6 detection). Application of a high voltage for 3 min was
then followed by natural cooling. Endogenous peroxide activity was reduced by placing the tis-
sue sections in the 3% hydrogen peroxide in methanol for 10 min at room temperature. The
sections were then washed twice with phosphate buffered saline (PBS) and incubated with the
primary antibodies: mouse anti-YY1 monoclonal antibodies (1:100, Santa Cruz, Dallas, USA),
rabbit anti-E-cadherin polyclonal antibodies (1:100, Santa Cruz), rabbit anti-HPV16 E6 poly-
clonal antibodies (1:100, Santa Cruz) overnight at 4°C. The sections were then washed with
PBS and incubated with corresponding secondary antibody for 30 min at room temperature.
The sections were then rinsed with PBS and incubated with diaminobenzidine (DAB) chromo-
gen for 3-5 min. Finally, the slides were counterstained with 10% hematoxylin, and stained
images were captured using a microscope with a digital camera.

Immunoreactive score (H-score)

The specimen signal strength was scored manually by two experienced pathologists using his-
tology slide images under 400x microscope and the following scale: 0, no signal above back-
ground; 1, weak signal; 2, moderate signal; and 3, strong to very strong signal. H-score was
calculated using the following formula: H-score = (% cells not stained x 0) + (% cells stained
weak x 1) + (% cells stained moderate x 2) + (% cells stained strong x 3).

Statistical analysis

All the statistical analyses were performed by using the statistical software, SPSS version 18.0
(Chicago, USA). Significant difference between two groups were analyzed by t-test, and signifi-
cant difference among more than two groups was analyzed by one-Way ANOVA. The correla-
tion analysis was performed using the Spearman rank correlation test. P<0.05 was considered
statistically significant.

Results
General clinical characteristics of the recruited subjects

In the present study, 30 women from control group were 32-52 years old with a mean age

0f 43.60 + 5.35. In the CIN group, age ranged from 26-46 years old with a mean age of

42.93 + 5.35 years old; and in the CSCC group age ranged from 37-59 years old with a mean
age of 40.67 + 6.29 years old. No significant difference was found between these subject groups
(P>0.05).
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Fig 1. Protein expression patterns of YY1, E-cadherin and HPV16 E6 in cervical tissues. Representative images of immunohistochemistry (400x) for (A) YY1,
(B) E-cadherin and (C) HPV16 E6 in normal cervical tissues.

https://doi.org/10.1371/journal.pone.0193340.9001

Expression of YY1, E-cadherin and HPV16 E6 in cervical tissues

The expression of YY1, E-cadherin and HPV16 E6 were detected by IHC. The negative control
images with corresponding isotypes (YY1, E-cadherin and HPV16 E6) were shown in S1 Fig.
YY1 expression was detected in all tissues examined, and the expression of YY1 was mainly
located in the nucleus (Fig 1A). E-cadherin was also detected in all tissues examined, and its
expression mainly located in the cell membrane (Fig 1B). For HPV16 E6 expression, the
expression of HPV16 E6 was mainly found in the cytosol (Fig 1C), and the HPV16 E6 expres-
sion was detected in 81.1% (73/90) of all tissues examined, 66.67% (20/30) in the normal tissue
group, 83.33% (25/30) in the CIN group, and 93.33% (28/30) in the CSCC group.

The expression of YY1, E-cadherin, and HPV16 E6 H-scores were compared between the
normal tissue group, CIN group and CSCC group. As shown in Fig 2A, there was no signifi-
cant difference in YY1 expression between the normal group and the CIN I group (P>0.05),
and the expression of YY1 in the CIN II-III group was significantly higher than that in normal
group and CIN I group (P<0.05). The expression of YY1 in the CSCC group was also signifi-
cantly higher than that in the normal group and the CIN I group (P<0.05), while no significant
difference was detected in terms of YY1 expression between the CIN II-III group and the
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Fig 2. Summary of YY1, E-cadherin, HPV16 E6 H-score results in cervical tissues from different histological groups. H-scores for (A) YY1, (B) E-cadherin
and (C) HPV16 E6 in normal group (n = 30), CIN I group (n = 15), CIN II-III group (n = 15) and CSCC group (n = 30). Significant differences between groups
were shown as *P<0.05, **P<0.01 and ***P<0.001. NS = not significant.

https://doi.org/10.1371/journal.pone.0193340.g002
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Fig 3. Protein expression patterns of YY1 in cervical tissues. Representative images of immunohistochemistry (400x) for YY1 in (A) normal cervical group, (B)
CIN group, and (C) CSCC group.

https://doi.org/10.1371/journal.pone.0193340.9003

CSCC group (P>0.05). The representative IHC images of YY1 in normal tissue, CIN and
CSCC groups are shown in Fig 3.

The expression results of E-cadherin are presented in Fig 2B, where there is significant dif-
ference of E-cadherin expression between CIN I and CIN II-III groups (P>0.05). The expres-
sion of E-cadherin in both CIN I and CIN II groups were significantly lower than that of the
normal group (P<0.05). Additionally, the expression of E-cadherin in the CSCC group was
significantly lower than that in normal, CIN I and CIN II-III groups (P<0.05). The representa-
tive IHC images of E-cadherin in normal, CIN, and CSCC groups were present in Fig 4.

The expression of HPV16 E6 was also compared among different tissue groups. As shown
in Fig 2C, the expression of HPV16 E6 in CIN II-III group was significantly higher than in
normal group and CIN I group (P<0.05). While there was no significant difference detected in
terms of HPV16 E6 expression between normal and CIN I groups (P>0.05). The expression of
HPV16 E6 in CSCC group was also significantly higher than that in the normal group and
CIN I group (P<0.05), while no significant difference for HPV16 E6 expression was found
between CIN II-III group and CSCC group (P>0.05). Fig 5 presents representative IHC
images of HPV16 E6 in control, CIN, and CSCC groups.

Correlation between YY1 expression and, E-cadherin or HPV16 E6,
expression in cervical tissues

The correlation between YY1 expression and, E-cadherin or HPV16 E6 expression in all cervi-
cal tissues was analyzed by Spearman’s rank correlation test. As shown in Table 1, YY1

Fig 4. Protein expression patterns of E-cadherin in cervical tissues. Representative images of immunohistochemistry (400x) for E-cadherin in (A) normal group,
(B) CIN group, and (C) CSCC group.

https://doi.org/10.1371/journal.pone.0193340.g004
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Fig 5. Protein expression patterns of HPV16 E6 in cervical tissues. Representative images of immunohistochemistry (400x) for HPV16 E6 in (A) normal group,

(B) CIN group, and (C) CSCC group.

https://doi.org/10.1371/journal.pone.0193340.g005

Table 1. The correlation between YY1 and E-cadherin/HPV16 E6 in the recruited patients.

Parameters r values P values
E-cadherin -0.523 <0.001
HPV16 E6 0.444 <0.001

https://doi.org/10.1371/journal.pone.0193340.t001

expression was negatively correlated with E-cadherin expression in all cervical tissues exam-
ined (r = -0.523, P<0.001). However, YY1 expression was positively correlated with HPV16 E6
expression in all cervical tissues examined (r = 0.444, P<0.001). Representative images of
sequential sections for YY1 and E-cadherin staining in control, CIN, and CSCC groups is

shown in Fig 6.

Fig 6. Protein expression patterns of YY1 and E-cadherin in cervical tissues. The representative images of sequential sections (400x) for YY1 in (A) normal

group, (B) CIN group, and (C) CSCC group, and E-cadherin in (D) normal group, (E) CIN group, and (F) CSCC group.

https://doi.org/10.1371/journal.pone.0193340.g006
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Table 2. The expression of YY1 in patients with cervical squamous cell carcinoma subgrouped by clinical pathologic factors.

Clinical pathologic factors Classification Patient number H-score P values

Tumor differentiation Well or moderately differentiated 13 3.18 £0.63 0.7631
Poorly differentiated 17 3.25+0.62

FIGO stage L, In, 12 2.72£0.38 <0.001
Ipy, Ia 18 3.55+0.50

https://doi.org/10.1371/journal.pone.0193340.t002

Correlation between YY1 expression and clinical pathological factors in
CSCC group

The CSCC group was divided into two groups based on tumor differentiation i.e. well or mod-
erately differentiated vs. poorly differentiated. There was no significant difference in YY1
expression between the two groups (Table 2, P = 0.7631). In addition, the CSCC group was
also divided into two groups according to FIGO stage i.e. I4-Ip; vs. Ip,-I14. The expression of
YY1 in Ip,-II5 group was significantly higher than that in I,-Ip; group (Table 2, P<0.001).
Spearman’s rank correlation analysis further revealed that the YY1 expression was not signifi-
cantly correlated with tumor differentiation (r = 0.7744, P>0.05), while its expression was pos-
itively correlated with more advanced FIGO stage (r = 0.6771, P<0.001).

Discussion

YY1 is a ubiquitously distributed transcriptional factor that belongs to the GLI-Kruppel class
of zinc finger proteins, and it is located in the telomeres of chromosome 14q32.2. YY1 can act
as either a transcriptional activator or transcriptional repressor in gene expression regulation
[21, 22]. Mounting evidence from cancer studies has revealed that YY1 is involved cell cycle
regulation, cell proliferation and apoptosis as well as modulation of oncogenes and tumor-sup-
pressor genes expression [23]. YY1 was found to be involved in tumor invasion and migration
by regulating the epithelial-mesenchymal transition (EMT) process, and YY1 promoted EMT
in tumor cells via NF-xB/Snail/YY1/RKIP/PTEN signaling [24]. The abnormal expression of
YY1 has been reported in various types of cancers, and its abnormal expression has been
linked to poor prognosis in cancer patients [25]. Overexpression of YY1 predicted poor prog-
nosis in breast cancer and non-Hodgkin lymphoma, while the YY1 overexpression was found
to be inversely correlated with poor prognosis in prostate cancer [25]. Studies have also dem-
onstrated up-regulation of YY1 in the cervical cancer [18], which implicates YY1 overexpres-
sion in poor prognosis prediction in cervical cancer.

In the present study, the expression of YY1, E-cadherin and HPV16 E6 in normal cervical
tissues, CIN tissues and CSCC tissues at histological level using THC for the first time. The cor-
relation between YY1 and E-cadherin/HPV16 E6 expression was also explored. YY1 was
expressed in the cell nucleus, in agreement with its functional role as a transcriptional regula-
tor. We also found that YY1 was up-regulated in CSCC tissues when compared to normal cer-
vical or CIN I tissue, suggesting a potential relationship between YY1 and the pathogenesis of
cervical cancer. The expression of YY1 in CSCC tissues was positively correlated with advance
FIGO stage, but was not correlated with the tumor differentiation, suggesting that YY1 may
also be associated the CSCC infiltration.

E-cadherin belongs to the cadherin protein family and is mainly expressed in the mem-
brane of the epithelial cells. It is critical for the formation and maintenance of adherent junc-
tions in areas of epithelial cell-cell contact. E-cadherin is an important tumor suppressor and
down-regulation of E-cadherin can promote EMT, a critical process for the metastasis and
invasion for malignant tumors originating in the epithelial [14]. As an important regulator of
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EMT, loss of E-cadherin suppresses cell adhesion and polarity, which promotes EMT in tumor
cells. Studies have suggested that E-cadherin may serve as an important biomarker for tumor
malignancy, metastasis, recurrence and prognosis in cervical cancer [12].

In the present study, E-cadherin was found in the cell membrane of all the cervical tissues
examined, meaning E-cadherin may be related to cell adhesion mediation. Our results demon-
strated that E-cadherin expression in CSCC tissues was significantly lower than that in normal
cervical tissues and CIN tissues. Additionally, down-regulation of E-cadherin may suppress
cell adhesion and promote EMT, which can subsequently enhance tumor invasion and metas-
tasis in CSCC. In our study, though no significant difference for E-cadherin expression
between CIN I and CIN II-III groups was detected, the expression of E-cadherin in CIN II-III
group tended to be higher than in the CIN I group. This finding is contrary to hypothesis that
decreased E-cadherin expression is inversely correlated with increased malignancy in cervical
cancer. Such a contradiction may be explained by the limited number of samples and varia-
tions in H-scores, thus, in future studies, more clinical samples should be examined to confirm
the relationship between E-cadherin expression and progression of cervical cancer.

The expression of E-cadherin is regulated by various cellular factors in the tumor. The pro-
moter region of human E-cadherin contains two E-box, and Snail competitively binds to E-
box as a promoter, which in turn suppresses the expression of E-cadherin. In addition, MMP-
9 has been found to suppress the expression of E-cadherin [26]. In breast cancer, YY1 sup-
presses the expression of E-cadherin via NF-xB/Snail/YY1/RKIP/PTEN signaling [24], as well
as via the methylation process [27]. In this regard, we hypothesized that YY1 suppresses the
expression of E-cadherin in cervical cancer. In the present study, we found that the expression
of YY1 was negatively correlated with the expression of E-cadherin. These findings imply that
YY1 promotes tumor metastasis in cervical cancer via suppression of E-cadherin expression.
The underlying molecular mechanism involving the interaction between YY1 and E-cadherin
may require further investigations.

HPVs are a group of circular dsDNA viruses that infect epithelia cells, and recipient cell
entering the M phase is critical for the infection of HPV [28], and HPV-DNA integration into
cellular chromatin is usually for pathogenesis in HPV-related cancer [29]. The HPV16 E6 pro-
tein is the major proto-oncogenic protein of this virus; it is involved in many critical pathogen-
esis pathways in cervical cancer. Studies have shown that HPV16 E6 can bind to E6 associated
protein (E6AP) to form the E6-E6AP complex; the E6-E6AP complex subsequently binds to
P53, causing it to degrade [30]; HPV 16 E6 expression inhibited the stabilization of p53 and
promoted tumorigenesis via genome destabilization [31, 32]. In addition, HPV 16 E6 protein
can bind Bak to stimulate Bak degradation and reduce Bak-induced apoptosis, which may con-
tribute to the oncogenic potential of the virus [33]. Studies from Klingelhutz et al., also showed
that HPV16 E6 protein can induce telomerase activation [34]. Evidence from animal studies
showed that HPV E6 and E7 proteins acted synergistically to cause head and neck cancer in
mice [35]. Additionally, studies have reported that the E-cadherin promoter is repressed in
cells expressing HPV 16 E6, resulting in fewer E-cadherin transcripts. E-cadherin regulation by
HPV16 E6 has been suggested to contribute to viral immune evasion, as adhesion between ker-
atinocytes and the epidermal antigen presenting cells are E-cadherin-mediated [36]. Addi-
tional studies have also shown that HPV16 E6 regulates the expression of E-cadherin via
targeting Wnt/B-catenin signaling pathway [37]. HPV16 E6 was shown to activate human telo-
merase reverse transcriptase, which was suggested as an important mechanism of HPV16
E6-mediated tumorigenesis [38].

Our results demonstrated that the expression of HPV16 E6 in CSCC tissues was higher
than that in normal cervical and CIN I tissues, suggesting that HPV16 E6 may be involved
in the CSCC pathogenesis. In addition, the expression of HPV16 E6 in CIN II-III tissues
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was higher than that in CIN I tissues, but was similar to those levels found in CSCC tissues,
suggesting that patients with CIN II-III may have high-risk of progressing into CSCC.
Correlation analysis further revealed that the expression of YY1 in CSCC tissues was posi-
tively correlated with expression of HPV16 E6, suggesting that YY1 can promote the expres-
sion of HPV16 E6 in cervical cancer pathogenesis. In in vitro study, YY1 was found to
repress HPV16 E6 promoter by quenching the AP-1 activity in HeLa cells [39]. However,
the E6 promoter of extrachromosomal HPV16 DNA in cervical cancer escaped cellular
repression by mutating YY1 target sequences [40]. Further experimentation suggested that
mutation of YY1-motifs long control regions is one of the mechanisms for enhancement of
HPV oncogene expression during cancer cell progression [41]. More mechanistic studies
should be performed to clarify this discrepancy about the interaction between YY1 and
HPV16 E6.

In summary, the present study demonstrated that the abnormal expression of YY1, E-cad-
herin and HPV16 E6 were associated with cervical squamous cell carcinoma progression.
There was a negative correlation between YY1 expression and E-cadherin expression, and pos-
itive correlation between YY1 expression and HVP16 E6 expression in cervical cancer tissues.
These results suggest that YY1 may play an important role in the development of cervical can-
cer by modulating the expression of E-cadherin and HPV16 E6.
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S1 Fig. Negative control staining images for YY1, E-cadherin and HPV16 E6 in cervical tis-
sues. Representative images (400x) of isotype controls for YY1 staining in (A) normal cervical
group, (B) CIN group, and (C) CSCC group; representative images (400x) of isotype controls
for E-cadherin staining in (D) normal cervical group, (E) CIN group, and (F) CSCC group;
representative images (400x) of isotype controls for HPV16 E6 staining in in (G) normal cervi-
cal group, (H) CIN group, and (I) CSCC group.

(DOCX)

S2 Fig. Ethics approval Page 1.
(TIF)

S3 Fig. Ethics approval Page 2.
(TIF)

S4 Fig. Ethics approval Page 3.
(TIF)

Author Contributions
Conceptualization: Wanxue Wang, Yuan Ye, Yihua Yang.
Data curation: Wanxue Wang, Zhenni Yue, Zhengping Tian, Yihua Yang.

Formal analysis: Zhenni Yue, Zhengping Tian, Yiran Xie, Jiamiao Zhang, Yuanping She, Bing
Yang, Yihua Yang.

Funding acquisition: Yihua Yang.
Investigation: Wanxue Wang, Zhenni Yue, Zhengping Tian, Yihua Yang.
Methodology: Bing Yang.

Supervision: Yuan Ye, Yihua Yang.

PLOS ONE | https://doi.org/10.1371/journal.pone.0193340 February 22,2018 9/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0193340.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0193340.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0193340.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0193340.s004
https://doi.org/10.1371/journal.pone.0193340

@° PLOS | ONE

YY1 and cervical cancer

Writing - original draft: Yihua Yang.

Writing - review & editing: Yiran Xie, Jiamiao Zhang, Yuanping She, Bing Yang.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

Ramachandran B. Functional association of oestrogen receptors with HPV infection in cervical carcino-
genesis. Endocrine-related cancer. 2017; 24(4):R99-R108. Epub 2017/03/12. https://doi.org/10.1530/
ERC-16-0571 PMID: 28283546.

Small W Jr., Bacon MA, Bajaj A, Chuang LT, Fisher BJ, Harkenrider MM, et al. Cervical cancer: A global
health crisis. Cancer. 2017; 123(13):2404—12. Epub 2017/05/04. https://doi.org/10.1002/cncr.30667
PMID: 28464289.

Li XY, Wang X. The role of human cervical cancer oncogene in cancer progression. International journal
of clinical and experimental medicine. 2015; 8(6):8363-8. Epub 2015/08/27. PMID: 26309489.

Tomao F, Di Tucci C, Imperiale L, Boccia SM, Marchetti C, Palaia |, et al. Cervical cancer: are there
potential new targets? An update on preclinical and clinical results. Current drug targets. 2014; 15
(12):1107-20. Epub 2014/10/11. PMID: 25300780.

Olson B, Gribble B, Dias J, Curryer C, Vo K, Kowal P, et al. Cervical cancer screening programs and
guidelines in low- and middle-income countries. International journal of gynaecology and obstetrics: the
official organ of the International Federation of Gynaecology and Obstetrics. 2016; 134(3):239-46.
Epub 2016/06/29. https://doi.org/10.1016/j.ijgo.2016.03.011 PMID: 27350227

Bonavida B, Kaufhold S. Prognostic significance of YY1 protein expression and mRNA levels by bioin-
formatics analysis in human cancers: a therapeutic target. Pharmacology & therapeutics. 2015;
150:149-68. Epub 2015/01/27. https://doi.org/10.1016/j.pharmthera.2015.01.011 PMID: 25619146.

ShiJ, Hao A, Zhang Q, Sui G. The role of YY1 in oncogenesis and its potential as a drug target in cancer
therapies. Current cancer drug targets. 2015; 15(2):145-57. Epub 2015/03/31. PMID: 25817371.

Kashyap V, Bonavida B. Role of YY1 in the pathogenesis of prostate cancer and correlation with bioin-
formatic data sets of gene expression. Genes & cancer. 2014; 5(3—4):71-83. Epub 2014/07/24. https://
doi.org/10.18632/genesandcancer.12 PMID: 25053986.

Zhang Q, Stovall DB, Inoue K, Sui G. The oncogenic role of Yin Yang 1. Critical reviews in oncogenesis.
2011; 16(3—4):163-97. Epub 2012/01/18. PMID: 22248053.

Kaufhold S, Garban H, Bonavida B. Yin Yang 1 is associated with cancer stem cell transcription factors
(SOX2, OCT4, BMI1) and clinical implication. Journal of experimental & clinical cancer research: CR.
2016; 35:84. Epub 2016/05/27. https://doi.org/10.1186/s13046-016-0359-2 PMID: 27225481.

Yao R, Jiang H, Ma 'Y, Wang L, Wang L, Du J, et al. PRMT7 induces epithelial-to-mesenchymal transi-
tion and promotes metastasis in breast cancer. Cancer research. 2014; 74(19):5656—67. Epub 2014/
08/20. https://doi.org/10.1158/0008-5472.CAN-14-0800 PMID: 25136067

PengJ, Qi S, Wang P, LiW, Song L, Liu C, et al. Meta-analysis of downregulated E-cadherin as a poor
prognostic biomarker for cervical cancer. Future oncology (London, England). 2016; 12(5):715-26.
Epub 2015/12/15. https://doi.org/10.2217/fon.15.332 PMID: 26653706.

Prieto-Garcia E, Diaz-Garcia CV, Garcia-Ruiz |, Agullo-Ortuno MT. Epithelial-to-mesenchymal transi-
tion in tumor progression. Medical oncology (Northwood, London, England). 2017; 34(7):122. Epub
2017/06/01. https://doi.org/10.1007/s12032-017-0980-8 PMID: 28560682.

Huang X, Qian Y, Wu H, Xie X, Zhou Q, Wang Y, et al. Aberrant expression of osteopontin and E-cad-
herin indicates radiation resistance and poor prognosis for patients with cervical carcinoma. The journal
of histochemistry and cytochemistry: official journal of the Histochemistry Society. 2015; 63(2):88—98.
Epub 2014/11/09. https://doi.org/10.1369/0022155414561329 PMID: 25380749.

Yang X, Lu L. Expression of HPV-16 E6 protein and p53 inactivation increases the uterine cervical can-
cer invasion. Drug research. 2015; 65(2):70-3. Epub 2014/05/17. https://doi.org/10.1055/s-0034-
1372614 PMID: 24831244.

Zhou L, Zhang H, Huang C, Pang X, Zhang S. [Expression of Daxx and HPV16 E6 and its significance
in cervical lesions]. Zhonghua yi xue za zhi. 2015; 95(37):3050-3. Epub 2016/01/28. PMID: 26814089.

Vega-Pena A, lllades-Aguiar B, Flores-Alfaro E, Lopez-Bayghen E, Leyva-Vazquez MA, Castaneda-
Saucedo E, et al. Risk of progression of early cervical lesions is associated with integration and persis-
tence of HPV-16 and expression of E6, Ki-67, and telomerase. Journal of cytology. 2013; 30(4):226-32.
Epub 2014/03/22. https://doi.org/10.4103/0970-9371.126644 PMID: 24648664.

Dong XP, Stubenrauch F, Beyer-Finkler E, Pfister H. Prevalence of deletions of YY1-binding sites in
episomal HPV 16 DNA from cervical cancers. International journal of cancer. 1994; 58(6):803-8. Epub
1994/09/15. PMID: 7927871.

PLOS ONE | https://doi.org/10.1371/journal.pone.0193340 February 22,2018 10/12


https://doi.org/10.1530/ERC-16-0571
https://doi.org/10.1530/ERC-16-0571
http://www.ncbi.nlm.nih.gov/pubmed/28283546
https://doi.org/10.1002/cncr.30667
http://www.ncbi.nlm.nih.gov/pubmed/28464289
http://www.ncbi.nlm.nih.gov/pubmed/26309489
http://www.ncbi.nlm.nih.gov/pubmed/25300780
https://doi.org/10.1016/j.ijgo.2016.03.011
http://www.ncbi.nlm.nih.gov/pubmed/27350227
https://doi.org/10.1016/j.pharmthera.2015.01.011
http://www.ncbi.nlm.nih.gov/pubmed/25619146
http://www.ncbi.nlm.nih.gov/pubmed/25817371
https://doi.org/10.18632/genesandcancer.12
https://doi.org/10.18632/genesandcancer.12
http://www.ncbi.nlm.nih.gov/pubmed/25053986
http://www.ncbi.nlm.nih.gov/pubmed/22248053
https://doi.org/10.1186/s13046-016-0359-2
http://www.ncbi.nlm.nih.gov/pubmed/27225481
https://doi.org/10.1158/0008-5472.CAN-14-0800
http://www.ncbi.nlm.nih.gov/pubmed/25136067
https://doi.org/10.2217/fon.15.332
http://www.ncbi.nlm.nih.gov/pubmed/26653706
https://doi.org/10.1007/s12032-017-0980-8
http://www.ncbi.nlm.nih.gov/pubmed/28560682
https://doi.org/10.1369/0022155414561329
http://www.ncbi.nlm.nih.gov/pubmed/25380749
https://doi.org/10.1055/s-0034-1372614
https://doi.org/10.1055/s-0034-1372614
http://www.ncbi.nlm.nih.gov/pubmed/24831244
http://www.ncbi.nlm.nih.gov/pubmed/26814089
https://doi.org/10.4103/0970-9371.126644
http://www.ncbi.nlm.nih.gov/pubmed/24648664
http://www.ncbi.nlm.nih.gov/pubmed/7927871
https://doi.org/10.1371/journal.pone.0193340

@° PLOS | ONE

YY1 and cervical cancer

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

YangY, Zhou L, Lu L, Wang L, Li X, Jiang P, et al. A novel miR-193a-5p-YY1-APC regulatory axis in
human endometrioid endometrial adenocarcinoma. Oncogene. 2013; 32(29):3432—42. Epub 2012/08/
22. https://doi.org/10.1038/onc.2012.360 PMID: 22907428.

Pecorelli S. Revised FIGO staging for carcinoma of the vulva, cervix, and endometrium. International
journal of gynaecology and obstetrics: the official organ of the International Federation of Gynaecology
and Obstetrics. 2009; 105(2):103—4. Epub 2009/04/16. PMID: 19367689.

Deng Z, Cao P, Wan MM, Sui G. Yin Yang 1: a multifaceted protein beyond a transcription factor. Tran-
scription. 2010; 1(2):81—4. Epub 2011/02/18. https://doi.org/10.4161/trns.1.2.12375 PMID: 21326896.

Gordon S, Akopyan G, Garban H, Bonavida B. Transcription factor YY1: structure, function, and thera-
peutic implications in cancer biology. Oncogene. 2006; 25(8):1125-42. Epub 2005/11/30. https://doi.
org/10.1038/sj.onc.1209080 PMID: 16314846.

Zhu W, Olson SY, Garban H. Transcription regulator Yin-yang 1: from silence to cancer. Critical reviews
in oncogenesis. 2011; 16(3—4):227-38. Epub 2012/01/18. PMID: 22248056.

Bonavida B, Baritaki S. The novel role of Yin Yang 1 in the regulation of epithelial to mesenchymal tran-
sition in cancer via the dysregulated NF-kappaB/Snail/YY1/RKIP/PTEN Circuitry. Critical reviews in
oncogenesis. 2011; 16(3—4):211-26. Epub 2012/01/18. PMID: 22248055.

Castellano G, Torrisi E, Ligresti G, Malaponte G, Militello L, Russo AE, et al. The involvement of the
transcription factor Yin Yang 1 in cancer development and progression. Cell cycle (Georgetown, Tex).
2009; 8(9):1367-72. Epub 2009/04/04. https://doi.org/10.4161/cc.8.9.8314 PMID: 19342874.

Roca F, Mauro LV, Morandi A, Bonadeo F, Vaccaro C, Quintana GO, et al. Prognostic value of E-cad-
herin, beta-catenin, MMPs (7 and 9), and TIMPs (1 and 2) in patients with colorectal carcinoma. Journal
of surgical oncology. 2006; 93(2):151-60. Epub 2006/01/21. https://doi.org/10.1002/js0.20413 PMID:
16425303.

Sun L, Fang J. Epigenetic regulation of epithelial-mesenchymal transition. Cellular and molecular life
sciences: CMLS. 2016; 73(23):4493-515. Epub 2016/10/23. https://doi.org/10.1007/s00018-016-2303-
1 PMID: 27392607.

Pyeon D, Pearce SM, Lank SM, Ahlquist P, Lambert PF. Establishment of human papillomavirus infec-
tion requires cell cycle progression. PLoS pathogens. 2009; 5(2):e1000318. Epub 2009/02/28. https://
doi.org/10.1371/journal.ppat.1000318 PMID: 19247434.

Pastuszak-Lewandoska D, Bartosinska-Dyc A, Migdalska-Sek M, Czarnecka KH, Nawrot E, Domanska
D, et al. HPV16 E6*Il gene expression in intraepithelial cervical lesions as an indicator of neoplastic
grade: a pilot study. Medical oncology (Northwood, London, England). 2014; 31(3):842. Epub 2014/01/
18. https://doi.org/10.1007/s12032-014-0842-6 PMID: 24436016.

Zanier K, ould M’hamed ould Sidi A, Boulade-Ladame C, Rybin V, Chappelle A, Atkinson A, et al. Solu-
tion structure analysis of the HPV16 E6 oncoprotein reveals a self-association mechanism required for
E6-mediated degradation of p53. Structure (London, England: 1993). 2012; 20(4):604—17. Epub 2012/
04/10. https://doi.org/10.1016/j.str.2012.02.001 PMID: 22483108.

Wallace NA, Robinson K, Galloway DA. Beta human papillomavirus E6 expression inhibits stabilization
of p53 and increases tolerance of genomic instability. Journal of virology. 2014; 88(11):6112—27. Epub
2014/03/22. https://doi.org/10.1128/JVI.03808-13 PMID: 24648447.

Lechner MS, Laimins LA. Inhibition of p53 DNA binding by human papillomavirus E6 proteins. Journal
of virology. 1994; 68(7):4262—73. Epub 1994/07/01. PMID: 8207801.

Thomas M, Banks L. Human papillomavirus (HPV) E6 interactions with Bak are conserved amongst E6
proteins from high and low risk HPV types. The Journal of general virology. 1999; 80 (Pt 6):1513-7.
Epub 1999/06/22. https://doi.org/10.1099/0022-1317-80-6-1513 PMID: 10374970.

Klingelhutz AJ, Foster SA, McDougall JK. Telomerase activation by the E6 gene product of human pap-
illomavirus type 16. Nature. 1996; 380(6569):79-82. Epub 1996/03/07. https://doi.org/10.1038/
38007920 PMID: 8598912.

Jabbar S, Strati K, Shin MK, Pitot HC, Lambert PF. Human papillomavirus type 16 E6 and E7 oncopro-
teins act synergistically to cause head and neck cancer in mice. Virology. 2010; 407(1):60-7. Epub
2010/08/28. https://doi.org/10.1016/j.virol.2010.08.003 PMID: 20797753.

Tang A, Amagai M, Granger LG, Stanley JR, Udey MC. Adhesion of epidermal Langerhans cells to ker-
atinocytes mediated by E-cadherin. Nature. 1993; 361(6407):82—5. Epub 1993/01/07. https://doi.org/
10.1038/361082a0 PMID: 8421498.

D’Costa ZJ, Jolly C, Androphy EJ, Mercer A, Matthews CM, Hibma MH. Transcriptional repression of E-
cadherin by human papillomavirus type 16 E6. PloS one. 2012; 7(11):e48954. Epub 2012/11/29.
https://doi.org/10.1371/journal.pone.0048954 PMID: 23189137.

Cheng YW, Wu TC, Chen CY, Chou MC, Ko JL, Lee H. Human telomerase reverse transcriptase acti-
vated by E6 oncoprotein is required for human papillomavirus-16/18-infected lung tumorigenesis.

PLOS ONE | https://doi.org/10.1371/journal.pone.0193340 February 22,2018 11/12


https://doi.org/10.1038/onc.2012.360
http://www.ncbi.nlm.nih.gov/pubmed/22907428
http://www.ncbi.nlm.nih.gov/pubmed/19367689
https://doi.org/10.4161/trns.1.2.12375
http://www.ncbi.nlm.nih.gov/pubmed/21326896
https://doi.org/10.1038/sj.onc.1209080
https://doi.org/10.1038/sj.onc.1209080
http://www.ncbi.nlm.nih.gov/pubmed/16314846
http://www.ncbi.nlm.nih.gov/pubmed/22248056
http://www.ncbi.nlm.nih.gov/pubmed/22248055
https://doi.org/10.4161/cc.8.9.8314
http://www.ncbi.nlm.nih.gov/pubmed/19342874
https://doi.org/10.1002/jso.20413
http://www.ncbi.nlm.nih.gov/pubmed/16425303
https://doi.org/10.1007/s00018-016-2303-1
https://doi.org/10.1007/s00018-016-2303-1
http://www.ncbi.nlm.nih.gov/pubmed/27392607
https://doi.org/10.1371/journal.ppat.1000318
https://doi.org/10.1371/journal.ppat.1000318
http://www.ncbi.nlm.nih.gov/pubmed/19247434
https://doi.org/10.1007/s12032-014-0842-6
http://www.ncbi.nlm.nih.gov/pubmed/24436016
https://doi.org/10.1016/j.str.2012.02.001
http://www.ncbi.nlm.nih.gov/pubmed/22483108
https://doi.org/10.1128/JVI.03808-13
http://www.ncbi.nlm.nih.gov/pubmed/24648447
http://www.ncbi.nlm.nih.gov/pubmed/8207801
https://doi.org/10.1099/0022-1317-80-6-1513
http://www.ncbi.nlm.nih.gov/pubmed/10374970
https://doi.org/10.1038/380079a0
https://doi.org/10.1038/380079a0
http://www.ncbi.nlm.nih.gov/pubmed/8598912
https://doi.org/10.1016/j.virol.2010.08.003
http://www.ncbi.nlm.nih.gov/pubmed/20797753
https://doi.org/10.1038/361082a0
https://doi.org/10.1038/361082a0
http://www.ncbi.nlm.nih.gov/pubmed/8421498
https://doi.org/10.1371/journal.pone.0048954
http://www.ncbi.nlm.nih.gov/pubmed/23189137
https://doi.org/10.1371/journal.pone.0193340

:@.’ PLOS | ONE YY1 and cervical cancer

Clinical cancer research: an official journal of the American Association for Cancer Research. 2008;
14(22):7173-9. Epub 2008/11/18. https://doi.org/10.1158/1078-0432.ccr-08-0850 PMID: 19010833.

39. (O’Connor MJ, Tan SH, Tan CH, Bernard HU. YY1 represses human papillomavirus type 16 transcrip-

tion by quenching AP-1 activity. Journal of virology. 1996; 70(10):6529-39. Epub 1996/10/01. PMID:
8794287.

40. Gray E, Pett MR, Ward D, Winder DM, Stanley MA, Roberts |, et al. In vitro progression of human papil-
lomavirus 16 episome-associated cervical neoplasia displays fundamental similarities to integrant-
associated carcinogenesis. Cancer research. 2010; 70(10):4081-91. Epub 2010/05/06. https://doi.org/
10.1158/0008-5472.CAN-09-3335 PMID: 20442284.

41. Pientong C, Wongwarissara P, Ekalaksananan T, Swangphon P, Kleebkaow P, Kongyingyoes B, et al.
Association of human papillomavirus type 16 long control region mutation and cervical cancer. Virology
journal. 2013; 10:30. Epub 2013/01/25. https://doi.org/10.1186/1743-422X-10-30 PMID: 23343096.

PLOS ONE | https://doi.org/10.1371/journal.pone.0193340 February 22,2018 12/12


https://doi.org/10.1158/1078-0432.ccr-08-0850
http://www.ncbi.nlm.nih.gov/pubmed/19010833
http://www.ncbi.nlm.nih.gov/pubmed/8794287
https://doi.org/10.1158/0008-5472.CAN-09-3335
https://doi.org/10.1158/0008-5472.CAN-09-3335
http://www.ncbi.nlm.nih.gov/pubmed/20442284
https://doi.org/10.1186/1743-422X-10-30
http://www.ncbi.nlm.nih.gov/pubmed/23343096
https://doi.org/10.1371/journal.pone.0193340

