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Abstract: Objective: We aimed to discuss the predictive effect and accuracy of HPVPL1 protein and human papil-
loma virus (HPV) DNA load in patients with cervical lesions. Methods: A total of, 103 patients with cervical lesions 
in our hospital were selected as subjects of study and included in an observation group (OG) and 24 patients with 
chronic inflammation (CI) and healthy physical examination who received treatment in the same period were includ-
ed in the control group (CG). A definite diagnosis was made in all patients through histocytological examination. The 
HC2 technology was used for the measurement of HPV DNA load in patients; and immunohistochemistry (IHC) was 
used for the measurement of HPVPL1 protein in cervical exfoliated cells (CEC) in the two groups. The histocytologi-
cal diagnosis results were taken as the gold standard to compare the predictive effect of HPVPL1 protein and HPV 
DNA load in cervical diseases. Results: A definite diagnosis of cervical lesions was made in 127 patients through 
histocytological examination. Thereinto, there were 103 patients with cervical lesions, including 27 with CIN1, 32 
with CIN2 and 24 with CIN3. There were 24 patients with CI in the CG. The negative rate (NR) of HPV DNA load in 
the OG was lower than that in the CG (P<0.05). There were statistical differences in NR of CIN Stage I, CIN Stage II, 
CIN Stage III and HPV DNA load in cervical cancer (CC) in the OG (P<0.05). The positive rate (PR) of HPVPL1 protein 
in CEC in the OG was higher than that in the CG (P<0.05). The sensitivity and specificity of HPVPL1 combined with 
HPV DNA load in cervical lesions were higher than those of single HPVPL1 or HPV DNA load (P<0.05). Conclusion: 
The expression of HPVPL1 protein in CEC showed a descending trend in patients with cervical lesions while the HPV 
DNA load showed a rising trend, so the joint detection through the two methods could predict cervical diseases and 
is worthy of promotion and application.
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Introduction

CC is a common malignant tumor in found clini-
cal practice. About 530,000 global patients 
suffer from CC every year and over 85.0% of 
them are from developing countries. Every year, 
about 275,000 patients die of CC [1, 2]. 
Previous research showed [3] that HPV infec-
tion was the inducing factor of CC and CC inci-
dence could be reduced through early detec-
tion and diagnosis. A large amount of research 
showed that the persistent HPV infection was 
the necessary condition for CC and precancer-
ous lesions. Besides, HPV16 and HPV18 were 
the most common ones in 14 types of HPV and 
more than 70.0% of CC cases were caused by 
HPV16/18 infection. According to WHO Gui- 

dance, it is suggested that HPV detection shall 
be used as the method for basic examination of 
CC. But the detection specificity is relatively low 
in the measurement of HPV DNA load and the 
cost of joint detection through cervical cytology 
is relatively high in clinical practice, so it is hard 
to promote and apply it in primary hospitals.

HPVPL1 protein, approximately accounts for 
over 90.0% of capsid protein, is recognized as 
an important target for immune response to 
attack of HPV virus and virus infection on host 
cells. With a high conservative property, it is 
mainly encoded by late transcriptional gene L1 
protein and is the main genus-specific antigen 
[4]. Now, the main capsid protein HPVL1 in HPV, 
is a biomarker found recently, plays a crucial 

http://www.ijcem.com


Prediction function of HPVL1 protein and HPV DNA load

3303 Int J Clin Exp Med 2020;13(5):3302-3308

role in predicting HPV infection. Foreign schol-
ars indicated [5] that if the human body was 
able to fight HPV virus infection depended more 
on whether the rapid and powerful cellular im- 
mune response and humoral immune res- 
ponse were formed in locally infected sites. The 
compound of HPVPL1 protein and T cells, etc. 
can form an immune antibody to achieve the 
effect of immune elimination, but there is little 
research on its predictive value in cervical 
lesions [6, 7].

So in this study, patients with cervical lesions, 
CI and healthy physical examination were 
selected as subjects to discuss the predictive 
effect and accuracy of HPVPL1 protein in CEC 
and HPV DNA load in patients with cervical 
lesions, and the report is shown below.

Material and methods

Clinical materials

In total, 103 patients suffering from cervical 
lesions from May, 2017 to August, 2019 were 
selected as subjects of study and included in 
the OG, with the age range of (25-64) years old 
and an average age of (46.79±5.71) years old; 
and a disease course of (1-6) months and an 
average disease course of (3.15±0.61) mon- 
ths. Thereinto, 83 patients suffered from cervi-
cal intraepithelial neoplasias (CIN) and 20 
patients suffered from squamous cell carcino-
ma (SCC). Twenty-four CI patients who received 
treatment in the same period were included in 
the CG, with an age range of (26-65) years old 
and an average age of (47.21±5.73) years old; 
and a disease course of (1-7) months and an 
average disease course of (3.16±0.63) months. 
Inclusion criteria: (1) All patients meet the diag-
nostic criteria of cervical lesions [8] and were 
diagnosed definitely through cervical cytologi-
cal examination. (2) All patients, with tolerabili-
ty, were able to finish the detection of HPVPL1 
protein in CEC and HPV DNA load. Exclusion 
criteria: This study excluded (1) patients compli-
cated with mental disorders or during pregnan-
cy or with a history of pregnancy; (2) those defi-
nitely diagnosed with endometrial cancer, vul-
var cancer, carcinoma of fallopian tube and 
other malignant tumors; and (3) those treated 
with chemoradiotherapy and immuno-biologi-
cal cancer therapy before examination. This 
study was approved by the Ethics Committee of 
Xuzhou Central Hospital. The research subjects 

and their families were informed and they 
signed an informed consent.

Methods 

(1) Pathological examination. The definite diag-
nosis was made in all patients through histocy-
tological examination. After admission, the cer-
vix of two groups was fully exposed by vaginal 
speculum and then a sterile cotton ball was 
used to clean cervical secretion. After speci-
men collection, the slices were made routinely 
and diagnosed under light microscope. CEC/
vaginal exfoliated cells were diagnosed based 
on the standards set by American Cancer 
Society and the pathological diagnosis was per-
formed in high-risk or abnormal patients [9]. (2) 
Measurement of HPV DNA load. The signal 
amplification of antibody capture and chemilu-
minescence signal detection was used to finish 
the measurement of HPV DNA load in patients. 
The optical signals generated by specimens 
were measured through microplate interpreta-
tive instrument to obtain the relative light unit 
and taken as the result of HPV DNA load with 
the standard ratio of positive control. Negative: 
measured value <1.00 and positive ≥1.00. The 
higher the ratio, the higher the HPV DNA load. 
The HPV DNA load was divided into mild (1.00-
10.00), moderate (10.00-100.00), and severe 
(≥100.00) [10, 11]. (3) Measurement of HPVPL1 
protein in CEC. IHC method was used to mea-
sure the HPVPL1 protein in CEC in two groups, 
with the specific methods shown below. ① 
Specimen collection. After the cervix brush was 
inserted into the cervix of all patients and rotat-
ed for 5 cycles, the brush head was put into the 
little bottle containing Cytorich preservation 
solution to collect the epithelial cells exfoliated 
from the surface of cervix. The brush head was 
taken out and covered up properly, and then 
was sent for inspection after making corre-
sponding labels. ② Detection methods. The 
specimens collected above were taken out for 
paraffin embedding and slicing. After conven-
tional dewaxing and antigen retrieval, the 
hydrogen peroxide was used to remove the 
activity of endogenous peroxidase. Then, HPV 
L1 capsid antigen was added after the slices 
were sealed with serum. The antibody concen-
tration was 1:200. The secondary antibodies 
were added after the reaction continued over-
night. Upon the completion of reaction, the 
slides were cleaned for conventional color 
development through DAB. Then hematoxylin 
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was used for counterstaining, which was fol-
lowed by dehydration through conventional gra-
dients of ethyl alcohol. Then, the slices were 
sealed with neutral balsam and put under the 
inverted microscope to observe histogenesis. 
③ Judgment methods. Positive: Pathological 
cells were reddish brown in cell nucleus. Ne- 
gative: No cells that were stained red were 
found. The positive expression rates of two 
groups were calculated and compared and the 
diagnose accordance rates of two detection 
methods were recorded. The histocytological 
diagnosis results were taken as the gold stan-
dard [12]. (4) Predictive effect. The predictive 

The NR of HPV DNA load in the OG was lower 
than that in the CG (P<0.05). There was statisti-
cal difference in NR of CIN Stage I, CIN Stage II, 
CIN Stage III and HPV DNA load in CC in the OG 
(P<0.05). The NR of CIN Stage III and HPV DNA 
load in CC patients was higher than that of CIN 
Stage I and CIN Stage II (P<0.05), as shown in 
Figure 2.

Analysis on evaluation of HPV DNA load in dif-
ferent cervical lesions

In the OG, the NR and mild rate of CINI were 
respectively 37.04% and 33.33%, which were 

Figure 1. Pathological examination results of all patients (×400). Notes: (A) 
is the IHC results of CINI; (B) is the IHC results of CINII; (C) is the IHC results 
of CINIII; and (D) is the IHC results of CC.

Figure 2. Comparison of HPV DNA load between two groups. Compared with 
control group, aP<0.05; compared with CINI, bP<0.05; compared with CINII, 
cP<0.05; compared with CINIII, dP<0.05.

effect of HPVPL1 protein and 
HPV DNA load in cervical dis-
eases was calculated, includ-
ing accuracy, sensitivity, posi-
tive predictive value (PPV)  
and negative predictive value 
(NPV). ROC curve was made to 
analyze the predictive efficien-
cy of HPVPL1 protein and HPV 
DNA load in cervical diseas- 
es.

Statistical analysis

SPSS 18.0 software was used 
for statistical analysis. The 
enumeration data were repre-
sented by n (%) in χ2 test and 
the measurement data were 
represented by (

_
x±s) in t test. 

P<0.05 meant that the differ-
ence had statistical signi- 
ficance.

Results

Pathological examination re-
sults of all patients

In total, 127 patients were 
definitely diagnosed through 
pathological examination. Fr- 
om this, there were 103 
patients with cervical lesions, 
including 27 in CIN1, 32 in 
CIN2 and 24 in CIN3. Besides, 
there were 24 CI patients in 
the CG. The IHC results are 
shown in Figure 1.

Comparison of HPV DNA load 
between two groups
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higher than 31.25% and 18.75% of CIN2 and 
8.33% and 18.75% of CIN3 (P<0.05). The mod-
erate rate and severe rate of CINI were respec-
tively 18.52% and 11.11%, which were lower 
than 31.25% and 18.75% of CIN2 and 31.25% 
and 18.75% of CIN3 (P<0.05). The NR and mild 
rate of CIN2 were respectively 31.25% and 
18.75%, which were higher than 8.33% and 
8.33% of CIN3 (P<0.05). The moderate rate 
and severe rate of CIN2 were respectively 
31.25% and 18.75%, which were lower than 
58.33% and 25.00% of CIN3 (P<0.05), as 
shown in Table 1.

Comparison on PR of HPVPL1 protein in CEC 
between two groups

The PR of HPVPL1 protein in CEC was 16% in 
the OG, which was higher than 4% in the CG 
(P<0.05). The PR of HPVPL1 protein in CEC was 
16% in CIN1, which was higher than 9% in 
CINII7, 3% in CINIII and 0% in CC (P<0.05). The 
PR of HPVPL1 protein in CEC was 9% in CINII, 
which was higher than 3% in CINIII and 0% in 
CC (P<0.05), as shown in Figure 3.

Predictive efficiency of HPVPL1 protein com-
bined with HPV DNA load in cervical lesions

The predictive accuracy of HPVPL1 and HPV 
DNA load were respectively 79.53% and 
85.04% in cervical lesions; the PPV of them 

Discussion

CC is a malignant tumor with a higher incidence 
found in females. Due to a lack of typicality in 
clinical symptoms in early stages, the diagnosis 
rate is low in the early stage [13]. Now, histo-
pathological examination is the main method 
for CC identification in clinical practice, which is 
conducive to definite diagnosis, but this exami-
nation will bring about a certain risk and trau-
ma and thus lead to poor tolerability and com-
pliance of diagnosis [14]. In this study, 127 
patients were definitely diagnosed through 
pathological examination. From this, there were 
103 patients with cervical lesions, including 27 
with CIN1, 32 with CIN2 and 24 with CIN3. 
Besides, there were 24 CI patients in the CG. 
This implied that the histopathological exami-
nation applied to patients with cervical lesions 
was conducive to definite diagnosis and clinical 
treatment.

Based on the limitation of pathological exami-
nation for cervix, the HPVPL1 protein in CEC 
and HPV DNA load were used in patients with 
cervical lesions in this study. The results 
showed that the NR of HPV DNA load in the OG 
was lower than that in the CG (P<0.05); there 
was statistical difference in NR of CIN Stage I, 
CIN Stage II, CIN Stage III and HPV DNA load in 
CC (P<0.05); and the PR of HPVPL1 protein in 

Table 1. Analysis on evaluation of HPV DNA load in different cervical lesions
Type of cervical lesions Number of cases Negative Mild Moderate Severe 
CIN1 27 10 (37.04)a,b 9 (33.33)a,b 5 (18.52)a,b 3 (11.11)a,b

CIN2 32 10 (31.25)a 6 (18.75)a 10 (31.25)a 6 (18.75)a

CIN3 24 2 (8.33) 2 (8.33) 14 (58.33) 6 (25.00)
aP<0.05 refers to the comparison with CIN3; and bP<0.05 refers to the comparison with CIN2.

Figure 3. Comparison on PR of HPVPL1 protein in CEC between two groups. 
Compared with control group, aP<0.05; compared with CINI, bP<0.05; com-
pared with CINII, cP<0.05; compared with CINIII, dP<0.05.

were respectively 90.53% and 
93.75%; and the NPV of th- 
em were respectively 46.88% 
and 58.06%, which indicated 
that there was no statistical 
significance (P>0.05). The 
sensitivity and specificity of 
HPVPL1 combined with HPV 
DNA load were respectively 
74.76% and 87.50% in cervi-
cal lesions, which were higher 
than 83.50% and 62.50% of 
single HPVPL1 and 87.38% 
and 75.00% of single HPV 
DNA load (P<0.05), as shown 
in Table 2 and Figure 4.



Prediction function of HPVL1 protein and HPV DNA load

3306 Int J Clin Exp Med 2020;13(5):3302-3308

CEC in the OG was higher than that in the CG 
(P<0.05). This implied that a better predictive 
effect could be achieved by applying HPVPL1 
combined with HPV DNA load to patients with 
cervical lesions. The capsid protein of HPV 
virus is composed of 72 capsid proteins, but in 
clinical practice, there is a controversy about 
the relation between HPV DNA load and CC. 
Previous research showed that the high HPV 
DNA load was negatively correlative with hrHPV 
clearance rate and positively correlative with 
CIN2 incidence. With the progress of cervical 
lesions, the HPV DNA load increased [15]. At 
present, the detection sensitivity of HPV DNA 
load is relatively high, so it has been widely 
used as the screening method of CC. However, 
the specificity and PPV are relatively low in the 
clinical application of HPV DNA load [16, 17]. 
Hence, a higher level of HPV DNA load can pre-
dict cervical lesions in a better way and reflect 
the severity of disease preferably, which is con-
ducive to the guidance of clinical treatment. 
HPVPL1 protein, accounting for over 90.0% of 

capsid protein, is the main capsid protein of 
HPV. Furthermore, L1 protein, with a high con-
servative property in all types of HPV, is the 
main genus-specific antigen [6, 12]. As previ-
ous research has shown [16, 18], the fight of 
human body against HPV virus mainly depends 
on the rapid and powerful cellular immune 
response formed in infected sites because the 
HPV virus can cause local organ infection, such 
as cervix and vagina, etc. Foreign scholars indi-
cated [15, 19] that HPVPL1 protein in CEC 
could form an immune complex with T cells and 
MHC I/II and thus achieve the goal of immune 
elimination. Therefore, due to the lack of 
HPVPL1 protein in CEC in human body, the 
immune response cannot be stimulated, which 
will lead to the escaped detection of lesion 
cells and increase CC incidence. HPV molecule 
is double-chain ring DNA molecule, mainly 
including 6 genes related to DNA replication 
and cell transformation. Besides, there are 2 
genes of capsid protein coded by the virus. 
Domestic scholars indicated [17] that HPVPL1 
protein in CEC and HPV L1DNA could reflect the 
virus replication in cells to a certain extent and 
reflect the progress of cervical lesions in a bet-
ter way [20]. If the HPVPL1 protein in CEC is 
positive, it implied that the patients have the 
transient infection of HPV. If there is a lack of 
HPVPL1 protein in CEC, it implied that the HPV 
infection exists persistently or patients have 
developed lesions. In order to further confirm 
the effect of HPVPL1 and HPV DNA load on 
patients with cervical lesions, the effects of the 
two detection methods were analyzed in this 
study and the results showed that the sensitiv-
ity and specificity of HPVPL1 combined with 
HPV DNA load were higher than those of single 
HPVPL1 or HPV DNA load in cervical lesions 
(P<0.05). This implied that a good effect could 
be achieved by applying HPVPL1 and HPV DNA 
load to patients with cervical lesions, but the 
two detection methods had different advantag-
es, which helped with definite diagnosis and 

Table 2. Predictive efficiency of HPVPL1 protein combined with HPV DNA load in cervical lesions
Detection method Accuracy Sensitivity Specificity PPV NPV
HPV DNA load 85.04 (108/127) 87.38 (90/103) 75.00 (18/24) 93.75 (90/96) 58.06 (18/31)
HPVPL1 protein 79.53 (101/127) 83.50 (86.103) 62.50 (15/24) 90.53 (86/95) 46.88 (15/32)
Joint detection 77.17 (98/127) 74.76 (77/103) 87.50 (21/24) 96.52 (77/80) 44.68 (21/47)
F 1.291 5.793 7.391 0.647 0.771
P 0.591 0.000 0.000 0.413 0.491

Figure 4. Analysis on ROC curve for prediction of cer-
vical lesions through HPVPL1 protein combined with 
HPV DNA load.
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provided basis and reference for clinical diag-
nosis and treatment. So in clinical practice for 
patients with suspected cervical lesions, the 
HPV DNA load can be strengthened. For 
patients with high HPV DNA load, early definite 
diagnosis can be made by combining the mea-
surement of HPVPL1 protein in CEC [17].

In conclusion, the expression of HPVPL1 pro-
tein in CEC showed a descending trend in 
patients with cervical lesions while the HPV 
DNA load showed a rising trend, so the joint 
detection through the two methods could pre-
dict cervical diseases and help with clinical 
diagnosis and treatment. Thus, it is worthy of 
promotion and application.

Disclosure of conflict of interest

None.

Address correspondence to: Bei Zhang, Depart- 
ment of Obstetrics and Gynecology, Xuzhou Cen- 
tral Hospital, No. 199, Jiefang South Road, Xuzhou 
221000, Jiangsu, China. Tel: +86-0516-83956855; 
E-mail: bettyzhang10@163.com

References

[1] Badial R, Dias M, Stuqui B, Melli P, Quintana S, 
Bonfim C, Cordeiro J, Rabachini T, Calmon M 
and Provazzi P. Detection and genotyping of 
human papillomavirus (HPV) in HIV-infected 
women and its relationship with HPV/HIV co-
infection. Medicine 2018; 97: e9545.

[2] Wu Z, Qin Y, Yu L, Lin C, Wang H, Cui J, Liu B, 
Liao Y, Warren DA and Zhang X. Association be-
tween human papillomavirus (HPV) 16, HPV18, 
and other HR-HPV viral load and the histologi-
cal classification of cervical lesions: results 
from a large-scale cross-sectional study. J Med 
Virol 2017; 89: 535-541.

[3] Samimi SA, Mody RR, Goodman S, Luna E, Ar-
mylagos D, Schwartz MR, Mody DR and Ge Y. 
Do infection patterns of human papillomavirus 
affect the cytologic detection of high-grade cer-
vical lesions on Papanicolaou tests? Arch 
Pathol Lab Med 2017; 142: 347-352.

[4] Módolo DG, Araldi RP, Mazzuchelli-de-Souza J, 
Pereira A, Pimenta DC, Zanphorlin LM, Beçak 
W, Menossi M, de Cassia Stocco R and de Car-
valho RF. Integrated analysis of recombinant 
BPV-1 L1 protein for the production of a bovine 
papillomavirus VLP vaccine. Vaccine 2017; 35: 
1590-1593.

[5] Pouyanfard S, Spagnoli G, Bulli L, Balz K, Yang 
F, Odenwald C, Seitz H, Mariz FC, Bolchi A and 
Ottonello S. Minor capsid protein L2 polytope 

induces broad protection against oncogenic 
and mucosal human papillomaviruses. J Virol 
2018; 92: e01930-01917.

[6] Chandra J, Dutton JL, Li B, Woo WP, Xu Y, Tolley 
LK, Yong M, Wells JW, Leggatt GR and Finlay-
son N. DNA vaccine encoding HPV16 onco-
genes E6 and E7 induces potent cell-mediated 
and humoral immunity which protects in tumor 
challenge and drives E7-expressing skin graft 
rejection. J Immunother 2017; 40: 62-70.

[7] Delory T, Ngo-Giang-Huong N, Rangdaeng S, 
Chotivanich N, Limtrakul A, Putiyanun C, Suriy-
achai P, Matanasarawut W, Jarupanich T and 
Liampongsabuddhi P. Human papillomavirus 
infection and cervical lesions in HIV infected 
women on antiretroviral treatment in Thailand. 
J Infect 2017; 74: 501-511.

[8] Tan SC, Ismail MP, Duski DR, Othman NH and 
Ankathil R. Prevalence and type distribution of 
human papillomavirus (HPV) in Malaysian 
women with and without cervical cancer: an 
updated estimate. Biosci Rep 2018; 38. 

[9] Chaturvedi AK, Graubard BI, Broutian T, Pick-
ard RK, Tong ZY, Xiao W, Kahle L and Gillison 
ML. Effect of prophylactic human papillomavi-
rus (HPV) vaccination on oral HPV infections 
among young adults in the United States. J Clin 
Oncol 2018; 36: 262-267.

[10] Godi A, Bissett SL, Miller E and Beddows S. Im-
pact of naturally occurring variation in the hu-
man papillomavirus (HPV) 33 capsid proteins 
on recognition by vaccine-induced cross-neu-
tralizing antibodies. J Gen Virol 2017; 98: 
1755-1761.

[11] Jones SE, Hibbitts S, Hurt CN, Bryant D, Fian-
der AN, Powell N and Tristram AJ. Human papil-
lomavirus dna methylation predicts response 
to treatment using cidofovir and imiquimod in 
vulval intraepithelial neoplasia 3. Clin Cancer 
Res 2017; 23: 5460-5468.

[12] Ning T, Wolfe A, Nie J, Huang W, Chen XS and 
Wang Y. Naturally occurring single amino acid 
substitution in the L1 major capsid protein of 
human papillomavirus type 16: alteration of 
susceptibility to antibody-mediated neutraliza-
tion. J Infect Dis 2017; 216: 867-876.

[13] Fu Xi L, Schiffman M, Ke Y, Hughes JP, Gallo-
way DA, He Z, Hulbert A, Winer RL, Koutsky LA 
and Kiviat NB. Type-dependent association be-
tween risk of cervical intraepithelial neoplasia 
and viral load of oncogenic human papilloma-
virus types other than types 16 and 18. Int J 
Cancer 2017; 140: 1747-1756.

[14] Combes JD, Clifford GM, Egger M, Cavassini M, 
Hirsch HH, Hauser C, Calmy A, Schmid P, Ber-
nasconi E and Günthard HF. Human papilloma-
virus antibody response following HAART initia-
tion among MSM. AIDS 2017; 31: 561-569.



Prediction function of HPVL1 protein and HPV DNA load

3308 Int J Clin Exp Med 2020;13(5):3302-3308

[15] Kawachi A, Yoshida H, Kitano S, Ino Y, Kato T 
and Hiraoka N. Tumor-associated CD 204+ M2 
macrophages are unfavorable prognostic indi-
cators in uterine cervical adenocarcinoma. 
Cancer Sci 2018; 109: 863-870.

[16] Herfs M, Roncarati P, Koopmansch B, Peulen 
O, Bruyere D, Lebeau A, Hendrick E, Hubert P, 
Poncin A and Penny W. A dualistic model of pri-
mary anal canal adenocarcinoma with distinct 
cellular origins, etiologies, inflammatory micro-
environments and mutational signatures: im-
plications for personalised medicine. Br J Can-
cer 2018; 118: 1302-1312.

[17] Siddiqa A, Massimi P, Pim D, Broniarczyk J and 
Banks L. Human papillomavirus 16 infection 
induces VAP-dependent endosomal tubula-
tion. J Virol 2018; 92.

[18] Belobrov S, Cornall AM, Young RJ, Koo K, Angel 
C, Wiesenfeld D, Rischin D, Garland SM and 
McCullough M. The role of human papillomavi-
rus in p16-positive oral cancers. J Oral Pathol 
Med 2018; 47: 18-24.

[19] Ghorban Hosseini N, Tebianian M, Farhadi A, 
Hossein khani A, Rahimi A, Mortazavi M, Hos-
seini SY, Taghizadeh M, Rezaei M and Mahdavi 
M. In silico analysis of L1/L2 sequences of hu-
man papillomaviruses: implication for univer-
sal vaccine design. Viral Immunol 2017; 30: 
210-223.

[20] Bergant M, Peternel Š, Pim D, Broniarczyk J 
and Banks L. Characterizing the spatio-tempo-
ral role of sorting nexin 17 in human papillo-
mavirus trafficking. J Gen Virol 2017; 98: 715-
725.


