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Abstract 

Laryngeal cancer has the second highest incidence of head and neck malignant tumors worldwide. In 
recent years, studies have shown that human papillomavirus (HPV) infection may be a high-risk 
factor for laryngeal cancer and closely related to the development and prognosis of laryngeal cancer. 
The mechanism of the occurrence and development of laryngeal cancer caused by HPV infection 
needs investigation, as does a rapid and effective HPV detection method for effectively preventing 
the occurrence of laryngeal cancer and controlling its development. Many studies have explored the 
relation between HPV infection and laryngeal cancer. Here we review the research progress in 
investigating HPV infection in terms of DNA, mRNA and protein levels in the occurrence and 
development of laryngeal cancer and routine HPV detection methods. 
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Introduction 

Laryngeal cancer is the most common head and 
neck malignant tumor in the northern areas of China 
and its main pathological type is laryngeal squamous 
cell carcinoma (LSCC) [1]. In recent years, the 
incidence of LSCC has been increasing, seriously 
threatening the life and health of humans. Laryngeal 
cancer can result from the combined action of 
smoking, drinking, air pollution, HPV infection and 
sex hormone levels. Recently, increasing studies have 
found that among the many pathogenic factors of 
laryngeal cancer, high-risk HPV (HR-HPV) infection 
may be one of the most important [2, 3]. 
Epidemiological studies reported HPV infection rates 
in laryngeal cancer ranging from 8% to 83% [3, 4]; a 

meta-analysis showed a 28% HPV infection rate in all 
LSCC [3], and HPV infection was correlated with its 
occurrence [5]. The infection rate of HPV virus was 
relatively higher in Chinese people than Europeans 
and North Americans with laryngeal cancer [6], and 
there may be a strong link between high-risk HPV 
infection and risk of laryngeal cancer in Chinese 
people with laryngeal cancer. However, other studies 
have not found HPV infection affecting the 
occurrence and development of laryngeal cancer or 
prognosis. For example, in a study of 674 patients 
with laryngeal cancer in China, HPV infection 
prevalence was only 4.9% in laryngeal cancer patients 
[7], and HPV infection was not a major risk factor for 
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laryngeal cancer. Table 1 shows some of the results of 
research of laryngeal cancer patients.  

These differences in findings may be due to a 
variety of factors such as differences in population 
geographical distribution, test sample quality, and 
sensitivity and specificity of test methods used. 
However, they are mainly attributed to the unclear 
molecular mechanism of laryngeal cancer caused by 
HPV infection and different detection methods. This 
paper reviews the effects of HPV infection on the 
development of laryngeal cancer and the advantages 
and disadvantages of routine HPV detection methods 
in terms of DNA, mRNA and protein levels. 

The mechanism of HPV infection 
affecting the occurrence and development 
of laryngeal cancer 

As early as 1982, Syrijanen et al.[28] suggested 
that HPV infection was closely associated with 
laryngeal cancer. After then, many studies have 
shown that infection with HR-HPV (especially HPV16 
and 18) and the expression of the early coding genes 
E6 and E7 may be important risk factors for the 
occurrence of laryngeal cancer [29, 30]. The possible 
mechanism of HPV infection affecting the 

development and progression of laryngeal cancer is 
described at the following three levels: DNA, mRNA 
and protein. (Figure 1) 

HPV infection affects the development of 
laryngeal cancer via genomic integration, 
activating proto-oncogenes and inhibiting 
anti-oncogenes  

The occurrence and development of human 
cancer is closely related to the selective expression of 
genes in time or space (including the expression of 
normal or mutant genes and the expression of 
different amounts of genes). HPV infection mainly 
affects the occurrence and development of laryngeal 
cancer by integrating in the host cell genome, 
activating the expression of proto-oncogenes and 
inhibiting the expression of tumor suppressor genes. 
Its DNA enters the nucleus in a free state, and then 
integrates into the genome of the host cells as soon as 
HPV infects via the damaged laryngeal mucosa 
epithelial cells to the host cells. The integration of the 
HPV DNA can lead to genetic mutation and 
expression disorder of host cells, which leads to cell 
metabolic disorder and malignant proliferation. 

  

 

 
Figure 1. Mechanism of HPV infection affecting the occurrence and development of laryngeal cancer. After HPV infects laryngeal mucosal epithelial cells, its DNA is integrated 
into the host cell genome, thereby resulting in altered expression of a variety of proto-oncogenes and tumor suppressor genes, the overexpression of E6 and E7 mRNA and 
altered function of various proteins in host cells, thus leading to disordered cell metabolism and malignant proliferation. 
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Table 1. Selected research on the prevalence of HPV in LSCC 

Source Publication date Country, region Sample size Detection methods HPV+ (%) Genotypes 

Ma, et al.[8] 1998 Northeast China 
(Shenyang)  

102 PCR, Southern blot  58.8% 16, 18, 33, 6, 11 

Peng, et al.[9] 2009 Southwest China 
(Chongqing)  

123 PCR 76.42% 16, 18, 33, 45, 31, 52 

Liu, et al.[10] 2010 Central China (Beijing)  84 qRT-PCR 34.5% 16, 18 

Yao, et al.[11] 2010 Central China (Shanxi)  40 RT-PCR, IHC 57.5% 16, 18 

Wang, et al.[12] 2011 Central China (Beijing)  84 PCR, ISH 36.9% 16, 18 

Lu, et al.[13] 2012 East China (Shandong)  57 PCR 7.02% 16, 11, 43 

Wu, et al.[14] 2012 East China (Shanghai)  46 PCR 6.52％ 16, 11 

Wang, et al.[15] 2014 South China (Hainan)  50 PCR NA 16, 18 

Wang, et al.[16] 2014 South China 
(Guangdong)  

163 PCR 9.8％ NA 

Guan, et al.[17] 2015 East China (Shanghai)  31 PCR 19.4% 16 

Lu, et al.[18] 2016 South China 
(Guangdong)  

82 PCR 2.4% 16 

Zhang, et al.[19] 2017 Northwest China 
(Ningxia)  

101 PCR 13.86% 16, 51, 58, 45, 67, 
40, 84 

Tong, et al.[20] 2018 Northeast China 
(Heilongjiang)  

211 PCR, ISH 62.6% 16, 18, 11, 58, 13 

Rodrigo, et al.[21] 2015 Northern Spain 62 PCR 1.6% 16 

Atighechi, et al.[22] 2016 Iran 44 PCR 25% 16, 18, 6 

Erkul, et al.[23] 2017 Istanbul, Turkey 78 Genotyping Assay RT-PCR 26.02% 16, 59 
 

Shaikh, et al.[24] 2017 Bangladesh  NA Nested PCR, automated 
DNA sequencing 

21% 16, 33, 31 
 

Kariche, et al.[25] 2018 Algeria 42 NA 2.38% 6 

Milad, et al.[26] 2018 Egypt 56 PCR 3.6% NA 

Vazquez-Guillen, et al.[27] 2018 Mexico 195 PCR 47.7% 11, 52 

ISH, in situ hybridization 

 

 
When HPV infects the larynx, it can promote the 

development of laryngeal cancer by activating the 
expression of various proto-oncogenes. For instance, 
in the larynx, HPV infection may cause excessive 
expression or mutation of the proto-oncogene RAS, 
which may lead to a cell-membrane signal 
transduction disorder mediated by its protein product 
p21, thereby resulting in malignant cell proliferation 
and laryngeal carcinoma. HPV infection can also 
activate the expression of epidermal growth factor 
receptor and Myc genes, promoting cells moving from 
the G1 to S phase, thus accelerating the cell cycle and 
leading to laryngeal cancer. 

 HPV infection causes laryngeal cancer, which is 
also associated with tumor suppressor gene mutation 
and inactivation. p53, Rb and p16 genes are all 
important tumor suppressor genes in the body and 
participate in regulating cell proliferation cycle. After 
HPV infects the larynx, early E6 gene expression can 
cause p53 inactivation and E7 expression can cause Rb 
inactivation [31], which leads to cell cycle disorder, 
uncontrolled proliferation, and eventually malignant 
tumors. At the same time, HPV infection leading to 
p16 inactivation plays an important role during early 
laryngeal cancer [32].  

HPV infection can also be carcinogenic by 
interacting with the apoptotic inhibiting gene, 
survivin, cyclin D1 and human telomere reverse 
transcriptase, thus accelerating cell cycle progression, 

inhibiting cell senescence, and promoting 
tumorigenesis [33-35].  

High mRNA expression of HPV affects the 
expression of genes related to the proliferation 
and migration of laryngeal carcinoma  

After HPV enters laryngeal mucosa epithelial 
cells, HPV DNA integrates in the host cell genome to 
cause gene mutation and expression disorder and 
transcribes and expresses the viral oncoprotein to 
cause cancer. Fusconi et al.[36] indicated that if HPV 
DNA is detected in LSCC patients, HPV mRNA levels 
must be detected, because the presence of HPV DNA 
in LSCC is not sufficient to prove its carcinogenesis. 
This suggestion might indicate that transient infection 
of HPV is not related to the carcinogenic process [36, 
37]. The mRNA expression of HPV can indicate that 
tumor transformation is caused by HPV, although this 
postulation does not exclude that other carcinogens 
may also play a role in the carcinogenic effect. 

The mRNA expression of HPV is increased with 
the development of laryngeal lesions (vocal polyps, 
lesions before larynx cancer, laryngeal cancer), and 
the mRNA expression of HPV is also increased [15]. 
The mRNA expression of HPV in laryngeal cancer 
tissues was found abnormally increasedand related to 
the expression of genes involved in proliferation and 
migration of laryngeal cancer cells [38]. Therefore, the 
mRNA expression of HR-HPV plays an important 
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role in the development and progression of laryngeal 
cancer. The detection of HPV mRNA can provide 
important clinical guidance for preventing and 
monitoring the development of laryngeal cancer. 

 Poltronieri et al. found that HR-HPV genome 
transcribes viral miRNAs in the HPV infection and 
cancer development process, and miRNA silencing 
could be a valuable approach to support 
pharmaceutical interventions in HPV-dependent 
cancers [39]. This approach may also be a new 
treatment for HPV-associated laryngeal cancer. 

The association between HPV E6, E7 protein 
and related proteins of cell cycle regulation 
and carcinogenesis in laryngeal cancer  

HPV infection induces laryngeal cancer mainly 
because of excessive expression of HR-HPV E6 and E7 
proteins. When HPV infects laryngeal tissues, it can 
cause excessive expression of HPV E6 and E7 proteins 
and directly or indirectly affect the stability and 
activity of proto-oncogenes and tumor suppressor 
genes. For example, HPV16 E7 protein can activate the 
cell cycle regulation protein D1 (cyclin D1), thereby 
accelerating the G1-to-S phase in cells and leading to 
the occurrence and development of laryngeal cancer 
[40]. Zeng et al.[41] also supported this view and 
pointed out the association of positive expression of 
HPV16 E7 and cyclin D1 with laryngeal cancer clinical 
staging (I–IV), with a significant positive correlation 
between their expression and the incidence of 
laryngeal cancer. This finding indicates that the 
occurrence and development of laryngeal cancer is 
closely related to the overexpression of HPV16 E7 
protein and cyclin D1. Therefore, the expression of 
HPV16 E7 and cyclin D1 must be detected in 
laryngeal cancer tissues for early diagnosis and early 
treatment of laryngeal cancer, and both can also be 
used as biomarkers to determine the malignant 
degree and prognosis of laryngeal cancer [42].  

 Studies have shown that after HR-HPV16 and 18 
infect the larynx, the early gene product E6 protein 
can bind with p53 protein and form a complex 
resulting in p53 inactivation and thus hindering the 
role of p53 protein in tumor inhibition in cells. The 
HR-HPV16 E7 protein can bind to the Rb gene 
product, thus degrading the Rb protein so it loses its 
function of inhibiting cell proliferation [31].  

 Highly expressed cyclin D1 and high-risk p53 
mutations were found associated with poor 
disease-specific survival rate in patients with 
laryngeal cancer. The functional classification of p53 
mutants based on EAp53 can predict the 
disease-specific survival rate with advanced laryngeal 
cancer and p53 mutation. The model of Bcl-xL and 
cyclin D1 staining, p53 mutation classification and 

HPV status is of great significance for predicting 
disease-specific survival [43].  

 For regulating the cell cycle, p16 protein is an 
inhibitory protein of the cell cycle-dependent kinase 
CDK4, which can prevent cell proliferation, also 
known as a negative regulation protein of the cell 
cycle. The latest National Comprehensive Cancer 
Network (NCCN) guidelines for 2018 (v2.2018 Head 
and Neck Cancers) distinguishes treatments for 
oropharyngeal cancer between p16 (HPV)-positive 
and p16-negative cancers. Therefore, the association 
between p16 protein and HPV-related laryngeal 
cancers is also worth investigating. The expression of 
p16 protein is slightly lower in laryngeal carcinoma 
than benign laryngeal lesions and significantly lower 
than in vocal polyps [44]. Meanwhile, Hernandez et 
al.[45] found that less than 10% of laryngeal tumors 
expressed p16, with only a small proportion (2%) of 
p16 and HPV DNA positivity in laryngeal cancer, so 
p16 expression was not closely related to HPV DNA 
status. As well, the correlation between p16 
expression and HR-HPV DNA presence was not as 
strong as in cervical neoplastic lesions; some other 
factors may also cause increased p16 expression [46]. 
Hence, p16 may not be a reliable alternative to HPV 
status in laryngeal cancer. Wittekindt et al.[47] 
pointed out a poor correlation between p16 level and 
laryngeal cancer outcome. A study of laryngeal cancer 
patients in Hong Kong showed consistent results [48]. 
Therefore, current studies suggest that p16 detection 
is not feasible as a surrogate marker for HPV infection 
in laryngeal cancer. In addition, Kaplan-Meier 
analysis using transcriptome data from The Cancer 
Genome Atlas database (TCGA) showed no 
significant difference in survival between high and 
low p16 expression groups with head and neck 
squamous cell carcinoma and laryngeal carcinoma 
(Figure 2). Although p16 plays crucial role in 
oropharyngeal cancer [49], the effects of p16 on other 
head and neck squamous cell carcinoma (HNSCC) 
such as LSCC remain unclear. However, most of the 
HNSCC samples in the TCGA database are LSCC and 
oral cavity carcinomas; the number of oropharyngeal 
cancer samples in the database is small. 

The detection of HPV 

The pathogenicity of HPV is closely related to its 
type, so detection and classification of HPV has 
important clinical significance in screening, 
prevention and treatment of tumors and determining 
prognosis. Because HPV cannot be cultured in vtro, 
the diagnosis and typing of HPV cannot be performed 
by simple serological detection. Currently, the 
detection and typing of HPV mainly relies on 
molecular biological methods, including cytological 
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methods, immunohistochemistry (IHC), in situ 
hybridization (ISH), western blot analysis of protein, 
and polymerase chain reaction (PCR). Table 2 
summarizes conventional methods of HPV detection 
at DNA, mRNA, and protein levels. 

 

Table 2. Common detection methods for HPV 

 Detection 
method 

Advantages Disadvantages 

DNA 
level 

PCR Simple, quick  
Sensitive 
Highly specific 

Easy to cross-contamination 
between samples  
High false positive rate 
Perform HPV typing 
operations is tedious 

DNA ISH High specificity 
Can be used for 
localization detection 

Detection is affected by the 
DNA content in the 
specimen 
Results are sometimes 
difficult to explain 

mRNA 
level 

RT-PCR High sensitivity 
High specificity 
Accurately reflects the 
transcription activity of 
viral oncogenes 

Requires technical expertise  
Testing fresh frozen tissue 

RNA ISH High sensitivity 
High specificity 
To some extent, it can 
be used as the "gold 
standard" for 
HPV-related tumors 

The experimental operation 
requires high experience  
Poor repeatability 

Protein 
level 

p16 immuno- 
histochemistr
y 

High sensitivity 
Strong prognostic 
indicators 

Low specificity 
Mainly used for the 
detecting HPV in 
oropharyngeal cancer 

IHC Virus antigen detection 
Easy to perform and 
locate 

False-negative findings and 
low sensitivity 

Western blot 
analysis 

NA NA 

IHC, immunohistochemistry; ISH, in situ hybridization 

 

PCR and real-time PCR (RT-PCR) 

PCR can detect expression in many samples with 
its advantages of being simple to perform, rapid, 
sensitive and low cost. In addition to using specific 
typing primers to detect a single type of HPV gene, 
general primers such as MY11 and MY09 can identify 
the conserved sequences of most HPV L1 genes. 
Nevertheless, cross contamination between samples 
easily occurs and high false-positive rates are 

possible. In addition, PCR is not a reliable method for 
HPV genotyping. RT-PCR can detect the mRNA level 
of HPV E6/E7 and accurately reflect the transcription 
activity of viral oncogenes. It can avoid the defect that 
the presence of HPV DNA detected by conventional 
PCR does not mean that viral genes are expressed or 
are in the state of transcription. As compared with 
other methods, RT-PCR, with its high sensitivity and 
specificity, can be used as the “gold standard” for 
HPV-related tumors to some extent [50]. However, 
because it requires technical expertise and detection in 
fresh frozen tissue, its application is limited. 

In situ hybridization of nucleic acids 

 Nucleic acid hybridization, which has good 
specificity and sensitivity, can also be used for HPV 
typing, so it plays a certain role in studying the impact 
of different HPV types on the occurrence and 
development of diseases. As compared with DNA 
ISH based on DNA level, RNA ISH is more sensitive 
and specific. The sensitivity of DNA ISH is limited, 
especially for tumor samples with low viral copy 
numbers. Moreover, results of DNA ISH can be 
difficult to interpret in cases when hybridization 
signals are limited (faint, small, or non-uniformly 
distributed in tumor tissues) [51]. 

Development and application of the RNAscope 
technology solved some technical problems of RNA 
ISH [52], and the innovative RNA ISH method can be 
used to visualize individual RNA molecules in each 
cell. RNAscope can be used with a variety of sample 
types, including formalin-fixed paraffin-embedded 
tissue, fresh frozen tissue, fixed frozen tissue, and 
tissue microarray and cell samples. For example, 
RNAscope technology was used for detecting HPV in 
fresh frozen cervix tissues with low-grade squamous 
intraepithelial lesions [53] and evaluating a specific 
T-lymphocyte subset in paraffin specimens of 
non–small-cell lung cancer [54]. Importantly, 
RNAscope technology has obvious advantages for 
detecting long non-coding RNAs and gene products 
that are little effective for antibodies [55-57]. 

 

 
Figure 2. Survival analysis of HNSCC patients with different p16 levels in tumor samples. Kaplan-Meier analysis involved using transcriptome data for HNSCC and LSCC from 
the TCGA database (updated on Sept. 6, 2018). A: Kaplan-Meier plot of HNSCC patients with different p16 levels (498 samples); B: Kaplan-Meier plot of LSCC patients with 
different p16 levels (111 samples). High or low gene expression was classified by the median of p16 level. 
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 As compared with conventional RNA ISH, 
RNAscope has obvious advantages for detecting HPV 
infection in laryngeal cancer because of its high 
sensitivity and specificity, the visualization and 
quantitative analysis of single molecules, and being 
able to detect partially degraded RNA [52]. However, 
because of its high cost, it is mainly used in scientific 
research activities, with few clinical detection 
applications. The ideal detection method for HR-HPV 
with active transcription should be highly sensitive 
and specific, cost-effective and easy to use. There are 
great differences in HPV detection methods and no 
consensus has been reached [41]. 

Detection of HPV at the protein level 

 For protein level detection, tumor suppressor 
protein p16 immunohistochemical staining is the 
main marker to evaluate the status of HPV infection. 
Positivity for p16 is a good prognostic marker of 
HPV-associated oropharyngeal squamous cell 
carcinoma [58], but contrary to the accepted 
pathogenic and prognostic role of HPV in 
oropharyngeal malignancies, its role in laryngeal 
cancer is relatively limited [59]. Therefore, this 
method is not suitable for detecting the infection 
status of HPV in laryngeal cancer. Also, although IHC 
can detect virus antigens easily, it has some 
disadvantages such as false negatives and low 
sensitivity. Meanwhile, the positive detection rate of 
IHC may be much lower than that of PCR [60]. Thus, 
IHC is not an ideal testing platform for HPV. In 
addition, western blot analysis detects proteins with 
antibodies. At present, this method is rarely used in 
HPV detection. 

Discussion 

Emerging studies indicated that HPV infection 
may plays an important role in the initiation and 
progression of laryngeal cancer, but the clinical data 
for HPV infection in laryngeal cancer are largely 
inconsistent. In addition to genotypes of HPV 
infection being different, the infection rate varies 
among regions. Particularly, studies from China show 
high variation in HPV prevalence, from 2.4% to 
76.42% (Table 1). Genetic diversity, environmental 
conditions, lifestyle, and the HPV detection method 
might explain the differential HPV infection rates in 
LSCC in different regions. The prevalence of HPV, 
particularly the HPV16 or HPV16/18 subtype, is high 
in Chinese LSCC patients as compared with those in 
Europe and North America [61], so people in different 
regions may have specific subtypes of HPV infection.  

In this study, we reviewed recent advances 
about the correlation between HPV and laryngeal 
cancer, and summarized the potential carcinogenic 

mechanism of HPV infection from the levels of DNA, 
mRNA and protein: 1) the integration of the HPV 
DNA or genes into host cells; 2) carcinogenesis via 
activation of proto-oncogenes and inactivation of 
tumor suppressor genes; and 3) HPV viral proteins 
being indirectly carcinogenic via other biological 
progresses (cell apoptosis, cell cycle, etc.). We also 
summarized the common methods of HPV detection 
and analyzed their advantages and disadvantages. 

 As one of the most common malignant tumors 
in head and neck, laryngeal cancer seriously affects 
patients’ quality of life and survival. HR-HPV 
infection is closely related to the occurrence and 
development of laryngeal cancer, but the 
carcinogenesis of HPV for laryngeal cancer has not 
been fully explained. Therefore, we must deeply 
study the molecular mechanism of laryngeal cancer 
caused by HPV infection. At the same time, rapidly 
detecting the type and degree of HPV infection by 
convenient and sensitive testing methods is crucial for 
preventing and treating laryngeal cancer. 

 Up to now, most studies at the DNA level have 
focused on the abnormal expression of various 
proto-oncogenes and tumor suppressor genes caused 
by HPV infection when explaining the role of 
oncogenic viruses in the development of laryngeal 
cancer. They rarely analyzed the possible interaction 
between two or more types of viruses. Some studies 
have shown that the incidence of laryngeal cancer is 
closely related to Epstein Barr virus (EBV) infection 
and pointed out that HR-HPV infection plays a certain 
role in inducing laryngeal cancer [19]. In recent years, 
although a few studies [27] have examined the 
infection frequency of HPV and EBV in LSCC tissue 
samples, the role of the different HR-HPV genotypes 
and EBV in the etiology of LSCC has not been further 
studied. One study showed a significant correlation 
between tumor size and lymph node metastasis with 
combined versus single infection [62]. Lymph node 
metastasis is the main metastasis of laryngeal cancer. 
Therefore, in laryngeal cancer, the role of HPV and 
EBV coinfection must be examined in the carcinogenic 
transformation of laryngeal epithelial cells. 

 The mRNA level of HPV is correlated with the 
occurrence and development of laryngeal cancer, but 
we have relatively few studies at this level. In 
comparison, in recent years, many reports have 
described the effects of non-coding RNA on the 
development and prognosis of laryngeal cancer. The 
microRNAs miR-497, miR-181a, and miR-155 and 
long noncoding RNA HOXAll-AS can affect the 
occurrence, development and prognosis of laryngeal 
cancer by changing the biological behaviors of 
laryngeal cancer cells, such as invasion, migration, 
proliferation and apoptosis [63-66]. However, 
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whether HR-HPV infection, which is closely related to 
laryngeal cancer, plays a role and whether it affects 
the expression of these non-coding RNA in laryngeal 
cancer is unknown. 

 In recent years, studies have shown that factors 
such as smoking may be a contributing factor to 
cancer-caused HPV infection. Patients who smoked 
frequently showed increased carcinogenicity of HPV 
in their bodies, which promoted the development of 
head and neck tumors [67]. Meanwhile, the 
carcinogenic effect of tobacco may have a synergistic 
effect with HPV infection, and the viral cell replication 
may amplify the mutagenesis and metaplasia caused 
by smoking [68]. Therefore, the study of the 
association between HPV infection and risk factors 
such as tobacco and alcohol abuse may be a future 
research direction. Another future research direction 
is whether HPV vaccine, which is widely promoted, 
has a certain impact on the occurrence and 
development of HPV-related laryngeal cancer. 
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