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Abstract. Genetic variation in the transmembrane 
channel‑like (TMC)6/TMC8 region has been linked to β‑type 
human papillomavirus (HPV) infection and squamous cell 
carcinoma (SCC) of the skin and the head and neck, α‑type 
HPV persistence and progression to cervical cancer. The 
functional variant rs7208422 of the TMC8 gene was suggested 
to have a high impact on susceptibility to β‑papillomaviruses 
and their oncogenic potential and to also have an influence on 
α‑type HPV‑related disease. The aim of the present study was 
to evaluate a possible influence of rs7208422 on penile cancer 
risk, a known α‑type HPV‑related malignancy. Therefore, the 
distribution of rs7208422 was determined by direct Sanger 
sequencing of 104 Caucasian penile SCC cases and compared 
to data of 3,810 controls taken from the literature. HPV 
detection was performed by usage of GP5+/6+ primers and 
subtype‑specific PCR. It was observed that the distribution 
of rs7208422 followed the Hardy‑Weinberg equilibrium in 
both cases and controls. HPV DNA was detected in 39% of 
the penile SCC cases. Overall, there was no significant 
difference in the distribution of rs7208422 neither between 
cases and controls (P=0.726) nor between HPV‑positive and 

‑negative penile SCC cases (P=0.747). There was also no 
association between rs7208422 genotypes and age of disease 
onset (P=0.740). In conclusion, the present data argue against 
a significant impact of rs7208422 on the risk for the develop‑
ment of penile SCC in Caucasians. Even in combination with 
the HPV status, the SNP appears not to influence the risk of 
penile SCC in HPV‑positive cases.

Introduction

Human papillomavirus (HPV) infection is a causal factor in 
numerous epithelial disorders (1). Infection with high‑risk 
HPV (e.g. HPV16 or HPV18) is an important prerequisite for 
the development of several malignancies such as cervical, anal 
or head and neck cancer. Persistent infection with HPV is 
crucial but HPV alone is inadequate to induce carcinogenesis 
in most cases. Furthermore, additional endogenous or exog‑
enous factors are required to unfold the tumorigenic potential 
of HPV (2). Although marked efforts were made to reveal the 
molecular mechanisms of viral integration and progression to 
cancer (3), the current understanding of genetic susceptibility 
to HPV infection and any resulting cancer risk is limited.

In recent years, two members of a novel gene family named 
transmembrane channel‑like (TMC) were identified to have an 
important role in abnormal susceptibility to papillomaviruses, 
particularly to β‑papillomaviruses. The function of the eight 
TMC family members still remains to be fully elucidated. 
Alterations in TMC6 and TMC8 were identified in patients 
with epidermodysplasia verruciformis (EV), a rare skin 
disease caused by β‑papillomaviruses. EV is an autosomal 
recessive genodermatosis that is associated with an increased 
risk for skin cancer. TMC6 (also called EVER1) and its adja‑
cent homolog TMC8 (also called EVER2) are both located on 
chromosome 17q25. The screening of patients and families 

Risk of penile tumor development in Caucasian 
individuals is independent of the coding variant 

rs7208422 in the TMC8 (EVER2) gene
ROBERT STOEHR1,2,  OLAF WENDLER2,3,  JOHANNES GIEDL1,2,  NADINE T. GAISA4,  

GEORG RICHTER5,  VALENTINA CAMPEAN6,  MAXIMILIAN BURGER7,  
BERND WULLICH2,8,  SIMONE BERTZ1,2  and  ARNDT HARTMANN1,2

1Institute of Pathology, University Hospital Erlangen, Friedrich‑Alexander‑University Erlangen‑Nürnberg; 
2Comprehensive Cancer Center Erlangen‑EMN (CCC ER‑EMN); 3Department of Otorhinolaryngology‑Head and 

Neck Surgery, University Hospital Erlangen, Friedrich‑Alexander‑University Erlangen‑Nürnberg, D‑91054 Erlangen; 
4Institute of Pathology, RWTH Aachen University, D‑52074 Aachen; 5Institute of Pathology, D‑31785 Hameln; 

6Institute of Pathology, D‑91522 Ansbach; 7St. Josef Medical Centre, Department of Urology, University Regensburg, 
De‑93053 Regensburg; 8Department of Urology, University Hospital Erlangen, Friedrich‑Alexander‑University 

Erlangen‑Nürnberg, D‑91054 Erlangen, Germany

Received July 7, 2021;  Accepted August 26, 2021

DOI: 10.3892/mco.2021.2429

Correspondence to: Professor Robert Stoehr, Institute of 
Pathology, University Hospital Erlangen, Friedrich‑Alexander‑ 
University Erlangen‑Nürnberg, Krankenhaus street 8‑10, 
D‑91054 Erlangen, Germany
E‑mail: robert.stoehr@uk‑erlangen.de

Key words: penile cancer, TCM8, rs7208422, sequencing, SNP, 
HPV, squamous cell carcinoma



STOEHR et al:  rs7208422 AND PENILE CANCER RISK2

with EV revealed 12 different mutations (nonsense, frameshift 
and splice‑site mutations) in TMC6 and TMC8. The functional 
roles of these two proteins were mainly investigated in kerati‑
nocytes. TMC6 and TMC8 interact with zinc (Zn) transporter 
ZnT1 and are associated with the transfer from Zn from the 
cytoplasm into the endoplasmatic reticulum and are therefore 
responsible for the regulation of the cellular Zn balance. The 
actual model suggests that mutations in TMC6 and TMC8 
interrupt the interaction with ZnT1 in patients with EV. This 
leads to an increased cellular Zn concentration, increasing the 
activation of the AP‑1 transcription factor, which is essential 
for the expression of the virus genome (4,5). Besides muta‑
tions, three single nucleotide polymorphisms (SNP) have 
been described in the TMC6/TMC8 genes (6‑8). In particular, 
the genotype status of rs7208422 (c.917A>T, p.N306I) was 
suggested to be of high relevance in the susceptibility to EV. 
Homozygosity of the minor T‑allele was detected in two sisters 
with EV and a very young (22 years of age) HIV‑positive 
patient with EV (6,7). Subsequently, the role of rs7208422 in 
α‑HPV‑associated cancer risk was also investigated in several 
malignancies. It was revealed that the SNP did not influence 
the risk for cervical cancer (9). For squamous cell carci‑
noma (SCC) of the head and neck, as well as for cutaneous 
SCC, conflicting results were obtained, as certain studies 
provided evidence for an influence of the SNP on disease risk, 
while others suggested no influence on the disease risk (10‑13). 
For the additional TMC6/TMC8 SNPs, the results on the 
cervical cancer risk as reported by the first single case‑control 
studies were also conflicting in a similar way to that described 
above (14,15). These data underline a potential general impact 
of TMC6/TMC8 SNPs on HPV‑related carcinogenesis that 
requires to be clarified in more detail.

Another α‑HPV‑associated cancer is SCC of the penis (16). 
This malignancy is a rare but biologically aggressive disease. 
Particularly with the presence of metastasis, the disease has a 
poor prognosis (17). Although it is an infrequent tumor entity 
in the Western world, penile cancer accounts for 17% of all 
malignancies specific to males in developing countries (18,19). 
Among several other risk factors (18), HPV infection was 
detectable in 30‑40% of all penile cancer cases analysed 
worldwide (20). For a long time, the molecular background of 
penile carcinogenesis was poorly understood, but with recent 
comprehensive genomic analyses, deeper insight into affected 
genes and pathways was gained (21). However, the exact 
mechanisms of non‑HPV and HPV‑related penile tumori‑
genesis have remained to be revealed. In addition, inherited 
risk factors for penile SCC have remained largely unexplored, 
making it difficult to identify individuals with high disease 
risk in general or in combination with an HPV infection. The 
potential susceptibility function of the TMC6/TMC8 genes 
described above, particularly the promising results of the 
influence of rs7208422 on HPV‑related cancer risk, prompted 
us to investigate the role of this SNP in a large Caucasian 
cohort of penile cancer cases and compare the distribution of 
the genotypes with a control group of healthy individuals.

Materials and methods

Tissue specimens. Archival formalin‑fixed paraffin‑embedded 
(FFPE) tumor and non‑tumorous tissue from 104 cases of 

penile SCC were used for the analysis. All tumors of the cohort 
were classified and staged according to the World Health 
Organization classification of penile tumors and the current 
American Joint Committee on Cancer/TNM‑classification 
system (22,23). The cases analyzed are part of a larger cohort 
described previously (24). The clinicopathological charac‑
teristics of the subset of cases used in the present study are 
presented in Tables I and II.

Microdissection of tissue and DNA isolation. Microdissection 
and isolation of genomic DNA from FFPE tissue were 
performed as described previously (24,25). As a prerequi‑
site, serial tissue sections (5 µm thickness) were dewaxed, 
rehydrated and stained with 0.1% methylene blue (15 sec at 
room temperature). Tumor and non‑tumorous tissue (identi‑
fied through matching with a marked H&E‑stained section 
reviewed by an experienced surgical pathologist) were isolated 
from the sections using a sterile cannula under microscopic 
control (inverted microscope). Subsequent DNA isola‑
tion was performed using the Blood DNA Preparation Kit 
(Maxwell® 16 System; Promega Corporation) according to the 
manufacturer's protocols.

Sequencing analysis of rs7208422. Genomic location of 
rs7208422 in exon 8 of the TMC8 gene was amplified 
by PCR (primers: Sense, 5'‑CGC TTC CAG CTG ATG 
CAG‑3' and antisense, 5'‑CAC CTC CTT GTT GTC CTG‑3'; 
obtained from Metabion. The PCR reaction mixture (total 
volume of 25 µl) contained ~150 ng DNA, 0.2 mM dNTP 
(Promega Corporation), 0.18 µM primers and 0.0025 U/µl GoTaq 
(Promega Corporation). Following thermocycling conditions 
were used: initial denaturation for 3 min at 95˚C, 45 cycles 
of denaturation at 94˚C for 1 min, annealing at 56.7˚C for 
1 min, elongation at 72˚C for 1 min and final primer exten‑
sion at 72˚C for 10 min. Prior to the analysis, gradient PCR 
was used for the optimization of the cycling conditions. The 
resulting PCR products (size, 153 bp) were purified (Qiagen 
Dye Ex 2.0TM Spin Kit; Qiagen GmbH) and sequenced with 
the PCR sense primer using a Big Dye Terminator v.1.1 Cycle 
Sequencing Kit and an ABI 3500 Genetic Analyzer (both from 
Applied Biosystems; Thermo Fisher Scientific, Inc.) according 
to manufacturer's protocol.

HPV DNA detection in penile tumor tissue. HPV DNA was 
amplified via PCR using GP5+/6+ primers as described 
previously (26). For HPV‑positive cases, subsequent subclas‑
sification of HPV species was performed using type‑specific 
primers as described previously (27,28).

Statistical analysis. For Hardy‑Weinberg equilibrium testing 
public software available at https://wpcalc.com/en/equi‑
librium‑hardy‑weinberg/ was used. χ2 statistics (2‑sided 
exact significance) were used to evaluate case‑control 
differences in the distribution of genotypes and to analyze 
associations between genotypes and HPV status. To deter‑
mine the distribution of the risk allele vs. the non‑risk allele, 
Fisher's exact test (2‑sided exact significance) was used. 
Statistical analysis was performed using SPSS version 13.0 
(SPSS, Inc.). P<0.05 was considered to indicate a statistically 
significant difference.
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Results

HPV analysis. In the first step, the percentage of HPV‑positive 
and ‑negative cases in the present cohort was determined. The 
determination of the HPV status gave interpretable results in 
100/104 (96%) of cases analysed. A total of four cases did not 
exhibit positivity for the internal positive control and were 
therefore excluded from the HPV analysis due to inadequate 
DNA quality. HPV DNA was detectable in 39/100 (39%) penile 
SCC samples with 21/39 (54%) cases of the subtypes HPV16 
or HPV18 and 5/39 (13%) cases of the subtypes HPV13, 
‑31, ‑33, ‑45, ‑52 or ‑58. In 13/39 (33%) cases, only the posi‑
tive signal from the HPV consensus PCR was detected but the 
subtype‑specific PCR gave no signal. In these cases, it was not 
possible to determine the exact HPV subtype.

rs7208422 genotyping analysis. In the second step, the allelic 
frequencies of rs7208422 within the present cohort were 
investigated. Sequencing analysis of rs7208422 in exon 8 of 
the TMC8 gene (presented in Fig. 1) was performed on tumor 
and non‑tumorous tissue from each penile SCC case. From 
31/104 (30%) cases, a result was only obtained either from the 
tumor or from the non‑tumorous tissue. As no genotype change 
between the tissue samples of any one patient was observed 
within the remaining cohort, the results from all cases were 
used for the following analyses. It was not possible to analyse an 

internal healthy control group for comparison within the present 
study. Therefore, published genotype data (from peripheral 
blood) of rs7208422 from Caucasian control groups of several 
published case‑control studies were used (9‑12,29,30). After 
merging these studies, genotype data from 3,810 control cases 
were available. The used cases of the control groups were not 
matched to our cases (e.g. in terms of age). It was determined 
that the distribution of rs7208422 followed the Hardy‑Weinberg 
equilibrium in both cases (P=0.143) and controls (P=0.156). 
Comparing the genotype distribution of rs7208422 between 
cases and controls, no significant difference (P=0.726) between 
the two cohorts was obtained (Table III). To test the influ‑
ence of age of disease onset, the genotype distribution was 
compared between cases whose age was lower or equal to the 
median age of the penile SCC cohort (median age, 68 years) 
and cases older than the median age (Table IV). No significant 
difference was obtained (P=0.904). Next, the influence of 
rs7208422 genotypes on disease risk was analysed according 
to the HPV status of the penile SCC cases (Fig. 2, Table V). 
No significant difference in genotype distribution was obtained 
between HPV‑positive and HPV‑negative cases (P=0.747). In 
addition, neither the use of the dominant (P=0.477) nor the 
recessive (P=0.820) model resulted in the determination of a 
significant difference.

Table I. Clinicopathological characteristics of the analysed 
cases (n=104).

Item Value

Age (years) 
  Median (range) 68 (39‑93)
  Mean ± SD 67.6±12
Tumor stage 
  pTis   6
  pTa   1
  pT1a 42
  pT1b   8
  pT2 31
  pT3 11
  pT4   1
  Unknown   4
Tumor grade 
  1 21
  2 35
  3 38
  Unknown   4
HPV status 
  Positive 39
  Negative 61
  Unknown   4

Values are expressed as n unless otherwise specified. SD, standard 
deviation; HPV, human papillomavirus.

Table II. Histological subtypes of penile SCC according to 
HPV status.

Histological subtype HPV‑negative HPV‑positive

Usual type 33   7
Verrucous 11  ‑
Basaloid   3 13
Warty‑basaloid   3   7
Pseudohyperplastic   6   1
Warty   1   2
Lymphoepithelioma‑like  ‑   2
Clear cell   1   1
Sarcomatoid   1   1
Carcinoma cuniculatum   1  ‑
Unknown (n=2)  /  /

Values are expressed as n unless otherwise specified. HPV, human 
papillomavirus.

Table III. Genotype distribution of rs7208422 in controls and 
cases.

 Cases Controls
Variant (n=104) (n=3,810) P‑value

TMC8 p.N306 25 (24.0) 965 (25.3) 0.726
TMC8 p.N306/I306 50 (48.0) 1,917 (50.3) 
TMC8 p.I306 29 (28.0) 928 (24.4) 

Values are expressed as n (%). TMC, transmembrane channel‑like.
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Discussion

The present study provided the first analysis of a potentially 
inherited susceptibility factor for HPV‑dependent diseases 
in patients with penile SCC. The results suggested that the 
individual genotype status of rs7208422 did not influence the 
risk of penile SCC development in a Caucasian patient cohort.

One reason for the lack of an association between 
disease risk and genotype distribution may be the composi‑
tion of the control group. As it was not possible to analyse 
an own control group of healthy individuals, combined 
literature data of both genders were used. This procedure 
included the possibility that the genotype distribution of 
rs7208422 differs between male and female individuals and 
that therefore, the statistical analysis was biased. To clarify 
this question, the genotype distribution between male and 
female individuals (n=503) was analysed using data from the 
1000 Genomes project (http://grch37.ensembl.org/Homo_
sapiens/Variation/Population?r=17:76130075‑7613 075;v=rs7
208422;vdb=variation;vf=128771294) (31) and there were no 
statistically significant differences in the allelic distribution 
between both sexes (data not shown). Furthermore, the allele 
frequencies of rs7208422 of the control cohort used for the 

present study matched the reported allele frequencies for the 
European population of the 1000 Genomes project, suggesting 
that the combined analysis of literature data did not bias the 
present analysis. In order to work with a conclusive number 
of controls to obtain the most comprehensive result, the 
data from the 1000 Genomes project were not used for the 
present analysis but all published literature data available were 
combined.

It is challenging to interpret the present results broadly, as 
no other study investigating the role of rs7208422 in penile 
SCC has been performed to date. The present results are in 
line with previous case‑control studies on SCC of the cervix 
and of the head and neck, which are both α‑HPV‑related tumor 
entities (9,10). Contrary to these and the present findings, 
Liang et al (11) reported a significant association between 
genotype distribution of rs7208422 and seropositivity for 
HPV16 and ‑18, as well as a protective effect of the variant T 
allele in the presence of an infection with other HPV types in 
SCC of the head and neck. It was also attempted to analyse 
this possible association with the HPV subtype in the present 
study, but due to the low number of HPV16/18 (n=21) and 
HPV13/31/33/45/52/58‑positive cases (n=5), no valid statistical 
analysis was possible. One reason for the contrary findings 

Figure 2. Distribution of rs7208422 genotypes compared between HPV‑negative and HPV‑positive penile carcinoma cases. HPV, human papillomavirus; 
homo, homozygous; hetero, heterozygous.

Figure 1. Representative examples of rs7208422 sequencing indicating (A) homozygous wild‑type alleles p.N306 (c.917A), (B) heterozygous p.N306/I306 
alleles (c.917A/T) and (C) homozygous variant alleles p.I306 (c.917T).
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may be the selection of the cases from only a tightly limited 
region (Greater Boston, MA,) and the focus on a small and 
heterogeneous ethnic group in the study from Liang et al (11).

Another point worth discussing regarding the possible role 
of rs7208422 in α‑HPV‑related SCC is the expression of the 
viral E5/E8 proteins. The E5/8 proteins are short transmem‑
brane proteins encoded by a wide range of papillomaviruses. 
Several functions have been described for this viral protein 
e.g. cell transformation activity, influence on the cell cycle 
and growth factors, induction of apoptosis and endoplasmic 
reticulum stress, as well as immune evasion (32). E5/E8 
proteins target the cellular EVER/CIB1 complex to inhibit 
the zinc regulatory function of EVER proteins (5,33). It has 
been suggested that the EVER/CIB1 complex acts directly as 
an anti‑HPV barrier (13) that is actively disrupted by the viral 
protein. The amino acid change from isoleucine (non‑polar) 
to asparagine (polar) may change the conformation of the 
transmembrane region of TCM8/EVER2 (34), but a potential 
influence of this change in the E5/E8‑EVER/CIB1 interac‑
tion remains to be proven. However, HPV E5 protein was 
demonstrated to interact with numerous other cellular host 
proteins (e.g. EGFR, ErbB4) (35), so it is not clear whether a 
predisposition effect is to be expected alone from an influence 
of rs7208422 on E5/E8‑EVER/CIB1 binding.

The most striking evidence for an involvement of rs7208422 
in HPV‑dependent disease predisposition was provided for 
β‑HPV‑related disorders such as actinic keratosis (AK), EV 

and its progression to non‑melanoma skin cancer (12,13,36). It 
was revealed that β‑HPVs, which lack the E5 and E8 protein 
information, are not able to eliminate the EVER/CIB1 
complex and are therefore unable to cause disease (33). Only 
in individuals exhibiting alterations (mutations, polymor‑
phisms) within the EVER genes (6,7), the absence/mutational 
disruption of this barrier complex enables the development 
of β‑HPV‑driven lesions. Of note, the development of EV is 
also possible without EVER gene alterations (37), indicating a 
more complex combination of various factors in the initiation 
of EV and β‑HPV‑related anomalies.

Another noteworthy point is the possible influence of 
genomic alterations at the chromosomal regions containing 
the EVER genes on β‑HPV‑related lesions. EVER1 and 
EVER2 are both located at chromosome 17q25. In previous 
studies on AK and SCC of the skin, loss of heterozygosity at 
chromosome 17q was detected in >30% of cases analysed, 
whereas high‑resolution array comparative genomic hybrid‑
ization analyses revealed frequent loss of large areas of 
chromosome 17 (17p13.3‑17q25.3) in up to 47% of SCC cases 
analysed (38,39). In SCC of the penis, gains or losses of chro‑
mosome 17 have not been identified in both HPV‑positive and 
HPV‑negative cases, also arguing against any important role 
of the EVER gene locus in penile tumorigenesis (40).

Summing up all of these available data from the litera‑
ture and the present study, it may be concluded that the 
TCM8/EVER2 SNP rs7208422 has no important role in 

Table IV. Genotype distribution of rs7208422 in penile carcinoma cases according to median age at disease onset.

Variant Patients aged ≤68 years (n=55) Patents aged >68 years (n=49) P‑value

TMC8 p.N306 14 (25.4) 11 (22.5) 0.904
TMC8 p.N306/I306 25 (45.5) 25 (51.0) 
TMC8 p.I306 16 (29.1) 13 (26.5) 

Values are expressed as n (%). TMC, transmembrane channel‑like.

Table V. Genotype distribution of rs7208422 in HPV‑negative and HPV‑positive penile carcinoma cases according to the domi‑
nant and recessive distribution models.

A, Dominant model

Variants HPV‑negative (n=61) HPV‑positive (n=39) P‑value

TMC8 p.N306 13 (21.3) 11 (28.2) 0.477
TMC8 p.N306/I306 + p.I306 48 (78.7) 28 (71.8)

B, Recessive model

Variants HPV‑negative (n=61) HPV‑positive (n=39) P‑value

TMC8 p.I306 + p.N306/I306 43 (70.5) 29 (74.4) 0.820
TMC8 p.I306 18 (29.5) 10 (25.6) 

HPV, human papillomavirus; TMC, transmembrane channel‑like.
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disease risk and development of neither HPV‑dependent nor 
HPV‑independent SCC of the penis in Caucasian individuals. 
The combined data are in favor of a more critical role of 
rs720844 in the development of β‑HPV‑dependent diseases 
rather than α‑HPV‑dependent diseases such as penile SCC.

Expanded analyses of additional SNPs already described 
to influence both the risk for other α‑HPV‑related diseases 
(e.g. rs1801157) (40), as well as the general risk for developing 
a malignancy, should help to identify individuals with a high 
risk for the development of penile SCC in the future.
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