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HPV infection upregulates the expression of ZNT-1 in condyloma acuminatum
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Condyloma acuminata (CA) are benign anogenital warts caused by human papillomavirus (HPV) infection with
a high recurrence rate. Despite its high contagiousness, high recurrence rate and potential for malignant transfor-
mation, effective treatments for CA have not yet been developed. Accordingly, it is necessary to clarify the mech-
anisms underlying CA development. Zinc (Zn) is stably maintained in the weight of human body. Skin is the
third most Zn-abundant tissue in the body. Zn is present as a divalent ion (Zn2+) in cells and does not need a redox
reaction upon crossing the cellular membrane. Zn transporters (ZnTs; SLC30A) and Irt-like proteins (ZIPs;
SLC39A) are involved in Zn2+ efflux and uptake, respectively. ZnT1 is one of the ZnTs, which associates with
the development of HPV. However, the role of ZnT1 regulation in the CA caused by HPV infection remains
unknown. A multigroup case-control study was designed to investigate the expression and significance of the
ZnT1 in patients with CA infected with HPV and in normal vulva controls. ZnT1 was assessed by immunohis-
tochemistry in 44 patients with CA at Zhongnan Hospital of Wuhan University 2019-2020. Samples were ana-
lyzed by paraffin embedding and sectioning and hematoxylin-eosin and immunohistochemical staining.
Immunohistochemical methods detected specific, dark brown, positive staining of ZnT1 in the keratinocytes of
epidermis. We verified that the expression levels of ZnT1 that interact with HPV were upregulated in the CA
groups independently of genotype compared with the control group. And then we found that the HPV risk grade
in CA patients has a certain correlation with ZnT1 expression. These findings showed that HPV infection upreg-
ulated the expression of ZnT1 in CA. Additionally, there were obvious differences in the expression of ZnT1
between the different HPV risk grade infection groups. The higher the HPV risk grade, the stronger the ZNT1
protein expression. This study provided new insights into the sign pathway to HPV infection.
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Introduction
Condyloma acuminatum (CA) is a sexually transmitted disease

caused by human papilloma virus (HPV) infecting the perianal and
genitourinary organs. In the past ten years, the incidence of CA has
shown a linear upward trend among the sexually transmitted dis-
eases in China.1 The probability of contracting HPV among sexu-
ally active persons is higher year by year.2 HPV virus belongs to
DNA virus, and the squamous epithelium of human skin and
mucous membrane is important host.3 HPV infection has three
manifestations: clinical infection (typical CA), subclinical human
papillomavirus infection (SPI) and latent human papillomavirus
infection (LPI).4 SPI is an indicator of unobvious skin lesions seen
by naked eyes while the acetic acid white test is positive5. The
pathological manifestations are squamous epithelial atypical
hyperplasia, visible or suspicious hollow cells and the HPV test is
positive.5 LPI is the appearance of local skin and mucous mem-
branes and the acetic acid white test is negative, but the presence
of HPV can be detected by molecular biology methods.6 Studies
have shown that the occurrence and multiple recurrences of CA are
related to the disorders of local cellular immunity, development,
differentiation and cell growth of patients. 

Zn2+ is one of the important factors in the enzymatic reaction
and transcription process in human physiological
activities.1,8About 10% of human proteins bind to Zn2+ and partic-
ipate in physiological processes.8 Zn2+ is mainly involved in the
development, differentiation and growth of cells in skin tissues
which is the largest organ in the human body.9 Zn2+ depends on  Zn
transporters (ZnTs) efflux and uptake, and different cells expresses
different   ZnTs.10 Abnormal changes in ZnTs are associated with
the occurrence and development of a variety of malignant tumors,
which has been confirmed in the progression of breast cancer and
pancreatic cancer. However, there are few reports on the   ZnTs in
CA. ZNT1 is one of the zinc ion transporters in skin tissue. Studies
have shown that ZNT1 interacts with EVER1 or EVER2 proteins
in epidermodysplasia verruciformis (EV) disease in the nuclear
membrane and Golgi apparatus.11 Compared with healthy individ-
uals, the concentration of free Zn in the nucleus of squamous
epithelial cells of EV patients is increased, suggesting that the
complex of ZnTI and EVERs regulates the transport of Zn2+ in the
nucleus, potentially changing cell functions and increasing HPV
replication and promoting the occurrence of diseases11. 

CA is one of the typical diseases related to HPV infection. At
present, most hospitals in China mainly adopt ThinPrep cytology
test (TCT - exfoliative cytology) method to screen for HPV infec-
tion. In pathological diagnosis, the detection of p16 protein is
mainly used to infer HPV infection.12 The diffuse expression of
p16 protein and the high expression of  Ki-67 proliferation index
in pathological diagnosis indicate HPV infection and squamous
intraepithelial lesions (CIN in the usual sense).13 However, the
application of p16 protein in HPV detection is not enough to accu-
rately represent HPV infection. In clinical work, we need more
sensitive and specific detection indicators to confirm HPV infec-
tion. This study confirmed the expression of ZNT1 in CA from
another view and indirectly proved that the expression of ZNT1 is
related to HPV.

Materials and Methods

Data screening
We collect 44 cases with CA at Zhongnan Hospital of Wuhan

University from December 31, 2019 to December 31, 2020,

excluding patients who have not undergone HPV testing, tumor
patients, and other patients with incomplete clinical information.
The 44 cases ranged in age from 20 to 59 years old, and the median
age was 28 years.

HPV-DNA specimen collection and detection
The lesion was exposed and was performed routine disinfec-

tion. First, a sterile cotton swab soaked with normal saline was
used to clean the lesion surface of the patient for special use. The
exfoliated cell collector was wiped several times on the surface of
normal foreskin, typical wart body and subclinical infected skin
lesions. Expressed epithelial cells were collected (at least 3 times),
placed in sterile collection tubes, and the samples were labeled for
HPV-DNA detection. HPV type was detected by PCR-membrane
hybridization. The laboratory of our hospital uses the HPV test kit
approved by the China Food and Drug Administration. The exfoli-
ated epithelial cell samples were added with the corresponding
reagents according to the instructions to extract DNA. The results
could be determined by the steps of amplification, hybridization
and coloration after membrane washing. Distinguish 21 HPV
genotypes in the test specimens, including 13 high-risk HPV 16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, and 5 medium-risk
HPV 36, 53, 66, 73, 82 and 3 low-risk HPV types 6, 11, 81. At the
same time, the biopsy tissues of patients who tested negative for
HPV infection by HPV test kit were used as negative controls.

Immunohistochemistry analysis
The specimens were fixed in 4% neutral formalin, dehydrated

and embedded in paraffin. Then,   hematoxylin-eosin and immuno-
histochemistry were used to stain 3-4 μm sections, and Leica’s
envision method was used for analysis. According to the manufac-
turer’s instructions, the antibodies in this study included ZnT1
(Proteintech Group, Rosemont; IL, USA; 1:200 dilution), p16 and
Ki-67 (Proteintech Group; 1:200 dilution). After the sections were
incubated with 0.02% Sigma-Aldrich (St. Louis, MO, USA) and
0.005% hydrogen peroxide in 0.05 M Tris HCl buffer at room tem-
perature for 10 min, brown positive reaction appeared. Positive
control was established in each part. Immunohistochemistry was
performed according to the following criteria: the target proteins
stained black and brown in the nucleus represent positive.
However, the positive staining was not related to the intensity and
distribution in the tissues.

Statistical analysis
The protein expression level was determined by densitometry

of the bands using Image-pro Plus 6.0 analysis software. All statis-
tical analyses were performed using SPSS15.0 software package.
All values are expressed as mean ± SD. Statistical analysis of the
data uses analysis of variance, followed by t-test. If p<0.05, the
difference is considered significant.

Results

HPV-DNA testing in patients with CA
In this study, HPV-DNA detection were positive in 44 CA

patients, which including 21 cases of high-risk type HPV infection
(47.73%), 8 cases (18.18%) of medium risk type HPV infection;
low risk type HPV infection in 15 cases (34.09%) (Table 1).

ZnT1 protein was diffusely and highly expressed in CA
Microscopically, papillary tissue growth was observed in

patients with CA. Immunohistochemical methods detected specif-
ic, dark brown, positive staining of p16, Ki-67 and ZnT1 in the
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squamous epithelium. p16, as a tumor suppressor gene, overex-
pressed indicates the abnormal proliferation of cells with persistent
HPV infection. Ki-67 is a nuclear antigen gene that marks the cell
cycle progression and proliferation, which overexpression indi-
cates that the cells are in the proliferative phase of the cell cycle.
In normal physiologically functioning cells, the expression of p16
and Ki-67 antagonizes each other and does not occur simultane-
ously. If both p16 and Ki-67 are overexpressed at the same time, it
indicates the dysregulation of cell cycle. Therefore, the simultane-
ous detection of p16 and Ki-67 in the same cell can be used as a
marker for cell cycle dysregulation, which is associated with the
carcinogenic transformation induced by high-risk HPV viruses. In
this study, we found the P16 strong and diffused positive expres-
sion in the squamous epithelium consisted with the expression of
Ki-67 (Figure 1 A,B). ZnT1 positive cells are mainly found in the
epidermis and are expressed throughout the squamous epithelium.
The positive signal is located in the nucleus and (or) cytoplasm of
the squamous epithelium, with brown or tan particles. High ZnT1
expression can be observed in the tissues of CA patients (Figure
1C). In the study, we also found that the expression of p16 and 
Ki-67 has a certain correlation with the expression of ZnT1. That

is to say, when the expression of p16 and Ki-67 in CA patients is
diffusely and strongly positive in the epidermis, the expression pat-
tern of ZnT1 is the same (Figure 1).

The expression of ZnT1 was correlated with HPV risk
grading

In the study, the expression of ZNT1 is divided into four levels,
where “-” means negative; “+” means weak positive expression;
“++” means strong positive expression; “+++” means diffuse
strong positive expression. 

[page 143]

Figure 1. Immunohistochemical characteristics of ZnT1. The dark brown positive staining of p16, Ki-67 and ZnT1 is seen in the CA
patients. A,B,C, 40×; scale bar: 100 μm). A1, B1 and C1 are magnifications of A-C (100×); scale bar: 25 µm. 

[European Journal of Histochemistry 2021; 65:3228]

Table 1. HPV-DNA testing in patients with CA.

Age (years)     High risk (n)      Medium risk (n)    Low risk (n)

≤30                                       12                                     4                                    8
31-50                                      6                                      4                                    5
≥51                                        3                                      0                                    2

High risk type: HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68; medium risk type: HPV 36, 53, 66,
73, 82; low risk type: HPV 6, 11, 81.
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The results showed that among 21 cases of HPV high-risk
infection, 2 cases of ZNT1 weak expression accounted for 9.52%
(2/21); 4 cases of strong expression accounted for 19.05% (4/21);
ZNT1 diffusely strongly positive expression cases accounted for
the largest number. There are 14 cases accounting for 66.67%
(14/21). Among all HPV high-risk infections, only one patient had
negative expression of ZNT1 protein. Therefore, we found that the
ZNT1 protein expression rate among HPV high-risk infections was
as high as 95.24% (20/21) (Figure 2).

We found that in HPV-infected CA patients, the expression of
ZnT1 is correlated with the risk grade of HPV. The expression of
ZnT1 is weak in patients with low-risk HPV infection, and the
expression of ZnT1 is stronger in patients with high-risk HPV
infection. The results of the study showed that there were 21
patients with high-risk HPV infection, of which 14 patients
showed diffuse and strong positive expression of ZNT1 protein,
accounting for 31.82% (14/44). The expression of ZNT1 protein in
patients with intermediate-risk HPV infection mainly showed
weak positive and strong positive expression, accounting for
13.64% (6/44) of the total number of patients with intermediate-
risk HPV infection. The expression of ZNT1 protein in patients
with low-risk HPV infection is mainly negative and weakly posi-
tive, of which the negative ratio accounts for 11.36% (5/44), and
the weakly positive expression accounts for 18.18% (8/44) (Table
2). While faint ZnT1 expression is seen in the normal control
group (results not shown). The expression level of ZnT1 in the tis-
sues of CA patients was significantly higher than that of the normal
control group, and the difference was statistically significant
(p<0.05). In the study, we found that ZnT1 expression is stronger
in CA patients infected with HPV (high-risk type) (Table 2).

Discussion
HPV is a double-stranded DNA virus, and its main route of

transmission is through sexual contact.3 Under special circum-
stances, it can also be transmitted through non-sexual contact, such
as close contact, autologous vaccination, through the uterus or
delivery from pregnant women infected with HPV vertical trans-
mission to newborns.14 As the most widely spread sexually trans-
mitted virus in the world, the lifetime infection rate of the popula-
tion is about 75%.15 HPV infection is the most common sexually
transmitted disease between the sexes. It is closely related to the
onset of a variety of precancerous lesions and malignant tumors,
causing a serious economic and social burden.16 Perianal and exter-
nal genital skin and mucous membranes infected with HPV can be
clinically manifested as dominant CA and subclinical and latent
infections without obvious skin lesions.17 Epidemiological data
indicate that most HPV infections do not show typical damage, and
more often subclinical infections and latent infections are the main
manifestations.18 HPV can enter the skin through tiny damages or

Figure 2. Expression strength of ZnT1 in high-risk CA cases. A) +; B) ++; C) +++. A-C (100×); scale bar: 25 µm.  

[page 144]                                           [European Journal of Histochemistry 2021; 65:3228]

Table 2. Expression strength of ZnT1 in CA tissues.

Group Expression strength (grade)
                                            -                   +               ++           +++

High risk (n)                                  1                        2                      4                   14
Medium risk (n)                           1                        4                      2                    1
Low risk (n)                                   5                        8                      1                    1
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epithelial cells on the mucosal surface and infect the basal ker-
atinocytes of the genitals and oral mucosa through further damage
and micro damage.19 At present, more than 200 HPV subtypes have
been found, of which about 40 are related to the occurrence of anal
and genital CA.20 These diseases that pose a serious threat to health
often have no specific skin lesions in the early clinical stage, and
most of the clinical manifestations are mainly itching in the affect-
ed area.21 Therefore, for patients with itchy perianal and external
genital skin, timely HPV screening of skin exfoliated cells in the
affected area has important clinical significance for the early pre-
vention and treatment of atypical skin lesions, precancerous
lesions, and cancerous changes caused by persistent HPV infec-
tion.22 In recent years, studies on HPV infection involved in the
pathogenesis of CA are very limited. It mainly focuses on the role
of high-risk carcinogenic HPV 16 and HPV 16 viruses in ker-
atinocytes.23 In this study, we found that the expression of ZnT1
was elevated in HPV-infected CA patients. However, little is
known about the interaction between HPV and ZnT1 currently.
This leads to further speculation about the relationship between
HPV and ZnT1. 

In the research on the pathogenesis of skin diseases, the rela-
tionship between EV and HPV infection is mentioned.24 The article
describes EV, this rare lifelong autosomal recessive skin disease,
which was recently classified as primary sexual immunodeficien-
cy.25 It is related to ubiquitous β-HPV infection, but has nothing to
do with other pathogens, including skin or genital α-HPV, γ-HPV
and other factors.26 Therefore, EV is considered as a potential
model for the role of viruses in skin cancer.27 In the study of this
model of EV, it was found that the mechanism of HPV infection is
related to the mutation of EVER1 and EVER2 genes.11

Homozygous mutations of these two genes indicate that EV is sus-
ceptible to HPV. The discovery of EVER1 and EVER2 genes has
opened up a new way to find the molecular background of the anti-
HPV barrier. 

In addition, studies have found that both EVER1 and EVER2
interact with zinc transporter 1 (ZnT-1).11 ZnT-1 is a membrane
protein responsible for zinc outflow and anti-zinc toxicity. It is
reported in the literature that multiple interaction targets were
found in EVER1, EVER2 and ZnT-1 in the yeast two-hybrid
screening experiment.11 Both transmembrane virus E5/E8 and cel-
lular EVER proteins interact with zinc transporter ZnT1 which
may regulate zinc homeostasis. The topology of this network high-
ly suggests that EVER protein and ZnT-1 exist as EVER1–
EVER2–ZnT-1 anchor complexes on the endoplasmic reticulum
membrane. Studies reported that the ZnT-1–EVER complex play
an important role in transport of free zinc inside keratinocytes in
order to regulate the balance in its local concentration. This sug-
gests that EVER2 regulates free zinc homeostasis and modulates its
functions through ZnT-1 in human keratinocytes, especially in the
transcriptional function of free zinc.28 Because of this, it has been
reported in the literature that the ZnT-1–EVER complex proteins
on specific signal transduction pathways leading to synthesis of
transcription factors such as c-Jun N-terminal kinase (JNK) and
phosphoinositide 3-kinase (PI3K),which belongs to the AP-1 fam-
ily, and Elk-1.29 HPV16 E5 protein inhibits EVER and ZnT-1
activities which implicated that interaction between the HPV E5
and EVER– ZnT-1 complex might facilitate the concentration of
free zinc needed for expression of viral genomes. These data sug-
gest that inhibition of EVER–ZnT-1 complex by E5 protein (geni-
tal HPV) or mutation (EV HPV) is crucial for the HPV life cycle
in keratinocytes. On this basis, the expression of ZnT1and EVER–
ZnT-1 complex can also affect the homeostasis of free zinc, result-
ing in a vicious cycle. Therefore, we speculate that ZNT1 protein
is also involved in the pathogenesis of HPV infection. Our study
found that ZNT1 protein is expressed in CA patients with HPV

expression. There is a certain correlation between the intensity of
ZNT1 protein expression and the risk grade of HPV. The expres-
sion of ZNT1 in the HPV high-risk group is diffusely strong. The
results found in these studies also just confirmed our previous
speculation.

In addition, in this study, it was found that the expression of
ZnT1 was upregulated in CA patients. So, we speculate that zinc
concentration disturbance in patients with CA cases because of
zinc transporter ZnT1. We will expand the sample size of CA
patients to further explore the internal relationship and the molec-
ular pathogenesis between HPV infection and the ZnT1 in the fol-
lowing studies. On this basis, the expression level of zinc in CA
patients will also be our next research direction.

Summary, ZNT1 can be used as an auxiliary method for HPV
detection, play a certain complementary role in HPV susceptibility
and molecular mechanism, and provide a new idea for the molec-
ular mechanism and treatment of HPV infection.
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