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Background: Condyloma cuminata (CA) is a sexually transmitted disease caused by human papillomavirus (HPV) infection, which is
prone to recurrence and difficult to cure in the short term. CD207 is a C-type lectin receptor that is specifically expressed on the
surface of Langerhans cells (LCs) and is considered as an LC-specific immunohistochemical marker. The main purpose of this study is
to explore the correlation between the expression of CD207 in CA skin lesions and the duration of CA disease course and frequency of
recurrence, in order to provide new prognostic markers for CA to clinicians.

Materials and Methods: A total of 40 male patients with CA and their skin lesions were collected, as well as 40 healthy male penile
tissue samples. The skin lesions of CA were clinically and histologically confirmed by acetic acid test. The expression of CD207 in
epidermal tissues was detected using immunohistochemistry. The difference in the number of CD207 positive cells between CA skin
lesions and healthy skin controls was compared, and the association between the number of CD207 positive cells in CA skin lesions
and the duration of disease course and the frequency of recurrence was determined through Spearman correlation analysis.
Conclusion: In CA skin lesions, CD207 positive cells were found to have morphological abnormalities and the number of cells was
significantly reduced compared to healthy skin, suggesting that there may be antigen presentation dysfunction in CA skin lesions,
which may be the reason for the prolonged and unresolved condition of the disease. The fewer CD207 positive cells in CA skin
lesions, the longer the disease course and the more frequent the recurrence, therefore, the expression level of CD207 can be used as
a new prognostic marker for predicting the outcome of CA.
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Introduction
Condyloma Acuminata (CA) is a common sexually transmitted disease caused by human papillomavirus (HPV)
infection. It is characterized by wart-like growths on the skin and mucous membranes of the genital and anal areas.
CA is prone to recurrence after treatment and is difficult to cure in the short term. Currently, there is a lack of effective
biomarkers in clinical practice that can predict its prognosis.'~

HPV differs from many other viral infections in that it primarily enters the body through infection of the skin or
mucous membranes and only replicates (reproduces) within terminally differentiated skin or mucosal epithelial cells.
This means that the immune response at these sites is particularly important for resisting infection.’* Langerhans cells
(LCs) are a member of the dendritic cell (DC) family, located in the stratified squamous epithelium and mucosal tissue of
the skin. They were the first known professional antigen-presenting cells (APCs). LCs play an important role in viral
infections of the skin and mucous membranes because they are located in the outer layer of the skin and mucous
membranes, which are the entry points for viruses such as human immunodeficiency virus (HIV), herpes simplex virus
(HSV), varicella-zoster virus (VZV), and human papillomavirus (HPV).LCs can form a tight network structure between
each other and with the surrounding keratinocytes through the adhesion molecule E-cadherin, which allows them to resist

and monitor the invasion of pathogenic microorganisms.> CD207 protein (also known as langerin protein) is encoded by
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the CD207 gene and is a type of C-type lectin receptor that is specifically expressed on the surface of LCs. It is one of the
specific immunohistochemical markers of LCs.°

This study compared the differences in the number of CD207-expressing cells between the skin lesions of male
patients with CA and a healthy control group using immunohistochemical techniques. The study also investigated the
correlation between the number of CD207-positive cells in skin lesions and the duration of CA, as well as the frequency
of CA recurrence.”® These findings provide a new biomarker for clinical doctors to predict the prognosis of CA.

Materials and Methods

This study was approved by the Clinical Medical Ethics Committee of the Affiliated Hospital of Weifang Medical
University, and written informed consent was obtained from each patient before inclusion. The skin lesions of 40 male
patients with CA were collected from outpatient clinics of the Department of Dermatology and Venereology at Weifang
Medical University Affiliated Hospital between May 2021 and December 2021, and met the diagnostic criteria for CA.’
Exclusion criteria: females (to avoid the influence of sex hormone fluctuations on skin lesions), recurrent CA, tissue
pathology not consistent with the diagnosis of CA, concomitant with other local infections or sexually transmitted
diseases, concomitant with chronic severe infections (such as HIV, etc.), concomitant with severe systemic diseases (such
as diabetes, organ transplantation, malignant tumors, autoimmune diseases, etc.), recent use of glucocorticoids or
immunosuppressants.

The CA group consisted of 40 patients aged between 16 and 35 years old, with a mean age of (24.15+5.49) years
old, including 15 patients (37.5%) under the age of 21, 17 patients (42.5%) aged between 21 and 30, and 8 patients
(20.0%) over the age of 30. The duration of the disease in the patients ranged from 5 days to 4.1 weeks. The locations
of the lesions were as follows: glans penis in 9 cases (22.5%), urethral meatus in 2 cases (5.0%), penile shaft and
adjacent areas in 12 cases (30.0%), inner and outer prepuce in 11 cases (27.5%), and perianal skin and/or rectum in 6
cases (15%). The 40 male participants in the healthy control group were matched in age with the CA group and had
normal foreskin specimens collected after circumcision, with no verrucous changes in tissue pathology and negative
HPYV nucleic acid detection. All patients received electrosurgical treatment, which completely removed the warts using
an electrosurgical device, reaching a depth of the superficial dermis and expanding 2—3mm around the wart. If
a recurrence occurred during follow-up, the patient received treatment again until they were considered cured after
12 weeks without recurrence.

Immunohistochemistry

Before the initial treatment, a sterile surgical scissors was used to cut a skin lesion of approximately 0.4*0.2*0.2cm” in
size, and 30% ferric chloride solution was used to stop bleeding by compression with a cotton swab. The specimen was
immediately placed in 10% neutral formaldehyde solution and fixed for 12 hours, followed by ethanol dehydration,
xylene transparency, and paraffin embedding to make a wax block. The wax block was sliced into 4um thickness
sections, baked at 70°C for 60 minutes, deparaffinized with xylene, and sequentially treated with 100%, 90%, 80%, 70%
ethanol and distilled water. Tris-EDTA antigen repair solution (pH=8.0) was used for high pressure antigen repair. 3%
H,0, was soaked for 5 minutes to block endogenous peroxidase, followed by incubation with goat serum for 10 minutes
and then addition of CD207 antibody (mouse anti-human monoclonal antibody, product number: MAB-0633, clone
number: 12D6, Fuzhou Maixin Biotechnology Development Co., Ltd.), incubated at 37°C for 1 hour. The tissue sections
were washed repeatedly with phosphate-buffered saline (PBS), and then reacted with enhanced reagent and horseradish
peroxidase-labeled sheep anti-mouse IgG polymer (universal two-step immunohistochemistry test kit, product number:
PV-9000, Beijing Zhongshan Golden Bridge Biotechnology Co, Ltd. at 37°C for 20 minutes. After repeated washing with
PBS, DAB color development was performed (DAB color development kit, product number: ZLI-9018, Beijing
Zhongshan Golden Bridge Biotechnology Co, Ltd.). The sections were counterstained with hematoxylin for 5 minutes,
blued with ammonia water, dehydrated with ethanol, and then made transparent with xylene before being sealed with
neutral resin. The morphology of CD207 positive cells in the epidermis of CA skin lesions and the number of CD207
positive cells in each high-power field (400X) were observed under a microscope.
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Detection of HPV Genotypes by PCR Hybridization Method

Before the initial treatment, collect the exfoliated cells from the surface of the lesion using a specialized brush. Incubate
the exfoliated cells in Tris-TEDA buffer (pH=8.0) containing proteinase K at 55°C for 10 minutes, then centrifuge at
4000rpm for 1 minute to collect the supernatant as the PCR template. Use an HPV genotyping test kit (catalog number:
PW33221, Chaozhou Hybribio Biochemistry Ltd.) for PCR amplification and hybridization detection of HPV genomic
DNA. Mix 2uL of PCR template with 23uL. of PCR amplification reagent and perform amplification in a PCR tube
through denaturation, annealing, and extension (40 cycles). Take 25uL. of PCR product for hybridization detection and
color development using a medical nucleic acid molecular rapid hybridization instrument (model HHM-2, Chaozhou
Hybribio Biochemistry Ltd.) according to the instructions of the kit.

Statistical Methods

Data were analyzed using the SPSS statistical package, version 19.0 (SPSS Inc., Chicago, IL, USA) for Windows. Data
were presented as mean+SD. Differences between groups were compared using an independent-samples #-test. Statistical
significance was assumed as a P-value <0.05. The correlation between levels of CD207-positive cells in CA lesions and
duration of CA and recurrence frequency was analyzed by Spearman’s rank correlation coefficient analysis; a P value
<0.05 was considered statistically significant.

Results
LCs in CA Lesions Undergo Morphological Changes

The histopathological presentation of normal skin tissue shows no obvious abnormalities (Figure la), while the
histopathological presentation of condyloma acuminatum shows papillary growth of the epidermis with visible koilocytes
(Figure 1d). In healthy foreskin tissue epidermis, a relatively large number of CD207-positive cells can be seen, mainly
located in the upper part of the basal layer and the middle part of the spinous layer, with a relatively uniform distribution

Figure | The histopathological presentation of normal skin ((a) HE staining 40x) and condyloma acuminatum skin lesions ((d) HE staining 100x). Expression of CD207 in
normal foreskin tissue ((b) immunohistochemistry staining 100x, (c) immunohistochemistry staining 400x) and CA skin lesions ((e) immunohistochemistry staining 100x, (f)
immunohistochemistry staining 400x). It shows that the number of CD207-positive cells is higher in normal foreskin tissue, distributed throughout the entire epidermal layer,
and has obvious dendritic-like structures. In CA skin lesions, the number of CD207-positive cells is lower, distributed in the lower part of the epidermis, and with less
obvious dendritic-like structures.
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(Figure 1b); under high magnification, these cells have clear structural contours, with round or irregular-shaped
cytoplasm and numerous slender dendritic processes, and secondary protrusions can be seen (Figure 1c). The number
of CD207-positive cells in the epidermis of CA lesions is significantly reduced compared to normal foreskin tissue,
mainly located in the lower part of the spinous layer (Figure le), and even disappeared in some patients’ lesions; under
high magnification, the structural contours of these cells are not clear, with round cytoplasm, significantly reduced or
even absent protrusions (Figure 1f). This indicates that there are obvious morphological abnormalities of CD207-positive
cells in CA lesions.

The Number of CD207-Positive Cells is Downregulated in Condyloma Acuminatum

Lesions

In each 400-fold field of view, there were approximately 25.30+7.60 CD207-positive cells in the epidermis of healthy
foreskin tissue, while there were approximately 4.90+3.24 CD207-positive cells in the epidermis of condyloma
acuminatum lesions. It shows that the number of CD207-positive cells in CA lesions is significantly lower than that in
healthy foreskin tissue (#=5.28, P<0.05).

The Number of CD207 Positive Cells is Negatively Correlated with the Course of

Acuteness Condyloma Acuminata and the Number of Recurrences

After follow-up, the course of the 40 patients with CA ranged from 6 to 56 weeks, with an average of 28.35+13.87
weeks, and the number of recurrences ranged from 2 to 25 times, with an average of 8.80+£5.90 times. Spearman’s rank
correlation coefficient analysis showed that the number of CD207 positive cells was significantly negatively correlated
with the length of CA course (r=—0.75, P<0.05) and the number of CA recurrences (r=—0.74, P<0.05). The results are
shown in Figure 2. This suggests that in the male population, the more CD207 cells there are in the initial lesions of CA,
the better the prognosis, and CD207 may become a new prognostic marker for CA.

The Number of CD207-Positive Cells is Not Related to HPV Typing
Among the 40 CA patients tested, HPV subtypes included 6, 11, 16, 18, 31, 43, 51, 52, 53, and 55. Among them, 29
cases were low-risk types (72.5%) and 11 cases were high-risk types (27.5%). The number of CD207-positive cells in

a b C

Figure 2 Correlation between the number of CD207-positive cells in the epidermis and the course of the disease and number of relapses in patients with condyloma
acuminatum (a: CD207, b: Recovery time, c: Number of relapses).
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CA skin lesions caused by low-risk HPV types was 4.93+3.28, and in lesions caused by high-risk HPV types was 4.82
+3.13, with no statistical difference between the two groups (t=0.10, P>0.05).

Discussion

Condyloma acuminatum, also known as genital warts, are a common sexually transmitted infection caused by human
papillomavirus (HPV) infection. HPV is a DNA virus with over 100 known types, of which around 30 can infect human
skin and mucous membranes. Genital warts are mostly caused by HPV types 6 and 11, but a minority of cases may be
caused by other types such as HPV 16 and 18.'° The virus is primarily transmitted through sexual contact. The
occurrence and recurrence of genital warts are related to persistent infection with human papillomavirus (HPV)."
After HPV infection, the immune system produces an immune response against the virus, and most infections are
cleared within several months. However, in some patients, the virus persists and leads to the occurrence and recurrence of
genital warts. This may be related to a decrease in the patient’s immune function, especially a decrease in cell-mediated
immunity and defects in the body’s immune surveillance function. Therefore, maintaining a good immune status and
enhancing immune function are important for preventing and treating CA.'>'* LC is a special type of dendritic cell that
originates from hematopoietic stem cells in bone marrow. As LC is located in the epidermis and mucous membranes of
the body, which are targets of invasion for some viruses, such as Human Immunodeficiency Virus, Herpesvirus, and
Human Papillomavirus, LC plays an important role in viral infections of the skin and mucous membranes. LC can form
a tight network structure between themselves and the surrounding keratinocytes through the adhesion molecule
E-cadherin, to resist and monitor the invasion of pathogenic microorganisms. Once foreign antigens and pathogens
breach the physical and biochemical barriers of the body and come into contact with LC dendrites, LC will quickly
mature and undergo a series of phenotypic changes, such as upregulation of the major histocompatibility complex (MHC)
class I and II molecules, as well as the co-stimulatory molecules CD80, CD86, CD40, and the acquired expression of
CDS83 on the surface of LC. The upregulated expression of the lymph node homing receptor CCR7 mediates the
migration of LC to the local lymph node via afferent lymphatics, where they continue to mature and secrete correspond-
ing chemokines and cytokines, and their antigen-presenting ability is continually enhanced. Therefore, LC not only plays
a role as a “sentinel” cell in defending against pathogenic microorganisms, but also serves as an important bridge
connecting innate immunity and adaptive immunity.'*'> In the normal immune state, when the skin is infected with
a virus, the number and density of LCs in the epidermis increase in response to the infection, forming an expanding
network through their dendritic structures to recognize viral antigens.'®'” When antigens bind to the surface receptor
Langerin (CD207) of LCs and enter the cell, they combine with Birbeck granules and are expressed on the surface of LCs
through the special structure channel of CD1a, and the antigen is presented to T helper cells, which are activated by co-
stimulatory factors, thereby initiating an immune response.'®'?

In this study, we found that the number of LCs in the condyloma acuminatum lesions decreased instead of increasing,
and their morphology changed significantly, with a smaller size, a rounder shape, and fewer or even absent branches. This
morphological change affects the structure of the LCs’ expanding network, thereby affecting their function. In terms of
distribution, the distribution of LCs in CA tissue is biased toward the lower epidermal layer compared to normal tissue,
while the viral antigens of HPV are only expressed in the upper layer of terminally differentiated skin or mucosal
epithelial cells, making it difficult for LCs to effectively contact antigens and further weaken their antigen presentation
ability. Therefore, we speculate that LCs undergo abnormal changes in morphology, number, distribution, and so on in
CA, which affects their ability to effectively present HPV antigens in the epidermis to immune-active cells, leading to the
persistence of HPV infection and easy recurrence.

From the process of LC uptake, processing, and presentation of antigens described above, we can see that CD207
plays an important role. CD207 protein (also known as langerin protein) is encoded by the CD207 gene and is a type of
C-type lectin receptor that is specifically expressed on the surface of LCs. CD207 protein contains extracellular neck
region, transmembrane region, intracellular portion, and carbohydrate recognition domain (CRD), which can preferen-
tially bind to glycosylated compounds containing mannose, N-acetylglucosamine, and fucose, thereby playing a role in
recognizing and engulfing antigens into LC cells.?>*' Currently, research has found that CD207 plays an important role
in a series of non-classical antigen processing processes, such as forming Birbeck granules and processing and
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transporting them to local lymphoid tissue, and inducing LC maturation.”> This study found that the number of CD207-
positive LCs in CA tissue was significantly reduced, indicating that there are abnormalities in the multiple functions of
LCs in processing and presenting HPV antigens. Spearman correlation analysis showed that the fewer CD207-positive
cells in CA lesions, the longer the patient’s course and the more frequent the recurrence. We believe that this may be due
to LC dysfunction.

Conclusion

In summary, there are significant abnormalities in the number and morphology of CD207-positive LC in condyloma
acuminata lesions. The number of CD207-positive cells in the lesions could potentially serve as a new biomarker for
determining the length of the disease course and the frequency of recurrence.
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