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Expression and significance of cyclin D1, cyclin-dependent
kinase 4 and cyclin-dependent kinase inhibitor P27 in patients
with non-neoplastic epithelial disorders of the vulva
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Abstract. Non-neoplastic epithelial disorders of the vulva
(NNEDV) are prevalent and refractory gynecological diseases.
However, the underlying pathogenesis of these diseases
remain unclear. The present study aimed to investigate the
expression and significance of cyclin DI, cyclin-dependent
kinase 4 (CDK4) and cyclin-dependent kinase inhibitor P27
(P27) in patients with NNEDV and provide a reference for
clinical diagnosis and treatment. Normal vulvar skin samples
from patients with perineum repair (control group, n=20) and
skin samples from the vulvar lesions of patients with NNEDV
(NNEDV group, n=36) were collected. Expression levels of
cyclin D1, CDK4 and P27 were assessed in the samples using
immunohistochemistry. The expression of each protein was
evaluated based on the mean optical density (MOD). The
MODs of cyclin D1 and CDK4 were significantly higher in
samples of the three pathological types of NNEDV, namely
squamous hyperplasia (SH), lichen sclerosus (LS) and mixed
SH and LS lesions, compared with those of the control group.
The MOD of P27 was lower in samples of the three patho-
logical types of NNEDV than in the control group, although
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the difference was not statistically significant. No significant
differences in the MOD of cyclin D1, CDK4 and P27 were
detected among the three pathological types of NNEDV. The
ratios of the MOD of cyclin D1 and CDK4 in the prickle cell
layer to those in the basal cell layer were significantly higher
in the NNEDV group than in the control group. However, the
ratio of the MOD of P27 in the prickle cell layer to that in
the basal cell layer exhibited no significant difference between
the NNEDV and control groups. NNEDV has the potential for
malignant transformation. The occurrence and development
of NNEDV may be associated with the acceleration of cell
proliferation, in which cyclin D1, CDK4 and P27 contribute
to regulation of the cell cycle. Therefore, cyclin D1, CDK4
and P27 may be potential targets in the development of new
clinical therapeutic drugs for patients with NNEDV.

Introduction

NNEDV are a group of chronic diseases characterized by
degeneration and pigmentation of the skin and mucosal tissues
of the vulva, including squamous hyperplasia (SH), lichen scle-
rosus (LS) and mixed lesions of SH and LS, which are common
refractory gynecological diseases that often cause severe and
torturous vulvar pruritus. At present, the pathogenesis of these
disorders is unclear, and NNEDV may undergo malignant
transformation. As early as 2008, NNEDV were identified as
precancerous lesions (1), and it has been reported that vulvar
squamous cell carcinomas develop via two different pathways.
One is closely associated with human papillomavirus (HPV)
infection, which is known as the classical pathway, and the
other is associated with inflammatory dermatitis, which is
known as the differentiated or simple pathway, in which HPV
infection is not involved. The latter accounts for <5% of iden-
tifiable vulvar squamous cell carcinomas (1). Inflammatory
dermatosis occurs in the epithelium adjacent to the cancerous
tissue, which is often continuous with LS or chronic simple
lichen disease. NNEDV can become malignant through the
differentiated pathway; however, the mechanism by which it
becomes malignant remains unknown. Previous studies have
explored infection, genetics, hormone levels, autoimmune
and metabolic factors, as well as local stimulation, but the
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mechanisms of carcinogenesis have yet to be clearly identi-
fied (2-4). Molecular biology provides a novel approach to the
investigation of the pathogenesis of NNEDV with regard to
changes in the mechanism of cell cycle regulation.

The abnormal proliferation of cells caused by dysregulation
of the cell cycle is the basis of tumorigenesis and development.
The most important cell cycle regulation system of eukaryotic
cells is that comprising cyclins, cyclin-dependent kinases
(CDKs) and CDK inhibitors (CKIs). In the normal cell cycle, a
cyclin combines with a CDK to form a complex that regulates
cell proliferation and differentiation from the G, phase to the
S phase. However, CKIs inhibit the activity of the cyclin-CDK
complexes and block the cell cycle at the G, phase, which
keeps the system in dynamic equilibrium and maintains the
normal operation of the cell cycle. Disruption of the balance
of this system can lead to a shortened cell cycle, with uncon-
trolled cell growth and proliferation, and may also result in
tumorigenesis (5).

Cyclin D1,CDK4 and CKI P27 (P27) have been found to be
important for the regulation of the cell cycle (5). Therefore, the
purpose of the present study was to investigate the expression
and significance of cyclin D1, CDK4 and P27 in NNEDV and
serve as a reference for the clinical diagnosis and treatment of
these disorders.

Materials and methods

NNEDYV and control groups. Patients admitted to the
Department of Gynecology and Obstetrics of The Affiliated
Hospital of Southwest Medical University (Luzhou, China)
from August 2020 to July 2021 were enrolled in the present
study. A diagnosis of NNEDV was confirmed based on
pathology results by two independent pathologists. The
inclusion criteria were patients who fulfilled the pathological
diagnostic criteria set by the International Society for the Study
of Vulvar Diseases (ISSVD) and the International Society of
Gynecological Pathologists (ISGYP) in 1987 (6), with clinical
manifestations including repeated vulvar pruritus and burning
sensation, and who volunteered to participate in the study. The
exclusion criteria were patients who were pregnant or lactating,
as well as those with a history of hypertension, coronary heart
disease, diabetes, hyperlipidemia, thyroid disease, recurrent
abortion, adverse pregnancy, immune diseases and malignant
tumors, all types of acute vaginitis and acute vulvar infection.
In addition, those patients who had received hormone or drug
therapy within 1 month, had a mental illness, neurological
dysfunction or a long history of smoking were also excluded.

In total, 36 patients [age, 22-75 years; mean age,
39+11.53 years; body mass index (BMI) 18-24 kg/m?; mean
BMI, 21.04+1.06 kg/m?] were included in the NNEDV group,
including 20 cases of SH, 10 cases of LS and 6 cases of mixed
lesions. The course of the disease ranged from 6 months to
20 years, with an average of 4.67 years. In the control group,
normal vulva skin samples from 20 patients undergoing peri-
neal repair were collected (mean age, 41.10+13.17 years; BMI,
18-24 kg/m?, mean BMI, 21.01£1.14 kg/m?). No significant
differences in general data between the NNEDV and control
groups were identified (P>0.05).

Skin tissues (diameter, 0.5 cm; depth, 0.5 cm) were excised
under local anesthesia from patients in the control and NNEDV

groups. The samples were immediately fixed in 10% neutral
formalin and then embedded in paraffin.

Reagents. The immunohistochemical streptavidin peroxidase
(S-P) method was used to detect the expression of cyclin DI,
CDK4, and P27 in skin lesions. The primary antibodies
used include: i) Rabbit anti-human cyclin D1 monoclonal
antibody (cat. no. ZA-0101; 0.1 ml; dilution, 1:50); ii) rabbit
anti-human CDK4 monoclonal antibody (cat. no. ZA-0614;
0.1 ml; dilution, 1:150); iii) rabbit anti-human P27 monoclonal
antibody (cat. no. ZA-0557; 0.1 ml; dilution, 1:20). The S-P
immunohistochemical series kit (cat. no. SP-9000) includes:
i) Normal goat serum blocking solution; ii) secondary anti-
body: biotin labeled sheep anti-rabbit I[gG working solution
(dilution, 1:1); iii) horseradish enzyme labeled chain enzyme
ovalbumin working solution (dilution, 1:1). All the afore-
mentioned reagents were purchased from Beijing Zhongshan
Jingiao Biotechnology Co., Ltd.

Main instruments. Leica pathological tissue slicer (Leica
Microsystems GmbH), Heating and baking machine (Tk-218;
Hubei Xiaogan Taiwei Electronic Equipment Co., Ltd.),
refrigerator (Bco-220; Changhong Meiling Co., Ltd.), constant
temperature incubator (wk891, 37°C; Ningbo David Medical
Device Co., Ltd.), super high-temperature pressure cooker
(diameter, 38 cm; Wuhan Suber Pressure Pot Co., Ltd.),
Confocal microscope (Ax70; Olympus Corporation) and
image processing system (KS400; Zeiss AG) were used for
processing the samples as well as visualizing and analyzing
the results.

Detection methods All tissues were fixed in 10% neutral
formalin at 36-38°C for 24 h. After dehydration and being
rendered translucent, the tissues were waxed, embedded in
paraffin and routinely sectioned to a thickness of 4 ym. Four
sections from each tissue were collected, one of which was
stained with hematoxylin and eosin at 36-38°C, the entire
dyeing process takes 1 h and 30 sec, while the remaining
sections were prepared for immunohistochemistry using the
S-P method, which process are as follows: i) Continuously
slice paraffin specimens at 4 ym and place in oven at 60°C
for 3-5 h; ii) leave paraffin sections at 22°C for 5 min,
then dipped into xylene I and II for 10 min, respectively;
iii) immerse in 100, 95, 90, 80 and 70% alcohol solution
for 10 min, respectively; iv) rinse three times with double
distilled water for 1 min each time; v) antigen repair: Put
the tissue section into antigen repair solution (PH 6.0),
steam under high pressure for 3 min and cool to room
temperature; vi) rinse with 0.01 M PBS solution (pH 7.4)
three times for 10 min each time; vii) endogenous peroxi-
dase was blocked by hydrogen peroxide (3%) and incubated
at 37°C for 10 min; viii) rinse with 0.01 M PBS solution
(pH 7.4) three times for 5 min each time; ix) add 5% normal
goat serum blocking solution (purchased from Beijing
Zhongshan Jingiao Biotechnology Co., Ltd.) and place in a
wet box in the incubator at 37°C for 20 min to eliminate non-
specific staining; x) pour out the serum and add the primary
antibody (rabbit anti-human cyclin D1, CDK4 or P27 mono-
clonal antibody). Place in incubator at 37°C for 30 min and
transfer to refrigerator at 4°C overnight; xi) rewarm the



EXPERIMENTAL AND THERAPEUTIC MEDICINE 26: 356, 2023 3

Normal SH
A

granular cell
Inyer

H&E

Cyclin D1

CDK4

P27

LS Mixed lesions

=100

=400

%400

x400

Figure 1. Expression of cyclin D1, CDK4 and P27 in normal vulvar tissue and vulvar tissues from patients with non-neoplastic epithelial disorders of the vulva.
(A) H&E staining of normal, SH, LS and mixed lesion tissues, respectively. Scale bars, 200 ym. Immunohistochemical staining of (B) cyclin D1, (C) CDK4 and
(D) P27 in normal, SH, LS and mixed lesion tissues, respectively. Scale bars, 50 yum. CDK4, cyclin-dependent kinase 4; P27, cyclin-dependent kinase inhibitor
P27; SH, squamous hyperplasia; LS, lichen sclerosus; H&E, hematoxylin and eosin.

following day, rinse with 0.01 M PBS solution three times
for 5 min each time; xii) add biotin-labeled secondary
antibody (sheep anti-rabbit IgG) working solution dropwise
and place in a wet box in the incubator at 37°C for 25 min;
xiii) rinse with 0.01 M PBS solution (pH 7.4) three times
for 5 min each time; xiv) add 100 ul of horseradish enzyme
labeled chain enzyme ovalbumin working solution and put
it in wet box in incubator at 37°C for 15 min; xv) rinse with
0.01 M PBS solution (pH 7.4) three times for 5 min each
time; xvi) DAB color development: Color development
at room temperature and control the reaction time under
the microscope; xvii) rinse thoroughly with tap water for
10 min; xviii) hematoxylin was counterstained at 25°C for
5 min, rinse thoroughly with tap water for 5 min, then add
hydrochloric acid (0.5%) and alcohol solution to differen-
tiate saturated lithium carbonate returns to blue; xix) use
conventional gradient alcohol dehydration, immerse in
xylene and seal the sheet with neutral gum. Observe and
photograph under the microscope. As the quality control
standard, 0.01 M PBS solution (pH 7.4) was used as the
negative control instead of the primary antibody.

Pathological diagnostic criteria of NNEDV. Diagnostic
criteria jointly created by the ISSVD and ISGYP in 1987 were
applied to diagnose NNEDV. The 20 cases of SH exhibited
cell proliferation of the squamous epithelium, obvious kera-
tosis and incomplete keratosis of the epidermis, hypertrophy
of the prickle cell layer, extended epithelial feet, evident
dermal papilla between the epithelial feet, as well as a small
amount of lymphocyte and plasma cell infiltration around the
blood vessels in the superficial dermis. The 10 cases of LS
presented with epidermal hyperkeratosis and keratin embo-
lism of the hair follicles, thinning of the prickle cell layer with
liquefaction degeneration of the basal cells, reduced melano-
cyte counts, the thickening or disappearance of epithelial feet,
and homogenization of the dermis, as well as the infiltration
of lymphocytes and plasma cells in homogeneous bands. The
6 cases of mixed type presented with the pathological features
of both types of lesions (Fig. 1).

Determination of immunohistochemical results. Positive
staining was indicated by tan or yellow particles. The nucleus
and/or cytoplasm were sites of positive staining for cyclin D1



4 LIU et al: EXPRESSION OF CYCLIN DI, CDK4 AND P27 IN NNEDV

Table I. Mean optical density of cyclin D1, CDK4 and P27.

Group Number Cyclin D1 CDK4 P27
SH 20 2.36x1.62° 4.03+1.81° 2.31x1.35
LS 10 2.25+1.71° 3.69+£2.21% 2.48+1.11
Mixed lesions 6 2.38+0.92° 4.17+1.12° 2.35+1.35
Control 20 0.53+0.76 1.71£0.52 4.15+2.33
F-value 3.60 3.67 1.83
P-value 0.03 0.02 0.18

Data are presented as the mean + standard deviation. “P<0.05 vs. the control group; *P<0.01 vs. the control group. CDK4, cyclin-dependent
kinase 4; P27, cyclin-dependent kinase inhibitor P27; SH, squamous hyperplasia; LS, lichen sclerosus.

and CDK4, while the nucleus was the site of positive staining
for P27. For each section, five typical fields were observed
using a confocal microscope at a magnification of x100, and
photographic images were captured at a magnification of x400.
The positive expression of protein was evaluated based on
the mean optical density (MOD). Image Pro 6.0 Professional
Image Analysis Software (Media Cybernetics, Inc.) was used
to assess the MOD. MOD analysis was performed blindly by
three different people and the mean value was taken.

Statistical methods. The SPSS Statistics 22.0 software
package (IBM Corp.) was used to perform the statistical
analysis. Data are expressed as the mean + standard devia-
tion. Multiple sample means were compared using one-way
analysis of variance followed by Tukey's post hoc test for
pairwise comparisons. Two sample means were compared
using the unpaired t-test, with a=0.05 (bilateral) being set as
the test level. P<0.05 was considered to indicate a statistically
significant result.

Results

Sites of cyclin DI, CDK4 and P27 expression in normal
and NNEDV tissues. Staining for cyclin D1 and CDK4 was
observed in the nucleus and/or cytoplasm. In normal tissues,
the positive cells were mainly distributed in the epithelial basal
cell layer, and also present in the prickle cell layer. However,
in NNEDV tissues, the positive cells were mainly distributed
in the prickle cell layer. Positive cells were also observed in
the granular cell layer in some cases, with cyclin D1 positive
cells in 7 cases of SH and 4 cases of LS, as well as CDK4
positive cells in 8 cases of SH, 3 cases of LS and 2 cases of
mixed lesions. P27 staining was visible in the nucleus and was
mainly distributed in the basal cell and prickle cell layers of
the normal and NNEDV tissues (Fig. 1).

Expression intensity of cyclin DI, CDK4 and P27 in normal
and NNEDYV tissues. The MOD of cyclin D1 in the control,
SH, LS and mixed groups was 0.53+0.76,2.36+1.62,2.25+1.71
and 2.38+0.92, respectively. The MOD of CDK4 in the control,
SH, LS and mixed groups was 1.71+0.52,4.03+1.81, 3.69+2.21
and 4.17+1.12, respectively. The MOD of P27 in the control,
SH, LS and mixed groups was 4.15+2.33,2.31+1.35,2.48+1.11
and 2.35+1.35, respectively. The MOD values of cyclin D1 and

CDK4 in the three pathological types of NNEDV (SH, LS and
mixed lesions) were significantly higher compared with those
of the control group (all P<0.05). The MOD values of P27 in
the three types of NNEDV were lower than that of the control
group, but no significant difference was detected (all P>0.05).
No significant difference in the MOD values of cyclin DI,
CDK4 or P27 were detected among the three pathological
types of NNEDV (all P>0.05; Table I).

Changes in the ratios of the MOD of cyclin DI, CDK and
P27 in the prickle cell layer to those in the basal cell layer.
The distribution of cyclin D1 and CDK4 positive cells in
the epithelium of the control group was different from that of
the NNEDV group. The ratio of the MOD of cyclin D1 in the
prickle cell layer to that in the basal cell layer was 0.43+0.30
in the control group and 2.29+0.77 in the NNEDV group. The
ratio of the MOD of CDK4 in the prickle cell layer to that in
the basal cell layer was 0.87+0.50 in the control group and
2.41+0.86 in the NNEDV group. For both cyclin D1 and CDK4,
the ratio of the MOD in the prickle cell layer to that in the
basal cell layer was significantly higher in the NNEDV group
compared with the control group (both P<0.01). The ratio of
the MOD of P27 in the prickle cell layer to that in the basal
cell layer was 1.56+1.17 in the control group and 1.39+0.77 in
the NNEDV group; no significant difference in this ratio was
found between the two groups (P>0.05; Table II).

Discussion

Each stage of the cell cycle is precisely regulated.
Hartwell et al (7) proposed the concept of the cell cycle regu-
latory checkpoint in the 1970s. There are two key regulatory
points in the cell cycle: G,/S and G,/M (8). Cell cycle progres-
sion is primarily driven by CDKs, which bind to cyclins to
form a complex and are activated by phosphorylation or
dephosphorylation, thereby promoting the expression of genes
associated with the cell cycle (9-12).

To date, a number of CDKs, including CDK1, 2, 4, 6,
7 and 9 and cyclins, including cyclins A, B and D-H, have
been identified and are known to play an important role in
cell cycle regulation: Cyclin D-CDK4/6 complex initiates the
cell cycle process, cyclin E-CDK2 complex regulates entry to
the S phase, cyclin A-CDK2 complex regulates S-phase DNA
replication and cyclin A/B-CDK1 complex triggers mitosis.
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Table II. Ratios of the mean optical density of cyclin D1, CDK4 and P27 in the prickle cell layer to those in the basal cell layer.

Group Number Cyclin D1 CDK4 P27
Control 20 0.43+0.30 0.87+0.50 1.56+1.17
NNEDV 36 2.29+0.77 2.41+0.86 1.39+0.77
t-value 9.55 408 044
P-value <0.00 0.00 0.67

Data are presented as the mean + standard deviation. CDK4, cyclin-dependent kinase 4; P27, cyclin-dependent kinase inhibitor P27; NNEDV,

non-neoplastic epithelial disorders of the vulva.

Each cyclin-CDK complex can trigger the expression of the
next cyclin-CDK complex to regulate the cell cycle at all
stages (13,14).

The reason for selecting cyclin D1, CDK4 and P27
for examination in the present study was that cyclin D
(cyclin D1/D2/D3) and CDK4/6 are the core molecules that
drive the initiation of the cell cycle. Once cyclin D1-CDK4
complexation occurs, the cell cycle is triggered. The abnormal
expression of cyclin D1 leads to DNA damage and activation of
checkpoint kinase 1, resulting in abnormal cell growth (13,14).
P27 is a broad-spectrum CKI that inhibits most CDKs (15,16).
When P27 binds to a cyclin D-CDK complex, the activity of
the CDK is inhibited and retinoblastoma-associated protein
phosphorylation is inhibited, leading to cell-cycle arrest in the
G phase and the cessation of cell growth (15,16). In normal
tissues, the levels of CDK4, cyclin D1 and P27 are in balance.
However, the upregulation of CDK4 and cyclin D, as well
as the downregulation of P27, can promote cell division and
proliferation disorders, and thereby induce numerous types
of human tumors (for example, esophageal squamous cell
carcinoma, lung cancer, oral squamous cell carcinoma, renal
pelvis and ureter cancer, vulvar cancer, etc.) (17-25). Therefore,
investigation of the expression of cyclin D1, CDK4 and P27 in
patients with NNEDV is potentially of great importance.

The characteristics and significance of cyclin D1, CDK4
and P27 expression in NNEDV tissues were investigated in
the present study. It was observed that the MODs of cyclin D1
and CDK4 in the three pathological types of NNEDV were
significantly higher than those in the control group. No statis-
tically significant differences in the MODs of cyclin DI and
CDK4 were detected among the three pathological types. The
MOD of P27 in the control group was higher than that in the
three pathological groups, but the differences were not found
to be statistically significant. Furthermore, no statistically
significant difference in the MOD of P27 was detected among
the three pathological groups. These results indicate that the
proliferation of epithelial cells in NNEDV tissues is likely to
be more active than that in normal tissues and suggest that
high expression of cyclin D1 and CDK4 plays a key role in the
transformation of normal tissue to NNEDV.

Previous studies have confirmed that cyclin D1 and CDK4
are protooncogenes and are upregulated in numerous types
of tumors (26-29). One study (20) revealed that the expres-
sion levels of cyclin DI tended to increase as vulvar tissue
progressed from normal to NNEDV, vulvar intraepithelial
neoplasia (VIN) and vulvar squamous cell carcinoma (SCCV),

and the expression of cyclin D1 was significantly increased
in vulvar carcinoma. These findings indicate that the high
expression of cyclin D1 is associated with the occurrence and
development of vulvar carcinoma. In the present study, the
expression levels of cyclin D1 and CDK4 were significantly
increased in NNEDV tissues compared with normal tissues.
This suggests that although NNEDV is a benign lesion, the
high expression of cyclin D1 and CDK4 in the lesion may
cause the normal cell cycle to become dysregulated and cell
proliferation to be activated, ultimately resulting in carcino-
genesis. Therefore, the high expression levels of cyclin D1 and
CDK4 may be important in the formation of NNEDV, and the
possibility of malignant transformation of NNEDV should be
monitored clinically. In addition, the expression levels of these
proteins could be used as molecular markers to distinguish
pathological tissues from normal tissues.

As an important tumor suppressor gene, P27 is a
widely studied prognostic factor, and the deletion of P27 is
an important index for judging the nature and prognosis of
numerous diseases. Kagawa et al (30) observed that decreased
expression of P27 was associated with the progression and
poor prognosis of breast, colon and gastric carcinomas. In
addition, Yanagi et al (24) observed that P27 was expressed
in the normal epidermis, and the expression level of P27 in
squamous cell carcinoma (SCC) was significantly lower than
that in normal epidermis. Yanagi et al also reported that the
absence of P27 expression was a frequent event in SCC. In
the present study, the expression of P27 in NNEDV was not
significantly decreased compared with that in the control
tissue and did not differ according to the pathological type
of NNEDV. This result is consistent with the findings of
Zamparelli ef al (31), which showed that there was no signifi-
cant difference in P27 protein expression between normal
vulva skin, NNEDV and VIN, although a decreasing trend
was observed. However, in another study, Zannoni et al (32)
reported a significant difference in P27 expression between
SCCYV and precancerous lesions, and a significant reduction of
P27 expression in NNEDV tissues compared with the normal
control group, with a decreasing trend in P27 expression in the
following sequence: Normal skin tissue-NNEDV-VIN-SCCV.

Based on these findings, it is hypothesized that the high
expression of cyclin D1 and CDK4 disrupted the balance
between cyclin D1-CDK4 complex and P27 levels, resulting
in the epithelial cell proliferation in NNEDV being more
active than that in normal tissues, indicating that NNEDV
has the potential to undergo malignant transformation. The
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occurrence and development of NNEDV may be associated
with acceleration of the cell cycle, and cyclin D1, CDK4 and
P27 are involved in regulation of the cell cycle in NNEDV.

It is possible that preventing the proliferation of abnormal
skin cells via control of the cell cycle, achieved by concur-
rently inhibiting cyclin D1 and CDK4 as well as promoting the
activity of P27, may become a useful molecular strategy for
the therapy of NNEDV. As P27 is a broad spectrum CKI with
an important role in the G, and S phases of the cell cycle, the
promotion of P27 activity may be beneficial.

The characteristics and significance of the distribution of
cyclin D1, CDK4 and P27 in normal and NNEDV tissues were
also investigated in the present study. The results demonstrated
that for cyclin D1 and CDK4, the ratio of the MOD in the
prickle cell layer to that in the basal cell layer was higher in the
NNEDV group compared with the control group (P<0.001 and
P=0.001, respectively). However, for P27, the ratio of the MOD
in the prickle cell layer to that in the basal cell layer showed
no significant difference between the two groups (P>0.05).
These results suggest that the distributions of cyclin DI- and
CDK4-positive cells in the epithelial tissues of the control and
NNEDV groups differed. The cyclin D1- and CDK4-positive
cells were mainly distributed in the basal cell layer in normal
tissues, which was a normal distribution. In the basal layer,
which is also known as the germinal layer, cells divide actively
to constantly produce new cells that move up to the stratum
corneum where they replenish the aged and shed keratinocytes.
Thus, basal cells play a role in epidermal repair and germina-
tion. However, in NNEDV tissues, cyclin D1 and CDK4 positive
cells were mainly distributed in the prickle cell layer, otherwise
known as the stratum spinosum, which suggests that cell divi-
sion and proliferation in the prickle cell layer were more active
than those in the basal cell layer. P27 positive cells were mainly
distributed in the basal cell and prickle cell layers of the normal
and NNEDV tissues, which is consistent with the findings of
some previous studies. For example, Pu et al (33) found that the
expression of proliferating cell nuclear antigen in LS tissues
was mainly distributed in the prickle cell and granular cell
layers, with lower levels of expression in the basal cell layer.
The results indicated that the thinned prickle layer in LS had
stronger proliferative capacity than normal skin. In addition,
Liu ef al (34) found that the prickle cell layer of NNEDV tissues
had strong growth and differentiation potential. Therefore, cell
proliferation appears to be abnormal in NNEDV tissues, with
an imbalance of cell proliferation activity between different
layers of the epithelium. The results suggest that the cells in the
basal cell layer retained normal proliferation activity whereas
those in the prickle cell layer were likely to proliferate more
actively. Even in the thinned prickle layer in LS, the prolif-
erative ability of the cells remained strong. Therefore, the
change in the balance of epithelial cell proliferation between
different layers of NNEDV tissue may indicate the possibility
of malignant transformation.

The clinical significance of cyclin D1, CDK and P27
expression in NNEDV merits consideration. Although there
are differences in the clinical manifestations and pathological
changes of SH, LS and mixed lesions, no significant differences
in the MOD of cyclin D1, CDK4 and P27 were detected among
these three pathological types and changes in cyclin D1, CDK4
and P27 were not significantly associated with the pathology

of NNEDV. Therefore, the three pathological types may have
a common or similar pathogenesis. As proto-oncogenes,
cyclin D1 and CDK4 play an important role in the occurrence,
development, biological behavior and prognosis of some
malignant tumors. The results of the present study suggest
the possibility of malignant transformation occurring in cases
of NNEDV. Therefore, it is recommended that patients with
NNEDV are subjected to long-term follow-ups. In addition,
cyclin D1 and CDK4 could potentially be used as indicators
for the follow-up of lesion progression.

The ultimate purpose of the present study on NNEDV was
to provide information useful in the clinic and serve as a basis
for clinical drug development, diagnosis and treatment, or
further experimental research. The study provides a theoret-
ical basis for the development of more effective treatments for
retarding or reversing the progress of NNEDV and preventing
malignant transformation. We hypothesize that cyclin DI,
CDK4 and P27 are potential targets for the development of
new clinical therapeutic drugs for the treatment of patients
with NNEDV.

However, the study has certain limitations. Although
cyclin D1 and CDK4 are protooncogenes associated with
NNEDV, the clinical malignant transformation rate of
NNEDV is not high, which indicates that other regulatory
may influence the cell cycle. The relationships between other
regulatory factors in the cell cycle and the exact mechanism of
NNEDV require further evaluation.
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