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OVOL1 and OVOL2 are ubiquitously conserved genes encoding C2H2 zinc-finger transcription factors in
mammals. They promote epithelial cell proliferation, differentiation, and mesenchymal-to-epithelial transition,
coordinately mediated via the Wnt signaling pathway. We previously reported that human OVOL1 and OVOL2
were preferentially expressed in the normal epidermis and hair follicles as well as their tumors, and found that
OVOL1 is upregulated in Bowen’s disease and downregulated in cutaneous squamous cell carcinoma. The aims
of this study were to elucidate the potential role of the OVOL1–OVOL2 axis in Bowen’s disease and squamous
cell carcinoma, and to reveal the relationship between OVOL and c-Myc, a proto-oncogene that plays a pivotal
role in the malignancy of epithelial tumors. We investigated 20 Bowen’s disease and 20 squamous cell carcinoma
clinical samples and a human squamous cell carcinoma cell line (A431) using immunohistochemical staining and
molecular biological approaches. Immunohistochemical analysis revealed that OVOL1 was upregulated in
Bowen’s disease and markedly downregulated in squamous cell carcinoma; conversely, c-Myc was down-
regulated in Bowen’s disease and upregulated in squamous cell carcinoma. OVOL2 was markedly upregulated in
the nucleus of Bowen’s disease cells, but the distribution of OVOL2 expression in squamous cell carcinoma
varied widely; OVOL2 was typically expressed in the cytoplasm, but only sporadically in the nucleus.
Furthermore, knockdown of OVOL1 using a specific small interfering RNA increased the mRNA and protein
levels of c-Myc and OVOL2. Knockdown of OVOL2 did not significantly affect the mRNA and protein levels of
either c-Myc or OVOL1. These results suggest that OVOL1 is an upstream suppressor of c-Myc and OVOL2, and
the OVOL1–OVOL2 axis is a modulator of c-Myc, coordinately regulating the invasiveness of cutaneous
squamous cell carcinoma. Taken together, this study suggests that the OVOL1–OVOL2 axis is a key modulator of
c-Myc expression in the shift from in situ epidermal malignancy (Bowen’s disease) to invasive squamous cell
carcinoma.
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Cutaneous squamous cell carcinoma is the second
most common type of skin cancer and is increasing
in frequency every year.1,2 It tends to occur in sun-
exposed areas of the skin in the elderly. Since there
is no fully effective treatment for advanced squa-
mous cell carcinoma, it is important to prevent this
disease or intervene at an early stage. Bowen’s

disease is a superficial variant of cutaneous squa-
mous cell carcinoma characterized by atypical
keratinocytes throughout the entire thickness of the
epidermis, but not invading the dermis. Although
Bowen’s disease occasionally develops into invasive
squamous cell carcinoma with an aggressive course,
most Bowen’s disease cases remain dormant over a
long period, being restricted to the epidermis as an
in situ lesion.

OVOL1 and OVOL2 are ubiquitously conserved
genes encoding C2H2 zinc-finger transcription
factors in mammals; they play key roles in the
development of epithelial tissues arising from germ
cells.3–5 OVOL1 is expressed in multiple somatic
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epithelial tissues including the skin,3 and its activa-
tion redirects cell proliferation to cell differen-
tiation.5 OVOL1 expression is transcriptionally regu-
lated by the Wnt signaling pathway, which governs
homeostasis, including the development, mainte-
nance, and differentiation of epithelial stem cells.6,7
OVOL2 expression has also been observed in murine
and human epithelial tissues such as the skin and the
germinal epithelium of the testes.8 A molecular
study on OVOL2 transcription determined that
OVOL1 suppresses the activity of the OVOL2
promoter in a DNA-binding-dependent manner.9
Genetic deletion of OVOL1 upregulates OVOL2
expression, leading to functional compensation by
OVOL2, indicating that OVOL1 negatively regulates
OVOL2 expression transcriptionally.

We previously reported that human OVOL1 and
OVOL2 were preferentially expressed in the normal
epidermis and hair follicles as well as their
tumors,10,11 and found that OVOL1 is upregulated
in Bowen’s disease and downregulated in squamous
cell carcinoma. The fact that OVOL1 and OVOL2
play a role as ‘guardians’ against epithelial-to-
mesenchymal transition,12 a biological process of a
polarized epithelial cell to change into a mobile
mesenchymal cell,13 implies that their expression is
involved in the long-term non-aggressive nature of
Bowen’s disease, because complete or partial
epithelial-to-mesenchymal transition is necessary
when tumor cells invade the stroma. These observa-
tions led us to further investigate the expression of
OVOL1 and OVOL2 using immunostaining on a
larger number of Bowen’s disease and squamous cell
carcinoma clinical samples to elucidate the potential
role of OVOL1 and OVOL2 in Bowen’s disease and
squamous cell carcinoma. We also examined the
expression of c-Myc, a proto-oncoprotein that plays a
pivotal role in cell proliferation, since c-Myc is
reportedly a downstream target of OVOL and is
involved in the malignancy of various tumors,
including cutaneous epithelial tumors.5,14–16 Finally,
we examined whether the mRNA and protein levels
of OVOL1, OVOL2, and c-Myc were altered by the
knockdown of either OVOL1 or OVOL2 by small
interfering (si) RNA transfection in A431 cells, a
human squamous cell carcinoma cell line, in order to
reveal the relationship among OVOL1, OVOL2, and
c-Myc in squamous cell carcinoma.

Materials and methods

Tissue Samples

We examined 20 Bowen’s disease and 20 squamous
cell carcinoma skin samples as well as 10 normal
skin samples. All formalin-fixed and paraffin-
embedded tissues were obtained from the archives
of the Department of Dermatology of Kyushu Uni-
versity Hospital, Japan. Clinical and demographic
data were retrieved from the patient files.

The diagnosis of Bowen’s disease and squamous
cell carcinoma were confirmed by at least three
experienced dermatopathologists, and cases suspi-
cious of viral infection were excluded in this study.

Immunohistochemical Analysis

Immunohistochemical staining was performed as
reported previously.10,11 Briefly, formalin-fixed and
paraffin-embedded tissue samples were cut into 4-
μm-thick sections. After deparaffinization, rehydra-
tion, and blocking of endogenous peroxidase, anti-
gen was retrieved using Heat Processor Solution pH6
(Nichirei Biosciences, Tokyo, Japan) at 100 °C for
40min. Nonspecific binding was blocked using
supernatant of 5% skimmed milk. The primary
antibodies used were a rabbit antibody against
human OVOL1 (1:100; LifeSpan BioSciences, Seat-
tle, WA, USA), rabbit antibody against human
OVOL2 (1:100; Novus Biologicals, Littleton, CO,
USA), and mouse monoclonal antibody against
human c-Myc (1:250; Abcam, Cambridge, UK), while
the secondary antibody used was N-Histofine Simple
Stain MAX-PO MULTI (Nichirei). Immunodetection
was conducted with 3,3-diaminobenzidine as a
chromogen, followed by light counterstaining with
hematoxylin. Sections stained without primary anti-
body served as a negative control.

Cell Culture

Human squamous cell carcinoma A431 cells were
obtained from ATCC (Manassas, VA, USA) and
cultured in Dulbecco’s modified Eagle’s medium
(Gibco-BRL, Grand Island, NY, USA) supplemented
with 10% fetal bovine serum (Gibco-BRL) and
antibiotics. Cells were grown in culture dishes at
37 °C in 5% CO2. The culture medium was replaced
every 2 days.

siRNA Transfection

A431 cells were transfected with Silencer Select Pre-
designed siRNA of OVOL1, siRNA of OVOL2, or
siRNA consisting of a scrambled sequence that
would not lead to specific degradation of any cellular
message (control siRNA; Ambion, Austin, TX, USA)
using HiPerfect Transfection kit (Qiagen, Courta-
boeuf, France). A431 cells were seeded in six-well
plates at a concentration of 5 × 104 cells per well and
transfected with 30 pmol siRNAs in 3ml of culture
medium.

Quantitative RT-PCR (qRT-PCR) Analysis

Total RNA was extracted with an RNeasy Mini kit
(Qiagen) 48 h after the siRNA transfection. Reverse
transcription was performed with a PrimeScript RT-
reagent kit (Takara Bio, Otsu, Japan). qRT-PCR was
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performed on an Mx3000p real-time system (Strata-
gene, La Jolla, CA, USA) with SYBR Premix Ex Taq
(Takara Bio). Amplification was started at 95 °C for
30 s as the first step, followed by 40 cycles of qRT-
PCR at 95 °C for 5 s and 60 °C for 20 s. mRNA
expression was measured in triplicate and normal-
ized to β-actin expression levels. The primers, from
Takara Bio, were as follows: OVOL1 (forward
5′-ACGATGCCCATCCACTACCTG-3′; reverse 5′-TT
TCTGAGGTGCTGGTCATCATTC-3′); OVOL2 (for-
ward 5′-GGCAAGGGCTTCAACGACA-3′; reverse
5′-CTTCAGGTGGGACTCCAGAGA-3′); c-Myc (for-
ward 5′-GAGGCGAACACACAACGTCTT-3′; reverse
5′-CGCAACAAGTCCTCTTCAGAAA-3′); and β-actin
(forward 5′-ATTGCCGACAGGATGCAGA-3′; reverse
5′-GAGTACTTGCGCTCAGGAGGA-3′).

Assays were conducted in triplicate and were
repeated at least three times in separate experiments.

Western Blotting

The lysates of A431 cells were collected 72 h after
the siRNA transfection. A431 cells were incubated
with lysis buffer (Complete Lysis-M; Roche Applied
Science, Indianapolis, IN, USA). The lysate protein
concentration was measured with a BCA Protein
Assay kit (Pierce, Rockford, IL, USA). Equal amounts
of protein (30 μg) were dissolved in NuPage LDS
Sample Buffer (Invitrogen) and 10% NuPage Sample
Reducing Agent (Invitrogen). Lysates were boiled at
70 °C for 10min and loaded and run on Bolt 4–12%
Bis-Tris Plus (Invitrogen) at 200 V for 20min. The
proteins were transferred to polyvinylidene fluoride
membranes (Invitrogen) and blocked in 2% bovine
serum albumin in 0.1% Tween-20 (Sigma-Aldrich)
and Tris-buffered saline. Membranes were probed
with anti-OVOL1, anti-OVOL2, anti-c-Myc, or anti-β-
actin antibodies overnight at 4 °C. The secondary
antibody was anti-rabbit or anti-mouse horseradish
peroxidase-conjugated immunoglobulin G. Protein
bands were detected with a western Breeze kit
(Invitrogen). Densitometric analysis of protein bands
was performed with ImageJ software (National
Institutes of Health, Bethesda, MD, USA).

Statistical Analysis

All statistical analyses were performed using the
GraphPad Prism statistical software package (version
6; GraphPad Software, San Diego, CA, USA). A P-
value of less than 0.05 was considered to indicate
statistical significance.

Results

Immunohistochemical Results

OVOL1 is upregulated in Bowen’s disease but
downregulated in squamous cell carcinoma. As
shown in Figure 1, OVOL1 was upregulated both in

the cytoplasm and in the nucleus of Bowen’s disease
cells. The staining intensity in Bowen’s disease cells
(left side of the dashed line in Figure 1a) was higher
than that in the adjacent epidermis (right side of the
dashed line in Figure 1a), which forms a clear
contrast between Bowen’s disease lesion and the
normal epidermis. Some bizarre cells and multi-
nucleated clumping cells were positive for OVOL1
(Figure 1b).

In contrast to Bowen’s disease, most of the
squamous cell carcinoma cells were negative for
OVOL1 (Figure 2). Interestingly, the OVOL1 expres-
sion decreased gradually as squamous cell carci-
noma cells invaded the dermis (arrows in Figure 2a),
and squamous cell carcinoma cells around the
cancer pearls retained OVOL1 expression (arrow-
heads in Figure 2b). These results strongly suggest
that OVOL1 potentiates cell differentiation, leading
to the prevention of epithelial-to-mesenchymal tran-
sition in cutaneous squamous cell carcinoma.

c-Myc is downregulated in Bowen’s disease but
upregulated in squamous cell carcinoma. We
further examined c-Myc expression in Bowen’s
disease and squamous cell carcinoma, since OVOL1
reportedly suppresses c-Myc expression. As shown
in Figure 3, most Bowen’s disease cells showed

Figure 1 (a) OVOL1 expression in Bowen’s disease. OVOL1 is
overexpressed mainly in the cytoplasm of Bowen’s disease cells
(left side of the dashed line) as well as in the nucleus, which forms
a clear contrast to the adjacent normal epidermal keratinocytes
(right side of the dashed line). (b) Some bizarre cells and
multinucleated clumping cells are positive for OVOL1.
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negative or faint staining for c-Myc in the specimens
examined.

In contrast to Bowen’s disease, c-Myc was over-
expressed in squamous cell carcinoma (Figure 4a
and b). Positive staining of c-Myc was noted in the
cytoplasm and/or nucleus, as reported previously.17
Normal skin epidermis was typically negative for
c-Myc, which forms a clear contrast to the strong
positive staining in squamous cell carcinoma
(Figure 4a).

OVOL2 is upregulated in Bowen’s disease but its
level varies in squamous cell carcinoma. Figure 5
shows the expression of OVOL2 in Bowen’s disease.
OVOL2 was strongly upregulated in the nucleus of
Bowen’s disease cells, which forms a stark contrast
to the adjacent epidermis (Figure 5a, the dashed line
indicates the border between Bowen’s disease lesion
and normal skin). Most of the bizarre cells and
multinucleated clumping cells were strongly stained
for OVOL2, but Bowen’s disease cells in the
telophase of mitosis typically lost OVOL2 expression
(Figure 5b, arrowheads).

Meanwhile, the distribution and the level of
OVOL2 staining of squamous cell carcinoma cells
were highly diverse; most of the squamous cell
carcinoma cells were positively stained in the
cytoplasm, the nucleus, or both, but some showed
negative staining (Figure 6). Squamous cell carci-
noma cells with nuclear staining were observed only
sporadically. The staining patterns of OVOL1 and
OVOL2 proteins in Bowen’s disease and squamous
cell carcinoma are summarized in Table 1.

Comparison of OVOL1, OVOL2, and c-Myc expres-
sion in Bowen’s disease and squamous cell carci-
noma. Statistical analyses of OVOL1, OVOL2, and
c-Myc expression in Bowen’s disease and squamous
cell carcinoma are shown in Figure 7. OVOL1 was
more frequently expressed in Bowen’s disease
(Figure 7a), whereas c-Myc was more frequently
expressed in squamous cell carcinoma (Figure 7b),
which were both statistically significant (both
Po0.001). As for OVOL2, when we compared the
proportions of OVOL2-positive cells in the nucleus
and cytoplasm, there was no significant difference

Figure 2 OVOL1 expression in squamous cell carcinoma. Most of
the squamous cell carcinoma cells are negative for OVOL1. (a)
OVOL1 expression gradually fades as the epidermal keratinocytes
transit into the invasive lesion of squamous cell carcinoma
(arrows). (b) Note that only a few squamous cell carcinoma cells
around cancer pearls retain OVOL1 expression (arrowheads).

Figure 3 (a, b) c-Myc expression in Bowen’s disease. Most
Bowen’s disease cells show negative or faint staining.
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between Bowen’s disease and squamous cell carci-
noma (Figure 7c), whereas when we considered
nuclear staining to reflect positivity, Bowen’s disease
cells more frequently expressed OVOL2 (Figure 7d),
which was statistically significant (Po0.001).

In Vitro Assays Using A431 Cell Line

Knockdown of OVOL1 increased the mRNA levels of
c-Myc and OVOL2. To elucidate the relationship
among OVOL1, OVOL2, and c-Myc in squamous cell
carcinoma cells, we analyzed the mRNA levels of
OVOL1, OVOL2, and c-Myc upon the knockdown of
either OVOL1 or OVOL2 using specific siRNAs in
A431 cells. mRNA levels of OVOL2 and c-Myc were
significantly increased by the knockdown of OVOL1
compared with those observed after transfection
with control siRNA (OVOL1, 24.8 ± 1.8% (mean±
s.e.m.); OVOL2, 292.9 ± 12.3%; c-Myc, 179.7 ± 5.4%;
Po0.01; Figure 8a–c). These results suggest that
OVOL1 negatively regulates both OVOL2 and c-Myc
in A431 cells.

Knockdown of OVOL2 did not influence the mRNA
levels of OVOL1 and c-Myc. In contrast to the
knockdown of OVOL1, the mRNA levels of OVOL1
and c-Myc were not significantly altered by the
knockdown of OVOL2 using siRNA transfection in
A431 cells (OVOL1, 101.4±7.7%; OVOL2,
24.4±2.3%; c-Myc, 97.8±6.8%; Po0.01; Figure 8d–f).

Increased protein levels of OVOL2 and c-Myc by
knockdown of OVOL1. To further confirm the
negative regulation of OVOL2 and c-Myc by OVOL1,
we then performed the western blotting. As shown in
Figure 9, we observed significantly increased protein
levels of OVOL2 and c-Myc by the knockdown of
OVOL1 (Figure 9).

Discussion

Epithelial-to-mesenchymal transition plays crucial
roles in the stromal invasion of tumor cells.17,18

Figure 4 (a, b) c-Myc expression in squamous cell carcinoma.
Strong positive staining is noted in the cytoplasm and/or nucleus.
Note the negative staining in the overlying epidermis (a).

Figure 5 OVOL2 expression in B Bowen’s disease. (a) Most of the
Bowen’s disease cells strongly express OVOL2 in the nucleus,
which forms a clear contrast to the adjacent normal epidermal
keratinocytes (the dashed line indicates the border between
Bowen’s disease lesion and normal skin). (b) Strong nuclear
staining in Bowen’s disease is evident. Most bizarre cells and
multinucleated clumping cells are positive for OVOL2, but cells in
the telophase of mitosis typically lose OVOL2 expression
(arrowheads).
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Multiple signaling pathways and various molecules
are involved in this process; OVOL1 and OVOL2,
two such transcription factors, have been identified
as key guardians inhibit epithelial-to-mesen-
chymal transition and promote its mirror process,
mesenchymal-to-epithelial transition.12,19,20–25

c-Myc, a member of the Myc proto-oncogene family,
is also an important transcription factor associated

with cell proliferation, apoptosis, and the develop-
ment of specific human tumors.14,26,27 Aberrant
c-Myc expression reportedly induces cell-cycle
progression and is related to poor tumoral
prognosis.14 Although OVOL2 has been shown to
suppress c-Myc expression, contributing to inhibi-
tion of the cell cycle and terminal differentiation in
human HaCaT cells, a human epidermal keratino-
cyte cell line,15 how OVOL1, OVOL2, and c-Myc are
involved in the epithelial-to-mesenchymal transition
process and the invasiveness of epidermal malig-
nancies, including Bowen’s disease and squamous
cell carcinoma, has remained incompletely
understood.

In the current study, we made several interesting
findings regarding OVOL1, OVOL2, and c-Myc
expression in Bowen’s disease and squamous
cell carcinoma. First, OVOL1 was upregulated
in Bowen’s disease but markedly downregulated in
squamous cell carcinoma. Interestingly, as shown
in Figure 2, OVOL1 expression gradually decreased
during the transition from normal epidermal kerati-
nocytes to invasive squamous cell carcinoma, while
squamous cell carcinoma cells in the cancer pearls
(well-differentiated components) retained OVOL1
expression. These results strongly suggest that
OVOL1 potentiates cell differentiation, contributing
to prevention of the epithelial-to-mesenchymal tran-
sition process in cutaneous squamous cell carci-
noma, which accords well with the fact that OVOL1
expression was previously found to be decreased in
the invasive part of the nest compared with that in its
center in oral squamous cell carcinoma.20

Second, conversely to OVOL1, c-Myc expression
was downregulated in Bowen’s disease but upregu-
lated in squamous cell carcinoma. Considering the
result that the knockdown of OVOL1 using siRNA
transfection induced the significant upregulation of
c-Myc expression in A431 cells, which suggests that
OVOL1 is an upstream suppressor of c-Myc in
squamous cell carcinoma cells, the downregulation
of OVOL1 may be responsible for the aberrant
expression of c-Myc in squamous cell carcinoma
and involved in the progression of squamous cell
carcinoma.14,28

Based on our recent study showing that OVOL1
and OVOL2 are preferentially expressed in the
epidermis and that the OVOL1–OVOL2 axis is

Figure 6 (a, b) OVOL2 expression in squamous cell carcinoma.
The distribution and the level of OVOL2 expression in squamous
cell carcinoma are highly diverse. OVOL2 is mainly positive in the
cytoplasm of squamous cell carcinoma, but negative staining or
nuclear staining is also admixed. The positive staining for OVOL2
in the nucleus is sporadic.

Table 1 OVOL expression in the normal epidermis, Bowen’s disease, and squamous cell carcinoma

OVOL1 OVOL2

Normal epidermis
Suprabasal Nuclear (− /+), cytoplasmic (++) Nuclear (+)
Basal Nuclear (− /+), cytoplasmic (+) Nuclear (++)

Bowen’s disease Nuclear (+), cytoplasmic (++) Nuclear (+++)
Squamous cell carcinoma Cytoplasmic (− /+) Nuclear (− /+), Cytoplasmic (+)

(− ), no expression; (+), expression present; (++), moderate expression; (+++), strong expression.
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activated in hair follicles and pilomatricoma, we
further examined OVOL2 expression in Bowen’s
disease and squamous cell carcinoma. Interestingly,
the level and distribution of nuclear OVOL2 expres-
sion in squamous cell carcinoma varied markedly;
some squamous cell carcinoma cells expressed
OVOL2 diffusely in the cytoplasm, while its nuclear
expression was sporadic, suggesting that OVOL2
activity is partially impaired in squamous cell
carcinoma because the nuclear translocation of
OVOL2 is mandatory to exhibit its transcriptional
activity. Meanwhile, nuclear OVOL2 expression in
Bowen’s disease was markedly upregulated, with
clear strong staining. These observations are consis-
tent with the fact that OVOL2 is downregulated in
invasive human cancer cells, including prostate
carcinoma,19 breast cancer,22 and colon cancer.24
Considering the fact that OVOL2 negatively mediates
the epithelial-to-mesenchymal transition process,24
the downregulation of OVOL2 activity in squamous
cell carcinoma might be involved in the invasiveness
of this condition.

Moreover, both the mRNA and protein levels of
OVOL2 were increased by the knockdown of OVOL1
expression using siRNA transfection in A431 cells,
indicating that OVOL2 expression is suppressed by
OVOL1 in squamous cell carcinoma cells. The data
obtained in this study led us to speculate that (1)
OVOLs work as key mediators protecting against the
invasiveness of transformed keratinocytes, (2) the
downregulation of OVOL2 in squamous cell carci-
noma results in the acquisition of invasive potential
in squamous cell carcinoma, (3) the upregulation of
OVOL2 in Bowen’s disease makes the transformed
cells retain their in situ phenotype, and (4) the
principal up- and down-tuning of OVOL2 in
Bowen’s disease and squamous cell carcinoma may
drive a negative feedback mechanism resulting in the
up- and downregulation of OVOL1 expression. This
suggests that the OVOL1–OVOL2 axis coordinately
regulates the epithelial-to-mesenchymal transition
process and the invasiveness of cutaneous squamous
cell carcinoma. In conclusion, this study suggests
that the OVOL1–OVOL2 axis is a key modulator of

Figure 7 OVOL1 is more frequently expressed in Bowen’s disease (a), whereas c-Myc is more frequently expressed in squamous cell
carcinoma (b) (both Po0.001). As for OVOL2, when we compare the proportions of cells positive for OVOL2 in the nucleus and
cytoplasm, there are no significant differences between Bowen’s disease and squamous cell carcinoma (c), whereas when we consider
nuclear staining as reflecting positivity, Bowen’s disease cells more frequently express OVOL2 in the nucleus (d), which is statistically
significant (Po0.001). Data are expressed as mean± s.d.
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Figure 8 mRNA expression of OVOLs and c-Myc upon the knockdown of OVOLs using specific siRNAs in A431 cells. (a–c) When OVOL1
is knocked down, mRNA levels of OVOL2 and c-Myc are significantly increased compared with those observed after transfection with
control siRNA (OVOL1, 24.8± 1.8% (mean± s.e.m.); OVOL2, 292.9± 12.3%; c-Myc, 179.7± 5.4%). (d–f) In contrast to knockdown of
OVOL1, the expression of OVOL1 and c-Myc is not significantly affected in OVOL2 siRNA-induced A431 cells (OVOL1, 101.4± 7.7%;
OVOL2, 24.4± 2.3%; c-Myc, 97.8± 6.8%).

Figure 9 (a–d) Western blotting shows significantly increased protein levels of OVOL2 and c-Myc by the knockdown of OVOL1 in
A431 cells. Bars are expressed as s.d. *Po0.05, **Po0.01, and ***Po0.001.
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c-Myc expression in the shift from in situ epidermal
malignancy (Bowen’s disease) to invasive squamous
cell carcinoma.
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