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The inherent longetivity of stem cells causes them to be susceptible to multiple genetic hits. Thus, it is not

surprising that stem cells are implicated in the etiopathogenesis of select cutaneous neoplasms. However,

most studies to date are restricted to the use of a single marker (p63, cytokeratin-15 or cytokeratin-19) and do

not appear to compare distribution of stem cell markers in a spectrum of cutaneous in situ versus invasive

epithelial malignancies. In this study, we evaluate expression of cytokeratin-15, cytokeratin-19, and p63 in a

series of primary cutaneous epithelial lesions that include actinic keratosis (n¼ 29), squamous cell carcinoma

in situ (n¼ 30), bowenoid papulosis (n¼ 15) and squamous cell carcinoma, well differentiated (n¼ 29) in order to

evaluate the role of stem cell marker expression in the grading and development of in situ and invasive

malignancies. For cytokeratin-15, expression was retained in actinic keratosis (38%), squamous cell carcinoma

in situ (53%) and bowenoid papulosis (60%) but appeared to be lost in squamous cell carcinoma (3%) with

statistically significant differences observed between groups that retained versus those that did not (Po0.05

for all three); for cytokeratin-19, patchy yet basal expression was noted in actinic keratosis (21%), patchy

and suprabasal expression was noted in squamous cell carcinoma in situ (37%), bowenoid papulosis (13%)

and squamous cell carcinoma (24%) with no statistically significant differences between groups; for p63,

expression was retained in actinic keratosis (90%), squamous cell carcinoma in situ (87%), bowenoid papulosis

(60%) and squamous cell carcinoma (100%) with no statistically significant differences between groups. In

summary, our findings expand the neoplasms which involve stem cells to include cutaneous epithelial

malignancies. Differential localization of each of these markers argues in favor of stem cell heterogeneity.
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Stem cells in human skin are adult or tissue-specific
stem cells that maintain normal tissue turnover and
repair by replenishing specialized differentiated
cells.1 Their main characteristics include the ability
to renew indefinitely (self-renewal) and multi-
potency or the capacity to differentiate into multiple
specialized cell lineages of the specific tissue.1,2

Given that the existence of varied populations of
stem cells in human skin with diverse differentiation

capacities is now indisputable, more recent evidence
implicating stem cells in the etiopathogenesis of
cutaneous neoplasms is not entirely surprising.3–5

Properties of self-renewal, increased profilerative
capacity and multipotency, inherent to a normal stem
cell, are believed to be of relevance in tumor
maintenance.1,3–5 There are some who believe that,
in select cancers, the lesional neoplastic cells may
actually originate frommutated normal stem cells.1,3–5

Studies first suggested cytokeratin-15 (CK15) as a
specific marker of stem cells when a restricted
CK15-expression was demonstrated in cells of the
bulge region of murine and human hair follicles.1,6,7

However, our own and other studies have shown
that CK15 expression is not only restricted to the
bulge, but also involves part or all of the outermost
layer of the outer root sheath of the human hair
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follicle, the basal layer of the epidermis, and even
eccrine glands.1,2,8,9 Designation of CK15 as a stem
cell marker is based on evidence indicating that
CK15 positive cells in the bulge region and inter-
follicular epidermis possess characteristics of stem
cell such as self-renewal and multipotency.1,6,7

Expression of CK15 in the mitotically active basal
cell layers of the hair follicle suggests that CK15 may
have a role in regulating an early stage of keratino-
cytes differentiation and one that predates the fate of
a cell becoming epidermal or hair-like.1,2

Similar to expression of CK15, expression of
cytokeratin-19 (CK19) was first thought to be
restricted to the bulge region of the hair follicle,
but more recent studies have shown up-regulated
expression of CK19 in the outermost layer of the
outer root sheath in the bulge region of the human
hair follicle as well as the outer root sheath proximal
and distal to the bulge.1,2,10,11 In vivo and in vitro
studies have shown that CK19 may be important in
the commitment of stem cells to an epidermal cell
fate and differentiation.1,2,12

Transcription factor p63 is considered to be a
homologue of the p53 tumor suppressor gene.13–15

Although in vitro studies have initially identified
p63 as a keratinocyte stem cell marker, more recent
in vivo studies have shown that p63 expression is
not restricted to epidermal stem cells but also
involves basal and suprabasal epidermal cells as
well as the outer root sheath and hair matrix of hair
follicles.13–15 Thus, it may be a marker of transient
amplifying cells rather than of stem cells. Compared
to stem cells, transient amplifying cells are more
differentiated and committed unipotent cells that
have lost the ability to self-renew and can only go
through limited rounds of proliferation before
undergoing terminal differentiation.1

Despite the promiscuous distribution of CK15,
CK19 and p63, these markers are still being used as
stem cell markers, based on irrefutable evidence
that a proportion of the cells in the skin that
stain positively with these markers have stem
cell characteristics of self-renewal and multi-
potency.1,2,6,7,10,11,13–15 In this study, we perform
immunohistochemical stains to CK15, CK19, and p63
in a series of primary cutaneous epithelial lesions that
include actinic keratosis, squamous cell carcinoma
in situ, bowenoid papulosis, and squamous cell
carcinoma in order to determine the following:

1. Is there a significant presence of stem or progeni-
tor cells in these entities?

2. Is the population homogenous?
3. Do stem cells play a role in the grading and

development of in situ versus invasive malignan-
cies?

Materials and methods

The study was approved by the Institutional Review
Board of Boston Medical Center (H-28797). Archival

materials with a diagnosis of actinic keratosis,
squamous cell carcinoma in situ, squamous cell
carcinoma and bowenoid papulosis were retrieved
from the data base of the Skin Pathology Laboratory,
Boston University School of Medicine, Boston, MA.
A total of one hundred and three cases (30 cases of
squamous cell carcinoma in situ, 29 of actinic
keratosis, 29 of well differentiated squamous cell
carcinoma and 15 of bowenoid papulosis) fit criteria
for inclusion in the study. Cases of bowenoid
papulosis cases were selected on the basis of
clinicopathological correlation and not based on
histology alone. The histologic sections of all cases
were re-reviewed and the diagnoses confirmed by
the dermatopathologist (MM). Clinical information
was extracted from the medical records. All patient
data were de-identified.

Immunohistochemical Analysis

Five-micrometer-thick sections were obtained for
immunohistochemical studies, which were per-
formed on formalin-fixed, paraffin-embedded tissue
using standard peroxidase immunohistochemistry
techniques, heat-induced epitope retrieval buffer
and primary antibodies against CK15 (LHK15; 1:250,
NeoMarkers, Fremont, CA), CK 19 (MO888; 1:100;
Dako, CA, USA) and p63 (7JUL, 1:25, NovoCastra,
Newcastle upon Tyne, UK). Appropriate positive
and negative controls were included. All stained
slides were initially reviewed and scored by the first
author (OA) and re-reviewed by the dermatopathol-
ogist (MM) in a blinded fashion to ensure consis-
tency of interpretation.

Positive CK15 staining was noted by ascertaining
cytoplasmic expression. Any nuclear staining was
considered background artifact. In each case, CK15
was expressed in the basal layer of the epidermis,
the outer root sheath of the hair follicle and
secretory cells of eccrine glands and this served as
positive internal control. As CK15 is normally
expressed in the basal cell layer of the normal
epidermis, CK15 expression was evaluated in the
lesion in comparison to adjacent normal epidermis
in each of the categories. Expression of CK15 in the
cytoplasm of lesional cells was scored as 0 (o25%
of positively-staining tumor cells), 1þ (25–75% of
positively-staining tumor cells), and 2þ (475% of
positively-staining tumor cells).

Positive CK19 staining was noted also by ascer-
taining cytoplasmic expression. Any nuclear stain-
ing was considered background artifact. In each
case, CK19 was expressed in the bulge area of the
hair follicle, the outer root sheath of the follicle just
above and below the bulge area, and eccrine glands
and this served as positive internal control. Cyto-
keratin-19 is not normally expressed in the normal
epidermis. Thus, CK19 expression was evaluated in
lesions exhibiting the same. Overall, positive CK19
expression tended to be patchy, staining a cluster or
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aggregate of cells and not diffuse. Positive CK19
expression in the cytoplasm of lesional cells
was scored as negative (o5% of tumor cells), 1þ
(6–25% of cells of tumor cells), 2þ (26–50% of
tumor cells) and 3þ (450% of tumor cells).

P63 staining was considered positive by ascertain-
ing only nuclear expression. Any cytoplasmic
staining was considered background artifact. In each
case, p63 was expressed in the normal epidermis in
the nuclei of epidermal basal cells with a gradient
i.e. a gradual decrease in expression of p63 in the
more differentiated or superficial epidermal layers.
Staining of the germinative layer of mature sebac-
eous glands, germinative hair matrix cells and the
external root sheath of the hair follicles served as the
positive internal controls. Similar to CK15, p63
expression was evaluated in the lesion in compar-
ison to adjacent normal epidermis in each of
the categories. Positive expression of p63 in the
nuclei of lesional cells was scored as 0 (o25%
of positively-staining tumor cells), 1þ (25–75% of
positively-staining tumor cells), and 2þ (475%
of positively-staining tumor cells).

Statistical Analysis

The statistical association of expression of CK15,
CK19 and p63 were analyzed using the Fisher’s
exact test to determine whether there were
differences of significance in expression of the
different stem cell markers amongst the categories
studied. For purposes of statistical analyses, for
CK15 and p63, scores of 1þ or 2þ were considered
positive while for CK19, scores of 1þ or more
were considered positive. A two-tailed P value of
less than 0.05 was considered to be statistically
significant.

Results

The distributions of CK15, CK19 and p63 are
summarized in Table 1 and representative staining
profiles depicted in Figure 1.

Cytokeratin 15

Overall immunoreactivity was observed in cases of
actinic keratosis, squamous cell carcinoma in situ,
bowenoid papulosis, and squamous cell carcinoma
in a basilar pattern, defined by staining of the basal
cell layer with or without scattered staining of the
more differentiated keratinocytes (observed in only
3 of 30 cases of squamous cell carcinoma in situ).

In cases of actinic keratosis, retained immuno-
reactivity to CK15 was observed in 11/29 (38%)
(7 cases 1þ and 4 cases 2þ ), while in 18/29 cases
(62%) CK15 expression was lost; in cases of
squamous cell carcinoma in situ, retained immuno-
reactivity to CK15 was observed in 16/30 cases
(53%) (7 cases 1þ and 9 cases 2þ ), while in 14/30
cases (47%) CK15 expression was lost; in cases of
bowenoid papulosis, 9/15 cases (60%) showed
immunoreactivity to CK15 (60%) (6 cases 1þ and
3 cases 2þ ), while in 6/15 cases (40%) CK15
expression was lost; in cases of squamous cell
carcinoma, retained immunoreactivity to CK15 was
observed in 1/29 (3%) (1 case 2þ ), while in 28/29
cases (97%) CK15 expression was lost.

Significant differences in expression of CK15
were noted between actinic keratosis and squamous
cell carcinoma (Po0.05), squamous cell carcinoma
in situ and squamous cell carcinoma (Po0.05), and
bowenoid papulosis and squamous cell carcinoma
(Po0.05). Differences between actinic keratosis,
squamous cell carcinoma in situ and bowenoid
papulosis did not reach statistical significance.

Cytokeratin 19

Overall, immunoreactivity was patchy and predo-
minantly in the basal epidermal layer in cases of
actinic keratosis (4/6 cases), patchy and predomi-
nantly suprabasal in cases of squamous cell carci-
noma in situ (10/11 cases) and bowenoid papulosis
(1/2 cases) and, patchy suprabasal and, albeit rarely,
diffuse in squamous cell carcinoma (6/7 cases)
(Figure 2).

In cases of actinic keratosis, 6/29 cases (21%)
showed immunoreactivity to CK19 (3 cases 1þ and

Table 1 Summary of CK15, CK19, and p63 expression in actinic keratosis, squamous cell carcinoma in situ, bowenoid papulosis, and
squamous cell carcinoma

CK15 CK19 p63

0 % (#) 1+ % (#) 2+ % (#) 0 % (#) 1+ % (#) 2+ % (#) 3+ % (#) 0 % (#) 1+ % (#) 2+ % (#)

Actinic keratosis 62 (18/29) 24 (7/29)a 14 (4/29)a 79 (23/29) 10 (3/29) 10 (3/29) 0 (0/29) 10 (3/29) 14 (4/29) 76 (22/29)
Squamous cell carcinoma in situ 47 (14/30) 23 (7/30)a 30 (9/30)a 63 (19/30) 13 (4/30) 17 (5/30) 7 (2/30) 13 (4/30) 20 (6/30) 67 (20/30)
Bowenoid papulosis 40 (6/15) 40 (6/15)a 20 (3/15)a 87 (13/15) 6.5 (1/15) 0 (0/15) 6.5 (1/15) 40 (6/15) 47 (7/15) 13 (2/15)
Squamous cell carcinoma 97 (28/29) 0 (0/29)a 3 (1/29)a 76 (22/29) 17 (5/29) 0 (0/29) 7 (0/29) 0 (0/29) 0 (0/29) 100 (29/29)

a
Po0.05 (actinic keratosis vs squamous cell carcinoma; squamous cell carcinoma in situ vs squamous cell carcinoma and bowenoid papulosis vs
squamous cell carcinoma).
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3 cases 2þ ); in cases of squamous cell carcinoma
in situ, 11/30 cases (37%) showed immunoreactivity
to CK19 (4 cases 1þ , 5 cases 2þ , and 2 cases 3þ );
in cases of bowenoid papulosis, 2/15 cases (13%)
showed immunoreactivity to CK19 (1 case 1þ and 1
case 3þ ); in cases of squamous cell carcinoma,
7/29 cases (24%) showed immunoreactivity to CK19
(5 cases 1þ and 2 cases 3þ ) (Figure 2).

Differences between the groups did not reach
statistical significance.

p63

Expression of p63 in cases of actinic keratosis and
squamous cell carcinoma in which it was retained
appeared comparable to that of the normal epider-
mis. A gradation in staining intensity was also
observed in the latter group in the keratin pearls. In
cases of squamous cell carcinoma in situ and
bowenoid papulosis, uniform expression of p63
was noted in all epidermal layers.

In cases of actinic keratosis, 26/29 cases (90%)
showed immunoreactivity to p63 (4 cases 1þ , and 22
cases 2þ ), while 3/29 cases (10%) cases exhibited
loss of p63 expression; in cases of squamous cell
carcinoma in situ, 26/30 cases (87%) showed
immunoreactivity to p63 (6 cases 1þ and 20 cases
2þ ), while 4/30 cases (13%) exhibited loss of p63
expression; in cases of bowenoid papulosis, 9/15
cases (60%) showed immunoreactivity to p63
(7 cases 1þ and 2 cases 2þ ), while 6/15 cases
(40%) exhibited loss of p63 expression; in cases of
squamous cell carcinoma, 29/29 (100%) retained p63
expression (all 29 cases 2þ ).

Differences between the groups did not reach
statistical significance.

Discussion

Cytokeratin 15, targeting keratinocytes in the bulge
region, highlights a population of cells in follicular
bulge with characteristics of stem cells.7 These cells

Figure 1 Representative examples of immunohistochemical staining profiles with stem cell markers CK15, CK19 and p63. (a–d) Actinic
keratosis with loss of CK15 and retention of p63 (a) H&E 10� , (b) CK15, (c) CK19 and (d) p63. Arrow in c highlights positive staining of
internal control i.e. eccrine coil. (e–h) Squamous cell carcinoma in situ with retention of CK15 and p63 (e) H&E 10� , (f) CK15, (g) CK19
and (h) p63. (i–l) Bowenoid papulosis with retention of CK15 and p63 (i) H&E 10� , (j) CK15, (k) CK19 and (l) p63. (m–p) Squamous cell
carcinoma, well differentiated with loss of CK15 and retention of p63 (m) H&E 10� respectively, (n) CK15, (o) CK19 and (p) p63.
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appear to be not merely confined to the bulge region
but have been identified in fetal and adult sebaceous
glands as well as a spectrum of benign and
malignant cutaneous neoplasms.7,16,17 Based on
expression of CK15 in tumors with follicular
differentiation, it is believed to be a relatively
specific marker for neoplasms of putative hair
follicle origin. In keeping with this hypothesis, we
have previously reported expression of CK15 in
microcystic adnexal carcinoma and desmoplastic
trichepithelioma, with negative expression in

squamous cell carcinoma including squamous cell
carcinoma with ductal differentiation.16,18 Findings
from the current study confirm this in that we found
loss of CK15 in 97% of cases of squamous cell
carcinoma. Of interest, we noted that a significant
number of CK15 positive stem cells were retained in
atypical in situ epithelial lesions such as actinic
keratosis (38%), squamous cell carcinoma in situ
(53%) and bowenoid papulosis (60%). What does
this mean? A universally accepted paradigm is that
to attain the complete transformed phenotype, a cell

Figure 2 Representative examples of differing immunohistochemical staining with stem cell marker CK19. (a–c) Actinic keratosis
with patchy and basal CK19 staining (a) 4� , (b) 20� , (c) H&E 10� . (d–f) Squamous cell carcinoma in situ with patchy and suprabasal
CK19 staining (d) 4� , (e) 20� , (f) H&E 10� . (g–i) Bowenoid papulosis with patchy and suprabasal CK19 staining (g) 4� , (h) 20� ,
(i) H&E 10� . (j–l) Well-differentiated squamous cell carcinoma with patchy, suprabasal and diffuse CK19 staining (j) 4� , (k) 20� ,
(l) H&E 10� .
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must accumulate multiple ‘hits’ in the form of
progressive alterations within its chromosomes and
irreversible changes in a number of genes.19 A stem
cell with its lifespan comparable to the organism
and inherent characteristic of ‘slow cycling’ is
the perfect candidate for accumulations of such
hits.20–22 Evidence for the role of stem cells in
cancers is continually mounting with cells with
stem cell-like features being identified in several
malignancies.23–25 Examples include identification
of leukemia cell lines with stem cell-like features,
breast cancer stem cells and glial tumor stem cells
with the capacity of differentiating into both glial
and neuronal cell forms.26–28 Based on CK15 expres-
sion, findings from the current study expand the
spectrum of lesions incriminating stem cells to
include atypical in situ epithelial subgroups such
as actinic keratosis, squamous cell carcinoma in situ
and bowenoid papulosis. Retained CK15 expression
in a sizable proportion of these lesions argues in
favor of their origin from CK15-positive cells in the
basal layer of the interfollicular epidermis. Loss of
CK15 expression in squamous cell carcinoma sug-
gests that it may be of relevance in the transforma-
tion of an in situ malignancy into one that is frankly
invasive although additional studies are required to
confirm this.

Aberrant expression of CK19 has been reported in
oral and, more recently, in cutaneous squamous cell
carcinoma and pagetoid squamous cell carcinoma
in situ.29–31In oral squamous cell carcinoma, CK19
expression correlated significantly with pathologic
grade of differentiation in a study using immuno-
histochemistry and RT-PCR for CK19 mRNA detec-
tion.29 Similar to this, in cutaneous squamous cell
carcinoma, Chen et al noted a significant increased
expression of CK19 in cutaneous squamous
cell carcinoma compared to actinic keratoses and
Bowen’s disease and, significant differences were
also noted between CK19 positive populations
harbored in Bowen’s disease and actinic keratosis
with higher numbers of CK19 positive cells noted in
the former.32 In contrast, we observed no significant
differences in CK19 expression between actinic
keratosis (21%), squamous cell carcinoma in situ
(37%), bowenoid papulosis (13%), and squamous
cell carcinoma (24%). While a simplistic explana-
tion is that the results are reflective of differences
relating to clone of antibody or dilutions utilized,
both studies utilized the same clone of antibody and
similar dilutions (in both studies dilution was
optimized to 1:100). However, the scoring system
incorporated by us appears to be different from the
one utilized by Chen et al with different cut-offs.32

In the study by Chen et al, staining of even 1% was
considered positive in the series, while we consid-
ered 46% to be positive. On a minor note, Chen
et al also found a correlation between CK19
expression and the Ki-67 labeling index—a finding
that is difficult to reconcile in light of the fact that
stem cells are typically quiescent ‘label retaining

cells’ while Ki-67 is a nuclear matrix protein that is
expressed only in cycling cells not in cells that are
resting.32Of interest, in the 26 cases that demon-
strated CK19 expression in our study, concurrent
loss of CK15 was observed in 13 (50%; 2/6 cases
of actinic keratosis, 5/10 cases of squamous cell
carcinoma in situ and 6/7 cases of squamous cell
carcinoma). While these findings imply a trend,
differences between the groups of CK15-/CK19þ
cells did not achieve statistical significance. We also
noted differences in patterns of CK19 expression: in
actinic keratosis the staining pattern was patchy and
basal whereas in squamous cell carcinoma in situ,
bowenoid papulosis and squamous cell carcinoma it
was patchy and suprabasal. While it is unclear why
CK19 positive stem cells ‘home’ to select portions of
the epidermis, findings from the current study
suggest that it does indeed happen. Although
differences did not reach statistical significance,
we also noted that a lower proportion of cases of
bowenoid papulosis exhibited CK19 positivity com-
pared to cases of squamous cell carcinoma in situ
(13% versus 37%). Endocervical reserve cells, the
putative target of HPV infection, have been shown to
express p63 and CK17, both putatively identifying
cervical stem cells.33 Findings from the current
study imply that tentative HPV targets might
include CK19 positive stem cells. Obviously addi-
tional studies such as ascertaining HPV status by
in situ hybridization studies on microdissected
populations of CK19 positive cells are required
to provide conclusive and definitive evidence of
the same.

P63, a nuclear transcription factor that triggers
keratinocyte differentiation, is down-regulated in
terminally differentiated cells.14,34,35 In previous
studies, p63 expression has been noted in epidermal
and adnexal basal/myoepithelial cells.36,37 Several
studies have shown an increased expression of p63
in cutaneous squamous cell carcinoma, especially in
the undifferentiated component of the tumors,
suggesting a role for p63 in maintenance of the
undifferentiated state of the tumor cells.14,38,39

Similar to previous studies, we observed p63
expression in all cases of squamous cell carcinoma
but also noted expression in most cases of actinic
keratosis (90%), squamous cell carcinoma in situ
(87%), and bowenoid papulosis cases (60%), with
no statistically significant differences observed
between different subgroups.

In sum, we confirm that there appears to be a
significant presence of stem or progenitor cells in
cutaneous in situ and invasive epithelial malignan-
cies, reaffirming the theory that the epidermis
contains hundreds of clonogenic keratinocytes.8,40

Differential localization of these three populations
of stem cells argues in favor of stem cell hetero-
geneity, a feature already confirmed in follicular
stem cells both by us and others.1,8 The profound
cellular heterogeneity also raises the possibility that
cells within these different compartments most
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likely mirror individual developmental pathways
in acquisition of the malignant phenotype, which is
perhaps why only select stem cells play a role in the
grading and development of in situ versus invasive
malignancies (Figure 3).
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