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Purpose

Actinic keratosis (AK) is an incipient form of cutaneous squamous cell carcinoma (SCC). We
determined if the pattern of expression of keratin-14 (K14) is a factor for tumor progression in
AKand SCC.

Materials and Methods

Eighteen sections from the tissues of 16 patients were stained with anti-K14 antibody and
p16™“=. Among the 16 patients, 4 were diagnosed with both SCC and AK at the same site, but
AK developed first and SCC developed subsequently. Thus, SCC may have evolved from AK.
The other 12 patients were only diagnosed with AK.

Results

In all of the AK and SCC tissues, basement membranes showed positive staining for K14.
However, strong reactivities were shown in the spinous and granular layers and focuses of
dermal invasion in the SCC tissues developed from AK. Two and 3 of the 12 AK cases had
moderately positive reactions for K14 in the spinous and granular layers, respectively. Also,
all SCC tissues except one had moderate-to-strong reactions in the basal, spinous, and
granular layers for p16™“. Two of the 12 AK cases had weak-to-moderate positive reactions
in the basal, spinous, and horny layers for p16™*“,

Conclusion

The results of our study advance our understanding of the pathogenesis of SCC developing
from AK. The results also indicate a differential role in the control of K14 in normal epithelia,
AK, and SCC. K14 expression in the spinous and granular layers may be a prognostic factor
for tumor progression of AK.
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Introduction

dence profile. Indeed, SCC may be derived from AK, SCC in situ,
or normal skin. It has traditionally been thought that SCC derived
from AK is less aggressive than other types of SCC and is less likely

Actinic keratosis (AK) was first described over 100 years ago;
AK is recognized by some researchers as being the most common
pre-cancerous skin lesion. These lesions are caused by chronic
exposure to ultraviolet rays in the form of sunlight (1). Squamous
cell carcinomas (SCC) have been described as the most common
form of cancer that affects some populations (2). Chronic exposure
to ultraviolet rays is considered to be a major cause in the deve-
lopment of SCC.

Owing to a shared etiology, AK and SCC have a similar inci-

to metastasize. However, subsequent studies have suggested that
this theory might be incorrect (3). As expected, SCC derived from
AK has the same incidence of metastasis as other types of SCC (3).

Until now, the established prognostic factors for the progression
of AK to SCC include individual susceptibility and the cumulative
UV radiation exposure. However, even though several studies have
attempted to determine critical biomarkers, most of these studies
have been inadequate (4).

All mammalian cells contain a complex intracytoplasmic cyto-

VOLUME 42 NUMBER2 JUNE 2010 107



Cancer Res Treat. 2010;42(2):107-114

Table 1. The summary of patient profiles and K14 / p16™* expression in each layer

Age/

Pathologic

Horny

Granular

Spinous

No Site Size (cm) . . Treatment Dermis
Gender diagnosis layer layer layer layer

1 F/77 Lt. cheek 1.0 SCC Simple excision ++ A+ +H/+ HH4+ HH+
2 F/89 Lt. cheek 1.2 SCC Simple excision ++ A+ A A
3 F/84 Rt. cheek 1.1 SCC Simple excision —/— A A A A
4 F/82 Buttock 1.4 SCC Simple excision —/— A A A A
5 F/70 Rt. temple 1.0 AK (acantholytic type) Cryotherapy —/— —/= +/— -/~ —/—=
6 F/73 Rt. cheek 0.9  AK (acantholytic type) Cryotherapy —/— —/— +— /- —/—
7 F/62 Nose 0.7 AK (atrophic type) Rhombic flap —/— +— +— /- —/—
8 F/85 Nose 1.1 AK (atrophic type) Simple excision —/— —/— +— /- —/—
9 F/70 Rt. cheek 1.3 AK (bowenoid type) Simple excision —+ /- 4+ A —/—

10 F/73 Lt. cheek 12 AK (bowenoid type) Simple excision —/— —/— —/— /- —/—

11 F/64 Thigh 1.5 AK (bowenoid type) Simple excision —/— —/— —/— /- —/—

12 M/71 Ltarm 1.1 AK (bowenoid type) Simple excision —/— —/— +— /- —/—

13 F/70 Rt. cheek 0.8 AK (hypertrophic type)  Simple excision —/— —/— +— /- —/—

14 M/84 Lt. cheek 04  AK (hypertrophic type) Simple excision +— +H— - -/~ —/—=

15 F/76 Lt. cheek 0.7 AK (hypertrophic type) Cryotherapy -+ —/— ++ 4+ —/—

16 M/68 Rt. cheek 0.8 AK (pigmented type) Simple excision —/— —/= - -/~ —/—=

skeleton (5) that is composed of three principal structural units and
associated proteins (microfilaments, microtubules, and intermediate
filaments). Keratin belongs to the intermediate filaments. In 1982,
Moll et al. (6) demonstrated a classification and numbering system for
keratin according to molecular weight and acidity.

Among the keratins, keratin-14 (K14) is the most prominent basal
cell marker of keratinocytes. The mRNA of K14 is synthesized only
in basal keratinocytes. In a study by Chu et al. (7), K14 was shown
to be a useful marker for making the differential diagnosis of SCC.
Thus, we surveyed the degree of expression of K14 in cases of AK
and AK-derived SCC with special attention to the possible role of
the expression of K14 as a factor for tumor progression.

p16 protein is a tumor suppressor protein. In a previous report by Sa-
lama et al. (8), p16™* was shown to be a sensitive and specific marker
for distinguishing Bowen’s disease (BD) from AK and benign
squamous cutaneous lesions. Therefore, we evaluated p16™* immu-
nohistochemical staining as an adjunctive study for the utility of K14.

Materials and Methods

1 The cases of SCC which developed from AK

Four cases of SCC were collected from the pathologic data of the
Department of Dermatology of St. Vincent Hospital. Four cases of
SCC were selected because the patients were previously diagnosed
with AK at the same site as the site that later developed SCC.
Patients 1 and 2 had been diagnosed with AK on the left cheek 6
and 3 years previously, respectively. However, patients 1 and 2 pa-
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tients were lost to follow-up, so no treatments were given to these
patients. After several years, both patients presented again with a
protruding mass at the AK site. SCCs were diagnosed by skin
biopsy. Patients 3 and 4 were diagnosed with AK on the right cheek
and buttock 2 and 5 years previously, respectively. Surgical excision
and cryotherapy were performed by a dermatologist. The enlarging
masses re-emerged at the same sites, both of which were shown to
be SCC by pathologic findings.

2 Cases with AK and normal skin

Twelve cases with AK were collected from the same database
and tissue archives. The ages and sites of the lesions were anti-
cipated to show a similar distribution with the SCC cases of this
study. The histologic types of the cases were classified as acan-
tholytic (2 cases), atrophic (2 cases), bowenoid (4 cases), hypertrophic
(3 cases), and pigmented (1 case). The profiles of these patients are
displayed in Table 1. Also, normal skin samples were collected from
healthy persons for the comparative analysis.

3 Immunohistochemistry

All of the tissues were fixed in formalin, then paraffin-embedded
according to conventional procedures. Serial 5-ym sections were cut
from each case. The sections were deparaffinized and rehydrated in
xylene and a graded series of alcohol solutions. The endogenous
peroxidase activity was blocked with 3% hydrogen peroxidase for
10 minutes. For heat-induced epitope retrieval (HIER), the sections
were subjected to 0.01 M citrate buffer (pH 6.0) in a microwave at
90T for 10 min. A commercially available K14 primary antibody
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(clone LL002) was purchased from Neomarkers, Inc. (Fremont,
CA). A pl6™“ and p16™“* research Kit (clone E6H4; CINtec, Ger-
many) was purchased and all the tissues were stained. The primary

e

Fig. 1. The basal layer of the epidermis had strong reactivity for
CK14 in normal tissues, but the other layers showed negative or
mild reactivity for CK14 (original magnification, < 400).

and secondary antibodies were then attached to the sections following
the manufacturer’s protocol. Labeled avidin-biotin complex (LAB)
methods were used. The peroxidase reaction was visualized using
diaminobenzidine (DAB). Sections of a normal skin block were
stained as a negative control.

4 Scoring of immunohistochemical staining

The cytoplasmic immunoreactivity of K14 and p16™* was scored
as positive by two experienced dermatopathologists who worked
independently. Staining intensity was graded on a 400 X magnified
view by light microscopy in a blinded fashion according to the
following grading system (9): negative, 0 (< 1% cells positive);
weak, 1+ (1~10% cells positive); moderate, 2+ (10~50% cells
positive); or strong, 3+ (>50% cells positive).

5 Statistical analysis

All analyses were performed using PASW statistics 17.0 for

Fig. 2. (A) Histologic findings of case 1 (SCC; H&E, X 200), (B)
CK14 expression showed moderate reactivity in the spinous and
granular layers and in the tumor cells that invaded the dermis
(original magnification, X 200), (C) pl6™* expression showed
weak reactivity in the whole layers (original magnification, X
200).
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Windows. The statistical significance of differences in K14 ex-
pression between SCC developed from AK, and AK were tested
using a chi-square test. A p-value <0.05 was considered statistically
significant.

Results

1 K14 expression in normal tissue

K14 positivity was generally diffuse and cytoplasmic. The basal
layer of the epidermis was strongly reactive for K14 (four positive),
and the spinous layer of the epidermis showed slight reactivity (one
positive). However, the granular and homy layers of the epidermis
and dermis exhibited negative reactivity (Fig. 1).

2 K14 and p16™** expression in SCC may have
evolved from AK (Table 1)

The grade of K14 positivity in SCC tumors is summarized in
Table 1. The four cases showed that the basal layer was strongly
reactive for K14, as expected, and the expression in the spinous
layer in case 1 was moderately reactive (two positive; Fig. 2). The
expression in the spinous and granular layers of cases 2, 3, and 4
were strongly reactive for K14, which was unlike the normal tissues
(Fig. 3~5). The portions of the tumors that invaded the dermis also
showed strong reactivity for K14 in all of the cases. The grades of
p16™“ positivity are summarized in Table 1. With the exception of
case 1, all of the SCC tumors had moderate-to-strong reactivity in
the basal, spinous, and granular layers. However, weak reactivity
was shown in all of the layers of case 1.

3 K14 and p16™* expression in AK

The grades of K14 positivity in the AK lesions are summarized
in Table 1. The basal layers of the epidermis in almost all cases had
strong reactivity for K14. Also, the basal layers of the adnexa had
moderate reactivity in 5 of 12 cases. Mild K14 expression was also
detected in the spinous layers in seven cases. The patterns of immu-
noreactivity were similar with the normal tissues (Fig. 6). However,
three cases had mild-to-moderate reactivity in the granular layers,
like the SCC lesions (Fig. 7). Also, the grades of p16™“* positivity
are summarized in Table 1. Except for cases 9 and 15, all of the
layers of the epidermal lesion were negative. In cases 9 and 15,
weak-to-moderate reactivity was shown in the basal, spinous, and
horny layers.

Discussion

SCC and AK are at the opposite ends of the same disease spec-
trum. There is a continuum from the moment UV light converts
keratinocytes into atypical neoplastic cells to the point at which
these cells penetrate the dermis (10). It has also been confirmed that
the common nature of the atypical keratinocytes is found in both
AK and SCC (11). If AK is left untreated for enough time, it is
thought that invasive SCC will develop (12). Hurwitz et al. (13)
found that 97% of the 459 cutaneous SCCs occurred next to an AK,
and Marks et al. (14) estimated that 75~96 AKs per 100,000 AKs
convert to SCC per year. However, it has not yet been sufficiently
elucidated at which stage in the pathway the critical or irreversible
changes from the emergence of pre-cancerous cells to the develop-
ment of invasive cells occur.

Intermediate filaments have been divided into six distinct classes

e
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Fig. 3. (A) Histologic findings of case 2 (SCC; H&E, x200), (B) CK14 ¢
and dermal invasion (original magnification, X 100), (C) pl6™* expression showed a moderate-to-strong reaction in the basal and spinous layers
(original magnification, X 200).

xpression showed strong reactivity in the spinous and granular layers
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(I-VT) based on gene sequencing and molecular techniques (6).
Keratins belong to class I (acidic keratin, numbers 1~10) and class
II (basic keratin, numbers 11~20; 6). In general, most acidic kera-
tins will pair with most basic keratins (5). For example, keratin-1 (K1)
and keratin-5 (K5) is paired with keratin-10 (K10) and K14 in the
suprabasal or basal layer. According to previous reports, different
subsets of keratins are expressed during the course of terminal
differentiation and during different stages of development, as well as
in different epithelia (5,6). So, the expression of keratin protein
could help classify all epithelia, much like fingerprinting (5,6).
Specifically, K5 and K14 are more often associated with stratified
squamous epithelium, but other keratins could be expressed in other
types of epithelial cells and also in carcinomas, such as squamous
cell carcinoma, adenocarcinoma, and transitional cell carcinoma
(5,15). Several studies have focused on keratin-7 (K7) and keratin-
20 (K20) (16). The immunohistochemical reactions for these
keratins using the proper antibodies could aid in establishing the
differential diagnosis of metastatic carcinoma of unknown origin.
K14 is a basal cell keratin that forms heteropolymers together

with keratin-5 (17). The mRNA expression of K5 and K14 are
limited to basal cells in normal human skin. Tumor cells that origi-
nate from the basal layer contain K14 because the basal cells always
contain K14. On the other hand, tumor cells in the suprabasal layer
do not contain K14 because the suprabasal layer does not produce
K14 mRNA. Jiang et al. (18) reported that K14 promoter expression
is induced by transforming growth factor, which is mainly produced
from dermal fibroblasts.

Komine et al. (19) demonstrated that K14 expression could be a
marker of tumor progression in Bowen’s disease. In that report,
most of the K14-positive tumor cells, especially in SCC, developed
from Bowen’s disease, were those that interfaced with the dermis.
Marley et al. (20) reported that K14 was significantly over-expressed
in pre-cancerous white patches of oral epithelium, and this would
eventually evolve into oral SCC. Further, the oral dysplastic epithe-
lium and SCC showed irregular extensions of the K14 proteins into
the suprabasal layer, while the normal epithelia showed that K14
proteins are present almost exclusively in the basal layer (21).

pl6 protein is a tumor suppressor protein. Alterations in p16 pro-

Fig. 4. (A) Histologic findings of case 3 (SCC; H&E, x200),
(B) CK14 expression showed strong reactivity in the spinous and
granular layers and dermal invasion (original magnification, X
200), (C) p16™** expression showed moderate-to-strong reaction
in the basal and spinous layers (original magnification, X 200).
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Fig. 5. (A) Histologic findings of case 4 (SCC; H&E, x200) (B)
CK14 expression showed strong reactivity in the spinous and
granular layers and dermal invasion (original magnification, X
200), (C) p16™* expression showed a moderate-to-strong
reaction in the basal and spinous layers (original magnification, X
200).

Fig. 6. (A) Histologic findings of case 7 (AK; H&E, x200), (B) CK14 expression showed negative reactivity in the spinous and granular layers
(original magnification, X 200), (C) p16™* expression showed negative reactivity in the entire layer (original magnification, X 200).

-
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Table 2. Comparison of number (%) of cases with K14 staining intensity between SCC which developed from AK, and AK

Group/Intensity 0 1 2 3 p-value

Horny layer 0.064
SCC 2 (50.0%) 2 (50.0%) 0 0
AK 11 (91.7%) 1(8.3%) 0 0

Granular layer 0.006
SCC 0 0 1(25%) 3 (75%)
AK 9 (75%) 1(8.3%) 2(16.7%) 0

Spinous layer 0.007
SCC 0 0 1(25%) 3 (75%)
AK 2 (16.7%) 7 (58.3%) 3 (25.0%) 0

Basal layer 0.383
SCC 0 0 0 4 (100%)
AK 0 0 2 (16.7%) 10 (83.32%)

Dermis 0.000
SCC 0 0 0 4 (100%)

AK 12 (100%) 0 0 0

tein have been reported in melanomas, gliomas, and osteosarcomas
(22). Also, increased expression of pl6™“ has been described in
cervical squamous neoplasms as lesions progress from a pre-
malignant to malignant phase of proliferation (23). The sensitivity
and specificity of pl6™“* for a diagnosis of BD versus AK was
about 90% in a previous report (8).

In our study, K14 expression in two groups showed statistically
significant differences in the granular (p=.006) and spinous layers
(p=.007; Table 2). The four cases of SCCs that might have evolved
from AK showed strong reactivity for K14 in the entire epidermal
layer, with the exception of the horny layer. Also, all basal layers in

the dermal portions of the tumor cells were positive for K14. This
means that the tumor cells originated from the basal layer. As AK
tumor cells progresses to invasive SCC, tumor cells have direct con-
tact with the dermis. The expression of K14 in these tumor cells is
induced by the dermal cell cytokines, such as transforming growth
factor-(3, which is primarily produced from dermal fibroblasts (18).
Taking these results into consideration, it was hypothesized that the
high-risk groups of patients with AK that would evolve to SCC are
positive for K14 in the spinous and granular layers. Moreover, if the
AK tumor cells are positive for K14, then they would have a higher
risk of dermal invasion than the K14-negative tumor cells. The
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results of staining for p16™“ were similar with that for K14 in the
current study. This means that K14 could be another prognostic
factor for SCC proliferation.

We studied the expression of K14 in 12 cases of AK and found
that three cases of AK were weakly or moderately positive for K14
in the spinous and granular layers. Therefore, we suggest that these
cases have a higher risk of evolving to SCC than the other cases that
had negative reactivity for K14.

Conclusion

K14 protein expression in spinous and granular layers may be a
prognostic factor for tumor progression and invasion in AK.
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