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There are approximately 200,000 new cases of cuta-
neous squamous cell carcinoma diagnosed each
year in the United States, with between 1300 and
2300 deaths per year from metastatic disease. The
tumor suppressor p16, encoded by the CDKN2/
INK4a locus, has been reportedmutated in >24% of
squamous cell carcinomas. Mutations of the p16
gene have also been found in actinic keratoses, the
first identifiable lesion in the continuum from nor-
mal skin to squamous cell carcinoma. We hypothe-
sized that there may be an appreciable difference in
expression of p16 between normal skin, actinic ker-
atoses, squamous cell carcinoma in situ, and inva-
sive squamous cell carcinoma. Ten actinic kerato-
ses, 10 in situ squamous cell carcinomas, and 10
invasive squamous cell carcinomas were examined
using the immunoperoxidase method with antigen
retrieval for anti-p16INK4a antibody. All 10 actinic
keratoses were positive for weak to moderate p16
staining in the lower third to lower half of the epi-
dermis (especially the basal keratinocytes). This
staining was significant when compared with the
lack of staining seen in normal skin controls.
Twenty percent of in situ squamous cell carcinomas
had moderate to strong staining in only the lower
half to lower two thirds of the epidermis, whereas
70% of the in situ squamous cell carcinomas exhib-
ited full-thickness p16 staining, with no staining in
the dermis. Thirty percent of invasive squamous cell
carcinomas had full-thickness staining of the in situ
component of the lesion, and 100% of invasive
squamous cell carcinomas exhibited moderate to
strong staining of the invasive component of the

lesion. These findings indicate correlation between
the increased expression of p16 during the progres-
sion of skin from actinic keratosis to in situ squa-
mous cell carcinoma to invasive squamous cell car-
cinoma. These data may lend further support to the
view of the actinic keratosis as a precursor lesion to
squamous cell carcinoma.
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Squamous cell carcinomas of the skin are one of the
most common tumors. Approximately 200,000
cases of squamous cell carcinoma are diagnosed
each year in the United States and cause between
1300–2300 deaths per year (1). The most common
genetic abnormality of squamous cell carcinomas,
seen in approximately 80%, are UV-type mutations
of p53, a tumor suppressor known to induce apo-
ptosis (2). Restriction point control of the cell cycle
is another area of dysfunction found in squamous
cell carcinomas. The retinoblastoma (Rb) gene
product is the key gatekeeper regulating the pas-
sage of the cell through the G1/S restriction point of
the cell division cycle. A dysfunction in the Rb path-
way can lead to premature cell cycle progression,
before DNA repair is completed, allowing geneti-
cally flawed cells to divide (3). The release of the Rb
blockade is dependent on the enzyme activity of the
molecular complex of cyclin-dependent kinase 4/6
(CDK4/6) and cyclin D (4). This complex normally
phosphorylates and inactivates Rb to allow DNA
replication to begin.
p16INK4a (p16) is a tumor suppressor protein

that competes with cyclin D for binding to CDK4/6
(5). p16 is encoded by the CDKN2A (cyclin-
dependent kinase inhibitor 2A) gene, also known as
multiple tumor suppressor 1 (MTS1), located on
chromosome 9p21 (6). The inactivity of the p16-
CDK4/6 complex allows the active Rb to continue
its arrest of the cell cycle. If the p16-CDK4/6 com-
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plex fails to form because of inadequate or incorrect
expression of p16, cell division can proceed with
the potential propagation of genetically flawed
cells.

p16INK4a gene mutations have been found in
�24% of squamous cell carcinomas (7, 8); however,
expression of p16 has not been evaluated in cuta-
neous squamous cell carcinomas. Interestingly,
Pavey et al. (9, 10) has shown that UV radiation
induces p16 expression in normal skin and causes
cell cycle arrest without p53 involvement. This
raises the question as to the possible changes in p16
expression that may be seen as the skin, damaged
by UV radiation, progresses in the putative pathway
from normal skin to invasive squamous cell carci-
noma. Therefore, the purpose of this study was to
evaluate p16 expression using immunohistochem-
ical techniques on known in situ and invasive squa-
mous cell carcinomas arising in the setting of sun-
damaged skin and their precursor lesion, the actinic
keratosis.

MATERIALS AND METHODS

Immunohistochemistry
Formalin-fixed, paraffin-embedded specimens of

normal skin, actinic keratoses, in situ squamous
cell carcinomas, and invasive squamous cell carci-
nomas were randomly obtained from the Univer-
sity of Arkansas for Medical Sciences archive. All
cases were reexamined by a board-certified der-
matopathologist (B.R.S.) to confirm the histologic
diagnosis. Four-micrometer recut sections were
deparaffinized and rehydrated through a graded
series of ethanol. The sections were pressure-
cooked at 20 psi for 10 minutes in DAKO target
retrieval solution (DAKO, Carpinteria, CA). After
cooling to 37° C and rinsing in PBS, endogenous
peroxidases were blocked with DAKO blocking so-
lution (H2O2 and NaN3, DAKO, S2001) for 10 min-
utes. Nonspecific proteins were blocked by 30-
minute incubation with DAKO protein block serum
free (DAKO, X0909). Between each step, the sec-
tions were rinsed in PBS.

The sections were then incubated for 60 minutes
with PharMingen p16 antibody G175–405 (550834,
monoclonal mouse anti-human p16 INK4 IgG, BD
Biosciences PharMingen, San Diego, CA) at 1:25
dilution. PharMingen polyclonal, biotin-
conjugated, goat, anti-mouse IgG1, k (PharMingen
550337) diluted 1:50 was used as the secondary
antibody followed by PharMingen Streptavidin-
HRP (PharMingen 550946), both incubated for 30
minutes each. Reaction products were visualized
with Biopath Bio-3,3'-diaminobenzidine chroma-
gen (Biopath, Oklahoma City, OK) for 10 minutes,

followed by counterstaining with hematoxylin and
cover slipping.

Evaluation of p16 Expression
There were a total of 30 samples collected and

analyzed, consisting of 10 actinic keratoses, 10 in
situ squamous cell carcinomas, and 10 invasive
squamous cell carcinomas. Eccrine gland and hair
matrix cells served as internal positive controls,
whereas lymphocytes served as internal negative
controls. Normal skin specimen were also used as
negative controls for keratinocyte staining. The in-
tensity of chromagen staining was evaluated with
the following grading system: 0, no staining; 1, weak
staining; 2, moderate staining; and 3, strong
staining.

RESULTS

All 10 actinic keratoses examined were positive
for weak to moderate staining in the lower third to
lower half of the epidermis (Table 1). In several
specimens, the staining was distinctly confined to
the basal layer of keratinocytes. This staining was
significant when compared with the lack of staining
seen in normal skin control (Fig. 1A–B). Interest-
ingly, the areas of acantholysis, corresponding pre-
sumably to the more atypical cells, exhibited the
most intense staining.

Twenty percent of the in situ squamous cell car-
cinomas had moderate to strong staining in the
only lower half to lower two thirds of the epidermis,
whereas 70% of the in situ squamous cell carcino-
mas exhibited full-thickness staining, with no stain-
ing in the dermis (Table 1; Fig. 2A–B). One in situ
squamous cell carcinoma exhibited only random
staining similar to that seen in the invasive squa-
mous cell carcinomas. Thirty percent of the inva-
sive squamous cell carcinomas had full-thickness
staining of the in situ component of the lesion, and
100% of the invasive squamous cell carcinomas ex-
hibited moderate to strong staining of the invasive
component of the lesion (Fig. 3). The most intense
staining seen in the invasive squamous cell carci-
nomas was that of the cells invading the dermis.
Interestingly, the invasive component of the lesions

TABLE 1. Presence of P16 Expression by Location

Location of
Staining

Actinic
Keratosis

(%)

Squamous Cell
Carcinoma In Situ

(%)

Invasive Squamous
Cell Carcinoma (%)

Lower one third 60 0 10
Lower one half 40 10 0
Lower two thirds 0 10 0
Full thickness 0 70 30
Random 0 10 60
Dermis 0 0 100
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could be found by scanning for darkly staining ar-
eas within the dermis.

DISCUSSION

p16 inactivation by deletion, mutation, or meth-
ylation has been found in a wide range of human
cancers, including breast, brain, skin, bladder, and
prostate (11, 12). Seventy-five percent of melanoma
cell lines have been found to contain mutant or lost
p16 gene, and germ-line mutations have been
found in the p16 gene in patients with multiple
primary melanomas (13, 14). Funk et al. (15) found
p16INK4a expression to be decreased in sporadic
melanoma, and Keller-Melchoir et al. (16) found
correlation between the loss of expression and the
progression of melanoma from in situ to invasive to
metastatic melanoma. However, there is contro-
versy in the literature about p16 expression. Over-
expression of p16 has been found in transformed

cell lines from many tumor types when compared
with their normal counterparts (17). Also, p16 ex-
pression has been shown to be up-regulated after
UV irradiation of cultured melanocytes (18). This
up-regulation is similar to what we have seen in the
squamous cell carcinomas we evaluated in this
study. This increased expression may be due to
mutation in the CDKN2A gene with expression of
inactive p16INK4a protein, resulting in the up-
regulation of the gene product.

We also saw increased expression of p16 protein
in 100% of the actinic keratoses that we examined.
Actinic (or solar) keratoses are the thought to be
either the precursor to or even the first identifiable
changes of cutaneous squamous cell carcinoma.
Actinic keratoses are usually skin-colored macules
or papules measuring 1 to 4 mm in diameter but
may be pigmented, erythematous, and/or hyper-
keratotic. Actinic keratoses appear on the sun-
damaged skin of Caucasians �40 years of age. The

FIGURE 1. A, high-power view of normal skin demonstrating
absence of immunohistochemical staining for p16. B, high-power view
of an actinic keratosis, demonstrating moderate staining for p16 along
the basal layer of keratinocytes. The more intense staining is seen in
the bases of the epidermal ridges.

FIGURE 2. A, high-power view of squamous cell carcinoma in situ
with strong, full-thickness, immunohistochemical staining for p16. B,
low-power view of squamous cell carcinoma in situ showing the edge
of the lesion. This demonstrates the strong full-thickness staining seen
in the squamous cell carcinoma in situ in contrast to the virtual
absence of staining of the surrounding normal skin.
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American Academy of Dermatology estimated that
60% of predisposed persons �40 years of age have
at least one actinic keratosis (19). Although it is
controversial as to what percentage of actinic ker-
atoses will ultimately become invasive squamous
cell carcinoma, like the squamous cell carcinoma,
actinic keratoses are characterized histologically by
keratinocyte atypia. Actinic keratoses not only
share with squamous cell carcinomas cytological
atypia, increased mitotic figures, and nuclear pleo-
morphism but also share the genetic hallmarks of
cancer. Actinic keratoses share the same tumor
markers and identical p53 gene mutations as squa-
mous cell carcinoma (20). High frequency of loss of
heterozygosity has been found in actinic keratoses,
with 20% of actinic keratoses showing loss of eight
or more alleles, 39% of those alleles from 9p (21). In
fact, Soufir et al. (8) reported mutation of the p16
itself in an actinic keratosis, of the UVB signature
type. And as discussed in the introduction, Pavey et
al. (9, 10) reported that UV radiation induces p16
expression in normal squamous cells. This supports
what we have seen in our study when we looked at
the expression of p16 in actinic keratoses. The in-
creased expression may be a protective mechanism
to prevent the propagation of abnormal cells in-
jured by UV radiation. The increased expression
may also represent the overexpression of abnormal
protein from mutation of the gene. This is sup-
ported by the more intense staining seen in the
acantholytic, presumably more atypical regions
within some of the actinic keratoses we examined.
Further studies eliciting the exact protein identified
by the antibodies used are necessary to make this
distinction.

Another observation we made in this study was
that although all of the actinic keratoses exhibited

increased expression only in the basal and supra-
basal region of the epidermis and the majority of in
situ squamous cell carcinomas had full-thickness
overexpression, full-thickness staining was seen in
only a minority of the invasive lesions. In the ma-
jority of the invasive lesions examined, no full-
thickness epidermal component could be found.
This raises the discussion of tumor progression in
cutaneous squamous cell carcinomas. It appears as
though actinic keratoses may represent a precursor
lesion on the pathway to the development of inva-
sive squamous cell carcinomas. In contrast, in situ
squamous cell carcinomas occurring in the setting
of sun-damaged skin may be developing along a
different pathway, with a different pattern of aber-
rant oncogene expression.

In conclusion, our study demonstrates a clear
increase in p16 expression that correlates with the
progression from normal skin to squamous cell car-
cinoma. Correlation was also seen in the differen-
tial staining within lesions between the more atyp-
ical areas of the actinic keratoses and the invasive
squamous cells. This study lends further support to
the view of actinic keratoses as an early identifiable
stage in the development of squamous cell carci-
noma. As most actinic keratoses do not inevitably
progress to in situ or invasive squamous cell carci-
noma, p16 overexpression appears to be necessary
but not sufficient for this tumor progression, and
other factors must be involved in this progressive
transformation. Although this is a small study, these
findings at least indicate the need for further study
of the role of p16 in the pathway to cutaneous
squamous cell carcinoma.
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Book Review

Bick RL: Disorders of Thrombosis and Hemo-
stasis: Clinical and Laboratory Practice, 3rd
edition, 464 pp, Baltimore, Lippincott Wil-
liams & Wilkins, 2002 ($125.00).

Bleeding and thrombotic disorders are common
and challenging medical problems. Health care
professionals who frequently encounter these
patients would welcome a reference textbook
that emphasizes the practical aspects of diagno-
sis and treatment. This multiple-authored text-
book, which is now in its 3rd edition, was written
to meet this need.

The book is organized into 20 chapters. The
first is an introductory chapter on the basic phys-
iology of hemostasis, focusing on blood vessels,
platelets, and plasma proteins that comprise the
coagulation and fibrinolytic systems. The re-
mainder of the book is devoted to inherited and
acquired bleeding disorders (nine chapters), in-
herited and acquired thrombotic disorders (four
chapters), prophylaxis and treatment of throm-
bosis (five chapters), and hemostatic factors in
atherothrombotic disease (one chapter).

There are several features that will be useful for
diagnosis. Two separate chapters are devoted to
the initial clinical evaluation of the bleeding pa-
tient and the thrombotic patient, respectively. This
information will be useful in distinguishing inher-
ited from acquired bleeding disorders, accurately
diagnosing venous thromboembolism, and priori-
tizing further diagnostic testing. There are numer-
ous tables providing comprehensive lists of vascu-

lar, platelet, coagulation, and thrombotic defects.
These will be useful in developing differential di-
agnoses. There is a comprehensive listing of drugs
that cause vascular defects and platelet function
defects. The medicines are listed alphabetically by
both generic and brand name to allow a quick
search for a particular drug of interest.

There are also several features that will be
useful for treatment. Detailed treatment recom-
mendations with references are made for disor-
ders that are common or difficult to manage,
such as immune thrombocytopenic purpura and
acquired factor VIII inhibitors. The sections on
anticoagulant therapy contain useful protocols
for the dosing and laboratory monitoring of war-
farin, unfractionated heparin, and low molecular
weight heparin. The section on thrombolytic
therapy contains a useful table of dosing proto-
cols for a variety of thrombolytic agents in dif-
ferent clinical conditions (e.g., catheter clear-
ance, deep venous thrombosis, pulmonary
embolism, acute ischemic stroke, etc.).

In summary this is a well-written, compre-
hensive, and extensively referenced textbook. It
will be a valuable aid to pathologists, medical
technologists, hematologists, and other medical
specialists involved in the care of patients with
hemostasis disorders.

Marc Cunnigham
University of Kansas School of Medicine
Kansas City, Kansas
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