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Abstract
The dysregulation of apoptosis occurs in many cutaneous disease states. Several apoptosis inhibitors
have been shown elevated in neoplasms and in some inflammatory conditions, but their relation to
proliferative and apoptotic states has not been defined. We examined the expression of the apoptosis
inhibitor survivin in a panel of keratinocytic neoplasms and hyperproliferative skin lesions using
both immunohistochemistry and a newly developed in situ hybridization technique. Proliferation and
apoptotic indices were also assessed by immunohistochemical staining for proliferating cell nuclear
antigen and TUNEL, respectively. We found the highest rate of proliferation in verrucae and psoriasis
followed by actinic keratosis, squamous and basal cell carcinoma, lichen simplex chronicus, and
seborrheic keratosis; all were significantly (P < 0.05) higher than normal skin. Apoptotic rate was
increased in squamous (P = 0.05) and basal cell carcinoma (P = 0.03), but not significantly different
from normal skin in the other lesions tested. Survivin expression was seen in most neoplasms and
hyperproliferative lesions, but not normal skin. Survivin expression was often restricted to the upper
third of the epidermis in psoriasis and lichen simplex chronicus, whereas all the other lesions stained
diffusely. Survivin expression appears to be a consistent feature of keratinocytic neoplasms and
hyperproliferative lesions and may contribute to the formation of epidermal hyperplasia seen in all
of these disease states.

Keywords
Apoptosis; Keratinocyte; Proliferating cell nuclear antigen; TUNEL; Survivin

Maintenance of homeostasis in the skin requires a delicate balance among proliferation,
differentiation, and apoptosis. Disruption of the regulatory mechanisms governing these
normal processes likely occurs in neoplastic and hyperproliferative disease states. The
expression of various inhibitors of apoptosis, primarily of the Bcl-2 family, has been examined
in multiple epidermal tumors and inflammatory conditions. For example, the apoptosis
inhibitors bcl-2 and bcl-XL are expressed in melanoma1–4 and nonmelanoma skin cancer.5–
9 In basal and squamous cell carcinoma (SCC), bcl-2 expression was detectable in the
malignant keratinocytes but not in adjacent nonmalignant cells.6 Weak bcl-2 expression was
consistently found in keratinocytes comprising lesions of contact dermatitis, psoriasis, and
seborrheic keratosis.6 Dummer et al10 examined bcl-2 expression in both benign and
malignant cutaneous T-cell infiltrates and found significantly higher bcl-2 expression in the
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infiltrating T cells of mycosis fungoides, lymphomatoid papulosis, and T-cell rich cutaneous
lymphoid hyperplasia, compared with normal epidermal keratinocytes. Finally, Chrysomali et
al11 documented weak bcl-2 expression in the keratinocytes of oral lesions of erythema
multiforme, comparable with that of control mucosa. By contrast, little is known regarding
expression of the other major class of apoptosis inhibitors, Inhibitor of Apoptosis proteins, in
epidermal neoplasms and hyperproliferative states.

Keratinocyte proliferation has been assessed in a number of benign and malignant skin
conditions by immunohistochemical staining for proliferating cell nuclear antigen (PCNA) or
Ki-67. Increased proliferation compared with normal skin was shown in psoriasis,12,13
ichthyosis,12 chronic dermatitis,12,13 and verruca vulgaris.13 Malignant diseases such as
SCC,13 mycosis fungoides,10,13 and melanoma14,15 have an even higher proliferation index
than these benign conditions. Distinct PCNA staining patterns may also be seen in different
disease states. For example, proliferating cells tend to be diffusely spread through poorly
differentiated SCC, but are localized to the periphery in well differentiated SCC and
keratoacanthoma.16 The relation between proliferation rate and apoptosis in these skin diseases
has not been well studied.

The apoptosis inhibitor survivin is a recently described member of the Inhibitor of Apoptosis
family that is expressed in most human cancers17 and also known to be a regulator of mitosis.
18 In malignant cells, survivin expression is upregulated during the G2M phase of the cell cycle
and peaks during mitosis.18 It associates with the mitotic spindle apparatus and is thought to
represent an important mitotic checkpoint by inhibiting apoptosis in dividing cells as they
proceed through mitosis.18 We have previously reported its absence in normal skin,19,20 but
high expression in melanoma14 and nonmelanoma19 skin cancers. Interestingly, survivin
expression was also seen in in situ lesions and actinic keratosis,19 suggesting it may represent
an early step in skin cancer development. Recently, we reported that transgenic expression of
survivin in keratinocytes prevented papilloma regression and promoted conversion to SCC in
a mouse chemical carcinogenesis model.21 Survivin expression in benign hyperproliferative
states, however, has not been investigated. Here, we characterize survivin expression and its
potential relation to proliferative and apoptotic states in a panel of keratinocytic neoplasms and
hyperproliferative skin disorders.

MATERIALS AND METHODS
Specimens

The University of Utah dermatopathology database was searched for specimens with relevant
diagnoses, and hematoxylin and eosin stained slides for all cases were reviewed by a
dermatopathologist (S.R.F.) to confirm diagnosis. The first 20 specimens that could be obtained
of each diagnosis were examined for adequate tissue remaining in the block, and those without
sufficient tissue remaining were not studied. The following cases were assembled: normal skin
(8), lichen simplex chronicus (LSC) (9), psoriasis (8), verruca vulgaris (11), seborrheic
keratosis (11), actinic keratosis (6), invasive SCC (8), and basal cell carcinoma (BCC) (9).
Fully developed lesions of psoriasis and LSC demonstrating acanthosis and hyperkeratosis, as
well as typical neoplasms, were selected. None of the verrucae had the histologic pattern of a
“wart-like SCC” or verrucous carcinoma. All seborrheic keratoses were of the acanthotic type.
All BCC lesions were of the nodular type. Normal skin specimens were taken from the edge
of large cyst excisions. Serial 5 μM sections were prepared from each paraffin block.

Immunohistochemistry
Sections were subjected to immunohistochemical studies using peroxidase-based techniques
for PCNA, TUNEL, and survivin as described elsewhere.14 For PCNA staining, a 1:100
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dilution of antibody (BD Biosciences, San Diego, Calif) was used. Approximately 100 cells
were counted in 4 representative fields (including the basal and spinous layers) of each section.
The proliferation index (PI) was calculated as the percentage of PCNA-positive cells averaged
for each lesion type. The apoptotic index (AI) was defined as the number of TUNEL-positive
cells per 200 × field averaged for each lesion type. TUNEL-positive cells in the granular layer
and stratum corneum were not counted. Statistical significance for AI and PI, defined as P ≤
0.05, was determined for each lesion type compared with normal skin using an unpaired 2-
tailed t test (Prism, Graphpad Software, San Diego, Calif). For Survivin staining, an
antibody14 concentration of 0.5–1 μg/ml was used.

In Situ Hybridization
In situ hybridization for survivin was performed in approximately half the specimens to confirm
immunohistochemical results. A full-length human survivin antisense riboprobe was prepared
by in vitro transcription from a linearized SP6-based plasmid using a biotin RNA-labeling kit
(Roche Molecular Biochemicals, Indianapolis, Ind). After precipitation, the riboprobe was
resuspended in diethylpyrocarbonate-treated deionized distilled water and stored at −20°C until
needed. We did not employ a sense riboprobe as a control, given the possibility of reactivity
with effector cell protease receptor 1, which is transcribed from the same locus but in the
opposite direction of the survivin gene.22 Normal skin, which does not express survivin,19
served as a negative control.

After dewaxing in xylenes, rehydration by passing through a standard series of graded alcohols
and rinsing in diethylpyrocarbonate-treated deionized distilled water, the sections were
immersed in 4% paraformaldehyde for 20 minutes on ice, rinsed in TBS Wash Buffer (50 mM
Tris-HCl, pH 7.5, 150 mM NaCl), treated with 200 mM HCl for 10 minutes at room
temperature, and then placed in an acetylation buffer (0.5% acetic anhydride, 100 mM Tris-
HCl, pH 8.0) for 10 minutes at room temperature. The slides were rinsed 3 times in TBS Wash
Buffer, then dehydrated through graded alcohols (70–95–100%), dipped briefly in CHCl3, and
air-dried for 5 minutes. Riboprobe was diluted to a concentration of 500 ng/ml in a
hybridization buffer (50% formamide, 2X SSC, 10% dextran sulfate, 0.01% sheared herring
sperm DNA, 0.02% SDS), and 50 μL was applied to each section, which was coverslipped and
then incubated at 95°C for 4 minutes. The slides were then placed in a humidified chamber at
55°C for 4 to 6 hours for hybridization. All reagents used prior to the hybridization step were
RNase-free.

After hybridization, the slides were placed in 2X SSC overnight to remove the coverslips. They
were then washed 3 times in 1X SSC containing 50% formamide at 55°C over 1 hour, twice
in 1X SSC over 40 minutes, and then rinsed 3 times in TBS Wash Buffer. After applying 5%
normal sheep serum in blocking buffer (0.03% Triton X-100, 150 mM NaCl, 100 mM Tris-
HCl, pH 7.5) to each section for 30 minutes at room temperature, slides were incubated
overnight at 4°C with alkaline phosphatase–conjugated mouse anti-biotin (Jackson
ImmunoResearch, West Grove, Penn) diluted 1:250 in blocking buffer containing 10% normal
sheep serum. After washing, BCIP/NBT substrate solution (Dako, Carpinteria, Calif) was
applied to the sections for 2 hours and 40 minutes. The sections were then counterstained with
Nuclear Fast Red (Vector Laboratories, Burlingame, Calif), dehydrated in a series of alcohols
and xylenes, and finally mounted with TBS ShurMount (Ted Pella, Redding, Calif).

RESULTS
Keratinocyte Proliferation

Keratinocyte proliferation in the lesions was assessed by PCNA staining. The pattern of
staining for all samples tended to be stronger in basal layers and diminished toward the granular
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layer (Fig. 1A). We calculated the PI based on the average percentage of PCNA-positive cells
in each lesion type studied, and the results are summarized in Figure 2. The PI was highest in
verrucae (72.1%) and psoriasis (45%), followed by SCC (28%), actinic keratosis (23%), and
BCC (21.4%); seborrheic keratosis (13.9%) and LSC (12.3%) demonstrated a PI slightly higher
than that seen in normal skin (6.4%) (Fig. 2). For all lesion types, the PI was statistically higher
(P < 0.05) than that of normal skin.

Keratinocyte Apoptosis
Apoptotic cells were visualized by TUNEL staining, which identified rare positive cells (Fig.
1B) in most lesions. The AI was derived from the average number of TUNEL-positive cells in
each lesion type, and the results are summarized in Figure 3. The AI for SCC (1.38) and BCC
(1.25) was significantly higher (P = 0.05, 0.03) than that for normal skin (0.33). Relatively
lower AI values were obtained for seborrheic keratosis, verruca vulgaris, and LSC, none of
which were significantly different (P > 0.05) from that of normal skin(Fig. 3). Apoptotic cells
were not detected in any of the psoriasis lesions (Fig. 3).

Survivin Expression in Lesions
The presence of survivin was determined by immunohistochemistry (Fig. 1C) and by in situ
hybridization (Fig. 1D–F), and the results are summarized in Table 1. Survivin was not detected
in normal skin (Fig. 1D), but was expressed in most cases of actinic keratosis (83%), SCC
(100%), verruca vulgaris(91%), seborrheic keratosis (100%), and psoriasis (88%). Survivin
expression was seen in lower fractions of BCC (44%) and LSC (44%) (Table 1). Benign and
malignant neoplasms tended to show diffuse cytoplasmic staining (Fig. 1C,E), while staining
in LSC and psoriasis (Fig. 1F) tended to be weaker and, in some cases, localized to the
superficial (upper one third of the epidermis) component of the lesions (Table 1). In some cases
of psoriasis, the intracellular pattern of survivin staining appeared to be perinuclear (Fig. 1F).

DISCUSSION
In this study, we correlated expression of the apoptosis inhibitor survivin with proliferative
and apoptotic rates in a panel of keratinocytic neoplasms and hyperproliferative conditions.
All the skin lesions examined demonstrated an increased proliferative rate compared with
normal skin, while the differences in apoptotic rate were relatively small. Survivin was
expressed in most of the lesions, but despite its association with mitotic progression18 and
antiapoptotic activity,20,22 its expression did not appear to correlate with either proliferative
or apoptotic status. None of the parameters examined proved useful in distinguishing benign
from malignant keratinocytic lesions.

All the skin lesions exhibited significantly increased proliferation by PCNA staining compared
with normal skin. In most cases we observed, as in normal skin, a gradient of increased
proliferation toward the basal layer. We found the highest PI in verrucae, in contrast to a
previous study by Kawahira et al13 that reported higher rates in SCC compared with verrucae
and psoriasis. Interestingly, the lowest proliferation rates were found in LSC and seborrheic
keratosis, although considerable epidermal hyperplasia is a characteristic feature of these
lesions. Thus, while increased keratinocyte proliferation is a consistent feature of all these
lesions and is probably requisite for their growth and maintenance, it is likely that other factors
are also involved in the development of a hyperplastic epidermis.

Apoptosis represents a counterbalance to proliferation, and decreased apoptosis is generally
thought to be associated with epidermal hyperproliferation. This notion is substantiated by
mouse models with transgenic epidermal expression of apoptotic inhibitors bcl-223 and the
p53 inhibitor MDM224 that displayed increased epidermal thickness, although other models
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—including mice transgenic for bcl-XL 25 and survivin20—had a normal-appearing epidermis.
In all these mouse strains, however, transgenic expression of the apoptotic inhibitor did increase
apoptotic resistance in the epidermis, as demonstrated by decreased generation of apoptotic
keratinocytes (sunburn cells) in response to ultraviolet light or DNA-damaging agent. Lack of
apoptotic cells in seborrheic keratosis and verrucae has been previously reported by Mori et
al,26 and Laporte et al27 demonstrated a lower AI in psoriasis compared with normal skin. We
found that the lesions with highest proliferative capacity, verrucae and psoriasis, had a lower
AI than normal skin, although in our study, generally only 1 or 2 apoptotic cells per field were
noted, and we were not able to demonstrate statistically significant differences with normal
skin for most lesion types. We found that only BCC and SCC had an AI significantly different
than normal skin, and in both cases, it was elevated rather than decreased. Direct detection of
apoptotic cells in the epidermis by TUNEL staining, as we performed here, is inherently
difficult because apoptotic cells are cleared rapidly from tissues.28 Thus, it seems that the
apoptotic state of the epidermis may be best assessed by measuring responses to apoptotic
stimuli in vivo, as has been done for mouse skin in studies cited above, rather than by trying
to detect apoptotic cells in untreated fixed tissue. Although far more cumbersome and beyond
the scope of this study, it would be interesting to measure ultraviolet-induced apoptosis in these
various lesion types and normal human skin.

Survivin was expressed in most cases of each lesion type, with the exception of LSC and BCC
in which only half of cases were positive. In our previous study,19 81% of BCC were positive,
but this difference is likely due to the small number of cases examined in both studies and
perhaps sampling error. Survivin expression was often restricted to the upper third of the
epidermis in psoriasis and LSC, whereas all the other lesions stained diffusely. Past studies of
survivin expression in paraffin-embedded tissues have employed immunohistochemistry and
usually involved pressure cooking for antigen retrieval.14,19,29 We have found that while this
procedure is excellent for solid tumors, it is quite harsh on skin tissues and often prone to
nonspecific staining of the epidermis. This is the most likely explanation for one report29
describing survivin expression in the epidermis and adnexae of normal skin. Here, we used in
situ hybridization with a full-length riboprobe that under high stringency conditions yielded
reproducible specific staining. We confirmed our prior results14,19,20 that survivin is not
expressed in normal skin. Previous studies have highlighted the expression of survivin in cancer
and its absence in nonmalignant tissues.17,30 We have shown previously that survivin is
expressed in skin cancer precursors including melanocytic nevi,14 actinic keratosis,19 and
papillomas.21 Our demonstration here of survivin expression in verrucae is consistent with
these observations since these lesions are caused by human papillomas virus infection that in
some cases may develop into SCC. The E6 protein encoded by human papilloma virus may
lead to survivin expression in these lesions through down-regulation of p53,31 which is a
negative regulator of the survivin gene.32,33

Our demonstration of survivin expression in psoriasis, seborrheic keratosis, and LSC lesions
—clearly benign processes without malignant potential—challenges the paradigm17 of
survivin expression limited to premalignant and malignant tissues. The broad expression of
survivin in these lesions and other skin tumors suggests that changes in apoptosis regulation
likely play a role in all keratinocytic hyperproliferative states.
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FIGURE 1.
Representative proliferating cell nuclear antigen (PCNA), TUNEL, and survivin staining.
(A) PCNA staining of verruca vulgaris, demonstrating increased nuclear (dark brown)
reactivity at the base of the lesion. (B) TUNEL staining of basal cell carcinoma, revealing
isolated positive (light brown) cells, indicated by arrows. (C) Survivin immunohistochemistry
of seborrheic keratosis, showing diffuse cytoplasmic (pink) staining. (D) Survivin in situ
hybridization of normal skin, demonstrating absence of expression. (E) Survivin in situ
hybridization of squamous cell carcinoma, showing diffuse granular cytoplasmic (dark blue)
staining. (F) Survivin in situ hybridization of psoriasis, revealing superficial and perinuclear
(light blue) staining pattern.
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FIGURE 2.
Proliferation index (PI) as determined by proliferating cell nuclear antigen (PCNA)
immunohistochemistry. Bar graphs depict average percent PCNA-positive cells for normal
skin (NS), lichen simplex chronicus (LSC), psoriasis (PSx), seborrheic keratosis (SK), verruca
vulgaris (VV), actinic keratosis (AK), squamous cell carcinoma (SCC), and basal cell
carcinoma (BCC). Error bars indicate standard error of mean, and asterisks connote statistically
significant (P ≤ 0.05) difference for given lesion type compared with NS.
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FIGURE 3.
Apoptotic index (AI) as determined by TUNEL staining. Bar graphs indicate number of
TUNEL-positive cells per 200×field for normal skin (NS), lichen simplex chronicus (LSC),
psoriasis (PSx), seborrheic keratosis (SK), verruca vulgaris (VV), actinic keratosis (AK),
squamous cell carcinoma (SCC), and basal cell carcinoma (BCC). Error bars indicate standard
error of mean, and asterisks connote statistically significant (*P = 0.05, **P = 0.03) difference
compared with NS.
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TABLE 1
Survivin Expression in Keratinocytic Hyperplasias and Neoplasms

Lesion Survivin Positive (%)* Survivin Staining Pattern†

Normal skin 0/8 (%) — (2)
Lichen simplex chronicus 4/9 (44%) superficial (2), diffuse (2)
Psoriasis 7/8 (88%) superficial (6), diffuse (1)
Verrucae vulgaris 10/11 (91%) diffuse (3)
Seborreic keratosis 11/11 (100%) diffuse (5)
Actinic keratosis 5/6 (83%) diffuse (3), basilar (2)
Squamous cell carcinoma 8/8 (100%) diffuse (3)
Basal cell carcinoma 4/9 (44%) basilar (2), diffuse (1)

*
Determined by immunohistochemistry and in situ hybridization.

†
Determined by in situ hybridization. In parentheses are numbers of cases exhibiting given staining pattern.
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