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Inhibition of apoptosis is a critical step in tumorigenesis in many cancers, including Merkel cell carcinoma;
however, the exact regulatory mechanisms are not fully understood. Survivin is an inhibitor of apoptosis that is
undetectable in most terminally differentiated normal human tissues, strongly expressed in embryonic and fetal
organs and is strongly expressed in many different human cancers. In this study, we investigated the
expression of survivin in cutaneous Merkel cell carcinoma using immunohistochemistry and correlated the
findings with long-term clinical follow-up. We collected and immunostained 19 cases of Merkel cell carcinoma
with antibodies to survivin. The median patient age was 79 years, with an average follow-up of 17 months, and a
male/female ratio of 7:11. All but one sample represented primary lesions and two cases were obtained from one
patient. Clinical follow-up was obtained in 15 cases (79%). All 19 cases of Merkel cell carcinoma demonstrated
strong immunoreactivity for survivin. Survivin protein was localized and classified into predominately nuclear
(N¼ 8) or cytoplasmic (N¼ 4) compartments. A mixed pattern of survivin expression was also seen in three
cases. Cases with a nuclear staining pattern were distinguished by an aggressive clinical course, with seven of
eight patients developing metastases or dead of disease on follow-up. Furthermore, all of the cases with
predominately cytoplasmic survivin localization (N¼ 4) were free of disease on follow-up. Merkel cell
carcinomas represent aggressive malignancies regulated by apoptotic pathways. We demonstrate that
survivin, a protein with a dual role in inhibition of apoptosis and regulation of cellular proliferation is
expressed in Merkel cell carcinoma. Moreover, nuclear subcellular localization of survivin in Merkel cell
carcinomas may portend a poor prognosis and identification of these cases may assist clinical management.
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In 1875 Merkel described a unique epidermal cell
that he believed to be a special sensory cell of the
skin.1 These cells are thought to be the mechano-
receptors of the basal layer of the epidermis and may
interact with terminal axons. Merkel cells are
presumed to originate in the neural crest and are
characterized by co-expression of neuronal and
epithelial markers.2 Merkel cell carcinoma is an
uncommon malignant epithelial cutaneous neo-
plasm with neuroendocrine differentiation. In 1972
Toker first described five cases of ‘trabecular
carcinoma of the skin’.3

Seen predominately in elderly Caucasians (0.23
annual age-adjusted incidence per 100 000),4

approximately 1500 new cases of Merkel cell
carcinoma occur each year.5 Merkel cell carcinoma
often presents as a painless firm rapidly growing

violaceous papule or plaque that is usually present
on sun-exposed areas, with greater than 50% of the
cases on the head and neck, 40% on the extremities
and fewer than 10% on the trunk and genitalia.6

Accordingly, ultraviolet radiation and immunosup-
pression have been demonstrated to have etiologic
roles. Merkel cell carcinomas are considered neuro-
endocrine neoplasms with cytologic features includ-
ing distinct nuclear membrane, finely dispersed
chromatin with scant cytoplasm. Histologically, the
tumors may have a diffuse, nested, or trabecular
growth pattern.

Merkel cell carcinomas are aggressive tumors with
a high incidence of local recurrence and lymph node
and distant metastasis.7 The 5-year cause-specific
survival is 58% for Stage I and 38% for Stage II
disease.8 Clinical factors that have been determined
to portend a poor prognosis include the following:
advanced age 455 years, location on the head and
neck, size greater than 2 cm, presence of immuno-
suppression and advanced stage of disease.6,7,9 In
addition, histological factors that portend a poor
prognosis include a high level of mitoses, small cell
size, and angiolymphatic invasion.10 Also, recently
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p63 immunostaining has been shown to be an inde-
pendent prognostic marker for aggressive Merkel
cell carcinomas.11

In the epidermis, keratinocytes rely heavily on
apoptosis for normal development and to promote
the steady turnover that permits the elimination of
premalignant cells. In contrast, inhabitants of the
epidermis that do not need to be constantly ‘turned
over’ have been demonstrated to require anti-
apoptotic strategies to maintain longevity. The cost
of this longevity is the accumulation of defects that
may progress to carcinoma. Melanomas and Merkel
cell carcinomas utilize altered anti-apoptotic me-
chanisms for tumor survival and this fact is
postulated to be one cause of chemotherapeutic
failure. Therefore, we sought to better understand
the role of apoptosis in the regulation of Merkel cell
carcinoma growth.

Apoptosis occurs by two main pathways: (1) death
receptors (Fas and TNFR1), and (2) mitochondrial
integrity (cytochrome c). Both pathways converge on
the activation of a family of intracellular serine
proteases, or caspases, to dismantle the energy
production and cellular architecture. Bcl-2 protein,
which is located on the outer mitochondrial mem-
brane, blocks apoptosis by inhibition of cytochrome
c release. Interestingly, BCL2 is highly expressed in
Merkel cell carcinoma and suppression of Bcl-2
protein expression through the use of antisense
oligonucleotides has been shown to partially sup-
press Merkel cell carcinoma growth in a murine
model.12 Inhibition of mitochondrial apoptosis may
also occur through a second pathway that acts at a
step downstream of BCL2 that involves the family of
inhibitors of apoptosis.13 Members of the inhibitor of
apoptosis gene family prevent the proteolytic ma-
turation and activation of caspases to regulate
apoptosis.

Survivin is a 16.5 kDa intracellular protein that
contains a domain characteristic of the inhibitors of
apoptosis family, the baculovirus IAP repeat do-
main, and functions to prevent the proteolytic
maturation and activation of caspases.14 Survivin
is a unique inhibitor of apoptosis in that it has been
shown to be undetectable in most terminally
differentiated normal human tissues, strongly ex-
pressed in embryonic and fetal organs,15,16 and
strongly expressed in many different human can-
cers, including melanoma.13,17 Therefore, we sought
to determine whether there are other antiapoptotic
pathways that are important in the regulation of
Merkel cell carcinoma growth.

Materials and methods

A total of 19 cases of Merkel cell carcinoma
identified from archival specimens at Yale Univer-
sity Dermatopathology Laboratory comprise this
study. The hematoxylin and eosin stained sections
and immunoperoxidase preparations were re-

viewed. The diagnosis of Merkel cell carcinoma
was confirmed by immunohistochemical methods; all
cases demonstrated paranuclear dot-like immuno-
reactivity for cytokeratin 20 and the absence of
TTF1 immunoreactivity.

Immunohistochemistry

Formalin-fixed paraffin-embedded tissue sections
were immunostained for survivin. Sections 4mm-
thick were deparaffinized in xylene, rehydrated in
alcohol, and blocked for endogenous activity (3%
H2O2 and normal rabbit serum). Antigen retrieval
was performed by steaming in high pH buffer. The
sections were incubated overnight with the poly-
clonal antibody AB469 (Abcam Inc., Cambridge,
MA, USA) at a dilution of 1:400 for all cases. Two
separate investigators were blinded to the original
samples and independently evaluated the intensity,
localization and pattern of survivin expression.
Cases were considered positive if greater than 75%
of the tumor cells demonstrated immunoreactivity.
The subcellular expression pattern was evaluated
and characterized as (1) nuclear, (2) cytoplasmic, or
(3) mixed nuclear and cytoplasmic compartments. A
threshold value of 475% was established for a
positive result. We then obtained clinical follow-up
to determine whether there was a correlation
between the pattern of survivin expression by
immunoperoxidase staining and prognosis.

Results

Clinical Findings

Of the 19 cases collected, 18 were from separate
patients (Table 1). The average age at diagnosis was
79 years with a range from 50 to 88 years. The male:
female ratio was 7:11. The lesions were present of
the head and neck in 11 cases, the extremity in five
cases, and the chest and buttock in one case each.
The majority of patients were with stage I disease
with only one patient each with stage II and III
disease.

We were able to obtain clinical follow-up on 15 of
the 19 cases (79%) with an average follow-up period
of 17 months (range, 4–31 months) (Table 1). The
immunoperoxidase results demonstrated eight of 15
cases (53%) with clinical follow-up had a strong
predominately nuclear pattern of survivin immu-
noreactivity (Figure 1a and b). In addition, three of
these eight cases (38%) with a nuclear distribution
of survivin were found to be dead of disease on
clinical follow-up (Table 1). In addition, another
four cases (50%) with nuclear survivin staining
were shown to have distant metastasis (breast, brain,
lung, abdomen and soft tissue) on clinical follow-
up. Only one case (13%) with a predominant
nuclear staining pattern was free of disease with a
follow-up period of 18 months. In contrast, all the
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Table 1 Clinical demographics and survivin staining pattern in merkel cell carcinoma

Case number Stage Age Sex Location Follow-up Length of follow-up (mo) Survivin staining pattern

1 I 78 F Right eyebrow Lost N/A Cytoplasmic
2 I 84 F Left 3rd finger Lost N/A Cytoplasmic
3 I 76 M Buttock Lost N/A Cytoplasmic
4 I 85 M Right cheek Lost N/A Cytoplasmic
5 I 86 F Right neck DOD 9 Nuclear
6 II 70 M Left neck DOD 14 Nuclear/cytoplasmic
7 I 76 M Left cheek DOD 4 Nuclear
8 I 50 F Right cheek NED 30 Cytoplasmic
9 I 83 F Left arm NED 18 Nuclear
10 I 84 F Right cheek METS 31 Nuclear
11 I 82 M Chest NED 26 Nuclear/cytoplasmic
12 I 88 F Right arm NED 6 Nuclear/cytoplasmic
13 I 73 F Left cheek NED 31 Cytoplasmic
14 I 71 M Scalp METS 6 Nuclear
15 I 83 F Left ankle NED 21 Cytoplasmic
16 I 71 M Scalp METS 6 Nuclear
17 I 84 M Left ear helix DOD 5 Nuclear
18 I 87 F Right arm NED 18 Cytoplasmic
19 III 79 F Right clavicle METS 19 Nuclear

DOD, dead of disease; METS, metastasis; NED, no evidence of disease.

Figure 1 Immunohistochemical staining for survivin expression in Merkel cell carcinoma. (a and b) Survivin localization in the nuclear
compartment. (c and d) Survivin localization in the cytoplasmic compartment. Original magnification � 200.
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cases (N¼ 4) with predominant cytoplasmic pattern
of survivin staining had on follow-up no evidence of
disease with an average follow-up period of 25
months (Figure 1c and d). Therefore, in our study
the nuclear pattern of survivin immunostaining
appeared to correlate with a poor prognosis result-
ing in mortality or metastasis in the majority of cases
(Table 1).

Immunostaining with p63 and Ki-67 (MIB-1) were
also performed to determine whether nuclear loca-
lization of survivin in Merkel cell carcinoma
correlated with an increased mitotic index or p63
staining, which have been shown to be negative
prognostic factors in Merkel cell carcinoma.10,11

Ki-67 and p63 immunostaining were evaluated and
classified into low (o33%), moderate (33–67%),
or high (467%) categories based on the percentage
of cells with positive immunostaining in our cases
of Merkel cell carcinoma (data not shown). Low
Ki-67 immunostaining was identified in seven
cases,1–5,7,8 moderate staining was identified in five
cases,9,10,15,17,18 and high staining was present in
seven cases.6,11–14,16,19 In addition, an extremely high
Ki-67 immunostaining pattern was identified in two
cases,14,19 which either clinically presented with soft
tissue metastasis or lymphovascular invasion and
metastasis. Immunostaining with p63 was negative
in eight cases,1–4,9,13,17,19 low in four cases,12,14–16

moderate in two cases,11,18 and high in three
cases.5,6,10 Two cases14,16 demonstrated strong,
though focal, p63 expression that was preferentially
expressed in the lymphatic spaces and absent in the
nodular tumor component.

Discussion

Survivin is truly a unique protein because it is
ubiquitously expressed in embryonic and fetal
tissue and is undetectable in most terminally-
differentiated human tissue.15,16 In addition, high
expression of survivin is identified in numerous
human malignancies, including melanoma,17 lung,18

breast,19 gastric,20 pancreatic,21 colon,22 uterine,23

ovarian,24 and bladder25 carcinomas.
The differential subcellular compartmentalization

of survivin has been described in many human
tumors and has also correlated with prognosis.
Nuclear expression of survivin has been correlated
with poor survival in cutaneous melanoma;
high nuclear expression of survivin resulted in a
decreased 5-year survival (53.3%), as compared to low
nuclear expression of survivin (90.4%).26 Likewise,
cases of non-small-cell lung carcinoma with nuclear
survivin expression demonstrated a decreased overall
survival (20%), compared to cases in which tumors
expressed cytoplasmic survivin (44.5%).27

Originally described as a cytoplasmic anti-apop-
totic protein that is overexpressed in numerous
human malignancies, survivin has a dual role in the
regulation and integration of apoptosis and mitosis.

In addition to its role in apoptosis, survivin has been
shown to have a role in regulation of cell prolifera-
tion and cell viability.28 Survivin exists in immuno-
histochemically distinct subcellular microdomains
within mitotic cells.29 In the nucleus, survivin is a
member of the chromosomal passenger complex,
which is comprised of Aurora B kinase, and its
regulatory subunits inner centromeric protein, and
Borealin.30 Targeting of Aurora B kinase to the
specific substrate at the proper time is essential for
cell division.31 Survivin has been shown to associate
with the chromosomal passenger complex and co-
localize to the centromeres, spindle midzone, and
midbody during metaphase, anaphase, and telo-
phase, respectively.29,30 We observed co-localization
of nuclear survivin with the mitotic spindle appa-
ratus (Figure 2). In addition, survivin has been
recently shown to be an essential protein in mitosis
and mutation of a single threonine residue (T117)
results in prometaphase arrest.32

In our study of 19 cases of Merkel cell carcinoma,
all of the cases demonstrated expression of survivin.
The intriguing aspect of this study is the differential
subcellular localization of survivin into either
nuclear or cytoplasmic compartments. Cases with
nuclear survivin immunoreactivity on follow-up
were found to be more likely to evolve into meta-
static disease (50%) or actually result in mortality in
38% of cases. Only one case with predominately
nuclear staining on clinical follow-up had no
evidence of disease; however, the follow-up period
was only 18 months. In contrast, cases that demon-
strated cytoplasmic survivin immunoreactivity had
a better prognosis and all of these cases had no
evidence of disease at the time of clinical follow-up
(average period¼ 25 months). In our results, the
co-localization of nuclear survivin with the spindle
apparatus also lends further biologic support of
the role of survivin in regulation of Merkel cell

Figure 2 Immunohistochemical staining for survivin appears
to co-localize with mitotic spindle in nuclear compartment of
Merkel cell carcinoma (arrow). Original magnification �200.
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carcinoma proliferation. Although limited by small
study number and short clinical follow-up period,
our results suggest that nuclear survivin expression
may portend a poorer prognosis in Merkel cell
carcinoma.

In addition, small cell size and mitotic index have
been reported to be histologic indicators of poor
prognosis.10 We discovered that in one particular
case with a bimorphic population of separate small
and large cell foci, the larger cell type preferentially
expressed survivin in the cytoplasmic compartment
(Figure 3a and b). The correlation of the subcellular
distribution of survivin localization by immunohis-
tochemistry with a specific morphologic indicator of
prognosis supports the results of our clinicopatho-
logic study. The specific expression pattern within a
single tumor may represent separate foci evolving
into a higher grade or metastatic lesion. The
identification of tumors with evolving potential for
increased aggressive behavior will be of critical
clinical significance and will undoubtedly improve
clinical management.

Immunostaining with p63 was performed on 17 of
19 cases (89%) with available tissue and was present
in nine of 17 cases (53%) with moderate to high p63
immunostaining observed in five of 17 cases (29%).
Nuclear or mixed (nuclear and cytoplasmic) survi-
vin immunostaining correlated with p63 immuno-
staining in seven of 10 cases.6,7,10–12,14,16 A strong
association between purely cytoplasmic survivin
localization and negative p63 staining was identi-
fied in five of seven cases.1–4,13 Furthermore, five
of seven cases6,7,10,14,16 with metastasis or mortality
on clinical follow-up, expressed p63. Therefore,
our results support the previous observation that
in Merkel cell carcinoma, p63 immunostaining is
an independent prognostic marker for aggressive
behavior.11 In addition, a strong correlation
exists between nuclear survivin expression and
p63 immunostaining in our case series, though
limited by small case number. Proliferative index,
as measured by MIB-1 (Ki-67) immunostaining
did not correlate with survivin localization, p63
immunostaining, or clinical outcome in our series.

The prognostic significance of survivin immuno-
histochemical staining is unique because survivin is
a powerful target for therapeutic intervention. Since
survivin is specifically expressed in the tumor cells,
but not in terminally differentiated human tissue it
is an ideal target for anti-cancer therapy. Therefore,
in contrast to other prognostic markers in tumors,
survivin staining and localization may provide not
only prognostic information, but also important
information regarding the capacity for therapeutic
intervention.

Numerous strategies are currently under investi-
gation to identify potential mechanisms for anti-
cancer therapy. Perhaps the most promising anti-
cancer tool is derived from understanding the
basic principles of survivin function. Survivin
undergoes cell cycle-dependent phosphorylation

on T34 by then Cdc2/cyclinB1 complex.33 Phos-
phorylated survivin then forms an antiapoptotic
complex with caspase 9 resulting in cellular survi-
val. Inhibition of the Cdc2 kinase or mutation of the
T34 residue to alanine (T34A) results in inhibition
of the survivin-dependent antiapoptotic complex
and therefore, promotes apoptosis.33 The mutation
of specific phosphorylation sites whether in the
regulation of apoptotic cytoplasmic function or
nuclear mitotic function, is the first key to under-
standing the potential utility of survivin as an anti-
cancer therapy. The major hurdle to overcome is
the creation of an improved delivery system. To
this end, fusion proteins that utilized the HIV TAT
peptide sequence fused to either wild type or T34A
mutant survivin were constructed and injected
intraperitoneally into mice with subcutaneous
melanoma xenografts.34 The T34A mutant fusion
protein resulted in a 40–50% reduction in tumor
growth and mass, as compared to wild type
controls.34 Therefore, the determination of the

Figure 3 Large cell and small cell foci present within Merkel cell
carcinoma. (a) Hematoxylin and eosin staining. (b) Survivin
immunohistochemical staining showing strong cytoplasmic ex-
pression predominately in the larger cell component. Original
magnification �400.
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subcellular localization of survivin in tumors may
be important clinically to predict prognosis and also
therapeutically to link essential phosphorylation
sites to the specific survivin function for mutant
fusion protein construction.

In conclusion, survivin was expressed in all of
our cases of Merkel cell carcinoma and the nuclear
expression correlated with a poorer prognosis in our
series. Though limited by small study number, these
results may have diagnostic, prognostic, and thera-
peutic relevance to assist in the clinical management.
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