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Franco Picciotto4, Giuseppe Macripò3, Francesca Maletta1, Ludovica Verdun di Cantogno1,
Luigi Chiusa1, Vincenzo Eusebi2 and Gianni Bussolati1

1Department of Biomedical Sciences and Human Oncology, University of Torino, Torino, Italy; 2Section of

Anatomic Pathology ‘M. Malpighi’ at Bellaria Hospital, University of Bologna, Bologna, Italy; 3Division of

Dermatology, San Giovanni Battista-San Lazzaro Hospital, Torino, Italy and 4Operative Unit of Surgical

Dermatology, Institute for Cancer Research and Treatment, Candiolo, Italy

Merkel cell carcinoma of the skin is a malignant neuroendocrine tumour, whose prognostic criteria are a matter of

dispute. Specifically, no predictor is presently available in stage I–II tumours. We collected clinical and follow-up

data from 70 Merkel cell carcinomas of the skin. The same cases were studied for p63 expression by immuno-

histochemistry, by reverse-transcription PCR (RT-PCR) and TP63 gene status by FISH and for presence of

Merkel cell polyomavirus by PCR. Stage emerged as a significant prognostic parameter (P¼ 0.008). p63 expression,

detected in 61% (43/70) of cases by immunohistochemistry, was associated with both decreased overall survival

(Po0.0001) and disease-free survival (Po0.0001). Variable expression patterns of the different p63 isoforms were

found only in cases immunoreactive for p63. In these latter lesions, at least one of the N-terminal p63 isoforms was

detected and TAp63a was the most frequently expressed isoform. TP63 gene amplification was observed by FISH

in only one case. Presence of Merkel cell polyomavirus DNA sequences was detected in 86% (60/70) of Merkel cell

carcinomas and did not emerge as a significant prognostic parameter. Merkel cell carcinoma cases at low stage

(stage I-II) represented over half (40/70 cases, 57%) of cases, and the clinical course was uneventful in 25 of 40 cases

while 15 cases died of tumour (10/40 cases) within 34 months or were alive with disease (5/40 cases) within

20 months. Interestingly, a very strict correlation was found between evolution and p63 expression (Po0.0001).

The present data indicate that p63 expression is associated with a worse prognosis in patients with Merkel cell

carcinoma, and in localised tumours it represents the single independent predictor of clinical evolution.
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Merkel cell carcinoma of the skin is an aggressive
neuroendocrine tumour more lethal than melanoma,
as no fewer than one-third of Merkel cell carcinoma
patients die of this cancer.1 Although Merkel cell
carcinoma, which primarily affects elderly indivi-
duals, is rare, its incidence is rapidly increasing.1 In
contrast to the noticeable advances that have
explained the molecular pathogenesis of several

cancer entities, until recently there were no break-
through discoveries on the events driving the
carcinogenesis of Merkel cell carcinoma with the
exception of the discovery by Feng et al,2 who
demonstrated that Merkel cell carcinoma develop-
ment in the majority of cases is preceded by the
integration of genomic sequences of the hitherto
unknown Merkel cell polyomavirus. Merkel cell
polyomavirus has been found to be associated with
only a subset of Merkel cell carcinoma, and
investigations are underway to determine whether
there are behavioural or clinical differences between
virus-positive and virus-negative patients.3 Prog-
nosis is related to stage and to the presence of
lymph node metastases.4 However, in low-stage
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(stage I–II) Merkel cell carcinoma that is the vast
majority of cases at presentation,4 no independent
prognostic parameter is available.

A significant correlation between the expression
of p63, a member of the p53 family, and the clinical
course of Merkel cell carcinoma has been recently
presented by us.5 The TP63 gene, mapped on
chromosome 3q27–29, is expressed in basal and
stem cells of the epidermis6–8 as well as in
carcinomas from different sites. Eight different
protein isoforms of p63 based on alternative splicing
have been described.9,10

The aim of the present study was to further
evaluate in a large case series the immunohisto-
chemical detection of p63 as a prognostic marker
especially in low-stage (stage I–II) patients of Merkel
cell carcinoma. Moreover, in all cases p63 expres-
sion by immunohistochemistry and molecular ana-
lysis of its variants were studied in parallel, to
compare the two different procedures. Presence of
Merkel cell polyomavirus was also investigated and
related to the clinical outcome.

Materials and methods

Specimens

In all, 70 primary Merkel cell carcinomas from
patients who underwent primary surgical treatment
or post-surgical treatment at the Molinette Hospital,
University of Turin (39 patients), during the period
1993–2010, at the Bellaria Hospital, University of
Bologna (17 patients) during the period 1993–2010
and at the IRCC Candiolo (14 patients) during the
period 2003–2010 were reviewed. For four patients
(n. 2, 8, 20, 40), multiple distant metastases (lymph
nodal and brain metastases) specimens were also
available. Institutional Review Board permission
was obtained for the study.

The following selection criteria were used: lesions
primary of the skin, patients not previously treated
for any other neuroendocrine malignancies or other
primary skin tumours, availability of clinicopatho-
logical and follow-up data and of pathological
material (slides and paraffin blocks). A total of 30
of the present cases had been included in a previous
study.5

All patients were immunocompetent Caucasian
individuals who had been surgically treated
between 1993 and 2010.

Data regarding age, sex, presentation, gross
pathology and follow-up were obtained from the
clinical charts or directly from the referring pathol-
ogist or clinician.

Tumours were staged according to the 7th edition
of the AJCC Cancer Staging Manual.4,11

Pathology samples included resection specimens.
Haematoxylin and eosin-stained slides (H&E) were
available for all cases. Immunohistochemical and
molecular analyses were carried out on all Merkel
cell carcinomas, while FISH analysis was feasible in

55 cases (79%) only, because of the limited quantity
of the tissue in 15 cases.

Immunohistochemistry

Immunohistochemical analysis was performed
using chromogranin A antibody (clone LK2H10
Ventana-Diapath, Tucson, AZ, USA), synaptophysin
antibody (clone SP11 mono-rabbit, Neomarkers,
Fremont, CA, USA), cytokeratin 20 antibody (clone
KS20.8, Dakopatts, Glostrup, Denmark), thyroid
transcription factor-1 antibody (clone 847G3/1,
Ventana-Diapath), CDX-2 (clone EPR2764Y, Venta-
na-Diapath), p63 antibody (clone 4A4, Dako, Santa
Barbara, CA, USA), p53 antibody (clone DO-7,
Ventana-Diapath) and Ki67 antibody (clone MIB-1,
Dako) on 4-mm thick tissue sections from represen-
tative blocks of primary and metastatic Merkel cell
carcinoma from all cases.

For a semiquantitative assessment of the intensity
of staining and of the percentage of p63-positive and
p53-positive cells, the modified histochemical score
(H-score) was used, as we previously reported.5

Cases were classified as positive (Z10 of the
H-score) and negative (o10 of the H-score). The
H-score was not applied for the Ki67, and the
proliferative index was expressed as a percentage
based on the count of Ki67-positive cells in 2000
tumour cells in areas of the highest immunostain-
ing.12 The status of p63, p53 and Ki67 was assessed
without knowledge of the clinical and pathological
features of the cases or the clinical outcome.

Molecular Analysis

Tissue blocks were selected for DNA and RNA
extraction after careful examination on H&E staining
of corresponding sections to exclude contaminating
necrotic debris and normal skin. Molecular genetic
analyses were performed on four or five sections
(according to the size of lesion) of 10 mm (for DNA
extraction) or of 20 mm (for RNA extraction) from
paraffin-embedded tissue blocks. Tumour area was
microdissected manually with a sterile blade to
select the neoplastic cells to avoid the ‘epithelial
contamination’.

Merkel cell polyomavirus DNA analysis
DNA was extracted using the RecoverAll kit
(Ambion, Austin, TX, USA) in accordance to the
manufacturer’s instruction. For the presence of viral
DNA, a PCR reaction was performed using the
FastStartTaq kit (Roche, Mannheim, Germany).
Primers for Merkel cell polyomavirus typing were
previously described and named MCVPS1.13

p63 isoforms analysis
RNA was extracted using the RecoverAll kit
(Ambion) in accordance to the manufacturer’s
instruction. RNA concentration was measured using
Quant-it RNA kit (Invitrogen, Carlsbad, CA, USA).
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The sample concentration was normalised to obtain
a total quantity of RNA of about 500ng for each
sample. RT-PCR was performed using the Transcrip-
tor High Fidelity cDNA Synthesis Sample Kit
(Roche, Mannheim, Germany).

PCR primers (Table 1) were designed using
Primer3 (http://frodo.wi.mit.edu/cgi-bin/primer3/
primer3_www.cgi), and were synthesised by Inte-
grated DNA Technologies (Coralville, IA, USA).
Positive controls tested on breast tissues as pre-
viously reported,9 for the primers of p63 isoforms,
were available to verify if our primers were effective
at amplifying the targeted isoforms of p63 when
some were never detected (data not shown).

FISH analysis
FISH studies were performed using a self-made
TP63-specific locus probe BAC 373I6 (3q28) on
seven Tissue Macro Array made as previously
reported titles and legends to figures.14,15 Tissue
macro arrays were prepared with approximately
four spots from each significant areas of all cases.
Each tissue macro array was FISH tested with self-
made red-labelled p63-specific locus probe and
green chromosome 3 alpha satellite control probe
(Cytocell Tehcnologies, UK). Tissue macro array red
and green spots were automatically acquired with
Metafer software (MetaSystem scanning station,
Zeiss MetaSystems Gbmh), equipped with an
AxioImager epifluorescence microscope. The auto-
matically acquired images of Merkel cell carcinoma
cells were analysed, with Isis software. About 50/
100 non-overlapping neoplastic nuclei, with two
control green signals (2G), were analysed for the
each case and thus valuated: 2G/2R normal nuclei,
2G/R42 p63 gain, 2G/Ro2 p63 loss.

Statistical Analysis

All data were analysed using Stata\SE statistical
software (version 10.0; StataCorp LT, College

Station, TX, USA). A level of Po0.05 was consid-
ered to be statistically significant. Univariate sur-
vival analysis was based on the Kaplan–Meier16

product-limit estimate of the overall survival distri-
bution of the entire survival experience of the
patients. We also looked at the disease-free survival.
The difference in survival between the two groups
was determined using the Wilcoxon or Mantel–Cox
tests.17 The relative significance of each parameter
on survival included in the univariate analysis,
was estimated using the Cox proportional hazards
regression model determined by the Wald test
(Z value). The Cox proportional hazards regression
model assumption was satisfied for all prognostic
variables in our models.

Results

Clinical and Pathological Features

There were 42 (60%) men and 28 (40%) women.
Age at initial diagnosis ranged from 53 to 94 years
(mean 76).

At presentation, all patients showed a single skin
nodule, which was diagnosed as primitive Merkel
cell carcinoma at histology (Figure 1a). The primary
tumour sites were the extremities in 30 patients
(43%), the head and neck in 24 patients (34%), the
trunk in 5 patients (7%) and the buttocks in 11
patients (16%).

The tumour size (greatest axis) ranged 0.3–12 cm
(mean: 2.6 cm) and tumour thickness varied from 0.3
to 2.1 cm (mean: 1.1 cm). Tumour growth pattern
was nodular in 22 (31%) and infiltrative in 48 (69%)
Merkel cell carcinomas. Tumour cell size was larger
than three lymphocytes in 46 of the 70 cases (66%)
(large cells), and was equal or smaller than two
lymphocytes in 24 cases (34%) (small cells). Nuclei
were round–ovoid with stippled chromatin. Mitoses
were Z1 mitotic figure per mm2 in 52 of the 70 cases
(74%). Vascular invasion was observed in 56 of 70
cases (80%). Tumour-infiltrating lymphocytes were
identified in 41 (59%) Merkel cell carcinomas, of
these 21 were brisk-type.11

Patients were stratified into the following cate-
gories: stage IA (25 cases, 36%), stage IIA (15 cases,
21%), stage IIIA (12 cases, 17%), stage IIIB (12 cases,
17%) and stage IV (6 cases, 9%).

Follow-up data were available for all 70 patients
with a range of 2–142 months, mean of 31 months.
In all, 29 cases presented with lymph node
metastasis were associated with distant metastasis
in five patients.

A total of 27 patients died of disease after a mean
of 27 months (range: 2–142 months). In all, 12
patients were alive with extensive disease involving
the soft tissues of leg and inguinal and abdominal
lymph nodes after a mean of follow-up of 23 months
(range: 5–98). Also 19 patients were alive without
disease 42 months after surgical treatment (range:
5–106), and 12 patients died for other diseases

Table 1 PCR primers of p63 isoforms

Name Sequence (50–30)

TAp63 (sense) CAGGACTCGGACCTGAGTGA
TAp63 (antisense) GAGGAGCCGTTCTGAATCTG
d4Tap63 (sense) CAGGACTCGGACCTGAGTGA
d4Tap63 (antisense) CATCACCTTGATCTGGATGG
DNp63 (sense) CTGGAAAACAATGCCCAGAC
DNp63 (antisense) GAGGAGCCGTTCTGAATCTG
DNp73L (sense) TGTACCTGGAAAACAATGCC
DNp73L (antisense) CATCACCTTGATCTGGATGG
p63a (sense) CCACCATCTATCAGATTGAGCA
p63a (antisense) GAGGAGAATTCGTGGAGCTG
p63b (sense) CACCTCCGTATCCCACAGAT
p63b (antisense) GAGGAGAATTCGTGGAGCTG
p63g (sense) GCAGTACCTTCCTCAGCACA
p63g (antisense) ATTCCTGAAGCAGGCTGAAA
B2M (sense) ATGAGTATGCCTGCCGTGTGA
B2M (antisense) GGCATCTTCAAACCTCCATG
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(mean 30 months, range: 7–60) not related to Merkel
cell carcinoma.

Kaplan–Meier survival analysis for clinicopatho-
logical variables demonstrated that only the stage
was significantly associated with an adverse overall
survival (Po0.012) and a decreased disease-free
survival (Po0.001) (Tables 2 and 3).

Immunohistochemistry and Molecular Analysis

CK20 showed both the characteristic dot-like para-
nuclear cytoplasmic and membranous staining in
the vast majority (480%) of the cells from all cases.
The same type of reactivity was found for neuroen-
docrine markers (chromogranin A and synaptophy-
sin) in all cases, whereas thyroid transcription
factor-1 and CDX-2 were negative in all cases.

In all, 43 of the 70 Merkel cell carcinomas (61%,
Table 4) were found to be positive for p63 (Figure 1b)
with variable intensity in primary Merkel cell
carcinoma, and same results were obtained in the
specimens from metastases (four lymph nodal and
one brain metastases) (patients 2, 8, 20, 40).
Positivity for p53 was present in 81% of the cases
(57/70).

The proliferative labelling index (positivity for
Ki67) ranged from 20 to 95% (mean of 51%, median
of 48%) of positive nuclei in different cases. The
cut-off value of Ki67 was 50% of positive nuclei and
it was calculated using the mean value.

Kaplan–Meier survival analysis demonstrated that
the expression of p63 was significantly associated
with an adverse overall survival (Po0.0001) and a
decreased disease-free survival (Po0.0001) when
compared with the absence of p63 expression
(Tables 2 and 3). In addition, survival analysis also
demonstrated a significantly lower overall survival
and disease-free survival with an increase in the

stage of disease (P¼ 0.012 and P¼ 0.001, respec-
tively) as well as tumours demonstrating a p53
positivity (P¼ 0.032 and P¼ 0.009) (Tables 2 and 3).
Moreover, a decreased disease-free survival was
observed with a proliferative index (Ki67) more
than 50% (Po0.0001) (Table 3).

Multivariate Cox regression analysis estimated
p63 expression to be a strong independent prognos-
tic factor (Po0.001; hazard ratio: 7.26) followed by
disease stage (P¼ 0.008; hazard ratio: 1.82) in the 70
patients (Table 5).

In particular, Merkel cell carcinoma cases at low
stage (stage I–II) that were positive for p63 by
immunohistochemistry and RT-PCR (19 cases) de-
monstrated a more aggressive clinical course than
those that were negative (Po0.0001) (Table 6).
Indeed, patients affected with Merkel cell carcinoma
positive for p63 showed an estimated 1-year overall
survival rate of 90% either for stage I and stage II;
3-year overall survival rate of 79% for stage I and
57% for stage II; 5-year overall survival rate was
66% for stage I and 57% for stage II (Table 2).

At least one of the p63 isoforms by RT-PCR, in the
primary Merkel cell carcinomas with a variable
expression pattern of the isoforms was found in 42
out of 43 cases showing p63 positivity at immuno-
histochemistry (Table 4). In all, 27 out of 42 cases
presented only one p63 isoform, while 13 cases
showed two different isoforms and 2 cases four
isoforms. The results were confirmed on control
specimens (four lymph nodal and one brain metas-
tases) from patients 2, 8, 20 and 40. In all, 2 out of
these 25 Merkel cell carcinomas (patients 36 and 38)
were not included in the analysis on the frequency
of specific p63 isoforms because of the co-expres-
sion of two N-terminal and two C-terminal isoforms.
In fact, the RNA extracted from paraffin-embedded
tissues was regarded as very degraded, thus hamper-
ing to determine in these two samples which DN or

Figure 1 (a) Merkel cell carcinoma cells are predominantly arranged in small nests, show a non-cohesive growth pattern and
demonstrate vesicular nuclei with well-outlined nuclear membranes. Nucleoli are small and chromatin is dispersed. (b) Neoplastic cells
were found to be positive for p63 with variable intensity and percentage in 61.4% of Merkel cell carcinoma specimens. Epidermal basal
cells serve as an internal positive control. (c) FISH with TP63 probe (BAC 373I6 in 3q28), red labelled (R) and chromosome 3 centromere,
green labelled (G). The single case n. 29 has a gene gain with 3, 4, 5, 6 red signals/nucleo (mean 3R and 2.5G/nucleo) in more than 50%
cell population.
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Table 2 Kaplan–Meier univariate analyses for clinical and pathological variables related to overall survival

No. of
cases

Censored,
%

1 year,
% (95% CI)

3 years,
% (95% CI)

5 years,
% (95% CI)

P-value

Age, years
r75 31 61 82 (89–75) 64 (74–54) 44 (54–34) 0.995
475 39 62 82 (89–75) 60 (69–51) 46 (66–26)

Sex
M 41 51 76 (83–69) 54 (63–46) 44 (54–34) 0.216
F 28 75 86 (94–78) 69 (80–58) 46 (66–26)

Site
Extremities 30 70 84 (92–76) 65 (76–54) 56 (69–43) 0.947
Head and neck 24 54 70 (80–60) 59 (70–48) 50 (62–38)
Others 16 56 80 (90–70) 53 (66–40) 53 (66–40)

Size
r2 cm 13 69 70 (84–56) 70 (84–56) 70 (84–56) 0.609
42 cm 57 60 82 (87–77) 58 (66–50) 43 (53–33)

Thickness
r1mm 33 64 87 (93–81) 63 (72–54) 49 (60–38) 0.475
41mm 37 60 78 (86–70) 56 (66–46) 47 (59–35)

Cell size
Small 24 63 90 (97–83) 61 (72–50) 61 (72–50) 0.294
Large 46 61 81 (87–75) 57 (65–49) 37 (48–26)

Angioinvasion
No 14 71 91 (100–82) 71 (85–57) 57 (74–40) 0.376
Yes 56 59 80 (86–74) 57 (65–49) 37 (48–26)

Mitotic figures
r10 18 61 86 (95–77) 62 (76–48) 62 (76–48) 0.520
410 52 62 81 (87–75) 59 (67–51) 41 (51–31)

TIL
No 29 54 82 (90–74) 50 (60–40) 33 (48–18) 0.627
Yes 41 66 85 (91–79) 66 (75–57) 53 (64–42)

Pattern of growth
Nodular 22 55 89 (93–81) 59 (71–47) 39 (53–25) 0.776
Infiltrative 48 65 81 (87–75) 60 (68–52) 55 (64–46)

Stage
I 25 76 90 (97–83) 79 (88–70) 66 (80–52) 0.012
II 15 73 90 (98–82) 57 (74–40) 57 (74–40)
III 24 46 78 (87–71) 44 (56–32) 26 (38–14)
IV 6 33 44 (66–22) 0 0

p63
Negative 27 89 96 (100–92) 96 (100–92) 87 (96–78) o0.0001
Positive 43 44 85 (91–79) 33 (42–24) 17 (26–8)

p63 RT-PCR
Negative 28 89 96 (100–92) 96 (100–92) 87 (96–78) o0.0001
TA isoforms 21 48 72 (83–61) 25 (37–13) 25 (37–13)
DN isoforms 10 30 66 (82–50) 35 (53–17) 17 (32–2)
TA/DN isoforms 11 46 80 (93–67) 43 (60–26) 0

p53
Negative 13 92 89 (99–79) 89 (99–79) 89 (99–79) 0.032
Positive 57 54 80 (86–74) 54 (62–46) 39 (49–29)

Ki67
r50% 40 63 92 (97–87) 69 (75–61) 51 (62–40) 0.119
450% 30 60 73 (82–64) 44 (55–33) 44 (55–33)

Merkel cell polyomavirus
No 10 50 75 (90–60) 38 (58–18) 38 (58–18) 0.349
Yes 60 63 83 (88–78) 62 (69–55) 54 (62–46)

Abbreviations: CI, confidence interval; F, female; M, male; No., number; TIL, tumour infiltrating lymphocytes.
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Table 3 Kaplan–Meier univariate analyses for clinical and pathological variables related to disease-free survival

No. of
cases

Censored,
%

1 year,
% (95% CI)

3 years,
% (95% CI)

5 years,
% (95% CI)

P-value

Age, years
r75 31 48 70 (79–61) 51 (61–41) 42 (53–31) 0.504
475 39 41 54 (62–46) 41 (50–32) 35 (44–26)

Sex
M 41 39 55 (63–47) 43 (51–35) 38 (47–29) 0.564
F 28 50 61 (71–51) 46 (57–35) 37 (49–25)

Site
Extremities 30 42 54 (65–43) 42 (53–31) 35 (46–24) 0.701
Head and neck 24 43 58 (67–49) 33 (43–23) 33 (43–23)
Others 16 50 62 (74–50) 55 (68–42) 55 (68–42)

Size
r2 cm 13 46 53 (67–39) 42 (57–27) 42 (57–27) 0.995
42 cm 57 44 59 (66–52) 46 (53–39) 36 (44–28)

Thickness
r1mm 33 52 65 (74–56) 52 (62–42) 47 (57–37) 0.262
41mm 37 38 52 (61–43) 39 (48–30) 29 (40–18)

Cell size
Small 24 50 63 (74–52) 58 (69–47) 46 (60–32) 0.147
Large 46 41 55 (63–47) 38 (46–30) 32 (41–23)

Angioinvasion
No 14 64 69 (82–56) 69 (82–56) 55 (71–39) 0.141
Yes 56 39 55 (62–48) 39 (46–32) 33 (41–25)

Mitotic figures
r10 18 61 68 (80–56) 68 (80–56) 51 (68–34) 0.072
410 52 39 54 (61–47) 38 (45–31) 38 (45–31)

TIL
No 29 43 49 (59–39) 44 (54–34) 38 (48–28) 0.864
Yes 41 44 64 (72–56) 45 (54–36) 39 (48–30)

Pattern of growth
Nodular 22 50 62 (73–51) 56 (67–45) 35 (49–21) 0.677
Infiltrative 48 42 56 (63–49) 40 (48–32) 40 (48–32)

Stage
I 25 60 75 (84–66) 64 (74–54) 57 (68–46) 0.001
II 15 67 71 (84–58) 62 (76–48) 62 (76–48)
III 24 25 44 (54–34) 25 (34–16) 25 (34–16)
IV 6 0 17 (32–2) 17 (32–2) 0

p63
Negative 27 89 92 (98–86) 92 (98–86) 80 (92–68) o0.0001
Positive 43 16 33 (41–25) 15 (21–9) 12 (18–6)

p63 RT-PCR
Negative 28 86 93 (98–88) 88 (94–82) 77 (89–65) o0.0001
TA isoforms 21 19 29 (39–19) 23 (33–13) 15 (24–6)
DN isoforms 10 10 35 (51–19) 12 (23–1) 12 (23–1)
TA/DN isoforms 11 18 42 (56–28) 21 (34–8) 11 (21–1)

p53
Negative 13 85 92 (99–85) 81 (94–68) 81 (94–68) 0.009
Positive 57 35 51 (58–44) 38 (45–31) 29 (37–21)

Ki67
r50% 40 60 73 (80–66) 64 (72–56) 51 (62–40) o0.0001
450% 30 23 37 (46–28) 20 (28–12) 20 (28–12)

Merkel cell polyomavirus
No 10 40 46 (63–29) 46 (63–29) 23 (41–5) 0.593
Yes 60 45 60 (67–53) 45 (52–38) 40 (48–32)

Abbreviations: CI, confidence interval; F, female; M, male; No., number; TIL, tumour infiltrating lymphocytes.

p63 and localised Merkel cell carcinomas

1456 S Asioli et al

Modern Pathology (2011) 24, 1451–1461



Table 4 Immunohistochemical and molecular data of p63 and Merkel cell polyomavirus in 70 cases of Merkel cell carcinoma

Case no. p63 Merkel cell
polyomavirus

Follow-up

Immunohistochemistry Isoforms TP63 gene gain (FISH)

1 + DN b — O DOD (142)
2 + TA a — O DOD (20)
3 + TA a/g — O DOD (23)
4 + DN a/b — O DOD (3)
5 + DN a — O AWD (8)
6 + TA a — O DOD (30)
7 + DN/TA b — O DOD (24)
8 + TA a — O DOD (2)
9 � — — O AWD (5)

10 � — ND O DOC (33)
11 � — — O NED (24)
12 � — — O NED (67)
13 � — — O DOC (8)
14 � — — O NED (60)
15 � — — O DOC (60)
16 � — — O NED (46)
17 � — ND O DOD (13)
18 � — ND O DOD (90)
19 + TA a — O DOD (6)
20 + TA a — O DOD (8)
21 + TA g — — NED (22)
22 + TA a — O DOD (2)
23 � — — O NED (30)
24 + TA a ND O NED (7)
25 � — — O NED (47)
26 � — — O NED (106)
27 + TA a — O DOD (17)
28 + TA a — O DOD (27)
29 + — O O DOD (52)
30 � — ND O DOC (36)
31 � — — O DOC (56)
32 � — — O DOC (38)
33 + DN a — — NED (5)
34 + DN/TA a — — DOD (10)
35 + DN a — — DOD (30)
36 + DN/TA a/b — — DOD (32)
37 + DN/TA a — — DOC (54)
38 + DN/TA a/b — O DOD (16)
39 + DN/TA a — O DOC (6)
40 + TA a — O DOD (11)
41 � — ND O DOC (34)
42 + TA a/b ND O AWD (58)
43 + DN/TA a — — DOD (59)
44 � — ND O NED (80)
45 � — — O NED (72)
46 + DN a — O DOD (18)
47 + DN/TA a ND — DOD (10)
48 � — — O DOC (7)
49 � — ND O NED (65)
50 � — — O NED (56)
51 + TA a — O AWD (11)
52 + TA a/g — O DOD (14)
53 + DN a ND O DOD (56)
54 + DN/TA a — O AWD (32)
55 + TA a — O AWD (98)
56 � — — O DOC (10)
57 + DN b ND O AWD (20)
58 + TA a ND O NED (40)
59 � — — O DOC (15)
60 � — — — NED (27)
61 � — — O NED (28)
62 + DN a ND O DOD (8)
63 + TA g — O AWD (6)
64 + DN/TA a — O AWD (28)
65 + DN a — O DOD (10)
66 + DN/TA b ND O AWD (12)
67 � — — O NED (8)
68 + TA a — O AWD (5)
69 + TA a — O NED (5)
70 + TA b — — AWD (7)

Abbreviations: AWD, alive with disease; DOD, dead of disease; DOC, dead of other cause; ND, not done; NED, not evidence of disease;
TA, trans-activating p63 isoform; lacking N terminal p63 isoform.
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TA isoform was associated to C-terminal isoforms.
Specifically, TAp63a was the most frequently ex-
pressed isoform, being present in 26 of the 40 cases
studied (65%), while the DNp63a was present in 14/
40 cases (35%), DNp63b isoform in 5/40 cases
(13%), TAp63b in 4/40 cases (10%) and TAp63g in
4/40 (10%) (Figure 2). The remaining 27 cases,
showing negativity for p63 at immunohistochemis-
try, did not display any p63 isoforms. No case
expressed DNp63g isoform and p63 isoforms with
the same sequence as TAp63 and DNp63, but lacking
exon 4 (D4TAp63 and DNp73L). Also in low stage
(stage I–II), TAp63a and DNp63a taken together,
were the most frequently expressed isoforms (42%),
followed by co-expression of TAp63a/DNp63a iso-
forms in the same tumour (26%) by RT-PCR
analysis.

Kaplan–Meier survival analysis demonstrated
that presence of at least one of the p63 isoforms
was significantly associated with an adverse overall
survival (Po0.0001) and with a decreased of
disease-free survival (Po0.0001) (Tables 2 and 3).

The presence of Merkel cell polyomavirus DNA
sequences was observed in 60/70 cases (86%) of
Merkel cell carcinoma (Table 4), together with
significant expression levels of transforming viral
sequences (Figure 3).

In particular, the co-expression of p63 and
Merkel cell polyomavirus in Merkel cell carcinoma
cases was observed in 34 patients and all, but one
(patient n. 29) had at least one of p63 isoforms
by RT-PCR. The latter case has a slight gain of the
TP63 gene by FISH (see below) but this data, by
itself did not have prognostic significance (Tables 2
and 3).

FISH Results

FISH results are summarised in Table 4.
All samples of Merkel cell carcinoma were

analysed by FISH to verify if TP63 gain/amplifica-
tion would be involved in p63 expression in Merkel
cell carcinoma. Only 55 samples, of the 70 analysed,
had readable FISH signals: 54 showed normal
pattern, 2 green/2 red, in almost all analysed nuclei,
only 1 case (patient 29) had a slight gain of the
gene, with a mean of 2.5 green and 3 red per nuclei
in more that 50% of cell population (Figure 1c).
The latter case showed p63 positivity by immuno-

histochemistry but RT-PCR analysis failed to find
any p63 isoform.

Discussion

In the present immunohistochemical and molecular
study for p63, the two procedures showed the same
accuracy to assess p63 expression in Merkel cell
carcinomas. With regard to the TP63 gene status, the
FISH analysis has not pointed out any polisomy/
amplification, except in a case in which a TP63 gene
gain has been noticed in most nuclei of the
neoplastic cells. This patient, who showed p63
expression by immunohistochemistry but failed to
display any p63 isoforms at RT-PCR level, died of
disease with multiple distant metastases after 52
months from surgery. These data suggest that TP63
gene gain is a rare event and it seems not primary
involved in p63 expression in Merkel cell carcinoma
cells. In the 70 cases, multivariate Cox regression
analysis assessed p63 expression to be a strong
independent prognostic factor (Po0.001) followed
by disease stage (P¼ 0.008). Without unduly dis-
missing the importance of staging, it should be
remarked that the real clinical dilemma is related to
localised stage I and II Merkel cell carcinomas,
which represent the vast majority at first presenta-
tion4 and where no predictor is available to identify
the large number of cases behaving aggressively4 and
to plan therapy accordingly. Indeed, we wish to
stress that the utility and importance of data from
the current study is that p63 expression was found
to be strongly associated with a worse prognosis in
patients with low-stage Merkel cell carcinoma and
represents a new independent marker of clinical
evolution in these patients (Po0.0001) (Figure 4). In
our case series 48% (19/40 cases) of patients with
either stage I or II disease showed, at the time of
diagnosis, p63 expression by immunohistochemis-
try and we observed that, also in low-stage tumours,
TAp63a and DNp63a taken together, were the most
frequently expressed isoforms (42%), followed by
the co-expression of TAp63a/DNp63a isoforms in
the same tumour (26%). All but one of patients that
died of disease or were alive with disease were p63
positive, while 95% (20/21 cases) of patients that
had no evidence of disease at follow-up (11 cases) or
died of other cause (9 cases), respectively, were p63
negative. The present comparative and parallel use
of different procedures in a large case series
validates the immunohistochemical approach for
detection of p63 expression as a reliable prognostic
marker detecting all p63 variants in our series of
Merkel cell carcinoma. We feel entitled to suggest
that beginning from low stage of disease an
anomalous regulation of the expression of TAp63a
and DNp63a isoforms of p63 might cause a char-
acteristic phenotype switch towards a more
aggressive Merkel cell carcinoma subgroup. Merkel
cell carcinoma is a neuroendocrine carcinoma,

Table 5 Results of multivariate Cox regression analysis

Z-value Hazard ratio 95% CI P

p63 9.577 7.265 2.069–25.506 o0.001
Stage 7.087 1.819 1.171–2.827 0.008

Abbreviation: CI, confidence interval.
Likelihood ratio w2-test¼ 28.85.
Po0.0001.
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expressing neuroendocrine markers such as chro-
mogranin and synaptophisin. However, a fraction of
those tumours express p63, possibly denoting both a
switch towards a stem cell component (expression

of DNp63a) and an acceleration in tumour develop-
ment and progression (expression of TAp63a).6

Merkel cell carcinoma is a highly aggressive
tumour, with 33% mortality within 3 years from

Table 6 Kaplan–Meier univariate analyses for clinical and pathological variables related to overall survival in Merkel cell carcinoma
cases at low stage (stage I–II)

No. of
cases

Censored,
%

1 year,
% (95% CI)

3 years,
% (95% CI)

5 years,
% (95% CI)

P-value

Age, years
r75 14 86 89 (100–78) 78 (92–64) 78 (92–64) 0.404
475 26 69 85 (93–77) 70 (80–60) 52 (69–35)

Sex
M 20 68 94 (100–88) 66 (78–54) 66 (78–54) 0.920
F 20 80 86 (95–77) 79 (90–68) 53 (76–30)

Site
Extremities 16 69 92 (100–84) 74 (87–61) 59 (76–42) 0.912
Head and neck 14 86 89 (100–78) 76 (91–61) 76 (91–61)
Others 10 70 89 (100–78) 67 (83–51) 67 (83–51)

Size
r2 cm 10 80 88 (100–76) 75 (90–60) 75 (90–60) 0.647
42 cm 30 73 91 (97–85) 71 (81–61) 53 (70–36)

Thickness
r1mm 22 73 89 (96–82) 71 (82–60) 53 (70–36) 0.542
41mm 18 78 92 (99–85) 73 (86–60) 73 (86–60)

Cell size
Small 15 73 92 (100–84) 73 (86–60) 73 (86–60) 0.711
Large 25 76 89 (96–82) 71 (82–60) 53 (70–36)

Angioinvasion
No 9 78 100 80 (98–62) 53 (78–28) 0.953
Yes 31 74 88 (93–81) 70 (80–60) 70 (80–60)

Mitotic figures
r10 16 69 83 (94–72) 64 (79–49) 64 (79–49) 0.661
410 24 79 95 (100–90) 78 (88–68) 58 (76–40)

TIL
No 20 68 94 (100–88) 70 (82–58) 46 (66–26) 0.815
Yes 20 80 85 (95–75) 76 (88–64) 76 (88–64)

Pattern of growth
Nodular 12 67 89 (100–78) 65 (81–49) 32 (56–8) 0.312
Infiltrative 28 79 96 (100–92) 75 (85–65) 75 (85–65)

p63
Negative 21 100 100 100 100 o0.0001
Positive 19 50 79 (90–68) 41 (54–27) 20 (36–6)

p63 RT-PCR
Negative 21 100 100 100 100 0.001
TA isoforms 7 57 80 (98–62) 40 (62–18) 40 (62–18)
DN isoforms 6 50 100 75 (97–53) 38 (67–9)
TA/DN isoforms 6 33 60 (82–38) 38 (67–9) 38 (67–9)

p53
Negative 8 100 100 100 100 0.099
Positive 32 69 88 (95–81) 66 (76–56) 50 (66–34)

Ki67
r50% 23 78 95 (100–95) 84 (93–75) 67 (83–51) 0.152
450% 17 71 83 (94–72) 52 (68–36) 52 (68–36)

Abbreviations: CI, confidence interval; F, female; M, male; No., number; TIL, tumour infiltrating lymphocytes.
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diagnosis,18 and its clinical staging is based on a
4-tiered system.4 In our case series, at the time of
diagnosis, over half (57%, 40/70 cases) of the
patients presented with either stage I or II disease.

In all, 25% (10/40 cases) of patients showing stage
I–II died of disease after a mean of 34 months and
13% (5/40 cases) were alive with disease after a
mean of 20 months.

A polyomavirus was seen to be associated to 80%
of Merkel cell carcinoma.2 The virus, provisionally
designed Merkel cell polyomavirus, was indicated
to be the aetiological agent of Merkel cell carcino-
ma.19–23 Accordingly, presence of Merkel cell poly-
omavirus DNA sequences was observed in 86% of
our case series, together with significant expression
levels of transforming viral sequences.

Based on our data, we confirm that p63, possibly
denoting a switch towards a stem cell phenotype,
might be the most consistent predictor of survival of
Merkel cell carcinoma, and we suggest that the
oncogenic potential of p63 may reside in activa-
ting p53-mediated oncogenic pathways carrying an
aggressive and lethal behaviour. Interestingly, the
observed relationship of the stem cell phenotype of
Merkel cell carcinoma with a more aggressive
clinical course is similar to that reported in other
lineage-unrelated skin entities. In fact, progression
to malignant melanoma has been shown to be
associated with expression of stem cell markers
(CD166, CD133 and nestin),24 as well as in epithelial
lesions the expression of stem cell markers (cytoker-
atin 15, cytokeratin 19 and p63) has been noted to
match with grading and development of in situ and
invasive malignancies.25
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cases lacking p63 expression (Po0.0001).
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