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Abstract: Background: Merkel cell carcinoma is a high-grade neuroendocrine carcinoma of skin that is character-
ized by immature cells which, because of its striking morphologic similarity, may be confused with other small round
blue cell tumors such as pulmonary small cell carcinoma or lymphoblastic leukemia/lymphoma. Immunohistochem-
istry is therefore paramount to ensuring accurate diagnostic distinction between these tumors. The aim of our study
was to evaluate and compare the expression of PAX5 and Terminal deoxynucleotidyl transferase (TdT), in Merkel
cell carcinoma and pulmonary small cell carcinoma. Design: PAX5 and TdT immunohistochemical stains were per-
formed on 27 Merkel cell carcinomas and 10 pulmonary small cell carcinomas. Results: PAX5 was expressed in
24/27 (89%) Merkel cell carcinomas and 0/10 (0%) pulmonary small cell carcinomas. TdT was expressed in 21/27
(78%) Merkel cell carcinomas and 9/10 (90%) pulmonary small cell carcinomas. Conclusions: Our study confirms
that PAX5 and TdT expression can be expressed in a high percentage of Merkel cell carcinomas and so when posi-
tive are not diagnostic of lymphoblastic leukemia/lymphoma. When dealing with metastatic lesions, PAX5 negativity
would favor a diagnosis of pulmonary small cell carcinoma over Merkel cell carcinoma. In addition, TTF-1 negative
pulmonary small cell carcinoma is to be differentiated from Merkel cell carcinoma.
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Introduction

Merkel cell carcinoma (MCC) of the skin is an
aggressive cutaneous neuroendocrine carcino-
ma which was first reported in 1972 by Toker,
who coined the term “trabecular carcinoma” of
the skin [1]. MCC predominantly affects elderly
Caucasians and has a propensity for local
recurrence and regional lymph node metasta-
sis. These tumors are most commonly found on
sun-exposed areas of the head and neck or
extremities, but can occur at virtually any site.
In addition to ultraviolet radiation, immunosup-
pression has been suggested as a likely cause
of Merkel cell carcinoma, with reports of up to a
13-fold increase in patients with human immu-
nodeficiency virus (HIV) infection [2]. Patients

with Merkel cell carcinoma typically present
with rapidly growing, painless, red to purple col-
ored cutaneous nodules or plaques.

Like other neuroendocrine neoplasms, Merkel
cell carcinoma shares histologic features with
cutaneous small blue round cell tumors in that
they are characterized by a dermal and subcu-
taneous infiltrate of monotonous cells that have
high nuclear to cytoplasmic ratio, fine stippled
chromatin and high proliferation rate. The dif-
ferential diagnosis for Merkel cell carcinoma
includes other small blue round cell tumors
such as neuroblastoma, metastatic carcinoid,
amelanotic melanoma, Ewing sarcoma, pulmo-
nary small cell carcinoma (PSCC) and lympho-
mas including lymphoblastic lymphoma (LBL).
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Immunohistochemical stains are extremely
helpful in distinguishing Merkel cell carcinoma
from both lymphoblastic lymphoma and pulmo-
nary small cell carcinoma with a panel of mark-
ers including, cytokeratin 7 (CK7), cytokeratin
20 (CK20), thyroid transcription factor-1 (TTF-
1), and lymphocyte common antigen (CD45/
LCA).

PAX5, a member of the paired box gene family,
is located on chromosome 9q13 and plays an
important role in B-cell ontogeny. In addition to
this primary function, PAX5 has been detected
in the spinal cord and mesencephalon-rhomb-
encephalon boundary by in situ hybridization
[3]. Earlier reports have demonstrated PAX5
expression in MCC and a subset of PSCC [4].
Terminal deoxynucleotidyl transferase (TdT), a
DNA polymerase, catalyzes the elongation of
nucleotide chains with its actions being most
pronounced during the early development of B
and T cells during immunoglobulin and T-cell
receptor gene rearrangements. TdT expression
has recently been reported in both MCC as well
as PSCC [5]. To our knowledge no single study
has reported the expression patterns of PAX5
and TdT in MCC and PSCC, which is the goal of
this paper.

Materials and methods

We retrieved 27 cases of Merkel cell carcinoma
and 10 cases of pulmonary small cell carcino-
ma from the pathology files of Georgia Health
Sciences University, Augusta, GA, Charlie
Norwood Veterans Affairs Medical Center
(VAMC), Augusta, GA and Emory University
Hospital, Atlanta, GA between 1999 and 2009.
The study was approved by the Human
Assurance Committee of each institution.
Original slides were reviewed and the diagno-
ses confirmed by two reference pathologists.

Neuroendocrine markers (synaptophysin, chro-
mogranin, CD56), keratin markers (pancytoker-
atin, low-molecular-weight cytokeratin, CK?7,
CK20), TTF-1 and CD45 were variably per-
formed at the time of initial diagnosis. These
stains were also reviewed for the purpose of
the study.

Seven cases of Merkel cell carcinoma and 10
pulmonary small cell carcinoma from Georgia
Health Sciences University and Charlie
Norwood VAMC were stained with PAX5 (Clone-
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Table 1. Expression of PAX5 and TdT in Merkel
cell carcinoma and pulmonary small cell carci-
noma

Diagnosis PAX5 TdT

Merkel cell carcinoma 24/27 (89%) 21/27 (78%)

Pulmonary small cell  0/10 (0%) 9/10 (90%)
carcinoma
TdT, Terminal deoxynucleotidyl transferase.

SP-34, 1:100, Biocare Medicals, Walnut Creek,
CA.) and TdT (Clone- SP-3, 1:100, DAKO,
Carpentaria, CA). Formalin-fixed paraffin-
embedded blocks were sectioned at 4um and
sections mounted on treated slides.
Immunohistochemistry was performed using
the standard avidin-biotin complex method on
a DAKO autostainer (DAKO, Carpinteria, CA).
Antigen retrieval consisted of pretreatment
with target retrieval solution, pH 6.0. Bound
antibody was detected with DAB+ substrate kit
(DAKO Carpinteria, CA). Positive controls for
PAX5 (tonsil) and TdT (cervical lymph node
involved by lymphoblastic lymphoma) and nega-
tive controls with primary antibody replaced
with Tris buffer were simultaneously run.

The cases of Merkel cell carcinoma (n=20) from
Emory University were stained using TdT (poly-
clonal antibody, 1:40 dilution, DAKO,
Carpinteria, CA) and PAX5 (clone 24, Cell
Marque, Rocklin, CA, RTU). After antigen retriev-
al, sections (5 micron) of formalin-fixed paraf-
fin-embedded tissue were incubated with TdT
for 15 minutes, with post primary polymer for 8
minutes, blocked with 3% hydrogen peroxide
for 5 minutes (Bonded Polymer Refine Detection
Kit (DAB chromogen), (Leica Microsystems,
Bannockburn, IL) with 3,3-diaminobenzidine
9DAB, brown chromogen, and hematoxylin as
counterstain for 5 minutes. All steps were per-
formed on the Leica Bond Max Il automated
system. Incubations were performed at room
temperature; between incubations, sections
were washed with Tris-buffered saline (Bond
wash solution). Positive controls for PAX5 (ton-
sil) and TdT (case of lymphoblastic lymphoma)
and negative controls with primary antibody
replaced with Tris buffer were simultaneously
run.

All slides were assessed for extent of nuclear
staining of PAX5 and TdT in the neoplastic cells
as follows: 0: no staining, 1+: 1% to 25%, 2+:
26% to 50%, 3+: greater than 50%. Nuclear
staining intensity was also evaluated and was
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Table 2. Expression of immunohistochemical stains performed for the diagnosis of Merkel cell carci-

noma and pulmonary small cell carcinoma

Diagnosis

Pancytokeratin  CK20

Synaptophysin ~ Chromogranin TTF-1

Merkel cell carcinoma 5/6 (83%)

15/16 (94%) 14/14 (100%) 9/9 (100%)
Pulmonary small cell carcinoma 2/2 (100%) NP

0/10 (0%)

5/5 (100%) 6/6 (100%)  2/2 (100%)

NP, not performed.

scored as: negative (-), weak (1+), moderate
(2+) or strong (3+).

Results

PAX5 was expressed in 24/27 (89%) Merkel
cell carcinoma and 0/10 (0%) of pulmonary
small cell carcinoma. TdT was expressed in
21/27 (78%) Merkel cell carcinomas and 9/10
(90%) pulmonary small cell carcinoma (Table
1). In the Merkel cell carcinoma cohort, diffuse
(>50%), strong (2-3+) PAX5 positivity was seen
in 11 of 27 (40%) cases, and diffuse, strong TdT
staining was seen in 12 of 27 (44%) cases.
Eight of 10 (80%) of pulmonary small cell carci-
noma showed diffuse, strong positivity for TdT.
Immunohistochemical results for pancytokera-
tin, CK20, synaptophysin, chromogranin, and
TTF-1 are summarized in Table 2 and Figure 1.

Discussion

In this study, we report the expression of PAX5
and TdT in a cohort of Merkel cell carcinomas
and pulmonary small cell carcinomas. Both
markers are typically associated with B- lym-
phoblastic lymphoma. TdT is an intranuclear
template-independent DNA polymerase that
catalyzes the elongation of nucleotide chains
by repetitive addition of deoxyribonucleotides
to the 3’-OH-terminated segment of DNA in
mammalian cells. TdT has been found to span
at least 65 kb and is located on chromosome
10 g23-g25 [6]. It has greatest activity in early
B cells and T cells during the phase of immuno-
globulin and T-cell receptor gene rearrange-
ments and is expressed in normal thymic T
cells.

The most notable example of expression of TdT
in human tumors is in lymphoblastic lympho-
ma, but nuclear expression has also been
described in acute myeloid leukemia, some
cases of medulloblastoma, CD56+/CD4+ hem-
atodermic neoplasm, rare cases of pediatric
rhabdomyosarcoma, and Ewing sarcoma [7-10].
Sur et al reported strong nuclear TdT expres-

144

sion in 53% (8/15) of Merkel cell carcinomas.
Six of their cases morphologically resembled
blastic hematologic malignancies with large- to
intermediate-sized cells showing vesicular
nuclei and one or two prominent nucleoli. This
morphology in conjunction with TdT positivity
could result in an erroneous diagnosis of a
blastic hematological malignancy in the skin. A
subsequent study by Bernd et al reported simi-
lar nuclear TdT immunoreactivity in 10 of 28
(36%) cases of Merkel cell carcinoma [11]. In
the present study, we found that TdT was posi-
tive in the majority (89%) of Merkel cell carcio-
mas. The expression of TdT in both Merkel cell
carcioma and pulmonary small cell carcinoma
is particularly notable because its uniformly
strong nuclear staining was frequently at inten-
sities mimicking those seen in lymphoblastic
lymphoma. The latter observation emphasizes
the caution that must be exercised when inter-
preting PAX5 and TdT positivity in the setting of
any small round blue cell tumor.

Differentiating Merkel cell carcinoma from met-
astatic pulmonary small cell carcinoma can
sometimes be challenging as both tumors have
a neuroendocrine phenotype. Other discrimina-
tory immunohistochemical stains can be help-
ful in this differential such as CK20 and TTF1.
Merkel cell carcinomas are typically positive for
CK20 (~ 97%) and show a characteristic para-
nuclear dot-like positivity but are negative for
TTF-1. The converse is typically true of pulmo-
nary small cell carcinoma; rare positivity has
been reported [12]. Furthermore, up to a third
of Merkel cell carcinomas can be negative for
CK20, and CK7 has been reported to be posi-
tive in up to 25% of Merkel cell carcinomas [13-
16]. Thyroid transcription factor -1 (TTF-1) is
typically negative in Merkel cell carcinoma, but
up to 20% of pulmonary small cell carcinomas
are also negative for TTF-1 [5, 17], thus limiting
its usefulness in differentiating these tumors.

PAX5, as a marker of B cells, was initially report-
ed by Torlakovic et al in 2002 [18]. He also
reported PAX5 expression in non-hematopoiet-
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Figure 1. A. Merkel cell carcinoma showing neoplastic cells with finely stippled chromatin, indistinct nucleoli and
high mitotic activity (Hematoxylin & Eosin, magnification x200). B. Pulmonary small cell carcinoma showing malig-
nant cells with high N/C ratio, “salt-and-pepper” chromatin and characteristic crush artifact (Hematoxylin & Eosin,
maghnification x200). C. Cytokeratin 20 positivity in Merkel cell carcinoma with typical paranuclear dot-like staining
pattern (magnification x400). D. Diffuse positivity for synaptophysin in Merkel cell carcinoma (maghnification x400).
E. Merkel cell carcinoma showing diffuse, strong nuclear staining for PAX5 (magnification x200). F. Merkel cell carci-
noma showing strong nuclear staining for TdT (magnification x400). G. Pulmonary small cell carcinoma with diffuse
positive nuclear staining for TdT (magnification x200). H. Pulmonary small cell carcinoma demonstrating negative
staining for PAX5 (magnification x200).
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ic tumors such as neuroendocrine tumors,
Merkel cell carcinoma, and mesonephric
tumors [18, 19]. Dong et al [4] later also report-
ed the expression of PAX5 in neuroendocrine
carcinomas such as Merkel cell carcinoma
(93.5%) and small cell carcinoma (73.3%). An
interesting finding in our study was that pulmo-
nary small cell carcinomas were mostly positive
for TdT (90%) but none were positive for PAX5.
Dong et al [4] found PAX5 reactivity in greater
than two thirds (~74%) of PSCC. In their study,
they confirmed the presence of PAX5 mRNA by
real time RT-PCR in 8 cases of Merkel cell carci-
noma, but no cases of pulmonary small cell car-
cinoma were tested. The antibody clones used
in our and Dong et al’s studies are not the same
(monoclonal anti-PAX5 antibody, clone 24, BD
Biosciences versus monoclonal anti-PAX5 anti-
body, clone SP-34, Biocare Medicals, Walnut
Creek, CA, respectively) and this could possibly
explain the difference in staining patterns that
were observed. Given this significant discrep-
ancy, additional studies using different PAX5
clones are needed to determine the true inci-
dence of PAX5 positivity in pulmonary small cell
carcinoma.

In conclusion, co-expression of TdT and PAX5
by Merkel cell carcinoma may result in its mis-
diagnosis as B- lymphoblastic lymphoma, par-
ticularly since the latter is often negative for
CD45, a frequently used lymphoid marker.
When confronted with a cutaneous small round
blue cell tumor in which an immature hemato-
logic malignancy such as B- lymphoblastic lym-
phoma is in the differential diagnosis, the use
of an immunohistochemical panel including
CD34, CD79a, CD10, CK20 as well as neuroen-
docrine markers is strongly recommended. In
our hands, PAX5 and TdT positivity in conjunc-
tion with the expression of neuroendocrine
markers, suggests a diagnosis of Merkel cell
carcinoma rather than pulmonary small cell
carcinoma, when evaluating cutaneous small
round blue cell tumors. PAX5 may therefore
represent an additional marker to facilitate the
distinction between Merkel cell carcinoma and
pulmonary small cell carcinoma.
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