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Abstract: Background: The association between Merkel cell carcinoma (MCC) and chronic lym-
phocytic leukemia/small lymphocytic leukemia (CLL/SLL) is well established in the literature. A
majority of MCCs are known to be associated with Merkel cell carcinoma polyomavirus (MCPyV),
which is postulated to be a possible causative agent linking these two entities. We aim to identify the
presence of MCPyV in patients with concurrent adjacent MCC and CLL/SLL. Methods: Archived
pathology materials of three cutaneous or surgical excisions with concurrent MCC and CLL/SLL
were reviewed. Additional 12-µm sections from paraffin-embedded tissue of these resections were
matched with original hematoxylin and eosin-stained slides and used to extract foci from each tumor
separately. DNA was extracted from these tissues, and polymerase chain reaction (PCR), utilizing
a primer set within a highly conserved “small T” viral DNA region, was done to detect MCPyV.
Results: Out of 140 cases of cutaneous or surgical excisions with MCC identified in our electronic
medical records (EMR), three had coexisting neighboring CLL/SLL in the same resection specimen.
In one case out of three, MCPyV was detected in MCC but not in CLL/SLL. The remaining two cases
showed no detection of MCPyV in either MCC or CLL/SLL. Conclusion: MCPyV was not concur-
rently associated with adjacent MCC and CLL/SLL, indicating that it is not driving simultaneous
tumorigenesis, at least in a subset of these cases.
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1. Introduction

Merkel cell carcinoma (MCC) is a relatively rare primary cutaneous neuroendocrine
carcinoma with aggressive clinical behavior. The incidence of MCC has tripled in the last
15 years, making the second most common cause of skin cancer death after melanoma [1,2].
Ultraviolet (UV) light exposure is a well-established risk factor for the development of MCC.
More recently, a viral oncogenic pathway involving Merkel cell polyomavirus (MCPyV), a
non-enveloped double-stranded DNA polyomavirus, has been described as an alternate
mechanism driving malignant transformation [3]. MCPyV DNA was found in up to 80%
of MCC cases in several studies [3–5]. As such, MCC can either be associated with MCPyV
or not, with preliminary studies showing some contradicting results of the significance of
this distinction [6–9].

MCPyV encodes several polyomavirus genes that are responsible for viral genome
replication in the host cell, including large T antigen (LTag) and small T antigen (STag) [3].
Integration of the virus and truncating mutation of LTag are the principal genetic events.
LTag and Stag drive the cellular proliferation and survival in MCPyV-positive MCC [4,10,11].
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The association between MCC and chronic lymphocytic leukemia/small lymphocytic
lymphoma (CLL/SLL) is well-documented and might indicate a possible common etiol-
ogy [12,13]. While a number of factors have been proposed to explain this observation,
MCPyV has also emerged as a plausible link between these two entities. Interestingly,
MCPyV was also detected in up to 33% of CLL/SLL cases [14,15]. In addition, patients
with CLL/SLL have an increased risk of developing MCPyV-positive MCC [16].

To further investigate this association, we aimed to identify the presence of MCPyV in
three rare cases of concurrent adjacent MCC and CLL/SLL.

2. Materials and Methods

The study was approved by the Institutional Review Board with a waiver of con-
sent. Archived pathology materials from three surgical resections of MCC with concur-
rent adjacent CLL/SLL, out of 140 cases of MCC excisions identified in our electronic
medical records (EMR), were retrieved and reviewed. Hematoxylin and eosin (H&E)
and immunohistochemically stained slides from these resections were reviewed by one
hematopathologist and two pathology residents for confirmation of diagnosis. Additional
12-µm unstained sections were taken from paraffin-embedded tissue blocks of these resec-
tions. Unstained slides were matched with original hematoxylin and eosin (H&E) slides
and areas from each tumor were extracted separately using microdissection technique.
DNA was extracted from these tissues and polymerase chain reaction (PCR), utilizing a
primer set within a highly conserved “small T antigen” viral DNA region, was done to
detect MCPyV [17].

2.1. Case 1

A 78-year-old male with a history of CLL/SLL presented with left parotid mass and
left-sided cervical lymphadenopathy, underwent left parotidectomy and modified radical
neck dissection. A microscopic examination of the parotid gland, para-parotid and cervical
lymph nodes showed foci of metastatic undifferentiated carcinoma with neuroendocrine
features strongly suggestive of Merkel cell carcinoma on immunohistochemistry (Tumor
cells positive for neuron-specific enolase [NSE], synaptophysin [focal], CD56 [focal], MNF-
116, AE1/AE3 [focal] and CK20 [dot-like pattern]). Interestingly, the patient had no
previous documented history of primary cutaneous MCC or prior surgical resections
of skin lesions. More than 90% of the lymph nodes also showed diffuse effacement of
architecture and extensive replacement by CLL as demonstrated by immunohistochemistry
(atypical lymphocytes positive for CD20, CD5, CD23 and negative for CD3 and cyclin-D1).
Detailed clinical history, including lymphoma stage and prior treatment modalities could
not be obtained from the available medical records. Tissues used for PCR analysis are
shown (Figure 1).
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Figure 1. Case 1: (a) Left parotid mass showing high-grade neuroendocrine carcinoma composed of small nests and larger 
aggregates of tumor cells with frequent apoptotic cells and a high mitotic activity. (b) Left superior cervical lymph node 
with abnormal morphology showing diffuse effacement of the normal architecture due to extensive replacement by small, 
atypical lymphocytes. (H&E; original magnification: (a) 20×; (b) 7×). Immunohistochemical stains of left parotid mass (c–
e) and left superior cervical lymph node (f–h). (c) CK20 showing dot-like positivity in tumor cells (Magnification 20×). (d) 
Neuron-specific enolase (NSE) diffusely staining tumor cells (Magnification 20×). (e). Synaptophysin showing tumor cells 
with focal membranous positivity (Magnification 20×). (f) CD20 diffusely highlights atypical B lymphocytes (Magnifica-
tion 20×). (g) CD5 showing aberrant staining of neoplastic B lymphocytes (Magnification 20×). (h) CD23 showing mem-
branous positivity in neoplastic B lymphocytes (Magnification 20×). 

2.2. Case 2 
This case involves an 85-year-old male with a history of multiple recurrent squamous 

cell carcinomas (SCC) of the face and scalp, who had previously undergone resection of a 
large Merkel cell carcinoma involving the left side of his face and the parotid gland 11 
months prior to his current presentation followed by re-excision of recurrent disease in the 
same location five months later. The patient also received adjuvant chemotherapy. He pre-
sented with a (3.3 cm) left cheek and neck mass and left posterior triangle lymphadenopathy 

Figure 1. Case 1: (a) Left parotid mass showing high-grade neuroendocrine carcinoma composed of small nests and
larger aggregates of tumor cells with frequent apoptotic cells and a high mitotic activity. (b) Left superior cervical lymph
node with abnormal morphology showing diffuse effacement of the normal architecture due to extensive replacement by
small, atypical lymphocytes. (H&E; original magnification: (a) 20×; (b) 7×). Immunohistochemical stains of left parotid
mass (c–e) and left superior cervical lymph node (f–h). (c) CK20 showing dot-like positivity in tumor cells (Magnification
20×). (d) Neuron-specific enolase (NSE) diffusely staining tumor cells (Magnification 20×). (e). Synaptophysin showing
tumor cells with focal membranous positivity (Magnification 20×). (f) CD20 diffusely highlights atypical B lymphocytes
(Magnification 20×). (g) CD5 showing aberrant staining of neoplastic B lymphocytes (Magnification 20×). (h) CD23
showing membranous positivity in neoplastic B lymphocytes (Magnification 20×).

2.2. Case 2

This case involves an 85-year-old male with a history of multiple recurrent squa-
mous cell carcinomas (SCC) of the face and scalp, who had previously undergone resec-
tion of a large Merkel cell carcinoma involving the left side of his face and the parotid
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gland 11 months prior to his current presentation followed by re-excision of recurrent dis-
ease in the same location five months later. The patient also received adjuvant chemother-
apy. He presented with a (3.3 cm) left cheek and neck mass and left posterior triangle
lymphadenopathy highly suspicious for recurrent MCC. He underwent radical resection
of the mass with left neck node dissection. The final pathology from the cheek/neck
resection revealed recurrent MCC and dense monomorphic small lymphocytic infiltrate in
the surrounding stroma. Three left posterior triangle lymph nodes also showed replace-
ment by CLL (Stage 1 by modified Rai criteria), the largest of which was also involved by
MCC. The diagnosis was confirmed by immunohistochemical testing; Tumor cells from
the cheek/neck mass showed positivity for synaptophysin, low molecular weight keratin,
CK20 and Ber-EP4 and were negative for TTF-1, chromogranin and high molecular weight
keratin. The atypical lymphocytes were positive for CD20, CD5 and CD43 and negative for
CD3, cyclin-D1, SOX-11 and CD23. Tissues used for PCR analysis are shown (Figure 2).
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Figure 2. Case 2. (a) Left cheek and neck mass showing aggregates and cords of atypical basaloid cells with hyperchromatic 
nuclei and scant cytoplasm along with numerous mitotic figures and necrotic cells consistent with MCC. (b) Left posterior 
triangle lymph node showing broad effacement of architecture by a dense infiltrate of small monomorphous lymphocytes 
consistent with CLL. Note the adjacent subcapsular focus of metastatic MCC (Black arrow) (H&E; original magnification: 
(a) 20×; (b) 5×). Immunohistochemical stains of left cheek/neck mass (c–e) and left posterior triangle lymph node (f–h). (c) 
Low molecular weight keratin showing diffuse cytoplasmic staining of tumor cells (Magnification 40×). (d) CK20 showing 
cytoplasmic and focal dot-like staining in tumor cells (Magnification 20×). (e) Synaptophysin showing faint focal positivity 
in tumor cells (Magnification 40×). (f). CD20 diffusely highlights atypical B lymphocytes (Magnification 20×). (g) CD5 
showing aberrant staining of neoplastic B lymphocytes (Magnification 20×). (h) Cyclin-D1 is negative in neoplastic B lym-
phocytes (Magnification 20×). 

2.3. Case 3 
An 86-year-old male with a history of multiple skin cancers, including basal cell car-

cinoma (BCC) and SCC status post numerous excisions, presents with a large (8.5 cm) 
exophytic lesion on the right temple. He also had findings of a right parotid mass on phys-
ical examination confirmed on subsequent computed tomography (CT) scan. A biopsy 
from the skin lesion was consistent with BCC. He underwent a wide local excision of his 

Figure 2. Case 2. (a) Left cheek and neck mass showing aggregates and cords of atypical basaloid cells with hyperchromatic
nuclei and scant cytoplasm along with numerous mitotic figures and necrotic cells consistent with MCC. (b) Left posterior
triangle lymph node showing broad effacement of architecture by a dense infiltrate of small monomorphous lymphocytes
consistent with CLL. Note the adjacent subcapsular focus of metastatic MCC (Black arrow) (H&E; original magnification:
(a) 20×; (b) 5×). Immunohistochemical stains of left cheek/neck mass (c–e) and left posterior triangle lymph node (f–h).
(c) Low molecular weight keratin showing diffuse cytoplasmic staining of tumor cells (Magnification 40×). (d) CK20
showing cytoplasmic and focal dot-like staining in tumor cells (Magnification 20×). (e) Synaptophysin showing faint focal
positivity in tumor cells (Magnification 40×). (f). CD20 diffusely highlights atypical B lymphocytes (Magnification 20×).
(g) CD5 showing aberrant staining of neoplastic B lymphocytes (Magnification 20×). (h) Cyclin-D1 is negative in neoplastic
B lymphocytes (Magnification 20×).

2.3. Case 3

An 86-year-old male with a history of multiple skin cancers, including basal cell
carcinoma (BCC) and SCC status post numerous excisions, presents with a large (8.5 cm)
exophytic lesion on the right temple. He also had findings of a right parotid mass on



Dermatopathology 2021, 8 196

physical examination confirmed on subsequent computed tomography (CT) scan. A biopsy
from the skin lesion was consistent with BCC. He underwent a wide local excision of his
temporal lesion and right superficial parotidectomy. Microscopic examination of the main
skin excision specimen and the right parotid gland showed high-grade neuroendocrine
carcinoma consistent with MCC adjacent to and focally colliding with an atypical lymphoid
proliferation consistent with CLL/SLL (Stage 1 by modified Rai criteria). Sections from
a right facial lymph node also showed a low-grade lymphoma consistent with CLL and
involvement by metastatic MCC. Immunohistochemical studies and flow cytometry were
performed and supported the diagnosis. Tumor cells from the right temple mass were posi-
tive for AE1/AE3, MNF-116, CD56, synaptophysin, CK20 (dot-like pattern) and showed a
high proliferation index with Ki67 > 90%. The adjacent atypical lymphocytes were positive
for CD19, CD20, CD5, CD23 and showed a low proliferation index as assessed by Ki67.
Tissues used for PCR analysis are shown (Figure 3).
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Figure 3. Case 3. (a) Right temple mass showing a high-grade neuroendocrine carcinoma with diffuse architecture and 
focally spindled morphology. (b) Sections from the 3 o’clock margin of the right-temple skin excision showing dermal 
infiltration by an atypical lymphoid proliferation consistent with a low-grade lymphoma further confirmed as CLL/SLL 
on subsequent immunohistochemistry (H&E; original magnification: (a) 20×; (b) 10×). Immunohistochemical stains of right 
temple mass (c–e) and adjacent right temple skin (f–h). (c) AE1/AE3 showing cytoplasmic and dot-like positivity in tumor 
cells (Magnification 20×). (d) CK20 showing a dot-like staining pattern in tumor cells (Magnification 20×). (e) Synaptophy-
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3. Results 
The overall incidence of CLL/SLL in our cohort of MCC cases is 2.1%. In case 1, 

MCPyV was detected in MCC but not in CLL/SLL. Cases 2 and 3 showed no detection of 
MCPyV in either MCC or CLL/SLL (Table 1). 

  

Figure 3. Case 3. (a) Right temple mass showing a high-grade neuroendocrine carcinoma with diffuse architecture and
focally spindled morphology. (b) Sections from the 3 o’clock margin of the right-temple skin excision showing dermal
infiltration by an atypical lymphoid proliferation consistent with a low-grade lymphoma further confirmed as CLL/SLL on
subsequent immunohistochemistry (H&E; original magnification: (a) 20×; (b) 10×). Immunohistochemical stains of right
temple mass (c–e) and adjacent right temple skin (f–h). (c) AE1/AE3 showing cytoplasmic and dot-like positivity in tumor
cells (Magnification 20×). (d) CK20 showing a dot-like staining pattern in tumor cells (Magnification 20×). (e) Synapto-
physin showing tumor cells with diffuse membranous and cytoplasmic staining (Magnification 20×). (f) CD20 diffusely
highlights atypical B lymphocytes (Magnification 20×). (g) CD5 showing aberrant staining of neoplastic B lymphocytes
(Magnification 20×). (h) CD23 showing faint membranous positivity in neoplastic B lymphocytes (Magnification 20×).
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3. Results

The overall incidence of CLL/SLL in our cohort of MCC cases is 2.1%. In case 1,
MCPyV was detected in MCC but not in CLL/SLL. Cases 2 and 3 showed no detection of
MCPyV in either MCC or CLL/SLL (Table 1).

Table 1. MCPyV detection by PCR in adjacent MCC and CLL/SLL from cutaneous or surgical
resections.

MCPyV in MCC MCPyV in CLL/SLL

Patient 1 Positive Negative
Patient 2 Negative Negative
Patient 3 Negative Negative

4. Discussion

MCC can be divided into MCPyV-positive and MCPyV-negative MCC, with some
studies showing clinical, morphologic, and behavioral differences between the two “sub-
types” [6]. However, separating MCPyV-positive MCC as a distinct entity is not clearly
established yet and needs further investigation. MCPyV-positive MCC has a distinct
geographical distribution with a higher frequency reported in North America and Eu-
rope compared to Australia. This suggests two oncogenic pathways driving malignant
transformation in MCC, a viral-induced pathway and an ultraviolet radiation-dependent
pathway [18]. In some studies, MCPyV-positive MCC was reported to have a better
prognosis compared to MCPyV-negative MCC [6,7]. This could be explained by the fact
that MCPyV-negative MCC harbor p53 mutations which, in theory, are associated with
poor prognosis and resistance to chemotherapy [19,20]. Even so, other studies did not
show any statistically significant difference in prognosis between these two “subtypes”.
Morphologically, in-vitro observations showed that MCPyV-positive MCC’s tend to form
loose aggregates in culture, also called “classic phenotype” [21], whereas MCPyV-negative
MCC’s grow as adherent spindle cells otherwise termed “variant phenotype” [10].

MCPyV encodes several polyomavirus genes, including large T antigen (LTag) and
small T antigen (STag), viral proteins 1, 2 and 3 (VP1, VP2, VP3), which are required for
viral replication and capsid formation [3]. LTag and STag are primarily responsible for viral
genome replication following infection and integration into host DNA. MCPyV-positive
MCC’s have a distinct signature mutation that affects the LTag gene. This mutation results
in a truncated form of the LTag protein at the C-terminal end, thereby disabling the helicase
domain activity [10]. The mutated LTag protein acts as the principal oncoprotein that
drives cell proliferation and survival, namely through interaction and inactivation of host
cell tumor suppressor genes such as retinoblastoma (Rb) and p53 [4,22]. Experimental
knockdown studies of LTag gene showed cell cycle arrest and death of MCPyV-infected
MCC cells, supporting the essential role LTag plays as an oncoprotein which in turn makes
it an attractive target for the development of molecular targeted therapy [23]. Shuda et al.
showed that STag also has an oncogenic effect; It is expressed in most MCC tumors and is
required for tumor growth by acting downstream of the mTORC1 signaling pathway [11]

There is a strong association between MCC and CLL/SLL. Patients with CLL have a
consistent three- to sevenfold increased risk of developing MCC [13]. Moreover, in a large
cohort of 4336 patients from the Finnish Cancer registry and Helsinki University Central
Hospital, Koljonen et al. demonstrated a substantially increased risk for MCC following
CLL diagnosis and vice-versa. The standardized incidence ratio (SIR) for CLL after the di-
agnosis of MCC was highly elevated, 17.9 (95% confidence interval (CI), 2.2–64.6; p < 0.001),
and the SIR for MCC after the diagnosis of CLL was also elevated, 15.7 (3.2–46.0, p < 0.01).
Importantly, MCPyV DNA was frequently present in MCC’s that occur in CLL patients.16
Nonetheless, while some studies estimated that CLL was 30-fold overrepresented among
MCC patients [24], others showed mixed results for the relative risk of lymphoid neoplasia
after MCC diagnosis [13].
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The association between MCC and CLL/SLL could possibly be attributed to a common
etiological agent. In fact, CLL/SLL shares similar demographics with MCC [25]. In addi-
tion, MCPyV DNA was found in up to 33% of CLL patients but not follicular lymphoma
(FL) patients suggesting either that MCPyV is involved in CLL/SLL pathogenesis or that
the immunodeficiency state of CLL/SLL induces low-level MCPyV reactivation [14]. More
recently, a novel truncating deletion in the helicase domain of LTag has been identified in
a subgroup of MCPyV-positive CLL/SLL patients [15]. Although still controversial, this
supports MCPyV as an etiological agent driving the malignant transformation of mature
lymphocytes into CLL/SLL, at least in a subset of cases, which further suggests that it could
explain the link between MCC and CLL/SLL. MCPyV is indeed lymphotropic [14] and is
closely related to the lymphotropic poliomavirus found in African green monkeys, which
infects B lymphocytes [26]. In an experimental study done on animals using the simian
virus 40 (SV40), a poliomavirus that belongs to the same family as and closely resembles
MCPyV, Ter Brugge et al. provided a mouse model for B-CLL through insertion of SV40
large T antigen gene in the immunoglobulin heavy (IgH) locus of mature B cells [27]. On
the other hand, Cimino et al. identified MCPyV only in CLL background T cells as opposed
to neoplastic B cells [28]. Consequently, the role of MCPyV in the pathogenesis of CLL is
still under investigation.

Alternatively, this association can be explained by other factors such as immunosup-
pression due to both humoral and cell-mediated dysfunction in addition to chemotherapy
used to treat CLL, which leads to decreased immune surveillance and subsequently an
increased risk of acquiring a secondary malignancy [29]. As a matter of fact, immuno-
suppression is one of the main risk factors for developing MCC besides older age, UV
radiation and Caucasian race [30–34]. Engels found a 13-fold increase in MCC among
HIV-positive patients [32], and Miller et al. reported a roughly ten-fold increase after solid
organ transplantation [33], further highlighting the importance of immune function in
MCC. It is estimated that 10% of MCC patients are immunocompromised [24]. These cases
are typically associated with poor survival and a worse prognosis [29].

In our first case, a diagnosis of CLL was made at least six years prior to the patient’s
MCC resection. Unfortunately, no history was available pertaining to disease stage and
prior chemotherapy treatment or not, although CLL on its own is sufficient to explain
the altered immunity which predisposes to MCC. In the remaining two cases, CLL was
discovered incidentally at the time of MCC resection, leaving some degree of uncertainty
as to the exact timeline of occurrence of each malignancy though, in patient 2, MCC
presumptively is more likely to have preceded CLL given his remote diagnosis of advanced
MCC for which he received chemotherapy.

MCPyV was detected in MCC but not in CLL of patient 1; in a way, this finding does
not support the common viral etiology hypothesis driving the malignant transformation
of concomitant CLL and MCC but rather corroborates previous findings demonstrating
that CLL is likely a predisposing factor for carcinogenic viral infections such as MCPyV.
Patients 2 and 3 had negative MCPyV testing in both MCC and adjacent CLL. Although
these observations do not refute the possibility that MCPyV could be involved in partial
or simultaneous pathogenesis of MCC and CLL, they do prove that, at least in a subset of
cases, the development of concurrent MCC and CLL is not MCPyV-dependent. Morpho-
logically, MCC in patients 2 and 3 showed focally spindled, tight aggregates of tumor cells
commensurate with the “variant phenotype” observed in in-vitro studies as compared to
the epithelioid configuration and small nested architecture predominating in patient 1.

The cases we present are unique given the proximity of occurrence of MCC and CLL
in these resections, which confers a topographic advantage when it comes to validating
the idea of two neoplastic processes arising from a common agent, which would likely be
detected if present. To our knowledge, this is the first case series examining the presence
of MCPyV in concurrent adjacent MCC and CLL. However, given our limited number of
cases, further studies are needed, with a larger sample size, which examine the presence
and/or expression of MCPyV in concomitant MCC and CLL/SLL and correlates these
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findings with pertinent clinical variables, namely immunosuppression risk factors and the
sequence of development of each malignancy.

5. Conclusions

In conclusion, MCPyV is not concurrently associated with adjacent MCC and CLL/SLL,
at least in a subset of cases.

Author Contributions: Conceptualization, R.S., S.N. and T.N.; resources, R.S., S.N., M.E.A., P.R.,
S.K.T. and T.N.; writing—original draft preparation, R.S., S.N. and T.N.; writing—review and edit-
ing, R.S., S.N., P.R., S.K.T. and T.N. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of ALBANY MEDICAL
CENTER (protocol code 5036 and date of approval; 18 December 2018).

Informed Consent Statement: This study was approved by the IRB with a waiver from getting an
informed consent given that it was not possible to reach all the patients involved and that our study
was a case series rather than a case report.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Agelli, M.; Clegg, L.X. Epidemiology of primary Merkel cell carcinoma in the United States. J. Am. Acad. Dermatol. 2003, 49,

832–841. [CrossRef]
2. Albores-Saavedra, J.; Batich, K.; Chable-Montero, F.; Sagy, N.; Schwartz, A.M.; Henson, D.E. Merkel cell carcinoma demographics,

morphology, and survival based on 3870 cases: A population-based study. J. Cutan. Pathol. 2010, 37, 20–27. [CrossRef] [PubMed]
3. Feng, H.; Shuda, M.; Chang, Y.; Moore, P.S. Clonal integration of a polyomavirus in human Merkel cell carcinoma. Science 2008,

319, 1096–1100. [CrossRef] [PubMed]
4. Chang, Y.; Moore, P.S. Merkel cell carcinoma: A virus-induced human cancer. Annu. Rev. Pathol. 2012, 7, 123–144. [CrossRef]
5. Schrama, D.; Ugurel, S.; Becker, J.C. Merkel cell carcinoma: Recent insights and new treatment options. Curr. Opin. Oncol. 2012,

24, 141–149. [CrossRef] [PubMed]
6. Higaki-Mori, H.; Kuwamoto, S.; Iwasaki, T.; Kato, M.; Murakami, I.; Nagata, K.; Hayashi, K. Association of Merkel cell

polyomavirus infection with clinicopathological differences in Merkel cell carcinoma. Hum. Pathol. 2012, 43, 2282–2291.
[CrossRef] [PubMed]

7. Sihto, H.; Kukko, H.; Koljonen, V.; Sankila, R.; Böhling, T.; Joensuu, H. Clinical factors associated with Merkel cell polyomavirus
infection in Merkel cell carcinoma. J. Natl. Cancer Inst. 2009, 101, 938–945. [CrossRef]

8. Schrama, D.; Peitsch, W.K.; Zapatka, M.; Kneitz, H.; Houben, R.; Eib, S.; Becker, J.C. Merkel cell polyomavirus status is not
associated with clinical course of Merkel cell carcinoma. J. Investig. Dermatol. 2011, 131, 1631–1638. [CrossRef] [PubMed]

9. Handschel, J.; Müller, D.; Depprich, R.A.; Ommerborn, M.A.; Kübler, N.R.; Naujoks, C.; Braunstein, S. The new polyomavirus
(MCPyV) does not affect the clinical course in MCCs. Int. J. Oral. Maxillofac. Surg. 2010, 39, 1086–1090. [CrossRef] [PubMed]

10. Shuda, M.; Feng, H.; Kwun, H.J.; Rosen, S.T.; Gjoerup, O.; Moore, P.S.; Chang, Y. T antigen mutations are a human tumor-specific
signature for Merkel cell polyomavirus. Proc. Natl. Acad. Sci. USA 2008, 105, 16272–16277. [CrossRef]

11. Shuda, M.; Kwun, H.J.; Feng, H.; Chang, Y.; Moore, P.S. Human Merkel cell polyomavirus small T antigen is an oncoprotein
targeting the 4E-BP1 translation regulator. J. Clin. Investig. 2011, 121, 3623–3634. [CrossRef]

12. Kaae, J.; Hansen, A.V.; Biggar, R.J.; Boyd, H.A.; Moore, P.S.; Wohlfahrt, J.; Melbye, M. Merkel cell carcinoma: Incidence, mortality,
and risk of other cancers. J. Natl. Cancer Inst. 2010, 102, 793–801. [CrossRef]

13. Howard, R.A.; Dores, G.M.; Curtis, R.E.; Anderson, W.F.; Travis, L.B. Merkel cell carcinoma and multiple primary cancers. Cancer
Epidemiol. Biomark. Prev. 2006, 15, 1545–1549. [CrossRef] [PubMed]

14. Teman, C.J.; Tripp, S.R.; Perkins, S.L.; Duncavage, E.J. Merkel cell polyomavirus (MCPyV) in chronic lymphocytic leukemia/small
lymphocytic lymphoma. Leuk. Res. 2011, 35, 689–692. [CrossRef] [PubMed]

15. Pantulu, N.D.; Pallasch, C.P.; Kurz, A.K.; Kassem, A.; Frenzel, L.; Sodenkamp, S.; Zur Hausen, A. Detection of a novel truncating
Merkel cell polyomavirus large T antigen deletion in chronic lymphocytic leukemia cells. Blood 2010, 116, 5280–5284. [CrossRef]

16. Koljonen, V.; Kukko, H.; Pukkala, E.; Sankila, R.; Böhling, T.; Tukiainen, E.; Joensuu, H. Chronic lymphocytic leukaemia patients
have a high risk of Merkel cell polyomavirus DNA-positive Merkel-cell carcinoma. Br. J. Cancer 2009, 101, 1444–1447. [CrossRef]
[PubMed]

http://doi.org/10.1016/S0190-9622(03)02108-X
http://doi.org/10.1111/j.1600-0560.2009.01370.x
http://www.ncbi.nlm.nih.gov/pubmed/19638070
http://doi.org/10.1126/science.1152586
http://www.ncbi.nlm.nih.gov/pubmed/18202256
http://doi.org/10.1146/annurev-pathol-011110-130227
http://doi.org/10.1097/CCO.0b013e32834fc9fe
http://www.ncbi.nlm.nih.gov/pubmed/22234254
http://doi.org/10.1016/j.humpath.2012.04.002
http://www.ncbi.nlm.nih.gov/pubmed/22795182
http://doi.org/10.1093/jnci/djp139
http://doi.org/10.1038/jid.2011.115
http://www.ncbi.nlm.nih.gov/pubmed/21562568
http://doi.org/10.1016/j.ijom.2010.06.024
http://www.ncbi.nlm.nih.gov/pubmed/20678899
http://doi.org/10.1073/pnas.0806526105
http://doi.org/10.1172/JCI46323
http://doi.org/10.1093/jnci/djq120
http://doi.org/10.1158/1055-9965.EPI-05-0895
http://www.ncbi.nlm.nih.gov/pubmed/16896047
http://doi.org/10.1016/j.leukres.2011.01.032
http://www.ncbi.nlm.nih.gov/pubmed/21414663
http://doi.org/10.1182/blood-2010-02-269829
http://doi.org/10.1038/sj.bjc.6605306
http://www.ncbi.nlm.nih.gov/pubmed/19755994


Dermatopathology 2021, 8 201

17. Falchook, G.S.; Rady, P.; Hymes, S.; Nguyen, H.P.; Tyring, S.K.; Prieto, V.G.; Kurzrock, R. Merkel cell polyomavirus and HPV-
17 associated with cutaneous squamous cell carcinoma arising in a patient with melanoma treated with the BRAF inhibitor
dabrafenib. JAMA Dermatol. 2013, 149, 322–326. [CrossRef] [PubMed]

18. Paik, J.Y.; Hall, G.; Clarkson, A.; Lee, L.; Toon, C.; Colebatch, A.; Gill, A.J. Immunohistochemistry for Merkel cell polyomavirus is
highly specific but not sensitive for the diagnosis of Merkel cell carcinoma in the Australian population. Hum. Pathol. 2011, 42,
1385–1390. [CrossRef]

19. Sihto, H.; Kukko, H.; Koljonen, V.; Sankila, R.; Böhling, T.; Joensuu, H. Merkel cell polyomavirus infection, large T antigen,
retinoblastoma protein and outcome in Merkel cell carcinoma. Clin. Cancer Res. 2011, 17, 4806–4813. [CrossRef] [PubMed]

20. Waltari, M.; Sihto, H.; Kukko, H.; Koljonen, V.; Sankila, R.; Böhling, T.; Joensuu, H. Association of Merkel cell polyomavirus
infection with tumor p53, KIT, stem cell factor, PDGFR-alpha and survival in Merkel cell carcinoma. Int. J. Cancer 2011, 129,
619–628. [CrossRef]

21. Leonard, J.H.; Bell, J.R.; Kearsley, J.H. Characterization of cell lines established from Merkel-cell (“small-cell”) carcinoma of the
skin. Int. J. Cancer 1993, 55, 803–810. [CrossRef]

22. Pipas, J.M. Common and unique features of T antigens encoded by the polyomavirus group. J. Virol. 1992, 66, 3979–3985.
[CrossRef] [PubMed]

23. Houben, R.; Shuda, M.; Weinkam, R.; Schrama, D.; Feng, H.; Chang, Y.; Becker, J.C. Merkel cell polyomavirus-infected Merkel cell
carcinoma cells require expression of viral T antigens. J. Virol. 2010, 84, 7064–7072. [CrossRef]

24. Heath, M.; Jaimes, N.; Lemos, B.; Mostaghimi, A.; Wang, L.C.; Peñas, P.F.; Nghiem, P. Clinical characteristics of Merkel cell
carcinoma at diagnosis in 195 patients: The AEIOU features. J. Am. Acad. Dermatol. 2008, 58, 375–381. [CrossRef] [PubMed]

25. Mulligan, S.P.; Tam, C.S. Chronic lymphocytic leukemia: Diagnosis and clinical staging. In Advances in the Treatment of B-Cell
Chronic Lymphocytic Leukaemia; Keating, M.J., Tam, C.S., Eds.; Future Medicine: London, UK, 2012; pp. 6–15.

26. Zur Hausen, H.; Gissmann, L. Lymphotropic papovaviruses isolated from African green monkey and human cells. Med. Microbiol.
Immunol. 1979, 167, 137–153. [CrossRef] [PubMed]

27. Ter Brugge, P.J.; Ta, V.B.; de Bruijn, M.J.; Keijzers, G.; Maas, A.; van Gent, D.C.; Hendriks, R.W. A mouse model for chronic
lymphocytic leukemia based on expression of the SV40 large T antigen. Blood 2009, 114, 119–127. [CrossRef] [PubMed]

28. Cimino, P.J., Jr.; Bahler, D.W.; Duncavage, E.J. Detection of Merkel cell polyomavirus in chronic lymphocytic leukemia T-cells.
Exp. Mol. Pathol. 2013, 94, 40–44. [CrossRef] [PubMed]

29. Paulson, K.G.; Iyer, J.G.; Blom, A.; Warton, E.M.; Sokil, M.; Yelistratova, L.; Nghiem, P. Systemic immune suppression predicts
diminished Merkel cell carcinoma-specific survival independent of stage. J. Investig. Dermatol. 2013, 133, 642–646. [CrossRef]
[PubMed]

30. Hemminki, K.; Liu, X.; Ji, J.; Sundquist, J.; Sundquist, K. Kaposi sarcoma and Merkel cell carcinoma after autoimmune disease.
Int. J. Cancer 2012, 131, E326–E328. [CrossRef] [PubMed]

31. Lanoy, E.; Engels, E.A. Skin cancers associated with autoimmune conditions among elderly adults. Br. J. Cancer 2010, 103, 112–114.
[CrossRef] [PubMed]

32. Engels, E.A.; Frisch, M.; Goedert, J.J.; Biggar, R.J.; Miller, R.W. Merkel cell carcinoma and HIV infection. Lancet 2002, 359, 497–498.
[CrossRef]

33. Miller, R.W.; Rabkin, C.S. Merkel cell carcinoma and melanoma: Etiological similarities and differences. Cancer Epidemiol. Biomark.
Prev. 1999, 8, 153–158.

34. Friedlaender, M.M.; Rubinger, D.; Rosenbaum, E.; Amir, G.; Siguencia, E. Temporary regression of Merkel cell carcinoma
metastases after cessation of cyclosporine. Transplantation 2002, 73, 1849–1850. [CrossRef] [PubMed]

http://doi.org/10.1001/jamadermatol.2013.2023
http://www.ncbi.nlm.nih.gov/pubmed/23552670
http://doi.org/10.1016/j.humpath.2010.12.013
http://doi.org/10.1158/1078-0432.CCR-10-3363
http://www.ncbi.nlm.nih.gov/pubmed/21642382
http://doi.org/10.1002/ijc.25720
http://doi.org/10.1002/ijc.2910550519
http://doi.org/10.1128/jvi.66.7.3979-3985.1992
http://www.ncbi.nlm.nih.gov/pubmed/1318392
http://doi.org/10.1128/JVI.02400-09
http://doi.org/10.1016/j.jaad.2007.11.020
http://www.ncbi.nlm.nih.gov/pubmed/18280333
http://doi.org/10.1007/BF02121180
http://www.ncbi.nlm.nih.gov/pubmed/226854
http://doi.org/10.1182/blood-2009-01-198937
http://www.ncbi.nlm.nih.gov/pubmed/19332766
http://doi.org/10.1016/j.yexmp.2012.09.019
http://www.ncbi.nlm.nih.gov/pubmed/23026399
http://doi.org/10.1038/jid.2012.388
http://www.ncbi.nlm.nih.gov/pubmed/23190897
http://doi.org/10.1002/ijc.27376
http://www.ncbi.nlm.nih.gov/pubmed/22120659
http://doi.org/10.1038/sj.bjc.6605733
http://www.ncbi.nlm.nih.gov/pubmed/20551958
http://doi.org/10.1016/S0140-6736(02)07668-7
http://doi.org/10.1097/00007890-200206150-00028
http://www.ncbi.nlm.nih.gov/pubmed/12085015

	Introduction 
	Materials and Methods 
	Case 1 
	Case 2 
	Case 3 

	Results 
	Discussion 
	Conclusions 
	References

