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Merkel  cell  polyomavirus  infection  and  Merkel  cell
carcinoma
Wei Liu,  Margo  MacDonald  and  Jianxin  You

Merkel  cell  polyomavirus  is  the  only  polyomavirus  discovered

to  date that  is  associated  with  a human  cancer.  MCPyV

infection  is  highly  prevalent  in the general  population.  Nearly  all

healthy  adults  asymptomatically  shed  MCPyV from  their  skin.

However,  in  elderly  and  immunosuppressed  individuals,  the

infection  can lead  to  a  lethal  form  of  skin  cancer,  Merkel  cell

carcinoma.  In  the  last  few  years,  new  findings  have  established

links  between  MCPyV infection,  host  immune  response,  and

Merkel  cell carcinoma  development.  This  review  discusses

these recent  discoveries  on  how  MCPyV interacts  with  host

cells  to  achieve  persistent  infection  and,  in  the

immunocompromised  population,  contributes  to  MCC

development.
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Introduction
Merkel  cell  polyomavirus (MCPyV  or MCV)  has been
linked  to the development  of  a human  cancer, Merkel  cell
carcinoma (MCC)  [1 ]. MCC, a neuroendocrine carcino-
ma of  the skin, is one of  the most  aggressive skin cancers,
with  a disease-associated  mortal ity  of  46% [2]. MCC kil ls
more patients than  some other  well-known  cancers such
as cutaneous T -cell  lymphoma and  chronic myelogenous
leukemia [3,4].

Excessive exposure to sunlight  and  ultraviolet  (UV)  radi-
ation, immune suppression, and advanced age are the
major  risk  factors for  MCC skin cancers [5,6]. MCC is
therefore more frequently  observed among people with
fair  skin, the elderly, and organ  transplant  or AIDS
patients, with a strong predilection  for  the sun-exposed
skin of  the head and neck  [5,6]. Clonal  integration of

MCPyV  DNA into the host  genome is a causal  factor  for
the development  of  the majority  of  MCC tumors [7 ].

MCPyV  is also an abundant  virus frequently  detected  on
healthy  human  skin, suggesting that  its infection  is wide-
spread  in the general  population  [8 ,9 ,10]. Additional
studies confirmed that  exposure to the virus occurs in  80%
or  more of  the general  population [8 ,11,12]. Primary
infection  occurs during childhood. Once acquired,
MCPyV  becomes a l ife-long component  of  the skin flora
[13]. T he strong association of  MCC  tumor development
with  immunosuppression suggests a viral  causative link.
T he discovery  of  MCPyV  in MCC tumors further  sup-
ports a viral  etiology for  MCC [1 ].

MCPyV  is a small  DNA virus with  a circular, double-
stranded  DNA  (dsDNA)  genome of  5 kb [14]. T he viral
genome is divided into three major  regions: the non-
coding regulatory  region (NCRR), which  contains the
viral  origin  of  replication and  transcriptional  regulatory
elements; the early  coding region; and the late coding
region  [14,15]. T he early  region encodes large T  (L T )
antigen, small  T  (sT )  antigen, the 57kT  antigen, and a
protein  called alternative L T  Open reading frame (AL -
T O)  [14,16 ,17 ]. T he late region encodes the capsid
proteins, VP1 and VP2 [18]. During the normal  life cycle,
the polyomavirus genome is maintained as a circular
dsDNA  episome (Figure 1).

MCPyV  genome and  viral  T  antigens are detected  in at
least  80% of  MCC cases, and  expression of  the T  antigens
is restricted to the tumor  cells and  not  the surrounding
healthy  tissues [1 ,19,20 ,21–23]. Genetic analysis of
MCPyV  genome in these MCC tumors revealed  that  it
is clonally integrated  into the host  cell  genome [1 ,24].

T he viral  integration event  appears to take place before
the clonal  expansion  of  tumor  cell  proliferation  [1 ,25–
27]. Persistent  expression  of  MCPyV  T  antigens from  the
integrated viral  genome is required for  MCC tumor  cells
to survive [20 ]. T ogether, these findings provide strong
support  for  a causal  role of  MCPyV  in  the development  of
MCC skin cancer.

T he incidence of  MCC has tripled over  the past  twenty
years as the aging populat ion with prolonged  sun  ex-
posure increases [28]. With the high  prevalence of
MCPyV  infection  and  an  increasing number  of  MCC
diagnoses, there is a need to better  understand
the biology  and  oncogenic potentials of  MCPyV. I n
this review,  we summarize recent  discoveries of  the
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MCC - Prognosis

• tumor stage

☺ stage I < II < III < IV �

• gender 

� males < females ☺

• Localization

� head/neck < trunk < extremities ☺

• histological and immunohistological features
� small cell size, high mitotic index, high density of blood 

vessels, loss of MHC class I expression
☺ solar elastosis, inflammatory infiltrate 
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MCC – Chemotherapie

high objective response rates
• first line up to 57%

• second line up to 45%

• third line up to 20%

but
• no controlled randomized trials

• no confirmed correlation between objective 

responses and overall survival 

• no confirmed correlation between dose intensity and 

response

• significant rate of therapy-associated deaths
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MCC - Spontaneous Regressions
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Good
Prognosis

Poor
Prognosis
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MCPyV derived T-Cell Epitopes
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T-Cell Epitopes of MCPyV Encoded Proteins 
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Cancer Immune Surveillance

Immune Response Immune Recognition 

NK cell 
T cell 

Immune Escape 
Activating 
Ligands

Loss of
• MHC class I or APM
• activating ligands 
Induction of
• inhibitory ligands
• immune suppressive cytokines
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Studiennummer Drug Behandlung Kombination Mechanismus Status Patienten Phase

NCT02054884 F16-IL-2
Antikörper-

IL-2-Fusionsprotein
Paclitaxel

IL-2 transport ins 

Tumorstroma
rekrutiert 45/90 2

NCT02465957 aNK
Transfer von aktivierten 

NK-92 Zellen
-

NK-Zell vermittelte Lyse von 

Tumorzellen
rekrutiert 24 2

NCT01440816 IL-12-Plasmid IL-12-DNA Elektroporation -

Verstärkt TH1-Antworten, 

erhöht IFN-γ und zytolytische

Aktivität

aktiv 15 2

NCT02267603 Pembrolizumab Anti-PD-1 -
Blockiert inhibitorische

Signale an CD8+ T- Zellen rekrutiert
50 2

NCT02488759

(virus ass. Tumors)
Nivolumab Anti-PD-1 -

Blockiert inhibitorische Signale 

an CD8+ T- Zellen aktiv
199 1/2

NCT02155647 Avelumab Anti-PD-L1 -
Blockiert inhibitorische

Signale an CD8+ T- Zellen
aktiv 88 2

NCT02196961 Ipilimumab
CTLA-4 blockierender 

Antikörper
-

Blockiert CTLA-4 vermittelte 

Aktivierung von 

Immunantworten
rekrutiert

222 2

NCT01758458 CD8+ T cells Adoptive T-Zell-Therapie Aldesleukin

Expansion und Aktivierung 

von tumor-reaktiven 

Lymphozyten 
rekrutiert

16 1/2

NCT02035657
GLA-SE Toll-like Rezeptor-4 

Agonist
- Immunstimulation aktiv 10 1

NCT02036476 Cabozantinib
Rezeptortyrosinkinase-

Inhibitor
-

Inhibition des 

Tumorzellwachstums rekrutiert
12 2

NCT02514824 MLN0128 mTOR Kinase-Inhibitor -
Inhibition des 

Tumorzellwachstums
rekrutiert 34 1/2

NCT02351128 Lanreotide Somatostatin-Analogon -
Inhibition des 

Tumorzellwachstums

rekrutiert
35 2

MCC: Klinische Studien

www.clinicaltrial.gov (Februar 2016)
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NCT02196961: Ipilimumab Adjuvant
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Anti PD-1 for advanced MCC
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TCR

T Cell

Tumor

Cell

MHC

Activated

Activation
PD-1

PD-L1

• Multicenter, Phase II, single arm 

of pembrolizumab, 2mg/kg q3wks 

as first line therapy

• PI: Paul Nghiem and the Cancer 

Immunotherapy Trials Network 

(CITN), CTEP

• ClinicalTrials.gov Identifier: 

NCT02267603
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TCR

T Cell

Tumor

Cell

MHC

Activated

Activation

PD-1

PD-L1

Anti-PD-L1 for advanced MCC

• Phase II, single arm of avelumab

10 mg/kg q2wks as second line
therapy

• Multicenter US and Europe

• PI: Howard Kaufman, Rutgers 

University

• ClinicalTrials.gov identifier: 

NCT02155647
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BOR by RECIST v1.1* (n=88)

Complete response, n (%) 8 (9.1)

Partial response, n (%) 20 (22.7)

Stable disease, n (%) 9 (10.2)

Progressive disease, n (%) 32 (36.4)

Non-CR/non-PD, n (%) 1 (1.1)

Non-evaluable, n (%) 18 (20.5)

Objective response rate, % (95.9% CI)† 31.8 (21.9, 43.1)

* Confirmed best overall response according to independent review committee assessment.
† A repeated CI for ORR (95·9% CI for the primary analysis) was calculated to account for the group sequential testing approach.

2/8 CRs occurred in patients with visceral disease

J Clin Oncol. 2016;34 (suppl; abstr 9508).

NCT02155647 - Avelumab

Effective for therapy resistant MCC
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Neither MCPyV nor PD-L1 status predict 

response to Avelumab
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n=88
Any grade

n (%)

Grade 3

n (%)

Any TRAE 62 (70.5) 4 (4.5)

Fatigue 21 (23.9) 0

Infusion-related reaction† 15 (17.0) 0

Diarrhea 8 (9.1) 0

Nausea 8 (9.1) 0

Asthenia 7 (8.0) 0

Rash 6 (6.8) 0

Decreased appetite 5 (5.7) 0

Maculopapular rash 5 (5.7) 0

* Based on the worst grade per patient.
† composite definition with 5 different MedDRA terms. Signs and symptoms of a potential 
infusion-related reaction (eg, fever, chills, or rigors) reported on the day of infusion were 
queried with investigators to ascertain whether an AE of “infusion-related reaction” should be 
recorded. 

Avelumab: Toxicity and side effects
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BMS CA 209-358 (Nivo)

Non-Comparative, Two-Cohort, Single Arm, Open-Label, 

Phase 1/2 Study of Nivolumab (BMS-936558) in Subjects 

with 

Virus-positive Solid Tumors

ClinicalTrials.gov - NCT02488759

Cohort A (Biopsy / Neoadjuvant): 84 subjects prior to surgery 

Cohort B (Metastatic): 115 subjects with recurrent or metastatic 
disease who have had one prior line of therapy for recurrent or 
metastatic disease 
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BMS CA 209-358 (Nivo)

Tumor Types

•EBV Gastric

•HPV SCCHN 

•HPV GYN (cervical/vulvar)

•M CC

Screening Treatm ent
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Up to 4 weeks

ORR

Tumor Types

•EBV NPC

•EBV Gastric

•HPV SCCHN

•M CC

•HPV GYN 

(cervical/vulvar)

Treatment Options

•Standard of Care † or 

• Nivolumab ‡ 3 mg/kg 

IV q14 days until

toxicity or progression 

if medically eligible (i.e. 

meet criteria for 

metastatic cohort)

Nivo 

M onotherapy

3mg/kg Q2wk 

Until toxicity or 

progression

M in 12  

weeks

Survival

M ax 3 years

M in 12 

weeks

• ≥≥≥≥     ����    prior

treatment for 

m etastatic

disease

• ≥≥≥≥     ����    target

lesion

• ECOG PS: 0-1

•Imaging every 6 weeks starting

at week 6 for the first year of 

treatment. 

•Imaging every 12 weeks starting

at year 2 and beyond

Biopsy

(Prior to 

1st dose)

Nivo 

M onotherapy

3mg/kg x 2 doses

10 subjects ≥≥≥≥     ���� ��������				



ִִִִ    analysis ≥≥≥≥
Addtional 6 subjects if ≥≥≥≥     ���� ��������    ������������				    surgery delayed > 6 weeks due to AE

Biopsy or 

Surgical

Resection

(Day 28)
N=16 with Virus + for each tumor type

N=5  with Virus – for each tumor type 

except MCC

Subsequent Treatm ent

N=23 for each tumor type

On-Treatm ent Assessm ent
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ΣΣΣΣummary
• MCC is an immunogenic tumor eliciting adaptive T cell

responses

• Immune responses impact the course of disease

• MCC is prone to multiple immune escape mechanisms

• PD-L1 is expressed on MCC cells, stroma cells or both

and appear to be a prognostic marker depending on 

which cell expresses it

• PD-1/PD-L1 immune checkpoint blockade is

an efficient therapeutic option! 
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