
Abstract. Aim: We sought to clarify whether the expression
of toll-like receptors (TLR) in Merkel cell carcinoma (MCC)
is linked to tumor and patient characteristics, especially the
presence of Merkel cell polyoma virus (MCV). Materials and
Methods: The study comprised of 128 patients with data on
Merkel cell polyomavirus (MCV) status and clinical features
were included in the study. Immunohistochemistry for TLR
expression was performed on tissue microarray (TMA)
slides. Results: TLR 2, 4, 5, 7 and 9 expression was noted in
most of the tumor specimens. Decreased expression of TLR 9
correlated strongly with MCV positivity. Cytoplasmic TLR 2
expression correlated with small tumor size, while nuclear
TLR 2 and TLR 5 expressions with larger tumors. Increased
nuclear TLR 4 expression and decreased TLR 7 expression
were associated with older age. Conclusion: TLR 2, 4, 5, 7
and 9 appear to reflect certain clinicopathological variables
and prognostic markers of MCC tumors. 

Merkel cell carcinoma (MCC), a primary neuroendocrine
skin cancer is considered one of the most aggressive cuta -
neous malignancies (1). It occurs typically in fair-skinned
elderly individuals and more frequently than expected in
immuno suppressed individuals. The course of disease
correla tes inversely with large tumour size, meta stasis-
positive nodal status and distant metastasis (2). 

In 2008, a previously unknown double-stranded DNA
polyomavirus was found in MCC tumours and metastases and
named Merkel cell polyoma virus (MCV) (3), which is

clonally integrated in MCC tumor genomes. MCV is, hence,
considered to be an important causative agent for the
development of a significant proportion of MCCs (4, 5) and it
has been suggested that possibly all MCCs harbour MCV (6).
According to the "hit and run" hypothesis, MCV is a causal
factor for MCCs. Once the succeeding carcinogenic mutations
have occurred, the infected cells begin to lose detectable viral
antigen, while the oncogenic phenotype is retained (7). None
of these hypotheses has, however, gained popularity and the
current perspective favours the interpretation that there are
both MCV-positive and -negative tumours in MCC. 

Infectious agents have been recognized as causative
factors in 20% of cancers (8). The impaired immunological
functions of the host, such as an immunosuppression or
immunocompromise, precedes the occurrence of certain
malignancies of which a vast majority are indeed virus-
induced cancers (9). Reducing the viral burden through
elimination of the virus-infected cells is an important way to
control these cancers and immunocompetent hosts are at a
higher risk of developing a virus-induced cancer (10). 

Toll-like receptors (TLRs) are key players in innate immune
recognition. In healthy tissues, TLRs support homeostasis by
detecting harmful molecular structures of both pathogens (11-
13) and injured or dead cells (14, 15). Activation of TLRs
initiates intracellular signalling pathways leading to gene
transcription regulation, cell proliferation, differentiation,
mitosis, cell-cycle regulation, apoptosis and secretion of co-
stimulatory factors and cytokines (16, 17). The same signaling
pathways are also involved in certain abnormal conditions. In
dysplasia and cancer, the activation of TLRs can launch
cascades leading to malignant transformation by inducing, for
instance, apoptosis resistance and immune escape of cancerous
cells by producing such immune modulatory cytokines as
nitric oxide synthase 2, cyclooxygenase 2 (COX-2), vascular
endothelial growth factor (VEGF) and transforming growth
factor beta (TGF-β) (18-20). On the other hand, TLRs in
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cancer can also cause tumour inhibition, thus, the description
of the role of TLRs in cancer is relatively ambiguous (21-23).

The aim of the present study was to further explore the
markers of inflammation in MCC by evaluating
immunohistoche mical expression of Toll-like receptors 2, 4,
5, 7 and 9 in multi-tissue array samples and study if their
expression is linked to MCV, tumour characteristics and
disease outcome parameters. 

Materials and Methods

The study protocol was approved by the Ethics Committee of
Helsinki University Central Hospital. The Ministry of Health and
Social Affairs granted permission to collect patient data and the
National Authority for Medicolegal Affairs to collect and analyse
the tissue samples.

Data on patients diagnosed with MCC in Finland during 1979-
2004 were obtained from the Finnish Cancer Registry and the files
of Helsinki University Hospital. Detailed data on patient and tumour
characteristics, including tumour size, location, local recurrence,

local and systemic metastasis, as well as survival, were obtained
from the hospital and primary health care centre files. The clinical
characteristics of the patients are illustrated in Table I. 

The formalin-fixed, paraffin-embedded tissue blocks of patients
included in this survey were retrieved from the archives of the
Department of Pathology. The histology and immunohistochemical
verification of the tumour samples has been described previously in
detail (24). For histological diagnosis of MCC, we required that
morphology was compatible with MCC in light microscopy,
positivity for CK-20 and negative staining for TTF-1. The longest
diameter of the tumour was measured from hematoxylin and eosin
stained slides. For this current survey, we utilized a multi-tissue
array (TMA), including specimens from the 128 patients that had
been recruited to our previous study on the clinical features of MCC
and information on MCV status. The TMA block included an
average of two 0.7 mm specimens from each tumour. 

Patients were retrospectively staged according the American Joint
Committee on Cancer (AJCC) staging system (2). In brief, patients
with primary MCC with no clinical or pathological evidence of
regional or distant metastases were divided into two stages: stage I
for primary tumours ≤ 20 mm and stage II for primary tumours >20
mm. Stages I and II were further divided into substages A and B
according to a method of nodal evaluation; for stage A, microscopic
evaluation of draining lymph nodes was performed, while stage B was
defined as those evaluated clinically. For patients with histologically
proven micrometastasis, the stage was defined as IIIA; this included
all tumour sizes. Stage IV comprised tumours of any size and regional
lymph node status with systemic spread of metastasis. 

Immunohistochemistry. Four-μm sections were cut from the TMA
blocks. Slides were deparaffinised in xylene and rehydrated through
an alcohol gradient to water. For antigen retrieval, slides were heated
in 98°C Tris-HCl buffer (pH 8.5) for 20 min in PT-module (LabVision
UK Ltd, Newmarket, UK). Immunohistochemical staining was
performed with Autostainer 480 (LabVision UK Ltd) with Dako
REAL Envision Detection System, Peroxidase/ DAB+, Rabbit/Mouse
(Dako, Glostrup, Denmark) as described (25). The following primary
antibodies were used: polyclonal rabbit anti-human TLR 2, 4 (1:50,
sc-10739 and sc-10741) and 9 (1:100, sc-25468; Santa Cruz
Biotechnology, Santa Cruz, CA USA) and monoclonal rabbit anti-
human TLR 7 (1:300, IMG-581A; Imgenex, San Diego, CA, USA). 
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Table I. The demographic data and tumour-related factors of the Merkel
cell carcinoma patients.

All 128

Gender
Male 39 (31.0 %)
Female 87 (69.0 %)

Age, years
≤50 3 (2.4 %)
51-69 28 (22.2 %)
≥70 95 (75.4 %)

Tumor location
Head and neck 69 (54.8 %)
Lower extremity 25 (19.8 %)
Upper extremity 23 (18.3 %)
Trunk 9 (7.1 %)

Tumor size
Mean diameter, mm 19.2
≤20mm 88 (69.8 %)
>20mm 38 (30.2 %)

Merkel cell polyoma virus status
Positive 83 (65.9 %)
Negative 30 (23.8 %)
Not evaluated 13 (10.3 %)

American Joint Committee on 
Cancer status at presentation

I 81 (64.3 %)
II 30 (23.8 %)
III 10 (7.9 %)
IV 5 (4.0 %)

Overall survival
3-year 49.6 %
5-year 36.0 %

Merkel cell carcinoma specific survival
3-year 75.7 %
5-year 68.8 %

Table II. Expression of Toll-like receptors (TLRs) 2, 4, 5, 7 and 9 stratified
by their scores.

Number of cases Missing

Immuno- 0 (%) 1 (%) 2 (%) 3 (%) values
expression

TLR 2 (cp) 17 (22.1) 25 (32.5) 18 (23.4) 17 (22.1) 49
TLR 2 (n) 42 (54.5) 5 (6.5) 13 (16.9) 17 (22.1) 49
TLR 4 (cp) 19 (25.3) 24 (32.0) 24 (32.0) 8 (10.7) 51
TLR 4 (n) 64 (85.3) 6 (8.0) 3 (4.0) 2 (2.7) 51
TLR 5 69 (82.1) 7 (8.3) 4 (4.8) 4 (4.8) 42
TLR 7 NA 18 (23.4) 30 (39.0) 29 (37.7) 49
TLR 9 (cp) 1 (1.4) 18 (25.4) 30 (42.3) 22 (31.0) 55

n, Nuclear staining; cp, cytoplasmic staining; NA, non-available.



Interpretation of staining. Immunohistochemical staining was
evaluated semi-quantitatively; percentages of positive cells were
estimated and scored. Scores ranged from 0 (no staining), 1 (mild
staining, 30% or less), 2 (moderate staining, 31-70%), to 3 (strong
staining, more than 71%). For TLR-2 and TLR 4, both cytoplasmic
and nuclear positivity and intensity was scored, whereas for TLR-9
the cytoplasm intensity was scored. For TLR 5 and TLR 7, the
stratification for nuclear or cytoplasmic staining was omitted and
immunoexpression was scored as such. 

Statistical analysis. The SPSS Version 20.0 (SPSS, Inc., Chicago,
IL, USA) was used for statistical analysis of the data. The Mann-
Whitney U test was used for comparing the staining patterns with
MCV-status. The Kendall tau-b was used for comparing the staining
patterns with primary tumour diameter. The Spearman rank
correlation was used to compare the staining patterns with age. The
log-rank test was used in univariate analysis. The level of statistical
significance was established below 0.05.

Results

The staining results of TLRs 2, 4, 5, 7 and 9 in MCC are
summarized in Table II. 

Correlations between TLRs and MCV status. The expression
of TLR 9 varied according to MCV status. Increased
positivity of TLR 9, with a mean score of 2.47, was
connected with MCV negativity, while lower TLR 9
expression, mean score 1.87, was associated with MCV
positivity (p=0.012). Expression scores of TLRs other than 9
did not correlate with MCV status. 

TLR expression and tumour diameter. When comparing the
TLR expressions with tumour size, cytoplasmic TLR 2
demonstrated strong expression in small tumours; the mean
expression in tumours with diameter ≤ 10mm was 2.00
compared to 1.31 of larger tumours (p=0.022), (Figure 1). In
contrast, larger than 10mm tumours showed higher nuclear
TLR 2 expression of 1.23, compared to mean nuclear
expression of 0.44 in smaller tumors (p=0.025). TLR 5
stained mostly mildly in tumors >10mm, with a mean
expression of 0.40, compared with negative TLR 5
expression in ≤10mm tumors (p=0.040). No correlation was
noticed between the tumour diameter and other TLRs
immunoexpression. 

TLR expression and other clinicopathological parameters.
Tumors showed no distinct patterns in MCV status,
recurrences or metastases according to TLR 2 expression,
even when we analysed two categories according to their size
(≤10 mm and >10 mm). Despite the fact that TLR 2
expression decreased in larger tumours, no prognostic value
for TLR 2 expression or tumour size was established.
Similarly, the expression of other TLRs did not prognosticate
survival significantly. 

Expression of nuclear TLR 4 was increased (p=0.005)
(Figure 2) and TLR 7 (Figure 3) was decreased (p=0.025) in
elderly MCC patients. No correlation between TLR
expression and AJCC stage, primary tumor localization or
disease recurrence was noticed.

Discussion

We analyzed the expression of five TLRs, namely TLR 2, 4,
5, 7 and 9 immunohistochemically in MCC. The expression
of the studied TLRs had significant correlations with
previously validated prognostic factors, such as MCV status,
tumor size and patient age. Decreased expression of TLR 9
connected strongly with MCV positivity. Other significant
results in this present study was high cytoplasmic TLR 2
expression in small tumours and enhanced nuclear TLR 2
and TLR 5 expression in larger tumors. Older age of the
MCC patients associated with increased nuclear TLR 4
expression and decreased TLR 7 expression. 

We and others have shown that MCV infection is an
essential causal factor to MCC and that MCV positive and
negative tumours differ from each other by means of
molecular and clinical features (5, 26, 27). Other oncogenic
viruses, such as Epstein-Barr virus, papillomavirus 16 and
hepatitis B virus, down-regulate TLR 9 expression (28-31).
Similarly in MCC, MCV-transfected cells down-regulate TLR
9 via the transcription factor C/EBPβ, a mechanism distinct
from other oncogenic viruses (32). In the present current
study, we found evidence that TLR 9 expression is decreased
in MCV-positive MCCs, although we failed to find prognostic
implication for TLR 9 in MCC. The exact biological and
functional role of TLR 9 in MCC remains pending.

The course of disease in MCC is characterized by rapid
tumour growth. The tumour may grow into considerable size
in just a few months, although the median time from lesion
appearance to biopsy is only about three months (33). Apart
from being an important feature in staging, tumour size
(especially tumor size >2 cm) remains an important
prognostic factor (34). Studies on assessing the effect of
tumour thickness on outcome have, however, failed to report
dependence (35, 36). For instance, our previous study shows
that small tumor size at presentation is not a marker for
indolent tumour pathobiology (37). 

TLR 2 is involved in the recognition of a wide range of
pathogen-associated molecular patterns (PAMPs) derived
from bacteria, fungi, parasites and viruses (38). Therefore,
our current finding, that the expression of TLR 2 is not
connected with MCV status but correlated with tumor size,
may apply to other oncogenic factors apart from MCV. In
colorectal carcinoma, the invasiveness and ability to migrate
is mediated through a TLR 2-dependent pathway, whereas
inhibition of TLR 2 signalling reduces malignant potential
of cancer cells (39). In hepatocellular carcinoma, the ligation
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of TLR 2 increases tumour growth (40) and in a gastric
cancer mouse model, the activation of TLR 2 prolongs
tumour cell survival and proliferation rather than tumour-
related inflammation (41). These results obtained from other
types of malignancies are in line with our current ones; large
MCC tumors lack cytoplasmic TLR 2 expression, even
though the nuclear expression was increased. Based on our
results, we may suggest that the switch of cytoplasmic TLR
2 expression to nuclear positivity is associated with tumour
growth in MCC regardless of MCV status. TLR 5, which
was also connected with larger tumour diameter in this study,

increases carcinogenesis in a variety of different cancer
types, such as oral, tongue, oesophageal and cervical cancers
(42-44). The role of TLR 5 in cancer is, however,
controversial, as the activation of TLR 5 promotes tumour
migration and invasion in salivary gland adenocarcinoma,
(45) but also mediates the immune system’s antitumor
activity in breast cancer (46). 

Many studies have suggested a pivotal role for TLR 4 in
cancer. For example, in follicular thyroid cancer, a strong TLR
4 expression predicts poor outcome (47) and in cutaneous
malignant melanoma, strong TLR 4 expression reveals an
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Figure 1. TLR-2 expression in MCC. (A) Strong nuclear expression, (B) Strong cytoplasmic expression, (C) negative TLR sample.

Figure 2. TLR-4 expression in MCC.(A) Strong nuclear, (B) Mild cytoplasmic, (C) negative for TLR 4 sample.



increased risk for recurrences (48). Concerning MCC, we
found a higher TLR 4 expression in tumors from elderly
patients. Despite its unclear role in cancer, treating cancer
through the TLR 4 pathway is considered to be a promising
alternative. Currently, the feasibility of a TLR 4 agonist, the
Glucopyranosyl Lipid Adjuvant-Stable Emulsion (GLA-SE) is
studied (http://clinicaltrials.gov/ show/NCT02035657). The
desired anti-cancer activity of this agonist is mediated through
dendritic cells, which are manipulated to produce T helper-1
cell-promoting cyto kines, tumour necrosis factor-α, interleukin
(IL)-1β, IL-6 and IL-12 in a manner mimicking the actions
induced by pathogens (49). Like TLR 4, the activation of TLR
7 in cancer may also have both beneficial and harmful
consequences as the agonist imiquimod activates necrosis and
apoptosis in oral cancer, whereas, in lung cancer, TLR 7
activation leads to increased chemoresistance and cancer cell
survival (50, 51). We failed, however, to find any connection
between outcome or tumor characteristics and TLR 4 and 7

expression in MCC, whilst they were connected with older
age. Peripheral blood leukocytes and dendritic cells show an
age-related decrease in TLR 7 expression (52, 53). TLR 4
expression is up-regulated in muscle tissue of elderly people
but down-regulated in peripheral blood leukocytes and colon
mucosa cells. On the basis of age-related TLR expression
pattern variation, we could speculate that our finding of TLR
4 and 7 expression patterns in elderly people might reflect the
overall impact of aging. 

In conclusion, we report that the expression of TLRs was
connected with previously established clinical and
epidemiological prognostic markers and provides molecular
evidence to strengthen their importance. The methodology used
in this current study, measuring the immunohistochemical
expression of TLRs, should raise new questions on the
pathobiological basis for these prognostic markers. In general,
we could suggest that TLRs do have a role in MCC tumor
biology.
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Figure 3. TLR-7 and-9 expression in MCC. Mild cytoplasmic TLR7 expression (A) and strong expression (B). Mild cytoplasmic TLR-9 expression (C)
and strong expression (D).
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