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Merkel cell carcinoma is a rare, aggressive skin can-
cer in which Merkel cell polyoma virus (MCPyV) is fre-
quently pathogenically involved. After failure of anti-
programmed cell death protein 1/programmed cell 
death ligand 1 immunotherapy, therapeutic options for 
advanced disease are limited. The contribution of the 
coinhibitory checkpoint molecule T cell immunorecep-
tor with immunoglobulin and immunoreceptor tyros-
ine-based inhibitory motif domain (TIGIT), a regulator 
of exhausted CD8+ T cells, to the immunosuppressive 
Merkel cell carcinoma microenvironment is understu-
died. This study evaluated the immunohistochemical 
expression of tumour (Tumor Proportion Score, TPS) 
and infiltrating immune cells (Immune Cell Score, ICS) 
for programmed cell death ligand 1, TIGIT, its high-
affinity receptor CD155, and CD8 in 21 primary Merkel 
cell carcinoma and 6 metastases. Unlike CD155, TIGIT 
was abundantly expressed by tumour and immune 
cells and independent of the MCPyV status, determined 
by RT-PCR. Programmed cell death ligand 1+ immune 
cells were significantly increased in TIGIT TPS-positive 
and MCPyV-positive primary MCC along with significant 
intercorrelations of programmed cell death ligand 1 
and TIGIT immune cell expression and CD8+ infiltrates. 
Programmed cell death ligand 1 IC-positivity correla-
ted with superior disease-specific survival. The data 
indicate that TIGIT may contribute to local immune 
dysfunction in Merkel cell carcinoma, beyond program-
med cell death ligand 1 and independent of MCPyV, and 
provide a rationale to further explore TIGIT as a poten-
tial target for Merkel cell carcinoma immunotherapy. 
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Merkel cell carcinoma (MCC) is a rare, highly aggres-
sive epithelial skin cancer with differentiation that 

characteristically occurs in chronically ultraviolet (UV)-
exposed body sites of elderly and/or immunosuppressed 
patients (1–3). Apart from UV radiation, Merkel cell 
polyoma virus (MCPyV) is a chief pathogenic driver in 
approximately 70–80% of MCC cases (2–4). 

Considered an immunogenic cancer, MCC immunoge-
nicity is thought to be largely conveyed by the constitu-
tive expression of oncogenic MCPyV-encoded proteins, 
i.e., small and large transforming antigen, in McPyV-
positive (VP)-MCC and a high mutational burden due 
to UV exposure in MCPyV-negative (VN)-MCC (1, 2, 
5). Brisk immune cell infiltration, particularly with CD8+ 

tumour infiltrating lymphocytes (TIL), is observed in 
some MCC and has been reported to favourably influence 
clinical outcomes in some studies (2, 5–9). However, 
various inhibitory immune checkpoints (iICP) expres-
sed by solid cancers and their tumour microenvironment 
(TME) may contribute to local immune dysfunction by 
inducing exhaustion of CD8+ cytotoxic T cells and other 
anti-tumour effector immune cells (10–14). 

Until recently effective therapeutic options for advanced- 
stage MCC have been limited, resulting in a poor prog-
nosis and high disease-specific mortality (2, 3, 15). The 
identification of iICP and their targeted interruption by 
therapeutic antibodies led to the establishment of effec-
tive immunotherapies for multiple advanced cancers, 

SIGNIFICANCE
Merkel cell carcinoma is a rare, aggressive skin cancer often 
linked to a virus (Merkel cell polyoma virus). When immuno
therapy targeting anti-programmed cell death protein 1/pro-
grammed cell death ligand 1 fails, treatment options are limi-
ted. This study examined the role of TIGIT, a molecule tied 
to immune cell exhaustion, and other tumour and immune 
cell markers in Merkel cell carcinoma samples. Regardless 
of Merkel cell polyoma virus presence, TIGIT was regularly 
expressed in Merkel cell carcinoma and metastases. TIGIT 
immune cell expression correlated with CD8 immune cell 
density and programmed cell death ligand 1 immune cell 
expression, a positive prognosticator of survival. The findings 
propose TIGIT may be a potential target for new combination 
immunotherapies for Merkel cell carcinoma.
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including MCC. Monotherapy targeting the iICP PD-L1/
PD-1 evolved as standard of care for advanced-stage 
MCC, demonstrating effective and durable anti-tumour 
responses in both VP-MCC and VN-MCC (1, 16, 17).

However, while treatment outcomes of immune 
checkpoint inhibitors (ICIs) are impressive, primary 
and secondary resistance remains a challenge in almost 
two-thirds of advanced MCC patients failing to respond 
to therapeutic PD-L1/PD-1 blockade (1–3, 15–17). 
Further, unlike in other cancers, quantification of PD-L1 
expression by tumour cells and/or immune cells does not 
predict response to ICIs in MCC (9, 15), indicating the 
need for identification of predictive biomarkers and novel 
targets for conceivably combined therapeutic strategies 
for advanced-stage MCC (3, 18).

A central role in impeding anti-tumour responses has 
recently been assigned to a T cell immunoreceptor with 
immunoglobulin and immunoreceptor tyrosine-based 
inhibitory motif (ITIM) domain (TIGIT). TIGIT is a 
member of the immunoglobulin superfamily with well-
documented expression on T cells and NK cells (14, 
19, 20). In addition to its roles in other immune cells, 
TIGIT is considered a marker of exhausted CD8+ T cells 
and may negatively regulate effector immune responses 
by several mechanisms, including directly transmitting 
cell-intrinsic inhibitory signals or by interacting with its 
high-affinity ligand CD155 (poliovirus receptor, PVR) 
(14, 19, 20). 

The TIGIT/CD155 axis has been tied to resistance to 
ICIs in melanoma (21) and we and others recently high-
lighted TIGIT/CD155 as potential contributors to immune 
exhaustion and as possible new therapeutic targets in diffe-
rent cancers (14, 22–28). Yet, expression of TIGIT/CD155 
by rare skin cancers, such as MCC, is not well established 
with only 1 single study examining the prognostic value 
of Forkhead helix transcription factor P3 (FOXP3) and the 
TIGIT/CD155 axis in MCC of Asian patients (6).

In this study, we comprehensively assessed the col-
lective landscape of immunomorphology patterns of 
PD-L1, TIGIT, and CD155 of both tumour and immune 
cells in primary MCC and cutaneous metastases. We 
further disclose reciprocal correlations of these iICP and 
examined their potential association with clinicopatholo-
gical parameters, including the presence of MCPyV and 
disease-specific survival. Our study provides a rationale 
for further investigating the potential of ICI targeting 
TIGIT in MCC.

MATERIALS AND METHODS

Patients and samples
A total of 27 tissue samples from 26 patients were ana-
lysed, comprising 21 primary MCC and 6 cutaneous 
metastases. All patients underwent routine surgery for 
their tumours or metastases at the Department of Der-
matology, University Hospital of Heidelberg, Germany. 

Included patients were not treated with ICIs prior to 
surgery. Clinicopathological parameters, including age 
at diagnosis, sex, tumour site, stage, and survival were 
determined through medical records and preoperative 
photographs. Diagnoses and histopathologic features 
of all samples were determined by board-certified der-
matopathologists. Formalin-fixed paraffin-embedded 
(FFPE) samples were retrieved from the tissue bank of 
the Department of Dermatology, University Hospital 
Heidelberg (Biobank of the National Center for Tumor 
Diseases Heidelberg, Germany) in accordance with insti-
tutional guidelines. The study was approved by the ethics 
committee of Heidelberg University and all participants 
gave prior written informed consent. 

Immunohistochemistry
Immunohistochemistry (IHC) of serial 3µm FFPE tissue 
sections was performed at the Biobank of the NCT Hei-
delberg, as previously described (23), on an automated 
immunostainer (Ventana BenchMark Ultra, Ventana 
Medical Systems, Oro Valley, AZ, USA) with monoclonal 
antibodies against PD-L1 (clone SP263, Roche, Basel, 
Switzerland) and CD8 (clone SP57, Roche) at the provi-
ded dilutions of the ready-to-use kits and a monoclonal 
anti-CD155 antibody (clone D8A5G, Cell Signaling 
Technology, Danvers, MA, USA) at 1:200 dilution and 
visualization by the biotin-free OptiView DAB IHC 
Detection Kit (Ventana Medical Systems). TIGIT IHC 
was performed after antigen retrieval in citrate buffer (pH 
6.0) with a monoclonal anti-TIGIT antibody (clone TG1, 
OncoDianova, Hamburg, Germany) at 1:100 dilution on a 
Bond RX automated immunostainer (Leica Biosystems, 
Nussloch, Germany) with AEC-Chromogen (Dako REAL 
EnVision Detection System, Dako, Agilent Technologies 
Inc, Santa Clara, CA, USA). Germinal centres of normal 
human tonsil tissue, showing high TIGIT expression (29), 
served as positive control for TIGIT IHC, while colon 
carcinoma served as a positive control for CD155 expres-
sion (28). Slides were counterstained with hemalaun.

Evaluation of immunostaining
In view of reported considerable intratumoral heterogen-
eity for iICP expression (30), entire tissue slides were 
analysed. Evaluation of immunostaining was performed 
as previously described (23) by a board-certified derma-
topathologist blinded to clinical parameters. Staining 
of the tumour cell component and immune cells in the 
intra- and peritumoral stroma were analysed separately 
and expressed as Tumor Proportion Score (TPS), defi-
ned as the percentage of viable tumour cells exhibiting 
complete or partial membranous staining at any intensity 
above background cytoplasmic staining (PD-L1 and CD 
155) or percentage of viable tumour cells exhibiting 
cytoplasmic staining at any intensity (TIGIT), and as 
Immune Cell Score (ICS), as previously defined for 

http://medicaljournalssweden.se/actadv
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PD-L1, respectively (31). For TIL, both cytoplasmatic 
and membranous staining were considered for positivity. 
Based on definitions used in the registrational trials 
for ICI in MCC, PD-L1 TPS positivity was defined as 
≥ 1% stained tumour cells (16–18) and PD-L1 IC posi-
tivity as ≥ 1% stained infiltrating immune cells. CD8 
immunostainings were regarded as positive in the case 
of specific cytoplasmic or membranous staining and 
expressed as the proportion of positive cells relative to 
the tumour cell area. The median value was used as cutoff 
to distinguish between high and low densities of CD8+ 
immune infiltrates. CD155 immunostaining was consi-
dered positive only in the case of a specific membranous 
staining and expressed as percentage of analysed cells, 
as previously described (22). Cut-off values for TIGIT 
and CD155 positivity in MCC are not clearly established 
and were therefore set at ≥ 5% and ≥ 1%, respectively, for 
statistical analysis, as previously suggested (2, 23, 27).

MCPyV status 
MCPyV status was determined by TaqMan Real-Time 
qPCR as previously described, using the following large 
T-antigen specific primers and TaqMan probe: forward 
primer, CCA_ AAC_CAA_AGA_ATA_AAG_CAC_
TGA; reverse primer, TCG_CCA_GCA_TTG_TAG_
TCT_AAA_AAC, and probe: FAM-AGC_AAA_AAC_
ACT_CTC_CCC_ACG_TCA_GAC_AG-BHQ1 (32). 

Statistical analyses
Analysis of immunoexpression between dichotomous 
groups defined by MCPyV status and immunoexpres-
sion status was performed by exact Mann–Whitney U 
test using R version 4.3.0 (2023-04-21; package “coin” 
version 1.4-3; R Foundation for Statistical Computing, 
Vienna, Austria) (33). IBM SPSS Statistics (version 
29.0.0.0; IBM Corp, Armonk, NY, USA) was used for 
all other analyses. Clinicopathological characteristics 
between dichotomous groups defined by immunoex-
pression status were analysed by Fisher’s exact test 
or Mann–Whitney U test (for age). Differences in the 
quantitative expression between MCC and metastases 
were assessed by Mann–Whitney U test. Spearman’s 
rank correlation was used to analyse the association 
of quantitative expression measures. As analyses were 
exploratory, no adjustments for multiple comparisons 
were performed. Disease-specific survival (DSS) was 
analysed by Kaplan–Meier estimator and log-rank test 
to compare distributions between groups. P < 0.05 was 
considered indicative of statistical significance. 

RESULTS

Clinicopathological characteristics
Baseline clinicopathological characteristics are presented 
in Table I. The majority of patients were male (53.8%). 

The median age at diagnosis was 80.7 years (range: 
52.1–92.1) and 50% of patients were initially diagnosed 
with stage I MCC. Three of the 6 analysed metastases, 
but no primary tumour, originated from immunosuppres-
sed kidney transplant recipients. Tumours were typically 
located in chronic UV-exposed sites on the upper extre-
mities (40.7%) or the head/neck area (29.6%) and were 
mostly classified as VP-MCC (55.6%). 

Immunohistochemical iICP expression and CD8+ 
infiltrates in MCC and metastases

Representative IHC results are shown in Fig. 1. PD-L1 
immunoexpression by infiltrating mononuclear immune 
cells was detected in the majority of samples (22/27, 
PD-L1 IC: median: 10%, range: 0–50%), while only 1 pri-
mary MCC displayed specific tumoral PD-L1 expression 
(PD-L1 TPS:1%). TIGIT was abundantly expressed by 
mononuclear immune cells (TIGIT IC: median: 5%, range: 
0–30%) and by tumour cells with cytoplasmic immu-
nostaining (TIGIT TPS: median: 20%, range: 0–100%). By 
contrast, specific membranous CD155 staining of tumour 
cells was observed in only 1 MCC (CD155 TPS: 50%). 
CD8+ immune cell infiltrates were detected in all samples 
with varying densities (median: 10%, range: 1–70%).

While no significant differences in iICP immunoex-
pression between primary MCC and metastases were 
noted, there was a trend for primary MCC to exhibit 
overall denser infiltration with CD8+ (p = 0.079) and 
TIGIT+ (p = 0.091) immune cells (Fig. 2).

Associations of iICP expression status and CD8+ 
profiles with clinicopathological parameters

First, we analysed whether iICP positivity at indicated 
cut-offs or the density of CD8+ immune cell infiltrates 

Table I. Clinicopathological characteristics

Sex, years, n (%)
 Male 14 (53.8)
 Female 12 (46.2)
Age, years, median (range) 80.7 (52.1–92.1)
Tissue, n (%)
 MCC 21 (77.8)
 MCC metastasis 6 (22.2)
Anatomic site, n (%)
 Head/neck 8 (29.6)
 Upper extremities 11 (40.7)
 Lower extremities 4 (14.8)
 Trunk 4 (14.8)
Immunosuppression, n (%)
 Yes /No 3 (11.5) / 23 (88.5)
AJCC stagea, n (%)
  I/II 13 (50.0) / 8 (30.8)
  III/IV 5 (19.2) / 0 (0)
Disease-specific survival, months, mean (95% CI) 31.3 (25.1–37.6)
MCPyV status, n (%)
 Negative 12 (44.4)
 Positive 15 (55.6)

aAt the time of primary diagnosis, according to the American Joint Committee 
on Cancer staging (AJCC) for Merkel cell carcinoma, 8th edition. Clinical and 
pathological stages combined. Mean disease-specific survival (DSS) representing 
the time from histological diagnosis to MCC-specific death with 95% confidence 
intervals (CI). MCC: Merkel cell carcinoma, MCPyV: Merkel cell polyoma virus.

http://medicaljournalssweden.se/actadv
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were associated with clinicopathological features (Table 
II). While only 1 primary MCC displayed specific 
tumoral PD-L1 at a ≥ 1% cut-off, the vast majority of 
samples exhibited PD-L1 IC positivity (81.5%). TIGIT 
TPS positivity (77.8%) and TIGIT IC positivity (66.7%) 
was detected in the majority of samples, particularly in 
primary MCC (TIGIT TPS positivity: 16/21; TIGIT IC 
positivity: 15/21). Some 50% of MCC metastasis (3/6) 
and the majority of primary MCC (16/21, 76.2%) dis-
played high CD8+ immune cell infiltration. 

Sex and age were neither associated with iICP immu-
noexpression nor CD8+ TIL density. No association with 
clinicopathological parameters was noted for TIGIT 
positivity, CD155 positivity or CD8+ TIL density. PD-L1 
IC positivity was significantly associated with the pre-

sence of MCPyV with all VP-MCC exhibiting a positive 
PD-L1 IC status (p = 0.01). Further, most samples with 
positivity for PD-L1 IC (15/22, 68.2%), TIGIT IC (11/18, 
61.1%), and TIGIT TPS (13/21, 61.9%), as well as the 
only CD155 expressing MCC, were MCPyV positive.

Associations of MCPyV-status, iICP expression, and 
CD8+ immune cell density

Taking into account the high frequency of VP-MCC 
with a positive iICP status at the indicated cut-offs (see 
Table II) and the reported impact of viral antigens on 
iICP expression by tumour or immune cells (34, 35), we 
further stratified samples according to MCPyV status 
to examine differences in iICP expression and CD8+ 

Fig. 2. Immunoexpression of PD-L1 
and TIGIT and density of CD8+ immune 
infiltrates in primary Merkel cell 
carcinoma and cutaneous metastases. 
P-values are obtained by Mann–Whitney U 
test. P < 0.05 was considered statistically 
significant. MCC: Merkel cell carcinoma, PD-
L1: programmed death-ligand 1, TIGIT: T cell 
immunoreceptor with immunoglobulin and 
immunoreceptor tyrosine-based inhibitory 
motif.

Fig. 1. Immunohistochemical staining. Representative examples of primary Merkel cell carcinoma with immunohistochemical expression of programmed 
death-ligand 1 (PD-L1) of immune cell infiltrates. (A) PD-L1 Immune Cell Score (ICS) of whole tumour section: 30%), tumour cell expression of T-cell 
immunoreceptor with immunoglobulin and immunoreceptor tyrosine-based inhibition motif domain (TIGIT). (B) left panel: tumoral TIGIT expression of 
whole tumour section, 60%, immune cell expression of TIGIT; right panel: TIGIT IC of whole tumour section, 10%, CD155 immunoexpression of tumour 
cells. (C) CD155 expression of whole tumour section, 50% and CD8+ infiltrating immune cells. (D) CD8+ tumour infiltrating lymphocytes (TIL) density of 
whole tumour section, 20%. Selected tissue slides were digitalized using an Aperio AT2 Slide scanner (Leica Biosystems, Nussloch, Germany) for image 
acquisition with Aperio Image Scope Software (version 12.4.0.5043, Leica Biosystems). Original magnification ×100 (upper panels; scale bars: 300 μm) 
and insert ×400 (lower panels; scale bars: 60 μm). 

http://medicaljournalssweden.se/actadv


A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

5/10 F. Toberer et al. “TIGIT expression in Merkel cell carcinoma”

Acta Derm Venereol 2025

immune cell density between VN- and VP-MCC (Fig. 
3). In primary MCC, there was no significant difference 
regarding tumoral and immune cell expression of TIGIT 
in VP-MCC and VN-MCC (Fig. 3B and C). However, in 
VP-MCC, PD-L1+ (Fig. 3A, p = 0.003) and CD8+ (Fig. 
3D, p = 0.043) immune cell infiltrates were significantly 
enhanced compared with VN-MCC. In MCC metastases 
no significant association of iICP expression or CD8+ 
infiltrates with MCPvV status were found (Fig. S1).

Reciprocal relationships between iICP status and 
CD8+ host immunity
Samples were stratified for their iICP status and CD8+ TIL 
density at indicated cut-offs to examine their reciprocal 
relationships. In PD-L1 IC-positive tumours, CD8+ (Fig. 
4A, p = 0.001) and TIGIT+ (Fig. 4B, p = 0.002) immune 
cell infiltrates were significantly increased. TIGIT IC-

positive MCC displayed significantly increased CD8+ 
(Fig. 4C, p = 0.0002) and PD-L1+ (Fig. 4D, p = 0.005) 
immune cell infiltrates compared with TIGIT IC-negative 
primary tumours. MCC with high CD8+ density displayed 
significantly higher immune cell expression of PD-L1 
(Fig. 4E, p = 0.0005) and TIGIT (Fig. 4F, p = 0.0001) 
compared with MCC with low CD8+ immune cell density. 
While stratification for TIGIT TPS positivity neither exhi-
bited significant differences regarding the density of CD8+ 
(Fig. 4G) nor TIGIT+ immune cell infiltrates (Fig. 4I), 
PD-L1+ immune cell infiltrates were significantly enriched 
in TIGIT TPS-positive MCC (Fig. 4H, p = 0.009).

Correlation of iICP expression and CD8+ infiltrates

To gain additional insights into iICP expression pat-
terns we examined the correlations of dichotomous 
iICP expression and CD8+ TIL densities by Spearman’s 

Table II. Clinicopathological parameters by PD-L1, TIGIT, CD155 expression status, and CD8+ immune cell density at indicated cut-offs

Item

PD-L1 
TPS neg.
< 1%
n (%)

PD-L1 
TPS pos.
≥ 1%
n (%)

p- 
value

PD-L1 
ICS neg.
< 1%
n (%)

PD-L1
ICS pos.
≥ 1%
n (%)

p- 
value

TIGIT 
TPS neg.
< 5%
n (%)

TIGIT 
TPS pos.
≥ 5%
n (%)

p- 
value

TIGIT
ICS neg.
< 5%
n (%)

TIGIT
ICS pos.
≥ 5%
n (%)

p- 
value

CD155 
TPS neg.
< 1%
n (%)

CD155 
TPS pos.
≥ 1%
n (%)

p- 
value

CD8+ 
low
< median
n (%)

CD8+ 
high
≥ median
n (%)

p- 
value

Sex
 Male 15 (57.7) 0 (0) 0.444 4 (80.0) 11 (50.0) 0.342 3 (50.0) 12 (57.1) 1.0 6 (66.7) 9 (50.0) 0.683 14 (53.8) 1 (100) 1.0 5 (62.5) 10 (52.6) 0.696
 Female 11 (42.3) 1 (100)  1 (20.0) 11(50.0) 3 (50.0) 9 (42.9) 3 (33.3) 9 (50.0)  12 (46.2) 0 (0) 3 (37.5) 9 (47.3)  
Age, years
 Median 80.73 72.25 0.369 85.28 78.79 0.261 83.73 80.4 0.398 80.45 80.48 0.719 80.43 88.12 0.158 80.73 79.27 0.915
Tissue
 MCC 20 (76.9) 1 (100) 1.0 4 (80.0) 17 (77.3) 1.0 5 (83.3) 16 (76.2) 1.0 6 (66.7) 15 (83.3) 0.367 20 (76.9) 1 (100) 1.0 5 (62.5) 16 (84.2) 0.319
 Metastasis 6 (23.1) 0 (0)  1 (20.0) 5 (22.7) 1 (16.7) 5 (23.8) 3 (33.3) 3 (16.7)  6 (23.1) 0 (0) 3 (37.5) 3 (15.8)  
MCPyV status
 Negative 12 (46.2) 0 (0) 1.0 5 (100) 7 (31.8) 0.01 4 (66.7) 8 (38.1) 0.357 5 (55.6) 7 (38.9) 0.448 12 (46.2) 0 (0) 1.0 5 (62.5) 7 (36.8) 0.398
 Positive 14 (56.8) 1 (100) 0 (0) 15 (68.2) 2 (33.3) 13 (61.9) 4 (44.4) 11 (61.1) 14 (53.8) 1 (100) 3 (37.5) 12 (63.2)

P-values were obtained by conducting Fisher’s exact test or Mann–Whitney U test (for age). Statistical significance p < 0.05 (in bold).
ICS: Immune Cell Score; MCC: Merkel cell carcinoma; MCPyV: Merkel cell polyoma virus; PD-L1: programmed death-ligand 1; TIGIT: T cell immunoreceptor with immunoglobulin and 
immunoreceptor tyrosine-based inhibitory motif; TPS: Tumor Proportion Score.

Fig. 3. (A–D) Inhibitory immune 
checkpoint expression and CD8+ host 
immunity stratified for the presence 
of Merkel cell polyoma virus (MCPyV) 
in primary Merkel cell carcinoma. 
P-values are obtained by exact Mann–
Whitney U test; p < 0.05 was considered 
statistically significant; *p < 0.05, 
**p < 0.01. PD-L1: programmed death-
ligand 1, TIGIT: T cell immunoreceptor 
with immunoglobulin and immunoreceptor 
tyrosine-based inhibitory motif.
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rank correlation. PD-L1 immune cell expression positi-
vely correlated with the density of CD8+ immune cells 
(Fig. 5A, p = 0.0002, r = 0.731) and TIGIT+ immune cells 
(Fig. 5B, p = 0.0006, r = 0.684) in MCC. Further, a strong 
positive correlation of TIGIT immune cell expression 
with CD8+ infiltrates was detected (Fig. 5C, p = 0.00001, 
r = 0.832). Yet, no significant correlations were noted 
between TIGIT+ tumour cells and PD-L1+, TIGIT+, or 
CD8+ immune cell infiltrates (Fig. 5D, E and F). Overall 
no significant correlations between iICP expression pat-
terns and CD8+ infiltrates were noted in MCC metastases 
(data not shown).

Disease-specific survival (DSS) stratified by clinicopatho
logical parameters

Mean DSS among 21 immunocompetent patients with 
primary MCC was 31.3 months (95% CI 25.1–37.6). 
While sex was not found to be a prognosticator 
(p = 0.592) (Fig. 6A), DSS was significantly associated 
with tumour stage (p < 0.014, Fig. 6B). A positive PD-L1 
IC status was significantly associated with longer DSS 
(7.9 months, 95% CI 4.6–11.1 vs 33.2 months, 95% CI 
27.6–38.7) (p = 0.011, Fig. 6D). No significant associa-
tions of DSS with MCPyV-status (p = 0.175, Fig. 6C), 
TIGIT TPS (p = 0.361, Fig. 6E), TIGIT IC (p = 0.741, 

Fig. 4. Reciprocal relationships between inhibitory immune checkpoint expression patterns and CD8+ host immunity in primary Merkel 
cell carcinoma. (A) PD-L1 immune cell expression status (IC)/CD8 immunoexpression (%). (B) PD-L1 IC/TIGIT immune cell immunoexpression (%). 
(C) TIGIT IC/CD8+ immune cells (%). (D): TIGIT IC/PD-L1+ immune cells (%). (E) CD8+ tumour infiltrating lymphocytes (TIL) density/PD-L1+ immune 
cells (%). (F) CD8+ TIL density/TIGIT+ immune cells (%). (G) TIGIT tumour cell expression status (TPS)/CD8 immunoexpression (%). (H) TIGIT TPS/
PD-L1+ immune cells (%). (I) TIGIT TPS/TIGIT immune cell immunoexpression (%); cut-off values: PD-L1 IC: negative: < 1%, positive ≥ 1%; TIGIT 
IC: negative: < 5%, positive ≥ 5%; TIGIT TPS: negative: < 5%, positive ≥ 5%; CD8+ low: < median, CD8+ high: ≥ median. P-values are obtained by 
exact Mann–Whitney U test. P < 0.05 was considered statistically significant; **p < 0.01, ***p < 0.001. IC: Immune Cell Score, PD-L1: programmed 
death-ligand 1, TIGIT: T cell immunoreceptor with immunoglobulin and immunoreceptor tyrosine-based inhibitory motif, TPS: Tumor Proportion Score.

http://medicaljournalssweden.se/actadv
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Fig. 6F), or the density of CD8+ immune cells (p = 0.361, 
Fig. 6G) were found.

DISCUSSION 

Solid cancers, including MCC, exhibit highly suppressive 
microenvironments in which iICP such as PD-1/PD-L1 
mediate T cell exhaustion and local immune dysfunction 
(10, 11, 36). Although anti-PD-1/PD-L1 therapy greatly 
improved outcomes of patients with advanced MCC, 
various mechanisms may contribute to resistance to ICI, 
such as loss of MHC class I or neoantigen expression 
and upregulation of coinhibitory molecules like TIGIT/
CD155 (10, 36, 37). 

In this study, we detected abundant tumoral TIGIT 
immunoexpression in a substantial proportion of pri-
mary MCC and metastases, independent of MCPyV. 
Contrasting the well-documented TIGIT expression on 
immune cells (14, 19, 36) and its central role in mediating 
T cell exhaustion, the significance of TIGIT expression 
by tumour cells is currently less clear. Few studies have 
previously reported TIGIT expression by human cancer 
cells, specifically melanoma, undifferentiated pleomorp-
hic sarcoma, and most recently MCC (6, 21, 38). 

While a recent study by Iwasaki et al. (6) focused 
on TIGIT expression by MCC tumour cells, we also 
comprehensively evaluated whole-tissue sections for 
the presence of TIGIT+ immune cells, revealing abun-
dant TIGIT+ infiltrating mononuclear immune cells in 
a large proportion of MCC. Consistent with reported 
associations of TIGIT+ CD8+ infiltrates with increased 
expression of other iICP (22, 23, 35), our analyses 
revealed significant enrichment of CD8+ and PD-L1+ 
immune cells in TIGIT IC-positive tumours. Moreover, 
significantly increased expression of both PD-L1 and 
TIGIT on immune cells was detected in MCC with brisk 
CD8+ immune cell infiltrate along with a consistently 

observed positive reciprocal correlation of these markers 
on immune cells. Confirming and complementing the 
study by Iwasaki et al. (6), reporting overall weak immu-
nostaining of MCC tumour cells for the high-affinity 
TIGIT receptor CD155, but significantly higher CD155 
mRNA expression by VP-MCC, in our study the only 
MCC with substantial CD155 expression was classified 
MCPyV-positive. 

DSS was not associated with MCPyV in our study and 
current therapeutic strategies for advanced-stage MCC, 
including ICI, are currently unaffected by the MCPyV 
status (3, 18, 39). Nevertheless, iICP expression on 
tumour or immune cells and TIL density may be affected 
by the presence of viral antigens in solid cancers (12, 34) 
and MCPyV-specific CD8+ T cells are frequently detected 
in patients with VP-MCC (5, 11, 40). 

Our study did not encompass functional analyses 
and further investigation on the abundance and avidity 
of MCPyV-specific T cells in the TME of VP-MCC is 
needed (3). Yet, consistent with previous studies (6, 8, 
12), we detected a significant enrichment of CD8+ and 
PD-L1+ immune cells in VP-MCC, possibly indicating 
that distinct iICP-mediated immune cell exhaustion 
may occur in response to persistent virus infection. Cor-
respondingly, the only primary MCC displaying specific 
tumoral PD-L1 or CD155 immunoexpression, respec-
tively, were both classified as VP-MCC. By contrast, 
we found TIGIT to be expressed in both VN-MCC and 
VP-MCC on tumour and immune cells. While tumoral 
TIGIT expression was not associated with increased 
CD8+ immune cell density or TIGIT+ immune cells, we 
detected significantly increased PD-L1+ immune cell 
infiltrates in TIGIT TPS-positive MCC compared with 
TIGIT TPS-negative MCC. Highlighting TIGIT as a 
particularly interesting therapeutic target of oncovirus-
associated cancers, such as VP-MCC, Johnston et al. 
demonstrated that TIGIT expression by immune cells 

Fig. 5. (A–F) Correlation of iICP co-expression patterns and CD8+ infiltrates in primary Merkel cell carcinoma. Spearman’s rank correlation 
was used. P < 0.05 was considered statistically significant (in bold), iICP: inhibitory immune checkpoint, PD-L1: programmed death-ligand 1, TIGIT: T 
cell immunoreceptor with immunoglobulin and immunoreceptor tyrosine-based inhibitory motif.

http://medicaljournalssweden.se/actadv
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Fig. 6. Kaplan–Meier analysis of disease-specific survival (DSS) of patients 
with primary Merkel cell carcinoma. DSS stratified by (A) sex; (B) tumour 
stage (American Joint Committee on Cancer staging for Merkel Cell Carcinoma, 8th 
edition, clinical and pathological stages combined); (C) Merkel cell polyoma virus 
(MCPyV) status; (D) PD-L1 immune cell expression status (IC); (E) TIGIT tumour 
cell expression status (TPS); (F) TIGIT immune cell expression status (IC); and 
(G) density of CD8+ immune cells. PD-L1: programmed death-ligand 1, TIGIT: T 
cell immunoreceptor with immunoglobulin and immunoreceptor tyrosine-based 
inhibitory motif. Log-rank test was used to evaluate statistical significance. P < 0.05 
was considered statistically significant (in bold).

http://medicaljournalssweden.se/actadv
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collaborates with PD-1/PD-L1 to potently limit the 
effector function of chronically stimulated CD8+ T cells 
in both cancer and chronic viral infection (35).

TIGIT inhibitors, such as tiragolumab, vibostolimab, 
domvanalimab, and ociperlimab, are expected to be most 
efficient in co-blockade with other iICPs. In particular, 
combination with anti-PD-1/PD-L1 agents demonstrated 
superior response rates in preclinical and clinical studies 
and bispecific antibodies are currently in clinical deve-
lopment (20, 24, 26, 27, 36, 37). The intercorrelations 
between PD-L1, TIGIT, and CD8+ infiltrates seen in our 
study are in line with the current perception that tumours 
and their TME regularly co-express multiple iICPs for 
immune evasion (11, 20, 22, 23, 36) and indicate that iICP 
patterns of tumours and their TME may differentially be 
affected by the presence of viral oncogenes. 

Limitations

Limitations of our study merit note, including potential 
racial and regional variances, as analysis was restricted 
to a German patient cohort at a single institution. Given 
the small sample size statistical analysis is largely des-
criptive and adjustments for multiple comparisons were 
not performed. Particularly for analyses of survival and 
metastases, interpretation of results should consider the 
possibility that subtle but biologically relevant changes 
may not have been detected. Sample size further ham-
pered examination of an effect of iatrogenic immunos-
uppression, a relevant clinical prognosticator present in 
3/6 investigated metastases. Further restrictions in the 
robustness of drawn conclusions arise from the use of cut-
off values for immunoexpression without complementary 
continuous validation. Larger-scale studies are needed 
to validate our findings, to establish cut-offs for TIGIT/
CD155 immunoexpression and decisively examine their 
prognostic relevance in MCC. 

Conclusion

Complementing the current understanding on the expres-
sion of the iICP TIGIT/CD155 in cutaneous malignan-
cies, our study reveals frequent expression of TIGIT 
by tumour and immune cells in in both VN-MCC and 
VP-MCC and deciphers significant intercorrelations 
of PD-L1 and TIGIT immunoexpression and CD8+ 
infiltrating immune cells. The biological and clinical 
significance of TIGIT expression by both tumour and 
immune cells in the absence of robust expression of its 
high-affinity receptor CD155, as confirmed for MCC in 
our study, is currently incompletely understood. Yet, the 
combined findings of previously reported data (6) and 
our study together with promising efficacy of a TIGIT/
PD-L1 combination therapy in other cancers (20, 24, 26, 
27) provide a rational to further investigate TIGIT as a 
therapeutic target in both VN- and VP-MCC. 
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