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Abstract

Merkel cell carcinoma (MCC) is a rare aggressive neuroendocrine cutaneous carcinoma with a high mortality rate. The MCC
etiology is not fully understood. Merkel cell-associated polyomavirus (MCPyV) was found in MCC patients, indicating a
risk factor for the tumor. Caucasian, elderly, and immunocompromised individuals are more likely to develop this tumor.
HLA-G consists of a non-classical class I (Ib) HLA molecule with an immunoregulatory function and was associated with
tumor escape in different types of tumors, nonetheless, never been studied in MCC. The purpose of this study was to evalu-
ate the HLA-G expression and also to detect the MCPyV in MCC patients and correlate it with the clinical course of the
disease. Forty-five MCC patients were included in a retrospective study. Formalin-fixed paraffin-embedded cutaneous skin
biopsies were used by immunohistochemistry and RT-PCR to verify the HLA-G expression and MCPyV infection. HLA-G
expression was found in 7 (15.6%), while the presence of MCPyV was detected in 28 (62.2%) of the studied patients. No
significant association was found between HLA-G expression and MCPyV infection (p =0.250). The presence of MCPyV was
associated with areas of low sunlight exposure (p =0.042) and the HLA-G expression with progression to death (p =0.038).
HLA-G expression was detected in MCC patients, as well as the MCPyV presence was confirmed. These markers could
represent factors with a possible impact on patient survival; however, further studies with a greater number of patients are
needed, to better elucidate the possible role in disease progression.
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Introduction

Merkel cell carcinoma (MCC) was first described in 1972, as
a “trabecular carcinoma” (Toker 1972). It is a rare primary
aggressive neuroendocrine cutaneous carcinoma that often
spreads to lymph nodes and distal organs (Hanlon 2019).
The mortality rate is around 50%, with a worse progno-
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increased in recent decades due to the increase in life expec-
tancy of the population, an increase in sunlight exposure, and
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the tumor and the manifestation occurs around the seventh
Eaggo.lto%iial/ Asnleto;nleegar tr_rllent, Amaral Carvalho decade of life (Reichgelt and Visser 2011; Uchda et al. 2017;

pHfal, Jafl, 4o Farto, Bras Neto et al. 2019). MCC often affects head and neck regions
(50% of cases), areas with greater sunlight exposure, but
it can also affect other parts of the body, such as extremi-

Immunology Laboratory, Lauro de Souza Lima Institute, ties, trunk, genital, and oral mucosas (Neto et al. 2019). The
Bauru, Sao Paulo, Brazil

Molecular Biology Laboratory, Lauro de Souza Lima
Institute, Bauru, Sdo Paulo, Brazil

Pathological Anatomy Laboratory, Lauro de Souza Lima
Institute, Bauru, Sdo Paulo, Brazil

Biology Laboratory, Lauro de Souza Lima Institute,
Bauru, Sao Paulo, Brazil

@ Springer


http://orcid.org/0000-0003-0453-861X
http://orcid.org/0000-0002-7493-950X
http://orcid.org/0000-0001-8647-0350
http://orcid.org/0000-0001-5218-3863
http://orcid.org/0000-0003-3473-9252
http://orcid.org/0000-0001-7955-4310
http://crossmark.crossref.org/dialog/?doi=10.1007/s00251-022-01279-0&domain=pdf

82

Immunogenetics (2023) 75:81-89

clinical manifestation is described as painless, fast-growing,
red-violet, dome-shaped cutaneous nodules (Uchoa et al.
2017; Schadendorf et al. 2017; Neto et al. 2019).

The MCC etiology is not fully understood. Feng et al.
(2008) demonstrated the presence of a new type of Merkel
cell-associated polyomavirus (MCPyV) in approximately
80% of MCC patients. Although virus DNA and antibody-
MCPyV-specific responses are common in the healthy popu-
lation (60% of the general population), indicating the previ-
ous exposition to the virus, patients with MCC have higher
levels of antibodies directed against the MCPyV capsid than
control subjects (Carter et al. 2009; Pastrana et al. 2009;
Schowalter et al. 2010). However, MCC is an uncommon
tumor, showing that the presence of the virus is not an exclu-
sive factor for the manifestation of the disease (Robinson
et al. 2019). Until now there is not been a consensus about
the origin of MCC. Some studies show that the tumor does
not originate from mature Merkel cells located at the base of
the epidermis, because these cells represent a small portion
of the cells, located in the main areas of skin cancer manifes-
tation. Therefore, precursor cells, such as pro-B cells, mes-
enchymal stem cells, and epidermis progenitor cells, would
be responsible to assume the Merkel cell differentiation dur-
ing the neoplastic process (Harms et al. 2018).

Similar to other malignant tumors, MCC mortality occurs
due to the uncontrolled growth of neoplastic cells in normal
tissues, which develop specific mechanisms to subvert the
host’s immune response and escape immune surveillance
(Abbas et al. 2018; Silva et al. 2018). Class | MHC (Major
Histocompatibility Complex) downregulation is a frequent
event for tumor progression. The lack of presentation of the
tumor-derived peptide due to the altered expression of class
I HLA (human leukocyte antigen) molecules contributes
to the LTCDS8 + (T Lymphocytes) non-recognition, mak-
ing tumor clones proliferate and assume control over other
cell populations and trigger the expression of immunosup-
pressive molecules, such as HLA-G (Tripathi and Agrawal
2006).

HLA-G consists of a non-classical class I (Ib) HLA mol-
ecule encoded in the MHC region (6p21.3) (Alegre et al.
2014). This molecule shows an immunoregulatory property
that was initially recognized in maternal—fetal immune toler-
ance due to the expression in the trophoblast during preg-
nancy (Kapasi et al. 2000; Rajagopalan and Long 2012).
Seven isoforms are known, four of them membrane-bound
(mHLA-G1-G4) and three soluble isoforms (sHLA-G5-G7).
Although HLA-G has a similar structure to the classic HLA
class I molecules, the main function is to regulate innate and
adaptive immune responses (Castelli et al. 2014). The immu-
noregulatory role occurs through the interaction between the
HLA-G molecule and different inhibitory receptors, such as
immunoglobulin-like transcript 2 (ILT2), ILT4, and killer
immunoglobulin-like receptor 2 (KIR2DL4) present on cell
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surfaces (Colonna et al. 1998; Rajagopalan and Long 2012).
The HLA-G binding with these receptors can trigger differ-
ent immunological events such as apoptosis and blocking
of the cytotoxic activity of LTCD8 + (Kapasi et al. 2000),
inhibition of LTCD4 + proliferation (LeMaoult et al. 2004),
inhibition of antigen presentation and differentiation of B
lymphocytes (LB) (Carosella et al. 2008), modulation of
the Natural Killer cells (NK) activity and Dendritic cells
(DCs) (Liang et al. 2008), regulation of the T helper 1 (Th1)/
Th2 cytokines profile (Liang et al. 2008) and induce of the
expansion of regulatory T cells (Treg) (Selmani et al. 2008).

The first HLA-G association with malignant neoplasms
was described in Melanoma (Paul et al. 1998). Since then,
several studies involving mHLA-G and sHLA-G expres-
sion have been performed on different types of cancer such
as lymphomas, leukemias, breast, kidney, bladder, ovary,
lung, esophagus, and liver cancer (Yan 2011). As a result,
HLA-G expression was detected in tumor lesions, and also
in some cases, an increase in soluble levels was correlated
with aggressiveness and worse tumor prognosis (Yan 2011).

In this way, the purpose of this study was to evaluate the
HLA-G expression in the MCC to verify the possible impact
of these molecules on the prognosis of the disease, once the
immunosuppression is a characteristic present in MCC, and
also to detect the MCPyV in these patients to correlate the
virus infection with the clinical course of the disease.

Materials and methods
Patients

A retrospective study was carried out with 45 patients with
MCQC, from January 1997 to December 2018. The patients
were diagnosed at Lauro de Souza Lima Institute (ILSL) in
Bauru, Sdo Paulo State, and at Amaral Carvalho Hospital
(HAC) in Jau, Sdo Paulo State.

The clinical parameters were collected from medical
records (age at diagnosis, gender, tumor location, lesion
size, staging at diagnosis, extent, angiolymphatic invasion,
associated secondary phenotype, surgical margins, number
of nodules, evolution time, local recurrence, skin metastases,
distal metastases, status disease at the last follow-up, and
death). The study included only patients who had paraffin
samples from the primary tumor lesion.

The hematoxylin and eosin (HE)-stained slides were
located in the respective involved institutions. All of them
were reviewed by an experient pathologist, who defined the
tumor area. New sections were obtained from formalin-fixed
paraffin-embedded biopsies to perform the immunohisto-
chemistry technique and DNA extraction. The Ethics Com-
mittees of ILSL (protocol no. 4.243.008) and HAC (protocol
n0.4.572.219) approved the study.
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HLA-G expression

Skin biopsies embedded in paraffin blocks were used for
in situ HLA-G detections by immunohistochemistry tech-
nique. Tissue Sects. (4 um) were submitted to successive
washes with xylol, ethanol (100%, 70%, and 50%), and
water (MiliQ). Hydrogen peroxide (H,0,) 3% and methanol
were used to block endogenous peroxidase, and the antigen
retrieval was performed with citric acid (0.01 M pH 6.0)
in flowing steam for 30 min. The samples were incubated
for 30 min (37 °C) and 24 h (4 °C) with the primary anti-
HLA-G monoclonal antibody (MEM-G/2 clone, Exbio,
Prague Czech Republic) in a 1:100 dilution. This antibody
is capable of recognizing the free heavy chain of all HLA-G
isoforms. After this, a secondary biotinylated antibody
(Santa Cruz Biotechnology, Santa Cruz, CA) was added and
then the reaction was amplified with the CSA kit (Dako,
Carpinteria, CA) in 3 steps: (i) incubation with streptavi-
din and biotin—peroxidase, (ii) incubation with biotinylated
tyramine, and (iii) streptavidin-peroxidase, interspersed with
3 washes in PBS. The revelation was done using H,0, and
3,3-diaminobenzidine (DAB), counterstaining with Harris
Hematoxylin. To validate the technique, positive controls
were used from tissues that constitutively express HLA-G
(placenta) and the negative controls were obtained by omit-
ting the primary antibody. The images were captured using
the Axiocam 234 HRc camera (Carl Zeiss, DE) attached
to the Axiophot 2 photomicroscope (Carl Zeiss, Germany).

Polyomavirus associated with Merkel cell (MCPyV)
detection

DNA extraction was performed from paraffin-embedded
histological sections, with the previously delimited tumor
tissue, carefully removed with a needle (40 X 12 mm). The
GenElute FFPE DNA Purification Kit (Sigma-Aldrich) was
used according to the manufacturer’s instructions. The con-
centration and the purity of the nucleic acids were obtained
in a NanoDrop TM 2000 spectrophotometer (Thermo Fisher
Scientific).

MCPyV detection was performed by real-time polymer-
ase chain reaction (RT-PCR) with the GreenMaster lowROX
gPCR kit (Cellco Biotec). The sequence of primers used
for amplification was forward 5'-CCCTTTGGA GCAAAT
TCCA-3'" and the reverse 5S—-CTGACCTCATCAAACATA
GAGAA-3' (Invitrogen). These primers amplify the t-small
gene of the MCPyV (Arvia et al. 2017). The reactions were
tested in duplicate with Viia7 Real-time equipment (Applied
Biosystems). The cycling conditions were 10 min at 95 °C,
followed by 45 cycles of 30 s at 90 ‘C, 30 s at 60 ‘C, and
60 s at 72 °C. Fluorescence was detected after every 72 C
extension. The melting curve (Tm) was determined at 76.8
°C. The primer sensitivity was defined by the detection curve

in quadruplicate (negative control and serial dilutions of
the positive control at concentrations of 100 ng/pL, 10 ng/
pL, 1 ng/pL, 0.1 ng/pL, 0.01 ng/pL, and 0.001 ng/pL). The
amplifications were detected in the four samples with the
highest concentration (Cycle Threshold (CT) values: 29.5,
32.4,35.55, and 38.67); therefore, samples with DNA con-
centrations below 0.01 ng/pL were considered negative. The
DNA suppression in the reaction was the negative control,
while the positive control, a sample of MCC previously
diagnosed and confirmed by sequencing was used. The
control of DNA extraction was made by amplification of
endogenous control with the Beta-Actin gene.

Statistical analysis

The HLA-G expression and the MCPyV presence were per-
formed by chi-square test. The comparison between these
markers (HLA-G and MCPyV) with the clinical parameters
was submitted to nonparametric Kruskal-Wallis analysis,
with Dunn’s post-test using the jamovi software (https://
www.jamovi.org). The Kaplan—Meier test was used to com-
pare the survival curve between the different studied groups
with GraphPad Prism 7.04 software (GraphPad Software,
Inc., CA, USA). P value <0.05 was considered significant.

Results

Considering the 45 patients, the age at diagnosis ranged
from 51 to 95 years old (median =77), 24 (53.3%) individu-
als were female, with the ranged age from 61 to 95 years old
(median=80), while 21 (46.7%) were males with ranged age
from 51 to 90 years old (median="70), the evolution time
of tumor ranged from 1 to 161 months since the diagnosis
(median =24 months).

The lesions were grouped according to sunlight exposure
areas: 23 (51.2%) patients had a high sunlight exposure area
and 22 (48.8%) had a low sunlight exposure area. Fourteen
(34.1%) patients had a local recurrence, 13 (32.5%) had
skin metastases, and 11 (27.5%) had distal metastases, 30
(66.7%) had active metastatic disease in the last follow-up,
and 29 (65.9%) had MCC as a registered cause of death.
HLA-G expression was found in 7 (15.6%) of the studied
patients (Figs. 1 and 2), while the MCPyV was detected
in 28 (62.2%) patients (Table 1). This association was not
significant (p =0.250) (Table 2).

The clinical parameters analysis showed a significant
association between low sunlight exposure areas and the
MCPyV presence (p =0.042). The MCPyV was found in 17
(77.27%) of the total studied samples. HLA-G expression
was correlated with death progression (p =0.038) (Table 3).

Survival analysis showed that HLA-G and MCPyV
negative patients had a survival median of 57 months
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Fig. 1 HLA-G molecule
expression in tumoral tissue
from patients with MCC. Skin
biopsies were analyzed by
immunohistochemistry using
the anti-HLA-G monoclonal
antibody (MEM-G/2 clone,
Exbio, Prague Czech Republic)
in a 1:100 dilution

(median =59), while the HLA-G and/or MCPyV-positive
group had a survival median of 29.18 months (median=22.5).
However, when these results were analyzed (HLA-G and
MCPyV), no significant differences were found (p=0.174;

Fig.2 Absence of HLA-G
molecule expression in tumoral
tissue from patients with MCC.
Skin biopsies were analyzed by
immunohistochemistry using
the anti-HLA-G monoclonal
antibody (MEM-G/2 clone,
Exbio, Prague Czech Republic)
in a 1:100 dilution
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HR=1.64 and p=0.09; HR 1.99) (Fig. 3a, b). HLA-G expres-
sion and tumor staging also did not reveal any significant
association (p =0.436), as well as the presence of MCPyV
(p=0.756).
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Table 1 Cli.nical and e Clinical and demographic characteristics
demographic characteristics of
the 45 MCC patients Age (51 a 95 years old) N=45 Cancer staging N=36 %
Mean 76.3 CS-1 11 30.6
Median + SD 77+10.40 CS-1I 7 194
Male median (51-90) 70 CS-TTIA 3 8.3
Female median (61-95) 80
Gender N=45 % CS-1I1 5 13.9
Female 24 53.3 CS-IIIA 2 5.6
Male 21 46.7 CS-1IIB 1 2.8
Evolution time (1-161 months) CS-1v 5 13.9
Mean 37.2 CS-X 2 5.6
Median 24+34.90 Compromised surgical margins 16/45 39
Last segment N=45 % Local recurrence 14/45  34.1
Metastatic disease presence 30 66.7 Metastases N=45 %
No evidence of disease 13 28.9  Cutaneous 13 32.5
Not specified 2 44  Distal 11 27.5
No metastasis 21 40
Primary lesion location area N=45 % Secondary neoplasms 15/45  11.11
High sun exposure 23 51.2
Low sun exposure 22 48.8 Death 29/45 659
HLA-G N=45 % MCPyV N=45 %
HLA-G-negative 38 84.4 MCPyV-positive 28 62.2
HLA-G-positive 7 15.6 MCPyV-negative 17 37.8

SD standard deviation, N number of patients, % frequency, CS cancer staging, MCPyV Merkel cell-associ-

ated polyomavirus

Discussion

The present study evaluated the HLA-G expression in MCC
patients to correlate the expression of this molecule with
the clinical evolution of the neoplasm. Studies of HLA-G
expression are already found with other types of tumors and
in MCC have never been studied (Paul et al. 1998; Dellambra
et al. 2021). The MCPyV infection, a virus strongly associ-
ated with the oncogenic process of the MCC, is considered
a predisposing factor for the development of the disease and
was also analyzed, to verify the possible correlation between
these two variables (Robinson et al. 2019).

Table2 Comparison between the HLA-G expression and the MCPyV
presence in the 45 patients with MCC

HLA-G MCPyV p
N (%) N (%)
Negative Positive
Negative 13 (34.2) 25 (65.8)
Positive 04 (57.1) 03 (42.9)
Total 17(37.8) 28 (62.2) 0.250

N number of patients, % frequency, p chi-square (p <0.05); MCPyV
Merkel cell-associated polyomavirus

Although studies indicate that the frequency of MCC is
higher in males, in our study, MCC was more frequent in
women, of more advanced age. This characteristic has also
been evidenced in other studies conducted in Brazil and can
be justified by the fact that aging is a predisposing factor to
the disease, the older, the greater the chance of disease mani-
festation, and women tend to live longer than men (Alvarez-
Argiielles et al. 2017; Uchda et al. 2017; Neto et al. 2019;
Dellambra et al. 2021).

HLA-G expression was observed in only 15.6% of MCC
patients, a similar study evaluated the presence of this
same marker in melanoma and showed that 30% of patients
expressed HLA-G. In the same way, 41% of gastrointestinal
tumor patients were positive for this marker (Rebmann et al.
2007). Farjadian et al. (2018) evaluated the HLA-G expres-
sion in colorectal tumors and found 9% of positivity in the
analyzed samples. This variation suggests that in addition to
HLA-G expression, other escape mechanisms from neoplas-
tic cells may be involved in tumor progression. The HLA-G
expression is, therefore, variable among the different tumors
already studied (Yan 2011). In melanoma, the maintenance
or loss of expression of this molecule seems to be directly
involved with the conditions of the tumor environment such
as hypoxia, inflammation, stress, and hormones, since serial
samples of metastases originating from positive tumors
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Table3 HLA-G expression and MCPyV presence according to the
parameters: sunlight exposure, lesion extension, secondary pheno-
type, gender, age, angio-lymphocytic invasion, margin involvement,

skin metastases, distal metastases, secondary neoplasms, deaths, local
recurrence, and evolution time

MCPyV HLA-G
Positive Negative Positive Negative
N % N % p N % N % p
Sunlight exposure *0.044 0.731
Yes 11 24.40 12 26.70 04 8.90 19 42.20
No* 17 37.80 05 11.10 03 6.70 19 42.20
Lesion extension 08 17.77 04 8.88 0.225 02 4.44 11 24.44 0.743
Secondary phenotype 01 222 00 - 0.427 00 - 00 - 0.664
Gender F=16 35.55 = 13.33 0.516 F= 8.88 F=20 44.44 0.828
M=12 26.66 M=17 15.55 M=3 6.66 M=18 40.00
Age 75.5 - 77 - 0.400 80 - 75,5 - 0.229
Angio lymphocytic invasion 07 15.55 03 6.66 0.681 01 222 09 20.00 0.530
Margin involvement 10 22.22 06 13.33 0.684 03 6.66 13 28.88 0.556
Skin metastases 07 15.55 06 13.33 0.749 04 8.88 09 20.00 0.130
Distal metastases 08 17.77 03 6.66 0.236 01 222 10 22.22 0.395
Secondary neoplasms 10 2222 05 11.11 0.677 02 4.44 13 28.88 0.596
Deaths 0.895 *0.040
Yes* 18 67.00 11 64.70 07 15.55 22 59.50
No 09 33.00 06 35.30 00 - 15 40.50
Local recurrence 08 17.77 06 13.33 0.897 02 4.44 12 26.60 0.736
Evolution time 22.50 - 59 0.069 25 - 23.50 - 0.938

N number of patients, % frequency, p Kruskal-Wallis (p value <0.05), MCPyV Merkel cell-associated polyomavirus

*significant result

maintain the expression of the HLA-G (Paul et al. 1999;
Rebmann et al. 2007; Farjadian et al. 2018; Liu et al. 2020).
The immune response inhibition occurs in multiple ways,
mainly in the elimination phase, when the immune system
attacks the tumor. The HLA-G expression can inhibit the LT,
LB proliferation, NK cells, and phagocytic activity of neu-
trophils. Pro-inflammatory cytokines such as IFN-gamma
can increase the HLA-G expression, as well as the immu-
nosuppressive IL-10 cytokine (Rouas-Freiss et al. 2014).
These different pathways can induce tumor tolerance, favor
tumor enlargement, and disseminate to healthy tissues, even
in immunocompetent individuals (Loumagne et al. 2014).
A significant association between the MCPyV virus pres-
ence and HLA-G expression in MCC patients was not dem-
onstrated in this study. The correlation of HLA-G expression
and the positivity of Helicobacter pylori bacteria was also
reported by Farjadian et al. in gastrointestinal tumors, which
did not find a significant association (Farjadian et al. 2018).
HLA-G positivity was correlated with the patient’s death
(p=0.04). Seven patients were HLA-G-positive, of these,
five patients had metastatic disease (MD) status at the last
date of follow-up. The HLA-G expression in tumor tissue
and the absence of this expression in adjacent healthy tis-
sues is indicative of the harmful effect of HLA-G on tumor
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escape, mainly due to the ability to inhibit the immune
response through immunosuppressive mechanisms, with a
worse prognosis of the disease (Paul et al. 1999; Yan et al.
2011; Farjadian et al. 2018; Liu et al. 2020). In colorectal
tumors, the presence of soluble HLA-G was detected and
was correlated with a worse prognosis and more advanced
staging of the disease. This fact makes it possible to compare
malignant and normal transformations, suggesting the par-
ticipation of this molecule as a laboratory marker (Dhouioui
et al. 2022). The host’s immune activity is decisive for the
progression of the disease. Some cases of MCC regression
tumor have been described in the literature; however, the
mechanisms have not been elucidated yet, and so far, tumor
regression is associated with immune stimulation, which can
be triggered by the inflammatory process that occurs after
the excision of the lesion (Dellambra et al. 2021).

MCPyYV infection was detected in 62.2% of the MCC
samples. Costa et al. (2021), in a study also conducted in
Brazil, found a similar value (65%), reinforcing the preva-
lence of the virus in the manifestation of this neoplasm in
the Brazilian population. When the location of lesions and
frequency of exposure was taken into account, MCPyV
was found in 77.27% of low sunlight exposure patients.
This information corroborates with previous studies that
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(a) Survival analysis between 45 MCPyV positives (28) and negative (17) MCC patients.

Survival Curve
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MCPyV: Merkel cell-associated polyomavirus; HR: Hazard Ratio and p-value: Kaplan-Meier test.

(b) Survival analysis between 45 HLA-G positives (7) and negative (38) MCC patients.

Survival Curve

100 = « Patients HLA-G positive
== Patients HLA-G negative

HR=1.99

p=0.09

Probability of Survival
(3]
(=}

0 T — T I
0 50 100 150 200

Months

HLA-G: Histocompatibility Leukocyte Antigen-G; HR: Hazard Ratio and p-value: Kaplan-Meier test.

Fig.3 a Survival analysis [LGA1] between 45 MCPyV positives(28) analysis between 45 HLA-G positives (7) and negative (38) MCCpa-
and negative (17) MCC patients. MCPyV Merkel cell-associated poly- tients. HLA-Ghistocompatibility leukocyte antigen-G, HR hazard ratio
omavirus, HR hazard ratio and p value: Kaplan-Meier test. b Survival and p value: Kaplan-Meier test
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demonstrate viral DNA integration as a risk factor for
the oncogenic process of MCC (Feng et al. 2008; Costa
et al. 2021). Hesbacher et al. (2016) demonstrated that
the MCPyV when integrated with the host DNA induces
the expression of the oncogenes. Viral oncogenesis, medi-
ated by MCPyV large and small antigens, can inhibit the
retinoblastoma suppressor protein (RB1), triggering cell
proliferation in the MCC (Hesbacher et al. 2016; Emge
and Cardones 2019; Neto et al. 2019). This mechanism is
specific but not exclusive to the development of the dis-
ease (Hesbacher et al. 2016). In MCPyV-negative patients,
chronic exposure to UV rays is believed to be responsible
to cause cumulative DNA damage, resulting in several
genetic changes in the skin cells throughout life and con-
sequently mutations that can trigger the oncogenic process
(Silva et al. 2018). Therefore, the location of the lesions
seems to confirm two distinct oncogenic processes, one
arising from the viral DNA incorporation into the human
genome, activating oncogenic pathways, and the other
from exposure to solar radiation (Hesbacher et al. 2016).

Patient survival after diagnosis ranged from 1 to
161 months (median =24 months). Oncological staging, in
our study, did not influence the progression of the disease
and HLA-G expression. This fact can be verified through
the survival curves of positive and negative patients for
both factors (MCPyV and HLA-G) (data not shown). The
patient’s immunological competence is considered a deci-
sive factor for metastatic dissemination and low survival
after diagnosis, due to immune surveillance mechanisms
(Paul et al. 1998). Although our results were not statis-
tically significant, we observed that patients who were
negative for both variables (MCPyV and HLA-G) had a
median survival of 57 months, while patients who were
positive for MCPyV and/or HLA-G had shorter survival
(median =29 months), suggesting possible participation
in the manifestation of MCC. Maybe if the number of
patients was higher, we could find a significant result.

In summary, although the HLA-G expression was
detected in a small number of MCC patients, these finds
could suggest the participation of this molecule as an
inducer of more aggressive solid tumors and in metastatic
dissemination. The MCPyV presence in low sunlight expo-
sure areas patients suggested MCPyV infection as a risk
factor for MCC. Both these markers (HLA-G and MCPyV)
represent factors with a possible impact on patient sur-
vival; however, further studies with a greater number of
patients are needed, as well as analyzes regarding the
maintenance of HLA-G expression in metastases, to better
elucidate the role of the molecule in disease progression.

Acknowledgements We would like to thank the entire team at the
Pathological Anatomy Laboratory of the Lauro de Souza Lima Insti-
tute, especially Fabiana Aparecida Camargo Bertonha and Nelci Ana
Ribeiro for direct support in carrying out this work.

@ Springer

Declarations

Conflict of interest The authors declare no competing interests.

References

Abbas AK, Lichtman AH, Pillai S (2018) Immunity to tumors. In:
Abbas AK, Lichtman AH, Pillai S (eds) Cellular and Molecular
Immunology, 9th edn. Elsevier, Philadelphia, pp 397-416

Albores-Saavedra J, Batich K, Chable-Montero F, Sagy N, Schwartz
AM, Henson DE (2010) Merkel cell carcinoma demographics,
morphology, and survival based on 3870 cases: a population-
based study. J Cutan Pathol 37:20-27. https://doi.org/10.1111/j.
1600-0560.2009.01370.x

Alegre E, Rizzo R, Bortolotti D, Fernandez-Landzuri S, Fainardi E,
Gonzalez A (2014) Some basic aspects of HLA-G biology. J
Immunol Res. https://doi.org/10.1155/2014/657625

Alvarez—Argﬁelles ME, Melén S, Rojo S, Fernandez-Blazquez A, Boga
JA, Palacio A, Vivanco B, Ona M (2017) Detection and quan-
tification of Merkel cell polyomavirus. Analysis of Merkel cell
carcinoma cases from 1977 to 2015. J Med Virol 89:2224-2229.
https://doi.org/10.1002/jmv.24896

Arvia R, Sollai M, Pierucci F, Urso C, Massi D, Zakrzewska K (2017)
Droplet digital PCR (ddPCR) vs quantitative real-time PCR (qPCR)
approach for detection and quantification of Merkel cell polyoma-
virus (MCPyV) DNA in formalin-fixed paraffin-embedded (FFPE)
cutaneous biopsies. J Virol Methods 246:15-20. https://doi.org/10.
1016/j.jviromet.2017.04.003

Becker JC, Stang A, Decaprio JA, Cerroni L, Lebbé C, Veness M,
Nghiem P (2017) Merkel cell carcinoma. Nature Rev Dis Primers
3:1-40. https://doi.org/10.1038/nrdp.2017.77

Carosella ED, Moreau P, LeMaoult J, Rouas-Freiss N (2008) HLA-G:
from biology to clinical benefits. Trends Immunol 29:125-132.
https://doi.org/10.1016/j.it.2007.11.005

Castelli EC, Ramalho J, Porto IOP, Lima TH, Felcio LP, Sabbagh
A, Donadi EA, Mendes-Junior CT (2014) Insights into HLA-G
genetics provided by worldwide haplotype diversity. Front Immu-
nol 5:1-27. https://doi.org/10.3389/fimmu.2014.00476

Carter JJ, Paulson KG, Wipf GC, Miranda D, Madeleine MM, Johnson
LG, Lemos BD, Lee S, Warcola AH, Iyer JG, Nghiem P, Galloway
DA (2009) Association of Merkel cell polyomavirus-specific anti-
bodies with Merkel cell carcinoma. J Natl Cancer Inst 101:1510—
1522. https://doi.org/10.1093/jnci/djp332

Colonna M, Samaridis J, Cella M, Angman L, Allen RL, O’Callaghan
C, Dunbar R, Ogg GS, Cerundolo V, Rolink A (1998) Human
myelomonocytic cells express an inhibitory receptor for clas-
sical and nonclassical MHC class I molecules. J Immunol
160:3096-3100

Costa PVA, Ishiy PS, Urbano PRP, Romano CM, Tyring SK, Oliveira WRP,
Festa-Neto C (2021) Identification of polyomaviruses in skin cancers.
Intervirology 64:119-125. https://doi.org/10.1159/000513544

Dellambra E, Carbone ML, Ricci F, Di Pietro FR, Moretta G, Verkoskaia S,
Feudi E, Failla CM, Abeni D, Fania L (2021) Merkel Cell Carcinoma
Biomedicines 9:718. https://doi.org/10.3390/biomedicines9070718

Dhouioui SA, Boujelbene N, Chelbi H, Zemni I, Safta IB, Ouzari HI,
Mezlini A, Harrath AH, Rebmann V, Zidi I (2022) sHLA-G as a
biomarker for colorectal cancer pathogenesis. J King Saud Univ
Sci 34:1-11. https://doi.org/10.1016/j.jksus.2021.101708

Emge DA, Cardones AR (2019) Updates on Merkel cell carcinoma.
Dermatol Clin 37:489-503. https://doi.org/10.1016/j.det.2019.
06.002

Farjadian S, Tabebordbar M, Mokhtari M, Safaei A, Malekzadeh M,
Ghaderi A (2018) HLA-G expression in tumor tissues and soluble


https://doi.org/10.1111/j.1600-0560.2009.01370.x
https://doi.org/10.1111/j.1600-0560.2009.01370.x
https://doi.org/10.1155/2014/657625
https://doi.org/10.1002/jmv.24896
https://doi.org/10.1016/j.jviromet.2017.04.003
https://doi.org/10.1016/j.jviromet.2017.04.003
https://doi.org/10.1038/nrdp.2017.77
https://doi.org/10.1016/j.it.2007.11.005
https://doi.org/10.3389/fimmu.2014.00476
https://doi.org/10.1093/jnci/djp332
https://doi.org/10.1159/000513544
https://doi.org/10.3390/biomedicines9070718
https://doi.org/10.1016/j.jksus.2021.101708
https://doi.org/10.1016/j.det.2019.06.002
https://doi.org/10.1016/j.det.2019.06.002

Immunogenetics (2023) 75:81-89

89

HLA-G plasma levels in patients with gastrointestinal cancer.
Asian Pac J Cancer Prev 19:2731-35. https://doi.org/10.22034/
APJCP.2018.19.10.2731

Feng H, Shuda M, Chang Y (2008) Clonal Integration of a polyoma-
virus in human Merkel cell carcinoma. Science 319:1096—1100.
https://doi.org/10.1126/science.1152586

Hanlon A (2019) Merkel Cell Carcinoma JAMA Dermatol 155:1096.
https://doi.org/10.1001/jamadermatol.2019.2068

Harms PW, Harms KL, Moore PS, DeCaprio JA, Nghiem P, Wong
MKK, Brownell I (2018) The biology and treatment of Mer-
kel cell carcinoma: current understanding and research priori-
ties. Nat Rev Clin Oncol 15:763-776. https://doi.org/10.1038/
s41571-018-0103-2

Hesbacher S, Pfitzer L, Wiedorfer K, Angermeyer S, Borst A, Haferkamp
S, Scholz C-J, Wobser M, Schrama D, Houben R (2016) RB1 is
the crucial target of the Merkel cell polyomavirus large T antigen
in Merkel cell carcinoma cells. Oncotarget 7:32956—68. https://doi.
org/10.18632/oncotarget.8793

Kapasi K, Albert SE, Yie SM, Zavazava N, Librach CL (2000) HLA-G
has a concentration-dependent effect on the generation of an allo-
CTL response. Immunol 101:191-200. https://doi.org/10.1046/].
1365-2567.2000.00109.x

LeMaoult J, Krawice-Radanne I, Dausset J, Carosella ED (2004) HLA-
G1-expressing antigen-presenting cells induce immunosuppres-
sive CD4+ T cells. Proc Natl Acad Sci USA 101:7064-7069.
https://doi.org/10.1073/pnas.0401922101

Liang S, Ristich V, Arase H, Dausset J, Carosella ED, Horuzsko A
(2008) Modulation of dendritic cell differentiation by HLA-G
and ILT4 requires the IL-6-STAT3 signaling pathway. Proc Natl
Acad Sci USA 105:8357-8362. https://doi.org/10.1073/pnas.
0803341105

Liu L, Wang L, Zhao L, He C, Wang G (2020) The role of HLA-G in
tumor escape: manipulating the phenotype and function of immune
cells. Front Oncol 10:1-11. https://doi.org/10.3389/fonc.2020.597468

Loumagne L, Baudhuin J, Favier B, Montespan F, Carosella ED,
Rouas-Freiss N (2014) In vivo evidence that secretion of HLA-G
by immunogenic tumor cells allows their evasion from immu-
nosurveillance. Int J Cancer 135:2107-2117. https://doi.org/10.
1002/ijc.28845

Mulchan N, Cayton A, Asian A, Xiao P (2019) Merkel cell carcinoma:
a case report and literature review. J Surg Case Rep 11:1-3.
https://doi.org/10.1093/jscr/rjz322

Neto CF, Oliveira WRP, Costa PVA, Cardoso MK, Barreto PG,
Romano CM, Urbano PR (2019) The first observation of the
association of Merkel cell polyomavirus and Merkel cell carci-
noma in Brazil. Int J Dermatol 58:703-706. https://doi.org/10.
1111/ijd.14325

Pastrana DV, Tolstov YL, Becker JC, Moore PS, Chang Y, Buck CB
(2009) Quantitation of human seroresponsiveness to Merkel cell
polyomavirus. PLoS Pathog 5:e1000578. https://doi.org/10.1371/
journal.ppat. 1000578

Paul P, Rouas-Freiss N, Khalil-Daher I, Moreau P, Riteau B, Le GFA,
Avril MF, Dausset J, Guillet JG, Carosella ED (1998) HLA-G
expression in melanoma: a way for tumor cells to escape from
immunosurveillance. Proc Natl Acad Sci USA 95:4510-4515.
https://doi.org/10.1073/pnas.95.8.4510

Paul P, Cabestre FA, Le Gal FA, Khalil-Daher I, Le Danff C, Schmid
M, Mercier S, Avril MF, Dausset J, J, Guillet JD, Carosella ED,
(1999) Heterogeneity of HLA-G gene transcription and pro-
tein expression in malignant melanoma biopsies. Cancer Res
59:1954-1960

Rajagopalan S, Long EO (2012) KIR2DL4 (CD158d): an activation
receptor for HLA-G. Front Immunol 3:1-6. https://doi.org/10.
3389/fimmu.2012.00258

Rebmann V, Wagner S, Grosse-Wilde H (2007) HLA-G expression in
malignant melanoma. Semin Cancer Biol 17:422-429. https://doi.
org/10.1016/j.semcancer.2007.06.010

Reichgelt BA, Visser O (2011) Epidemiology and survival of Merkel
cell carcinoma in the Netherlands. A population-based study of
808 cases in 1993-2007. Eur J Cancer 47:579-585. https://doi.
org/10.1016/j.ejca.2010.11.002

Robinson CG, Tan D, Yu SS (2019) Recent advances in Merkel cell car-
cinoma. F1000Res 8:1-6. https://doi.org/10.12688/f1000research.
20747.1

Rouas-Freiss N, Moreau P, LeMaoult J, Carosella ED (2014) The dual
role of HLA-G in cancer. J Immunol Res. https://doi.org/10.1155/
2014/359748

Schadendorf D, Lebbé C, Hausen A, Avril MF, Hariharan S, Bharmal
M, Becker JC (2017) Merkel cell carcinoma: epidemiology, prog-
nosis, therapy, and unmet medical needs. Eur J Cancer 71:53-69.
https://doi.org/10.1016/j.ejca.2016.10.022

Schowalter RM, Pastrana DV, Pumphrey KA, Pumphrey KA, Moyer
AL, Buck CB (2010) Merkel cell polyomavirus and two previ-
ously unknown polyomaviruses are chronically shed from human
skin. Cell Host Microbe 7:509-515. https://doi.org/10.1016/j.
chom.2010.05.006

Selmani Z, Naji A, Zidi I, Favier B, Gaiffe E, Obert L, Borg C, Saas
P, Tiberghien P, Rouas-Freiss N, Carosella ED, Deschaseaux F
(2008) Human leukocyte antigen-G5 secretion by human mes-
enchymal stem cells is required to suppress T lymphocyte and
natural killer function and to induce CD4+CD25highFOXP3+
regulatory T cells. Stem Cells 26:212-222. https://doi.org/10.
1634/stemcells.2007-0554

Silva IL, Montero-Montero L, Ferreira E, Quintanilla M (2018) New
insights into the role of Qa-2 and HLA-G non-classical MHC-I
complexes in malignancy. Front Immunol 9:1-7. https://doi.org/
10.3389/fimmu.2018.02894

The jamovi project (2021) Jamovi (Version 1.6) [Computer Software].
Retrieved from https://www.jamovi.org

Toker C (1972) Trabecular carcinoma of the skin. Arch Dermatol
105:107-110

Tripathi P, Agrawal S (2006) Non-classical HLA-G antigen and its role
in the cancer progression. Cancer Invest 24(2):178-186. https://
doi.org/10.1080/07357900500524579

Uchda RS, Nogueira FR, Costa MLV, de Goes ACA, M, (2017) Car-
cinoma de células de Merkel: revisdo de literatura. Rev Med Da
UFC 57:44-49

Yan W-H (2011) HLA-G expression in cancers: potential role in diag-
nosis, prognosis, and therapy. Endocr Metab Immune Disord Drug
Targets 11:76-89. https://doi.org/10.2174/187153011794982059

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement and
applicable law.

@ Springer


https://doi.org/10.22034/APJCP.2018.19.10.2731
https://doi.org/10.22034/APJCP.2018.19.10.2731
https://doi.org/10.1126/science.1152586
https://doi.org/10.1001/jamadermatol.2019.2068
https://doi.org/10.1038/s41571-018-0103-2
https://doi.org/10.1038/s41571-018-0103-2
https://doi.org/10.18632/oncotarget.8793
https://doi.org/10.18632/oncotarget.8793
https://doi.org/10.1046/j.1365-2567.2000.00109.x
https://doi.org/10.1046/j.1365-2567.2000.00109.x
https://doi.org/10.1073/pnas.0401922101
https://doi.org/10.1073/pnas.0803341105
https://doi.org/10.1073/pnas.0803341105
https://doi.org/10.3389/fonc.2020.597468
https://doi.org/10.1002/ijc.28845
https://doi.org/10.1002/ijc.28845
https://doi.org/10.1093/jscr/rjz322
https://doi.org/10.1111/ijd.14325
https://doi.org/10.1111/ijd.14325
https://doi.org/10.1371/journal.ppat.1000578
https://doi.org/10.1371/journal.ppat.1000578
https://doi.org/10.1073/pnas.95.8.4510
https://doi.org/10.3389/fimmu.2012.00258
https://doi.org/10.3389/fimmu.2012.00258
https://doi.org/10.1016/j.semcancer.2007.06.010
https://doi.org/10.1016/j.semcancer.2007.06.010
https://doi.org/10.1016/j.ejca.2010.11.002
https://doi.org/10.1016/j.ejca.2010.11.002
https://doi.org/10.12688/f1000research.20747.1
https://doi.org/10.12688/f1000research.20747.1
https://doi.org/10.1155/2014/359748
https://doi.org/10.1155/2014/359748
https://doi.org/10.1016/j.ejca.2016.10.022
https://doi.org/10.1016/j.chom.2010.05.006
https://doi.org/10.1016/j.chom.2010.05.006
https://doi.org/10.1634/stemcells.2007-0554
https://doi.org/10.1634/stemcells.2007-0554
https://doi.org/10.3389/fimmu.2018.02894
https://doi.org/10.3389/fimmu.2018.02894
https://www.jamovi.org
https://doi.org/10.1080/07357900500524579
https://doi.org/10.1080/07357900500524579
https://doi.org/10.2174/187153011794982059

	HLA-G expression in Merkel cell carcinoma and the correlation with Merkel cell polyomavirus infection
	Abstract
	Introduction
	Materials and methods
	Patients
	HLA-G expression
	Polyomavirus associated with Merkel cell (MCPyV) detection
	Statistical analysis

	Results
	Discussion
	Acknowledgements 
	References


