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What is already known on
this topic?

e CR-1 is an oncofetal protein
that is expressed in many car-
cinomas and is a candidate
protein for targeted therapy.

e CR-1 expression is rarely stud-
ied in cutaneous melanoma.

What this study adds to
this topic?

e CR-1 expression is detected
in a small subset of cutaneous
melanoma cases, and most
of them are BRAF p.V600
wildtype.

In this study, CR-1 expression
is more commonly detected
in BRAF wild-type tumors
in which new therapeutic
options are needed. Oncofetal
proteins such as CR-1 can be
the new targets for therapy
research.

Abstract

Objective: Melanoma has a poor prognosis in advanced stages. The study aimed to investigate the immu-
nohistochemical expression of Cripto-1 (CR-1) and its relationship with clinicopathological parameters in
cutaneous melanoma cases.

Methods: Cutaneous melanoma cases diagnosed at Cerrahpasa Medical Faculty between January 2016 and
January 2023 were searched from the digital system. Immunohistochemical CR-1 stain was applied to all
cases, and the results were compared with clinicopathological parameters.

Results: A total of 78 cutaneous melanoma cases diagnosed between January 2016 and January 2023 were
included in the study. CR-1 expression was observed in melanoma cells in 9% (n = 7) of the cases. Although
statistically insignificant, CR-1-positive tumors were mostly located on the intermittently sun-exposed skin
(57.1%; n =4, pT4 (71.4%; n = 5), without regression (71.4%; n = 5), low density of tumor-infiltrating lym-
phocytes (71.4%; n = 5), and BRAFwt tumors (85.7%; n = 6/7). While the average survival was 16.5 + 11.6
months in CR-1-positive cases and 39.4 + 3.9 months in CR-1-negative cases, this result was not found to
be statistically significant.

Conclusion: CR-1 is a candidate protein for targeted therapy because it is an oncofetal protein and its
expression is shown to be increased in malignancies while its expression is low/absent in normal adult tis-
sues. In this study, CR-1 expression was detected in a small subset of melanoma cases and its expression was
not correlated with clinicopathologic parameters.
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Introduction

Melanoma is a malignant melanocytic tumor whose incidence is increasing exponentially.
Currently, the 5-year survival for clinical stage 1 disease is 98%, for stage 2 90%, and for stage 3
disease 77%."? However, due to drug resistance and toxicity of existing drugs, there is a need to
develop new targeted therapies.’

Cripto-1 (CR-1) is a protein from the epidermal growth factor (EGF)-CFC family. The key role of
CR-1 in tumor progression, epithelial mesenchymal transition, and tumor stem cells has been under-
lined in previous studies. Its expression is low or absent in normal tissues, which makes this protein
a good candidate for targeted therapy and cancer vaccines.**

CR-1 expression is increased in many malignancies such as colorectal adenocarcinoma, gastric
adenocarcinoma, bladder urothelial carcinoma, ovarian carcinoma, pancreatic intraductal papillary
mucinous neoplasia, squamous cell carcinoma, glioblastoma, breast carcinoma, hepatocellular car-
cinoma, non-small cell lung carcinoma, prostatic adenocarcinoma, renal cell carcinoma, and mela-
noma.®'” The increase in serum levels in some malignancies such as non-small cell lung carcinoma
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and hepatocellular carcinoma suggests that it can be used as a
non-invasive marker for these malignancies.'>'

In 2011, Luca et al found that CR-1 expression was increased
in melanoma cases and melanoma cell lines. In addition, it was
revealed that when recombinant CR-1 protein was administered
to cell lines, their invasion capacity was increased.” A 2013 study
found that CR-1-expressing melanoma subpopulations exhibited
stem cell-like properties and that these cells had a high rate of
tumor formation when isolated and injected into nude mice.'? In
their 2016 study investigating the role of Nodal, CR-1, and Notch4
in adult melanocytic nevi, Strizzi et al showed that immunohisto-
chemical CR-1 expression in nevi was associated with a positive
melanoma history."” These findings suggest that CR-1 expression
may play a role in melanoma development in cutaneous mela-
noma cases.'?

This study aimed to evaluate the immunohistochemical CR-1
expression status in tumor cells in cutaneous melanoma cases and
to compare the expression status with clinical, histopathological,
molecular (BRAF p.V600 status), and survival findings.

Methods

The study was approved by the istanbul University Cerrahpasa
ethics committee (Approval No.: E-74555795-050.04-1249288;
Date: May 3, 2025) Cutaneous melanoma cases diagnosed at the
Department of Pathology between January 2016 and January 2023
were searched from the system. Patients who had resection, whose
blocks and slides were available, who had their primary surgery at
the center, and consultation cases were included in the study. Non-
cutaneous melanoma cases such as mucosal and uveal sites were
excluded from the study. Written informed consent was obtained
from the patients who participated in this study.

Demographic data for the cases were obtained from the hospi-
tal’s digital system. Histopathological parameters were obtained
from the pathology reports. Follow-up data were obtained by
reviewing clinical examination, radiological, and laboratory data
within the digital hospital system. The first and last clinical exami-
nation notes for the cases were used as the follow-up period. All
radiological examinations performed during the follow-up period
after the initial diagnosis were reviewed.

In each case, the slide of the primary tumor with the deepest
tumor was selected and immunohistochemical staining was per-
formed on its block. 3-micron-thick sections were obtained from
formalin-fixed paraffin-embedded tissues. Antibody incubation
was performed for 60 minutes with a 1:500 antibody dilution
of HPA041773 CFC1 (Polyclonal) antibody supplied by ATLAS
Antibodies (Stockholm - SWEDEN). For the antigen retrieval
method, the ROCHE/Cell Conditioning 1 (CC1) (EDTA) and CC1
60-minute standard protocol was applied. For secondary imag-
ing, the Standard UltraView IHC Protocol was applied with the
ROCHE/UltraView Universal DAB Detection Kit; all procedures
were performed on a ROCHE/Ventana BenchMark XT IHC Stainer
instrument (ROCHE/Ventana, Tucson AZ - USA).

When evaluating immunohistochemical staining, cytoplasmic,
perinuclear dot-like, and membranous staining were considered
positive. In positive cases, the intensity (weak, moderate, strong)
and extent (%) of staining were recorded.

Mutation analysis was performed using real-time polymerase
chain reaction (PCR) in cases with unknown BRAF status. The
AmoyDx BRAF Mutation Analysis Kit and the BioRad CFX Connect
Real-Time PCR device were used for this analysis.

SPSS 27 was used for statistical analysis. Quantitative vari-
ables were presented using mean, standard deviation, median,
minimum, and maximum values, while qualitative variables

were presented using descriptive statistical methods such as fre-
quency and percentage. Shapiro-Wilk’s test and Box Plot charts
were used to assess the data’s conformity to a normal distribu-
tion. Student’s t-test was used for 2-group quantitative analyses
showing normal distribution. Mann-Whitney U-test was used for
2-group analyses of variables not showing normal distribution.
Pearson or Spearman’s correlation analysis was performed to
assess the relationships between variables, depending on the dis-
tribution. Pearson’s chi-square test, Fisher’s exact test, and Fisher—
Freeman-Halton test were used for the comparison of qualitative
data. Kaplan—Meier survival analysis and log-rank test were used
for survival analyses. Results were evaluated at a 95% Cl, and sig-
nificance was at P < .05.

Results

The initial screening revealed 93 cutaneous melanoma cases.
BRAF testing was performed in 57 of these cases. Tumor blocks
from 23 of the 36 cases with unknown BRAF status were found
suitable for molecular studies. Blocks from 13 cases were excluded
because they were unsuitable for molecular studies due to small
amounts of tumor tissue. Two of the cases with BRAF testing were
excluded because reliable results could not be obtained despite
repeated testing twice. Consequently, 57 cases with known pre-
existing BRAF results and 21 cases with newly studied BRAF tests
were included in the study.

A total of 78 cases were included in the study. Patient demo-
graphic features and histopathological diagnosis are summarized
in Table 1. A total of 42.3% (n = 33) of the cases were in areas
exposed to intermittent sunlight (trunk, extremities), 32.1% (n =
25) were in acral regions, and 24.3% (n = 19) were located in skin
areas exposed to chronic sunlight (head, neck region).

Tumor characteristics are summarized in Table 2. The BRAF
p.V600E/K mutation was present in 19.2% (n = 15) of the cases.

Table 1. Patient Characteristics

n (%)
Sex Female 32 (41.0)
Male 46 (59.0)
Age Mean = SD 59.69 + 18.40
Median (min-max) 62 (3-93)
Diagnosis SSM 31(39.7)
AM 25(32.1)
NM 19 (24.4)
LMM 2 (2.6)
SM 1(1.3)
Mortality Alive 46 (59.0)
Exitus 30 (38.5)
Unknown 2(2.6)
Follow-up (months) Mean + Std 21.60+17.8
Median (min-max) 19.2 (0-72.6)

AM, acral melanoma; LMM, lentigo malignant melanoma; NM,
nodular melanoma; SM, spitz melanoma; SSM, superficial spreading
melanoma.



Table 2. Histopathologic Characteristics
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n (%)
Tumor size (cm) Mean + SD 2.43 +1.41
Median (Min-Max) 2.4 (0.5-6.6)
Ulcer Present 17 (21.8)
Absent 63 (78.2)
Breslow thickness (mm) Mean = SD 6.00 £ 6.01
Median (min-max) 4.5 (0.2-39.7)
pT Ta 11 (14.1)
2b 4(5.1)
3a 4(5.1)
3b 13 (16.7)
4b 46 (59.0)
Clark level I 4(5.1)
I 8 (10.3)
v 42 (53.8)
A% 24 (30.8)
PNI Present 71(91.0)
Absent 7 (9.0)
LI Present 65 (83.4)
Absent 13 (16.7)
VI Present 76 (97.5)
Absent 2(2.6)
Regression Present 17 (21.8)
Absent 61 (78.2)
TIL Slight 53 (67.9)
Prominent 12 (15.4)
Absent 13 (16.7)
Satellite Present 1(1.3)
Absent 77 (98.7)
Metastasis Present 19 (24.4)
Absent 35 (44.9)
Unknown 24 (30.8)
LN metastasis Present 40 (51.3)
Absent 22 (28.2)
Unkown 16 (20.5)
Mitosis Mean + SD 10.78 + 10.46
Median (min-max) 8 (0-60)
Nevus Present 11 (14.1)
Absent 67 (85.9)
BRAF Wild type 63 (80.8)
Mutant 15(19.2)

LI, lymphatic invasion; LN, lymph node; PNI, perineural invasion; TIL,
tumor-infiltrating lymphocytes; VI, vascular invasion.

Eleven of the cases with BRAF mutations had the p.V600OE muta-
tion, and 4 had the p.V600K mutation. Mutations were detected in
29% (n = 9/31) of superficial spreading melanomas, 26.3% (5/19)
of nodular melanomas, and 4% (n = 1/25) of acral melanomas.
Three of the cases with the p.V600K mutation were nodular mela-
nomas, and 1 was a superficial spreading melanoma.

No staining was observed with CR-1 in the epidermis, skin
appendages, or vascular endothelium in any of the cases. CR-1
was evaluated as negative in 91% (n = 71) and positive in 9%
(n = 7) in melanoma cases. Cytoplasmic and perinuclear dot-like
staining was detected in 6 of the positive cases. No significant dif-
ference was observed regarding staining intensity. When the extent
of staining was examined, immunohistochemical expression was
observed in nearly all the tumor cells in positive tumors (Figure 1).

No statistically significant difference was found between CR-1
expression and age, gender, histological type, tumor size, patho-
logical stage, regression, tumor infiltrating lymphocytes (TIL),
metastasis, and BRAF p.V600 status. (P > .05) When the cases
were grouped as melanomas with chronic sun damage (head and
neck localization), intermittent sun damage (trunk and extremi-
ties), and melanomas that developed independently of sun dam-
age (acral and Spitz), it was seen that the majority of CR-1 positive
cases were in skin areas with intermittent sun damage (57.1%; n
= 4/7), although the result was not statistically significant. Most of
the CR-1 positive cases were pT4 (71.4%; n = 5/7), non-regressive
(71.4%; n = 5/7), low-density TILs (71.4%; n = 5/7), metastatic
(57.1%; n = 4/7), and BRAF mutation-negative (85.7%; n = 6/7)
tumors. However, these findings did not reach statistical signifi-
cance (P> .05). (Table 3)

The mean age of deceased patients was 64.50 + 14.60 years,
and the mean age of surviving patients was 56.48 + 20.36 years
(P =.066). Localization and CR-1 status did not show statistically
significant differences in mortality (P> .05).

Of the 76 cases with clinical follow-up, 46 survived (60.5%) and
30 died. The mean survival time was 41.005 + 3.945 months, and
the median survival was 37.1 months. In CR-1-negative cases, 40
cases survived (57.1%), 31 deaths were observed, and the mean
survival time was 39.440 % 3.990 months. In CR-1-positive cases,
6 cases survived (100%), no deaths were observed, and the mean
survival time was 16.506 = 11.679 months. When survival rates
according to CR-1 were evaluated with the log-ank test, there was
no statistically significant difference between the survival rates (P
=.113; P> .05) (Figure 2).

Discussion

In the study, immunohistochemical CR-1 expression was detected
in 9% (n = 7/78) of cutaneous melanoma cases. Consistent with
previous studies, CR-1 expression was not observed in normal cells
(keratinocytes, skin appendages, vascular endothelium, fibroblasts).

Most CR-1-positive cases (n = 7) were in skin areas with inter-
mittent sun damage (57.1%; n = 4). CR-1-positive melanomas
were mostly pT4 (71.4%; n = 5), non-regressive (71.4%; n = 5),
with low-density TILs (71.4%; n = 5), and metastatic (57.1%; n
= 4). Another notable finding was the absence of BRAF p.V600
mutations by PCR in most of these cases (85.7%; n = 6/7). This
study, for the first time in the literature, examined the relationship
between CR-1 expression and clinicopathological parameters
and survival data in cutaneous melanoma cases. No correlation
was found between CR-1 expression and gender, age, tumor size,
lymph node involvement, or distant metastasis (P > .05).

The role and impact of Nodal and its coreceptor, CR-1, in mela-
noma development has been a subject of research over the past 2
decades. In 2016, Ligtenberg and colleagues demonstrated in an
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Figure 1. a) Malignant melanoma (x400, H&E) and b) cytoplasmic CR-1 positivity in tumor cells. Keratinocytes are negative. (x400,
H&E). ¢) Malignant melanoma (IHC, x400), d) perinuclear dot-like CR-1 staining in tumor cells (IHC, x400).

animal study that a DNA vaccine encoding the mouse CR-1 pro-
tein induced a potent cytotoxic CD8(+) T lymphocyte response.
They found that the vaccine significantly inhibited tumor growth
and reduced metastatic spread in mice injected with an aggressive
melanoma cell line.'®

The results demonstrated that while not all melanoma cases
might benefit from CR-1-targeted therapies, the high prevalence of
positive cells suggests that anti-CR-1 therapies may be effective in
CR-1 positive cases. Furthermore, the presence of CR-1 expression
in BRAF wild-type tumors in the study suggests that these tumors
may be important for patients requiring alternative treatment.

Strizzi and colleagues identified the back as the anatomical
region where Nodal expression was most frequently observed.
They speculated that because this region is an area of increased
sun exposure in both men and women, the molecular changes
accumulated in melanocytes in this region due to ultraviolet radia-
tion (UVR) exposure make them more susceptible to the effects
of Nodal." In the study, although not statistically significant,
expression of CR-1, the coreceptor of Nodal, was most frequently
observed in skin areas with intermittent sun damage, such as the
back. In 2013, Bianco et al showed that hypermethylation of the
CR-1 promoter region in a breast cancer cell line led to low expres-
sion of CR-1.2° It is thought that UVR, which causes epigenetic
changes through DNA hypo/hypermethylation and histone modifi-
cation, may enable the CR-T gene to be re-expressed in adulthood
through hypomethylation of the promoter region.

Igder et al examined the relationship between KRAS and CR-1
in colorectal carcinomas in 2020 and found that CR-1 expression
was present in all KRAS mutant cases, while this rate was 56% in
cases without KRAS mutation.™ In the study, BRAF p.V600 altera-
tion was detected in only 1 of the CR-1-positive cases. Although
not statistically significant, this result raises suspicion that CR-1
expression may be associated with BRAFwt phenotype.

In the study, immunohistochemical CR-1 expression was evalu-
ated in 78 cutaneous melanoma cases and expression was found
to be present in 9% (n = 7). This result is similar to that shown in

Strizzi et al’s research.”’ However, De Luca et al found this rate to
be 43.2% (n = 16/37).° The antibody used in the study by De Luca
et al was anti-CR-1 (Rockland Labs, Gilbertsville, PA, USA), which
differs from the clone used in the current study. Previous studies
have reported that different clones have different sensitivities and
specificities. In addition, since patient and tumor descriptive infor-
mation of the cases included in the study was not provided in
the mentioned study, no comment could be made on the possible
effect of differences due to these factors on CR-1 expression.

Studies investigating the relationships between CR-1 and clini-
copathological parameters in other malignancies reveal statisti-
cally significant results including lymph node involvement.'%22-25
Epithelial-mesenchymal transition is one of the mechanisms
involved in the development of lymph node metastasis, and
CR-1 is known to cause epithelial-mesenchymal transition.*
Considering this situation, the relationship between CR-1 expres-
sion and lymph node metastasis seems understandable. However,
as in the study, there are also studies showing that there is no rela-
tionship between lymph node metastasis and CR-1 expression. In
a review by Ji et al in 2023, the factors affecting lymph node
metastasis were listed as fluid mechanics, cell reaction to intersti-
tial fluid flow, chemokines, tumor aggressiveness, change in lymph
node vascularization, rearrangement of the extracellular matrix,
and immunosuppression.?® Epithelial-mesenchymal transition is
only one factor affecting lymph node metastasis. Because other
factors that may be associated with lymph node metastasis were
not investigated in tumors where CR-1 was found to be associated
with lymph node metastasis, it is questionable whether CR-1 is an
independent predictive factor for lymph node metastasis.

In lung non-small cell carcinomas, which are the carcinomas
in which CR-1 expression, clinicopathological parameters, and
prognosis have been most frequently studied, CR-1 expression has
been consistently associated with poor prognosis and high TNM
stage."*? In addition, CR-1 expression is associated with poor
response to EGFR inhibitor therapy.?® In the study, only one of the
tumors expressing CR-1 had a BRAF p.V600 mutation and did not
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Table 3. CR-1 Expression and Correlation with Clinical, Pathological and Molecular Features

CR1
Negative (n = 71) Positive (n = 7) P

Age Mean + SD 59.97 £ 18.51 56.86 = 18.35 °0.662
Median (Min-Max) 62 (3-93) 62 (23-75)

Sex Female 29 (40.8) 3(42.9) 51.000
Male 42 (59.2) 4 (57.1)

Type H-CSD 18 (25.4) 1(14.3) €0.886
L-CSD 29 (40.8) 4 (57.1)
CSD-independent 24 (33.8) 2 (28.6)

Tumor size (cm) Mean = SD 2.34 +1.33 3.27 +£1.98 0.214
Median (Min-Max) 2.4 (0.5-6.6) 3.2 (0.6-6.3)

pT 1 10 (14.1) 1(14.3) ®0.276
2 3(4.2) 1(14.3)
3 17 (23.9) 0 (0)
4 41 (57.7) 5(71.4)

Histologic type SSM 29 (40.8) 2 (28.6) ®0.602
NM 16 (22.5) 3 (42.8)
AM 23(32.4) 2 (28.6)
LMM 2(2.8) 0 (0)
SM 1(1.4) 0(0)

Regression Absent 56 (78.9) 5(71.4) €0.643
Present 15 (21.1) 2 (28.6)

TIL Absent 12 (16.9) 1(14.3) ®1.000
Slight 48 (67.6) 5(71.4)
Prominent 11 (15.5) 1(14.3)

LN metastasis (n = 62) Absent 20 (35.1) 2 (40) €1.000
Present 37 (64.9) 3 (60)

Metastasis (n = 54) Absent 33 (68.8) 2(33.3) €0.169
Present 15 (31.3) 4 (66.7)

BRAF status Wild type 57 (80.3) 6 (85.7) €1.000
Mutant 14 (19.7) 1(14.3)

AM, acral melanoma; H-CSD, high cumulative sun damage; L-CSD, low cumulative sun damage; LMM, lentigo malignant melanoma; LN, lymph
node; NM, nodular melanoma; SM, spitz melanoma; SSM, superficial spreading melanoma; TIL, tumor-infiltrating lymphocytes.

receive anti-BRAF therapy due to tumor stage (pT2bNO0), so anti-
BRAF treatment response has not been evaluated.

In a 2021 study by Hu et al on cholangiocellular carcino-
mas, CR-1 expression was also found to be associated with poor
survival.?’ In the study, all patients with CR-1 expression were
alive, but no correlation was found between survival and CR-1
expression.

In a study conducted in 2020, which included 17 271 Dutch
and 4980 Australian patients, it was found that the presence of

regression was associated with increased recurrence-free survival
in melanomas with a Breslow thickness of 4 mm and below. The
most important cells in melanoma regression are CD8(+) cyto-
toxic T lymphocytes. T cells perform this function by recogniz-
ing tumor antigens. These antigens include tumor-specific mutant
oncogenes (CDKN4), germ cell antigens (melanoma antigen-
MAGE), and differentiation antigens (gp100, Mart-1) involved
in melanin synthesis.’*® Because CR-1 is a protein not expressed
in normal cells, it seems plausible that it is a tumor-rejection
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Figure 2. Correlation between CR-1 status and survival.

antigen. However, the tumors showing CR-1 expression in the
study were those that did not show regression and had low TIL
density. This may be due to CR-1 conferring stem cell-like proper-
ties to cells. Previous studies have shown that stem cell-like cells
in tumors express costimulatory molecules that allow them to
evade the host immune response. Given that CR-1 also confers
stem cell-like properties on cells, it was thought that the low host
immune response in the tumors included in the study may be
related to this.

The current study is the first to evaluate immunohistochemical
CR-1 expression in a large series of cutaneous melanoma cases
and compare the findings with patient and tumor parameters. A
key limitation of this study is its retrospective nature, which means
it is unclear whether the fixation time and the nature of the fixa-
tive (buffered formalin) were within the standards for all cases.
Furthermore, because the sections lacked internal control, the pos-
sibility of stain failure in some cases, albeit with a low probabil-
ity, could not be definitively excluded. Due to budget constraints,
CR-1 expression could not be demonstrated by any other method
(RT-PCR, Western blot), and molecular changes beyond BRAF
p.V600 status were not evaluated.
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