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What is already known on 
this topic?

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

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

What this study adds to 
this topic?

• 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 Cerrahpaşa 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%.1,2 However, due to drug resistance and toxicity of existing drugs, there is a need to 
develop new targeted therapies.3

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.4,5

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.6-15 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.13,16

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.9 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.12 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.17 These findings suggest that CR-1 expression 
may play a role in melanoma development in cutaneous mela-
noma cases.12

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 İstanbul University Cerrahpaşa 

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% CI, 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.
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Eleven of the cases with BRAF mutations had the p.V600E 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 

Table 2.  Histopathologic Characteristics

​ ​ 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 1a 11 (14.1)

2b 4 (5.1)

3a 4 (5.1)

3b 13 (16.7)

4b 46 (59.0)

Clark level Ⅱ 4 (5.1)

Ⅲ 8 (10.3)

Ⅳ 42 (53.8)

Ⅴ 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.
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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.18

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.19 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-1.20 It is thought that UVR, which causes epigenetic 
changes through DNA hypo/hypermethylation and histone modifi-
cation, may enable the CR-1 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.10 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.21 However, De Luca et al found this rate to 
be 43.2% (n = 16/37).9 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.10,22-25 
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.4 
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.26 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.14,27 In addition, CR-1 expression is associated with poor 
response to EGFR inhibitor therapy.28 In the study, only one of the 
tumors expressing CR-1 had a BRAF p.V600 mutation and did not 

Figure 1.  a) Malignant melanoma (×400, H&E) and b) cytoplasmic CR-1 positivity in tumor cells. Keratinocytes are negative. (×400, 
H&E). c) Malignant melanoma (IHC, ×400), d) perinuclear dot-like CR-1 staining in tumor cells (IHC, ×400).
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receive anti-BRAF therapy due to tumor stage (pT2bN0), 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.29 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.30 Because CR-1 is a protein not expressed 
in normal cells, it seems plausible that it is a tumor-rejection 

Table 3.  CR-1 Expression and Correlation with Clinical, Pathological and Molecular Features

​

CR1

PNegative (n = 71) Positive (n = 7)

Age Mean ± SD 59.97 ± 18.51 56.86 ± 18.35 a0.662

Median (Min-Max) 62 (3-93) 62 (23-75) ​

Sex Female 29 (40.8) 3 (42.9) b1.000

Male 42 (59.2) 4 (57.1) ​

Type H-CSD 18 (25.4) 1 (14.3) c0.886

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 a0.214

Median (Min-Max) 2.4 (0.5-6.6) 3.2 (0.6-6.3) ​

pT 1 10 (14.1) 1 (14.3) b0.276

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) b0.602

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) c0.643

Present 15 (21.1) 2 (28.6) ​

TIL Absent 12 (16.9) 1 (14.3) b1.000 

Slight 48 (67.6) 5 (71.4) ​

Prominent 11 (15.5) 1 (14.3) ​

LN metastasis (n = 62) Absent 20 (35.1) 2 (40) c1.000 

Present 37 (64.9) 3 (60) ​

Metastasis (n = 54) Absent 33 (68.8) 2 (33.3) c0.169 

Present 15 (31.3) 4 (66.7) ​

BRAF status Wild type 57 (80.3) 6 (85.7) c1.000 

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.



6

Men et al. Correlation of Histopathology and Prognosis

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.

Data Availability Statement: The data that support the findings of this study 
are available on request from the corresponding author.

Artificial Intelligence Usage Statement: The authors declared that no Arti-
ficial Intelligence tool was used in the preparation of the manuscript.

Ethics Committee Approval: Ethics committee approval was received for 
this study from the ethics committee of İstanbul University Cerrahpaşa 
(Approval No.: E-74555795-050.04-1249288; Date: May 3, 2025).

Informed Consent: Written informed consent was obtained from the 
patients who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - A.M.Ö.M.; Design - A.M.Ö.M.; Supervi-
sion - Ö.A.Ü., A.S.D., T.K.U., Z.H.T.; Resources - A.M.Ö.M., A.H.N., A.S.D., 
Z.Ş.; Materials - A.M.Ö.M., A.H.N., Ö.A.Ü., Z.Ş.; Data Collection and/or 

Processing - A.M.Ö.M., A.H.N.; Analysis and/or Interpretation - A.M.Ö.M., 
A.S.D., T.K.U., Z.H.T.; Literature Search - A.M.Ö.M., A.H.N., A.S.D.; Writing 
Manuscript - A.M.Ö.M.; Critical Review - Ö.A.Ü., T.K.U., Z.H.T.

Declaration of Interests: The authors have no conflict of interest to declare.

Funding: The authors declared that this study has received no financial 
support.

References
1.	 Gershenwald  J. Melanoma of the skin. In: Amin  MB, Edge  SB, 

Greene FL, et al., eds. AJCC Cancer Staging Manual. 8th ed. Chicago: 
Springer International Publishing; 2017:563-585. 

2.	 Wisco  OJ, Marson  JW, Litchman  GH, et  al. Improved cutaneous 
melanoma survival stratification through integration of 31-gene 
expression profile testing with the American Joint Committee on 
Cancer 8th Edition Staging. Melanoma Res. 2022;32(2):98-102. 
[CrossRef]

3.	 Dulgar  O, Kutuk  T, Eroglu  Z. Mechanisms of resistance to BRAF-
targeted melanoma therapies. Am J Clin Dermatol. 2021;22(1):1-10. 
[CrossRef]

4.	 Arnouk H, Yum G, Shah D. Cripto-1 as a key factor in tumor progres-
sion, epithelial to mesenchymal transition and cancer stem cells. Int 
J Mol Sci. 2021;22(17):9280. [CrossRef]

5.	 Bianco  C, Salomon  DS. Human Cripto-1 as a target for a cancer 
vaccine: WO2008040759. Expert Opin Ther Pat. 2009;19(2):141-
144. [CrossRef]

6.	 Alowaidi F, Hashimi SM, Alqurashi N, et al. Cripto-1 overexpression 
in U87 glioblastoma cells activates MAPK, focal adhesion and ErbB 
pathways. Oncol Lett. 2019;18(3):3399-3406. [CrossRef]

7.	 D’antonio A, Losito S, Pignata S, et al. Transforming growth factor 
alpha, amphiregulin and cripto-1 are frequently expressed in advanced 
human ovarian carcinomas. Int J Oncol. 2002;21(5):941-948.

8.	 Daraghma H, Untiveros G, Raskind A, et al. The role of Nodal and 
Cripto-1 in human oral squamous cell carcinoma. Oral Dis. 
2021;27(5):1137-1147. [CrossRef]

9.	 De Luca A, Lamura L, Strizzi L, et al. Expression and functional role 
of CRIPTO-1 in cutaneous melanoma. Br J Cancer. 2011;105(7):1030-
1038. [CrossRef]

10.	 Igder S, Mohammadiasl  J, Azadpour S, et al. KRAS mutation and 
abnormal expression of Cripto-1 as two potential candidate biomark-
ers for detection of colorectal cancer development. J Cell Biochem. 
2020;121(4):2901-2908. [CrossRef]

11.	 Saeki  T, Salomon  D, Gullick  W, et  al. Expression of cripto-1 in 
human colorectal adenomas and carcinomas is related to the degree 
of dysplasia. Int J Oncol. 1994;5(3):445-451. [CrossRef]

12.	 Strizzi L, Abbott DE, Salomon DS, et al. Potential for Cripto-1 in 
defining stem cell-like characteristics in human malignant melanoma. 
Cell cycle (Georget, Tex). 2008;7(13):1931-1935. [CrossRef]

13.	 Xu CH, Cao L, Wei Y, et al. Serum cripto-1 as a clinical marker for 
lung cancer. Int J Biol Markers. 2015;30(4):e369-e373. [CrossRef]

14.	 Zhang H, Zhang B, Gao L, et al. Clinical significance of cripto-1 
expression in lung adenocarcinoma. Oncotarget. www.impa​ctjourna​
ls.com/o​ncotarge​t. 2017;8(45):79087-79098. [CrossRef]

15.	 Zhong XY, Zhang LH, Jia SQ, et al. Positive association of up-reg-
ulated Cripto-1 and down-regulated E-cadherin with tumour progres-
sion and poor prognosis in gastric cancer. Histopathology. 2008 
April;52(5):560-568. [CrossRef] 

16.	 Zhang Y, Xu H, Chi X, et al. High level of serum Cripto-1 in hepa-
tocellular carcinoma, especially with hepatitis B virus infection. 
Medicine (US). 2018;97(35):e11781. [CrossRef]

17.	 Strizzi L, Margaryan NV, Gerami P, et al. Translational significance 
of Nodal, Cripto-1 and Notch4 in adult nevi. Oncol Lett. 
2016;12(2):1349-1354. [CrossRef]

18.	 Ligtenberg MA, Witt K, Galvez-Cancino F, et al. Cripto-1 vaccination 
elicits protective immunity against metastatic melanoma. Oncoim-
munology. 2016;5(5):e1128613. [CrossRef]

19.	 Strizzi L, Postovit LM, Margaryan NV, et al. Nodal as a biomarker 
for melanoma progression and a new therapeutic target for clinical 
intervention. Expert Rev Dermatol. 2009;4(1):67-78. [CrossRef]

20.	 Bianco C, Castro NP, Baraty C, et al. Regulation of human Cripto-1 
expression by nuclear receptors and DNA promoter methylation in 
human embryonal and breast cancer cells. J Cell Physiol. 
2013;228(6):1174-1188. [CrossRef]

Figure 2.  Correlation between CR-1 status and survival.

https://dx.doi.org/10.1097/CMR.0000000000000804
https://dx.doi.org/10.1007/s40257-020-00572-6
https://dx.doi.org/10.3390/ijms22179280
https://dx.doi.org/10.1517/13543770802646956
https://dx.doi.org/10.3892/ol.2019.10626
https://dx.doi.org/10.1111/odi.13640
https://dx.doi.org/10.1038/bjc.2011.324
https://dx.doi.org/10.1002/jcb.29526
https://dx.doi.org/10.3892/ijo.5.3.445
https://dx.doi.org/10.4161/cc.7.13.6236
https://dx.doi.org/10.5301/jbm.5000155
http://www.impactjournals.com/oncotarget
http://www.impactjournals.com/oncotarget
https://dx.doi.org/10.18632/oncotarget.15761
https://dx.doi.org/10.1111/j.1365-2559.2008.02971.x
https://dx.doi.org/10.1097/MD.0000000000011781
https://dx.doi.org/10.3892/ol.2016.4755
https://dx.doi.org/10.1080/2162402X.2015.1128613
https://dx.doi.org/10.1586/17469872.4.1.67
https://dx.doi.org/10.1002/jcp.24271


7

Cerrahpaşa Med J 2026; 50: 1-7

21.	 Strizzi  L, Margaryan  NV, Gilgur  A, et  al. The significance of a 
Cripto-1 positive subpopulation of human melanoma cells exhibiting 
stem cell-like characteristics. Cell Cycle. 2013;12(9):1450-1456. 
[CrossRef]

22.	 Sato  J, Karasawa  H, Suzuki  T, et  al. The function and prognostic 
significance of Cripto-1 in colorectal cancer. Cancer Invest. 
2020;38(4):214-227. [CrossRef] 

23.	 Wu Z, Li G, Wu L, et al. Cripto-1 overexpression is involved in the 
tumorigenesis of nasopharyngeal carcinoma. BMC Cancer. 
2009;9:315. [CrossRef]

24.	 Liu Q, Cui X, Yu X, et al. Cripto-1 acts as a functional marker of 
cancer stem-like cells and predicts prognosis of the patients in esopha-
geal squamous cell carcinoma. Mol Cancer. 2017;16(1):81. [CrossRef]

25.	 Liu Y, Qin Z, Yang K, et al. Cripto-1 promotes epithelial-mesenchy-
mal transition in prostate cancer via Wnt/β-catenin signaling. Oncol 
Rep. 2017;37(3):1521-1528. [CrossRef]

26.	 Ji H, Hu C, Yang X, et al. Lymph node metastasis in cancer progres-
sion: molecular mechanisms, clinical significance and therapeutic 
interventions. Signal Transduct Target Ther. 2023;8(1):367. [CrossRef]

27.	 Xu CH, Sheng ZH, Di HH, et al. Elevated expression of Cripto-1 
correlates with poor prognosis in non-small cell lung cancer. Tumor 
Biol. 2014;35(9):8673-8678. [CrossRef]

28.	 Park KS, Raffeld M, Moon YW, et al. CRIPTO1 expression in EGFR-
mutant NSCLC elicits intrinsic EGFR-inhibitor resistance. J Clin Invest. 
2014;124(7):3003-3015. [CrossRef]

29.	 Hu  C, Zhang  Y, Zhang  M, et  al. Exosomal Cripto-1 Serves as a 
potential biomarker for perihilar cholangiocarcinoma. Front Oncol. 
2021;11:730615. [CrossRef] 

30.	 Aung PP, Nagarajan P, Prieto VG. Regression in primary cutaneous 
melanoma: etiopathogenesis and clinical significance. Lab Invest. 
2017;97(6):657-668. [CrossRef] 

https://dx.doi.org/10.4161/cc.24601
https://dx.doi.org/10.1080/07357907.2020.1741604
https://dx.doi.org/10.1186/1471-2407-9-315
https://dx.doi.org/10.1186/s12943-017-0650-7
https://dx.doi.org/10.3892/or.2017.5378
https://dx.doi.org/10.1038/s41392-023-01576-4
https://dx.doi.org/10.1007/s13277-014-2039-1
https://dx.doi.org/10.1172/JCI73048
https://dx.doi.org/10.3389/fonc.2021.730615
https://dx.doi.org/10.1038/labinvest.2017.8

