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Abstract
Purpose To evaluate the protein expression characteristics of genes employed in a recently introduced prognostic gene 
expression assay for patients with cutaneous melanoma (CM).
Methods We studied 37 patients with CM and 10 with benign (melanocytic) nevi (BN). Immunohistochemistry of primary 
tumor tissue was performed for eight proteins: COL6A6, DCD, GBP4, KLHL41, KRT9, PIP, SCGB1D2, SCGB2A2.
Results The protein expression of most markers investigated was relatively low (e.g., DCD, KRT9, SCGB1D2) and predomi-
nantly cytoplasmatic in melanocytes and keratinocytes. COL6A6, GBP4, and KLHL41 expression was significantly enhanced 
in CM when compared to BN. DCD protein expression was significantly correlated with COL6A6, GBP4, and KLHL41. 
GBP4 was positively correlated with KLHL41 and inversely correlated with SCGB2B2. The latter was also inversely cor-
related with serum S100B levels at time of initial diagnosis. The presence of SCGB1D2 expression was significantly associ-
ated with ulceration of the primary tumor. KRT9 protein expression was significantly more likely found in acral lentiginous 
melanoma. The presence of DCD expression was less likely associated with superficial spreading melanoma subtype but 
significantly associated with non-progressive disease. The absence of SCGB2A2 expression was significantly more often 
observed in patients who did not progress to stage III or IV.
Conclusions The expression levels observed were relatively low but differed in part with those found in BN. Even though 
we detected some significant correlations between the protein expression levels and clinical parameters (e.g., CM subtype, 
course of disease), there was no major concordance with the protective or risk-associated functions of the corresponding 
genes included in a recently introduced prognostic gene expression assay.
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Introduction

Cutaneous melanoma (CM) is one of the most aggressive 
types of skin malignancies, accounting for about 75% of 
skin-cancer-related mortality (Schadendorf and Hauschild 
2014). A characteristic feature of CM is the ability to metas-
tasize at early stages of tumor progression. Within the past 
years, however, rapidly evolving immunotherapy and tar-
geted therapy modalities have significantly extended the life 
expectancy of patients with advanced CM (Zhu et al. 2016; 
Eggermont and Robert 2011). These novel treatment regi-
mens have recently found entry into the adjuvant therapeu-
tic setting (Weber et al. 2017; Long et al. 2017). The latter 
treatments currently represent new therapeutic approaches 
for patients with positive sentinel lymph node biopsy and 
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even stage II patients are currently under investigation in this 
context (Weber et al. 2017; Long et al. 2017).

Broad application in adjuvant treatment setting of clini-
cally tumor-free patients is hampered by side effects and 
associated with high costs of the aforementioned new thera-
pies (Weber et al. 2017; Long et al. 2017). Therefore, future 
treatment strategies have to be precise and early in recogni-
tion of patients at high risk of melanoma recurrence. Thus, 
prognostic biomarkers complementing conventional staging 
systems are required to enable a more accurate identifica-
tion of “true” high-risk patients who actually need adjuvant 
treatment. We and others have previously investigated and 
validated a gene expression profile score in primary CM 
and adjacent stroma, consisting of eight genes (in addition 
to three housekeeping genes) predicting patient survival 
independently of the American Joint Committee on Can-
cer (AJCC) stage (Gambichler et al. 2021a; Amaral et al. 
2020; Brunner et al. 2013, 2018; Gershenwald et al. 2017). 
In fact, the MelaGenix® assay appears to provide signifi-
cant prognostic information. In stages II and III a larger 
group of patients with a low-risk score could be detected, 
and for these patients, adjuvant treatment could be consid-
ered unnecessary. Hence, the use of the MelaGenix® test 
appears to be suitable for the selection of patients with adju-
vant treatment regimens, preventing side effects in low-risk 
patients and thus reducing costs in this context (Gambichler 
et al. 2021a). However, the protein expression profiles of the 
MelaGenix® assay genes have not yet been characterized in 
melanocytic skin lesions.

In the present study, we aimed to evaluate for the first 
time the protein expression profiles of the genes employed 
in the prognostic MelaGenix® gene expression assay in pri-
mary CM and compare it with expression profiles found in 
benign (melanocytic) nevi (BN).

Material and methods

Study population

We searched through our database for CM and BN of 
patients treated in the year 2018 in the Skin Cancer Center, 
Ruhr-University Bochum. All tumors were diagnosed by two 
experienced dermato-histopathologists according to standard 
histopathological criteria for CM (Schadendorf and Haus-
child 2014). We only included patients of whom the forma-
lin-fixed paraffin-embedded (FFPE) tissue of the primary 
tumor was available. Complete clinical work-up, staging, 
follow-up and treatment were performed corresponding to 
current CM’s guidelines (Schadendorf and Hauschild 2014; 
Gershenwald et al. 2017). Clinical data were collected by 
chart review. As controls, we also recruited patients with 
BN. For further analysis, we evenly stratified in low-risk 

(≤ 2 mm tumor thickness) and high-risk (> 2 mm tumor 
thickness) melanomas and included cases with available 
tumor tissue and sufficient clinical data details only.

Immunohistochemistry and microscopic evaluation

Immunohistochemistry was performed in accordance with 
the manufacturer’s recommendations. Briefly, sections of 
formalin-fixed, paraffin-embedded (FFPE) tissue were 
dried overnight at 37 °C, deparaffinized in Rotihistol (Carl 
Roth, Karlsruhe, Germany) and subsequently hydrated 
through a graded alcohol series. For immunostaining, we 
used primary antibodies as follows: COL6A6 (collagen 
type VI alpha 6 chain) [Abcam, Waltham, USA, Cat# 
ab150926, dilution 1:100]; DCD (dermcidin) [Sigma, 
Taufkirchen, Germany, Cat# HPA063967, dilution 
1:2000]; GBP4 (guanylate binding protein 4) [Abcam, 
Waltham, USA, Cat# ab232693, dilution 1:750]; KLHL41 
(kelch-like family member 41) [Sigma, Taufkirchen, Ger-
many, Cat# HPA021753, dilution 1:500]; KRT9 (keratin 9) 
[Biozol, Eching, Germany, Cat# DF9001, dilution 1:200]; 
PIP (prolactin-induced protein) [Sigma, Taufkirchen, Ger-
many, Cat# HPA009177, dilution 1:200]; SCGB1D2 (lipo-
philin B) [NOVUS, Centennial, USA, Cat# NBP1-81304, 
dilution 1:500]; SCGB2A2 (mammaglobin A) [Cell 
Marque, Rocklin, USA, Cat# 280C-14, dilution1:100].

Visualization was performed using the Dako REAL™ 
Detection System, Alkaline Phosphatase/RED, Rabbit/
Mouse (K5005, Dako Agilent; Santa Clara, CA) according 
to the manufacturer`s protocol. For nuclear counterstain-
ing, specimens were incubated in hematoxylin (S202084, 
Dako Agilent) for 1 min followed by a 5-min-incubation 
in tap water. Finally, samples were processed through a 
series of ascending alcohol concentrations and mounted 
with Entellan (Merck, Darmstadt, Germany). For micro-
scopic analysis, stained slides were scanned at 40× mag-
nification using the Nanozoomer Whole Slide Scanner 
from Hamamatsu (Hamamatsu, Herrsching am Ammersee, 
Germany). The images were evaluated using the viewer 
software NDP.view2 (Hamamatsu Photonics, Germany). 
As previously reported, H-score quantification was per-
formed by multiplying the percentage of positive cells 
(0–100%) by the staining intensity (0 = none; 1 = slight; 
2 = moderate; 3 = strong) and totalization of data (total 
range 0–300) (Gambichler et al. 2021b). We also catego-
rized immunostaining in a negative (immunoreactivity = 0) 
and a positive (immunoreactivity > 0) group.

Statistics

Data analysis was performed using the statistical pack-
age MedCalc Software version 20.008 (MedCalc, Ostend, 
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Belgium). The distribution of data was assessed by the 
D’Agostino-Pearson test. For non-normally distributed 
data, the median and range were calculated. Data were 
analyzed where appropriate using the  Chi2 test, Spearman 
correlation procedure, and Mann–Whitney test. P values 
of < 0.05 were considered significant.

Results

Study population consisted of 37 patients with CM, includ-
ing 18/37 (48.6%) women and 19/37 (51.4%) men at the 
median age of 71 years (28–91 years). The primary CM 
investigated consisted of 18/37 (48.6%) superficial spreading 
melanomas (SSM), 5/37 (13.5%) nodular melanomas (NM), 
6/37 (16.2%) lentigo maligna melanomas, and 8/37 (21.6%) 
acral lentiginous melanomas (ALM). The median tumor 
thickness was 2.3 mm (0.2–8.5). We observed 18/37 (48.6%) 
low-risk and 19/37 (51.4%) high-risk primary melanomas. 
Ulceration was documented in 15/37 (40.5%) primaries. At 
the time of study beginning, 14/37 (37.8%) were in stage I, 
10/37 (27.1%) in stage II, 7/37 (18.9%) in stage III, and 6/37 
(16.2%) in stage IV (AJCC 8th edition).

Immunohistology staining characteristics of the eight 
antibodies assessed are detailed in Table 1. Together, the 
protein expression of most markers investigated was rela-
tively low (e.g., DCD, KRT9, SCGB1D2) and predominantly 

cytoplasmatic in melanocytes and keratinocytes (Fig. 1, 2, 
3). However, immunostaining was also observed in eccrine 
and sebaceous glands. As demonstrated in Fig.  1 and 
Table 2, COL6A6 (P = 0.0015), GBP4 (P = 0.0080), and 
KLHL41 (P = 0.025) expression was significantly enhanced 
in CM when compared to BN. When evaluating exclusively 
the melanocytic immunoreactivity, COL6A6 (P = 0.0024) 
expression of CM remained significantly higher as compared 
to BN. However, GBP4 (P = 0.058) and KLHL41 (P = 0.061) 
expression in melanocytes only showed a trend for statistical 
significance. Expression of the other markers studied did not 
significantly (P > 0.05) differ between CM and BN.    

DCD protein expression was significantly correlated with 
COL6A6 (r = 0.37, P = 0.023), GBP4 (r = 0.49, P = 0.0020), 
and KLHL41 (r = 0.35, P = 0.037). Moreover, GBP4 was 
positively correlated with KLHL41 (r = 0.40, P = 0.014) 
and was inversely correlated with SCGB2B2 (r = − 0.37, 
P = 0.024). Immunoreactivity of proteins studied did not 
correlate with tumor thickness (P > 0.05) or dichotomized 
tumor thickness categories (≤ 2 mm vs. > 2 mm, P > 0.05). 
However, SCGB1D2 expression was inversely correlated 
(r = − 0.49, P = 0.0023) with serum S100B levels at time of 
initial CM’s diagnosis. The presence of SCGB1D2 expres-
sion was significantly (P = 0.043) associated with ulceration 
of the primary.

KRT9 protein expression was significantly (P = 0.0007) 
more likely found in ALM. Furthermore, the presence of 

Table 1  Immunohistological protein expression characteristics of eight MelaGenix®-relevant genes in cutaneous melanomas and adjacent 
stroma

Antibody Stained cell type Stained cell compart-
ment

Staining localization Other stained structures/
cell types

Other characteristics

COL6α6 Melanocytes Cytoplasm Epidermis, dermis Glands, connective 
tissue

DCD Melanocytes Cytoplasm Epidermis, dermis Glands Overall very low 
expression

GBP4 Melanocytes, keratino-
cytes

Cytoplasm Epidermis, dermis Glands, connective 
tissue

KLHL41 Melanocytes, keratino-
cytes

Cytoplasm, partly 
membranous staining 
in epidermis

Epidermis, dermis Glands, connective tis-
sue, blood vessels

More intense staining 
than the others but 
partly diffuse

KRT9 Melanocytes, keratino-
cytes

Membranous, cytoplasm 
in part

Dermal melanocytes; 
keratinocytes (horny 
layer to spinous layer)

Glands Much more staining in 
keratinocytes than in 
melanocytes

PIP Melanocytes, keratino-
cytes

In melanocytes nuclear 
and cytoplasmic 
staining, keratinocytes 
rather nuclear staining

Epidermis, dermis Glands

SCGB1D2 Melanocytes Cytoplasm, partly mem-
branous staining

Dermis Glands

SCGB2A2 Melanocytes, keratino-
cytes

Cytoplasm of melano-
cytes; Nuclear staining 
in epidermal keratino-
cytes

Epidermis, dermis Glands
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DCD expression was less likely associated with SSM mela-
noma subtype (P = 0.033). The presence of DCD expression 
was significantly (P = 0.020) associated with non-progres-
sive disease (stage I or II) in course of disease. In contrast, 
the absence of SCGB2A2 expression was significantly 
(P = 0.033) more often observed in patients who had no 
progress to stage III or IV.

Discussion

So far, current guidelines do not recommend prognostic gene 
expression profiling (GEP) assays for CM outside of clinical 
trials. Nevertheless, their use is becoming more prevalent 
and some clinicians are already employing GEP assays to 

Fig. 1  Increased protein expression cutaneous melanoma for 
COL6A6 a, GBP4 c, and KLHL41 e when compared to benign mel-
anocytic nevi b, d, f 

Fig. 2  Showing immunoreactivity in cutaneous melanoma for DCD 
(mainly cytosolic, a), KRT9 (membranous, b), and PIP (mainly 
nuclear, c)
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manage CM patients. Hence, there is a high need to close 
the gap between GEP assay use and CM guideline recom-
mendations by gaining high-quality evidence to guide physi-
cians towards the optimal use of GEP testing in CM patients 
(Grossman et al. 2019). Over the last years, GEP studies of 
primary CM have been reported in numerous publications 
(Gambichler et al. 2021a; Amaral et al. 2020; Brunner et al. 
2013, 2018; Winnepenninckx et al. 2006; Wardwell-Ozgo 
et al. 2014; Gschaider et al. 2012; Conway et al. 2009; Ran-
gel et al. 2008; Gerami et al. 2015; Yingjuan et al. 2021; 
Greenhaw et al. 2020; Garg et al. 2021; Kwak et al. 2020; 
Eggermont et al. 2020; Wang et al. 2020). Many of the previ-
ously reported genes have in common that the cellular source 
of these mRNAs are not only tumor cells but also endothelial 
cells (e.g., keratinocytes) and infiltrating lymphocytes etc. 
(Gambichler et al. 2021a; Amaral et al. 2020; Brunner et al. 
2013, 2018; Winnepenninckx et al. 2006; Wardwell-Ozgo 
et al. 2014; Gschaider et al. 2012; Conway et al. 2009; Ran-
gel et al. 2008; Gerami et al. 2015; Yingjuan et al. 2021; 
Greenhaw et al. 2020; Garg et al. 2021; Kwak et al. 2020; 
Eggermont et al. 2020; Wang et al. 2020). Accordingly, in 
previous expression analyses of the genes used in the Mela-
Genix® assay, total mRNA was prepared from whole FFPE 
tissue sections including tumor as well as adjacent tissue. 
The rationale to include whole tissue sections as opposed to 
micro- or macro-dissected tumor tissue was the biological 

significance of the microenvironment and stroma (in particu-
lar the tumor/stroma interface) on regulating tumor growth 
and progression (Weiss et al. 2015). According to this, in the 
present study we analyzed the protein expression in total and 
not only in the tumor cells.

Three of the MelaGenix® signature genes (KRT9, 
KLHL41, ECRG2) have never before been reported to be 
expressed in melanocytic tumors. For the remaining five 
genes there exists an overlap with published gene sets allow-
ing the discrimination between advanced and early-stage 
CM (Winnepenninckx et al. 2006; Ren et al. 2008; Smith 
et al. 2005). On the basis of hypergeometric distribution 
calculations, four of the protective genes of the MelaGenix® 
assay (DCD, PIP, SCGB1D2, SCGB2A2) were identified 
as top 13 of a 50-gene set down-regulated in advanced 
CM (Brunner et al. 2013; Ren et al. 2008). DCD, PIP, and 
COL6A6 were part of the 254-gene classifiers associated 
with distant metastasis-free survival of patients with CM 
(Brunner et al. 2013; Winnepenninckx et al. 2006). Moreo-
ver, PIP and SCGB2A2 are listed in several gene sets of 
a comparative gene expression analysis of CM (Brunner 
et al. 2013; Greenhaw et al. 2020). Mancuso et al. (Mancuso 
et al. 2020) showed that in early-stage melanoma patients, 
serum levels of DCD together with the Breslow thickness 
are the best predictors of melanoma metastasis. Moreover, 
Ortega-Martínez et al. (Ortega-Martínez et al. 2016) recently 
reported that DCD serum levels are elevated in CM patients 
in regard to healthy subjects, although in early‐stage patients 
who develop metastasis during follow‐up, DCD levels are 
significantly decreased. Furthermore, Xu et al. (Xu et al. 
2020) analyzed the Pathology Atlas data and found that 
higher expression of GBP1 and GBP4 was associated with 
better 5-year survival rate in CM. Accordingly, Yingjuan 
et al. (Yingjuan et al. 2021) recently proposed a prognos-
tic signature comprising of 10 genes also including GBP4. 
This 10-gene signature effectively separated CM patients 
into low- and high-risk groups based upon their survival. 
Yingjuan et al. (Yingjuan et al. 2021) observed that these 
low- and high-risk groups also exhibited distinct immune 
statuses and differing degrees of immune cell infiltration 
(Yingjuan et al. 2021). Importantly, except for KLHL41, all 
genes used in MelaGenix® assay are considered protective 
(Gambichler et al. 2021a; Brunner et al. 2013).

In the present study, we investigated the protein expres-
sion of genes included in the commercially available Mela-
Genix® assay. This study was not designed to focus on the 
prognostic performance of the protein expression levels 
assessed, but to describe for the first time the localization, 
staining characteristics, and expression levels of the proteins 
relating to the genes of the MelaGenix® assay. Even though 
the overall expression of the 8 proteins investigated was 
relatively low, we found statistically significant differences 
between CM and BN as well as some significant associations 

Fig. 3  Showing weak predominantly cytosolic immunoreactivity in 
cutaneous melanoma for SCGB1D2 a and SCGB2A2 b 
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with clinical parameters. We have demonstrated that the 
proteins studied were mainly cytoplasmatically expressed 
in several cell types, including melanocytes, keratinocytes, 
and cells of different glands of the skin. For almost all pro-
teins, staining was detected in the epidermis as well as the 
entire dermis.

We observed that the expression of COL6A6, GBP4, and 
KLHL41 was significantly higher in CM compared to BN. 
When evaluating melanocytic protein expression alone, the 
aforementioned findings could be reproduced in part. The 
aforementioned findings seem to be in line with the risk-
associated role of the corresponding gene in the case of 
KLHL41. By contrast, COL6A6 and GBP4 have a protective 
role in CM and a higher protein expression in CM vs. BN is 
unexpected. The expression levels of several proteins (DCD, 
COL6A6, GBP4) is positively correlated with each other. 
However, inverse correlations of protein levels were also 
observed for protective genes which are also positively cor-
related with the risk-associated gene KLHL41. This finding 
is difficult to explain given the lack of data on these proteins 
in CM and their relation to each other. However, we found 
that SCGB1D2 protein expression is inversely correlated 

with serum S100B levels at the primary diagnosis, sup-
porting the protective role of SCGB1D2. Interestingly, we 
found that the presence of KRT9 and DCD expression were 
more likely to be found in non-SSM subtypes. This, in fact, 
seems like a surprising finding, since the presence of DCD 
expression was also associated with a more favorable course 
of disease. As patients with NM and ALM subtypes often 
present with prognostically unfavorable tumors, one would 
have expected a different result (Susok and Gambichler 
2021; Susok et al. 2021). However, this finding could be 
partly explained by the proportion of patients with LMM 
having a relatively good prognosis.

Not all proteins assessed in this study appear to correlate 
with the protective functions of their corresponding genes. 
However, the correlation between gene expression and the 
corresponding protein expression level is a well-known 
issue, and the presence or absence of such correlation on 
an individual gene/protein level has been debated in litera-
ture for many years (Koussounadis et al. 2015; Edfors et al. 
2016). In fact, Koussounadis et al. (2015) recently reported 
that the profile of correlation coefficients of all genes inves-
tigated ranged almost from full −1 (negative correlation) 

Table 2  Comparison of 
immunohistochemistry results 
(H-score) between cutaneous 
melanoma (CM, n = 37) and 
benign (melanocytic) nevi (BN, 
n = 10): eight proteins have 
been investigated relating to 
a prognostic gene expression 
assay (MelaGenix®) for CM

n.s. non-significant (P > 0.1)
*Immunoreactivity > 0
**Only stained melanocytes counted
***Trend for significance

Antibody CM 
H-score 
*Cases without staining (%)
**Only melanocytes

BN 
H-score 
*Cases without staining (%)
**Only melanocytes

P value
Mann–Whitney test

COL6A6 23.5 (0–68.2)
3 (8.1)
34.8 (0–110.4)

2.8 (0–25.9)
5 (50)
5 (0–48.8)

 = 0.0015
 = 0.0024

DCD 0 (0–52.1)
24 (64.9)
0 (0–103.5)

0 (0–13.7)
8 (80)
0 (0–15.6)

n.s.

GBP4 31.5 (9.7–78.3)
0 (0)
48.7 (18.4–128.6)

14.8 (4.8–46.6)
0 (0)
35.5 (9.7–79.8)

 = 0.0080
 = 0.058***

KLHL41 73.2 (19.1–162)
0 (0)
113.3 (14.8–164.7)

46.1 (18.1–90.9)
0 (100)
74.7 (36.7–155.7)

 = 0.025
 = 0.061***

KRT9 0 (0–81.4)
22 (59.5)
0 (0–13.9)

0 (0–52.2)
8 (80)
0 (0–70)

n.s.

PIP 60.1 (0–108.3)
1 (2.7)
80.3 (0–166.9)

57.4 (15.1–96.6)
0 (0)
69.8 (8.1–102)

n.s.

SCGB1D2 0 (0–12.8)
28 (75.7)
0 (0–21.5)

0 (0–1.3)
5 (50)
0 (0–1)

n.s.

SCGB2A2 16.7 (0–46.7)
7 (18.9)
25.9 (0–79.6)

19.5 (6.5–47.7)
0 (0)
23.8 (7.3–49.3)

n.s.
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to 1 spectrum (positive correlation). This wide range of 
coefficients observed in mRNA/protein correlation studies 
seems perfectly in line with previous studies as well (Kous-
sounadis et al. 2015; Edfors et al. 2016). In conclusion, we 
have described the protein expression characteristics of 8 
corresponding genes recently established for prognostica-
tion of the course of disease in CM patients. The protein 
expression levels observed were relatively low but differed 
in part with those found in BN. Even though we detected 
some significant correlations between protein expression 
levels and clinical parameters (e.g., CM subtype, course of 
disease), there was no major concordance with the protective 
or risk-associated functions of the corresponding genes used 
in the MelaGenix® assay.
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