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The aim of this study was to identify hub genes associated with metastasis and prognosis in melanoma. Weighted gene
coexpression network analysis (WGCNA) was performed to screen and identify hub genes. ROC and K-M analyses were used
to verify the hub genes in the internal and external data sets. The risk score model and nomogram model were constructed
based on the THC result. Through WGCNA, the three hub genes, SNRPD2, SNRPD3, and EIF4A3, were identified. In the
external data set, the hub genes identified were associated with the worse prognosis (TCGA, SNRPD2, P <0.02; SNRPD3, P =
0.12; EIF4A3, P=0.11; GSE65904, SNRPD2, P =0.04; SNRPD3, P=0.10; EIF4A3, P <0.01; GSE19234, SNRPD2, P <0.01;
SNRPD3, P <0.01; EIF4A3, P <0.01). In the GSE8401, we found that the hub genes were highly expressed in the metastasis
compared with the nonmetastasis group (SNRPD2, 988.5 + 47.83 vs. 738.4 + 35.35, P < 0.01; SNRPD3, 502.7 + 25.7 vs. 416.4 +
23.88, P=0.02; EIF4A3, 567.6 + 19.56 vs. 495.2 + 21.1, P=0.01). Moreover, the hub genes were identified by the IHC in our
data set. The result was similar with the external data set. The hub genes could predict the metastasis and prognosis in the
Chinese MM patients. Finally, the GSEA and Pearson analysis demonstrated that the SNRPD2 was associated with the
immunotherapy. The three hub genes were identified and validated in MM patients in external and internal data sets. The risk
factor model was constructed and verified as a powerful model to predict metastasis and prognosis in MM patients.

1. Introduction

Melanoma (MM) is a highly aggressive malignant tumor that
is prone to metastasis at an early stage and has the highest
mortality rate among skin cancers; it leads to more than 90%
of skin cancer-related deaths [1, 2]. The American Cancer

Society reports that about 106,110 new cases are diagnosed
in 2021 in the US [3]. Nowadays, the surgery combined with
the immunotherapy, radiotherapy, and chemotherapy had
been increased the prognosis of the MM patients [4]. How-
ever, the prognosis of the MM with metastasis patients was
still poor [5]. Recently, several studies have paid attention on
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F1GURE 1: Work flow diagram in this study. GO: Gene Ontology; GSEA: gene set enrichment analysis; PPI: protein-protein interaction;

WGCNA: weighted gene coexpression network analysis.

metastatic MM, and many potential biomarkers have been
reported to predict the metastasis of the MM [6-8]. However,
the majority of the biomarkers were according to the skin
MM, and the mucous MM has been ignored. Thus, to identify
the biomarkers which could predict the metastasis of the skin
MM and mucous MM is needed.

In Europe and the US, most of the MM occurred in the
skin. But it was different in China; the location of MM often
occurred in other mucous tissues other than the skin, includ-
ing the head and neck (nasal pharyngeal and oral), gastroin-
testinal (upper GI and lower GI), gynecological, and
urological [9]. To search the effective biomarkers which
could predict the metastasis not only in skin MM but also
in the mucous MM was important. Currently, the weighted
gene coexpression network analysis (WGCNA) is a widely
used algorithm, and it was unbiased systematic biological
approach which can be used to screen the effective bio-
marker in the multiple diseases including various cancers.
Moreover, it could bridge the gap between individual genes
and clinical information [10-12]. Thus, the WGCNA could
be used as an efficient algorithm to screen the hub genes
for the metastatic MM.

In this context, this study was aimed at screening the rel-
evant hub genes for metastatic MM, including skin MM and
mucous MM, by using WGCNA. Then, the hub genes were
verified using patient tissue samples and internal and exter-
nal testing data sets.

2. Materials and Methods

2.1. Data Collection from the GEO and TCGA Databases.
Three microarray data sets were downloaded from the Gene

Expression Omnibus (GEO) database (https://www.ncbi
.nlm.nih.gov/geo/). The data set (GSE8401) [13, 14] from
Austria included mRNA expression profiles of 31 primary
MM samples and 52 metastatic MM samples treated as a
training set for WGCNA. Data set GSE19234 [15] from the
USA included mRNA expression profiles of 44 MM patients,
and GSE65904 [16, 17] from Sweden included mRNA
expression profiles of 210 MM patients which were used to
verify the hub gene prognosis in MM. In addition, The Can-
cer Genome Atlas (TCGA) data set from the US contained
with 462 MM patients was also used to verify the prognosis
of the hub genes. A flow diagram of the present study is
demonstrated in Figure 1.

2.2. Data Collection and Immunohistochemical Analysis. A
total of 147 MM patients between January 2010 and Decem-
ber 2018 were enrolled in our study. The patients were diag-
nosed with MM by the two individual pathologists. The
protocol was approved by the Committee of the Fujian Med-
ical University Union Hospital.

The protein expression of hub genes in 147 MM patients
was assessed using the immunohistochemical streptavidin-
biotin complex method [18]. The IHC score was described
in our previous study [18, 19]. The score between 0 and 4
was defined as the low expression and >4 was defined as
high expression. All analyses were performed in a double-
blind manner.

2.3. Coexpression Network Construction. The WGCNA algo-
rithm was described in detail previously [12]. Briefly, firstly
the coexpression network was constructed by “WGCNA”
package in R software [20, 21]. Next, the correlation matrix
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FIGURE 2: Weighted gene coexpression network analysis (WGCNA) and hub gene screened. (a) Dendrogram of genes based on a
dissimilarity measure. (b) The scatter diagram of the relationship between the hub green module and metastasis. (c) Heatmap of the
correlation between all modules and metastasis. (d) KEGG pathway analysis of genes in green modules. (e) GO functional analysis of
genes in green modules. (f) Protein-protein interaction network of genes which had the highest score in the PPI degree in the green module.

was established and the soft threshold power was deter-
mined. Then, the topological overlap matrix (TOM) was
established [22-24]. Based on the metastasis or not, we cal-
culated each module P value by the ¢-test gene significance.
The module which was most associated with the metastasis
was selected as the hub module. The green module was
selected.

2.4. Hub Gene Identification. The hub genes should be con-
sidered as the maximum specific weight and core genes of
the interaction in the green module of all genes. To identify
hub genes, we uploaded all genes in the green module to the
Search Tool for the Retrieval of Interacting Genes (STRING)
to construct protein-protein interaction (PPI) network.
Cytoscape was used to perform PPI network analysis to
screen hub gene in the maximum specific weigh modules
within the PPI network. The Molecular Complex Detection
(MCODE) analysis was performed to screen the hub genes.
Based on the PPI, Pearson analysis, and MCODE analysis,
we screened three hub genes, SNRPD2, SNRPD3, and
EIF4A3.

2.5. GSEA GO Enrichment and KEGG Pathway Analysis. To
explore the potential function of hub genes in MM patients,
GSEA was performed in MM patients from GSE8401 data
sets. P <0.05 and |enrichment score (ES) | > 0.3 were set as
the cutoff criteria.

The Gene Ontology (GO) analysis and Kyoto Encyclope-
dia of Genes and Genomes (KEGG) pathway analysis were
performed using standard enrichment computation method.

2.6. Statistical Analysis. Statistical analysis was performed
using the SPSS software (24 SPSS), GraphPad Prism 7, and

R software (4.0.3). Continuous variables were reported in
means and standard deviation via the analysis of variance test.
Survival outcomes were assessed using the Kaplan-Meier
method and log-rank test. The optimal cutoff values for hub
gene expression were determined using the X-tile program
(http://www.tissuearray.org/rimmlab/). The TIMER database
was used to analyze the relationship between the hub genes
and tumor-infiltrating immune cells [25, 26]. The risk factor
model was constructed based on the Cox proportional hazard
model [27]. P < 0.05 was considered statistically significant.

3. Results

3.1. Construction of Weighted Coexpression Network and
Identification of Key Modules. To identify the hub gene, we
used the weighted coexpression network to analyze the
GSEB8401 (Figure 2(a)). A total of 12 modules were identified
(Figure 2(c)), and the green module has the highest positive
association with the metastasis (Figure 2(b)) (r=0.83, P <
0.01). Thus, the green module was selected as the hub mod-
ules for further analysis. KEGG analysis was conducted to
investigate the pathway of the green module. Genes in the
green module were mainly enriched for MAPK signaling
pathway, cell cycle signaling pathway, and spliceosome sig-
naling pathway (Figure 2(d)). GO analysis was conducted
to investigate the pathway of the green module. Genes in
the green module were mainly enriched for mRNA splicing,
cell proliferation, and cell-cell adhesion (Figure 2(e)).

3.2. Hub Gene Identification and Validation in the GSE8401
Data Set. There were 715 genes in the green module consid-
ered as candidate genes. Firstly, the genes were analyzed by
the PPI network and 214 genes were considered as the
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FIGURE 3: Validation of the hub genes in the GSE8401. (a) The hub gene expression in the metastasis and nonmetastasis group in the
GSE8401 (metastasis group vs. nonmetastasis group (SNRPD2, 988.5 + 47.83 vs. 738.4 + 35.35, P < 0.01; SNRPD3, 502.7 + 25.7 vs. 416.4
+23.88, P=0.02; EIF4A3, 567.6 +19.56 vs. 495.2+21.1, P=0.01). (b-d) ROC curves and AUC statistics to evaluate the predictive
efficiency of the hub genes in GSE8401 to distinguish metastasis from nonmetastasis in melanoma patients: (b) SNRPD2, AUC =0.74, P
<0.01; (¢) SNRPD3, AUC =0.65, P =0.03; and (d) EIF4A3, AUC =0.63, P=0.03.

candidate hub genes, based on the PPI degree score and
MCODE score (all selected the topl0 genes) (Figure 2(f)).
Finally, we chose the most associated genes, SNRPD2,
SNRPD3, and EIF4A3, as the “real” hub genes.

To validate the hub genes, we examined SNRPD2,
SNRPD3, and EIF4A3 expressions in the GSE8401 data set
between metastasis MM and nonmetastasis MM. The result
demonstrated that the SNRPD2, SNRPD3, and EIF4A3 were
all highly expressed in the metastasis group compared with
the nonmetastasis group (SNRPD2, 988.5 + 47.83 vs. 738.4
+35.35, P<0.01; SNRPD3, 502.7 + 25.7 vs. 416.4 + 23.88,
P=0.02; EIF4A3, 567.6 +19.56 vs. 495.2 +21.1, P=0.01;
Figure 3(a)). Moreover, the ROC curve also demonstrated
that SNRPD2, SNRPD3, and EIF4A3 could efficiently pre-
dict the metastasis in MM patients (SNRPD2, P <0.01,
AUC =0.74; SNRPD3, P=0.03, AUC=0.65; EIF4A3, P=
0.07, AUC = 0.63; Figures 3(b)-3(d)).

3.3. Hub Gene Validation in the External Data Sets. To fur-
ther explore the prognostic impact of SNRPD2, SNRPD3,
and EIF4A3 on the MM patients, the X-tile program was

used to determine the cutoft value of SNRPD2, SNRPD3,
and ETF4A3. In the TCGA data set, the X-tile result identi-
fied that the best cutoffs of the hub genes were as follows:
SNRPD2, 6.492; SNRPD3, 5.490; and EIF4A3, 4.805, respec-
tively. The result demonstrated that the higher expression of
the SNRPD2 had worse OS compared with the lower group
(SNRPD2, P<0.02 Figure 4(a)), but there is no signifi-
cance in the SNRPD3 and EIF4A3 (SNRPD3, P=0.12;
EIF4A3, P=0.11; Figures 4(b) and 4(c)). Similarly, in the
GSE65904, the X-tile result identified that the best cutoffs
of the hub genes were as follows: SNRPD2, 7500; SNRPD3,
2450; and EIF4A3, 2950, respectively. The result demon-
strated that the higher expression of the SNRPD2 and
EIF4A3 had worse OS compared with the lower group
(SNRPD2, P =0.04; EIF4A3, P < 0.01; Figures 4(d) and 4(f
), but there is no significance in the SNRPD3 (SNRPD3, P
=0.10; Figure 4(e)). In the GSE19234, the X-tile result iden-
tified that the best cutoffs of the hub genes were as follows:
SNRPD2, 14099.5; SNRPD3, 509.2; and EIF4A3, 3334.0,
respectively. The result demonstrated that the higher expres-
sion of the hub genes had worse OS compared with the lower



Journal of Oncology

100 100 -
90 90 4
80 80
s 704 T 70
g 60 % 60
TCGA # 50 TCGA 2 504
T§ 40 + g 40 -
2 30 2 30 +
© 20 A © 20
104 p=o.02 104 p-o12
0 T T T T T T T T 1 0 T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Time (months) Time (months)
—+ Low expression of SNRPD2 —1 Low expression of SNRPD3
1 High expression of SNRPD2 1 High expression of SNRPD3
(@ (®)
100 100 -+
90 - - 90 -
_ 804 2 80 -
.g 70 § 70 -
g 60+ & 604
TCGA = 50 A GSE65904 '3 50
g 40 2 40 4 W u . .
Q
& 3 E ]
1 & P=0.04
104 P=0.11 210
O T T T T T T T T 1 0 T T T T T T T T 1
0 20 40 60 80 100 120 140 160 18! 0 20 40 60 80 100 120 140 160 18
Time (months) Time (months)
—+ Low expression of EIF4A3 —+ Low expression of SNRPD2
— High expression of EIF4A3 —1 High expression of SNRPD2
(c) (d)
100
= 90 -
E £ w0
5 ‘a* 70
2 g 60+
GSE65904 = GSE65904 g 50
1%
g 5 40 -
1 ()
% g 307 h
g 20 2 20
3 P=0.10 .
A 101 5104 poonm
O T T T T T T T T 1 0 T T T T T T T T 1
0 20 40 60 80 100 120 140 160 18 0 20 40 60 80 100 120 140 160 180

Time (months)

—1 Low expression of SNRPD3
—1 High expression of SNRPD3

(e)

FiGure 4: Continued.

Time (months)

—+ Low expression of EIF4A3
1 High expression of EIF4A3

69



8 Journal of Oncology
100 - 100 -
90 - 90 4
_ 80 80
T 70 g 701
E 60 - E 60
GSE19234 2 50 GSE19234 2 50 -
T 40 T 40
2 30 2 30
© - © 0]
101 P<0.01 104 pogo1
0 T T T T T T T T 1 O T T T T T T T T 1
0 20 40 60 80 100 120 140 160 18 0 20 40 60 80 100 120 140 160 18

Time (months)

—1 Low expression of SNRPD2
—+ High expression of SNRPD2

(g)

100 ~
90 4
80
70 ~
60 ~
50 4
40
30 +
20 +
10

0

GSE19234

Overall survival

P<0.01

Time (months)

—1 Low expression of SNRPD3
—+ High expression of SNRPD3

(h)

0 20 40 60 80 100 120 140 160 180

Time (months)

—+ Low expression of EIF4A3

—1 High expression of EIF4A3

@@

FIGURE 4: Low hub gene expression was correlated with a better prognosis in the external data sets. (a—c) Low hub gene expression was
correlated with a better prognosis in the TCGA data sets: (a) SNRPD2, P =0.02; (b) SNRPD3, P =0.12; and (c) EIF4A3, P=0.11. (d-f)
Low hub gene expression was correlated with a better prognosis in the GSE65904 data sets: (d) SNRPD2, P =0.04; (e) SNRPD3, P =0.10;
and (f) EIF4A3, P < 0.01. (g-i) Low hub gene expression was correlated with a better prognosis in the GSE19234 data sets: (g) SNRPD2, P <

0.01; (h) SNRPD3, P < 0.01; and (i) EIF4A3, P < 0.01.

group (SNRPD2, P <0.01; SNRPD3, P <0.01; EIF4A3, P <
0.01; Figures 4(g)-4(i)).

34. Hub Gene Validation in Our Data Set by the
Immunohistochemical. In the previous study, we screened
and identified the hub genes in the US and Europe. How-
ever, the data from Asia was still lacking. To further inde-
pendently validate the hub genes in Asia, we examined the
expression level of SNRPD2, SNRPD3, and EIF4A3 in the
MM patients from China. The IHC analysis demonstrated
that the hub gene proteins were highly expressed in the
metastasis group compared with the disease-free group
(P <0.01) (Figure 5(a)). The grade of the SNRPD2, -, +, +
+, and +++, in the disease-free group was 18, 27, 14, and 2,
respectively, and the grade -, +, ++, and +++ in the metasta-
sis group was 2, 29, 29, and 26, respectively. The grade of the
SNRPD3, -, +, ++, and +++, in the disease-free group was
13, 22, 22, and 3, respectively, and the grade -, +, ++, and
+++ in the metastasis group was 2, 24, 36, and 26, respec-
tively. The grade of the EIF4A3, -, +, ++, and +++, in the
disease-free group was 17, 24, 18, and 2, respectively, and

the grade -, +, ++, and +++ in the metastasis group was 2,
26, 23, and 35, respectively. Moreover, the ROC curve also
demonstrated that SNRPD2, SNRPD3, and EIF4A3 could
efficiently predict the metastasis in MM patients (SNRPD2,
P<0.01, AUC=0.76; SNRPD3, P<0.01, AUC=0.71;
EIF4A3, P <0.01, AUC = 0.77; Figures 5(b)-5(d)).
Moreover, the THC analysis also demonstrated that the
SNRPD2 protein was highly expressed in the concurrent
metastases group compared with the concurrent nonmetas-
tasis group (P <0.01) (Figure 5(e)). The SNRPD3 and
EIF4A3 proteins have no difference between the metastasis
group and nonmetastasis group (SNRPD3, P = 0.66; EIF4A3,
P =0.12) (Figure 5(e)). The grade of the SNRPD?2, -, +, ++,
and +++, in the nonmetastasis group was 20, 53, 35, 22,
respectively, and the grade -, +, ++, and +++ in the metastasis
group was 0, 3, 8, and 6, respectively. The grade of the
SNRPD3, -, +, ++, and +++, in the nonmetastasis group was
13, 42, 51, and 24, respectively, and the grade -, +, ++, and +
++ in the metastasis group was 2, 5, 5, and 5, respectively.
The grade of the EIF4A3, -, +, ++, and +++, in the nonmetas-
tasis group was 17, 16, 38, and 29, respectively, and the grade -,
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FIGURE 5: Validation of the hub genes in our data set by IHC. (a) The hub gene expression in the nonmetastasis melanoma patients and
metastasis melanoma in our data set (all P <0.01). (b-d) ROC curves and AUC statistics to evaluate the predictive efficiency of the hub
genes to distinguish diseases free from metastasis in melanoma patients: (b) SNRPD2, AUC =0.76, P < 0.01; (c) SNRPD3, AUC=0.71, P
<0.01; and (d) EIF4A3, AUC=0.77, P <0.01. (e) The hub gene expression in the pathology stage IV melanoma patients and pathology
stage I-III melanoma in our data set (SNRPD2, P < 0.01; SNRPD3, P =0.66; EIF4A3, P =0.12). (f~h) ROC curves and AUC statistics to
evaluate the predictive efficiency of the hub genes to distinguish pathology stage IV from pathology stage I-III in melanoma patients: (f)
SNRPD2, AUC=0.71, P <0.01; (g) SNRPD3, AUC=0.53, P=0.67; and (h) EIF4A3, AUC=0.61, P=0.14. (i) The hub gene expression
in the nonrecurrence melanoma patients and recurrence melanoma in our data set (all P <0.01). (j-1) ROC curves and AUC statistics to
evaluate the predictive efficiency of the hub genes to distinguish diseases free from metastasis in melanoma patients: (j) SNRPD2, AUC
=0.74, P < 0.01; (k) SNRPD3, AUC = 0.73, P < 0.01; and (1) EIF4A3, AUC = 0.77, P < 0.01.
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FIGURE 6: Low hub gene expression was correlated with a better prognosis in all data set. (a—c) Low hub gene expression was correlated with
a better overall survival (all P < 0.01). (d-f) Low hub gene expression was correlated with a better disease-free survival (all P < 0.01).

+, ++4, and +++ in the metastasis group was 2, 4, 3, and 8,
respectively. The ROC curve also demonstrated that SNRPD2
could efficiently predict the metastasis in MM patients
(SNRPD2, P<0.01, AUC=0.71, Figure 5(f)). However,
SNRPD3 and EIF4A3 proteins could not predict the metasta-

sis in MM patients (SNRPD3, P=0.67, AUC=0.53,
Figure 5(g); EIF4A3, P = 0.14, AUC = 0.61; Figure 5(h)).

The THC analysis demonstrated that the hub gene proteins

were highly expressed in the recurrence group compared with
the nonrecurrence group (P < 0.01) (Figure 5(i)). The grade of
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FIGURE 7: Risk factor model construction verified in our data set. (a) The risk factor model of the hub genes in the 147 melanoma patients.
Upper: risk score distribution of 147 melanoma patients. Middle: status of every patient in our data set (N =147). Lower: expression
heatmap of the hub genes corresponding to each sample above. (b) The DFS analysis of the risk score in the 147 melanoma patients
(P <0.01). (c) The OS analysis of the risk score in the 147 melanoma patients (P < 0.01). (d and e) ROC curves and AUC statistics to
evaluate the predictive efficiency of the risk score model: (d) distinguishing pathology stage IV from pathology stage I-III in melanoma
patients (AUC=0.70, P<0.01) and (e) distinguishing diseases free from metastasis in melanoma patients (AUC =0.87, P <0.01). (f)
The risk score in the melanoma patients (metastasis group vs. nonmetastasis group: 2.172 + 0.327 vs. 1.322 £ 0.1047, P < 0.01; recurrence
group vs. disease-free group: 1.966 +0.143 vs. 0.6503 + 0.05832, P < 0.01). (g and h) Time-dependent AUC curves of the hub genes and

risk factor models for the prediction of DFS (g) and OS (h).

the SNRPD?2, -, +, ++, and +++, in the nonrecurrence group
was 18, 27, 14, and 2, respectively, and the grade -, +, ++,
and +++ in the recurrence group was 2, 26, 21, and 20, respec-
tively. The grade of the SNRPD3, -, +, ++, and +++, in the
nonrecurrence group was 13, 22, 22, and 3, respectively, and
the grade -, +, ++, and +++ in the recurrence group was 0,
19, 29, and 21, respectively. The grade of the EIF4A3, -, +, +
+, and +++, in the nonrecurrence group was 17, 24, 18, and
2, respectively, and the grade -, +, ++, and +++ in the recur-
rence group was 0, 22, 20, and 27, respectively. Moreover,
the ROC curve also demonstrated that SNRPD2, SNRPD3,

and EIF4A3 could efficiently predict the recurrence in
MM patients (SNRPD2, P <0.01, AUC=0.74; SNRPD3,
P<0.01, AUC=0.73; EIF4A3, P<0.01, AUC=0.77;
Figures 5(j)-5(1)).

An analysis of the relationship between the three hub
genes and prognosis in MM patients further revealed that
the high expression of SNRPD2, SNRPD3, and EIF4A3
was associated with worse OS (all P < 0.01, Figures 5(a)-
5(c)). We found similar result in the DFS analysis; the lower
expression of hub genes had better prognosis compared with
the higher group (all P < 0.01, Figures 5(d)-5(f)).
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TaBLE 1: Baseline characteristics in melanoma patients stratified by risk group.
Characteristics Low-risk group (n =78) High-risk group (n = 69) P value
Sex (%) 0.096
Male 49 (62.8) 33 (47.8)
Female 29 (37.2) 36 (52.2)
Age (years) 58.38 +15.04 58.06 + 13.54 0.891
ASA score (%) 0.781
1 46 (59.0) 44 (63.8)
2 28 (35.9) 21 (30.4)
3 4 (5.1) 4 (5.8)
Tumor location 0.137
Skin 43 (55.1) 29 (42.0)
Other mucosa 35 (44.9) 40 (58.0)
Pathological T stage (%) <0.001
1 5(6.4) 3 (4.3)
2 30 (38.5) 6 (8.7)
3 28 (35.9) 39 (56.5)
4 15 (19.2) 21 (30.4)
Pathological N stage (%) <0.001
NO 43 (55.1) 16 (23.2)
N1 25 (32.1) 26 (37.1)
N2 9 (11.5) 22 (31.9)
N3 1(1.3) 5(7.2)
Pathological M stage (%) 0.018
MO 74 (94.9) 56 (81.2)
M1 42 (5.1) 13 (18.8)
Anemia 8 (10.3) 5(7.2) 0.573
Hypoproteinemia 2 (2.6) 2 (2.9) 1.000
NLR 1.52+0.19 1.54+0.18 0.496
MLR 0.46 £0.20 0.0.47£0.21 0.584
PLR 238.74 £ 89.42 252.09 £102.77 0.401
SII 344.27 £99.50 339.41£79.15 0.746

ASA: American Society of Anesthesiologists; NLR: neutrophil-to-lymphocyte ratio; SII: systemic immune-inflammation index; MLR: monocyte-to-

lymphocyte ratio; PLR: platelet-to-lymphocyte ratio.

3.5. Construction of a Risk Factor Model and Validation. A
Cox regression analysis performed to explore the disease-
free survival impact of the hub genes in MM patients dem-
onstrated that the SNRPD2 (HR =1.603, 95% CI: 1.236-
2.079, P<0.001), SNRPD3 (HR=1.174, 95% CI: 0.904-
1.525, P=0.230), and EIF4A3 (HR =1.656, 95% CI: 1.289-
2.126, P < 0.001) were associated with the DFS (Supplemen-
tary Table 1). Although in the multivariate Cox regression
the SNRPD3 has no significance, it may attribute to the
similar expression with the SNRPD2. To prevent missing the
information of the SNRPD3, the SNRPD3 was included in
the risk score model. The risk score of the hub genes was
calculated using the formulae risk score = (0.48) x SNRPD2
expression + 0.16 x SNRPD3 + 0.52 x EIF4A3 expression,
based on the Cox regression analysis. The patients were
subsequently divided into the high- and low-risk groups
(Figure 6(a)). Notably, patients in the low-risk group had an
improved DFS and OS than those in the high-risk group

(both log-rank P <0.01, Figures 6(b) and 6(c)). The risk
score can also predict the metastasis (AUC =0.70, P < 0.01,
Figure 7(d)) and disease recurrence (AUC=0.87, P <0.01,
Figure 7(e)) in MM patients. As shown in Figure 7(f), the
result demonstrated that the risk score was higher in the
metastasis group compared with the nonmetastasis group
(2.172 £0.327 vs. 1.322+0.1047, P <0.01). Similar result
was also been found in the recurrence group compared with
the disease-free group (1.966 + 0.143 vs. 0.6503 + 0.05832, P
<0.01). Time-dependent AUC curves showed that the risk
score model had the best powerful ability to predict the MM
patient prognosis (Figures 7(g) and 7(h)).

3.6. The Association between Risk Score and Clinical
Characteristics in MM Patients. The 147 MM patients
according to the risk score were divided into the low-
(n=78) and the high-risk score groups (n =69). Notably,
there were no significant differences in gender, age,
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TaBLE 2: Cox regression analysis of predictive factors for disease-free survival in melanoma patients (n = 147).
Variables Univariate analysis Multivariate analysis
HR 95% CI P value HR 95% CI P value
Sex, male/female 0.992 0.648-1.519 0.971
Age 0.990 0.976-1.004 0.174
ASA 1.071 0.750-1.528 0.707
Pathological T stage 2.129 1.605-2.824 <0.001 1.201 0.833-1.731 0.327
Pathological N stage 2.613 2.040-3.347 <0.001 2.034 1.433-2.887 <0.001
Tumor location, skin/other mucosa 1.306 0.852-2.001 0.221
Risk score 1.533 1.348-1.743 <0.001 1.338 1.156-1.549 <0.001
Anemia 1.203 0.581-2.491 0.679
Hypoproteinemia 0.909 0.224-3.696 0.894
NLR 1.025 0.323-3.252 0.966
MLR 1.587 0.591-4.259 0.359
PLR 1.001 0.999-1.003 0.428
SII 1.000 0.998-1.002 0.922

HR: hazard ratio; CI: confidence interval; ASA: American Society of Anesthesiologists; NLR: neutrophil-to-lymphocyte ratio; SII: systemic immune-

inflammation index; MLR: monocyte-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio.

American Society of Anaesthesiology (ASA) grade, tumor
location, anemia, hypoproteinemia, NLR, MLR, PLR, and
SII (Table 1). The high-risk group had a significantly
higher pathology T stage (P <0.001), pathology N stage
(P<0.001), and pathology M stage (P=0.018) than the
low-risk group.

The Cox regression analysis was subsequently performed
to determine the prognostic factors in MM patients. The
univariate Cox regression analysis revealed that higher path-
ological T stage (HR=2.129, P <0.001), pathological N
stage (HR=2.613, P<0.001), and a higher risk score
(HR=1.533, P <0.001) were independently associated with
the DFS in MM patients. A higher pathological N stage
(HR=2.034, P=0.006) and higher risk score (HR =1.338,
P <0.001) remained significantly associated with the DFS
in MM patients in the multivariate Cox regression analysis
(Table 2). Moreover, based on the results from multivariate
Cox regression, a predicting nomogram for DFS was devel-
oped, as shown in Figures 8(a) and 8(b). By summing up
the score of each variable, a straight line could be drawn to
obtain the predicted the DFS rate.

The Cox univariate analysis further revealed that a
higher pathological T stage (HR =2.030, P < 0.001), patho-
logical N stage (HR=2.459, P<0.001), pathological M
stage (HR=3.703, P<0.001), and a higher risk score
(HR =1.539, P <0.001) were independently associated with
the OS in MM patients. A higher pathological N stage
(HR =1.899, P <0.001), pathological M stage (HR =2.486,
P=0.002), and higher risk score (HR =1.400, P <0.001)
remained significantly associated with increased risk of OS
in MM patients in the multivariate Cox regression analysis
(Table 3). Moreover, based on the results from the multi-
variate Cox regression, a predicting nomogram for OS
was developed, as shown in Figures 8(c) and 8(d). By sum-
ming up the score of each variable, a straight line could be
drawn to obtain the predicted the OS rate.

3.7. Validation of the Risk Score in the External Data Set.
To further explore the risk score model can predict the
prognosis and metastasis in MM patients. Based on the
X-tile result, we calculated the risk score in each external
data set. Then, the patients were divided into two groups,
high-risk score group and low-risk score group. The K-M
analysis demonstrated that the risk score can distinguish the
prognosis in the each external data set (GSE19234, P < 0.01,
Figure 9(a); GSE65904, P < 0.01, Figure 9(b); TCGA, P =
0.04, Figure 9(c)). In the GSE8401 data set, the metastasis
group had higher risk score compared with the nonmetasta-
sis group (P <0.01, Figure 9(f)). And the ROC curve also
demonstrated that risk score model could efficiently predict
the metastasis in GSE8401 data set (P =0.02, AUC = 0.65,
Figure 9(e)).

3.8. GSEA Analysis and Correlation Analysis. GSEA was con-
ducted to determine the potential mechanism for hub gene
involvement in metastasis in MM patients. As shown in
Figures 10(a)-10(c), the three hub genes were all involved
in the immunodeficiency. To further explore the relation-
ship between hub genes and immunotherapy sites, the Pear-
son analysis was performed to analyze the PD1, PD-L1, and
CTLA4 genes. The result demonstrated that the SNRPD2
was associated with the PD-Llin the TCGA data set
(r=-0.27, P <0.01, Figure 10(e)). However, we could not
find the similar result in the other data set (Figures 10(d),
10(f), and 10(g)). Moreover, the TIMER database was
employed to analyze the hub gene association with the
tumor-infiltrating immune cells. The result demonstrated that
the SNRPD2 was associated with the tumor-infiltrating
immune cells (all P <0.05, Figure 10(h)), and EIF4A3 was
associated with the B cells, CD8+ T cells, neutrophil, and den-
dritic cells (P <0.05, Figure 10(j)). However, the SNRPD3
was uncorrelated with the tumor-infiltrating immune cells
(all P > 0.05, Figure 10(i)).
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TaBLE 3: Cox regression analysis of predictive factors for overall survival in melanoma patients (1 = 147).

Variables Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value
Sex, male/female 0.821 0.695-1.582 0.821
Age 1.009 0.995-1.024 0.209
ASA 1.356 0.964-1.905 0.080
Pathological T stage 2.030 1.547-2.664 <0.001 1.208 0.844-1.729 0.303
Pathological N stage 2.459 1.927-3.137 <0.001 1.899 1.352-2.667 <0.001
Pathological M stage 3.703 2.116-6.482 <0.001 2.486 1.407-4.392 0.002
Tumor location, skin/other mucosa 1.243 0.825-1.876 0.299
Risk score 1.539 1.356-1.746 <0.001 1.400 1.224-1.603 <0.001
Anemia 0.902 0.437-1.865 0.782
Hypoproteinemia 0.864 0.213-3.511 0.838
NLR 2.268 0.756-6.808 0.144
MLR 1.054 0.374-2.969 0.920
PLR 1.000 0.997-1.002 0.4682
SII 0.999 0.997-1.001 0.336

HR: hazard ratio; CI: confidence interval; ASA: American Society of Anesthesiologists; NLR: neutrophil-to-lymphocyte ratio; SII: systemic immune-

inflammation index; MLR: monocyte-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio.

4. Discussions

Metastasis is a tough problem in the treatment of cancer
patients. In the MM patients with metastasis, the 5-year
survival rate only remains 20%-30% [5]. Thus, to explore
the efficiency biomarkers that could precisely predict the
patients who have distant metastasis is important. In the
present study, based on the WGCNA, we identified the
three hub genes, SNRPD2, SNRPD3, and EIF4A3. Then,
we identified that the hub genes were associated with the
metastasis and prognosis in MM patients in the internal
and external data sets. Finally, a risk score model was con-
structed to distinguish the metastasis and prognosis in the
MM patients.

The early/local MM could be curable by the adequate
surgery, and the 5-year survival rate for patients with
early/local MM 1is over 90% [28]. However, most MM
patients had metastasis at the time of diagnosis. In our data,
for the patients diagnosed with MM, the rate of the pathol-
ogy stage II/III was 72.8% (107/147). Thus, to explore the
efficiency biomarkers that could precisely predict the
patients who have distant metastasis is important. However,
to screen the hub genes basing on the traditional differen-
tial expressed genes would miss important information.
WGCNA is an effective method to discover the relationship
between individual genes and the clinical characteristics in
cancer [10-12]. Thus, the WGCNA was performed to screen
the hub genes associated with the metastasis in the MM from
the GSE8401 which contained the metastatic and nonmeta-
static MM patients. The result from the WGCNA revealed
that the green module is the hub module. And the GO and
KEGG analysis demonstrated that the green module was
associated with the MAPK signaling pathway and cell cycle
signaling pathway which has already been reported associ-
ated with the metastasis in the MM [29, 30]. Then, based
on the PPI and MCODE analysis, the three hub genes,

SNRPD2, SNRPD3, and EIF4A3, had been screened out
and been identified as the useful biomarkers to predict the
metastasis in the MM patients by ROC curve and expression
value analysis in the GSE8401.

The MM could occur in the skin and other mucous. In
Europe and the US, the MM often triggered by ultraviolet
and occurred in the skin [1]. In China, the MM occurred
in the mucous except the skin nearly 50% (51.0%, 75/147,
in our data) [31]. Several studies have been reported the use-
ful biomarkers to predict the metastasis in the MM. Wu et al.
[32] described that the EIF3B acted as the oncogene in the
melanoma and affected the progression and immunother-
apy resistance development in European and US patients.
Meng et al. [33] introduced that increased PRRX1 expres-
sion is independently a prognostic factor of poorer OS and
metastasis-free survival in patients with uveal melanoma in
US patients. A single-cell analysis was performed and con-
structed in a prognostic model in European and US patients
[34]. However, the biomarkers were not identified in the
Asian. Whether the biomarkers could be used in the mucous
MM or Chinese is still unknown. To explore effective bio-
markers that can predict the metastasis in the skin MM and
mucous MM is important. In the present study, we searched
the GEO database and found the different source MM data to
identify the hub genes which had strong ability to predict the
metastasis and prognosis in the skin MM and mucous MM.
However, the four external data sets which we enrolled in
the present study were all came from Europe and the US,
and Chinese data set is lacking. To further identify the hub
genes could predict the metastasis and prognosis in the Chi-
nese MM. The THC analysis was performed to detect the hub
gene expression in the Chinese MM patients. The results
were consistent with the Europe and US result. The above
result revealed that the hub genes had a strong ability to pre-
dict the metastasis and prognosis in the multiracial MM
patients and different site MM.
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F1GURE 9: Validation of the risk score model in the external data set. (a—c) The K-M analysis of the risk score model in the external data set,
GSE19234 (a), GES65904 (b), and TCGA (c) (all P < 0.05). (d) ROC curves and AUC statistics to evaluate the predictive efficiency of the risk
score model to distinguish diseases free from metastasis in melanoma patients in GSE8401 data set (AUC = 0.65, P = 0.02). (e) The risk score
in the melanoma patients (metastasis group vs. nonmetastasis group: 0.66 + 0.057 vs. 0.24 + 0.09, P < 0.01).

The three hub genes, SNRPD2, SNRPD3, and EIF4A3,
had been reported in the several studies. SNRPD2 and
SNRPD3 belong to the small nuclear ribonucleoprotein Sm
family, which participate in the RNA splicing reaction [35].
Accumulating evidence indicates that Sm core proteins
influence the profile of alternative splicing [36, 37]. There
are several studies reporting that the SNRPD3 was the

important composition of the spliceosome [38]. The deple-
tion of the SNRPD3 would cause lethal defects in key steps
of mitosi [39, 40]. EIF4A3 is a member of the DEAD-box
protein family [41-43], and it is also a core component of
the splicing-dependent multiprotein exon junction complex
[44]. However, there have been few study reporting the
SNRPD2 and SNRPD3 functions in the cancer. In the
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F1GURE 10: GSEA using the GSE8401 data set and the Pearson analysis of the hub genes. (a) The associated KEGG pathways of the SNRPD2.

(b) The associated KEGG pathways of the SNRPD3. (c) The associa
analyze the PD1, PD-L1, CTLA4, and hub genes in GSE8401 (d),

ted KEGG pathways of the EIF4A3. Pearson analysis was performed to
TCGA (e), GSE65904 (f), and GSE19234 (g). TIMER analysis of the

relationship between hub genes, SNRPD2 (h), SNRPD3 (i), and EIF4A3 (j) and tumor-infiltrating immune cells.

present study, we found that the SNRPD2 and SNRPD3
acted as the oncogenes in the MM patients, and high expres-
sions of the SNRPD2 and SNRPD3 were associated with the
metastasis and worse prognosis. In the present study, we
found that the SNRPD2 was associated with the immunode-
ficiency function, PD-L1 expression in the TCGA data set,
and tumor-infiltrating immune cells in the TIMER. The
above result suggests that the SNRPD2 may affect the
immune response to regulate prognosis and metastasis in
MM patients. Previous studies have demonstrated that
EIF4A3 is also highly expressed in many tumors, such as
lung cancer [45], breast cancer [46], pancreatic cancer [47],
colorectal cancer [48], and MM [49]. The result was similar
to the present study. We identified that the high expression
of the EIF4A3 was associated with the metastasis and worse
prognosis in the several data sets. Moreover, the function of
the EIF4A3 was explored in the present study, and the result
revealed that the EIF4A3 associated with the several tumor-
infiltrating immune cells, including B cells, CD8+ T cells,
neutrophil, and dendritic cells. The result indicated that
the hub genes may affect the immune response to regulate
the prognosis and metastasis in the MM patients.

The risk factor model and nomogram model have been
reported in several cancers, such as MM, lung, and rectal
cancers [27, 33, 50]. In the present study, based on the
IHC result, the risk factor model was constructed and was
identified as the effective model to predict the metastasis

and prognosis in Chinese MM patients. Additionally, the
risk model was verified in the external data sets which came
from Europe and the US. Moreover, the time-dependent
ROC curve further demonstrated that the model had the
best AUC value than the single hub gene in predicting DFS
and OS in MM patients. Notably, the risk score model also
had powerful ability to predict the metastasis and prognosis
in external data sets. Succinctly, the risk factor model and
nomogram had a strong predictive ability in predicting the
prognosis in MM patients.

Despite the notable findings of this study, it was limited
by several factors. The WGCNA algorithm was based on the
external data set from Europe and it may be different with
the Chinese patients. Secondly, the hub genes were identified
by the external microarray profiling and IHC analysis. It
should be verified by the more data sets. Thirdly, the func-
tion of the hub genes was explored by the bioinformatics
methods without any validation assays to verify their cor-
rectness. Future studies should thus include larger sample
sizes and conduct validation assays using in vitro and
in vivo experiments to enhance their comprehensiveness.

5. Conclusion

In conclusion, through the WGCNA, we screened the three
hub genes, SNRPD2, SNRPD3, and EIF4A3. Then, the three
hub genes were identified and validated as -effective
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predictors for metastasis and prognostic factor in MM
patients in external and internal data sets from Europe, the
US, and China. And the SNRPD2 had the powerful predic-
tive ability in the MM. The risk factor model was con-
structed and verified as a powerful model to predict
metastasis and prognosis in MM patients. Nevertheless,
more insightful molecular mechanisms are warranted in
future studies.
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