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Sialidase NEU1 May Serve as a Potential Biomarker of
Proliferation, Migration and Prognosis in Melanoma

Qiu Peng® &, Liang Gao™ &, Hong Bing Cheng® ¢ £, Jin Sheng Wang® ¢ ", Jia Wang® & h

Abstract

Background: Melanoma is a kind of malignant tumor with high mor-
tality originating from melanocytes. It is urgent to find new molecular
biomarkers for prognosis and new treatment methods for melanoma. As
an important molecule of sialidase family, neuraminidase-1 (VEU1) has
been found to play an important role in regulating the occurrence and
progression of tumors, but the role of NEU! in melanoma is not sure.

Methods: The expression level of NEU! in melanoma and normal tis-
sues was evaluated by analyzing the expression data from ONCOMINE,
UALCAN and GEPIA database. The mutation, copy number alteration
and gene correlation of NEU! in melanoma were evaluated by analyz-
ing the melanoma data from cBioPortal database The protein expres-
sion levels of NEU1 were further validated by immunohistochemical
(IHC) staining data from The Human Protein Atlas database. The mela-
noma data in TIMER 2.0 database were used to analyze the correlation
between NEU! expression and immune cell infiltration. The prolifera-
tive and migratory abilities of melanoma cells were examined by cell
proliferation and migration assay in vitro and nude mice.

Results: We discovered that NEUI was highly expressed in melano-
ma samples compared with normal samples. The alteration frequency
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of NEUI in melanoma patients reached 18%, and most of them were
“mutation” type. The expression of NEUI was positively correlated
with the overall survival of patients with melanoma. The expression
of NEUI was positively correlated with the expression of proliferation
marker CDK?2 and epithelial-mesenchymal transition marker CD44 and
negatively correlated with the expression of apoptosis marker CASP3
and CASPS. Moreover, the expression level of NEUI was related to the
infiltration of immune cells in melanoma. Knockdown of NEU1 attenu-
ated the in vitro proliferative and migratory abilities of melanoma cells,
as well as in vivo tumor progression of melanoma cells.

Conclusions: These findings suggest that NEUI may play a key role
in the development of melanoma and may be used as a prognostic
target of melanoma.
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Introduction

Melanoma is a kind of skin tumor that is caused by the malig-
nant transformation of melanocytes, and its morbidity and mor-
tality rate are both on the rise. Although surgical resection can
effectively treat local melanoma, the prognosis of metastatic
melanoma is still poor [1, 2]. The uncontrollable changes of
multiple signal pathways related to cell cycle and the dysregu-
lation of apoptosis are the result of malignant proliferation of
melanocytes. The most important way is to activate RAS/ERK/
MAPK signaling through BRAF or NRAS site mutations, which
leads to cell canceration [3, 4]. In about 50% of melanomas,
the BRAF gene has activated mutations, and 90% of them en-
code the active BRAF V600E protein [5, 6]. In recent years, the
development of BRAF inhibitors and immune checkpoint in-
hibitors can effectively inhibit the tumor progression for some
malignant melanoma patients, thereby improving the survival
of patients [7, 8]. However, a considerable number of patients
are insensitive to treatment or have drug resistance [9, 10]. At
present, although there are many treatment strategies for mela-
noma, such as surgical resection, chemotherapy, radiotherapy
and immunotherapy, the current annual incidence of melanoma
patients in the world is still high. For patients with metastatic
melanoma, the overall 5-year survival rate is only about 15%
[11], so it is urgent to find new prognostic molecular targets and
new melanoma treatment methods. Cancer-targeted therapy
research has made breakthrough progress in recent years, but
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effective therapeutic intervention targets for melanoma and its
clinical application are still very limited, and it has not funda-
mentally changed the current high mortality rate of melanoma.
Therefore, finding new and effective targets for the occurrence
and development of melanoma has important practical signifi-
cance for the diagnosis and treatment of melanoma, and im-
proving the survival rate and quality of life of patients.

Neuraminidase-1 (NEUI), also known as the lysosomal
neuraminidase gene, encodes a protein called lysosomal enzyme,
which forms a lysosomal multienzyme complex with PPCA and
B-GAL, and is expressed in many tissues and cells. In mammali-
an cells, NEUI catalyzes sialic acid residues, further triggers the
degradation of sugars, and participates in cellular message trans-
mission in immune response [12]. Currently, four kinds of siali-
dases NEUI, NEU2, NEU3 and NEU4 have been found in mam-
mals. The former three are distributed in lysosome, cytoplasm,
and plasma membrane, respectively, while NEU4 is located in
lysosome, mitochondria and cell inner membrane [13]. From an
evolutionary perspective, NEUI has the highest conservation
and expression level in all mammalian tissues. Its main func-
tion is to specifically recognize and cut the sialic acid residues
at the modified end of the sugar chain on oligosaccharides and
glycoproteins. Compared with the other three sialidases, NEU!
is associated with inflammatory response, Alzheimer’s disease,
cancer, and diabetes [14-17]. NEU! has been found to play a key
role in tumors in recent years. For example, after NEU! is over-
expressed in colon cancer cell HT29, its ability to metastasized
to the liver is significantly affected when injected into the spleen
of mice [18]. NEUI can remove the sialylation modification on
integrin 4, resulting in a decrease in its phosphorylation, which
in turn inhibits the activity of FAK kinase and the ERK1/2 sign-
aling, thereby affecting tumors migration [19]. In addition, some
studies have reported that the NEU1 inhibitor can inhibit the
progression of drug-resistant pancreatic cancer cells [20]. These
findings indicate that NEU! plays a regulatory role in metasta-
sis, invasion, and adhesion of cancer, and may provide a new
means for the treatment of cancer.

Here, we used The Cancer Genome Atlas (TCGA) and
several public databases to explore the expression and muta-
tion of NEUI in melanoma. We found that NEU! was highly
expressed in melanoma, and the higher expression of NEUI,
the worse the overall survival rate of melanoma patients. We
analyzed the NEUI-related genomic changes and functional
networks in melanoma and evaluated their role in tumor im-
munity through multidimensional analysis. We also demon-
strated that NEU! can promote the proliferation and metastasis
of melanoma cells in vivo and in vitro. These results suggest
that NEUI may play a key role as a biomarker for melanoma
in tumorigenesis and development.

Materials and Methods

Cell culture and transfection of siRNA

A857 human melanoma cell line was cultured in minimum es-
sential medium (MEM) medium containing 10% fetal bovine
serum. The siRNA of NEU! (si-NEUI) was synthesized from
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Ribobio company (Guangzhou, China). si-NEU! was transfected
into A857 cells with Lipofectamine 3000 (Invitrogen) transfec-
tion reagent.

Bioinformatics analysis
ONCOMINE database

The differential expression of NEU! in melanoma and normal
tissues was analyzed by using the melanoma-related microar-
ray data in ONCOMINE database.

UALCAN database

We used the UALCAN database to analyze the expression
level of NEUI in normal tissues, primary melanoma and meta-
static melanoma respectively, by entering “NEUI” [21].

GEPIA database

The GEPIA database was used for interactive analysis of gene
expression profile of tumors and normal tissues [22]. Here, we
analyzed the differential expression of NEU! in melanoma and
normal samples by using GEPIA database.

TIMER database

The melanoma data in TIMER 2.0 database were used to ana-
lyze the correlation between NEUI expression and immune
cell infiltration [23]. In this study, we analyzed the correlation
between NEU! expression and the infiltration of seven types
of immune cells: CD8* T cells, CD4" T cells, B cells, regula-
tory T (Treg) cells, macrophages, dendritic cells, and natural
killer (NK) cells.

cBioPortal database

The mutation, copy number alteration and gene correlation
of NEUI in melanoma were analyzed by using the melanoma
data in cBioPortal database [24, 25].

The Human Protein Atlas database

By using pathological samples from The Human Protein Atlas
database, we analyzed the protein expression level of NEU1 in
melanoma samples and corresponding normal tissues.

Cell proliferation assay of human melanoma cells

The effect of NEU! differential expression on the proliferation
of melanoma cells was detected by plate clone formation as-
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say. Differentially expressing NEUI A857 human melanoma
cells line was inoculated into six-well plates and cultured in
medium for 10 days. Then the cells were washed with phos-
phate buffered saline (PBS), fixed with paraformaldehyde and
stained with viola crystalline. Finally, the number of clones
was estimated by Image J software after microscope photog-
raphy.

Cell migration assays

The migration ability of melanoma cells with different expres-
sion of NEU! was analyzed by Transwell Matrigel experiment.
Differentially expressing NEUI A857 human melanoma cells
line (1 x 10°) resuspended at 200 uL was planted in the upper
chamber in serum-free medium; then it was added with 500 uL
in the lower room medium supplemented with 10% FBS. After
12 h, the migration number of melanoma cells differentially
expressing NEUI was detected.

Animal experiment

All animal care and euthanasia protocols were approved by
the Institutional Animal Care and Use Committee of Changzhi
Medical School (Changzhi, China). This study was carried out
in strict accordance with the recommendations in the Guide for
the Care and Use of Laboratory Animals (National Institutes
of Health). For the melanoma xenograft study, 3 - 4 weeks old
nude mice were implanted into the right flank of mice subcuta-
neously with 5 x 10° A857 cells transfected with control (NC)
or stably knockdown NEU! (sh-NEUI) in 100 uL MEM. After
1 month, the mice were dissected, and the tumor tissue was
removed for fixation, dehydration, and photographs.

Statistical analysis

GraphPad Prism 8 software was used for statistical analysis.
The data were expressed as mean + standard deviation, and
the differences between groups were assessed by unpaired Stu-
dent’s t-test. P values < 0.05 were considered significant.

Results
NEUI was highly expressed in melanoma

To explore the function of NEU! in melanoma, we constructed
a screening strategy: significant analysis of melanoma tissues
GEOQ data was carried out to analyze the differentially expressed
genes (including melanoma biopsies and normal tissues from
three sets of microarray data (#GSE96887, GSE35388 and
GSE3189) (Fig. la-c). We first detected the upregulated gene
expression in three sets of melanoma microarray data of and
found that NEU! was not only the most significantly increased
gene in melanoma tissues, but also the only most significantly
upregulated gene in three GEO datasets (Fig. 1d).
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NEUI expression correlates with the prognosis of patients
with melanoma

To further explore the relationship between NEUI and the
occurrence and development of melanoma, we used public
data from ONCOMINE database to analyze the expression of
NEUI in melanoma samples [26]. We found that the expres-
sion of NEUI in melanoma was significantly higher than that
in normal tissues (Fig. 2a) [27-29]. Through the TCGA data-
base [30], we further confirmed that the expression of NEUI
in melanoma samples was significantly higher than that in nor-
mal samples (Fig. 2b). Moreover, the expression of NEU! in
the metastatic melanoma tissues was significantly higher than
that in primary melanoma samples, indicating that NEUI may
be related to the metastasis of melanoma (Fig. 2c). Consistent
with the previous public database results, we used the immu-
nohistochemical results of melanoma pathological samples in
The Human Protein Atlas database to confirm that the protein
level of NEU1 in melanoma patients was higher than that in
normal tissues (Fig. 2d). The correlation between NEU! ex-
pression and overall survival was analyzed by using the gene
expression data of melanoma patients. Patients with higher
NEUI expression had shorter overall survival than those with
lower NEUI expression (Fig. 2e).

Genetic alteration of NEUI in melanoma

We analyzed the genetic changes of NEU!I in melanoma us-
ing cBioPortal database. As shown in Figure 3a, the alteration
frequency of NEU! in melanoma patients reached 18%, and
most of them were “mutation” type. Interestingly, most of the
melanoma patients with NEUI genetic changes have high ex-
pression of NEUI mRNA (Fig. 3a). Figure 3b further shows
the types and sites of NEUI gene mutations. We found that the
main type of NEUI genetic change is missense mutation. The
R341 mutation of BNR2 domain was detected in three cases of
melanoma (Fig. 3b), which could induce the frame shift muta-
tion of NEUI gene. Moreover, we further found that fraction
genome altered of NEU! is significantly positively correlated
with mRNA expression of NEU! (Fig. 3¢). In addition, we also
investigated the correlation between NEU mutations and clin-
ical survival and prognosis in patients with melanoma. Figure
3d shows that the overall survival and prognosis of melano-
ma patients without NEUI mutation are better (P = 0.00129),
compared with cases with NEU! alteration. We also explore
the correlation between NEU! expression level and the tumor-
associated markers, such as proliferation markers cyclin-de-
pendent kinase 2 (CDK?2), epithelial-mesenchymal transition
markers CD44 and apoptosis marker CASP3 and CASPS.
We analyzed the cBioPortal database (http://www.cbioportal.
org/) and showed that in melanoma samples, the expression of
NEUI was positively correlated with the expression of CDK2
and CD44 and negatively correlated with the expression of
CASP3 and CASPS (Fig. 3e). These results suggest that NEU!
may be involved in the regulation of melanoma proliferation
and metastasis by regulating the expression of these related
markers.
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Figure 1. NEU1 was highly expressed in melanoma. (a-c) Heatmap showing genes that are dysregulated in melanoma com-
pared to normal tissues mined from GSE6887, GSE35388 and GSE3189. (d) Venn diagram identified and validated the dysregu-
lated expression genes shared in the three GEO data sets. NEU7: neuraminidase-1.

Relationships of NEUI and immune cells

Tumor infiltrating immune cells are a key part of tumor mi-
croenvironment, which are closely related to the progression
of tumor [31, 32]. We analyzed the correlation between the
expression level of NEU! and immune cell infiltration by
using TIMER 2.0 database. Figure 4a shows the correlation
between the expression of NEU! and the number of seven tu-
mor infiltrating immune cell types, including CD4* T, CD8"
T, B cells, Treg cells, macrophages, NK cells, and dendritic
cells. We found that the expression levels of NEUI in mela-
noma were significantly correlated with the abundance of
tumor-infiltrating immune cells after adjustment for purity
(Fig. 4a). In order to investigate the correlation between the
degree of immune cell infiltration and the prognosis of pa-
tients with melanoma, we used Kaplan-Meier Plotter method
to analyze the relationship between the abundance of im-
mune cell infiltration and prognosis. We found that in pa-
tients with melanoma, the abundance of infiltration of CD4*
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T, CD8" T, B, Treg, macrophages, NK, and dendritic cells
in the melanoma is significantly correlated with the patient’s
survival (Fig. 4b).

Enrichment analysis of VEUI-associated partners

In order to further explore the potential molecular mechanism
of NEUI regulating melanoma progression, we performed a
series of pathway enrichment analysis on NEU! expression-
related genes. By using the UALCAN database (http://ualcan.
path.uab.edu/index.html), we screened the genes significantly
related to NEUI expression in normal tissues, primary mela-
noma, and metastatic melanoma. We mapped the top 20 genes
with positive and negative correlation according to the value
of correlation coefficient with NEU! expression (Fig. 5a, b).
Moreover, we also explored the possible function and regula-
tory signal pathway of NEU! in melanoma by GO and KEGG
analysis of NEUI expression-correlated genes. Figure 5S¢ and
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d respectively shows the GO enrichment results and KEGG
enrichment results of NEU! expression-related genes, which
indicated that “cell cycle”, “DNA replication”, “autophagy”

and “ERK signaling pathway” were the higher enrichment
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functions related to NEUI in melanoma (Fig. 5¢). Figure 5d
shows that “protein processing”, “spliceosome”, “metabolic
pathway” and “lysosome” are the first four signaling pathways

associated with NEU! in melanoma.
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NEUI promotes melanoma cell growth and migration

To assess the functional role of NEU! in melanoma cells, we
transfected overexpression vector or si-NEU! into A875 cells.
The tumor cell clone formation assay revealed that overex-
pression of NEUI significantly promoted the cell growth of
melanoma cells, whereas knockdown of NEU! inhibited cell
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growth (Fig. 6a). To detect roles of NEU/! in cell migration, we
conducted transwell assays in melanoma cells. As expected,
NEUI overexpression significantly promoted the migration in
the A875 cells (Fig. 6b). Knocking down NEU! in A875 cell
line can significantly inhibit the migration abilities of the cells.
Collectively, these data suggested that NEU!I promotes mela-
noma growth and migration in vitro.

www.wjon.org

227



NEU! Promotes Melanoma Progression World ] Oncol. 2022;13(4):222-234

Q
o
1.0

E Purity T cell CD8+_TIMER T ;im g'&:‘tw“"‘"“ E ﬁ';‘:::%‘::‘;&:‘:m";mﬁﬁ
= pRho%= -0.139 = pRnol=lg.e3§tz& © Gt Exorertion + Hoon T ool CO0 sama e L
o~ Byt * A = 2.
o S o
8 2
= Sl
g e °
| 2
- 2 <
S Z =
w0
n 3N
4 33
X
w o 2vs 1: HR=0.57, p = 0.0122
- & 4vs 3: HR=0.479, p = 0.000977
= r T T T
2 025 050 0.75  1.000.0 0.5 1.0 1.5 0 ) 20 190 130
Purity Infiltration Level Time to Follow-Up (months)
g LT TCHICOAFTINER SR
[ — n
:: o aseos| | % Ao S oecte © 218 Gane Exprestion + High T call D4 memeny WCELL
o L s 2
O 84 2 &
3 |8 § © |
2748 v ©
= 2
c |= ® 3
Lo | 3 °
7615 £
o |5 3N
— U .
o o
X 54
w o 25 1: HR=0.539, p = 0.00849
- = -] 4vs3:HR=0431,p = 0.000123
3 T T T T T T T T < X l 1 U
- 025 050 075  1.000.0 0.5 1.0 15 0 50 100 150
Purity Infiltration Level Time to Follow-Up (months)
— (=}
T Purity T cell regulatory (Tregs) QUANTISEQ R s E:W:mi'«'.":."q:_':z,“n:')m:’:;
& o RhO =¢0.25 o . Rho = 0.2 - friod e e st L LY
~ ° ~p-108e02 . ® p = 4.34e-02 5 © | & v
=3 . ]
g 2
= | 5o
(] = (v =
S @
g |E
&<
; =2 <
g = 35 ©
ﬁ 619 €
v 3 N
4 3 3
X
w o 2vs 1: HR=0.38, p = 0.000188
- 5- o- =~ 4vs3: HR=0.606, p = 0.0325
g T T T T
w 0.25 0.50 0.75 1.00.00 002 0.04 0.06 0.08 ° ) - 100 150
Purity Infiltration Level Time to Follow-Up (months)
—_ ‘_i ks uowcenemm:uwunmmdmma«nuu
s Purity B cell plasma_CIBERSORT-ABS Biligh Gene Expression + Low Class-switched memory 8 cell_ XCELL
& 8 Rho = 0.202 - Gene Expression + High Class-switched memory B cell ¥CELL
~ . p = 4.18e-02 g o
S " 1 2
2 § o |
= 7 o
[ 2 . o
o |E = 2
-1 5= ® I
c o S o
o = .
%619 s E
v % o Y4
g o
m o 2vs 1: HR=0.661, p = 0.0676
* = 4vs 3 HR=0457, p = 0.000262
5! 54 r 3 Q= T T T
T T T ¥ =t T T 1 1
v 0.25 0.50 0.75 1.00.00 0.05 0.10 0 ) 50 00 50
Purity Infiltration Level Time to Follow-Up (months)

Figure 4. Correlation between NEU1 and immune cell infiltration. (a) The correlation between NEU1 expression and the infiltra-
tion of CD4* T cell, CD8* T cell, B cell, regulatory T (Treg) cell, macrophage, and natural killer (NK) cell in melanoma was ana-
lyzed by TIMER 2.0 tool. (b) The relationship between the immune cell infiltration and the overall survival of melanoma using the
TIMER 2.0 tool. NEU7: neuraminidase-1.
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Figure 4. (continued) Correlation between NEU71 and immune cell infiltration. (a) The correlation between NEU1 expression and
the infiltration of CD4* T cell, CD8* T cell, B cell, regulatory T (Treg) cell, macrophage, and natural killer (NK) cell in melanoma
was analyzed by TIMER 2.0 tool. (b) The relationship between the immune cell infiltration and the overall survival of melanoma

using the TIMER 2.0 tool. NEUT: neuraminidase-1.

NEUI promote melanoma cells progression in vivo

To determine whether NEU! plays a role in melanoma cell
progression in vivo, we established xenograft tumor models
using nude mice. We constructed A875 melanoma cells stably
knockdown NEUI (sh-NEUI) and control (sh-NC) and inject-
ed separately the two groups of cells subcutaneously into nude
mice. We found that the proliferation rate of NC group was sig-
nificantly higher than that of NEU! underexpressed group (Fig.
7a). In addition, the tumor volume from A875 cells after NEUI
underexpressed was significantly lower than that of the control
group (Fig. 7a). Moreover, we also tested the effect of NEUI
on melanoma cells metastasis. The nude mice were injected
with transfected sh-NEU!I and sh-NC melanoma cells via the
tail vein. After 8 weeks of dissection, we found that pulmonary
metastatic nodules in the NC group were significantly lower
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than those in the NEU! underexpressed group (Fig. 7b). He-
matoxylin and eosin (H&E) staining also showed a consistent
result, that is, the degree of malignancy was lower, and the me-
tastasis lesion was smaller in the NEU! underexpressed group.
These results showed that NEUI also significantly promoted
the proliferation and metastasis of melanoma cells in vivo.

Discussion

Melanoma is a common skin cancer. This type of cancer can
spread rapidly in the body. Although surgical resection can ef-
fectively treat early primary melanoma, it still has a high recur-
rence rate. Therefore, new treatment methods including target-
ed therapy may become a beneficial method for patients with
melanoma [33, 34]. In this study, via analyzing public dataset,
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Figure 5. Enrichment analysis of NEU7-related partners. (a, b) The top 20 genes with positive correlation (a) and negative cor-
relation (b) with NEUT in melanoma were analyzed in the UALCAN database. (c) Functional enrichment histogram of important
modules by using REVIGO tools. (d) Pathway enrichment map of NEU1 and NEU7-correlated genes. NEU7: neuraminidase-1.

we identified a novel melanoma-correlated gene NEUI. We
found that NEU! was highly expressed in melanoma, and the
higher expression of NEUI, the worse the overall survival rate
of melanoma patients. We analyzed the NEU/-related genom-
ic changes and functional networks in melanoma and evalu-
ated their role in tumor immunity through multidimensional
analysis. We also demonstrated that NEUI can promote the
proliferation and metastasis of melanoma cells iz vivo and in
vitro. These results suggest that NEUI may play a key role as
a biomarker for melanoma in tumorigenesis and development.

Sialidase is a kind of glycohydrolases, which can remove
sialic acid from the non-reducing ends of various glycoconju-
gates [35]. Sialidase plays an important role in regulating many
physiological processes, such as cell proliferation, apoptosis,
and immune monitoring. The changes of sialylation are closely
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related to malignant tumors. NEUI, NEU2, NEU3 and NEU4
are four sialidase family members that have been confirmed by
now. Their localization and substrate specificity are different
[36,37]. NEU1, as a lysosomal neuraminidase, can cleave sial-
ic acid terminal residues from glycoproteins and glycolipids.
Although many previous studies reported that NEU! as an on-
cogene was upregulated in cancer cells, more and more studies
show that the role of NEU! in different tumors is inconsistent
[38]. It is reported that NEU! can inhibit the progression of
human colon cancer in vivo and in vitro [19]. In ovarian cancer,
the downregulation of NEU/ expression can effectively inhibit
the malignant phenotype of tumor cells [39]. Hou et al also
found that NEUI can promote the growth and metastasis of
liver cancer cells [38]. Overexpression of NEU! in pancreatic
cancer can promote tumor growth and metastasis by regulating
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Figure 6. NEU1 promotes melanoma cells growth and migration. (a) Colony formation of A875 cells 2 weeks after transfection
with the indicated vector. (b) Transwell assay was used to detect the effect of NEUT on the migration of A875 cells. NEUT: neu-

raminidase-1. NEU7: neuraminidase-1.

epidermal growth factor receptor (EGFR) pathway [40]. Zhou
et al found that NEU! can promote cell proliferation and in-
hibit cell apoptosis by regulating Akt signaling pathway [41].
Our results shows that NEU! enhance proliferation and inva-
sion of melanoma in vitro and in vivo.

NEUI regulates downstream molecules through desialyla-
tion. Studies have found that integrin 4 is the target of NEUI.
Deacetylated integrin 4 will reduce its phosphorylation, thus
inhibiting the expression of matrix metalloproteinase (MMP)-
7 by regulating FAK and ERK1/2 signaling [19]. Recently, it
has been found that noncoding RNA miR-125b can target NEU!
in gastric cancer to regulate the function of gastric cancer cells
[42]. In our study, we investigate the potential mechanism un-
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derlying NEUI-regulated migration and proliferation of mela-
noma cells by performing enrichment analysis. Our results show
that NEUI-regulated genes are significantly enriched in protein
processing, spliceosome and metabolic pathways, which are
closely related to tumor characteristics such as cell cycle and an-
giogenesis [43]. These results indicate that NEUI may enhance
the proliferation and invasion of melanoma by regulating pro-
tein processing, splicing and metabolic pathways.

Conclusions

In conclusion, our study confirmed that NEU! can enhance the
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Figure 7. NEU1 promote melanoma cells progression in vivo. (a) Tumor growth of A875 xenografts in nude mice (n = 8 each).
Groups 1, 2 mice were injected with NC and sh-NEUT cells, respectively. (b) After the melanoma cells transfected with sh-NEU-
1or sh-NC were injected into the tail vein of mice, a representative image of nodules could be seen on the lung surface of mice
at 8 weeks (upper panel). Representative images of lung metastasis with H&E staining (lower panel). NEU7: neuraminidase-1.

NEUT: neuraminidase-1.

proliferation and migration of melanoma cells in vivo and in
vitro, indicating that NEUI may be used as a new prognostic
and diagnostic marker of melanoma, thus providing a new tar-
get for the treatment of melanoma in the future.
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