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Abstract 

Purpose: To determine the functional roles of cluster of differentiation 147 (CD147) in glycolysis in 
melanoma cells. 
Methods: CD147 expression in melanoma tissue and adjacent normal tissue was determined using 
quantitative real time polymrase chain reaction (qRT-PCR) and immunohistochemistry. Cell Counting 
Kit-8 (CCK-8) and colony formation assays were used to evaluate cell viability and colony formation, 
respectively. The role of CD147 in glycolysis in melanoma cells was investigated by determining 
glucose uptake, production of lactate, and cellular level of ATP.  
Results: CD147 was enhanced more in melanoma tissue than that in the adjacent normal tissue (p < 
0.001). CD147 overexpression promoted the viability and colony formation of melanoma cells. On the 
other hand, CD147 silencing decreased the viability and colony formation of melanoma cells. Glucose 
uptake, production of lactate, and cellular level of ATP were upregulated in melanoma cells by CD147 
overexpression and downregulated by shRNA-mediated depletion of CD147. CD147 increased 
expression of C-X-C motif chemokine ligand 1 (CXCL1) to activate the sex-determining region Y-related 
high-mobility group box 4 (SOX4) pathway. Knockdown of CXCL1 attenuated the positive regulatory 
effect of CD147 on SOX4. Besides, overexpression of SOX4 reversed the suppressive effects of CD147 
silencing on melanoma cell viability, colony formation, and glycolysis. 
Conclusion: CD147 contributes to melanoma cell growth via upregulation of SOX-mediated glycolysis, 
thus providing a therapeutic avenue for the management of melanoma. 
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INTRODUCTION 
 
Melanoma is considered as the most aggressive 
type of skin cancer, and patients with local or 
distant metastasis of melanoma have a poor 

prognosis [1]. The treatment  for melanoma 
remains a challenge due to pre-existing or 
acquired drug resistance [2]. It is thus 
indispensable to find new and alternative 
therapeutic factors for melanoma. 
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Cluster of differentiation 147 (CD147), a 
transmembrane glycoprotein widely expressed in 
tissue and cells, facilitates secretion of matrix 
metalloproteinases to promote tumor cell 
metastasis [3]. In melanoma cells, CD147 
induced secretion of matrix metalloproteinases 
and promoted cell invasion [4]. Moreover, CD147 
promoted tumor angiogenesis in melanoma 
through upregulation of vascular endothelial 
growth factor receptor 2 [5], and promoted 
anaerobic glycolysis in melanoma cells through 
interaction with monocarboxylate transporters [6]. 
However, little report considering the 
downstream target involved in CD147-mediated 
aerobic glycolysis in melanoma cells. 
 
Sex-determining region Y-related high-mobility 
group box 4 (SOX4) is a transcription factor that 
can regulate embryonic development and cell 
differentiation, promote or suppress malignant 
cell progression [7]. In melanoma cells, SOX4 
could suppress cellular apoptosis through 
binding to p65 promoter [8], and stimulate 
melanoma cell proliferation through promotion of 
glycolysis [9]. This study hypothesized that SOX4 
was implicated in CD147-mediated glycolysis of 
melanoma cells. 
 
This study was performed to clarify the functional 
roles of CD147 in glycolysis and proliferation of 
melanoma cells, and then identify the role of the 
CD147 was depending on regulating SOX4, 
providing a therapeutic factor for melanoma 
treatment. 
 
EXPERIMENTAL 
 
Preparation of tumor tissue 
 
78 patients diagnosed with melanoma were 
collected from our hospital. Melanoma tissue 
biopsy was obtained from these patients. Tissues 
were then used for quantitative PCR (qPCR) and 
immunohistochemical analysis. This study was 
approved by the Ethics Committee of our hospital 
(Approval no.2018015), and written informed 
consent was obtained. All procedures were 
performed in accordance with the 1964 Helsinki 
Declaration and its later amendments [10]. 
 
Immunohistochemistry 
 
Formalin-fixed and paraffin-embedded 
melanoma tumor tissue and adjacent non-tumor 
tissue were cut into sections in 4-μm. Following 
antigen retrieval, the sections were blocked with 
3 % H2O2 and incubated with primary antibody 
against CD147 (1:500; Abcam, Cambridge, UK), 
followed by incubated with biotinylated 

secondary antibody (1:500; Abcam). Finally, the 
sections were counterstained with hematoxylin 
before examination by a light microscope 
(Olympus, Tokyo, Japan). 
 
Cell culture 
 
Normal human epidermal melanocytes (HEMa-
LP) and melanoma cell lines (SK-MEL-2, SK-
MEL-1, SK-MEL-28, A375) were purchased from 
Chinese Academy of Sciences (Shanghai, 
China). The cells were cultured in Dulbecco's 
Modified Eagle Medium (DMEM; Lonza, Basel, 
Switzerland) containing 10 % fetal bovine serum 
(FBS, Lonza) in a 37 °C incubator. 
 
Plasmid construction and cell transfection 
 
The sequences for full-length CD147, CXCL1, 
and SOX4 were inserted into pcDNA3.1 vector 
(Invitrogen, Carlsbad, CA, USA). Short hairpin 
RNAs (shRNAs) targeting CD147 and CXCL1 
were synthesized by GenePharma (Suzhou, 
China). For transfecting pcDNA3.1 vectors or 
shRNAs A into 375 or SK-MEL-2 cells, 
Lipofectamine 2000 (Invitrogen) was used. 
 
Cell viability and colony formation assay 
 
For cell viability assay, A375 or SK-MEL-2 cells 
were seeded (2 × 104 /well) into 96-well plates 
and cultured for various duration times (0, 24, 48, 
and 72 h). Cells were treated with CCK8 solution 
(Dojindo, Tokyo, Japan) for 4 h. Absorbance at 
450 nm was measured. For colony formation 
assay, A375 or SK-MEL-2 cells were seeded (2 
× l02 /well) into 6-well plates, and then cultured in 
DMEM, with the medium replaced with fresh 
medium every 3 days. Colonies were fixed and 
stained, and then examined under a microscope 
(Olympus) two weeks later. 
 
Determination of glucose uptake, production 
of lactate, and cellular level of ATP 
 
Transfected cells (A375 or SK-MEL-2) were 
cultured in DMEM. Forty-eight hours later, 
glucose uptake, production of lactate, and 
cellular level of ATP in each well were evaluated 
using Glucose Uptake-Glo Assay (Promega, 
Madison, WI, USA); Lactate Assay Kit (BioVision, 
Mountain View, CA, USA); and CellTiterGlo® 
Luminescent Cell Viability Assay (Promega), 
respectively. 
 
Quantitative polymerase chain reaction 
(qPCR) 
 
The extraction of total RNA from paired 
melanoma tissue and adjacent non-tumor tissue 
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were achieved by TRIzol reagent (Invitrogen). 
The reverse transcription of cDNAs was 
synthesized by the PrimeScript™ RT Reagent Kit 
(TaKaRa, Tokyo, Japan), and the amplification 
was achieved by qPCR using SYBR Premix Ex 
Taq II Kit (TaKaRa). Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was used 
as internal control with the listed primer 
sequences (Table 1). 
 
Table 1: Primer sequences 
 
 Forward Reverse 
CD1
47 

5’-
AGGACCGGCGAGG
AATAGGA-3’ 

5’-
TGCAAGCACTGGG
AGTGGAC-3’ 

GAP
DH 

5’-
GCAATGCCTCCTG
CACCACCA-3’ 

5’-
CCCCAGCGTCAAA
GGTGGAGG-3’

 
Western blotting 
 
Harvested A375 or SK-MEL-2 cells were lysed 
and the protein concentration was firstly 
determined. Proteins (30 μg) were separated by 
sodium dodecyl sulfate-polyacrylamide 
electrophoresis (SDS-PAGE) and electro-
transferred to PVDF membranes. Following 
blocking with 5 % bovine serum albumin in 
phosphate-buffered saline (PBS) for 1 h, 
membranes were incubated overnight with 
specific primary antibodies against CD147 
(1:1500; Abcam), CXCL1 (1:1500; Abcam), 
SOX4 (1:2000; Abcam), hexokinase 2 (HK2) 
(1:2000; Abcam), lactate dehydrogenase A 
(LDHA) (1:2500; Abcam) and GAPDH (1:3500; 
Abcam). After incubation with the horseradish 
peroxidase-labeled secondary antibody (1:5000; 
Abcam), specific protein bands in each 
membrane were examined. 
 
Statistical analysis 
 
Each experiment was repeated at least three 
times, and results were shown as mean ± 
standard deviation (SD). By using GraphPad 
Prism 6.00 (GraphPad Software, San Diego, CA, 
USA), statistical analysis was carried out using 
Student’s t-test or one-way analysis of variance 
(ANOVA). P < 0.05 was considered statistically 
significant. 
 
RESULTS 
 
Enhanced expression of CD147 in melanoma 
 
Results showed that CD147 was enhanced in 
melanoma tissue compared to non-tumor tissue 
(p < 0.001) (Figure 1 A and B). Significant 
upregulation of CD147 was also observed in 
melanoma cells (SK-MEL-2, SK-MEL-1, SK-

MEL-28, and A375) compared to HEMa-LP 
normal human melanocytes (p < 0.001; Figure 1 
C), suggesting the participation of CD147 in 
melanoma progression. 
 

 
 
Figure 1: Enhanced expression of CD147 in 
melanoma. Upregulation of CD147 in melanoma 
tissue compared to adjacent non-tumor tissue 
determined by qPCR (A) and immunohistochemical 
(B) analysis. (C) Upregulation of CD147 in melanoma 
cells compared to HEMa-LP normal human 
melanocytes determined by western analysis (left) and 
qPCR analysis (right). *P < 0.05, **p < 0.01, ***p < 
0.001 
 
CD147 contributed to melanoma cell growth 
 
Significant upregulation of CD147 was verified in 
A375 cells transfected with pcDNA-CD147 
compared to that with empty vector (p < 0.001) 
(Figure 2 A). A significant downregulation of 
CD147 was verified in SK-MEL-2 cells 
transfected with shCD147 #1 or #2 compared to 
that transfected with negative control shRNA 
(shNC) (p < 0.001, Figure 2 A). Melanoma cell 
viability (Figure 2 B) and colony formation (Figure 
2 C) were enhanced by CD147 overexpression, 
and reduced by shRNA-mediated CD147 
silencing. These results revealed that CD147 
contributed to melanoma cell growth. 
 
CD147 promoted glycolysis in melanoma 
cells 
 
Results indicated a significant increase in 
glucose uptake (Figure 3 A), production of lactate 
(Figure 3 B), and cellular level of ATP (Figure 
3C) in A375 cells, which caused by CD147 
overexpression (p < 0.01). However, shRNA-
mediated silencing of CD147 in SK-MEL-2 cells 
decreased glucose uptake (Figure 3 A), 
production of lactate (Figure 3 B), and cellular 
level of ATP (Figure 3 C), suggesting that CD147 
promoted glycolysis in melanoma cells. 
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Figure 2: CD147 contributed to melanoma cell growth. 
Upregulation of CD147 in A375 cells transfected with 
pcDNA-CD147 (A), increased cell viability (B) and 
colony formation (C). Downregulation of CD147 in SK-
MEL-2 cells transfected with shCD147 #1 OR #2 (A), 
decreased cell viability (B) and colony formation (C). 
**P < 0.01, ***p < 0.001 
 

 
 
Figure 3: CD147 promoted glycolysis in melanoma 
cells. Transfection with pcDNA-CD147 increased 
glucose uptake (A), production of lactate (B), and ATP 
(C) by A375 cells. Transfection with shCD147 
decreased glucose uptake (A), production of lactate 
(B), and ATP (C) of SK-MEL-2 cells. *P < 0.05, **p < 
0.01 
 
CD147 positively regulated SOX4 via CXCL1 
 
CD147 overexpression in A375 cells enhanced 
CXCL1 and SOX4 expression (Figure 4 A), 
suggesting the promotive effect of CD147 on 
CXCL1 and SOX4 expression in melanoma cells. 
Moreover, knockdown of CXCL1 attenuated the 
promotive effect of CD147 on CXCL1 and SOX4 

expression in A357 cells (Figure 4 B). 
Overexpression of CXCL1 reversed the CD147 
silencing-induced decrease in CXCL1 and SOX4 
(Figure 4 B), suggesting that CD147 upregulates 
SOX4 in melanoma cells through CXCL1. 
 

 
 
Figure 4: CD147 positively regulated SOX4 through 
CXCL1. Transfection with pcDNA-CD147 upregulated 
CXCL1 and SOX4 protein expression in A375 cells, 
and transfection with shCD147 decreased CXCL1 and 
SOX4 expression in SK-MEL-2 cells (A). Knockdown 
of CXCL1 attenuated the promotive effect of CD147 
on CXCL1 and SOX4 expression in A357 cells, 
whereas CXCL1 overexpression increased CD147 
silencing-induced decrease in CXCL1 and SOX4 (B). 
*P < 0.05, **p < 0.01, ***p < 0.001 
 
CD147 promoted glycolysis in melanoma 
cells via upregulation of SOX4 
 
Overexpression of SOX4 reversed CD147 
knockdown-induced decrease in cell viability in 
SK-MEL-2 cells (Figure 5 A), and counteracted 
the suppressive effects of CD147 knockdown on 
glucose uptake (Figure 5 B), production of lactate 
(Figure 5 C), and cellular level of ATP (Figure 5 
D) in SK-MEL-2 cells. Furthermore, knockdown 
of CD147 downregulated enzymes involved in 
aerobic glycolysis, including HK2 and LDHA 
(Figure 5 E). However, SOX4 overexpression 
promoted CD147 knockdown-induced decrease 
in hexokinase 2 (HK2) and lactate 
dehydrogenase A (LDHA) (Figure 5 E), 
suggesting that CD147 promoted glycolysis in 
melanoma cells through upregulation of SOX4. 
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Figure 5: CD147 contributed to glycolysis in 
melanoma cells through upregulation of SOX4. 
Overexpression of SOX4 reversed CD147 knockdown-
induced decrease in cell viability (A), glucose uptake 
(B), production of lactate (C), cellular level of ATP (D) 
and expressions of HK2 and LDHA (E) in SK-MEL-2 
cells. *P < 0.05, **p < 0.01, ***p < 0.001 
 
DISCUSSION 
 
Tumor cells, with unrestrained growth ability, 
take up glucose and produce lactate through 
activation of aerobic glycolysis [11]. Manipulation 
of aerobic glycolysis has been regarded as a 
therapeutic strategy for melanoma treatment 
[12]. Silencing of CD147 has been reported to 
abrogate the expression of monocarboxylate 
transporters and decrease production of ATP 
and glycolysis in melanoma cells [6]. The 
mechanism involved in CD147-mediated 
melanoma glycolysis was investigated in this 
study. 
 
Immunohistochemical analysis of CD147 
expression in melanoma tissue showed that 
CD147 was overexpressed in melanoma, and 
high CD147 expression predicted poor overall 
survival in patients with melanoma, suggesting 
its prognostic role in melanoma [13]. 
Upregulation of CD147 in melanoma tissue and 
cells was also verified in this study. Zhang et al 
have shown that CD147 contributes to 
melanoma cell growth [14]. Similarly, results from 
CCK8 and colony formation assays in our study 
confirmed the promotive effect of CD147 on 
melanoma cell growth. 
 
Moreover, antibody against CD147 has been 
reported to dissociate the CD147-
monocarboxylate transporter complex, thereby 
repressing glucose uptake, as well as lactate and 
ATP production in melanoma cells [15]. The 
results of this study also demonstrated that 
CD147 promoted glycolysis in melanoma cells 

through promotion of glucose uptake, and 
production of lactate and ATP. Glycolytic 
enzymes, including HK2 [16] and LDHA [17], 
were downregulated by CD147 knockdown in 
melanoma cells. These investigations showed 
that CD147 promoted melanoma cell viability, 
colony formation and glycolysis. 
 
CXCL1 has been shown to increase expression 
of glycolytic enzymes HK2 and LDHA and 
promote glycolysis [18], contributing to 
melanoma tumorigenesis [19]. CD147 could 
increase CXCL1 expression through the 
PI3K/AKT pathway [20]. The present study 
revealed that overexpression of CD147 promoted 
CXCL1 expression in melanoma cells, whereas 
CD147 knockdown decreased CXCL1 
expression. Moreover, CXCL1 has been shown 
bind to the promoter region of SOX4 and activate 
SOX4 transcription [21]. Silencing of CXCL1 
attenuated the promotive effect of CD147 on 
SOX4 expression in melanoma cells, suggesting 
the possible regulatory ability of the 
CD147/CXCL1/SOX4 axis in melanoma cell 
growth and glycolysis. 
 
Further functional assays revealed that 
overexpression of SOX4 counteracted the 
suppressive effects of CD147 knockdown on 
melanoma cell viability, glucose uptake, and 
production of lactate and ATP, indicating that 
CD147 promoted melanoma cell growth and 
glycolysis through upregulation of SOX4. 
Inactivation of the AKT pathway was implicated 
in SOX4-mediated increase in HK2, LDHA, and 
glucose transporter type 1 during glycolytic 
metabolism in melanoma cells [9]. Results of this 
study demonstrated that SOX4 overexpression 
reversed CD147 silencing-induced decrease in 
HK2 and LDHA expressions in melanoma cells. 
However, SOX4 was also found to suppress 
melanoma cell invasion [22], and knockdown of 
SOX4 enhanced melanoma cell migration and 
invasion through upregulation of p50 [23]. The 
pathways involved in CD147/SOX4-mediated 
melanoma cell growth and glycolysis need to be 
further investigated. 
 
CONCLUSION 
 
This study has demonstrated that CD147 is a 
vital mediator of cell growth and glucose 
metabolism in melanoma cells. SOX4 is 
associated with CD147-mediated melanoma cell 
growth and glycolysis. The regulatory role of the 
newly identified CD147/SOX4 axis in melanoma 
glucose metabolism and cell growth provides a 
potential therapeutic target for the treatment of 
melanoma. 
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