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Abstract
Malignant melanoma (MM) is a neoplasm that develops from human melanocytes. It 
was reported that eukaryotic translation initiation factor 3 subunit B (EIF3B) is as-
sociated with multiple types of cancers, but its role in MM has not been reported. In 
the present study, we found that EIF3B was abundantly expressed in MM and was 
strongly related to lymphatic metastasis and pathological stage of MM patients. In ad-
dition, EIF3B depletion could block the progression of MM in vitro and in vivo. In con-
trast, EIF3B overexpression increased cell proliferation and migration in melanoma 
cells. More importantly, we identified that EIF3B's driver role in MM was mediated 
by PTGS2. In detail, we found that EIF3B stabilized PTGS2 expression by inhibiting 
PTGS2 ubiquitination, which is mediated by the E3 ligase MDM2. Moreover, like 
EIF3B, silencing PTGS2 could suppress MM development, and more interestingly, it 
could reverse the situation caused by overexpression of EIF3B in vitro and in vivo. 
Furthermore, the proliferation and migration inhibited by silencing of EIF3B were also 
partially recovered by overexpression of PTGS2. Overall, our findings revealed the 
potential of EIF3B as a therapeutic target for MM. Identification of EIF3B's function 
in MM may pave the way for future development of more specific and more effective 
targeted therapy strategies against MM.
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1  |  INTRODUC TION

Malignant melanoma (MM) is a neoplasm that stems from human 
melanocytes.1 MM mainly occurs in the skin, which is one of the 
most malignant and aggressive type of skin cancers.2 According to 
the understanding of MM, the incidence of early metastasis is high, 
and the clinical prognosis for advanced patients is extremely poor.3 
As such, early diagnosis and treatment are important for reducing 
morbidity and mortality. At the moment, the most commonly used 
method for MM patients is still surgical treatment, which could pro-
long the survival of patients to a certain degree.4 Nevertheless, in 
recent years, with the continuous deepening of MM research and 
the advancement of diagnosis and treatment technologies, target 
therapy has become a new prognosis improvement strategy for pa-
tients with MM.5–7 Thus, the objective in presenting this particular 
case is to explore the mechanism of MM pathogenesis so as to find 
out more potential therapeutic targets.

As is well known, translation is a key step in protein synthesis, 
and multiple translation initiation factors play important roles in 
this process.8 One of these factors is eukaryotic translation initia-
tion factor (EIF), which is mainly responsible for the formation of 
the initiation complex.9 EIF3 is a central member of the EIF family. 
Given that it contains 13 different protein subunits (named EIF3A 
to EIF3M), EIF3 is considered the largest and most complex factor, 
and these subunits cooperatively participate in the entire process 
of translation initiation.10 What we focused on here is the EIF3B 
subunit, also called EIF3p110, EIF3p116, and hPrt1, which is widely 
regarded as a critical scaffold protein in the EIF3 complex and is in-
volved in translation regulation and cell growth.10,11 Existing liter-
ature has reported that EIF3B is highly expressed in several types 
of cancers, such as clear cell renal cell carcinoma,12 esophageal 
squamous cell carcinoma,13 gastric cancer,14 and bladder cancer,15 
and high level of it leads to poor prognosis. However, little is known 
about the relevance of EIF3B in MM.

In the present study, we found that EIF3B was abundantly ex-
pressed in MM and was strongly related to lymphatic metastasis 
and pathological stage of MM patients. In addition, EIF3B deple-
tion/elevation could curb/enhance the progression of MM. More 
importantly, we identified that the driver role played by EIF3B in 
MM was mediated by PTGS2. Like EIF3B, silencing PTGS2 could 
suppress MM development, and more interestingly, it could reverse 
the promotion effects caused by overexpression of EIF3B. Overall, 
our findings revealed the potential of EIF3B as a therapeutic target 
for MM.

2  |  MATERIAL S AND METHODS

2.1  |  Tissue specimens and cell lines

Tissue microarrays, provided by Xi'an Alenabio Co., Ltd., yielded 
164 MM tissues and 26 normal tissues. All the patients signed in-
formed consent before collecting samples. This study was approved 

by the Laboratory Animal Center of Zhengzhou University [No. 
ZZU-LAC20200911 (18)].

Human epidermal melanocytes HEMa from the American Type 
Culture Collection (ATCC) and four human MM cell lines, including 
two invasive choroidal melanoma cells MUM-2C and MUM-2B from 
Cell Resource Center (Institute of Basic Medicine, Chinese Academy 
of Medical Sciences) and two MM cells A375 and SK-MEL-28 from 
BeNa Technology, were used in this study. The specific culture con-
ditions for each cell type were as follows: Both invasive choroidal 
melanoma cells were grown in H-DMEM medium. A375 cells were 
cultured in DMEM, and SK-MEL-28 cells were cultured in 1640 me-
dium. All media contained 10% FBS, and all the cells were placed in 
a 37°C incubator containing 5% CO2. HEMa cells were cultivated 
using complete growth medium prepared according to the instruc-
tions of Adult Melanocyte Growth Kit (PCS-200-042™).

2.2  |  Immunohistochemistry (IHC)

After soaking the tissue samples with xylene and washing with al-
cohol (China National Pharmaceutical Group Co., Ltd), the slides 
were repaired with 1 × EDTA (Beyotime Biotechnology Co., Ltd) 
and blocked with 3% H2O2 and serum. After that, the slides were 
incubated with EIF3B, PTGS2, or Ki-67 antibodies and a subsequent 
second antibody at 4°C overnight and then stained with DAB and 
hematoxylin (Baso Diagnostics Inc.). Finally, the slides were sealed 
with neutral resin (China National Pharmaceutical Group Co., Ltd). 
Two pathologists independently and randomly examined all slides. 
Positive cells were scored as: 1 (1%-24%), 2 (25%-49%), 3 (50%-74%) 
and 4 (75%-100%), while staining intensity was scored from 0 (signal-
less color) to 3 (light yellow, brown, and dark brown). IHC outcomes 
were determined as negative (0), positive (1-4), ++ positive (5-8), or 
+++ positive (9-12) with reference to positive cell score and stain-
ing intensity. Finally, we determined high- and moderate-expression 
parameters by taking the median of all IHC experimental scores of all 
tissues. Antibodies used in this section are listed in Table S1.

2.3  |  Plasmid construction and lentivirus 
transfection

The corresponding EIF3B and PTGS2 RNAi target sequences, as 
well as EIF3B/PTGS2 overexpression sequences, were designed by 
Shanghai Bioscience Co., Ltd. and subsequently were inserted into 
the BR-V-108 vector through the restriction sites at both ends and 
transformed into TOP 10 E. coli competent cells (Tiangen). The plas-
mids of positive recombinants were extracted with the EndoFree 
maxi plasmid kit (Tiangen), and the concentration was determined in 
a spectrophotometer (Thermo_Nanodrop 2000).

For lentivirus transfection into MM cells, the cells in the logarith-
mic growth period were transfected by adding 20 μl 1 × 108 TU/ml 
lentivirus under the transfected condition of ENI.S + Polybrene and 
then were respectively cultured in DMEM and 1640 medium (both 
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containing 10% FBS) in a six-well dish (2 × 105 cells/well). Finally, the 
transfection efficiency of lentivirus and knockdown/overexpression 
efficiency of EIF3B and PTGS2 were evaluated by microscopic fluo-
rescence, qRT-PCR, and Western blot.

2.4  |  RNA extraction, cDNA synthesis, and qRT-
PCR

Total RNA was isolated using TRIzol reagent (Sigma) from both MM 
cell lines, and then cDNA synthesis and qRT-PCR were performed 
using the Promega M-MLV kit (Promega Corporation) and the SYBR 
Green Master Mix kit (Vazyme). GAPDH was as an internal nor-
malization control. The relative expression of mRNA was evaluated 
based on the 2−ΔΔCt method. The primer sequences (5′-3′) are listed 
in Table S2.

2.5  |  Western blot assay and co-
immunoprecipitation (co-IP)

Malignant melanoma (MM) cells were collected after transfect-
ing lentivirus and were lysed with 1× lysis buffer (Cell Signal 
Technology) to harvest protein. Protein purity was quantified with 
BCA methods. After that, 10% SDS-PAGE was used to segregate 
total proteins and transferred into PVDF membranes. Next, the 
membranes were blocked in TBST solution with 5% nonfat milk, 
subsequently incubated with primary antibodies and secondary 
antibodies, and then washed with TBST solution three times (for 
10 minutes each time). Finally, the ECL + plus™ Western blotting 
system kit was used for color rendering, and X-ray imaging was cap-
tured. For co-IP assay, proteins of A375 cells were collected and 
immunoprecipitated by anti-PTGS2, anti-MDM2, and IgG antibod-
ies and then subjected to Western blotting with antibody to EIF3B, 
PTGS2, and MDM2. Antibodies used here are shown in Table S1.

2.6  |  Cell proliferation detection

For MTT assay, both MM cells with downregulated EIF3B were col-
lected, digested, and resuspended into the cell suspension. A total of 
100 μl cell suspension was cultured in 96-well plates at a cell density 
of 2000 cells and determined for 5 days; 20 μl MTT (5 mg/ml) and 
100 μl DMSO were added into the 96-well plates. Optical density 
(OD) value at 490 nm wave length was detected with microplate 
reader (Tecan infinite).

For Celigo cell-counting assay, MM cells with indicated lenti-
viruses were collected and seeded into 96-well plates at a density 
of 2000 cells/well, placing in an incubator with 5% CO2 at 37°C. 
The cell images were taken by Celigo image cytometer (Nexcelom 
Bioscience), and a continuous 5-day cell proliferation curve was 
drawn.

2.7  |  Colony formation assay

A375 cells, with overexpressed EIF3B, downregulated PTGS2, 
and overexpressed EIF3B plus downregulated PTGS2 were har-
vested, digested, and seeded into a six-well plate (2 ml/well) for 
5 days to form colony. Visible clones in the six-well plate were re-
corded by fluorescence microscope (Olympus). Finally, the cells 
were washed with PBS, fixed with 1 ml 4% paraformaldehyde, and 
stained by 500 μl Giemsa (Dingguo) to calculate the number of 
colonies.

2.8  |  Cell migration assay

One method used for cell migration detection was transwell assay. 
MM cells with indicated lentiviruses were cultured to adjust the den-
sity of cells as 1 × 105 cells/ml. Subsequently, cells were loaded into 
the upper chamber containing serum-free medium. Then, the upper 
chamber was transferred to the lower chamber with 30% FBS and 
incubated for 72 hours. Finally, 400 μl Giemsa was used for cell stain-
ing, and the cell migration ability was quantified.

Another method was wound-healing assay. MM cells with indi-
cated lentiviruses were seeded into a 96-well plate (5 × 104 cells/
well). Then, the cells were incubated in an incubator with 5% CO2 at 
37°C and observed in a microscope at 8 and 24 hours. The experi-
ment was repeated three times, and the migration rate of cells was 
evaluated based on the scratch images.

2.9  |  Flow cytometry assay

For cell apoptosis, lentivirus-transfected A375 and SK-MEL-28 cells 
were cultured in six-well plates (2 ml/well) for 5 days. A total of 10 μl 
annexin V-APC was added for 10-15 minutes at room temperature in 
the dark for staining. The cell apoptosis level was measured by using 
FACSCalibur (BD Biosciences).

The lentivirus-transfected A375 and SK-MEL-28 cells were cul-
tured in 6-cm dishes (5 ml/well) for cell cycle detection. The cells 
were stained for 30 minutes using cell-staining solution. The per-
centage of the cells in different phases was compared. Each experi-
ment was repeated three times.

2.10  |  Human apoptosis antibody array

The effects of depletion of EIF3B on the apoptosis-related protein 
expression in A375 cells were detected by the human apoptosis 
antibody array. After the cells were lysed, the handling array mem-
branes were blocked in 2 ml 1 × Wash Buffer II and incubated with 
cell lysates and 1 × biotin-conjugated anti-cytokines overnight at 
4°C. Finally, the signals of membranes were tracked by chemilumi-
nescence imaging system.
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2.11  |  PrimeView human gene expression array

Total RNA was extracted as described previously. The quality and 
integrity of RNA were determined by Nanodrop 2000 (Thermo 
Fisher Scientific) and Agilent 2100 and Agilent RNA 6000 Nano 
kit (Agilent). Referring to the manufacturer's instruction, cDNA 
array analysis was performed with Affymetrix human GeneChip 
PrimeView, and the data were scanned by Affymetrix Scanner 
3000 (Affymetrix). The statistical significance of raw data was 
completed by using a Welch t test with Benjamini-Hochberg FDR 
(|Fold Change| ≥ 1.3 and FDR < 0.05 as significant). Significant dif-
ference analysis and functional analysis based on ingenuity path-
way analysis (IPA) (Qiagen) was executed, and |Z-score| > 0 was 
considered significant.

2.12  |  The construction of a nude mouse tumor 
formation model

All animal experiments conformed to the European Parliament 
Directive (2010/63/EU) and were approved by the Laboratory 
Animal Center of Zhengzhou University [No. ZZU-LAC20200911 
(18)].

Four-week-old female BALB-c nude mice (Shanghai Lingchang 
Animal Research Co., Ltd.) were used to establish a xenograft model. 
The mice were randomly divided into the indicated groups (n = 10/
each group), and 4 × 106 A375 cells with indicated lentiviruses, re-
spectively, were suspended in 100 μl of PBS and subcutaneously 
injected subcutaneously into nude mice. The tumor volume was 
tested during the entire feeding period. On the last day of feeding, 
0.7% sodium pentobarbital was injected intraperitoneally for several 
minutes, and the fluorescence was observed by the in vivo imaging 

system (IVIS Spectrum, Perkin Elmer). After 14 days, the mice were 
sacrificed, and the tumors were removed to be weighed and pho-
tographed and were finally frozen in liquid nitrogen and stored at 
−80°C.

2.13  |  Analyses of protein degradation

To analyze protein degradation at 24 hours after infection, A375 and 
SK-MEL-28 cells were treated with 0.2 mg/ml cycloheximide (CHX) 
and harvested at various time points. The cell lysates were subjected 
to immunoblotting. To analyze the protein ubiquitination of PTGS2, 
cells were cotransfected with PTGS2 and ubiquitin. At 24 hours after 
infection, the proteasome inhibitor MG132 (10 μM) was added, and 
the cells were incubated for 6 hours. PTGS2 antibody was added to 
the cell lysates and incubated overnight at 4°C. Protein A/G Plus-
agarose was added, and the mixture was incubated for 4 hours at 
4°C. Ubiquitin was detected using ubiquitin antibody. The antibod-
ies used are listed in Table S1.

2.14  |  Statistical analysis

Statistical analysis was carried out using GraphPad Prism 8 and 
SPSS 19.0 (IBM, SPSS). All data were presented as the mean ± SD 
from at least three repeated experiments. Student's t test (for com-
parisons of two groups) and one-way ANOVA (for multiple group 
comparisons) were used to analyze the statistical significance. The 
Spearman correlation analysis and Mann-Whitney U analysis were 
used to assess the association between EIF3B expression and patho-
logical characteristics of MM patients. p < 0.05 was considered to be 
significantly different. All experiments were performed in triplicate.

F I G U R E  1  EIF3B was strongly 
expressed in malignant melanoma 
tissues and cells. A, B, The protein levels 
of EIF3B in 164 cases of malignant 
melanoma tumor tissues and 26 cases of 
paracarcinoma tissues were determined 
by immunohistochemical staining. C, 
The protein levels of EIF3B in human 
epidermal melanocytes HEMa and four 
malignant melanoma cells were detected 
by Western blotting. The experiment 
was performed in triplicate. Results are 
presented as mean ± SD
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3  |  RESULTS

3.1  |  EIF3B is elevated in MM and is associated 
with lymphatic metastasis and pathological stage of 
patients

To determine whether EIF3B is strongly expressed in MM, we first 
detected EIF3B expression in MM and paracarcinoma tissues. The 
rate of EIF3B high expression in MM tissues was 54.3% (89/164), 
whereas that of EIF3B low expression in normal tissues was 100% 
(26/26) (Figure 1A,B and Table S3, p < 0.001). To further investigate 
the functional significance of EIF3B expression in the development 
and progression of MM, we evaluated the relationship between 
EIF3B levels with clinicopathological characteristics provided by 89 
melanoma patients. We obtained significant correlations between 
EIF3B expression with lymphatic metastasis and pathological stage 
(Table 1, p < 0.01 for lymphatic metastasis; p < 0.05 for pathological 
stage). Consistently, the Spearman's rank correlation analysis again 
confirmed that EIF3B expression correlated with lymphatic metasta-
sis and pathological stage (Table S4). In addition, we detected EIF3B 
protein levels in human epidermal melanocytes HEMa and a panel of 
MM cells A375, SK-MEL-28, MUM-2C, and MUM-2B, showing that 
EIF3B was highly expressed in MM cells compared with HEMa cells 
(Figure 1C). On this account, EIF3B might be a potential driver for 
MM progression.

3.2  |  EIF3B depletion/overexpression suppressed/
enhanced proliferation and migration of melanoma 
tumor cells, blocked cell cycle, as well as enhanced 
cell apoptosis in vitro

To explore the role of EIF3B in MM pathogenesis, we assessed the 
effects of silencing EIF3B on tumor cell phenotypes. The successful 
knockdown of EIF3B in A375 and SK-MEL-28 cells was verified by 
observing intracellular fluorescence expression and detecting EIF3B 
mRNA and protein expression (Figure  S1A–C). We then detected 
cell proliferation and migration capabilities after silencing EIF3B. 
Not surprisingly, obvious suppression was found in both cell prolif-
eration and migration when EIF3B was downregulated (Figure 2A,B, 
p < 0.001). We also evaluated the expression levels of several EMT-
related proteins, indicating downregulated N-cadherin, vimentin, 
and Snail, as presented in Figure 2C. In addition, EIF3B downregula-
tion caused a decrease of cell percentage in S phase, as well as an in-
crease of that in G2 phase (Figure 2D). Furthermore, EIF3B depletion 
accelerated cell apoptosis (Figure  2E, p < 0.001), via upregulating 
BIM, FasL, IGFBP-3, IGFBP-5, and TNF-β, combined with downreg-
ulating CD40, HSP60, HSP70, IGF-II, survivin, sTNF-R1, and XIAP 
(Figure 2F). Subsequently, Western blot assay revealed that P-Akt, 
CDK6 and PIK3CA were downregulated, while MAPK9 was upregu-
lated upon silencing EIF3B (Figure  2G). To further confirm the ef-
fects of EIF3B in melanoma cells, EIF3B was overexpressed in A375 
and MUM-2B cells. The results revealed that EIF3B overexpression 

significantly enhanced melanoma cell proliferation and migration 
(Figure S2A,B). These results suggested that EIF3B knockdown sup-
pressed cell viability and migration in melanoma cells. In contrast, 
EIF3B overexpression increased cell proliferation and migration in 
melanoma cells.

3.3  |  EIF3B facilitated melanoma tumor growth 
in vivo

Our in vitro studies have demonstrated that EIF3B enhanced 
melanoma cell malignant phenotypes. Therefore, we aimed to 
determine whether EIF3B is crucial for melanoma tumor growth 
in vivo. Melanoma animal models were established in 4-week-old 
male nude mice by subcutaneous injection of EIF3B-knockdown 
A375 cells (Figure 3A). As shown in Figure 3B, downregulation of 
the fluorescence intensity in the shEIF3B group indicated remark-
able suppression of tumor growth (p < 0.001). In addition, further 
detection for characterization of tumors, including volume and 
weight, revealed a possible contribution of EIF3B depletion in im-
pairing tumorigenesis (p < 0.001, Figure 3C–E). Fourteen days after 
cell injection, mice were sacrificed, and their tissues were sepa-
rated for IHC analysis. As expected, tumor tissues from mice in the 
EIF3B-knockdown group showed dramatically downregulated Ki-
67 (Figure 3F).

TA B L E  1  Relationship between EIF3B expression and tumor 
characteristics in patients with malignant melanoma

Features No. of patients

EIF3B expression

P valueLow High

All patients 164 75 89

Age (years)

≤55 83 37 46 0.765

>55 81 38 43

Gender 164

Male 88 37 51 0.309

Female 76 38 38

Tumor infiltrate

T2 6 3 3 0.445

T3 26 7 19

T4 71 29 42

Lymphatic metastasis (N)

N0 91 39 52 0.002

N1 10 0 10

N2 4 0 4

Stage

I 6 3 3 0.040

II 81 34 47

III 12 0 12

IV 4 2 2
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3.4  |  PTGS2 is identified as the target gene of 
EIF3B regulating MM

To elucidate the underlying mechanism of EIF3B-mediated regulation 
of melanoma, we further employed a microarray analysis based on 
A375 cells, in which EIF3B was knock downed, to investigate differen-
tially expressed genes (DEGs). Taking fold change ≥1.3 and FDR < 0.05 
as a reference, we obtained 488 upregulated and 559 downregulated 
genes in the shEIF3B group (Figure  4A). Given the canonical path-
ways analysis of IPA, we found that Superpathway of Cholesterol 
Biosynthesis, Cholesterol Biosynthesis, and ILK signaling were signifi-
cantly suppressed (Figure 4B). Besides, we built up a network analysis 
between EIF3B and the above several pathways, indicating that EIF3B 
could affect HEX1M1, ACACA, NF2, FN1, HSD17B7, FDPS, HMGCR, 
IDI1, FDFT1, SQLE, SDC1, HMGCS1, MVD, TNF, CFL1, ITGB8, 
PIK3R2, PPARG, and PTGS2 in these pathways (Figure 4C). Next, we 
picked 19 significantly downregulated genes with relatively high fold 
changes for qPCR verification, among which four were subjected to 
Western blot assay, and found that PTGS2 was remarkably downregu-
lated at both mRNA and protein levels (Figure 4D,E). Additional IHC 
analysis indicated that like EIF3B, PTGS2 was strongly expressed in 

melanoma tissues relative to normal tissues (Figure S3A). Moreover, 
PTGS2 protein level was also abundant in MM cell lines relative to 
normal cells (Figure S3B). From the above, we proposed that PTGS2 
might be a downstream target of EIF3B.

Here, one important question that remains is how EIF3B loss 
mechanistically affects PCNA expression. To solve this prob-
lem, we made preliminary explorations of molecular mechanisms. 
Unexpectedly, co-IP analysis suggested that there was a protein in-
teraction between EIF3B and PTGS2 (Figure 4F). It is well known that 
protein modification plays an important role in cellular processes. 
Protein modification includes ubiquitination, methylation, acetyla-
tion, glycosylation, and phosphorylation.16 Herein, we first examined 
the protein stability of PTGS2 in CHX (a protein synthesis inhibitor)-
treated A375 and SK-MEL-28 cells in which EIF3B was silenced and 
found that the degradation of PTGS2 protein was significantly accel-
erated by EIF3B knockdown (Figure 4G). Furthermore, after treat-
ment with the proteasome inhibitor MG-132, the effects of EIF3B 
knockdown on the degradation of PTGS2 protein were partially 
abolished (Figure 4H), which implied that EIF3B may regulate PTGS2 
through the ubiquitin-proteasome system (UPS). As is known, ubiq-
uitination of proteins is usually involved in proteasome-mediated 

F I G U R E  2  EIF3B knockdown/overexpression inhibited/enhanced malignant melanoma development in vitro. A, The cell proliferation 
rate was evaluated in A375 and SK-MEL-28 cells after transfecting shEIF3B by MTT assay. B, After transfecting shEIF3B, the migration 
rate of A375 and SK-MEL-28 cells was detected by transwell assay. Magnification: 200×. C, Western blot was used for detecting the levels 
of EMT-related proteins in A375 and SK-MEL-28 cells with downregulated EIF3B. D, E, The effects of EIF3B knockdown on cell cycle (D) 
and apoptosis (E) of A375 and SK-MEL-28 cells were examined by flow cytometry. F, The levels of apoptosis-related proteins in A375 cells 
transfected with shEIF3B were measured by ECL with human apoptosis antibody array. G, The expression of Akt, P-Akt, CDK6, MAPK9, 
and PIK3CA was detected by Western blot. All the experiments were performed in triplicate. Results are presented as mean ± SD. *p < 0.05, 
**p < 0.01, ***p < 0.001
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degradation,17,18 so ubiquitination level of PTGS2 was further evalu-
ated. As visualized in Figure 4I, EIF3B knockdown significantly aug-
mented the ubiquitination of PTGS2. As EIF3B is not an E3 ligase, we 
further wondered how EIF3B affects the ubiquitination of PTGS2. 
By analyzing the Ubibrowser website (http://ubibr​owser.bio-it.
cn/ubibr​owser/​stric​t/netwo​rkvie​w/netwo​rkvie​w/name/P3535​4/
jobId/​ubibr​owse I2022-07-22-74541-1658474603), we predicted 
that MDM2 was the ubiquitin E3 ligase that targets PTGS2. We thus 
hypothesized that MDM2 might be involved in the inhibition of the 
ubiquitin-mediated degradation of PTGS2 by EIF3B. The subsequent 
half-life analysis suggested that PTGS2 was much more unstable in 
MDM2-rich A375 and SK-MEL-28 cells (Figure  4J). More impor-
tantly, the ubiquitination of PTGS2 was improved in MDM2-rich 
cells (Figure 4K). We further validated the interaction of PTGS2 and 
MDM2 via co-IP (Figure 4L). Here, it was demonstrated that PTGS2 
was the downstream target through which EIF3B participated in the 
regulation of MM.

3.5  |  The promotion effects of EIF3B 
overexpression on melanoma progression were 
reversed via downregulating PTGS2

In order to investigate the effects of the EIF3B-PTGS2 axis in mela-
noma cells, we constructed merely overexpressing EIF3B and merely 
silencing PTGS2, as well as simultaneously overexpressing EIF3B and 
silencing PTGS2 lentiviral vectors to transfect A375 cells. Figure S4 
definitely displays that the above three cell models were constructed 
well, so they were used in subsequent cell behavior experiments. 
The data of Celigo cell-counting assay showed that after lentivirus 
transfection, compared with the control group, A375 cells exhibited 
a higher proliferation rate (p < 0.05, fold change = 1.1) in the EIF3B 
group while a lower proliferation rate (p < 0.001, fold change = −3.9) 
in the shPTGS2 group. The promoted cell proliferation by overex-
pressing EIF3B could be rescued by silencing PTGS2 (Figure  5A). 
Moreover, the same phenomenon has also been observed in colony 

F I G U R E  3  EIF3B knockdown inhibited 
malignant melanoma tumor growth in 
vivo. A, A mice model was constructed 
via subcutaneous injection of shCtrl or 
shEIF3B A375 cells (n = 10/each group). 
B, The fluorescence intensity in shCtrl and 
shEIF3B groups was obtained through 
injecting D-luciferase. C, The volume 
of tumors was checked from feeding to 
sacrifice. D, E, After sacrificing mice, the 
obtained tumors were weighed (D) and 
photographed (E). F, The value of Ki-67 
was detected by immunohistochemistry 
(IHC) analysis in tumor sections from 
mice. Magnification: 200×. Results are 
presented as mean ± SD. ***p < 0.001
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formation and cell migration experiments (Figure 5B–D). As far as 
cell apoptosis is concerned, a trend to decreased cell apoptosis was 
found after EIF3B elevation (p < 0.001), which was also counter-
manded by inhibiting PTGS2 expression (p < 0.001, Figure 5E). On 
the other hand, we also evaluated the effects of the EIF3B-PTGS2 
axis in another melanoma cell MUM-2B. Consistent with the data 
in A375 cells, overexpressing EIF3B also ameliorated MUM-2B cell 
proliferation and migration, which was partially abolished through 
knocking down PTGS2 (Figure  S5A–D). Furthermore, we con-
structed merely silencing EIF3B and merely overexpressing PTGS2, 
as well as simultaneously silencing EIF3B and overexpressing PTGS2 
lentiviral vectors to transfect A375 cells. The observation for cell 
phenotypes showed that the proliferation and migration inhibited 
by silencing of EIF3B were partially recovered by overexpression of 
PTGS2 (Figure S5E,F).

In order to address, whether this in vitro capacity results in a sim-
ilar phenotype of tumor cells in vivo, we implanted A375 cells with 
indicated lentiviral vectors subcutaneously into immune-deficient 
mice and monitored tumor growth. As expected, the primary tu-
mors derived from PTGS2-deficient cells grew slowly. In contrast, 
EIF3B-forced expression favored the growth of xenografts in nude 
mice, which was curbed through depleting PTGS2 (Figure  6A–E). 
Collectively, these data evidenced the effects of the EIF3B-PTGS2 
axis in melanoma cells both in vitro and in vivo.

4  |  DISCUSSION

With current treatment strategies, advanced melanoma is difficult 
to fight clinically19; therefore, the development of more novel and 
effective agents is particularly important for melanoma patients. 
According to reports, EIF3B is abnormally expressed or activated 
in multiple types of human cancers. For instance, EIF3B aggravates 
glioblastoma progression via promoting cell proliferation and inhibit-
ing apoptosis.20 In addition, it was reported that EIF3B expression 
is closely associated with the prognosis of human bladder cancer,15 
esophageal squamous cell carcinoma,13 and prostate cancer21 and 
is required for tumor growth. However, the significance of EIF3B in 
MM is not quite clear.

Hence, our study first investigated the functional roles of EIF3B 
in the development and progression of MM. We found that EIF3B 
was abundantly expressed in both MM tissues and cell lines, which is 
statistically significant and correlated with lymphatic metastasis and 
pathological stage. Moreover, we used short-hairpin RNA to silence 
EIF3B in both MM cell lines with higher EIF3B levels and found that 
downregulation of EIF3B played a tumor-suppressing role in vitro 
via blocking cell proliferation, migration, and enhancing cell apopto-
sis. This was also verified by additional in vivo data. Then, we exam-
ined how EIF3B regulates the progress of MM. We found that upon 
silencing EIF3B, PTGS2 mRNA and protein levels were markedly 
decreased. The protein interaction of PTGS2 with EIF3B was also 
further validated. We further explored the specific regulatory mech-
anism between EIF3B and PTGS2 in mediating MM. The UPS plays 
an important role in cellular processes for protein quality control 
and homeostasis.22 Dysregulation of the UPS has been implicated 
in numerous diseases, including cancer. Indeed, components of the 
UPS are frequently mutated or abnormally expressed in various can-
cers.23,24 In this study, we found that EIF3B could affect the E3 ligase 
MDM2-mediated ubiquitination of PTGS2.

PTGS2 (aka COX-2) is one of two isoforms of prostaglandin en-
doperoxide synthase (also referred to as COX). COX, produced by 
damaged cell membranes, is mainly involved in the conversion of ar-
achidonic acid into prostaglandins as a kind of rate-limiting enzyme. 
Unlike another isoform PTGS1 (COX-1), PTGS2 expression is induced 
by cytokines and growth factors and is particularly increased during 
inflammation.25,26 PTGS2 has also been revealed to be expressed in 
many solid tumor types such as human gastric carcinoma,27 pancre-
atic adenocarcinomas,28 and prostate adenocarcinoma29 and acts 
on a series of cell signaling pathways involving cell proliferation, 
angiogenesis, apoptosis, invasion, and immunosuppression, thereby 
increasing tumor progression. Here, PTGS2 serves as a tumor pro-
moter in MM with high protein and mRNA levels. Similarly, it is in-
dicated that the knockdown of PTGS2 leads to the inhibition of cell 
proliferation, migration, and colony formation and is accompanied 
by the promotion of cell apoptosis. Knockdown of PTGS2 also sig-
nificantly attenuates the regulatory roles of overexpressed EIF3B 
on MM cells, including the inhibition of cell proliferation, migra-
tion, and colony formation as well as the promotion of apoptosis. 

F I G U R E  4  Exploration and verification of the underlying mechanism of EIF3B regulating malignant melanoma. A, Heatmap of 
differentially expressed genes (DEGs) identified by RNA sequencing of A375 cells treated with shCtrl (n = 3) or shEIF3B (n = 3). B, The 
enrichment of the DEGs in canonical signaling pathways was analyzed by ingenuity pathway analysis (IPA). C, Interaction network diagram 
between DEGs was analyzed by IPA. D, E, The expression of several of the most significant DEGs identified by qRT-PCR (D) and Western 
blot (E) in A375 cells with shEIF3B. The experiments were performed in triplicate. F, Co-immunoprecipitation (co-IP) assay was used to 
verify whether there was protein interaction between EIF3B and PTGS2. G, The protein levels of PTGS2 in EIF3B-depleted A375 and SK-
MEL-28 cells were measured after 0.2 mg/ml CHX treatment for the indicated times. H, After treatment with MG-132, the protein levels 
of PTGS2 in EIF3B-depleted A375 and SK-MEL-28 cells were measured. I, The lysates of EIF3B-depleted A375 cells were subjected to 
immunoprecipitation, and Western blotting (WB) was performed to examine the ubiquitination of PTGS2. J, The protein levels of PTGS2 in 
MSM2-rich A375 and SK-MEL-28 cells were measured after 0.2 mg/ml CHX treatment for the indicated times. K, The lysates of MDM2-rich 
A375 cells were subjected to immunoprecipitation, and WB was performed to examine the ubiquitination of PTGS2. L, co-IP analysis of the 
interaction between PTGS2 and MDM2 in A375 and SK-MEL-28 cells. The data are expressed as the mean ± SD (n ≥ 3), *p < 0.05, **p < 0.01, 
***p < 0.001
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Furthermore, we found that the proliferation and migration inhibited 
by silencing of EIF3B were partially recovered by overexpression of 
PTGS2. Therefore, we believe that the mediator of EIF3B regulating 
melanoma is not only PTGS2—other targets or molecular signaling 
pathways may also be involved. Published literature reported that 
high PTGS2 expression in tumor-associated macrophages (TAMs) 
promotes endocrine resistance by the PI3K/Akt/mTOR pathway.30 

Another study on prostatic carcinoma revealed that PTGS2 could 
activate the AKT/NF-κB pathway through phosphorylation.31 
Moreover, Gan et al. demonstrated that PTGS2 in TAMs promotes 
metastatic potential of breast cancer cells through the Akt path-
way.32 From this, we inferred that in melanoma, PTGS2 might me-
diate the wide cellular functions of EIF3B through the AKT signal 
pathway, which requires in-depth research in the future.

F I G U R E  5  The promotion effects of EIF3B overexpression on melanoma progression was reversed by downregulating PTGS2. A, Celigo 
cell-counting assay was employed to show the effects of EIF3B, shPTGS2, and EIF3B + shPTGS2 lentiviruses on A375 cell proliferation. 
B, Colony formation assay was used to evaluate the abilities of A375 cells to form colonies after transfecting EIF3B, shPTGS2, and 
EIF3B + shPTGS2 lentiviruses. C, D, The migration rate of A375 cells was detected in the EIF3B, shPTGS2, and EIF3B + shPTGS2 groups 
by transwell assay (C) and wound-healing assay (D). Magnification: 200×. E, Flow cytometry was performed to show the effects of 
EIF3B, shPTGS2, and EIF3B + shPTGS2 lentiviruses on A375 cell apoptosis. All the experiments were performed in triplicate. The data are 
expressed as mean ± SD. **p < 0.01, ***p < 0.001
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In summary, our current work demonstrated that EIF3B exerts a 
tumor-promoting role in MM by targeting PTGS2. EIF3B may repre-
sent a promising candidate target for the treatment of MM.
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