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Although several molecular targeted therapy and immunotherapy have been developed, cutaneous
melanoma prognosis is still not satisfying. Cul4b promotes the progression of several malignant tumors by
regulating cell proliferation. However, its prognostic role in malignant cutaneous melanoma has not been
evaluated. In this study, immunohistochemistry was performed to assess the expression of Cul4b in a
consecutive patient cohort. The prognostic role of Cul4b was estimated with univariate and multivariate
analysis. Cul4b was knocked down in melanoma cell line to evaluate its role in promoting cell proliferation.
The results revealed that Cul4b was highly expressed in some of the cutaneous malignant melanoma
patients and high expression of Cul4b was associated with poor melanoma-specific overall survival and
poor disease-free survival. Cul4b expression was associated with Breslow categories, Clark level, and
Ki67 expression. Univariate and multivariate analysis revealed that Cul4b is an independent prognosis risk
factor of cutaneous melanoma. Downregulation of Cul4b inhibited the proliferation ability of melanoma
cells and downregulated the expression of CDKN2A. These results suggest that Cul4b plays an essential
role in cutaneous melanoma progression and may serve as a promising treatment target.
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choice for advanced melanoma patients (Diaz-Martinez et
al. 2018, Flaherty et al. 2010, Holderfield et al. 2014,
Menzer et al. 2019). Despite the short duration of the
response, patients treated with BRAF inhibitors obtained a
high objective response rate (ORR) and often reached significant tumor regression effects. At present, in addition to
BRAF targets, identification and development of more new
gene targets is urgently needed.
Cell proliferation was a significant malignant cutaneous melanoma biological behavior which is associated with
poor patient survival(Wei et al. 2019). Loss of function
mutations of several pivotal targets in cell cycle regulation
has been reported in cutaneous melanoma. Cul4b belonged
to the E3 ubiquitin ligase family and was initially reported
to be associated with X-linked mental retardation syndrome
(Badura-Stronka et al. 2010, Zhao and Sun 2012, Zou et al.
2007). Recent studies have revealed that Cul4b participates
in various biological processes (Li et al. 2020, Qi et al.

Introduction
Melanoma is a malignant tumor deriving from melanocytes of any part of the body, including the skin and eyes,
the mucosa of the genitals, and the anus and mouth (Shain
and Bastian 2016, Tsao et al. 2017). The incidence rate of
cutaneous melanoma has increased rapidly in the world
(Abbas et al. 2014, Lugovic-Mihic et al. 2019, Rastrelli et
al. 2014). While surgical resection is the critical treatment
of melanoma, which provides a cure chance for patients
without metastasis, most patients were found with metastasis at diagnosis and surgical resection only improves the
survival time. New treatment regimes, such as biotherapy,
immunotherapy, and targeted therapy [e.g., B-Raf protooncogene (BRAF) inhibitors], have been developed to treat
patients with metastasis (Turner et al. 2018). The development of BRAF inhibitors has changed the clinical treatment
of advanced melanoma and provided a more promising
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2019, Zou et al. 2013). As a E3 ubiquitin ligase family
member, Cul4b regulates the ubiquitination of H3K119 and
regulates downstream gene transcription (Hu et al. 2012).
Cul4b also regulates the expression of cyclin-dependent
kinase 2 (CDK2) and Cyclin D1 by regulating miR-372
(Duan et al. 2020, Liu et al. 2020). However, as a significant cell cycle regulator, the prognostic role of Cul4b in the
progression of cutaneous melanoma has not yet been studied.
In this study, the prognostic role of Cul4b in the progression of cutaneous melanoma has been evaluated in a
consecutive patient cohort of our hospital. Univariate and
multivariate analysis has been performed to evaluate the
risk factors of our cohort. Downregulation of Cul4b was
obtained in a melanoma cell line. Cell Counting Kit-8
(CCK8) and colony formation analysis was performed to
examine the role of Cul4b on cell proliferation. Our results
revealed an important role of Cul4b in the progression of
cutaneous melanoma and indicates that Cul4b may be a
promising treatment target.

Material and Methods
Patients
This study was approved by the Ethics Committee of
The Second Affiliated Hospital of Shandong First Medical
University (KYLL-2017-126). Written informed participation consents were obtained from all enrolled patients.
Tumor tissues from 74 patients who underwent surgical
resection in our hospital from January 2007 to December
2012 were obtained, formalin-fixed immediately after the
resection of the tumor and then paraffin-embedded. The
follow-up duration of all participants ranged from 16-120
months. The pathological type of the experimental samples
used in this study were determined and confirmed by two
senior pathologists of our center.
Immunohistochemistry (IHC) staining
IHC staining for Cul4B was performed according to
the manufacturer’s manual. Sections were first roasted at
70℃ for 1 h, dewaxed, deparaffinized by xylene and then
rehydrated by alcohol gradients. Subsequently, sections
undergone microwave antigen retrieval in pH 6.0 citrate
buffer. After that, the samples were blocked with normal
goat serum, and incubated with the mouse anti-human
Cul4B antibody (1:100 dilution; Cat. No. MABC556;
Sigma-Aldrich, St. Louis, MO, USA) for at least 14 h at 4℃.
Finally, the specimens were incubated with HRPconjugated IgG and 3,3’-diaminobenzidine substrates to
visualize the expression level. Expression of Cul4B in the
tumor tissues was judged by two experienced pathologists.
The H-score method was performed to quantify the expression of Cul4B in these tissues. The score was calculated
according to the following formula: (% cells of 1 + intensity score × 1) + (% cells of 2 + intensity score × 2) + (%
cells of 3 + intensity score × 3). Patients were divided into
high and low expression groups based on the median value

of H-scores.
Cell culture and transfection
A375 were purchased from the Cell Bank of the
Chinese Academy of Sciences (Shanghai, China), incubated
at 37℃ with 5% CO2 and determined to be mycoplasmafree. Small hairpin RNAs (shRNAs) plasmids of Cul4b
were purchased from Genomeditech Co., Ltd. (Shanghai,
China). The transfected cells were screened with puromycin (2 μg/ml) for 1 week to establish stable cell lines. The
target sequences of shRNA-1 and shRNA-2 were
5’-CAATCTCCTTGTTTCAGAA-3’ and 5’-GAACTTCC
GAGACAGACCT-3’, respectively.
qRT-PCR
Total RNA was extracted using TRIzol reagent
(Invitrogen; Carlsbad, CA, USA) and reverse-transcribed
using the cDNA Synthesis kit (Takara; Kusatsu, Shiga,
Japan). The RNA quantity and density were verified by a
spectrophotometer. qRT-PCR was performed using the
SYBR Green Master MIX Kit (Takara) according to the
manufacturer’s instructions. The assays were operated in
triplicate and relative gene expression was determined by
using the 2-ΔΔCt method. The following primers were
used: Cul4B-Forward: 5’- ACTCCTCCTTTACAACCCAG
G-3’; Cul4B-Reverse: 5’- TCTTCGCATCAAACCCTACA
AAC-3’; GAPDH-Forward: 5’- TGTGGGCATCAATGGA
TTTGG-3’; GAPDH-Reverse: 5’- ACACCATGTATTCCG
GGTCAAT-3’.
Western blot
For total protein extraction, cell lysates were obtained
using RIPA buffer (Beyotime, Shanghai, China) supplemented with phosphatase and protease inhibitors (Yeasen,
Shanghai, China). A total of 15 μL protein was injected
into a Bis-Tris SDS/PAGE gel and transferred to PVDF
membranes. After blocking with 5% bovine serum albumin
(BSA), the membranes were incubated with primary antibody overnight at 4℃. Membranes were then exposed to
the secondary antibody for 60 min. The bands were visualized with an ECL kit, and were analyzed with an imaging
system.
CCK8
For CCK-8 assay, 1,000 cells were inoculated into
each well of 96-well plates. At each time point (0, 24, 48,
72 and 96 h), 10 μL CCK-8 solution (Yeasen, Shanghai,
China) was added into the wells containing 90 μL culture
medium. The wells were incubated for 2 h, and the absorbance of each individual well was determined at 450 nm.
Obtained data are presented as a line chart.
Colony formation
For colony formation assay, cells were digested into
single-cell suspension and 1,000 cells seeded in each culture dish (6 cm). The appropriate complete medium was
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added to each dish with the culture medium being refreshed
every three days. The cells were then washed with phosphate-buffered saline (PBS), fixed with 4% paraformaldehyde and stained with 0.4% crystal violet for 15 min. The
number of colonies containing > 10 cells was counted manually and averaged from the duplicate wells.
Statistical analysis
SPSS version 25.0 software was applied for statistical
analysis. Graphpad Prism 6.0 was applied to draw the survival analysis plots. Chi-square analysis was performed to
analyze the relationship between clinical characteristics and
the Cul4B expression. Risk factors of cutaneous melanoma
were evaluated with the univariate and multivariate analysis. Kaplan-Meier method was applied to draw the diseasefree survival and overall survival curves. P < 0.05 was considered statistically significant.

Results
High Cul4b expression in malignant cutaneous melanoma
indicates poor patient prognosis
To evaluate the role of Cul4b in the progression of
Figures:melanoma, Cul4b expression was first
malignant cutaneous
evaluated in 74 primary tumors. Cul4b was expressed in

Fig. 1
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various fractions and intensities as demonstrated by the typical picture of the high and low Cul4b expression in Fig.
1A, B. Cul4b expression was then evaluated by combining
analysis of Cul4b expression fractions and intensities as H
score. Next, the prognostic value of Clu4b expression was
examined in SPSS according to a dichotomized variable of
low and high Cul4b H score. As demonstrated in Fig. 2,
Kaplan-Meier analysis revealed a decreased disease-free
survival (DFS) and melanoma-specific survival (MSS) with
increasing H score of Cul4b expression (Fig. 2A, B).
Associations between low and high Cul4b expression,
established prognostic factors and Ki67 expression are
shown in Table 1. High Cul4b expression was significantly
associated with unfavourable clinicopathological features,
i.e., Breslow thickness (p < 0.001), Clark level (p < 0.001),
and high Ki67 expression (p = 0.039).
The prognostic value of Clu4b and established prognostic factors for patient DFS and MSS was further evaluated in univariable and multivariable model Cox regression
analysis (Table 2). Univariates analysis revealed that
Breslow categories, vascular invasion, mitotic count and
Ki67 expression and Cul4b expression were prognostic factors for patient DFS while Breslow categories, clinical
stage, vascular invasion, mitotic count, Ki67 expression and

Fig. 1. Immunohistochemistry analysis of Cul4b expression in surgical resected tumor tissues of cutaneous melanoma.
Cul4b expression differs from low (A) to relative high (B).

Fig. 2

Fig. 2. Kaplan-Meier analysis of the effects of high and low Cul4b expression in surgical resected tumor tissues of cutaneous
melanoma on patient prognosis.
High Cul4b expression indicates poor patient disease-free survival (A, p = 0.0003) and poor melanoma specific survival
(B, p = 0.0002).
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Table 1. Relationship between intratumor Cul4B and clinicopathologic features.
Intratumor Cul4B
Variable
Age (years)
Gender
Location

Histological subtype

Breslow categories

Clark level

Clinical stage

Vascular invasion
Mitotic count
Lymphocytic infiltration

Ki67 expression

Low expression
(n = 37)

High expression
(n = 37)

< 50
≥ 50
Male
Female
perineum
legs
Head and neck
Dorsal and Frontal trunk
Axillary and buttocks
Arms
Acral freckle
Malignant freckle
Superficial spreading
other
≤ 1 mm
1.1-2.0 mm
2.1-4.0 mm
≥ 4.0 mm
Ⅱ
Ⅲ
Ⅳ-Ⅴ
others
1
2-4
unknown
no
yes
0/mm2

8
29
16
21
3
13
11
3
2
5
15
12
5
5
24
7
5
1
21
13
1
2
29
7
1
36
1

8
29
19
18
2
11
9
3
4
8
19
8
6
4
5
8
18
6
3
18
16
0
29
7
1
35
2

1.000

20

19

0.816

≥ 1/mm2

17
10
26
1
29
5
3

18
13
24
0
19
14
4

None-mild
Moderate-brisk
unknown
low
high
unknown

Cul4b expression were prognostic factors for patient MSS.
Multivariable analysis further confirmed the prognostic role
of Cul4b for patient DFS (HR = 4.649, 95% CI 1.60413.474) and MSS (HR = 6.042, 95% CI 1.657-22.031).
Downregulation of Cul4b expression in melanoma tumor
cells inhibits cell proliferation ability
As Cul4b expression was correlated with tumor Ki67
expression, we hypothesized that Cul4b may promote
malignant melanoma progression by promoting cell proliferation. We then examined this hypothesis by downregulating Cul4b in melanoma cell line. As shown in Fig. 3A,

p

0.485
0.859

0.689

0.000

0.000

1.000

0.556

0.479

0.039

downregulation of Cul4b was successfully established in
A375 cell line. CCK8 analysis revealed that downregulation of Cul4b expression inhibited cell proliferation (Fig.
3B). Further colony formation analysis revealed that downregulation of Cul4b inhibited melanoma cell colony formation. Taken together, these results revealed that Cul4b promotes malignant melanoma progression by promoting cell
proliferation.
CDKN2A plays a significant role in the development
and progression of cutaneous melanoma (Betti et al. 2016,
Hayward et al. 2017). However, as a significant cell cycle
regulator, whether expression of CDKN2A was regulated
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Table 2. Univariate and multivariate analysis of factors associated with disease‑free survival and melanoma specific survival rates of
cutaneous melanoma following surgical resection.
Disease-free survival
Clinicopathological factors

Age < 50 vs. ≥ 50
Gender female vs. male
Location
Histological subtype
Breslow categories
Clark level
Clinical stage
Vascular invasion
Mitotic count
Lymphocytic infiltration
Ki67 expression
Cul4B Fig.
expression
3

Univariate P
0.903
0.481
0.134
0.175
0.004
0.105
0.102
0.001
0.004
0.126
0.000
0.000

Overall survival

Multivariate
Hazard ratio

95% CI

p

1.600

1.042-2.458

0.032

5.870

2.323-14.836

0.000

2.305
4.649

1.316-4.037
1.604-13.474

0.003
0.005

Univariate P
0.494
0.200
0.094
0.179
0.001
0.172
0.027
0.000
0.031
0.424
0.000
0.000

Multivariate
Hazard ratio

95% CI

p

1.818

1.122-2.944

0.015

4.965

1.756-14.039

0.003

3.559
6.042

1.746-7.251
1.657-22.031

0.000
0.006

Fig. 3. Downregulation of Cul4b expression inhibited cell proliferation.
(A) Cul4b expression was downregulated in A375 cells. (B) CCK8 analysis of control cells and Cul4b knockdown
cells. Cul4b knockdown cells were attenuated in cell proliferation ability. (C) Colony formation analysis of control
cells and Cul4b knockdown cells. Less colonies were formed in Cul4b knockdown cells than control cells.

by Cul4b has not been evaluated. We then examined
whether Cul4b promotes cutaneous melanoma progression
by regulating CDKN2A in Cul4b knockdown cells. As
shown in Fig. 4, knockdown of Cul4b results in downregulation of the expression of CDKN2A. These results indicate that Cul4b may promote cutaneous melanoma by
upregulating the expression of CDKN2A.

Discussion
According to the global cancer statistics in 2018, it is
estimated that there are more than 280, 000 new cutaneous
melanoma cases in the world, accounting for 1.6% of the
total new cancer cases and there are more than 60,000 death
cases in the world, accounting for 0.6% of the total cancer
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Fig. 4. CDKN2A was significantly downregulated in Cul4b
knockdown cells.

deaths (Bray et al. 2018). The incidence rate and mortality
rate of skin melanoma are relatively low in China (Wu et al.
2020). Although the incidence rate and mortality rate of
melanoma are relatively low, the incidence rate is increasing at a rate of 6%-7% yearly. In the American Cancer
Conference (ASCO) report, its incidence rate has undergone rapid increase (Abbas et al. 2014, Lugovic-Mihic et
al. 2019, Mackiewicz and Mackiewicz 2012). Melanoma
in Asian is quite different from that in Europe and the
United States. Among Asians, about 50% of primary melanomas are in the extremities, and about 20%-30% are in the
mucous membranes (Shen et al. 2019, Soft Tissue Tumor
and Melanoma Group of Sarcoma Committee, Chinese
Anti-Cancer Association 2020, Zhou et al. 2017). For
Europe and the United States, about 90% of primary melanomas are in the skin and only 1%-5% of primary melanomas are in the mucous membranes.
DNA damage-induced uncontrolled cell proliferation
may be the basic cause of melanoma. However, the exact
cause of DNA damage in skin cells and the mechanism of
melanoma are still unclear. To evaluate the histopathological and genetic prognostic factors of cutaneous melanoma,
the pathological and clinical data of 74 patients with cutaneous melanoma in our hospital from 2007 to 2012 were
retrospectively analyzed. Compared with previous studies,
the sample size of this study is larger, taking advantage of
the characteristics of China’s large population base. The
patients received the same treatment methods, which
reduced the bias caused by different treatment modes. The
results revealed that Breslow categories, mitotic count,
Ki67 expression level as well as Cul4b expression level
were significantly associated with the prognosis of cutaneous melanoma. Breslow categories, mitotic count and Ki67
expression level are common and well-known histopathological prognostic factors in cutaneous melanoma. Our
results revealed that in Asian cutaneous melanoma patients,
whose tumor mainly derive from extremities and mucosa,
Breslow categories, mitotic count and Ki67 expression
level are still the prognostic factors. Our results also for the
first time revealed a prognostic role of Cul4b in Asian cutaneous melanoma.

We also explored the potential mechanism of Cul4b
correlating with poor patient survival by downregulating
the expression of Cul4b in melanoma cell lines. The results
indicate that downregulating the expression of Cul4b inhibited melanoma cell proliferation and this may be due to the
downregulated expression of cell cycle regulator CDKN2A.
As Cul4b is reported to regulate cell cycle by regulating
CDK2 and Cyclin D1, our study established a potential role
of Cul4b in the regulation of Cyclin D1. However, as
Cul4b regulates the expression of CDK2 and Cyclin D1 in
a microRNA-dependent mechanism, it is worth further
exploring whether Cul4b regulates the expression of
CDKN2A in a microRNA-dependent mechanism or ubiquitination-dependent mechanism.
In conclusion, our results revealed that high Cul4b
expression is correlated with poor patient disease-free survival and poor patient melanoma-free survival. Cul4b
expression is associated with Breslow categories, Clark
level as well as Ki67 expression level. Breslow categories,
mitotic count, Ki67 expression and Cul4b expression level
are independent prognostic factor of patient prognosis.
Cul4b may promote melanoma cell proliferation by downregulating the expression level of CDKN2A. These results
established a role of Cul4b in the progression of cutaneous
melanoma and indicated that Cul4b may be a promising
treatment target.
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