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Abstract. – OBJECTIVE: This study aims at in-
vestigating the functional role of CDCA2 (cell di-
vision cycle associated 2) in enhancing prolif-
erative and migratory abilities in melanoma by 
upregulating CCAD1, thus aggravating the pro-
gression of melanoma. 

PATIENTS AND METHODS: CDCA2 levels in 
melanoma tissues and cell lines were deter-
mined by quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR) and Western blot. 
Regulatory effects of CDCA2 on prolifera-
tive and migratory abilities in melanoma cells 
were assessed by Cell Counting Kit-8 (CCK-8), 
5-Ethynyl-2’-deoxyuridine (EdU), and wound 
healing assay, respectively. At last, rescue ex-
periments were conducted to explore the in-
volvement of CCAD1 in CDCA2-regulated pro-
gression of melanoma. 

RESULTS: CDCA2 was upregulated in melano-
ma tissues, especially in those with metastasis. 
Identically, in vitro level of CDCA2 was upreg-
ulated in melanoma cell lines. The knockdown 
of CDCA2 in A375 and sk-mel-110 cells inhibit-
ed the proliferative and migratory abilities. The 
overexpression of CCAD1 could partially abolish 
the inhibitory effects of silenced CDCA2 on pro-
liferative and migratory abilities in melanoma. 

CONCLUSIONS: CDCA2 stimulates prolifera-
tive and migratory abilities in melanoma cells by 
upregulating CCAD1, thus aggravating the ma-
lignant progression of melanoma. 
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Introduction 

Melanoma is a type of skin malignancy, which 
is deteriorated from nevi or black spots formed 
by melanocytes1. In recent years, melanoma has 
become a malignancy with the fastest growing in-
cidence. Once melanoma develops into the rapid 
growth phase, it leads to an extremely poor prog-

nosis with a very high mortality2. It is urgent to 
search for hallmarks identifying progression of 
melanoma and develop effective target strategies. 

CDCA2 (cell division cycle associated 2) is 
a cell cycle protein3,4. CDCA2 prepares mitotic 
chromatin for interphase transition and control 
protein phosphatase 1γ (PP1γ)-dependent DNA 
damage response (DDR)5,6. CDCA2 is abnormal-
ly expressed in many types of tumors, which is 
closely linked to tumor progression7-9. Ryu et al10 
analyzed gene microarrays in a series of melano-
ma cell lines, and they found that CDCA2 is up-
regulated. 

CCAD1 is a primary medium for cell adhesion 
in Xenopus gastrulation11. Guilford et al12 and 
Perl et al13 supported the findings that CCAD1 
is closely linked to tumor progression. Serum 
level of soluble CCAD1 is a vital indicator for 
preventing, diagnosing, and treating gastrointes-
tinal cancer14,15. Shields et al16 demonstrated that 
CCAD1 deficiency inhibits the anti-tumor activi-
ty of CD103 and reduces checkpoint response of 
melanoma. In this paper, we mainly uncovered 
the potential influences of CDCA2 on phenotype 
changes of melanoma cells and the underlying 
mechanism. 

Patients and Methods 

Sample Collection 
Melanoma tissues (n=66) were surgically re-

sected from melanoma patients treated in our 
hospital from December 2016 to December 2018. 
Patients were included according to the patholog-
ical diagnostic criteria of melanoma. Patients with 
recurrence, metastasis, or non-first-diagnosed pa-
tients who have been diagnosed in other hospitals 
were excluded, and cases with incomplete clini-
cal data and pathological diagnosis with doubt 
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or unknown diagnosis were excluded. Normal 
skin tissues (n=60) were collected from patients 
undergoing skin transplantation. Tissues were 
stored at -80°C. Patients and their families in this 
study have been fully informed. This study was 
approved by the Ethics Committee of West China 
Hospital of Sichuan University. This study was 
conducted in accordance with the Declaration of 
Helsinki.

Cell Culture and Transfection
The cells were cultured in Roswell Park Memo-

rial Institute-1640 (RPMI-1640; HyClone, South 
Logan, UT, USA) containing 10% fetal bovine 
serum (FBS; HyClone, South Logan, UT, USA), 
100 μg/mL penicillin, and 100 μg/mL streptomy-
cin. After cell reached 80% confluence, those in 
good condition were inoculated and transfected 
using Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA). Fresh medium was replaced 24 h later. 

The siRNA sequences of CDCA2 were as 
follows: siRNA1: 5′-CACCUGCCUUUC-
UAAAUAUTT-3′; siRNA2: 5′-GGGCAAAG-
GAUCAAGUGAUTT-3′; siRNA3: 5′-CUGC-
CUUGGAAAGGAUUGATT-3′. 

Quantitative Real Time-Polymerase Chain 
Reaction (qRT-PCR)

TRIzol method (Invitrogen, Carlsbad, CA, 
USA) was applied for isolating cellular RNA. 
Through reverse transcription of RNA, the ex-
tracted complementary deoxyribose nucleic acid 
(cDNA) was used for qRT-PCR detection by 
SYBR Green method. Glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) was used as the 
internal reference. The primer sequences were list-
ed as follows: CDCA2: forward: 5′-TGCCGAAT-
TACCTCCTAATCCT-3′ and reverse: 5′-TGCTC-
TACGGTTACTGTGGAAA-3′; CCAD1: 
forward: 5’-ATTGCTCACATTTCCCAACTC-3’ 
and reverse: 5’-GTCACCTTCAGCCATCCT-3’; 
GAPDH: forward: 5′-GGAGCGAGATCCCTC-
CAAAAT-3′ and reverse: 5′-GGCTGTTGTCAT-
ACTTCTCATGG-3′.

Western Blot
The cells were lysed for isolating cellular pro-

tein and electrophoresed. Protein samples were 
loaded on polyvinylidene difluoride (PVDF) 
membranes (Millipore, Billerica, MA, USA). 
Subsequently, non-specific antigens were blocked 
in 5% skim milk for 2 hours. The membranes 
reacted with the primary antibodies, including 
GAPDH (Sigma Aldrich, St. Louis, MO, USA), 

CDCA2 (1:200, Abcam, Cambridge, MA, USA) 
and secondary antibodies for indicated time. Band 
exposure and analyses were finally conducted.

Cell Counting Kit-8 (CCK-8)
The cells were inoculated in a 96-well plate 

with 2×103 cells/well. At the appointed time 
points, absorbance value at 450 nm of each sam-
ple was recorded using the CCK-8 kit (Dojindo 
Molecular Laboratories, Kumamoto, Japan) for 
plotting the viability curves.

5-Ethynyl-2’-Deoxyuridine (EdU) Assay
Cells were inoculated in a 96-well plate with 

1×103 cells per well. They were labeled with EdU 
solution in the dark for 30 min, and stained with 
Hoechst 33342 for another 30 min. Images of 
EdU-labeled cells, 4’,6-diamidino-2-phenylin-
dole (DAPI)-labeled nuclei and the merged one 
were taken under a fluorescence microscopy.

Wound Healing Assay
The cells were inoculated in a 6-well plate and 

cultured for 24 h. An artificial wound was created 
using the 200 μL pipette tip. Wound healing was 
observed at 0 and 24 h, respectively. 

Statistical Analyses
Statistical Product and Service Solutions 

(SPSS) 20.0 (IBM Corp., Armonk, NY, USA) 
was used for all statistical analysis. Data were ex-
pressed as mean ± SD (standard deviation). The 
t-test was used for analyzing differences between 
two groups. p<0.05 indicated the significant dif-
ference. 

Results

CDCA2 Was Upregulated in Melanoma
Compared with 60 normal skin tissues, CDCA2 

was upregulated in 66 melanoma tissues (Figure 
1A). In particular, CDCA2 level was higher in 
melanoma patients with metastasis (Figure 1B). 
In melanoma cell lines, in vitro level of CDCA2 
remained higher at both mRNA and protein lev-
els, especially A375 and sk-mel-110 cells among 
the four tested cell lines (Figure 1C, 1D). 

Silence of CDCA2 Suppressed Prolifera-
tive Ability in Melanoma

We constructed three CDCA2 siRNAs and 
tested their transfection efficacy in A375 and sk-
mel-110 cells by qRT-PCR, and finally, siRNA-2# 
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was verified to be the optimal one and was utilized 
in the following experiments (Figure 2A). Protein 
level of CDCA2 was remarkably downregulated 
in melanoma cells transfected with si-CDCA2 
(Figure 2B). Later, both CCK-8 and EdU assay 
demonstrated that viability and EdU-positive ra-
tio declined in A375 and sk-mel-110 cells trans-
fected with si-CDCA2, indicating the suppressed 
proliferative ability caused by silencing CDCA2 
(Figure 2C, 2D). 

Silence of CDCA2 Suppressed Migratory 
Ability in Melanoma

Wound healing assay was conducted to assess 
the influence of CDCA2 on migratory ability in 
melanoma. It is shown that silence of CDCA2 
markedly decreased percentage of wound healing 
(Figure 3). 

Overexpression of CCAD1 Partially 
Reversed the Regulatory Effect of CDCA2 
on Proliferative Ability in Melanoma 

Transfection of pcDNA-CCAD1 remarkably 
upregulated CCAD1 in sk-mel-110 cells, verify-
ing the great transfection efficacy (Figure 4A). 
Furthermore, the decreased viability in sk-mel-110 

cells transfected with si-CDCA2 was partially re-
versed by overexpression of CCAD1 (Figure 4B). 
Identically, inhibitory effect of silenced CCAD1 
on EdU-positive ratio was abolished by co-trans-
fection of pcDNA-CCAD1 (Figure 4C). It is 
demonstrated that CCAD1 was responsible for 
CDCA2-regulated phenotypes of melanoma cells. 

Discussion

Melanoma is a strongly invasive skin cancer17. 
Melanoma has been well concerned because of 
strong invasiveness, high rate of metastases and 
resistance to chemotherapy or radiotherapy18. 
Great strides have been made on finding effective 
and sensitive hallmarks for melanoma19,20. 

CDCA2 is a PP1-binding protein21. Qian et 
al22 reported that CDCA2 is a vital regulator for 
chromatin remodeling, which mediates cell cycle 
progression through dephosphorylation of His-
tone H3 via targeting PP1. In oral squamous cell 
carcinoma, protein level of CDCA2 is correlated 
to tumor volume and TNM staging. Knockdown 
of CDCA2 leads to cell cycle arrest, proliferation 
inhibition, and apoptosis induction23,24. CDCA2 

Figure 1. CDCA2 was upregulated in melanoma. A, CDCA2 levels in melanoma tissues (n=66) and normal tissues (n=60). 
B, CDCA2 levels in melanoma patients either with metastasis or not. C-D, The mRNA (C) and protein levels (D) of CDCA2 in 
melanoma cell lines. 
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Figure 2. Silence of CDCA2 suppressed proliferative ability in melanoma. A, Transfection efficacy of three siRNA CDCA2 in 
A375 and sk-mel-110 cells. B, Protein level of CDCA2 in A375 and sk-mel-110 cells transfected with si-NC or si-CDCA2. C, 
CCK-8 assay showed cell viability in A375 and sk-mel-110 cells transfected with si-NC or si-CDCA2. D, EdU-assay showed 
images of EdU-positive cells, DAPI-labeled nuclei and merged one in A375 and sk-mel-110 cells transfected with si-NC or 
si-CDCA2 (magnification 40×). 

is reported to be highly expressed in melanoma10. 
Consistently, our findings uncovered that CDCA2 
was upregulated in melanoma tissues and cell 
lines. The knockdown of CDCA2 markedly sup-
pressed proliferative and migratory abilities in 
melanoma cells. 

Feng et al25 demonstrated that the overexpres-
sion of CDCA2 triggers colorectal cancer (CRC) 
cells to proliferate. It is reported that CDCA2 
stimulates the progression of cell cycle by upreg-
ulating CCND1 in CRC. Here, our findings un-
covered that the overexpression of CCAD1 could 
partially abolish the inhibitory effects of silenced 
CDCA2 on proliferative and migratory abilities 
in melanoma. It is indicated that CCAD1 was 
responsible for CDCA2-regulated phenotypes of 

melanoma cells. Our findings provide a novel tar-
get for clinical treatment of melanoma.  

In this study, we explored the expression of 
CDCA2 in melanoma and demonstrated that it 
promotes the occurrence and development of 
melanoma, and its mechanism occurs through the 
regulation of CCAD1. This research is helpful to 
promote our understanding of melanoma and has 
potential value for its diagnosis and treatment.

Conclusions

Shortly, CDCA2 stimulates proliferative and 
migratory abilities in melanoma cells by upreg-
ulating CCAD1, thus aggravating the malignant 
progression of melanoma.
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Figure 3. Silence of CDCA2 suppressed migratory ability in melanoma. Wound healing in A375 and sk-mel-110 cells trans-
fected with si-NC or si-CDCA2 (magnification 40×).

Figure 4. Overexpression of CCAD1 partially reversed the regulatory effect of CDCA2 on proliferative ability in melanoma. A, 
Transfection efficacy of pcDNA-CCAD1 in sk-mel-110 cells. Sk-mel-110 cells were transfected with NC, si-CDCA2 or si-CDCA2+p-
cDNA-CCAD1. B, Cell viability. C, Images of EdU-positive cells, DAPI-labeled nuclei and merged one (magnification 40×). 
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