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Abstract
Background: Acral melanoma have a high frequency of cell cycle-related gene copy number variation. However, the status and clinical signi�cance
of CNVs of CDK 2 and CCNE1 have not been fully elucidated.

Methods: A total of 490 acral melanoma samples were examined for CNVs of CDK 2 and CCNE1 using QuantiGenePlex DNA Assay. Correlations
of CDK2 and CCNE1 CNVs to clinicopathologic features and prognosis of acral melanoma were evaluated.The sensitivity of cell lines and cell-
derived xenograft (CDX) containing CCNE1 CNVs to CDK inhibitor AT7519,Dinaciclib and proteasome inhibitor Bortezomib were also analyzed.

Results: Among the 490 samples,140 cases, 139 cases and 39 cases respectively showed CDK2 gain (28.5%), CCNE1 gain (28.3%) and
CDK2  gain  plus CCNE1  gain (8.0%).The median progression-free survival (PFS) time for acral patients with CCNE1 gain was signi�cantly shorter
than that for patients without CCNE1 gain (17.0 versus 27.0 months; P =0.002). Furthermore, CCNE1 gain was an independent prognostic factor
for patients receiving chemotherapy. The pan-CDK inhibitor AT7519 could inhibit the cell proliferation, induce apoptosis and cause cell cycle arrest
in G2 phase of acral melanoma cells and inhibit the tumor growth of  CDX with CCNE1 gain. Dinaciclib and Bortezomib  showed CCNE1 copy
number independent inhibitory effects on the proliferation of melanoma cells.

Conclusions: CDK2 and CCNE1 copy number variations were frequent in acral melanoma and CCNE1 gain may be a useful biomarker to predict
the outcome of receiving chemotherapy in patients with acral melanoma. In addition, our study provides a basis for the use of CDK inhibitor in the
treatment of acral melanoma. Keywords: acral melanoma, targeted therapy, CDK2 , CCNE1 , copy number variation

Background
In Asians, acral melanomas accounts for 41.8–58% of melanomas and is the most common subtype[1 − 5].Acral melanomas showed a different
genomic landscape from cutaneous melanoma, with a lower mutations burden ,a higher frequency genomic instability and widespread copy
number changes[6, 7].Cell-cycle aberrations were signi�cantly higher in acral melanomas and were signi��cantly associated with poor melanoma-
speci��c survival[6 − 8].

Cyclin E1 plays a role in cell cycle progression[9 − 11], inhibition of apoptosis[12], DNA transcription[13], replication[14], and DNA repair[13]. Post-
translational regulation of cyclin E1 is involved in multiple proteasomal degradation pathways, including BTB-Cullin3-Rbx1[15] and SCFFbw7[16]
pathways. According to TCGA database, the expression of CCNE1 and CDK2 in cutaneous melanoma tumor tissue are much higher than those in
normal tissues [17].The gain frequency of CCNE1 and CDK2 in cutaneous melanomas is about 16.3% and 12.5% respectively[17].However, there is
still a lack of data on the frequency of CCNE1 and CDK2 copy number variation in large samples from acral melanoma.

CCNE1 gain is related to poor survival in ovarian cancer, endometrioid endometrial carcinomas and breast cancer[18 − 21]. CCNE1-ampli�ed
ovarian cancer were insensitive to chemotherapy containing cisplatin[22] or CDK4/6 inhibitor PD0332991[23].Unfortunately,there are no drugs
speci�cally for target CCNE1. But CDK inhibitor and proteasome inhibitor bortezomib may be effective therapeutic drugs for tumors carrying
CCNE1 ampli�cation[22, 24].Based on the above-mentioned factors,CCNE1 and CDK2 copy number variation may be a potential therapeutic
target.While in melanoma,clinical trials and preclinical studies targeted CCNE1 or CDK2 gain have not yet been carried out.

Identifying predictive biomarkers and patient subsets which are most likely to bene�t from certain inhibitors is important for the clinical
development of new drugs.In this study,we investigated the CNV of CCNE1 and CDK2 in 490 acral melanoma patients, analyzed the correlation
with clinical prognosis and evaluate the sensitivity to CDK inhibitor AT7519,Dinaciclib and proteasome inhibitor bortezomib.Our study indicates
that CCNE1 gain may be a potential biomarker for predicting the treatment’s effect in acral melanoma and AT7519 may selectively target acral
melanoma patients with CCNE1 gain.

Methods

Patients and Tissue Samples
This study involved samples from 490 acral melanoma patients, hospitalized at the Peking Cancer Hospital & Institute during January 2015 and
June 2018. All patients provided written informed consent for the tissues samples.Samples were tested by hematoxylin and eosin (H&E) staining
and immunohistochemistry to con�rm the diagnosis of melanoma. Clinical data, including age, sex, TNM (tumor-node-metastases) stage,
thickness (Breslow), ulceration, treatment and survival status were collected. The duration of progression-free survival (PFS) were calculated from
the beginning of any treatment to the progression of the disease.The overall survival (OS) were the interval from pathologic diagnosis of
melanoma to death or to the last follow-up time.This study was approved by the Medical Ethics Committee of the Peking Cancer Hospital &
Institute and was conducted according to the Declaration of Helsinki Principles.

Copy Number Variation Detection by QuantiGenePlex DNA Assay
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Tissue homogenates were prepared according to the user manual of QuantiGene Sample Processing Kit for Formalin-Fixed, Para�n-Embedded
Tissues (FFPE; Panomics of Affymetrics, Santa Clara, CA). The branched DNA (bDNA) assay was performed according to the procedure described
in the user manual of QuantiGenePlex DNA Assay (Panomics).For each assay well, 40 µl homogenate was denatured with 2.5 M NaOH (�nal
concentration 0.18 M) in the presence of DNA Probe. Neutralized tissue homogenate was transferred to each well of the Hybridization Plate
containing Working Bead Mix. All the samples were performed in three duplicates. Hybridization Plate was sealed and incubated at 54 °C ± 1 °C in
shaking incubator (600 rpm) for 18 to 22 hours. Unbound samples were washed away using the Bio-plex pro II wash station (Bio-Rad, Hercules,
CA). Then the beads were sequentially hybridized with DNA Pre-Ampli�er, DNA Ampli�er, Label Probe and SAPE. Fluorescence intensities were
measured by the Bio-plex 100 system (Bio-Rad) and the mean �uorescence intensities of the three duplicates of each sample were calculated.

For each test sample, normalized signal was divided by the reference DNA sample (G1521, Promega, Madison, WI) for CCNE1 and CDK2, and the
values were multiplied by the known copy number of each gene in the reference genome. When the relative copy number is greater than or equal to
3.0, the copy number of CCNE1 or CDK2 is determined to be gain. When the relative copy number is less than 2.0, the copy number of gene is
determined to be lost.

Treatment
Among the 490 acral melanoma patients, 251 patients had high-dose IFNα-2b treatment and 82 patients had chemotherapy containing cisplatin
(DTIC 250 mg/m2, d1-5, DDP 40 mg, d1-3, Endostar Injection 7.5 mg/m2, d1-14, q4w).The treatment continued until the occurrence of progressive
disease, unacceptable adverse events, death, or withdrawal of consent for any other reasons.

Effects of inhibitors on proliferation ,apoptosis and cell cycle
The WM2664 and A375 cell were purchased from ATCC (American Type Culture Collection) and were cultured at 37 °C in Dulbecco’s Modi�ed
Eagle’s Medium (DMEM, Invitrogen) containing 10% fetal bovine serum (FBS,Hyclone). The WCL-M3 acral melanoma cell lines were derived from
patients. The cells were cultured in serum-free stem cell medium supplemented with growth factors.

CDK inhibitor AT7519, Dinaciclib and proteasome inhibitor Bortezomib were purchased from Selleck Chemicals (Houston, TX). After treatment
with various concentrations of inhibitors or DMSO for 48 h and 72 h, proliferation of the cells was evaluated using the CellTiter-Glo® Luminescent
Cell Viability Assay (Promega) according to the instructions.

Cell cycle of cells at 24 h after exposure to inhibitor or DMSO were evaluated using PI staining. Apoptosis of cells at 24 h after exposure to
inhibitor or DMSO were evaluated using Apoptosis Detection Kit (DOJINDO, Shanghai, China) according to the instructions. Analysis was
performed on a FACS Calibur �ow cytometer (BD Biosciences).

Cell Xenograft Models
The cells were cultured in vitro as describing above.After digestion, washed twice with PBS, 5 *106 cells were inoculated into a NOD/SCID
(Nonobese Diabetic/Severe Combined Immunode�ciency) mouse(Female, 6–8 weeks, 18–22 g).When the tumor size of CDX models reached
approximately 200 mm3, mice were randomized to treatment (CDK inhibitor AT7519 ,12 mg/kg in saline solution)or control (saline solution)
groups (n = 4 per group).Tumor sizes were measured every 3 days and tumor volume used the formula:volume = 1/2*length* width2. Percentage of
tumor volume on day0 (V / V0%) was used as a standard to measure the rate of tumor growth.The mice received intraperitoneal injection for 14
days, after which the mice were sacri�ced and the tumors were �xed in 10% formalin for histologic,HE and immunohistological analysis. Care of
experimental animals was in accordance with animal ethics.

Statistical Analysis
Statistical analyses were performed using SPSS 20.0 software. All statistical analyses were two-sided, and P < 0.05 was considered as statistically
signi�cant. The statistical signi�cance between the outcomes of PFS and OS were calculated using Kaplan-Meier method.Cox proportional-
hazards regression analysis was conducted to estimate the hazard ratio (HR).

Results

Aberrations of CDK2 and CCNE1 in acral melanoma
Among the 490 acral melanoma patients, the overall frequency of patients containing any CDK2 or CCNE1 copy number variation (CNV) (≥ 1 CNV)
was 49.0% (240/490).140 cases (28.5%) contained CDK2 gain and 139 cases (28.3%) contained CCNE1 gain.Moreover, 39 cases (8.0%) contained
concurrent CDK2 gain plus CCNE1 gain.Most of the copy number of samples with CDK2 or CCNE1 gain was about 3–4 copies (Table 1).We also
analyzed the correlation between CDK2 and CCNE1 copy number variations in acral melanoma and there was not signi�cantly different (P = 0.874,
Supplementary Table S1).
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Table 1
Copy number variations of CDK2 and CCNE1 in

acral melanoma.

CNV status n (%)

≥ 1 CNV  

Overall 240 (49.0)

CDK2 gain 140 (28.5)

3–4 copies 129 (26.3)

5–8 copies 10 (2.0)

> 8 copies 1 (0.2)

CCNE1 gain 139 (28.3)

3–4 copies 133 (27.1)

5–8 copies 4 (0.8)

> 8 copies 2 (0.4)

2 CNVs  

CDK2 gain + CCNE1 gain gain 39 (8.0)

Since targeted therapy of melanoma has been explored, we also analyzed the mutation frequency of genes that have been con�rmed as
promising targets in acral melanoma samples. In the samples containing either CDK2 or CCNE1 CNV (≥ 1 CNV), 12.2%, 19.6%, 14.8% and 4.8% of
them also contained mutations in BRAF,KIT ,NRAS or PDGFRA respectively.CDK2 and CCNE1 CNVs and targeted gene mutations pattern were
showed in Fig. 1.

Correlation of CDK2 and CCNE1 aberrations to clinicopathological features
In our cohort, the age (< 60 years or ≥ 60 years), gender, ulceration, thickness were all not signi�cantly different between patients with or without
CDK2 gain, CCNE1 gain or CDK2 gain plus CCNE1 gain (Table 2). Among the patients with CDK2 gain, the proportion of patients with stage III- IV
was higher than those without CDK2 gain (P = 0.010; Table 2).While the TNM stage in patients with or without CCNE1 gain or CDK2 gain plus
CCNE1 gain were not signi�cantly different (Table 2).
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Table 2
Correlation of CCNE1 and CDK2 aberrations to clinicopathologic features of acral melanoma.

Clinicopathologic
factor

  CDK2 aberration   CCNE1 aberration   CDK2 gain plus CCNE1 gain

    Gain Normal P
value

Gain Normal P
value

  Positive Negative P
value

Total   140 (28.5) 350 (71.5)     139 (28.3) 351 (71.6)     39 (8.0) 451 (92.0)  

Age (years)       0.513       0.176       0.452

< 60   86 (61.4) 226 (64.6)     95 (68.3) 217 (61.8)     27 (69.2) 285 (63.2)  

≥ 60   54 (38.6) 124 (35.4)     44 (31.7) 134 (38.2)     12 (30.8) 166 (36.8)  

Gender n (%)       0.122       0.652       0.269

Male   82 (58.6) 178 (50.9)     76 (54.7) 184 (52.4)     24 (61.5) 236 (52.3)  

Female   58 (41.4) 172 (49.1)     63 (45.3) 167 (47.6)     15 (38.5) 215 (47.7)  

Ulceration n (%)       0.694       0.041       0.510

Yes   94 (70.7) 234 (68.8)     100 (76.3) 228 (66.7)     26 (74.3) 302 (68.9)  

No   39 (29.3) 106 (31.2)     31 (23.7) 114 (33.3)     9 (25.7) 136 (31.1)  

Thickness (mm)       0.295       0.560       0.240

< 1 mm   4 (3.1) 12 (3.6)     10 (7.8) 6 (1.8)     3 (9.1) 13 (3.0)  

1–2 mm   25 (19.2) 58 (17.2)     19 (14.8) 64 (18.8)     4 (12.1) 79 (18.2)  

2–4 mm   45 (34.6) 128 (37.9)     41 (32.0) 132 (38.8)     11 (33.3) 162 (37.2)  

> 4 mm   56 (43.1) 140 (41.4)     58 (45.3) 138 (40.6)     15 (45.5) 181 (41.6)  

Stages n (%)       0.010       0.798       0.284

  13 (9.4) 39 (11.3)     14 (10.9) 37 (10.6)     4 (10.5) 48 (10.7)  

  32 (23.0) 119 (34.4)     45 (32.8) 106 (30.5)     7 (18.4) 144 (32.2)  

  34 (24.5) 90 (26.0)     37 (27.0) 87 (25.0)     13 (34.2) 111 (24.8)  

  60 (43.2) 98 (28.3)     40 (29.2) 118 (33.9)     14 (36.8) 144 (32.2)  

TILs score       0.371       0.520       0.732

1   7 (28.0) 30 (44.1)     9 (34.6) 28 (41.8)     2 (40.0) 35 (39.8)  

2   10 (40.0) 21 (30.9)     11 (42.3) 20 (29.9)     1 (20.0) 30 (34.1)  

3   8 (32.0) 17 (25.0)     6 (23.1) 19 (28.4)     2 (40.0) 23 (26.1)  

Mitotic rate       0.159       0.144       1.000

≤ 4   7 (28.0) 30 (44.1)     7 (26.9) 30 (44.8)     2 (40.0) 35 (39.8)  

> 4   18 (72.0) 38 (55.9)     19 (73.1) 37 (55.2)     3 (60.0) 53 (60.2)  

OS(months)       0.906       0.343       0.035

Median (95% CI)   61.0
(55.0,67.0)

71.0
(45.6,96.4)

    76.7
(63.4,90.1)

77.4
(68.6,86.2)

    78.9
(70.1,87.7)

75.9
(67.8,84.1)

 

PFS(months)       0.466       0.002       0.066

Median (95% CI)   20 .0
(12.7,27.3)

26.0
(23.2,28.8)

    17.0
(11.6,22.4)

27.0
(23.2,30.8)

    15.0
(9.3,20.7)

26.0
(23.0,29.0)

 

According to the NCCN guidelines Version 1.2019,mitotic rate and the degree of tumor-in�ltrating lymphocytes (TILs) are important
clinicopathological features in melanoma.In our cohorts,the TILs and mitotic rate distribution for acral melanoma patients with or without any
CNVs for CDK2, CCNE1 or its combinations were all not signi�cantly different (Table 2).
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Impact of CDK2 and CCNE1 CNVs on clinical outcomes
The OS and PFS are important clinical endpoints. The OS for patients with CDK2 gain or CCNE1 gain were comparable to patients without such
aberrations (Table 2; Fig. 2A and 2B).

But patients with CCNE1 gain had a signi�cantly shorter median PFS time (median PFS = 17.0 months) than patients without CCNE1 gain (median
PFS = 27.0 months,P = 0.002; Table 2;Fig. 2E).While PFS were not signi�cantly different between patients with or without CDK2 gain or CDK2 gain
plus CCNE1 gain (Table 2; Fig. 2D and 2F).We also compared the OS and PFS in patients with CDK2 gain plus CCNE1 gain with CDK2 gain alone
as well as CCNE1 gain alone. Patients with CDK2 gain plus CCNE1 gain had a shorter median PFS time (median PFS = 15.0 months) than patients
with CCNE1 gain alone (median PFS = 17.0 months) and patients with CDK2 gain alone (median PFS = 25.0 months) (Fig.S1).

In this cohort ,only TNM stage (HR 2.31; 95%CI: 1.46–3.64;P < 0.001) and NRAS mutation (HR 2.39; 95%CI: 1.52–3.77; P < 0.001) are independent
prognostic factors for acral melanoma patients OS .TNM stage (HR 2.39, 95%CI: 1.77–3.22; P < 0.001) and CCNE1 gain (HR 1.62, 95%CI:1.21–
2.17; P = 0.001) are independent prognostic factors for acral melanoma patients PFS. Interestingly,the NRAS Q61 site mutation was an
independent prognostic factor for acral melanoma patients OS and PFS, but BRAF V600 site mutation was not signi�cance for melanoma
patients OS or PFS (Table 3).
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Table 3
Univariate and multivariate analysis of prognostic factors for OS and PFS of patients with acral melanoma.

Variable OS   PFS

Univariate   Multivariate Univariate   Multivariate

HR 95%
CI*

P
value

HR 95%
CI

P
value

HR 95%
CI

P
value

HR 95%
CI

P
value

Age (< 
60 years/
≥60 years)

1.26 0.86–
1.84

0.239           1.01 0.77–
1.33

0.929        

Gender
(female/male)

0.93 0.64–
1.35

0.713           1.08 0.84–
1.40

0.540        

Ulceration
(no/yes)

0.72 0.48–
1.07

0.114           0.65 0.47–
0.82

0.002   0.81 0.61–
1.09

0.165

Thickness (≤ 
2 mm/>2 mm)

0.60 0.41–
1.02

0.063           0.56 0.42–
0.77

< 
0.001

  1.00 0.70–
1.44

0.993

TNM stage (III 
+ IV/I + II)

2.04 1.30–
2.78

0.001   2.31 1.46–
3.64

< 
0.001

  2.86 2.27–
3.85

< 
0.001

  2.39 1.77–
3.22

< 
0.001

CDK2 CN
(gain/normal)

1.02 0.69–
1.51

0.906           1.12 0.86–
1.47

0.466        

CCNE1 CN
(gain/normal)

1.25 0.80–
1.91

0.343           1.52 1.19–
2.08

0.002   1.62 1.21–
2.17

0.001

CDK2 gain
plus CCNE1
gain

3.19 1.06–
4.12

0.035           1.54 1.02–
2.86

0.066        

NRAS
mutations
(no/yes)

0.42 0.16–
0.54

< 
0.001

  2.39 1.52–
3.77

< 
0.001

  0.74 0.44–
1.11

0.136        

NRAS Q61
mutations
(no/yes)

0.42 0.15–
0.56

0.0003           0.54 0.26–
0.73

0.002   0.66 0.51–
0.85

0.001

BRAF
mutations
(no/yes)

0.85 0.72–
1.90

0.538           0.77 0.49–
1.12

0.162        

BRAF V600E
mutations
(no/yes)

1.19 0.69–
2.01

0.553           0.83 0.54–
1.21

0.316        

KIT mutations
(no/yes)

0.67 0.38–
1.04

0.074           0.79 0.52–
1.10

0.156        

PDGFRA
mutations
(no/yes)

0.79 0.21–
2.76

0.686           0.67 0.24–
1.50

0.284        

*95% CI for HR.

Effect ofCDK2 and CCNE1 CNVs on Response to chemotherapy
Among the 490 acral melanoma patients, 82 patients received a standard chemotherapy containing cisplatin(DTIC, DDP, and Endostar combined
chemotherapy) as a �rst-line treatment.

Patients with CDK2 gain had a similar median PFS compared to patients without CDK2 gain (median PFS: 7.0 versus 8.2 months,P = 0.507,
Fig. 3A).While patients with CCNE1 gain experienced a shorter median PFS than patients without CCNE1 gain (median PFS: 4.8 versus 7.4
months,P = 0.006, Fig. 3B).In this research cohort,CCNE1 gain was the an independent prognostic factor for acral melanoma patients PFS after a
standard chemotherapy containing cisplatin (HR 0.43, 95% CI:0.23–0.81; P = 0.009; Table S2).

Sensitivity of Melanoma Cells to Multiple Inhibitors
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The WM2664,WCL-M3, A375 malanoma cells were evaluated for the e�cacy of CDK inhibitor AT7519, Dinaciclib and proteasome inhibitor
Bortezomib by determining cell proliferation in vitro. The WM2664(with CCNE1 gain) and A375 (with CCNE1 normal) are CUTANEOUS melanoma
cells ,WCL-M3(with CCNE1 gain) is acral melanoma cell.

The pan-CDK inhibitor AT7519 signi�cantly inhibited the proliferation of WM2664 (with CCNE1 gain) and WCL-M3(with CCNE1 gain) (Fig. 4).
AT7519 had a weak inhibitory effect on the proliferation of cells without CCNE1 gain. Similar results were observed in vivo experiments(Fig. 5).
Dinaciclib showed comparable inhibitory e�ciency on WM2664 (with CCNE1 gain),WCL-M3 (with CCNE1 gain) and A375 (with CCNE1 normal)
.Bortezomib showed comparable inhibitory e�ciency on WM2664,WCL-M3, A375.Apoptosis and cycle detection experiments showed that AT7519
and Bortezomib can cause different degrees of cell apoptosis and increased proportion of S phase in the cell cycle, regardless of whether the cell
carries CCNE1 or CDK2 copy number variations.Compared with the control group, there was no signi�cant difference in the proportion of
apoptosis and cell cycle of the four kinds of cells treated with Dinaciclib affter 24 hours.The results of cell cycle and apoptosis are shown in the
Supplemental Figure S2-3.

Discussion
Acral melanoma arises on the hands and feet in people, which accounts for a much higher proportion of melanomas in Asians than in
Caucasians.[1 − 5] Acral melanoma genomes showed greater proportions of copy number variation than in cutaneous melanomas[6].

CDK2 and CCNE1 are important molecules related to cell functions.Cyclin E1 (encoded by CCNE1) - CDK2 complex controls G1 to S transition in
cell-cycle[9].The complex makes the cells to initiate DNA synthesis by phosphorylation of its downstream substrates such as Rb, CDC6, NPAT and
P107, so that the cells are irreversibly involved in the S phase[10, 11, 25]. Cyclin E1 –CDK2 complex abnormal is associated with chromosomal
instability[20]. CCNE1 also an important role in inhibition of apoptosis[12], DNA transcription[13], replication[14], and DNA repair[13],mediating
asymmetric cell division, specifying cell fate and in driving stem cell self-renewal[26, 27] .Post-translational regulation of cyclin E1 is involved in
multiple proteasomal degradation pathways, including BTB-Cullin3-Rbx1[15] and SCFFbw7[16] pathways.This study investigated the frequency of
CDK2 and CCNE1 CNVs in 490 cases acral melanoma,analyzed the association of CDK2 and CCNE1 CNVs with clinical prognosis and evaluated
the sensitivity of cells to multiple inhibitors.

In this study,140 cases, 139 cases and 39 cases showed CDK2 gain (28.5%), CCNE1 gain (28.3%) and CDK2 gain plus CCNE1 gain (8.0%),
respectively. Most of the copy number of samples with CDK2 or CCNE1 gain was about 3 to 4 copies.There was no correlation between CDK2 and
CCNE1 copy number variations.In cutaneous melanomas,the frequency of CDK2 gain and CCNE1 gain were about 12.5% and 16.3%,respectively
[17].The proportion of CDK2 and CCNE1 gain in acral melanoma were higher than that reported in cutaneous melanomas.

Prior research have shown CCNE1 gain signi�cantly correlated with shorter DFS(disease-free survival) and reduce OS in ovarian
cancer,endometrioid endometrial carcinomas and breast cancer[18 − 21].By analyzing the TCGA data in cutaneous melanomas [17], patients with
CDK2 gain had a shorter median OS time than patients without CDK2 gain. Compared with patients without CCNE1 gain,patients with CCNE1 gain
had a comparable OS but a shorter median DFS time.In our study, CCNE1 gain is the independent prognostic factor for acral melanoma patients
PFS. Patients with CCNE1 gain had a signi�cantly shorter PFS time than patients without CCNE1 gain. But CDK2 gain or CCNE1 gain were not
independent prognostic factors for acral melanoma patients OS.The results difference between cutaneous melanomas and acral melanomas may
be caused by subtype differences.

For advanced acral melanoma patients,targeted therapy, immunotherapy and chemotherapy are the main options.By now,chemotherapy
containing cisplatin is still one of the effective options for the treatment of patients with advanced acral melanoma[28].In our study,82 patients
receiving the DTIC/DDP/Endostar combined chemotherapy. Patients harboring CCNE1 gain had a signi�cantly shorter PFS than those without
CCNE1 CNVs after receiving chemotherapy.In other studies, CCNE1 gain was associated with primary or acquired drug resistance in breast cancer,
ovarian cancer and pancreatic cancer[23, 29 − 31]. In addition, CCNE1 gain and over expression were associated with resistance to CDK4/6
therapies in breast cancer [32].But the reasons underlying treatment failure are not entirely clear. There was a view that cells have an intact high-
��delity system for repairing the double stranded DNA breaks which were sustained after platinum exposure[33].Enhanced self-renewal due to
CCNE1 copy number variation may also be one of the reasons for the mechanism for treatment failure[29].These �ndings suggested that CCNE1
gain is an important prognostic factor for acral melanoma and may be a potential biomarker for new treatments.

Given that acral melanoma with CCNE1 gain has a shorter PFS after receiving chemotherapy, new therapies are needed to improve the prognosis
of these patients.Although there are no drugs speci�cally for target CCNE1, preclinical and clinical studies on CCNE-related geneshave been
conducted in a variety of tumors.A Phase II clinical trials(NCT02656849) aim to test the effectiveness of pan-CDK inhibitor Roniciclib
(BAY1000394) in treating cancer with MCL1,MYC or CCNE1 gain[34].Another Phase II clinical trial (NCT02873975) is studying the CHK1 Inhibitor
LY2606368 in tumor patients with replicative stress, including CCNE1 gain[35].Dinaciclib is a highly potent inhibitor of CDK1, CDK2, CDK5 and
CDK9 that has entered Phase III clinical studies.Dinaciclib can inhibit cell cycle progression in more than 100 tumor cell lines and induce tumor
regression in mouse models[36].In the study of ovarian cancer, CDK inhibitor dinaciclib combined AKT inhibitors may selectively target patients
with CCNE1-ampli�ed HGSC[37]. In an estrogen receptor-positive breast cancer study, combined targeting of both CDK4/6 and PI3K may be the
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treatment of patients bearing a CCNE1 gain[30]. Recent research has found that the proteasome inhibitor bortezomib can DISRUPTS THE CELL
CYCLE, INDUCES APOPTOSIS, inhibit DNA repair mechanisms, including homologous recombination[33, 38]. CCNE1-ampli�ed ovarian cancer cells
showed speci�c sensitivity to the proteasome inhibitor bortezomib[39].CDK inhibitor AT7519 (developed by Astex), a pyrazole 3-carboxyamide
compound, could inhibit CDK1,CDK2,CDK4, CDK6, CDK9[33]. In our previous research, we found that pan-CDK inhibitor AT7519 can inhibit the cell
viability of acral melanoma cells and the tumor growth of PDX containing cell cycle aberrations.In the Phase II clinical trial enrolling patients with
multiple myeloma, more than one-third of patients achieved PR(partial response) after receiving AT7519 combined Bortezomib
treatment(NCT01183949).In this study, we evaluated the sensitivity of cell lines and cell-derived xenografts (CDX) to pan-CDK inhibitor
AT7519,Dinaciclib and proteasome inhibitor Bortezomib.

In this study,we found that pan-CDK inhibitor AT7519 could signi�cantly inhibited the proliferation of WM2664 (with CCNE1 gain) and WCL-
M3(with CCNE1 gain) in vivo and in vitro.In vitro results also found that AT7519 can cause different degrees of cell apoptosis and increased
proportion of S and G2 phase in the cell cycle, regardless of whether the cell carries CCNE1 or CDK2 copy number variations.Pan-CDK inhibitor
Dinaciclib showed comparable inhibitory e�ciency on WM2664,WCL-M3,A375.Proteasome inhibitor Bortezomib showed comparable inhibitory
e�ciency on WM2664 WCL-M3 and A375.These data suggest that melanoma cells carrying CCNE1 CNVs may be sensitive to the pan-CDK
inhibitor AT7519.But more experimental evidence is needed to prove this point.Dinaciclib and Bortezomib had good inhibitory effect on melanoma
cell proliferation, although we did not observe a CCNE1 CNV-dependent speci�city.This may be due to Dinaciclib has a strong inhibitory effect on
CDK1, CDK5 and CDK9,in addition to CDK1.Molecular markers that can predict the e�cacy of Dinaciclib and Bortezomib need to be veri�ed by
further research.

In this study,we found that CDK2 and CCNE1 copy number variations in acral melanoma were frequent and showed greater proportions of CNVs
than in cutaneous melanomas.CCNE1 gain may be a potential biomarker for predicting the effect of treatment in acral melanoma.In addition, this
study also made a preliminary exploration for the use of CDK inhibitors and proteasome inhibitor in the treatment of acral melanoma.Pan-CDK
inhibitor AT7519 can inhibit growth of acral melanoma cells carrying CCNE1 CNVs in vivo and in vitro,providing an experimental basis for clinical
applications.

Conclusions
In conclusion,CDK2 and CCNE1 copy number variations in acral melanoma were frequent.CCNE1 gain may be a potential biomarker for predicting
the effect of treatment in acral melanoma.In addition, this study provides a basis for the use of CDK inhibitor in the treatment of acral melanoma.
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Figures

Figure 2
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CDK2, CCNE1 CNVs and targeted gene mutation pattern of acral melanoma(n=490).Patients harboring at least one gene mutation of
BRAF,KIT,NRAS and PDGFRA and CDK2, CCNE1 CNVs are presented.

Figure 4

OS and PFS of acral melanoma patients in relation to CDK2 and CCNE1 CNVs. Fig.2A-2C showed OS of acral melanoma patients in relation to
CDK2 and CCNE1 CNVs.Fig.2D-2F showed PFS of acral melanoma patients in relation to CDK2 and CCNE1 CNVs.
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Figure 5

Effect of CDK2 and CCNE1 CNVs on Response to DTIC, DDP, and Endostar combined chemotherapy.Fig.3A showed the correlation between CDK2
copy number and PFS of melanoma patients received DTIC, DDP, and Endostar combined chemotherapy.Fig.3B showed the correlation between
CCNE1 copy number and PFS of melanoma patients received chemotherapy.

Figure 8

Sensitivity of melanoma cells to CDK inhibitor AT7519,Dinaciclib and proteasome inhibitor Bortezomib.Melanoma cells were treated with DMSO or
indicated concentrations of inhibitors for 48 hours. The cell viability was evaluated by CCK-8 method, and the results were presented as mean ±
SD of 3 independent experiments. The statistical signi�cance was determined by using one-way ANOVA (as compared to control group). The
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WM2664 cell (with CCNE1 gain) and A375 cell (with CCNE1 normal) are cutaneous melanoma cells ,WCL-M3 cell (with CCNE1 gain) is acral
melanoma cell.

Figure 10

Sensitivity of CDX (cell-line-derived xenograf) to CDK inhibitor AT7519.Mice were randomized to treatment (CDK inhibitor AT7519 ,12 mg/kg in
saline solution or control (saline solution) groups .The mice received intraperitoneal injection for 14 days.Tumor sizes were measured every 3
days and tumor volume used the formula:volume=1/2*length* width2.
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