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rs11275300:C > G was found to be significantly associated with progression-free survival and
overall survival of patients with AM in both cohorts and the combined cohort. Furthermore,
the DTL expression level in the patients with the rs11275300:G allele was higher than that in
patients with the CC genotype. In vitro analysis demonstrated that DTL was a direct target of
hsa-miR-4672, and the rs11275300:G allele interfered with the binding affinity of hsa-miR-
4672 with the 3'UTR of DTL and thereby increased DTL expression.

Conclusion: The rs11275300:G allele in the 3’UTR of DTL may lead to a poor prognosis and
allele-specific increase in the expression of DTL by post-transcriptional regulation in AM.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

The incidence of melanoma is rapidly increasing glob-
ally, and malignant melanoma is the major cause of
death from skin cancer. Melanoma can be subdivided
into four subtypes based on clinical and histological
features: acral melanoma (AM), mucosal melanoma,
cutaneous melanoma with chronic sun-induced damage
(CSD) and cutaneous melanoma without such damage
(non-CSD) [1]. AM is rare in Caucasians (1—7%) [2];
however, dark-skinned populations are more prone to
develop AM, with a prevalence of about 41—70% [3—5].
Meanwhile, AM accounts for nearly 50% of all mela-
nomas in China [4]. The genetic alteration spectrum of
AM differs greatly from that of non-acral cutaneous
melanoma (CM), as the mutation burden of AM is
significantly lower than that of CM, but somatic struc-
tural variants are more frequent in AM than in CM [6].
BRAF (~50%) and NRAS (25—30%) are the most
important mutations in CM [7], whereas the mutation
frequencies of BRAF, NRAS and CKIT in Chinese AM
are 15.5%, 8.8% and 11.9%, respectively [1,8,9]. There-
fore, uncovering other potential prognostic predictive
factors will help to clarify AM pathogenesis and develop
novel therapeutic approaches for AM.

Denticleless E3 ubiquitin protein ligase homologue
(DTL) is also known as DNA replication factor 2,
regulating the expression of various cell cycle regulatory
proteins and maintaining the integrity of DNA replica-
tion and repair [10]. The expression level of DTL has
been reported to be elevated in multiple human malig-
nancies, such as breast cancer and ovarian cancer
[11—13]. DTL was also found to be overexpressed in
59% primary hepatocellular carcinomas and correlated
with the advanced tumour stage and poor patient sur-
vival [10]. Moreover, its potential as a prognostic
biomarker in Ewing sarcoma and gastric cancer has
been demonstrated [11,14]. According to the mRNA
expression data of the Talantov melanoma data set,
DTL is remarkably overexpressed in CM compared with
benign melanocytic skin nevi [15]. Furthermore, data
from The Cancer Genome Atlas database revealed that
patients with melanoma with higher DTL expression

exhibit shorter disease-free survival (DFS) and overall
survival (OS) [16]. However, most of these data are from
Caucasians with non-acral CM; the molecular charac-
terisation and prognostic value of DTL in AM remain
unknown.

Increasing evidence strongly implicates the crucial
role of the 3’-untranslated region (3’UTR) in the post-
transcriptional regulation of gene expression, including
translation efficiency, nuclear export, subcellular tar-
geting and mRNA stability [17,18]. MicroRNAs (miR-
NAs) mediate mRNA degradation and translational
repression by base pairing with the 3’UTR of target
mRNAs [19]. Genetic variants in miRNA-binding sites
have been identified to be associated with human dis-
orders ranging from Parkinson disease to cancer [20,21].
Single-nucleotide polymorphisms (SNPs) are the most
frequent form of sequence variations in the human
genome, and SNPs in 3’'UTR sites have been identified
as promising genetic factors that may disrupt or create
seed pairing regions in the miRNA, thereby altering
gene expression and influencing the susceptibility to
tumorigenesis [22,23].

In this study, we detected the expression of DTL in
AM, screened the 3’UTR polymorphisms of DTL in two
independent AM cohorts, investigated the association of
tag SNP genotypes with the survival and clinical char-
acteristics of patients with AM, and recognised a
promising candidate molecular indicator with potential
prognostic value. Furthermore, we validated the hy-
pothesis that a functional polymorphism in the 3UTR
site of DTL might affect the post-transcriptional regu-
lation of hsa-miR-4672 and influence DTL expression.

2. Materials and methods
2.1. Study design and patients

This retrospective exploratory study was approved by
the Ethics Committee of Beijing Cancer Hospital &
Institute and conducted in adherence to the principles of
the Declaration of Helsinki. Signed informed consent
for the purpose and procedures of this study was
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obtained from each patient with AM. A total of 771
patients with AM who were hospitalised at Peking
Cancer Hospital and Institute from January 2007 to
January 2017 were enrolled in the discovery cohort
(n = 570) or replication cohort (n = 201) based on the
following criteria: availability of formalin-fixed paraffin-
embedded (FFPE) or fresh frozen samples; patients who
received standard treatment and availability of detailed
clinical and pathological data, including age, sex,
tumour-node-metastasis stage, Breslow thickness, ul-
ceration state, plasma lactate dehydrogenase (LDH)
levels. Patients treated with BRAF inhibitors or immu-
notherapies were not included in the study. A group of
216 patients with non-acral CM were enrolled in an
independent cohort accordingly. The last follow-up was
carried out in August 2018; the median follow-up time
of the discovery and replication cohorts was 35.8
months (range, 0.2—159.3 months) and 39.7 months
(range, 2.9—109.9 months), respectively. The time
period between disease confirmation and progression
(relapse and metastasis) or disease-related death was
determined as progression-free survival (PFS). OS was
calculated from the date of disease confirmation to the
date of last follow-up or death.

2.2. Cell culture

HEK293T and A875 cell lines were purchased from the
Cell Bank of the Chinese Academy of Sciences and main-
tained in Dulbecco’s modified eagle’s medium (DMEM)
with 10% foetal bovine serum supplemented with 100 U/
mL penicillin, 100 mg/mL streptomycin and 2 mM Glu-
taMAX in a humidified incubator with 5% CO, at 37 °C.
All cell culture reagents were purchased from Gibco.

2.3. Gene expression analysis of chip data sets for AM

We used ‘acral melanoma’ as a keyword to retrieve gene
expression data in the Gene Expression Omnibus (GEO)
database. We extracted a gene expression data set
including nevi, primary AM and primary CM samples
(GSE46517) and two data sets including AM and CM
samples (GSE80435 and GSE22155). The raw cool edit
loop (CEL) data were downloaded; probe and genetic
information was connected using the annotation infor-
mation of chips and the raw data were normalised using
the RMA method from the Bioconductor and R software
packages. The gene expression profiles of six primary and
12 lymph node metastatic AM samples were analysed
using the GeneChip PrimeView Human Gene Expression
Array (Affymetrix), as previously reported [24].

2.4. SNP selection and genotyping
Candidate SNPs of DTL were selected based on the

public databases dbSNP, TogoVar (the national
bioscience database center (NBDC) integrated database

of the Japanese genomic variation) and PanSNPdb (a
Pan-Asian SNP database) according to the following
criteria: (i) minor allele frequencies (MAFs) > 0.05 in
the East Asian population; (ii) tag SNPs from dbSNP in
the Asian population with 1 > 0.8 (https:/snpinfo.
niehs.nih.gov/snpinfo/snaptag.html);  (iii)  potential
functional SNPs in the 5UTR, missense variants in
exons and variants in miRNA-binding sites of the
3'UTR.

Genomic DNA was extracted using the Universal
Genomic DNA Kit (CWBIO). Polymerase chain reac-
tion (PCR) amplification and Sanger sequencing were
performed to determine the tag SNP genotypes of DTL.
Chromatography results were analysed by BLAST, and
the tag SNP genotypes were determined by manual re-
view. In patients with whole-blood leucocyte samples
available, the genotypes were verified by the same
method. Fifty samples were randomly selected for
replicated detection and analysis by a different
investigator.

2.5. RNA extraction and gRT-PCR

Total RNAs from fresh frozen AM tissues, benign
melanocytic skin nevi, and cell lines were extracted using
mirVanaTM miRNA isolation kits (Invitrogen). One
microgram of total RNA was reverse transcribed into
complementary DNA (cDNA) with the ReverTra Ace
gPCR RT kit (Toyobo). qPCR was performed with
Promega’s GoTaq® qPCR Master Mix using the ABI
7500 FAST Real-Time PCR System (Applied Bio-
systems). The expression level of DTL was normalised
to GAPDH expression. Cycle threshold (Ct) values were
recorded, and the relative quantitative levels of gene
expression were calculated by the 272" method.

miRNAs were reverse transcribed into cDNA with
the TagMan MicroRNA Reverse Transcription kit
(Applied Biosystems). Quantitative real-time PCR
(qQRT-PCR) was performed with the TagMan Universal
PCR Master Mix II (Applied Biosystems). The hsa-
miR-4672 and internal control gene RNU6B primers
were purchased from Ambion.

2.6. Immunohistochemistry staining

FFPE slides were deparaffinized, and endogenous
peroxidase activity was blocked with 3% H,O, for
30 min in the dark. Antigen retrieval was performed in
1 mM ethylene diamine tetra-acetic acid buffer (pH 8.0)
in a pressure cooker. The primary antibody against
DTL (Bethyl) was diluted at 1:250, and the horseradish
peroxidase (HRP)-conjugated polyclonal rabbit anti-
body (dilution 1:400; Dako) was used as the secondary
antibody. Specific immunostaining was visualised with
the chromogen aminoethyl carbazole (ZSGB BIO) and
counterstaining with haematoxylin. The immunohisto-
chemistry (IHC) score for each sample was scored as
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0—3, according to the staining intensity and density, by
three pathologists blinded to the genotypes of the
samples.

2.7. Luciferase reporter assay

Full-length fragments of the 3’UTR sequence containing
either the G or C allele of rs11275300 were amplified by
PCR, and the fragments were inserted into SV40 pro-
moter-luciferase—containing plasmids (Promega). Then,
the recombinant constructs were verified by sequencing.
HEK?293T cells were transiently transfected with 500-ng
luciferase reporter constructs and 5 pmol miRNA by
Lipofectamine 3000 (Invitrogen) in 24-well plates at a
density of 5 x 10* cells per well. The cells were lysed 48 h
after transfection, and luciferase activity was determined
using the dual-luciferase reporter system E2920
(Promega).

2.8. Oligonucleotide transfection

A875 cells were seeded into 6-well plates at a density of
3 x 10° cells per well and cultured overnight as described
previously. Next, miR-4672 mimics, hairpin inhibitors
or their scrambled controls (RiboBio) were transfected
into cells at a concentration of 50 nM using Lipofect-
amine 3000. The cells were harvested after 48 h of
transfection for subsequent analyses.

2.9. Western blotting

The A875 cells were lysed using radio immunoprecipi-
tation assay (RIPA) lysis buffer (Beyotime Biotech-
nology) supplemented with protease inhibitors (Roche
Diagnostics). The proteins were quantified using BCA
assays (Thermo Scientific), and 30 ug of each protein
was subjected to 10% sodium dodecyl sulfate — poly-
acrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred onto polyvinylidene fluoride (PVDF) membranes
(Roche Diagnostics). Immunodetection was performed
with rabbit anti-DTL polyclonal antibody (1:5000;
Bethyl Laboratories) and mouse anti-GAPDH antibody

(1:5000; Abcam). Peroxidase-labelled anti—mouse or
anti—rabbit IgG antibodies (1:3000; CST) were used as
secondary antibodies. Immunodetection was performed
using the Amersham ECL Select Western Blotting
Detection Reagent (GE Healthcare). Protein band in-
tensities were quantified using ImageJ64.

2.10. Statistical analysis

All statistical analyses were carried out using SPSS 21.0
software. Mean + standard deviation values were used
to describe normally distributed continuous data, such
as age and Breslow thickness. Frequencies and per-
centages were used to describe categorical data. Geno-
type frequencies and clinical parameters such as sex,
ulceration and stage were compared using the chi-square
test. Breslow thickness and H-scores of the DTL protein
were evaluated by two independent sample #-tests or the
Mann—Whitney U test. Survival curves were established
using the Kaplan—Meier method, and the results were
evaluated using the log-rank test. Multivariate analysis
was carried out using the Cox proportional hazard
regression model. The deviations of the allele and ge-
notype frequencies were estimated using the
Hardy—Weinberg equilibrium. All statistical tests were
two-sided, and significance was assigned at P < 0.05.
The Bonferroni correction was applied in the discovery
cohort according to the number of tag SNPs evaluated
(threshold = 0.05/number of tag SNPs selected).

3. Results

3.1. DTL is overexpressed in AM compared with benign
melanocytic skin nevi

Three gene expression data sets were extracted from the
GEO database, including nine nevi, 12 primary AM,
and 60 primary CM samples. The results showed that
the expression levels of DTL in both AM and CM were
significantly higher compared with benign melanocytic
skin nevi, whereas there was no difference between AM
and CM (Fig. 1A), and the tendency was consistent in
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Fig. 1. DTL is overexpressed in AM compared with benign nevi. (A) DTL mRNA expression is higher in primary AM and CM than in
benign nevi (GSE46517, GSE80435 and GSE22155). The DTL expression levels were normalised using the RMA method (B) DTL mRNA
expression is higher in AM than in benign nevi. The DTL mRNA levels were measured by qRT-PCR and expressed on a log, scale (C)
DTL mRNA expression was high in metastatic AM tissues. The DTL expression levels were normalised using the RMA method. AM,
acral melanoma; CM, cutaneous melanoma; PCR, polymerase chain reaction.
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Table 1
Cox regression analysis of risk factors associated with PFS.
Clinical Group Discovery Replication
character Univariate HR P value Multivariate P value Univariate HR (95% CI) P value Multivariate P value
(95% CI) HR (95% CI) HR (95% CI)
Age >60 vs. <60 0.918 (0.742 0.433 1.258 (0.860—1.843) 0.237
—1.136)
Sex Female vs. 1.105 (0.904 0.330 1.072 (0.775—1.484) 0.673
male —1.351)
Ulceration  Yes vs. no 1.201 (0.956 0.116 1.370 (0.988—1.900) 0.059
—1.508)
TNM stages 1II and IV vs. 2.252 (1.823 <0.001* 2.138 (1.721  <0.001* 3.371 (2.329—4.880) <0.001* 3.253 <0.001*
Iand II —2.783) —2.655) (2.240—4.722)
Thickness >4 mm vs. 1.271 (0.994 0.114 1.346 (0.819—-2.214) 0.241
<4 mm —1.711)
LDH level Elevated vs.  2.334 (1.781 <0.001* 1.837 (1.392  <0.001* 1.126 (0.551—-2.299) 0.745
normal —3.059) —2.425)
rs111275300 GC + GG vs. 1.598 (1.297 <0.001** 1.629 (1.321  <0.001* 1.682 (1.179—2.399) 0.004*  1.453 0.041*
CC —1.967) —2.009) (1.015—-2.082)
rs1387815 TG + GG vs. 0.919 (0.744 0.434
TT —1.135)
BRAF Mut vs. WT  1.306 (1.030 0.028* 1.230 (0.969  0.089 0.971 (0.677—1.392) 0.871
—1.657) —1.362)
*, P < 0.05.

LDH, lactate dehydrogenase; PFS, progression-free survival; CI, confidence interval, HR, hazard ratio; WT, wild type; Mut, mutation; TNM,

tumour-node-metastasis.

% P values significant after adjusted for multiple comparisons with the Bonferroni correction P < 0.025 for significance.

the three independent data sets (Fig. Al). To verify the
aforementioned conclusion from GEO, we analysed the
DTL expression levels in eight benign melanocytic skin
nevi from the palm or foot and 48 AM samples by qRT-
PCR. The result was consistent with GEO data sets in
that the expression of DTL in AM was much higher
than that in benign nevi (Fig. 1B). Furthermore,
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according to our previous study of the gene expression
profiles of six primary and 12 lymph node metastatic
AM samples by tissue microarray analysis [24], the DTL
expression level was even higher in the metastatic sites of
AM compared with the primary lesions (Fig. 1C). All
these data demonstrated the same results as those in
CM. DTL was also overexpressed in AM, and the
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Fig. 2. The DTL rs11275300 genotype is correlated with prognosis in AM. Kaplan—Meier curves of PFS (A) and OS (B) according to the
rs11275300 genotype in the discovery cohort. Kaplan—Meier curves of PFS (C) and OS (D) according to the rs11275300 genotype in the
replication cohort. AM, acral melanoma; PFS, progression-free survival; OS, overall survival.
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expression level was associated with the malignant
degree.

3.2. Association of tag SNPs of DTL with survival in
patients with AM

As DTL was overexpressed in AM compared with
benign melanocytic nevi, we hypothesised that the
polymorphisms of DTL might be associated with DTL
expression and survival of patients with AM. Two
candidate tag SNPs were selected, including rs1387815
and rs11275300, both of which are located in the
3'UTR of DTL (Fig. A2). According to the discovery
cohort, the MAFs of rs1387815 and rs11275300 were
0.200 and 0.201, respectively, and the genotype distri-
bution of both two tag SNPs in our cohorts showed no
departure from the Hardy—Weinberg equilibrium
(Table Al).

The clinical significance of these two tag SNPs was
analysed in the discovery cohort including 570 patients
with AM. No significant difference in PFS (hazard
ratio [HR]: 0.919, 95% confidence interval [CI]:
0.744—1.135, P = 0.434) or OS (HR: 1.028, 95% CI:
0.729—1.488, P = 0.875) between patients with the
rs1387815:G allele and those with the TT genotype was
observed (Table 1, Fig. A3) in the discovery cohort.
For rs11275300, patients with the rs11275300:G allele
had a median PFS of 13.1 months (95% CI: 9.5—16.8
months), whereas patients with the CC genotype had a
median PFS of 24.3 months (95% CI: 20.9-27.7
months), and univariate Cox analysis and
Kaplan—Meier survival analysis showed that patients
with the rs11275300:G allele had shorter PFS than
patients with the CC genotype (HR: 1.598, 95% CI:
1.297—-1.967, P < 0.001; Fig. 2A). In addition, the
median OS values of patients with the rs11275300:G
allele and CC genotype were 61.1 months (95% CI:
50.9—71.3 months) and 125.7 months (95% CI:
107.0—144.4 months), respectively, demonstrating that
OS of patients with the rs11275300:G allele was shorter
than that of patients with the CC genotype (HR: 1.572,
95% CI: 1.120—2.206, P = 0.009; Fig. 2B). After the
Bonferroni correction (P < 0.025), rs11275300
remained significantly associated with PFS and OS of
AM. Multivariate Cox regression analysis was per-
formed to further adjust for any residual confounding
effect on PFS and OS, and the results revealed the
rs11275300:G allele to be significantly associated with a
shorter PFS (HR: 1.629, 95% CI. 1.321-2.009,
P < 0.001) and OS (HR: 1.435, 95% CI: 1.016—2.028,
P = 0.040) in the discovery cohort.

In the replication cohort, the associations of the
rs11275300 genotype with PFS (Table I, Fig. 2C) and
OS (Table 2, Fig. 2D) were consistent in the discovery
cohort according to univariate and multivariate ana-
lyses. Furthermore, the prognostic effects of the
rs11275300 genotype remained significant in the

Table 2

Cox regression analysis of risk factors associated with OS.

Replication

Discovery

Clinical character Group

Multivariate HR (95% CI) P value Univariate HR (95% CI) P value Multivariate HR (95% CI) P value

Univariate HR (95% CI) P value

0.776
0.267

1.096 (0.583—2.060)
0.732 (0.422—1.270)

0.612

0.912 (0.638—1.303)

>60 vs. <60

Age
Sex

0.071

1.360 (0.974—1.899)

Female vs. male
Yes vs. no

<0.001*
0.001*

<0.001% 4.199 (2.135—8.259)
<0.001* 3.401 (1.696—6.818)

0.396

4.430 (2.283—8.598)

0.034*  1.396 (0.909—2.144) 0.127

1.586 (1.035—2.429)
2.903 (1.992—4.229)
1.356 (0.822—2.237

Ulceration

<0.001* 3.542 (1.774—7.705)

<0.001* 2.519 (1.178—3.693)

0.234

III and IV vs. I and II
>4 mm vs. <4 mm

TNM stages

1.567 (0.555—4.426)

<0.001* 4.878 (2.152—11.059)

0.040%

0.003*
0.019*

<0.001* 3.523 (1.539—8.065)

0.002*

<0.001* 2.519 (1.708—3.713)

0.009*¢
0.875
0.613

2.476 (1.394—4.398) 2.012 (1.119-3.616)

1.435 (1.016—2.028)

0.661

1.149 (0.619-2.133)

—_~ o~~~

Thickness

3.436 (2.369—4.984

Elevated vs. normal

LDH level

1.572 (1.120—2.206
1.028 (0.729—1.448

GC + GG vs. CC

rs111275300
rs1387815

BRAF

TG + GG vs. TT

Mut vs. WT

0.897 (0.588—1.368

* P < 0.05.

CI, confidence interval; OS, overall survival; HR, hazard ratio; WT, wild type; Mut, mutation; TNM, tumour-node-metastasis.

4 P values significant after adjusted for multiple comparisons with the Bonferroni correction P < 0.025 for significance.
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combined cohort (Table A2—3, Fig. A4A and B). We
divided the patients into three groups according to the
genotype or rs11275300, and the results showed that it
was still associated with PFS and OS (Fig. A5). We
further analysed the association of rs11275300:C > G
with CM in a cohort of 216 Chinese patients with non-
acral CM, and the basic characteristics of the CM
cohort are listed in Table A4. The MAF of
rs11275300:C > G in the Chinese CM cohort was 0.199,
which was similar to the MAF in patients with AM
(Table A5). However, no association was observed be-
tween the rs11275300 genotype with PFS (HR: 1.035,
95% CI: 0.737—1.453, P = 0.843) or OS (HR: 0.972,
95% CI: 0.571—1.652, P = 0.915) of patients with non-
acral CM (Fig. A4C and A4D). These results indicated
that the association of the rs11275300:G allele with
shorter survival was specific in patients with AM.

3.3. Correlation of the rs11275300 genotype to the clinical
characteristics in patients with AM

Patient characteristics and association of the rs11275300
genotypes with these characteristics are summarised in
Table 3. We identified that the rs11275300 genotype was
significantly associated with the LDH level in the dis-
covery cohort as the patients with the rs11275300:G
allele were more likely to have a higher LDH level than

Table 3

patients with the CC genotype (19.3% vs. 9.7%,
P = 0.002). No significant association with LDH was
confirmed in the replication cohort as only 13 patients
had elevated LDH levels (8.1% vs. 5.8%, P = 0.539). We
also analysed the association of the rs11275300 genotype
with the clinical characteristics of AM by combining the
discovery and replication cohorts into one combined
cohort, and the results were similar with the discovery
cohort: the rs11275300:G allele was associated with high
LDH expression (16.6% vs. 8.6%, P = 0.002; Table A6).
No other characteristics were found to be correlated
with the rs11275300 genotype.

3.4. Correlation of the rs11275300 genotype with DTL
protein expression in AM

FFPE slides of 148 patients with AM were subjected to
IHC staining for analysing DTL expression. Among
the 103 patients with the CC genotype, the positive
detection rate for DTL was 72.8% (75/103), which was
significantly different from that of patients with the
rs11275300:G allele (88.9%, 40/45; P = 0.033). IHC
staining was scored from 0 to 3 (Fig. 3A), and the re-
sults showed that the DTL expression level in patients
with the rs11275300:G allele was significantly higher
than that in patients with the CC genotype (P = 0.007;
Fig. 3B). These data indicated that the rs11275300:G

Correlation of DTL rs11275300 genotype to clinical characteristics of AM.

Clinical character Discovery Replication
No. rs11275300 genotype No. rs11275300 genotype
CC GC + GG P value® CcC GC + GG P value®
Age (years) 0.46 0.822
Median (range) 53.35 £ 13.92 52.49 £+ 13.31 48.30 + 14.41 48.79 + 13.59
Sex n (%) 0.291 0.761
Male 284 192 (51.5) 92 (46.7) 103 70 (50.4) 33 (53.2)
Female 286 181 (48.5) 105 (53.3) 98 69 (49.6) 29 (46.8)
Ulceration n (%) 0.636 0.358
Yes 392 259 (69.4) 133 (67.5) 109 72 (51.8) 37 (59.7)
No 178 114 (30.6) 64 (32.5) 92 67 (48.2) 25 (40.3)
Thickness (mm) 0.823 0.237
Median (range) 4.62 £3.25 5.13 +£4.30 3.87 £ 2.35 4.57 + 3.43
BRAF n (%) 0.930 0.844
WT 456 298 (79.9) 158 (80.2) 144 99 (71.2) 45 (72.6)
Mut 114 75 (20.1) 39 (19.8) 57 40 (28.8) 17 (27.4)
LDH level® n (%) 0.002* 0.539
Elevated 74 36 (9.7) 38 (19.3) 13 8 (5.8) 5(8.1)
Normal 496 337 (90.3) 159 (80.7) 188 131 (94.2) 57 (91.9)
Stages n (%) 0.344 0.172
I 28 19 (5.1) 9 (4.6) 11 9 (6.5) 2(3.2)
11 226 144 (38.6) 82 (41.6) 66 51 (36.7) 15 (24.2)
111 236 163 (43.7) 73 (37.1) 100 65 (46.8) 35 (56.5)
v 80 47 (12.6) 33 (16.8) 24 14 (10.1) 10 (16.1)
*, P < 0.05.

AM, acral melanoma; LDH, lactate dehydrogenase; Mut, mutation; WT, wild type.

# For evaluation of age, the two independent sample t-tests was used. For evaluation of sex, ulceration and stages, the chi-square tests were
used. For evaluation of thickness, two independent sample #-tests or Mann—Whitney U tests were used.
® The plasma LDH level of each patient was recorded and graded as follows: LDH level of 109—245 IU/L graded as normal and LDH level

>245 TU/L graded as elevated.



L. Yang et al. | European Journal of Cancer 118 (2019) 70—81 77

>

o
g
o
0
(7]
[S]
=
<
o
(%]
(7]
[S]
=
o~
g
o
(%]
)
(8]
s
©
o
o
(%]
)
[S)
s
—— 300 pm —— 200 pm
B rs11275300
4-
P =0.007
=
- . T
g n=45
& 21
k]
® n=103
o 11
0
9
I
0.. P
(o{o] GC+GG

Fig. 3. The DTL rs11275300 genotype is correlated with the DTL
protein expression level in AM. (A) Representative IHC staining
images of DTL in FFPE specimens of AM. Red staining of the
cytoplasm and nucleus was considered positive. Black/brown
granules indicate melanin pigments. The staining intensity for each
sample was scored as 0 (no tumour cell staining), 1 (weak), 2
(moderate) and 3 (strong) by pathologists blinded to the genotype
of the samples (B) Correlation between DTL expression and the
rs11275300 genotype. Significance was assessed by the
Mann—Whitney U test. DTL, denticleless E3 ubiquitin protein
ligase homologue; IHC, immunohistochemistry; AM, acral mela-
noma; FFPE, formalin-fixed paraffin-embedded.

allele might lead to increased expression of the DTL
protein.

3.5. Search for variants in linkage disequilibrium with
rs11275300

Other variants in linkage disequilibrium (LD) with
rs11275300:C > G might affect DTL expression by
regulating pre-mRNA splicing, promoter activity or
mRNA stability; therefore, we tested this using the 1000
Genomes Project Phase 3 data (https://phase3browser.
1000genomes.org/index.html). However, no variants
were found to be in LD with rs11275300:C > G when
the threshold was set as r> > 0.05 in all populations.

3.6. Predicted miRNAs that potentially target DTL
rs11275300

Candidate miRNAs that could interact with the 3UTR
sequences of DTL containing rs11275300 were predicted
using mirSNP, TargetScan, miRBase and PolymiRTS
Database version 3.0 [25—28]. Three miRNAs were
discovered, including hsa-miR-4672, hsa-miR-1910-5p
and hsa-miR-6768-5p (Fig. 4A). RNAhybrid [29] was
used to predict the minimum free energy (MFE) for
hybridisation of the three miRNAs to DTL 3'UTR se-
quences containing rs11275300:C > G, and the results
showed that the MFE values of the rs11275300:G allele
were higher than those of the rs11275300:C allele for
hybridisation with all three miRNAs (Table A7), which
means that the affinity to these miRNAs reduced in the
rs11275300:G allele.

Dual-luciferase reporter assays were performed to
validate allele-specific effects of rs11275300 on DTL
expression in the presence of predicted miRNAs.
Detailed sequences of plasmids are presented in Fig. 4B.
As indicated, all three miRNAs significantly down-
regulated both rs11275300:C and rs11275300:G alleles
(in terms of luciferase activity) compared with control
miRNA. Notably, the relative luciferase activity was
significantly lower in the presence of the major C allele
than the minor G allele in cells cotransfected with the
hsa-miR-4672 mimic (P = 0.022; Fig. 4C), whereas no
significant differences were observed in the hsa-miR-
6768-5p or hsa-miR-1910-5p group (Fig. 4D and E).
These results suggest that the minor G allele could
interfere with the binding affinity of hsa-miR-4672 with
DTL 3'UTR. A875 cells (CC homozygote) were trans-
fected with the hsa-miR-4672 mimic or hsa-miR-4672
inhibitor to further assess the regulatory effect of hsa-
miR-4672 on DTL in melanoma, and the results
showed that hsa-miR-4672 could downregulate DTL
expression at both mRNA and protein levels by directly
targeting the 3’UTR of DTL (Fig. 4F and G).

3.7. Associations among the rsl1275300 genotype, hsa-
miR-4672 and DTL expression in AM

We further confirmed the correlation between DTL
mRNA and hsa-miR-4672 expression in 48 fresh frozen
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primary AM specimens with different genotypes of
rs11275300 by qRT-PCR. We divided the cohort into
low and high hsa-miR-4672 expression groups, and the
median value was chosen as the cut-off point. The
expression of DTL mRNA and hsa-miR-4672 revealed a
significant inverse correlation (Pearson correlation
coefficient = —0.816, P < 0.001; Fig. 5A). The expres-
sion of DTL mRNA was significantly decreased in the
hsa-miR-4672 high expression group compared with the
hsa-miR-4672 low expression group (P < 0.001;
Fig. 5B), but no significant association between the
rs11275300 genotype and miR-4672 expression was
observed (Fig. 5C). Furthermore, we observed that DTL
mRNA expression was significantly higher in patients
with the rs11275300:G allele compared with those with
the CC genotype (P = 0.043; Fig. 5D), which was
consistent with the results of the IHC analysis.
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4. Discussion

DTL along with cytokine receptor-like 4 (CRL4) forms
the CRL4“? ligase complex, which can cause ubiq-
uitination and degradation of several key proteins
involved in genome integrity, DNA repair
processes and cell cycle progression, such as chromatin
licencing and DNA replication factor 1, cyclin-depen-
dent kinase inhibitor 1A and lysine methyltransferase
5A [30,31]. Our results showed that DTL in Chinese
AM was much higher than that in benign nevi. The
DTL expression difference in AM and CM was
compared by analysing three GEO data sets extracted
from the Caucasian population, and the results showed
that there was no difference between the two subtypes,
which need to be further verified in a large Chinese
population—based cohort. In this study, we conducted
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Fig. 4. Predicted miRNAs that potentially target DTL rs11275300. (A) Predicted miRNA interaction sites within the 3'UTR of DTL
mRNA including rs11275300. The complementary base pairs are coloured in red, and the position of the rs11275300:G allele is coloured in
blue (B) Schema of constructs harbouring different alleles of rs11275300. The 3’'UTR of DTL was cloned into the SV40 promoter-luci-
ferase—based plasmid. rs11275300:C (red), rs11275300:G (blue), deletion of a putative miRNA site (A). (C—E) Luciferase activities were
measured after the cotransfection of the reporter constructs with different genotypes of rs11275300 and miRNA mimics or miR-Ctrl in
HEK?293T cells. Data are presented as mean + SD of three independent experiments (F, G) A875 cells were transfected with hsa-miR-4672
mimics or inhibitors and the corresponding controls. DTL mRNA (F) and protein (G) expression after 48 h of transfection was detected
by qRT-PCR and Western blotting. miRNA, microRNA; 3'UTR, 3’-untranslated region; SD, standard deviation; PCR, polymerase chain

reaction.
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a retrospective exploratory analysis to assess the
prognostic value of the tag SNPs of DTL in Chinese
AM. Two SNPs satisfied the selection criteria, and only
rs11275300 was significantly associated with PFS and
OS in all cohorts. Furthermore, our results showed that
patients with the rs11275300:G allele had a higher
plasma LDH level compared with patients with the CC
genotype, also indicating that the rs11275300:G allele
might be associated with the severity of AM. However,
when we detected its clinical significance in patients
with non-acral CM, no association between the
rs11275300 genotype with survival in CM was
observed, which means that the effect of rs11275300
might be specific to the AM subtype. This might be
because the genetic background differs between the
subtypes as CM has a much higher somatic mutation
burden than AM, and other coexisting genetic aberra-
tions might influence DTL expression or biological
function. The in vitro analysis results suggested that the
poor prognosis might be due to allele-specific increase
in DTL expression, which was consistent with the
observation of higher DTL expression causing shorter
DFS and OS in CM [16]. As race and ethnicity differ-
ences could affect disease susceptibility and response to
precision medicine [32,33], whether the prognosis value
of rs11275300 can be applied in other ethnicities still
needs to be further validated.
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DTL is unlikely to function as a classical oncogene
because studies have suggested that it might act as a
cancer-associated gene to which cancer cells become
‘addicted’. The term ‘non-oncogene addiction’ has been
coined particularly to refer to the increased dependence
of cancer cells on certain non-oncogenic genes for normal
cellular functions [34]. This is supported by a previous
finding that DTL depletion can induce apoptosis in
different cancer cell lines without affecting non-cancer
cell lines [35]. The ‘non-oncogene addiction’ feature fa-
cilitates DTL signalling as a potential therapeutic target.
Pevonedistat (MLN4924) is an inhibitor of CRL4“%? E3
ubiquitin ligase activator NEDD8-activating enzyme,
and Benamar et al. [16] proved that CRL4“? inactiva-
tion by pevonedistat can induce permanent growth arrest
in malignant melanoma cells but not in immortalised
melanocytic cell lines. Wong et al. [36] also demonstrated
the antitumour activity of pevonedistat in melanoma cell
lines and patient-derived tumour xenografts. A phase |
clinical trial (NCTO01011530) has been conducted to
assess the safety and antitumour activity of pevonedistat
in patients with metastatic melanoma, which has shown
that pevonedistat is generally well tolerated in patients
with melanoma and that some patients could benefit
from pevonedistat treatment [37]. Recently developed
novel therapeutic approaches for metastatic melanoma
include targeting specific driver mutations and
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Fig. 5. The G allele of rs11275300 influences the post-translational modulation of hsa-miR-4672 on DTL in AM. (A, B) DTL mRNA levels
were inversely correlated with hsa-miR-4672 expression. The DTL mRNA and hsa-miR-4672 levels were measured by qRT-PCR and
expressed on a log;q scale. High expression of hsa-miR-4672 was considered to be above the optimal cut-off for the median. Correlation
between hsa-miR-4672 (C) and DTL mRNA (D) expression levels and the rs11275300 genotype. Significance was assessed by the unpaired

t-test. AM, acral melanoma; PCR, polymerase chain reaction.
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checkpoint immunotherapies designed to enhance the
antitumour immune response. However, more than 70%
of Chinese patients with AM are still incapable of
benefiting from targeting inhibitors because of the lack of
BRAF or CKIT mutations. Besides, patients with AM are
less susceptible to immune checkpoint inhibitors because
of lower programmed death-ligand 1 (PD-L1) expression
[38] and tumour-infiltrating lymphocyte numbers [39].
Therefore, high-dose interferon-a2b and chemotherapy
remain the primary treatments for Chinese patients with
AM. In our study, we found that the rs11275300 geno-
type was correlated with the mRNA and protein
expression level of DTL as patients with the
rs11275300:G allele had much higher DTL expression
compared with those with the CC genotype. Thus, our
results support the hypothesis that pevonedistat might be
a particularly promising therapeutic approach for pa-
tients with AM with the rs11275300:G allele. However,
further research with regard to the susceptibility of pa-
tients with different rs11275300 genotypes to pevonedi-
stat is warranted.

Besides specifying mRNA cleavage and repressing
gene expression at the post-transcriptional level by
binding to the 3’'UTR of mRNAs, miRNAs are affected
by SNPs residing in the 3’UTR region. SNPs within
miRNA-binding sites can decrease or increase target
mRNA translation by affecting sequence complemen-
tarity between the mRNA transcript and miRNA, and
they might be associated with cancer risk and prognosis
[40]. To date, no clear functional effect of the
rs11275300:C > G polymorphism has been established.
In the present study, we predicted that the
rs11275300:G allele could impair the binding affinity of
hsa-miR-4672 with DTL mRNA. Luciferase reporter
assay results indicated that the rs11275300:G allele
could reduce the suppressive effect of hsa-miR-4672 and
cause increased DTL expression. Furthermore, we
confirmed the inverse correlation between DTL and
hsa-miR-4672 expression in AM. Altogether, the geno-
type of rs11275300 in the 3’UTR of DTL is involved in
the post-transcriptional regulation of DTL protein
expression, indicating that rs11275300:G is a gain-of-
function variant.

In summary, our research confirms that the
rs11275300:G allele in the 3’UTR of DTL can be used as
an indicator of unfavourable prognosis in patients with
AM and provides further evidence that the impairment
of the hsa-miR-4672 binding affinity is a relevant
pathomechanism. Our findings highlight the close
involvement of DTL rs11275300:C > G in AM and
draw further attention to targeted therapeutic ap-
proaches for patients with the rs11275300:G allele.
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