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SUMMARY
Background: Melanoma is one of the most aggressive and lethal skin cancers worldwide. To our knowledge, no
specific or sensitive biomarkers have been clinically used to diagnose or predict melanoma prognosis. MicroRNAs
(miRNAs) have been shown to regulate oncogenesis and tumor development in various cancers including melanoma. The aim of present study was to determine the clinical value of miR-424 in melanoma.
Methods: First, we examined the expression levels of miR-424 in tissue and serum samples of melanoma patients
using real-time quantitative polymerase chain reaction (RT-qPCR) analysis. Then, receiver operating characteristic curves were used to determine the diagnostic value of miR-424. Furthermore, the chi-square test was used to
analyze the relationship between the expression of miR-424 and the clinical characteristics of the patients. Finally,
the Kaplan-Meier survival analysis was applied to validate the prognostic value of miR-424 in melanoma.
Results: The results demonstrated that miR-424 expression was remarkably increased in tissues and serum of patients with melanoma. Moreover, results of ROC analysis showed both tissue and serum expression of miR-424
can serve as diagnostic biomarker for melanoma. Meanwhile, miR-424 expression was significantly associated
with tumor thickness (p = 0.031), metastasis (p = 0.010) and tumor stage (p = 0.005) and ulceration (p < 0.001). Finally, patients with higher miR-424 expression have shown decreased overall survival and disease-free survival
than those with low miR-424 expression, implying that high miR-424 expression will contribute to poor prognosis
of melanoma.
Conclusions: MiR-424 may function as a diagnostic and prognostic biomarker for melanoma.
(Clin. Lab. 2020;66:xx-xx. DOI: 10.7754/Clin.Lab.2019.190917)
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INTRODUCTION
Melanoma is one of the most aggressive and lethal malignancies with an increasing incidence of 3 - 8% annually [1,2]. It arises from melanocytes and accounts for
more than 80% of skin cancer deaths worldwide [3].
Most melanoma patients could be detected at early
stage; however, the five-year survival rate for patients
with advanced disease is still low despite improvements
[4]. Therefore, it is urgent to explore therapeutic agents
and prognostic markers in the treatment of melanoma
patients.
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ed using 2-△△Ct method. All the procedures were conducted in triplicate. The primer sequences were described as follows: miR-424 forward,
5’-GCTCGAGATATGGAGGGCGCC-3’ and reverse,
5’-GGAACGGCAGACACGTATCC-3’.

MicroRNAs (miRNAs) are a group of small, non-coding RNAs, consisting of 22 nucleotides on average
which could regulate gene expressions by binding to the
complementary region of the 3’-untranslated region of
specific target mRNA. Numerous studies have pointed
out that aberrant expression of specific miRNAs may be
related to oncogenesis and tumor development [5,6].
Accumulating evidence has elucidated that miRNAs
play important roles in melanoma development and
prognosis [7,8]. Recently, a study pointed out that miR424 was up-regulated in melanoma [9], indicating that
miR-424 may be related to melanoma development.
However, whether miR-424 may exert diagnostic and
prognostic value in melanoma remains unknown.
Therefore, in the present study, the expressions of miR424 in tumor samples and serum samples of patients
with melanoma will be compared with the adjacent normal tissues and serum of healthy controls by RT-qPCR
method. The diagnostic and prognostic value of miR424 in melanoma will be investigated.

Statistical analysis
All data were analyzed with Graphpad software (Graphpad Prism 7.0, San Diego, CA, USA). All data were
presented as means ± standard deviation (SD). The differences of miR-424 expression in serum samples of
melanoma patients and healthy participants was analyzed using Student’s t-test. The relationship of miR424 expression and clinicopathological characteristics
was confirmed by chi-square testing and receiver operating characteristic curve (ROC) was used to detect the
diagnostic value of miR-424 in melanoma. The overall
survival rate (OS) and disease-free survival rate (DFS)
of melanoma patients was examined by Kaplan-Meier
survival analysis. A p-value less than 0.05 was considered statistically significant.

MATERIALS AND METHODS
RESULTS
Patients and samples
In this study, the serum samples were collected from 93
patients with melanoma and 93 cancer-free healthy volunteers between June 2012 and April 2014 in Department of Dermatology, The Affiliated Jiangning Hospital
of Nanjing Medical University without having received
any chemotherapy, radiotherapy or any adjuvant therapy prior to surgery. A 5-mL sample of peripheral venous blood was drawn from all participants after overnight fast and centrifuged at 10,000 g at 4°C for 10 minutes. Moreover, 93 paired melanoma tissue samples and
the adjacent tissues were also collected from the patients with melanoma. Before RT-qPCR assays, all
blood samples and tissue samples were stored at -80°C.
The present study was approved by the Ethics Committee of The Affiliated Jiangning Hospital of Nanjing
Medical University and written consent was obtained
from each patient. A five-year follow-up was conducted
accordingly and detailed clinicopathological characteristics of melanoma patients were presented in Table 1.

miR-424 expression was significantly increased in
tumor tissue and serum of patients with melanoma
First, the expressions of miR-424 in tumor tissue and
the adjacent normal tissue from 93 melanoma patients
were determined by RT-qPCR. As demonstrated in Figure 1, the expression of miR-424 was significantly increased in melanoma tissues compared with the adjacent normal skin (Figure 1A, p < 0.001); moreover, the
expression of miR-424 in serum and tissue samples
from 93 melanoma patients and healthy volunteers were
also compared. We found that miR-424 was also upregulated in serum of the melanoma patients compared
with the healthy controls (Figure 1B, p < 0.001), and results of correlation analyses showed that the expression
of miR-424 in tumor tissue and serum of patients with
melanoma was strongly positively correlated (Figure
1C, 0.4010, p < 0.001).
The diagnostic value of miR-424 in melanoma
Next, the capacity of the expression level of miR-424 to
discriminate melanoma patients from healthy volunteers
was determined by a ROC curve. We found the AUC of
tissue miR-424 was 0.8099 (Figure 2A, 95% confidence
interval 0.7436 to 0.8762), and the AUC of serum miR424 was 0.8028 (Figure 2B, 95% confidence interval
0.7345 to 0.8710) indicating both tissue and serum expression of miR-424 can serve as a diagnostic biomarker for melanoma.

RT-qPCR analysis
Total RNA was extracted from the tissue samples and
blood samples of 93 patients with melanoma and healthy volunteers using RNeasy Mini Kit (Qiagen, Valencia, CA, USA) according to the manufacturer’s instructions. Then, cDNA was synthesized from RNA using
M-MLV reverse transcriptase (Promega, Madison, WI,
USA) according to the protocol. The cDNA and primers
were mixed with SYBR Premix for PCR with Takara
Thermal Cycler Dice TP800 (Takara, Dalian, China).
The PCR amplification was performed by 40 cycles of
denaturation at 94°C for 5 seconds and annealing at
62°C for 10 seconds. U6 was used as an endogenous
control and the expression level of miR-424 was analyz-

Relationship between the serum expression of miR424 and clinicopathological characteristics of patients with melanoma
The relationship between the serum expression of miR424 and the clinicopathological characteristics of pa-
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Table 1. Relationship between serum miR-424 expression and clinicopathological characteristics.
Variable

Cases (n)

Serum miR-424 expression
High (n = 48)

Low (n = 45)

2

p

0.974

0.324

0.878

0.349

4.653

0.031

6.644

0.010

7.960

0.005

0.288

0.592

13.756

< 0.001

Gender
Female

40

23

17

Male

53

25

28

≥ 60

47

22

25

< 60

46

26

20

Age (years)

Tumor thickness (mm)
≥ 2.0

52

32

20

< 2.0

41

16

25
Metastasis

Yes

50

32

18

No

43

16

27

I/II

34

11

23

III

59

37

22

Tumor stage

Family history
Yes

49

24

25

No

44

24

20
Ulceration

Yes

56

35

21

No

47

13

34

tients were analyzed. As shown in Table 1, increased
miR-424 expression was significantly associated with
tumor thickness (p = 0.031), metastasis (p = 0.010), tumor stage (p = 0.005), and ulceration (p < 0.001). However, there was no association found between miR-424
expression and other characteristics, such as gender,
ages and family history.

Furthermore, high expression of miR-424 may predict
poor prognosis of melanoma patients.
Accumulating evidence has revealed that miR-424 is
aberrantly expressed in various cancers and related to
cancer development and prognosis. For example, aberrant expression was observed in colorectal [10], breast
[11], and prostate cancer [12]. Recently, miR-424 was
reported to be up-regulated in melanoma [13], and in
the present study, we found that miR-424 was dramatically over-expressed in melanoma tissue compared with
the adjacent normal tissue, which was consistent with
the previous reports, suggesting that miR-424 may participate in the pathogenesis of melanoma.
Indeed, the detection of miRNAs in frozen tissue samples or formalin fixed and paraffin embedded tissue
samples has been demonstrated as an accurate and effective method for the diagnosis of different types of
cancers; however, this method has two major limitations. First, the detection of miRNAs in tissue samples
is an inconvenient, invasive, and inexpensive method
[14]; more importantly, the early diagnosis of the disease cannot be achieved, because most of the cancers
did not have clinical symptoms at the early stage [15].
Therefore, the above limitations may impede the potential clinical application. Nevertheless, these problems

The relationship between the serum expression of
miR-424 and the prognosis of patients with melanoma
Finally, we performed Kaplan-Meier survival analysis
to determine the potential prognostic value of serum
miR-424 in melanoma. As demonstrated in Figure 3,
melanoma patients with higher miR-424 level showed
decreased OS (Figure 4A, p < 0.01) and DFS (Figure
3B, p < 0.05) than those with low miR-424 expression.

DISCUSSION
In this study, we identified miR-424 as a potential biomarker for melanoma diagnosis and prognosis. We
found that miR-424 level was significantly higher in
melanoma patients compared with healthy controls.
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Figure 1. Increased expressions of miR-424 in tissue and serum samples of patients with melanoma.
(A) Expression levels of miR-424 in melanoma tissue and the adjacent normal skin of 93 patients with melanoma. (B) Expression levels of miR424 in serum of 93 melanoma patients and 93 healthy volunteers. (C) Correlation between the tissue and serum expression of miR-424 in
patients with melanoma.

may be solved by the discovery of circulating miRNAs,
which are the miRNAs that are released into the body
fluid by various mechanisms. Increasing evidence suggested that circulating miRNAs may fulfill the criteria

of ideal biomarkers for the early diagnosis of different
type of diseases [15], including melanoma [16]. In the
present study, we found the expression of miR-424 was
also significantly increased in serum of the melanoma
4
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Figure 2. MiR-424 may serve as diagnostic marker for melanoma.
(A) Receiver operating characteristic curve of tissue miR-424 for the diagnosis of melanoma. (B) Receiver operating characteristic curve of
serum miR-424 for the diagnosis of melanoma.

patients, which was consistent with its expression pattern in the melanoma tissue, and interestingly, the expression of miR-424 in melanoma tissues and serum
samples were positively correlated, suggesting that the
increased serum expression of miR-424 were mainly
from the tumor cells. Moreover, results of ROC analysis
showed that the AUC of tissue and serum miR-424 for
the diagnosis of melanoma were similar (0.8028 vs.
0.8099), suggesting that both tissue and serum expression of miR-424 can serve as diagnostic biomarker for
melanoma with high sensitivity and specificity. Therefore, to sum up, the results of our study confirmed the
potential diagnostic value of miR-424, especially serum
miR-424, for the early diagnosis of melanoma.
Clin. Lab. 7/2020

According to previous studies, aberrant expressions of
miRNAs were revealed to be related with the development of the disease, for example, tumor thickness, tumor stage, and ulceration as well [17-19]. In the present
study, miR-424 was found to be strongly associated
with tumor thickness, tumor stage, and ulceration, suggesting the expression level of miR-424 may be associated with the progress of the disease. On the other
hand, miRNAs have also been proven to be related with
the long-term prognosis of melanoma [20]. Results of
the present study also demonstrated that high expression
of miR-424 may result in decreases in both OS and DFS
of the melanoma patients, suggesting that miR-424 was
a prognostic factor in melanoma.
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Figure 3. MiR-424 may serve as prognostic marker for melanoma.
(A) Kaplan-Meier survival analysis for the overall survival of melanoma patients with low miR-424 expression and miR-424 high expression.
(B) Kaplan-Meier survival analysis for the disease-free survival of melanoma patients with low miR-424 expression and miR-424 high
expression.

In our study, there are still some limitations. Firstly, the
number of specimens is small. Secondly, our study has
not validated the exact molecular mechanisms of miR424 on regulating melanoma development. To solve the
limitations, large-scale samples and molecular experiments should be carried out in the future.

clinical treatment of melanoma.
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CONCLUSION
In conclusion, this study provided evidence that miR424 may function as diagnostic and prognostic biomarker for patients with melanoma and might contribute to
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