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Association between microRNA-125b expression
in formalin-fixed paraffin-embedded tumor tissues
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Abstract. Melanoma is an invasive and malignant type of
tumor with unsatisfactory therapeutic outcomes. The present
study aimed to detect the expression levels of microRNA
(miR)-125b in formalin-fixed paraffin-embedded (FFPE)
melanoma tissues and the association of its expression levels
with the clinical features, diagnosis and prognosis of mela-
noma. Expression levels of miR-125b in 29 FFPE melanoma
specimens (16 primary and 13 metastatic tumors), and 16 intra-
dermal nevus (IDN) specimens as a control, were detected by
reverse transcription-quantitative PCR. Associations among
miR-125b expression and mortality, patient age and sex,
tumor location and size, lymph node metastasis (LNM) and
TNM stage were analyzed by t-test. The diagnostic value of
miR-125b for melanoma was evaluated by receiver operating
characteristic (ROC) curve analysis. Prognosis of patients in
the microRNA-125b low- and high-expression groups was
analyzed by Fisher's exact test. The association between
miR-125b expression and the overall survival of patients with
melanoma was assessed using Kaplan-Meier curve analysis
and a Cox proportional hazards model. The results revealed
that the expression levels of miR-125b in primary and meta-
static melanomas were significantly lower than those in the
IDN control group (P<0.05), and the expression levels of
miR-125b in the metastatic group were significantly lower
than those in the primary group (P<0.05). In addition, the
expression levels of miR-125b were significantly associated

Correspondence to: Dr Jie Zhang, Department of Oral and
Maxillofacial Surgery, The First Affiliated Hospital of Nanchang
University, 17 Yongwai Zheng Street, Nanchang, Jiangxi 330006,
P.R. China

E-mail: zhjprs@163.com

“Contributed equally

Key words: microRNA-125b, formalin-fixed

paraffin-embedded, prognosis

melanoma,

with LNM (P=0.001) and TNM stage (P=0.004), but not with
age, sex, tumor size or location (P>0.05). ROC curve analysis
revealed that the area under the curve (AUC) was 0.880, with
a2 95% CI of 0.777-0.984 (P<0.05). The overall survival rate of
the patients with a low expression level of miR-125b (20.0%)
was lower than that of patients with a high expression level
of miR-125b (64.3%) (P<0.05). miR-125b expression was
an independent predictor of overall survival in patients with
melanoma [hazard ratio (HR), 0.252; 95% CI, 0.087-0.729].
Overall, these findings indicated that a low expression level of
miR-125b was associated with higher LNM and TNM stage in
patients with melanoma, and that this has a certain diagnostic
value. miR-125b may be used for the early screening of
melanoma and determining the prognosis of patients with
melanoma, and may be a potential target for the treatment of
the disease.

Introduction

Melanoma is an invasive and malignant type of tumor, which
mainly occurs in the skin and oral mucosa (1). The number
of cases of mortality associated with cutaneous melanoma in
the United States in 2017 reached 9,730, and it accounted for
1.6% of all cases of cancer-associated mortality (2). Despite
decades of research efforts and development of antimelanoma
drugs, the therapeutic outcome of melanoma is generally
unsatisfactory.

Early detection and monitoring of patients with melanoma
are particularly important for melanoma therapy. MicroRNAs
(miRNAs/miRs) are a class of small non-coding molecules,
18-25 nt in length, which have emerged as a powerful novel
tool for the diagnosis and monitoring of patients with various
types of cancer (3,4). Additionally, our previous studies
demonstrated that expression levels of miR-125b are markedly
downregulated in melanoma tissues and cell lines, and that
miR-125b is able to inhibit the proliferation and invasion of
melanoma cells (5,6). However, the functional role of miR-125b
in melanoma tissues, and its association with the survival and
prognosis of patients with melanoma, remain unclear.

The majority of miRNA samples in studies are derived
from fresh tissues. However, since it is difficult to obtain fresh
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tissues due to limited sources, medical and research institu-
tions have commonly used the formalin fixation plus paraffin
embedding method to preserve pathological tissues. A number
of previous studies identified that miRNAs in formalin-fixed
paraffin-embedded (FFPE) tissues could still provide reliable
expression profiles, as they exhibited a high correlation with
those in fresh tissues (7); even tissues that have been preserved
for >30 years can still provide reliable miRNA expression
data (8). These characteristics of FFPE miRNAs are beneficial
for improving the utilization of the largest bank of specimens
to explore the development, progression and prognosis of
human tumors.

The aim of the present study was to detect the expression
of miR-125b in previously confirmed FFPE melanoma tissues,
and to analyze the associations among miR-125b expression
and the metastasis and prognosis of melanoma. This was
performed in an attempt to provide novel predictors and
interventional targets to improve the early screening level and
efficacy of diagnosis and treatment of this rare but devastating
human malignant disease.

Materials and methods

Sample collection and grouping. The present study included
29 FFPE melanoma tissue specimens and 16 FFPE intra-
dermal nevus (IDN) tissue specimens, which were obtained
from patients who underwent radical resection at The First
Affiliated Hospital of Nanchang University (Nanchang,
Jiangxi, China) between January 2014 and May 2017. All
specimens were fixed with 20% neutral-buffered formalin
for 24 h at room temperature (25-27°C) and stored following
paraffin embedding. The thickness of paraffin sections was
5-10 ym. The inclusion criteria for patients with melanoma
were: 1) Patients who had not received radiotherapy or chemo-
therapy prior to surgery; ii) patients without other co-existing
cancer, heart disease and/or diabetes; and iii) patients with
complete clinicopathological data. FFPE tissue specimens of
all patients were prepared by the same technician, and reviewed
and confirmed by two pathologists. Clinicopathological data
of each patient and survival data were collected during the
follow-up period (6-32 months). The patients were divided
into three groups according to the 8th Edition of the American
Joint Committee on Cancer melanoma staging system (9):
IDN (control; n=16), primary melanoma (stage I and II;
n=16) and metastatic melanoma (stage III and IV; n=13). The
29 patients with melanoma were comprised of 13 males and 16
females, who ranged in age between 34 and 81 years, including
15 patients >60 years and 14 patients <60 years. The 16 patients
with IDN were comprised of 7 males and 9 females, who
ranged in age between 29 and 75 years, including 6 patients
>60 years and 10 patients <60 years. The Ethics Committee of
The First Affiliated Hospital of Nanchang University reviewed
and approved the present study, and written informed consent
was obtained from each patient at each examination phase. The
present study complied with the principles of the Declaration
of Helsinki.

miR-125b extraction. Expression levels of miR-125b in each
group were detected by reverse transcription-quantitative
PCR (RT-qPCR). Reagents, primers and instruments used in
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the present study included miR-125b extraction reagent, the
miRNA prep Pure FFPE kit, miR-125b reverse transcrip-
tion reagent, the miRcute Plus miRNA First-Strand cDNA
Synthesis kit, the miR-125b PCR reagent kit and miRcute Plus
miRNA gPCR Detection kit SYBR Green (all purchased from
Beijing Wanter Biopharmaceutical Co., Ltd.). U6 was used as
the internal control. FFPE tissues were sliced into 6-8 sections
of 5-10 ym thickness (the first 2-3 sections were discarded)
from which RNA was extracted using TRIzol reagent (Thermo
Fisher Scientific, Inc.) according to the manufacturer's
protocol. All procedures were performed under ribozyme-free
conditions. The total RNA was measured for optical density,
and subsequently stored in RNA solution at -80°C.

RT-PCR. To each tube, 10 ul 2X miRNA RT Reaction Buffer,
4 pl total miRNA and 2 ul miRNA RT Enzyme mixed with
4 ml RNase-Free ddH,O were added, totaling 20 ul. PCR
reaction solution of each sample was reverse transcribed under
the conditions of 42°C for 60 min, followed by 95°C for 3 min,
and then the obtained cDNA product was stored at -20°C.

gPCR. The reaction solution for PCR (20 ul) consisted
of 10 ul 2X miRcute Plus miRNA Premix (with SYBR
and ROX), 0.4 ul Reverse Primer (10 ym), 2 ul 50X ROX
Reference Dye and 7.6 ul ddH,0. cDNA was added to the
reaction solution and mixed gently. gPCR was conducted
under the following conditions: Initial template denaturation
at 95°C for 15 min for one cycle, 94°C for 20 sec for 5 cycles,
63-65°C for 30 sec for 5 cycles, 72°C for 34 sec for 5 cycles,
94°C for 20 sec for 45 cycles of cyclic denaturation and 60°C
for 34 sec for 45 cycles of cyclic ¢ annealing and extension.
Relative miR-125b expression was measured using the 2-44¢4
method (10). The primers were as follows: miR-125b forward,
5'ddd-TGCCTCCCTGAGACCCTAACTTGTGA-3' and
reverse, 5'-GTGCAGGGTCCGAGGT-3"; and U6 forward,
5-CGCTTCGGCAGCACATATAC-3' and reverse, 5'-AGG
GGCCATGCTAATCTTCT-3"

Statistical analysis. All experiments were repeated three
times. Data were analyzed using SPSS version 22.0 statis-
tical software (IBM Corp.). Results are expressed as the
means + standard deviation. One-way ANOVA and a least
significant difference post hoc test were used when making
comparisons among multiple groups. An independent-sample
t-test was used for comparisons between two groups.
Categorical variables were assessed by Fisher's exact test.
Receiver operating characteristic (ROC) curve analysis was
used to evaluate the value of diagnosis and prognostic predic-
tion. Kaplan-Meier survival curves were plotted to compare
the survival of the miR-125b low-expression group and the
high-expression group. A log-rank test was used to compare
the survival curves of the two groups. Cox regression analysis
was used to compare the overall survival in the miR-125b
low- and high-expression groups. P<0.05 was considered to
indicate a statistically significant.

Results

Comparison of miR-125b expression in different groups.
Expression levels of miR-125b in FFPE melanoma tissues were
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Table I. Associations between miR-125b expression and the
clinical features of patients with melanoma.

miR-125b
expression
Number, (mean + standard
Clinical features n (%) deviation) P-value
Sex 0.443
Male 13 (44.83) 0.30+0.18
Female 16 (55.17) 0.38+0.32
Age, years 0.874
=60 15 (51.72) 0.35+0.27
<60 14 (48.28) 0.34+0.27
Tumor diameter, 0425
cm
>2 11 (37.93) 0.29+0.29
<2 18 (62.07) 0.38+0.26
Lymph node 0.001*
metastasis
No 16 (55.17) 0.46+0.31
Yes 13 (44.83) 0.21+0.11
TNM stage 0.004*
I/ 15 (51.72) 0.47+0.31
/v 14 (48.28) 0.21+0.09
Lesion location 0.991
Acral 17 (58.62) 0.35+0.25
Non-acral 12 (41.38) 0.35+0.30

A t-test was used to compare the differences among groups. *P<0.01.
miR-125, microRNA-125b.

detected by RT-qPCR. As shown in Fig. 1, the expression levels
of miR-125b in the primary melanoma group (n=16) and in the
metastatic melanoma group (n=13) were significantly lower
than that in the IDN group (n=16). Additionally, the expres-
sion level of miR-125b in the metastatic melanoma group was
significantly lower than that in the primary melanoma group
(0.21+0.11, 0.70+0.26 and 0.46+0.31, for metastasis, IDN and
primary groups, respectively; P<0.05).

Associations among miR-125b expression and clinical
features of patients with melanoma. The clinicopathological
features of the patients are listed in Table I. The miR-125b
expression levels of the 16 patients with melanoma with no
lymph node metastasis (LNM) and the 13 patients with mela-
noma with LNM were 0.46+0.31 and 0.21+0.11, respectively,
revealing a significant difference between the two groups
(P<0.05; Fig. 2A). The expression levels of miR-125b in the
15 cases of TNM stage I and II (I/IT) melanoma and 14 cases of
TNM stage III and IV (III/IV) were 0.47+0.31 and 0.21+0.09,
respectively, revealing a significant difference between the two
groups (P<0.05; Fig. 2B). Expression levels of miR-125b were
associated with LNM and TNM stage, but not with patient age,
sex, tumor size or the location of the lesion (acral vs. non-acral;
Table I; Fig. 2).
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Relative expression
levels of miR-125b

Primary Metastasis

Control
(16 cases) (16 cases) (13 cases)

Figure 1. Comparison of miR-125b expression in the control, primary
and metastasis groups. Data were compared by one-way ANOVA and a
least significant difference post hoc test. “P<0.01 and ““P<0.001. Control,
intradermal nevus control group; metastasis, metastatic melanoma group;
miR-125b, microRNA-125b; primary, primary melanoma group.

Diagnostic value of miR-125b expression in melanoma. In
the ROC curve analysis, the AUC was 0.880, with a 95% CI
of 0.777-0.984 (P<0.001), with a sensitivity and specificity
of 79.3 and 93.7%, respectively, and a cutoff value of 0.73
(Fig. 3). These results suggested that miR-125b may be used as
a predictor of diagnosis for patients with melanoma.

Association between miR-125b expression and the prognosis
of patients with melanoma. Using the median value (0.30)
as the cut-off value, the expression levels of miR-125b were
used to classify the patients into a high-expression group and
a low-expression group. No patients were lost to follow-up or
died of other causes. The mortality rate in the low-expression
group was significantly higher than that in the high-expression
group (P<0.05; Table II, Fig. 4).

Kaplan-Meier analysis demonstrated that the 1- and
2-year cumulative survival rates in the high-expression group
were 100 and 62.3% compared with 33.3 and 11.1% in the
low-expression group, respectively. A log-rank test identified
a P-value of 0.005, indicating that the survival time of patients
in the low-expression group was significantly shorter than that
of patients in the high-expression group (Fig. 5).

Survival of the patients was further analyzed by Cox
proportional hazards model (Fig. 6). The overall risk of
mortality of the miR-125b high expression group was signifi-
cantly lower than that of the low expression group (HR, 0.243;
95% CI, 0.084-0.701). In the five subgroups of female sex,
TNM stage I/II, age <60 years, tumor diameter <2 cm and
tumor located at the extremities, the risk of mortality in the
high expression group was significantly lower than that in the
low expression group (P<0.05). The associations between clin-
ical features and expression of miR-125b and overall survival
of patients with melanoma were analyzed by univariate and
multivariate Cox regression analysis. In univariate analysis,
lesion location, lymph node metastasis and miR-125b expres-
sion were significantly associated with overall survival of
patients. However, further multivariate analysis revealed that
lesion location and lymph node metastasis could not enter the
Cox regression equation. The results of this indicated that only
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Figure 2. Comparison of miR-125b expression. Comparison between (A) the no LNM group and the LNM group, and (B) the TNM stage I/II and III/IV groups.
Data were compared by independent-sample t-test. “P<0.01. LNM, lymph node metastasis; miR-125b, microRNA-125b.
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Figure 3. ROC curve analysis for predictive value of miR-125b in mela-
noma. The area under the curve was 0.880 (P<0.001), which revealed that
miR-125b may be used as a predictor of melanoma diagnosis. miR-125b,
microRNA-125b; ROC, receiver operating characteristic.

miR-125b expression was an independent predictor of overall
survival in patients with melanoma (HR, 0.252; 95% CI,
0.087-0.729; Table III).

Discussion

The lifetime risk of melanoma has been estimated to be 1 in
75 and rising each year with >60,000 Americans developing
melanoma in 2010 (11). The case-fatality rate is extremely
high in patients with metastatic melanoma (12). Risk factors
of melanoma include excessive ultraviolet light exposure,
photosensitive skin, improper management of pigmented nevi
that may induce malignant alterations, the existence of large
numbers of abnormally developed nevi and a family history
of skin cancer. It is necessary to identify effective approaches
for the early detection and treatment of high-risk populations
of melanoma.

With the advantages of efficiency and accuracy, various
biomarkers have been the most valued tool in the diagnosis
and management of melanoma. miR-125b is an miRNA that

serves an essential role in tumor progression. Previous studies
have demonstrated that miR-125b may be a cancer suppressor
gene of multiple tumors, and suggested that miR-125b may
be associated with the development and progression of
various types of cancer, including prostate, oral and ovarian
cancer (13-15). Kappelmann et al (16) first reported that the
expression level of miR-125b in melanoma cells obtained from
primary and metastatic sources was lower than that in normal
human melanocytes. Further experiments demonstrated
that the downregulatory mechanism of miR-125b in mela-
noma cells inhibited cell proliferation, which suggested that
miR-125b may be a potential tumor suppressor in melanoma.
Our previous studies (5,6) demonstrated that the expression
of miR-125b was able to inhibit the proliferation and invasion
of melanoma cells. Based on the aforementioned research
regarding RNA-protein-cell interactions (5,6), the present
study aimed to identify the functional role of miR-125b in
melanoma tissue and its association with the survival and
prognosis of patients with melanoma.

In the present study, expression levels of miR-125b were
detected in FFPE tissues from 29 patients with melanoma and
16 patients with IDN as the control. The results of the present
study revealed that the expression levels of miR-125b in the
former were significantly lower than those in in the latter. This
result, together with previous findings (5,6), demonstrated that
miR-125b served an anti-oncogenic role in the occurrence and
development of melanoma.

Analysis of the associations between miR-125b expression
and the clinical features of patients with melanoma identified
that the expression levels of miR-125b in patients with LNM
were significantly lower than those in patients with primary
melanoma without LNM and distant metastases (P<0.05). In
addition, the expression levels of miR-125b in patients with
high TNM stages were lower than those in patients with low
TNM stages. There were no significant associations among
the expression levels of miR-125b and sex, age, tumor size or
lesion location (P>0.05). This suggested that miR-125b expres-
sion was closely associated with LNM and the TNM stage of
melanoma. Glud et al (17) detected the expression levels of
miR-125b in 28 paired patients with T2NOMO and T2N1MO by
RT-gPCR, and revealed that the expression levels of miR-125b
in the T2N1MO patients were significantly downregulated
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Table II. Comparison of prognosis of patients in the microRNA-125b low-expression and high-expression groups.

Patient prognosis Low expression High expression P-value
Alive (no local recurrence or metastasis) 3 8 0.034*
Alive (local recurrence or metastasis) 0 1
Dead (local recurrence or metastasis) 12 5
Dead (other diseases or accidents) 0 0
Dead (lost to follow-up) 0 0
A Fisher's exact test was used for the analysis of categorical data. “P<0.05.
4 100% Subgroup Number HR (95%Cl) P-value
s0% overall 29 = 0.243(0.084-0.701) 0.01 °
€ gender
s 60%
a male 13 L] 0.325(0.074~-1.429) 0.14
o
B | 4% Female 16 = 0.181(0.036-0.903) 0.04 °
g | 2% TNM
T}
& o 1+11 15 = 0.094(0.016-0.546) 0.01 °
Low expression High expression All cases N+Iv 14 ™ 0.973(0.247-3.827) 0.97
wDead (local recurrence or metastasis & Alive (local recurrence or metastasis) Age (years)
= Alive (no local recurrence or metastasis) .
<60 14 = 0.087(0.010-0.77) 0.03
Figure 4. Constituent ratios of patient prognoses. The mortality rate in the 260 15 - 0.579(0.165-2.034) 0.39
low-expression group was significantly higher than that in the high-expres-
sion group. Differences were examined by Fisher's exact test (P<0.05). Tumor diameter (cm)
<2 18 = 0.087(0.016-047) 000 °°
2 1 . 1.080(0.253-4.615) 0.92
Survival function curves .
Lymph node metastasis
100 —— miR-125b
expression No 16 = 0.211(0.035-1.28) 0.09
"Low expression
0.8- High Yes 13 L] 0.609(0.156-2.37) 048
© expression
> . Low expression Lesion location
= | . (alive)
3 0.6 - ?:Iglgl:e)sslcn Non-acral 12 ® 0.512(0.124-2.10) 0.35
alive .
S PP 17 = 0.161(0.030-0.85) 0.03
5 % — R
3
E ¥ gh expression gr Favours low expression group
3 0.2
N Figure 6. Forest plot of HRs for survival of patients with melanoma. The
0.0+ microRNA-125b low expression group was compared with the high expres-
3 o % » A sion group. Data were analyzed by Cox proportional hazards model. "P<0.05

Survival time (months)

Figure 5. Kaplan-Meier survival curve analysis revealed that the survival
time of patients with melanoma in the miR-125b low-expression group was
shorter than that in the miR-125b high-expression group. The difference was
statistically significant, as determined by a log-rank test (P<0.05).

compared with the expression levels in the T2NOMO patients
(P<0.05), which is consistent with the findings of the present
study, further indicating that miR-125b is involved in LNM
and the TNM stage of melanoma.

Expression levels of miR-125b in melanoma cell lines are
lower than those in melanocytes (16). Therefore, it may be
possible to use miR-125b expression as a diagnostic marker of
melanoma. In the present study, ROC curves were generated

and “P<0.01. CI, confidence interval; HR, hazard ratio.

according to the expression levels of miR-125b in patients with
melanoma, by using sensitivity as the ordinate and 1-specificity
as the horizontal ordinate, to explore the association between
sensitivity and specificity, knowing that the larger the AUC
value, the more accurate the diagnosis would be (18). The AUC
value reported in the present study was 0.880, with a 95% CI of
0.777-0.984 (P<0.001), a sensitivity of 79.3% and a specificity
of 93.7%, which indicated that miR-125b may be a valuable
marker for the diagnosis of melanoma. However, larger sample
size studies are required to confirm if miR-125b could be
used as a diagnostic indicator for melanoma. Pathological
evaluation remains the gold standard for the diagnosis of
melanoma.
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Table III. Univariate and multivariate Cox regression analyses of miR-125b expression, clinicopathological features and overall

survival.

Univariate analysis

Multivariate analysis

Clinicopathological feature HR (95% CI) P-value HR (95% CI) P-value
Sex 0.979
Male Reference
Female 1.013 (0.390-2.628)
Age, years 0.080
<60 Reference
=60 2.471 (0.898-6.797)
Tumor diameter, cm 0.124
<2 Reference
>2 2.116 (0.814-5.501)
Lymph node metastasis 0.012 0.266
No Reference
Yes 3.822 (1.339-10.912)
TNM stage 0.053
/1T Reference
/v 2.703 (0.985-7.413)
Lesion location 0.041 0.185
Non-acral Reference
Acral 0.364 (0.138-0.960)
miR-125b expression 0.010 0.011
Low expression Reference Reference

High expression

0.243 (0.084-0.707)

0.252 (0.087-0.729)

HR, hazard ratio; CI, confidence interval; miR-125b, microRNA-125b.

It is important to predict the prognosis of patients with
melanoma. Since miR-125b has an impact on the proliferation
and invasion of melanoma cells, the association between the
level of miR-125b expression and the prognosis of patients with
melanoma may be explored. The 1- and 2-year survival rates of
patients with melanoma with high expression levels of miR-125b
were 100 and 62.3%, respectively, compared with 33.3 and 11.1%
in those patients with low expression, indicating that the survival
time of patients in the low-expression group was significantly
shorter than that of patients in the high-expression group. The
clinical outcomes of patients with low or high expression levels
of miR-125b were statistically analyzed, and the results revealed
that the proportion of deaths in the high-expression group was
significantly lower than that in the low-expression group. These
findings suggested that low expression levels of miR-125b
increased the risk of mortality and reduced the survival time of
patients with melanoma. Univariate and multivariate Cox regres-
sion analysis revealed that the expression of miR-125b was an
independent predictor for the overall survival of patients with
melanoma. There was a direct link between the level of miR-125b
expression and the survival of patients with melanoma.

The present study demonstrated that the expression
levels of miRNA-125b in melanoma tissues were decreased,
particularly in metastatic melanoma tissue. The abnormal
miRNA-125b expression was associated with lymph node

metastasis and TNM stage and its low expression was closely
associated with the prognosis of patients with melanoma.
As miR-125b expression is relatively stable in melanoma, it
is relatively easy to obtain a specimen and the methods for
miRNA extraction/use are easy to follow. Therefore, miR-125b
may be used as an independent factor to predict the prognosis
of patients with melanoma, and it is a potential diagnostic
biomarker and therapeutic target of melanoma.
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