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Abstract

Objective: This study aimed to investigate the correlation between KAI1 (CD82) and miR-633

expression and prognosis and survival time of patients with melanoma combined with colorectal

cancer (CRC).

Methods: Clinical and follow-up data of melanoma and CRC patients were recorded, and the

expression levels of KAI1 and miR-633 were detected. Pearson chi-square tests and Spearman

correlation coefficient were used to analyze the relationship between prognosis and related

parameters in these patients. Cox proportional risk regression and receiver operating charac-

teristic curve analyses were used.

Results: Overall, 195 patients were included. KAI1 and miR-633 expression levels were signif-

icantly correlated with the prognosis of patients with melanoma combined with CRC. Spearman

correlation analysis showed that the expression levels of KAI1 and miR-633 were significantly

correlated with the prognosis of patients. Multivariate Cox regression analysis suggested that low

expression levels of KAI1 and high expression levels of miR-633 indicated shorter survival time

for patients.
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Conclusions: KAI1 expression was significantly correlated with melanoma and CRC patient

prognosis. When KAI1 expression levels were low, the patient survival time was poor.
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Introduction

Melanoma refers to the malignant forma-

tion of nevus.1 Malignant melanoma is the

most aggressive form of skin cancer and

occurs most frequently in adults. The inci-

dence is slightly higher in men than in

women, with complications.2 In recent

years, the incidence and mortality of malig-

nant melanoma are increasing each year.

Other than early surgical resection, melano-

ma lacks special treatment and patients

often have a poor prognosis.3

Colorectal cancer (CRC) is one of the

most common cancers worldwide.4 In recent

years, its morbidity and mortality have been

increasing,4 with the disease mainly occurring

in middle-aged and elderly people.4 The

cause of melanoma combined with CRC is

unclear. It may be related to genetics, chro-

mosomal abnormalities, gene fusion, and

other factors. Therefore, it is particularly

important to further study the molecular

mechanism of melanoma and CRC.
Bioinformatics is an interdisciplinary

subject in biological science that uses

modern information technology to simulate

and predict protein structure based on

DNA sequencing analysis, functional geno-

mics, and large datasets. It is used in the

drug design process and plays a very impor-

tant role in promoting the development and

evolution of life sciences.5

Cell migration and invasion are key pro-

cesses in tumor metastasis. MicroRNAs

(miRNAs/miRs) have been demonstrated

to play important roles in regulating

tumor metastasis.6 One particular miRNA

called miR-663 can inhibit the proliferation,

migration, and invasion of glioblastoma

cells, and is a potential candidate gene for

preventing the metastasis of this cancer.

KAI1 (CD82) is a member of the quadocy-

tosine glycoprotein superfamily and has

been reported as a tumor metastasis sup-

pressor gene in many tumor types without

affecting tumor formation.7

It should be noted the relationship

between KAI1 and miR-633 and melanoma

combined with CRC remains unclear.

Therefore, the goals of this study were to

explore the core genes between melanoma

combined with CRC and normal tissues by

using bioinformatics techniques, then verify

the role of KAI1 and miR-633 in melanoma

combined with CRC by examining clinical

specimens.

Methods

Patients and ethics

Patients diagnosed with melanoma com-

bined with CRC in Xi’an No. 3 Hospital

were selected using the following inclusion

criteria: 18 to 80 years old, diagnosed with

melanoma and CRC, normal cardiopulmo-

nary function, and normal coagulation. The

exclusion criteria included individuals

less than 18 years old or those above

80 years old who did not meet the above
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inclusion criteria or were unable to partici-
pate in the study for other reasons.

This study was approved by the Ethics
Committee of Xi’an No. 3 Hospital (Xi’an,
9 February 2016, Number: XA2016312).
All patients provided written informed con-
sent. The reporting of this study conforms
to STROBE guidelines.8

Clinical parameters

According to clinical data, the patients were
classified by sex (male/female), age (�60/
>60 years), tumor size (�1 cm/ >1 cm),
family history (no/yes), tumor grade (low/
high), KAI1 expression level (low/high),
miR-633 expression level (low/high), tumor
stage (low/high), and prognosis (good/poor).

Detection of blood related parameters

Venous blood samples obtained from
patients were immediately sent for examina-
tion to detect the expression levels of KAI1
and miR-633. Briefly, 1 mL of whole blood
was taken from each patient and cellular
components were isolated using standard
centrifugation procedures. RNA was
extracted from the samples using the tri-
chloromethane method. RNA was precipi-
tated using isopropyl alcohol and 75%
ethanol. KAI1 and miR-633 expression
levels were detected using real-time fluores-
cence quantitative PCR.

Statistical methods

Data are expressed as a percentage of the
total. Pearson chi-square tests and
Spearman correlation coefficients were
used to analyze the clinical parameters
and prognosis of melanoma combined
with CRC. Cox proportional risk regression
analysis was conducted to explore the cor-
relation between survival time and related
factors in patients with melanoma com-
bined with CRC. The Receiver
Operating characteristic (ROC) curve was

obtained by MedCalc software (Ostend,
Belgium), and the patient survival curve
was plotted.

All statistical analyses were performed
using SPSS software, version 21.0 (IBM
Corp., Armonk, NY, USA). P-values < 0.05
were considered statistically significant.

Results

Pearson chi-square analysis

Overall, 195 patients diagnosed with mela-
noma combined with CRC were selected for
this study. Pearson chi-square tests were
used to summarize the relationship between
melanoma combined with CRC and prog-
nosis. Prognosis was significantly negatively
and positively correlated with KAI1 and
miR-633 expression levels, respectively
(P< 0.001). However, sex (P¼ 0.908),
age (P¼ 0.135), tumor size (P¼ 0.410),
family history (P¼ 0.863), tumor grade
(P¼ 0.444), and tumor stage (P¼ 0.773)
were not significantly correlated with prog-
nosis (Table 1).

Spearman correlation analysis

Further analysis of Spearman correlation
coefficients showed that the expression
levels of KAI1 (q¼�0.674, P< 0.001) and
miR-633 (q¼ 0.754, P< 0.001) were signif-
icantly correlated with the prognosis
of patients. However, sex (q¼ 0.008,
P¼ 0.909), age (q¼ 0.107, P¼ 0.137),
tumor size (q¼ 0.059, P¼ 0.413), family
history (q¼ 0.012, P¼ 0.864), tumor grade
(q¼ 0.055, P¼ 0.446), and tumor stage
(q¼�0.021, P¼ 0.775) had no significant
correlation with prognosis (Table 2).

Univariate Cox regression analysis

Table 3 shows the hazard ratios (HRs) and
95% confidence intervals (95% CIs) for
melanoma and CRC. KAI1 (HR¼ 0.244,
95% CI¼ 0.172–0.348, P< 0.001) and
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miR-633 (HR¼ 5.016, 95% CI¼ 3.481–
7.226, P< 0.001) expression levels were
significantly correlated with patient
survival time. Higher miR-633 expression

correlated with lower KAI1 levels and
shorter survival time of patients with mela-
noma combined with CRC. However,
sex (HR¼ 1.294, 95% CI¼ 0.941–1.778,
P¼ 0.113), age (HR¼ 0.804, 95%
CI¼ 0.579–1.115, P¼ 0.190), tumor size
(HR¼ 0.848, 95% CI¼ 0.619–1.163,

P¼ 0.307), family history (HR¼ 0.982,
95% CI¼ 0.716–1.347, P¼ 0.909), tumor
grade (HR¼ 1.220, 95% CI¼ 0.890–1.671,
P¼ 0.216), and tumor stage (HR¼ 0.906,

Table 2. Relationship between characteristics and
prognosis of patients with melanoma combined
with colorectal cancer.

Characteristics

Prognosis

q P-value

Sex 0.008 0.909

Age �0.107 0.137

Tumor size �0.059 0.413

Family history 0.012 0.864

Tumor grade 0.055 0.446

KAI1 �0.674 <0.001*

miR-633 0.754 <0.001*

Tumor stage �0.021 0.775

Spearman correlation analysis, *P< 0.05.

Table 1. Relevant characteristics of patients with melanoma with colorectal cancer.

Characteristics

Prognosis

P-valueGood Poor

Sex

Male 102 48 (24.6%) 54 (27.7%) 0.908

Female 93 43 (22.1%) 50 (25.6%)

Age

�60 99 41 (21.0%) 58 (29.7%) 0.135

>60 96 50 (25.6%) 46 (23.6%)

Tumor size

�1 cm 94 41 (21.0%) 53 (27.2%) 0.410

>1 cm 101 50 (25.6%) 51 (26.2%)

Family history

No 93 44 (22.6%) 49 (25.1%) 0.863

Yes 102 47 (24.1%) 55 (28.2%)

Tumor grade

Low 95 47 (24.1%) 48 (24.6%) 0.444

High 100 44 (22.6%) 56 (28.7%)

KAI1

Low 96 12 (6.2%) 84 (43.1%) <0.001*

High 99 79 (40.5%) 20 (10.3%)

miR-633

Low 95 81 (41.5%) 14 (7.2%) <0.001*

High 100 10 (5.1%) 90 (46.2%)

Tumor stage

Low 90 41 (21.0%) 49 (25.1%) 0.773

High 105 50 (25.6%) 55 (28.2%)

Pearson’s chi-square test, *P< 0.05.
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95% CI:¼ 0.662–1.239, P¼ 0.536) had no

significant correlation with patient survival

time (Table 3).

ROC analysis

The ROC curve results showed that KAI1

(area under the curve (AUC)¼ 0.838,

P< 0.05, Figure 1) and miR-633 (AUC¼
0.893, P< 0.05) expression analyses were

sufficiently sensitive and specific to predict

melanoma and CRC patient survival time

(Figure S9–S10).

Discussion

CRC and melanoma are two kinds of

malignant tumors, and patients having

a combination of the two has become a

difficult problem in medical treatment.

In-depth exploration of the molecular

mechanism of melanoma and CRC is

extremely important for researching and

developing targeted drugs. The main

results of this study demonstrated that

miR-633 was significantly upregulated in

melanoma combined with CRC tumor

samples, and its expression levels were

Table 3. Univariate Cox regression was used to analyze the proportional risk of survival time in patients
with melanoma and colorectal cancer.

Characteristics

Survival time

HR 95% CI P-value

Sex

Male 102 1 0.113

Female 93 1.294 0.941–1.778

Age

�60 99 1 0.190

>60 96 0.804 0.579–1.115

Tumor size

�1 cm 94 1 0.307

>1 cm 101 0.848 0.619–1.163

Family history

No 93 1 0.909

Yes 102 0.982 0.716–1.347

Tumor grade

Low 95 1 0.216

High 100 1.220 0.890–1.671

KAI1

Low 96 1 <0.001*

High 99 0.244 0.172–0.348

miR-633

Low 95 1 <0.001*

High 100 5.016 3.481–7.226

Tumor stage

Low 90 1 0.536

High 105 0.906 0.662–1.239

HR, hazard ratio; 95% CI, 95% confidence interval; *P< 0.05.
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significantly correlated with poor progno-
sis and survival time of patients. In addi-
tion, KAI1 was found to have low
expression levels in melanoma combined
with CRC, which were significantly associ-

ated with poor prognosis.
Metastasis is the leading cause of cancer-

related deaths. Tumor metastasis refers to
the process in which malignant tumor cells
leave the primary site, enter the blood and
lymph circulatory systems of the host via
blood vessels, and eventually form malig-
nant tumors at distant sites in other tis-

sues.9 This may be influenced by a variety
of molecular components.10 Tumor metas-
tasis suppressor genes encode specific pro-
teins that negatively regulate tumor
metastasis without affecting the growth of

the primary tumor. Therefore, targeting
these inhibitors is a promising therapeutic
strategy for inhibiting tumor metastasis in
clinical practice.

KAI1 is a tumor suppressor gene that is
involved in signal transduction pathways,
the regulation of a variety of cellular bio-
logical processes, and plays an important

role in tumor metastasis.11 Recently, it has
been observed that KAI1 can reduce tumor
invasiveness by inhibiting alternative splic-
ing of CD44 mediated by U2 small nuclear
RNA auxiliary factor 2 (U2AF2).12,13 This
may have potential prognostic and thera-
peutic implications for melanoma.
Extensive experiments have shown that dif-
ferential expression of KAI1 is closely relat-
ed to the presence of malignant tumors and
can be used as a tumor biomarker. The
decreased expression of KAI1 is closely
associated with the progression, metastasis,
and prognosis of malignant tumors, includ-
ing breast, colon, lung, ovarian, nasopha-
ryngeal, liver, and pancreatic cancers.14

KAI1 mRNA is also considered to be a
direct target of miR-338-5p and is associat-
ed with tumor stage, metastasis, and surviv-
al.15 For example, it can inhibit the invasion
and migration of melanoma cells.16 KAI1 is
a well-characterized solid tumor metastasis
inhibitor that does not affect the growth of
the primary tumor and is a recognized bio-
marker for predicting its metastatic poten-
tial.17 KAI1 deletion was associated with
aggressive tumor behaviors, such as high
drug resistance, low differentiation, high
recurrence rate, and shortened disease-free
survival and overall survival times.
According to the abovementioned studies,
KAI1 is an independent prognostic factor
that can help predict patient survival for
multiple tumor types, suggesting that it
can be used as a new biomarker for the
diagnosis and prognosis of melanoma com-
bined with CRC.

There is increasing evidence that miR-
663 is involved in the development and pro-
gression of human cancers.18 Two recent
studies have shown that miR-663 has
tumor suppressive effects.19 MiRNAs are
about 18 to 22 nucleotides in length,
making them much shorter than protein-
coding RNAs. MiR-663 is reportedly
involved in many important pathological
processes, especially in cancer.20 MiR-663

Figure 1. Receiver operating curve analysis of
KAI1 expression levels in patients with melanoma
combined with colorectal cancer.
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plays an important regulatory role in ovar-

ian cancer and can promote disease pro-

gression by targeting TUSC2.19 MiR-663

has been reported to affect apoptosis by

controlling mitochondrial outer membrane

permeability (MOMP) by directly targeting

PUMA/BBC3 and BTG2 in non-small cell

lung cancer (NSCLC) and acts as an onco-

gene in this disease.18 MiR-663 may be an

important regulatory factor in the develop-

ment and progression of human cancer, and

may also be a candidate biomarker.

Therefore, it is speculated that miR-633

plays a significant role in the growth

and development of melanoma combined

with CRC.
The data from relevant studies described

above are consistent with our results, sug-

gesting that abnormal expression patterns

of miR-633 and KAI1 are involved in

tumor progression.
Despite the rigorous bioinformatics analy-

sis performed in our work, some shortcom-

ings remain. Animal models of gene

overexpression or knockout should be con-

ducted in the future to further verify the func-

tions of KAI1 and miR-633. Therefore, this

will be the focus of future research.

Conclusion

The expression levels of miR-633 and KAI1

may play roles in the occurrence and devel-

opment of melanoma combined with CRC.

MiR-633 expression was significantly upre-

gulated in melanoma combined with CRC

tumor samples, while KAI1 displayed low

expression in these samples. These expres-

sion patterns were significantly correlated

with patient prognosis and survival time.

Higher miR-633 levels were associated

with lower KAI1 levels and worse prognosis

and shorter survival time of patients with

melanoma combined with CRC.
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