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Increased expression of microRNA-503 and reduced expression
of kangai-1 in B-cell non-Hodgkin's lymphoma
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Abstract. The aim of the present study was to determine
the expression levels of microRNA-503 (miR-503) and
the tumor suppressor gene, kangai-1 (KAIl), in B-cell
non-Hodgkin's lymphoma (B-NHL). A total of 45 patients
with B-NHL (including 29 cases with stage III/IV disease
and 16 cases with stage I/II disease) were enrolled in this
study. In addition, 26 patients with reactive lymphoid
hyperplasia (RLH) were enrolled as the control patients.
Reverse transcription-quantitative polymerase chain reac-
tion was performed in order to measure the expression levels
of miR-503 in B-NHL and RLH tissues, and to detect the
expression levels of miR-503 and KAIl in peripheral blood
samples. In addition, KAIl expression levels in B-NHL and
RLH tissues were detected using western blotting and immu-
nohistochemical analysis. The expression levels of miR-503
were found to be significantly increased in the tissues and
peripheral blood of B-NHL patients when compared with
those in RLH patients (P<0.05). However, KAIl was strongly
expressed in RLH tissues and weakly expressed in B-NHL
tissues. Furthermore, the expression levels of KAIl were
significantly decreased in the tissues and peripheral blood
of B-NHL patients when compared with those in the tissues
and peripheral blood of RLH patients (P<0.05). The expres-
sion levels of miR-503 in the tissues and peripheral blood of
patients with stage III/IV B-NHL were significantly higher
compared with those with stage I/II B-NHL (P<0.05). By
contrast, the expression levels of KAIl in stage I1I/IV B-NHL
tissues were significantly higher compared with those in
stage I/II B-NHL tissues (P<0.05). In conclusion, miR-503
was highly expressed, whereas KAIl was poorly expressed,
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in the tissues and peripheral blood of B-NHL patients. Thus,
miR-503 may have an application as a novel therapeutic and
diagnostic marker in B-NHL patients.

Introduction

MicroRNA (miRNA or miR) is a small endogenic non-coding
RNA molecule that regulates gene expression by binding to
3'-untranslated regions of target mRNA (1). The expression
profile of miRNA is significantly altered in tumor tissues,
which suggests that miRNA molecules may play an important
role in the development of tumors. Therefore, miRNA mole-
cules have great application prospect in the clinical treatment
and diagnosis of tumors (2,3).

miR-503 is a recently-discovered tumor miRNA mole-
cule (4,5) The expression levels of miR-503 are associated with
various tumor tissue types (6) and have been found to be reduced
in oral cancer (7), hepatocellular carcinoma (8) and endometrial
carcinoma (6), when compared with the levels in normal tissues.
Xiao et al (9) found that low expression levels of miR-503 were
associated with tumor node metastasis staging of hepatocellular
carcinoma (10). However, in adrenal carcinoma, parathyroid
carcinoma and retinoblastoma, the expression levels of miR-503
are higher compared with those in normal tissues (11). Kangai-1
(KAIl) is a common tumor suppressor gene that is associated
with the invasion, migration and prognosis of numerous tumors,
including laryngeal squamous cell carcinoma and prostate,
lung, liver and breast cancer (12,13).

B-cell non-Hodgkin's lymphoma (B-NHL) is a common
cancer of the immune system, which mainly occurs in the
lymph node tissues (14,15). In China, B-NHL accounts for
61.6-74.2% of all NHL cases (15). Due to the fast progression
and high invasiveness of this disease, the prognosis of B-NHL
patients is relatively poor (16). To the best of our knowledge,
the expression levels of miR-503 and KAIl have not been
previously reported in B-NHL tissues. Through the analysis
of the Kyoto Encyclopedia of Genes and Genomes (KEGG)
database that was performed in the present study, it is hypoth-
esized that KAIl may be regulated by miR-503 in B-NHL
tissues. Therefore, in the present study, the expression levels
of miR-503 and KAI1 were detected in B-NHL tissues and the
peripheral blood of patients with B-NHL. Subsequently, the
association of the miR-503 and KAII expression levels with
the occurrence and development of B-NHL was analyzed.
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Materials and methods

Reagents. The TRIzol reagent used for RNA extraction was
purchased from Invitrogen (Thermo Fisher Scientific, Inc.,
Carlsbad, CA, USA). The PrimeScript RT Reagent kit and One
Step SYBR PrimeScript RT-PCR kit II (Perfect Real Time)
were purchased from Takara Bio Inc. (Tokyo, Japan). The
rabbit anti-human KAI1 polyclonal antibody (cat no. ab66400;
dilution 1:1,000), biotinylated goat anti-rabbit IgG (cat
no., ab128978; dilution 1:5,000) rabbit anti-human anti-3-actin
polyclonal antibody (cat no., 189073; dilution 1:5,000) and
horseradish peroxidase (HRP)-conjugated goat anti-rabbit
antibody (cat no. ab6721; dilution 1:5,000) were purchased
from Abcam (Cambridge, MA, USA). Streptavidin-peroxidase
immunohistochemical staining kits were purchased from
Zhongshan Golden Bridge Biotechnology Co., Ltd. (Beijing,
China). Radioimmunoprecipitation assay (RIPA) buffer and
BeyoECL Plus enhanced chemiluminescence reagent were
purchased from Beyotime Institute of Biotechnology (Haimen,
China).

Clinical data. A total of 45 patients with B-NHL admitted to the
First Affiliated Hospital of Zhengzhou University (Zhengzhou,
China) between January 2013 and April 2014 were enrolled in
the present study. There were no specific inclusion criteria in
this study. These 45 patients with B-NHL included 23 males and
22 females, with an age range of 17-66 years and a mean age of
45.7 years. Among them, there were 29 cases with stage I1I/IV
and 16 cases with stage I/II disease (Ann Arbor staging clas-
sification) (17). In addition, 26 patients with reactive lymphoid
hyperplasia (RLH), including 12 males and 14 females with a
mean age of 38 years, were included in this study as the control
group. Lymphoma or healthy tissues were obtained from the
B-NHL patients by surgery prior to treatment, and peripheral
blood samples were collected from the cubital vein of the RHL
patients prior to surgery. The diagnostic criteria for B-NHL
or RHL were based on the 2008 revision of the World Health
Organization classification of myeloid neoplasms and acute
leukemia (18). B-NHL patients were treated with surgery and
routine chemotherapy, while RHL patients were treated with
surgery. Prior written informed consent was obtained from
each patient. The study was approved by the Ethics Review
Board of Zhengzhou University.

Immunohistochemical staining. All the tissue samples were
rapidly frozen in liquid nitrogen. After fixing in formalde-
hyde and embedding in paraffin, the samples were cut into
4 uM sections. Next, the sections were dewaxed and rehy-
drated in graded alcohols. In order to inactivate endogenous
peroxidase, 3% freshly-prepared hydrogen peroxide was
added and the sections were incubated at room temperature
for 10 min. Following antigen retrieval, rabbit anti-human
KAIl polyclonal antibody (dilution, 1:200) was added and
the samples were incubated in the dark for 1 h. After rinsing
with phosphate-buffered saline, biotinylated goat anti-rabbit
IgG antibody was added and incubated for 30 min at 37°C.
The sections were developed with DAB chromogenic reagent
and counterstained with hematoxylin (Beyotime Institute of
Biotechology, Haimen, China). Subsequent to hydrochloric
acid differentiation and dimethylbenzene transparency (19),
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the tissue sections were mounted with neutral gum (Bioworld
Technology Co., Ltd., St Louis Park, MN, USA).

The samples were observed under a microscope (BX53;
Olympus Optical Co., Ltd., Tokyo, Japan) and cells exhibiting
brown staining were defined as KAIl-positive. Five fields at
high-magnification were randomly selected and positive cells
were counted. A positive rate referred to the ratio of the positive
cell number relative to the total cell number. A minimum of
200 cells were counted in each sample. Based on the percentage
of positive staining, the immunohistochemical staining results
were scored based on a scoring system developed by our group:
Score 0, 0% positive staining; score 1, 1-25% positive staining;
score 2, 26-50% positive staining; and score 3, 51-100% posi-
tive staining. The immunohistochemical staining results were
also scored based on the staining intensity, as follows: score 0,
no staining; score 1, light yellow staining; score 2, brownish
yellow staining; and score 3, brown staining. Subsequently, the
degree of staining was calculated by combining the scores of
the positive staining percentage and the staining intensity. The
overall degree of staining was defined as follows: score 0-1,
negative staining; score 2-3, weakly positive staining; score
4-6, moderately positive staining; and score >6, strongly posi-
tive staining.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) assay. Total RNA was extracted from the tissues
and peripheral blood samples using TRIzol reagent. All RNAs
were reverse-transcribed into cDNA using the PrimeScript
RT Reagent kits and qPCR assay was conducted using One
Step SYBR PrimeScript RT-PCR kit II (Perfect Real Time),
according to the manufacturer's instructions. According to the
miR-503 and KAIl sequences obtained from the GenBank
database (KAIl, U20770.1; miR-503, MI0003188), primer
sets were designed using the online Pubmed primer blast and
synthesized by Invitrogen (Thermo Fisher Scientific, Inc.). The
primer sequences used were as follows: For miR-503, 5'-TAG
CAGCGGGAACAGTTC-3' (forward) and universal primer
[reverse; One Step SYBR PrimeScript RT-PCR kit IT (Perfect
Real Time)]; for KAIl, 5-GTTCTCTTATCAACTCAG-3'
(forward) and 5'-TACAATATACACACCCTT-3' (reverse); for
p-actin, 5'-CTCCATCCTGGCCTCGCTGT-3' (forward) and
5-GCTGTCACCTTCACCGTTCC-3' (reverse). [3-actin was
used as an internal control. qPCR was performed on the ABI
One-Step Plus thermal cycler (Applied Biosystems; Thermo
Fisher Scientific, Inc., Foster City, CA, USA). The PCR system
included 10 ul qRT-PCR-Mix, 0.5 ul forward primer, 0.5 ul
reverse primer, 1 ul cDNA and 8 ul ddH,0. The PCR cycle
conditions for miR503 were as follows: Pre-denaturation
at 95°C for 1 min, and then 40 cycles of 95°C for 1 min and
60°C for 30 sec. The PCR cycle conditions for KAIl were as
follows: Pre-denaturation at 95°C for 5 min and then 40 cycles
of 95°C for 1 min, 58°C for 30 sec and 72°C for 30 sec. For
each sample, the PCR reaction was repeated at least 3 times.
The 222 method was used to calculate the relative expression
levels of miR-503 and KAII.

Western blotting. Western blotting was performed as previ-
ously described (20). Briefly, tissues were homogenized in
RIPA buffer. Total proteins were separated by 12% SDS-PAGE
and then analyzed by immunoblotting. B-actin was used as
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Figure 1. Histograms of normalized expression levels of miR-503 in (A) B-NHL and RLH tissues, and (B) stage I/II and stage III/IV B-NHL tissues. The
expression levels of miR-503 were detected by reverse transcription-quantitative polymerase chain reaction assay. Experiments were repeated at least 3 times.
Error bars indicate the standard error of the mean. "P<0.05, vs. RHL; "P<0.05, vs. stage II B-NHL. miR, microRNA; B-NHL, B-cell non-Hodgkin's lym-

phoma; RHL, reactive lymphoid hyperplasia.

B-NHL tissues

Figure 2. Representative immunohistochemical staining showing the expression of KAII in (A) RLH and (B) B-NHL tissues. Fields of sections were visual-
ized using a high-resolution optical microscope at a magnification of x200. Cells with brown staining were defined as KAIl-positive. (A) Strongly positive
expression of KAIl was observed in RLH tissues, while (B) weakly positive expression of KAIl was observed in B-NHL tissues. KAIl, kangai-1; B-NHL,

B-cell non-Hodgkin's lymphoma; RHL, reactive lymphoid hyperplasia.

an internal control. The primary antibodies used in western
blotting were the rabbit anti-human KAI1 polyclonal antibody
(dilution, 1:500) and rabbit anti-human anti-B-actin polyclonal
antibody (dilution, 1:5,000). The secondary antibody used in
the present study was the HRP-conjugated goat anti-rabbit anti-
body (dilution, 1:2,000). Detection of the blots was performed
using BeyoECL Plus enhanced chemiluminescence reagent
and the blots were quantified using Quantity One software
version 4.62 (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
The experiments were repeated at least 3 times.

Predicting the possible target genes of miR-503. The
target genes of miR-503 were predicted using TargetScan
version 7.0 (http:/www.targetscan.org/). The signaling path-
ways that were found to be associated with the target genes
of miR-503 were then analyzed using the KEGG database
(http://www.genome.jp/kegg/). KAIl was identified as one of
the target genes of miR-503. The prediction using TargetScan
and the analysis using KEGG were performed according to
standard procedures (21).

Statistical analysis. All the results are expressed as the
mean + standard deviation and statistical analyss were
performed using SPSS version 16.0 for Windows (SPSS
Inc., Chicago, IL, USA). Paired t-test was used to analyze
comparisons between groups and for the analysis of paired
data. y* test was used to analyze the relationship of KAIl
positive expression with the clinical staging of B-NHL.

P<0.05 was considered to indicate a statistically significant
difference.

Results

Expression levels of miR-503 are increased in B-NHL
tissues. In order to detect the expression levels of miR-503 in
B-NHL and RLH tissues, RT-qPCR assay was performed and
the results are demonstrated in Fig. 1. As shown in Fig. 1A,
the expression levels of miR-503 in B-NHL tissues were
~5.36+0.21-fold higher compared with those in RLH tissues
(P<0.05). As shown in Fig. 1B, the miR-503 expression levels
in B-NHL tissues of patients with stage III/IV disease were
~2.18+0.20-fold higher compared with those in patients with
stage I/II disease (P<0.05; Fig. 1B). These results indicated
that miR-503 was highly expressed in B-NHL tissues and that
its expression was higher in stage III/IV B-NHL tissues.

Expression levels of KAIl are decreased in B-NHL tissues.
To determine the expression of KAIl protein in B-NHL and
RLH tissues, immunohistochemical staining was conducted.
Representative immunohistochemical staining results are
shown in Fig. 2. Cells with brown staining were considered
to be KAIl-positive. In RLH tissues, there were 7 cases with
weakly positive expression of KAIl (26.9%) and 19 cases with
strongly positive expression of KAIl (73.1%). A representative
image of strongly positive KAIl expression in RLH tissues
is shown in Fig. 2A. However, in B-NHL tissues, there were
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Figure 3. Expression levels of KAIl in (A) B-NHL and RLH tissues, and (B) in B-NHL tissues of patients with stage I/II and III/IV disease, as detected by
western blotting. Total proteins of B-NHL and RLH tissues were harvested and separated using 12% SDS/PAGE, and then analyzed by western blotting.
[-actin was used as a loading control. Left panels, representative western blotting results; right panels: quantitative western blotting results. "P<0.05 vs. RLH;
“P<0.05, vs. stage I/II B-NHL. KAIl, kangai-1; B-NHL, B-cell non-Hodgkin's lymphoma; RHL, reactive lymphoid hyperplasia.
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Figure 4. Histograms of the mean normalized expression levels of miR-503 in the peripheral blood of (A) RLH and B-NHL patients, and (B) B-NHL patients
with stage I/II and stage III/IV disease. (C) Mean normalized expression levels of KAII in the peripheral blood of B-HNL and RLH patients. Reverse
transcription-quantitative polymerase chain reaction assay was performed to detect the expression levels of miR-503 and KAII in the peripheral blood.
Experiments were repeated at least 3 times. Error bars show standard error of the mean. "P<0.05 vs. RLH; “P<0.05, vs. stage I/Il B-NHL. KAII, kangai-1;
miR, microRNA; B-NHL, B-cell non-Hodgkin's lymphoma; RHL, reactive lymphoid hyperplasia.

37 cases with weakly positive KAIl expression (82.2%) and
8 cases with strongly positive KAIl expression (17.8%). A
representative image of weakly positive KAIl expression in
B-NHL tissues is shown in Fig. 2B. There were no statistically
significant differences in KAIl expression among different
ages and genders (P>0.05).

To further verify the expression of KAIl protein, western
blotting was performed in B-NHL and RLH tissues. As shown
in Fig. 3, the expression of KAIl protein was significantly
decreased in B-NHL tissues when compared with that in RLH
tissues (P<0.05). The expression levels of KAIl in B-NHL
tissues of patients with stage I/IT and stage III/IV disease were
also detected by western blotting. As shown in Fig. 3B, KAIl
expression in stage III/IV B-NHL tissues was significantly
lower compared with that in stage I/II B-NHL tissues (P<0.05).
These results indicate that the expression levels of KAIl are

decreased in B-NHL tissues and that KAI1 expression is lower
in stage III/TV B-NHL tissues.

Expression levels of miR-503 are increased, whereas those of
KAIl mRNA are decreased in the peripheral blood. RT-qPCR
was performed to detect the expression levels of miR-503 and
KAIl mRNA in peripheral blood. The RT-qPCR results are
shown in Fig. 4. As shown in Fig. 4A, miR-503 expression
levels in the peripheral blood of B-HNL patients were signifi-
cantly increased when compared with those of RLH patients
(P<0.05). In addition, miR-503 expression levels in the
peripheral blood of patients with stage III/IV B-NHL were
significantly increased when compared with those in patients
with stage I/II B-NHL (P<0.05; Fig. 4B). Furthermore,
as shown in Fig. 4C, KAIl expression levels were signifi-
cantly decreased in the peripheral blood of B-NHL patients
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(P<0.05). However, no statistically significant differences in
the KAIl mRNA expression levels in the peripheral blood
were detected between B-NHL patients with stage I/II and
stage III/IV disease (data not shown). These results indicate
that the expression levels of miR-503 and KAIl in the periph-
eral blood of B-NHL patients are consistent with those in
B-NHL tissues.

Discussion

Recently, the prognosis of B-NHL patients has improved
significantly due to better treatments, including the application
of radiotherapy, chemotherapy and immunotherapy; however,
factors such as tumor cell metastasis, drug resistance and
relapse affect the prognosis of patients with B-NHL (22). It has
been that several factors, such as miRNA (23), CHFR prophase
checkpoint gene (24) and human phosphatidylethanolamine-
binding protein 4 (25), may be associated with B-NHL
occurrence and development, the molecular mechanisms of
which require further study.

Previous studies have reported that altered miRNA expres-
sion is associated with the development of lymphoma (26,27).
In the present study, immunohistochemical staining, western
blotting and RT-qPCR assay were performed to investigate
the expression levels of miR-503 and KAIl in the tissues and
peripheral blood of B-NHL patients. The results demonstrated
that the expression levels of miR-503 were significantly
increased in B-NHL tissues when compared with those in
RLH tissues. In addition, the miR-503 expression levels in
B-NHL tissues of patients with stage III/IV disease were
increased when compared with those with stage I/I1 disease.
The expression levels of miR-503 in the peripheral blood of
B-NHL patients were detected using RT-qPCR, which revealed
that the levels were significantly increased compared with
those in the peripheral blood of RLH patients. Furthermore,
miR-503 expression levels in the peripheral blood of patients
with stage III/TV B-NHL were significantly increased when
compared with those in stage I/II B-NHL patients. However,
previous studies have indicated that miR-503 expression levels
were downregulated in endometrioid endometrial cancer (6)
and gastric cancer (28). This difference in the expression
profile of miR-503 between our results and the results of
previous studies may be caused by the difference in the cancer
type. In addition, the expression levels of miR-503 in B-NHL
tissues and peripheral blood changed with the pathological
stage of B-NHL, which indicates that miR-503 may be used as
a molecular marker for the prognosis of B-NHL.

Maurer et al (29) reported that KAIl expression was
decreased in advanced-stage colon cancer. In addition,
Guo et al (30) identified that KAIl expression was increased
in early pancreatic cancer and decreased in the presence of
metastases. However, Yang er al (31) reported that KAIl
expression was reduced in non-metastatic human colorectal
cancer, but was regained in metastatic human colorectal
cancer. Through the analysis of the KEGG database that was
performed in the present study, we hypothesized that KAIl
may be regulated by miR-503 in B-NHL tissues. As revealed
by immunohistochemical staining, KAIl expression was
weakly positive in B-NHL tissues and strongly positive in
RHL tissues. Similarly, the expression levels of KAIl protein
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were significantly decreased in B-NHL tissues. In addition,
K ATl expression levels in the tissues of B-NHL patients with
stage III/IV disease were decreased when compared with
those of patients with stage I/II disease. Furthermore, KAIl
mRNA expression levels were significantly decreased in the
peripheral blood of B-NHL patients. However, no statistically
significant differences in the KAIl mRNA expression levels
were detected between patients with stage I/II B-NHL and
patients with stage III/IV B-NHL. These results were consis-
tent with the findings of Maurer et al (29) and Guo et al (30),
which indicated that the expression levels of KAIl are
decreased in B-NHL tissues and the peripheral blood of
patients with advanced-stage B-NHL. The expression levels
of miR-503 and KAII detected in B-NHL patients suggest
that miR-503 may be involved in the occurrence and develop-
ment of B-NHL through the regulation of KAIl expression
levels.

In conclusion, in the present study, the expression levels of
miR-503 were found to be increased in the tissues and periph-
eral blood of B-NHL patients. However, the expression levels
of KAIl were decreased in B-NHL tissues and peripheral
blood. Since miR-503 and KAII are associated with B-NHL,
these findings may have a clinical significance in predicting
recurrence and metastasis of B-NHL, based on miR-503
expression. Thus, miR-503 may have an application as a novel
therapeutic and diagnostic marker in B-NHL patients.
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