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Abstract

AIM: To investigate the relationship between blood ri-
boflavin levels and riboflavin transporter 2 (RF72) gene
expression in gastric carcinoma (GC) development.

METHODS: High-performance liquid chromatography
was used to detect blood riboflavin levels in patients
with GC. Real-time fluorogenic quantitative polymerase
chain reaction and immunohistochemistry were used to
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analyze the expression of RFT2 mRNA and protein in
samples from 60 GC patients consisting of both tumor
and normal tissue.

RESULTS: A significant decrease in the RFT2 mRNA
levels was detected in GC samples compared with
those in the normal mucous membrane (0.398 + 0.149
vs 1.479 £ 0.587; P = 0.040). Tumors exhibited low
RFT2 protein expression (75%, 16.7%, 8.3% and 0%
for no RFT2 staining, weak staining, medium staining
and strong staining, respectively), which was signifi-
cantly lower than that in the normal mucous membrane
(10%, 16.7%, 26.7% and 46.7% for no RFT2 staining,
weak staining, medium staining and strong staining,
respectively; P < 0.05). Tumors with low RFT2 expres-
sion were significantly associated with tumor stage and
histological grade. Moreover, a significantly decrease
in Uyghur patients was observed compared with Han
patients. However, other parameters-gender, tumor
location and lymph node metastasis-showed no signifi-
cant relationship with RFT2 expression. Blood riboflavin
levels were reverse correlated with development of GC
(1.2000 £ 0.97 569 ng/mL in high tumor stage patients
vs 2.5980 + 1.31 129 ng/mL in low tumor stage pa-
tients; P < 0.05). A positive correlation of plasma ribo-
flavin levels with defective expression of RFT2 protein
was found in GC patients (y* = 2.619; P = 0.019).

CONCLUSION: Defective expression of RFT2 is asso-
ciated with the development of GC and this may rep-
resent a mechanism underlying the decreased plasma
riboflavin levels in GC.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Gastric carcinoma (GC) is one of the most common
cancers and the second leading cause of cancer deaths
wortldwide. In China, the incidence and mortality rates for
gastric cancer in 2006 were 35.02 and 26.08 per 100 000
persons, respectively. The survival rate for gastric cancer
is generally low, with a 5-year survival rate not exceeding
30%". Helicobacter pylori infection of the gastric mucosa is
associated with GC, infecting the gastric mucosa of 50%
or more of the wotld’s population. However, the rela-
tively low GC risk suggests that other factors” such as
lifestyle factors-including diet and genetic predisposition-
may play an etiologic role™. Nitrosamines have been
suspected in the etiology of GC in the high incidence
area of China; however, riboflavin deficiencies and other
micronutrients may also be involved™.

Riboflavin is a water-soluble vitamin that is a precur-
sor of flavin mononucleotide (FMN) and flavin adenine
dinucleotide (FAD), which participate in various redox
reactions, some of which are absolutely essential to the
function of aerobic cells. Milk and dairy products, meats,
fatty fish, certain fruit as well as vegetables are good
sources of riboflavin. However, riboflavin deficiency and
poor riboflavin status seem to be of most concern for
the elderly and adolescents, despite the diversity of avail-
able riboflavin-rich foods. Thus, whether other factors
exist that may influence dietary riboflavin absorption or
that may change the status of riboflavin needs to be de-
termined.

Indeed, a recent study showed that riboflavin trans-
porter 2 (RFT2) was found to transport riboflavin that
is highly expressed in the small intestine and may be
involved in such riboflavin absorption'™. Additionally,
Fujimura ¢/ a/” demonstrated that RFT2 is a transporter
involved in the epithelial uptake of riboflavin in the small
intestine for its nutritional utilization. Because RFT2 is
responsible for transporting riboflavin and riboflavin
deficiency has been reported as a risk factor for GC, and
our previous genome-wide association studies showed
that genetic variations at 20p13 for RFT2 (or C20 or £54)
contribute significantly to the risk for cutancous squa-
mous cell carcinoma and GC in Chinese Han and Uyghur
populationsm, we propose that human RFT2 is likely to
have an important role in gastric carcinogenesis that in-

volves modulating riboflavin absorption. However, most
previous studies on riboflavin and RFT2 were relatively
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small and investigated only the functional roles of ribo-
flavin and RET2!",

To clarify these issues, in the present study, we ex-
amined blood riboflavin levels and their tissue tiboflavin
transporter gene statuses. Additionally, we further ana-
lyzed the relationship between RFT2 and riboflavin in the
development of GC.

MATERIALS AND METHODS

Clinical samples

A total of 120 paraffin-embedded, formalin-fixed tissue
specimens were used in this study. Sixty patients with GC
who underwent surgery at the Department of General
Surgery of the first affiliate Hospital of Xinjiang Medical
University in 2011 were enrolled in the study. Addition-
ally, 60 matched cases with normal mucous membranes
were involved. The patient population consisted of 39
men and 21 women, with a mean age of 54.9 years (range:
39-76 years). Peripheral blood samples also collected
into EDTA Vacutainer Tubes (Becton Dickinson) and
immediately placed on ice. Next, the remaining samples
were centrifuged (10 min at 2000 g and 4 C) and col-
lected plasma was stored at -80 C until use. Control sam-
ples were obtained from subjects who underwent routine
health checks, were recruited in the same area, and were
matched with GC patients regarding age and gender.
The selection critetia included individuals who were free
from certain diseases, including neoplasms, cardiovascular
diseases, hepatic diseases, renal diseases or inflammatory
diseases. All patients were enrolled with written informed
consent, and the study was approved by the Ethical Com-
mittee of the Medical University of Xinjiang. Patients
had not received preoperative chemotherapy and/or
radiotherapy. Tumor stage was determined according to
the tumor node metastasis classification system of the
International Union against Cancer. In addition, 60 fro-
zen biopsies that included 30 GC and 30 matched nor-
mal mucous epithelia (5 cm away from the tumor), which
wete collected within 30 min after resection and kept at
-80 C, were subjected to real-time reverse transcription-
polymerase chain reaction (RT-PCR) for detection of
REFT2 mRNA expression. Histological diagnosis was con-
firmed for each specimen.

Determination of riboflavin levels in plasma

Blood plasma was analyzed for its concentration of ri-
boflavin by high-performance liquid chromatography
(HPLC) as described previouslym. The HPLC system
used was a Waters 2695 liquid chromatograph and Waters
2475 fluorescence detector with the autosampler set at
28 C and configured for a 96-well microtiter plate. Water
was generated using a Milli-Q water system. All chemicals
were of analytical grade. For quality control, we used
three Clin Chek serum controls, reconstituted and stored
at -80 'C. Aliquots of aqueous (0.3860 g/L C2H7NOs)
flavin stock solutions (5 mmol/L) were stored at -20 C
in the dark. An excitation wavelength of 450 nm was
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used and riboflavin was detected at an emission wave-
length of 520 nm. The peak area was measured and used
for quantification.

RNA extraction and real-time RT-PCR

REFT2 mRNA expression was detected by quantitative
real-time RT-PCR. Total RNA was extracted from fresh
frozen tissue using Trizol (Invitrogen, Carlsbad, CA, Unit-
ed States) according to the manufacturer’s instructions
and treated with TURBO DNA-free™ DNase (Ambion,
Austin, TX, United States) to remove the genomic DNA.
Reverse transcription was performed using a reverse tran-
scription system kit (Takara Bio, Tokyo, Japan) as previously
described"”. Real-time PCR for REFT2 was performed
in a 10-pLL reaction volume using the Platinum SYBR
Green q PCR Super Mix-UDG (Invitrogen Life Technolo-
gles, Catlsbad, CA, United States) and the Light Cycler
480 system (Roche Diagnostics, Penzberg, Germany).
The following hRFT2 and -actin (as a reference) primers
were used for RT-PCR: hRFT2 forward primer: AATC-
TAGAGCACTTGGACCTTTCC; hRFT?2 reverse primer
GGGTTCAGGGACAGGTCTAAAGA; B-actin forward
primer: GGCACCCAGCACAATGAAG; [B-actin reverse
primer: CCGATCCACACGGAGTACTTG. The thermal
cycle conditions were 95 C for 10 s for one cycle, fol-
lowed by 40 cycles of amplification at 95 C for 5 s, and
60 C for 45 s. The expression level of REFT2 mRNA was
obtained using the 2**“" calculation method. All PCR
products were analyzed on a 2% agarose gel with ethid-
ium bromide staining;

Immunohistochemical studies

Immunohistochemistry (IHC) was performed using His-
tostain-SP kits (Zhongshan Golden Bridge, Beijing, China)
according to the manufacturer’s recommendations and
as described previouslyml. Sections of paraffin embed-
ded tissue with a thickness of 3 pm were deparaffined in
xylene, and then rehydrated in graded concentrations of
ethyl alcohol (100%, 95%, 80% and 70%), and samples
were pretreated using a microwave for 15 min on high
mode in Tris/EDTA buffer (pH 9.0). After cooling and
rinsing in distilled water, endogenous peroxidase activ-
ity was blocked with 3% hydrogen peroxide for 15 min
at room temperature. Subsequently, the slides were pre-
treated with 1% bovine serum albumin in phosphate-
buffered saline (PBS; pH 7.4) for 10 min. Samples were
then preincubated with a protein blocking solution for
15 min and incubated with an RFT2 antibody (Santa
Cruz Biotechnology, Santa Cruz, CA, United States; dilu-
tion: 1:300) diluted in PBS at 4 'C overnight in a humid
chamber. Slides were washed three times in PBS, and
then incubated with a secondary biotinylated antibody for
15 min at room temperature. Thereafter, sections were
washed with PBS, and treated with peroxidase-conjugated
streptavidin for 15 min. Finally, the sections were lightly
stained with hematoxylin, and PBS was used instead of
the primary antibody as a negative control. All immunos-
tained sections were coded and independently examined

(49

Tag
Bnishideng®

WJG | www.wjgnet.com

by two investigators using light microscopy. Results were
scored for each antibody separately and semi-quantitative-
ly by assessing the staining intensity and the percentage of
stained cells in the tumors. Staining intensity was scored
as 0 (no staining), 1+ (weak), 2+ (medium), or 3+ (strong).
The percentage of stained cells was categorized as fol-
lows: (1) 0% to 10% stained cells; (2) 11% to 50% stained
cells; and (3) 50% stained cells or greater. The final score
was obtained by multiplying the two scores. Cases with a
score of 0 to 4 were classified as negative, and those with
a final score of 5 to 9 were classified as positive.

Statistical analysis

SPSS 15.0 (SPSS, Inc., Chicago, 1L, United States) was
used for statistical analysis. The Pearson y” test or Fisher
exact test was used to compare qualitative variables. The
Wilcoxon two-sample test was used to compare the mean
RFT?2 expression in fresh frozen GC tissues with that in
normal samples, as determined by real-time quantitative
RT-PCR. Results were presented as mean £ SE. P-values
less than 0.05 were considered to be statistically signifi-
cant.

RESULTS

RFT2 protein expression in GC and its association with
GC clinicopathologic characteristics

IHC staining of 60 primary GC lesions and samples adja-
cent to the tumor was performed using RFT2 antibodies
(Table 1). Representative staining patterns for RFT2 are
shown in Figure 1. IHC staining demonstrated that REFT?2
was localized to the cytoplasm. Positive staining for REFT2
was generally observed within normal gastric epithelium
adjacent to the tumor, but weak or no RFT2 staining was
detected in GC cells. RFT2 expression was undetectable
(75%) in gastric cancer tissue. By contrast, no strong IHC
staining (3+) was detected in gastric cancer tissue. The
positive rates (strong staining, medium staining and weak
staining) of RFT2 expression in the normal gastric sut-
face epithelium were 46.7%, 26.7% and 16.7%, respec-
tively. These values sharply decreased to 0%, 8.3% and
16.7%, respectively, in GC lesions (P < 0.001, compared
with the positive rate in healthy tissue). We also evaluated
the possible relationship between the expression of RFT2
in tumor cells and the clinicopathologic characteristics
of GC, including tumor stage, histological grade, lymph
node metastasis, and other parameters such as gender,
tumor location, and ethnic groups. RFT2 expression was
significantly decreased in GC with poor differentiation
and high tumor stage. Defective expression of RFT2 in
tumor cells was significantly associated with poor dif-
ferentiation and high tumor stage. However, other pa-
rameters such as gender, tumor location, and lymph node
metastasis had no significant relationship with REFT2
expression (Table 1). Additionally, lower expression was
observed in Uyghur patients compared with Han patients,
but the difference was not statistically significant.
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Table 1 Statistical analysis of riboflavin transporter 2 expression and clinicopathologic factors in gastric cancer 7 (%)

Characteristics n RFT2 expression V4 P value
- + + + +++

Normal mucous epithelia 60 6 (10.0) 10 (16.7) 16 (26.7) 28 (46.7) -7.937 <0.001

Gastric cancer 60 45 (75.0) 10 (16.7) 5(8.3) 0

Gender
Male 39 31 (79.5) 6 (15.4) 3(7.7) 0 -0.621 0.534
Female 21 14 (66.7) 4 (19.0) 2(9.5) 0

Ethnic groups
Han 32 21 (55.0) 8 (25.0) 3 (20.0) 0 -1.943 0.052
Uyghur 28 24 (81.82) 2 (13.6) 2 (4.5) 0

Tumor location
Cardia of stomach 10 2 (20.0) 4 (40.0) 4 (40.0) 0 -3.127 0.209
Body of stomach 11 8 (72.1) 2(18.2) 1(8.7) 0
Antrum of stomach 39 35 (89.7) 4 (10.3) 0 0

Differentiation
Moderate/well 19 10 (52.6) 5(26.3) 4(21.1) 0 -2.834 0.005
Poor 41 35 (85.4) 5(12.2) 1(2.3) 0

L/N metastasis
Negative 10 9 (90.0) 1 (10.0) 0 0 -1.245 0.28
Positive 50 36 (72.0) 9 (18.0) 5 (10.0)

Stage
Il and MMa 41 27 (65.9) 9 (22.0) 5(12.1) 0 -2.414 0.019
b and IV 19 18 (94.7) 1(5.3) 0 0

RFT2: Riboflavin transporter 2; L/N metastasis: Lymph node metastasis. -: Negative; +: Weak positive; ++: Medium positive; +++: Strong positive.

Table 2 Statistical analysis of riboflavin transporter 2 expres-

sion and blood riboflavin levels in gastric cancer (mean + SD)

2

was found to be associated with GC development. How-
ever, no significant difference was observed among other
parameters such as gender, tumor location and ethnic

RFT2 protein expression Riboflavin level x  Pvalue groups and patients with GC. We also analyzed the rela-
- 0.7012 + 0.68 778 2619 0.019 tionship between the blood riboflavin level and expres-
® 1.6425+£1.01783 sion of the RFT2 gene and development of GC. A posi-
++ 2.9691 + 1.30 345

RFT2: Riboflavin transporter 2; -: Negative; +: Weak positive; ++: Medium
positive.

RFT2 mRNA expression in gastric carcinoma and
normal controls

To confirm the IHC results, RFT2 mRNA expression
in gastric biopsies was detected by RT-PCR (Figure 2).
Similar to the IHC results, the RFT2 mRNA expres-
sion levels were significantly lower in GC than in normal
counterpart tissue (0.398 * 0.149 ng/mL 25 1.479 + 0.587
ng/mL; P = 0.040) (Figute 2).

Relationship between riboflavin level and RFT2
expression in gastric carcinoma

Riboflavin concentrations were determined in samples
obtained from gastric cancer patients who were not tak-
ing vitamin supplements. The average blood concentra-
tion of riboflavin was 1.7632 + 0.9836 ng/mlL in GC
patients. The average blood riboflavin level was 1.2000
+ 0.97 569 ng/mL in high tumor stage patients, which
was significantly lower than in patients with low tumor
stage (2.5980 £ 1.31 129 ng/ml; P = 0.019). Riboflavin
chromatograms of plasma samples from a low tumor
stage patient and a high tumor stage patient are shown in
Figure 3. A tendency of decreasing blood riboflavin level
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tive association was found between changes in the blood
riboflavin levels and changes in RFT2 protein expression
as well as development of malignant GC (Table 2).

DISCUSSION

In the present study, we investigated the association be-
tween plasma levels of riboflavin and the RFT2 mRNA
and protein expression status in patients with gastric
adenocarcinoma. The results showed a tendency for an
inverse association between riboflavin levels and GC risk,
and an inverse association between RIFT2 expression sta-
tus and GC risk. Additionally, a positive association was
found between riboflavin levels and RFT2 with GC risk.
The results indicate that REFT2 likely plays an important
role in gastric carcinogenesis that involves modulating
riboflavin absorption.

Previous studies have reported that dietary habits and
intake of nutrients play an important role in the preven-
tion and causation of GC. High consumption of dark-
green vegetables, fruits, and milk and dairy products
(riboflavin is a water soluble vitamin present in various
foods) has also been suggested to decrease the risk of
GC. Several epidemiological studies have reported[”‘ls]
that riboflavin deficiency is linked to an increased risk of
GC because riboflavin is involved in essential oxidation-
reduction reactions and its deficiency leads to skin and
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Figure 1 Immunohistochemical staining of gastric lesions using ribofla-
vin transporter 2 gene-specific monoclonal antibodies. A: Expression of
riboflavin transporter 2 (RFT2) in normal gastric epithelium with strong staining;
B: Moderate expression of RFT2 protein in gastric cancer (GC) tissue; C: Weak
expression of RFT2 protein in GC tissue (original magnification, x 400).

mucosal disorders. Therefore, measurement of plasma
riboflavin can be used to assess vitamin B2 status in indi-
viduals at high risk for GC. Although riboflavin supple-
ments can significantly reduce the risk of GC, different
individual intervention effects were observed after dietary
supplementation with riboflavin'”. Therefore, RET2 may
be the key target of environmental and genetic factors
because the RFI2 gene also has been reported as a sus-
ceptibility gene for GC using a genome-wide association
study approach"”.

RFT2 is a transmembrane protein, which may func-
tion biologically as a transporter of riboflavin in the small
intestine, and the role of tiboflavin in cellular homeosta-
sis has been well documented. Therefore, we speculate
that mutation of the riboflavin transporter gene might
cause riboflavin deficiency, resulting in an increased risk
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Figure 2 mRNA expression of riboflavin transporter 2 in gastric cancer
tissue and control tissue. Panels 1 to 4 and 9 are from normal gastric epithe-
lium. Panels 5 to 8 and 10 are from gastric cancer tissues. Panels 1 to 8 show
expression of riboflavin transporter 2 mRNA. Panels 9 and 10 show expression
of B-actin.

of GC, and such characteristics of the riboflavin trans-
porter gene were also consistent with those of the carri-
er-mediated riboflavin transport system in the Caco-2 cell
line as an intestinal epithelial model. Thus, it is likely that
hRFT2 is the molecular entity of the riboflavin transport
system in the Caco-2 cell line™.

Riboflavin (vitamin B2) has been confirmed to serve
as a co-factor in fat, amino acid, catbohydrate and vitamin
metabolism as well as to reduce oxidative stress, affect cell
proliferation, and affect angiogenesis[21’22]. Few epidemio-
logical studies have investigated plasma concentrations
of riboflavin in relation to GC risk™. The present study
observed riboflavin concentrations in samples obtained
from GC patients by HPLC, and the results showed a
tendency of decreasing blood riboflavin level with devel-
opment of GC. Use of HPLC as a convenient method
for separation and measurement of vitamins in plasma
has been reported in many medical institutions'**".,

Riboflavin is essential for synthesis of FAD and FMN,
which function as cofactors for several biological process-
es involved in energy metabolism. The most important
dietary sources of riboflavin are milk and dairy products.
In Xinjiang, a multi-ethnic residential area in China, the
Chinese Han and Uyghur populations are the main ethnic
groups and they have different dietary habits. The Uy-
ghur population tends to consume milk, dairy products,
and meat as well as fruits and vegetables. They should not
lack intake of riboflavin. Therefore, riboflavin deficiency
in blood is expected to be related to a disturbance in ribo-
flavin absorption. If inadequate intake of riboflavin ex-
ists, disturbances in the steps in intermediary metabolism
may occur.

In conclusion, we have identified down-regulated ex-
pression of REFT2 mRINA and protein as being closely
related to the progression of GC lesions and also found
a positive relationship between blood riboflavin levels
and RFT?2 protein expression as well as between blood ri-
boflavin levels and development of GC. The RFFI2 gene
may be the key target of environmental and genetic fac-
tors in the development of GC.

COMMENTS

Background

Epidemiological and etiological research has confirmed that environmental
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Figure 3 Chromatographic profiles of a low tumor stage patient and a high tumor stage patient.

and genetic factors play an important role in gastric carcinogenesis. The ribo-
flavin transporter 2 (RFT2) gene as a susceptibility gene for gastric carcinoma
(GC) is likely to have an important role in gastric carcinogenesis that involves
transporting riboflavin and modulating riboflavin absorption. However, riboflavin
deficiency has been reported as a risk factor for GC.

Research frontiers

Riboflavin deficiency of is a risk factor for GC, and riboflavin supplements can
significantly reduce the risk of GC. However, different individual intervention
effects have been observed after dietary supplementation with riboflavin. In the
present study, defective expression of RFT2 was associated with development
of GC and may be a potential mechanism underlying the decreased plasma
riboflavin levels in GC.

Innovations and breakthroughs

Recent reports have highlighted that genetic susceptibility combined with expo-
sure to environmental risk factors contributes to high rates of cancer. In particu-
lar in GC, RFT2 is down-regulated. This is the first study to report that RFT2 is
down-regulated in GC. Furthermore, their studies suggest that this protein may
be the cause of decreased plasma riboflavin levels in GC.

Applications

By understanding how RFT2 affects the absorption of riboflavin and by enhanc-
ing its expression, this study may offer a future strategy for the treatment of
patients with GC.

Terminology

RFT2 is a transmembrane protein that functions biologically as a transporter
of riboflavin and in maintenance of cellular homeostasis. Riboflavin is a water-
soluble vitamin that participates in various redox reactions, some of which are
essential for the function of aerobic cells.

Peer review

The authors performed a study on riboflavin levels as well as on RFT2 gene
mRNA levels in esophageal squamous cell carcinoma samples and normal
counterpart tissue. The level of RFT2 was found to be inversely related to tumor
stage. Down-regulation and loss of RFT2 protein expression were important in
the pathogenesis of gastric cancer. This study was well designed and the mo-
lecular experiments were well done and interpreted. The data seem convincing.
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