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Abstract: Objective: To investigate the relationship between tissue riboflavin level and riboflavin transporter 2 (RFT2) 
protein expression, and the relationship between Helicobacter pylori (H.pylori) infection and the plasma riboflavin 
level in gastric carcinoma (GC). Methods: Enzyme-linked immunosorbent assay (ELISA) was used to detect tissue 
riboflavin level in patients with GC. Western blotting was applied to analyze the expression of RFT2 protein in 60 
tissue samples from gastric carcinoma together with their normal tissues. The Warthin-starry method, rapid urease 
test and 14C-UBT were administered to detect the infection of H.pylori. High performance liquid chromatography 
(H.PYLORILC) was performed to detect plasma riboflavin level in the GC. Results: A significant decrease in the tissue 
riboflavin level was detected in GC samples compared to those in the normal mucous membrane (17.02±3.91 vs. 
21.0±4.73; P = 0.043), and a significant decrease in the RFT2 protein was found in GC samples compared to those 
in the normal mucous membrane (0.92±0.39 vs. 1.23±0.51; P = 0.042). A positive correlation of tissue riboflavin 
level with defective expression of RFT2 protein was observed in GC patients (χ2 = 1.969; P = 0.039). Plasma ribofla-
vin level in gastric cancer without H.pylori infection group (1.6674 ng/mL ±0.37009 ng/mL) was higher than H.pylori 
infection group (1.2207 ng/mL ±0.17727 ng/mL, P = 0.043). Conclusion: The results indicate that RFT2 plays an 
important role in gastric carcinogenesis by modulating riboflavin absorption. H.pylori infection affects plasma ribo-
flavin level and the prognosis of patients with gastric cancer. 
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Introduction

Gastric cancer is one of the most common 
malignancies in China, and the third leading 
cause of cancer-related death worldwide. 
Xinjiang Uygur Autonomous Region is the area 
inhabited by various minority groups, with its 
unique geographical and cultural environment 
and life style. The incidence of gastric cancer is 
much higher in this region than any other plac-
es in China. The incidence and mortality rates 
of gastric cancer in China in 2009 were 36.21 
and 25.88 per 100 000 people, respectively 
[1]. The incidence of gastric cancer is related to 
infection, diet, environment, nutrition, and 
genetics [2]. 

Riboflavin (vitamin B2) is an essential vitamin 
that is required for normal cellular functions, 
including growth and development in all aero-

bic forms of life. Riboflavin is phosphorylated 
intracellularly to FMN, and then further metabo-
lized to FAD [3]. Riboflavin is known as cofac-
tors for enzymes involved in oxidation-reduction 
reactions, and has a role in the oxidative folding 
of proteins in the endoplasmic reticulum [4, 5]. 
It has been reported that deficiency of riboflavin 
plays a prominent role in increased vulnerability 
of cells to cancer as well as progression of vari-
ous cancers [6]. In addition, Riboflavin has also 
involved in the enhancement of antitumor activ-
ity of many anticancer drugs, as well as in the 
activation of the immune system to kill tumor 
cells [7-9]. Riboflavin transporter 2 (RFT2/
SLC52A3/C20orf54) is a human riboflavin 
transporter that has an important role in the 
intestinal absorption of riboflavin [10]. It has 
been reported that riboflavin deficiency is asso-
ciated with an increased risk of esophageal 
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squamous cell carcinoma (ESCC) and gastric 
cardiac adenocarcinoma (GCA), and riboflavin 
supplementation reduces the risk of ESCC and 
GCA [11-13]. Therefore, RFT2 may have an 
important role in modulating riboflavin absorp-
tion. Our previous study showed that defective 
expression of RFT2 is associated with the 
development of gastric cancer, and there is 
positive correlation between defective expres-
sion of RFT2 and plasma riboflavin level in gas-
tric cancer patients [14].

Therefore, we hypothesized that human RFT2 
is likely to have an important role in gastric car-
cinogenesis that involves modulating riboflavin 
absorption. To test this hypothesis, we investi-
gated the tissue riboflavin status of gastric can-
cer and riboflavin transporter (RFT2) protein 
status in matched tissues, and further ana-
lyzed the relationship between RFT2 protein 
and riboflavin level in the GC tissues.

Helicobacter pylori (H.pylori) infection of the 
gastric mucosa is associated with gastric can-
cer. This has been confirmed by animal experi-
ments, a large number of clinical observation 
and clinical intervention [15]. Nitrosamines 
have been suspected in the etiology of gastric 
cancer in the high incidence area of China.  
However, deficiencies in riboflavin, vitamins A 
and C and other micronutrients may also be 
involved. 

Recent research [16, 17] has showed that the 
aetiology of GAC and esophageal cancer are 
related to lack of nutrition, low intake of fruit 
and vegetables. Wang et al. [18] reported that 
C20orf54 is a high susceptibility gene in GAC 
and esophageal cancer. C20orf54 gene is 
located in chromosome 20p13, consisting 5 
exons, encoding riboflavin transporter protein. 
Its main function is to transport riboflavin from 
extracellular to intracellular [19]. Fujimura et al. 
[20] demonstrated that RFT2 is involved in the 
epithelial uptake of riboflavin in the small intes-
tine. RFT2 is responsible for the transport of 
riboflavin, and riboflavin deficiency has been 
reported as a risk factor for gastric cancer. If 
C20orf54 gene is mutated, riboflavin cannot 
effectively enter the cells.

We also investigated the correlation of H.pylori 
infection and plasma riboflavin level in patients 
with gastric cancer.

Materials and methods

Clinical samples

A total of 60 frozen biopsy tissue specimen, 
consisting of 30 cases GC and 30 cases 
matched normal mucous epithelia (5 cm away 
from the tumor), were collected within 30 min 
after resection and kept at -80°C until tissue 
riboflavin levels by ELISA and RFT2 protein lev-
els by western blots were tested. All GC patients 
were referred between May 2010 and Jun 2012 
in their initial visits to the First Affiliated 
Hospitalof the Xinjiang Medical University. 
Written informed consent was obtained from all 
patients participating in this study, and the 
study was approved by the ethics committee of 
the first affiliated hospital of Xinjiang medical 
university. Among patients with GC, 18 cases 
were tumor stage ≥ stage III b, and 12 were ≤ III 
a. 8 cases were pathologically characterized as 
well-differentiated, 11 moderately differentiat-
ed and 11 poorly differentiated tumors. Lymph 
node metastasis was documented in 19 cases. 
The mean age of GC was 55.7 years with 
extreme ages of 37 and 71. 

A total of 60 cases with gastric cancer that 
underwent surgery at the Department of 
General Surgery of the first affiliate Hospital of 
Xinjiang Medical University from January 2010 
to February 2011 were enrolled in the study. 
The H.pylori infection group: 32 cases; with the 
mean age of 61 years (range: 25~83 years); 
histological types of 18 cases of low differenti-
ated adenocarcinoma, 12 cases of adenocarci-
noma, 2 cases of high differentiation adenocar-
cinoma. No H.pylori infection group: 28 cases; 
with a mean age of 52 years (range: 36~ 
75 years); histological types of 12 cases of low 
differentiated adenocarcinoma, 10 cases of 
adenocarcinoma, 6 cases of high differentia-
tion adenocarcinoma. Age, gender, and tumor 
histology of these two groups showed no statis-
tical significance. Peripheral blood samples 
were collected from 60 cases of gastric cancer 
patients (5 ml per person), put into EDTA vacu-
tainer tubes and blend for 3~5 minutes. Then, 
the remaining samples were centrifuged 10 
min (3000 r/min) and collected plasma was 
stored at -80°C. 

All of the patients were enrolled with written 
informed consent, and the study was approved 
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by the Ethical Committee of the Xinjiang Medical 
University. Patients had not received preopera-
tive chemotherapy and/or radiotherapy. All 
patients were confirmed by gastroscopy, histo-
pathological diagnosis and surgery. 

Tissue riboflavin level

Tissue was analyzed for its concentration of 
riboflavin by ELISA. ELISA is a convenient meth-
od for measurement of riboflavin in tissue. In 
accordance with ELISA kit instructions, it was 
used to detect the riboflavin levels in fresh tis-
sue from gastric carcinoma patients and 
matched normal mucous epithelia (5 cm away 
from the tumor). Fresh tissue (100 mg) from the 
same patient with gastric cancer and normal 
mucous epithelia 5 cm away from the tumor 
(control group) were weighed on an electronic 
balance, added to 1 ml of 10 mm PBS solution, 
then homogenized. The homogenate was cen-
trifuged 20 min at 2000 rpm, and 200 µl of 
supernatant was collected for analysis. The 
optical density (OD) of the supernatant was 
read within 15 min at 450 nm. A standard curve 
was used to determine the concentration of the 
sample.

Protein extraction and Western blotting analy-
sis

Total protein from the same patient with fresh 
tissue of gastric cancer and gastric mucosa 5 
cm away from the tumor tissue were extracted 
with radio immunoprecipitation assay (RIPA) 
lysis buffer (Bioteke, Beijing, china) containing 
protease inhibitor. The proteins were separated 
by 10% SDS-PAGE (Invitrogen, Carlsbad, CA, 
USA) and transferred onto polyvinylidene difluo-
ride (PVDF) membranes (Millipore, Billerica, 
MA). The membranes were incubated in block-
ing buffer (1 h with 5% skimed milk in PBST) at 
room temperature with gently shaking. Then, 
the sample was incubated overnight at 4°C 
with primary antibody for anti- RFT2 (Santa 
Cruz Biotechnology, Santa Cruz, CA, USA). After 
washing with PBST 10 min × 3 times, the mem-
branes was incubated with horseradish peroxi-
dase conjugated IgG at room temperature for 2 
h. The blot was visualized using DAB kit 
(Zhongshan Jinqiao, Beijing, China). Western 
blotting band was quantified using Quantity 
One software by measuring the band intensity 
for each group and normalizing to β-tubulin 
(Sigma) as internal control (Invitrogen). The final 

results were expressed as fold changes by nor-
malizing date to the control values. 

Detection of H.pylori infection

Without antibiotics, antisecretory drugs in 2 
weeks, gastroscopy: H.pylori rapid urease test, 
Warthin2starry histological staining, and 14C 
-urea breath test (14C-UBT). Any 2 or more pos-
itive cases for H.pylori infection, 3 negative 
cases for no H.pylori infection, and only 1 posi-
tive cases were removed.

Detection of plasma riboflavin

Blood plasma was analyzed for its concentra-
tion of riboflavin by high-performance liquid 
chromatography (H.PYLORILC). The H.PYLORILC 
system used was a Waters 2695 liquid chro-
matograph and Waters 2475 fluorescence 
detector with the autosampler set at 28°C and 
configured for a 96-well microtiter plate 
(SiroccoTM, waters, 89013B). Water was gener-
ated using a Milli-Q water system (MILLIQ, seri-
al0002). 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 
C2H7NO4) flavin stock solutions (5 mmol/L) were 
stored at -20°C in the dark. An excitation wave-
length of 450 nm was used and riboflavin was 
detected at an emission wavelength of 520 
nm. Chromatographic column: Symmetry- 
shieldTM RP-C18, column (4.6 μm × 25 cm, 5 
μm); mobile phase: methanol (5 mmol/L) - 
ammonium acetate (volume ratio 35:65, pH 
5.75), the flow rate was 0.60 ml·min-1, the peak 
area was measured and used for quanti- 
fication.

Statistical analysis

All statistical analyses were performed with 
SPSS Version 17 software. P values were two-
sided, and the significance level was P < 0.05. 
The independent samples t-test was used to 
compare the quantitative variables. The χ2 test 
was used to compare qualitative variables. 
Logistic regression analysis was used to com-
pare the relationship among H.pylori infection, 
the plasma riboflavin level in gastric cancer. 
Results were presented as mean ± SD. Variance 
analysis were used to analyze the association 
between two continuous variables. 
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Results

Riboflavin levels are decreased in GC tissues

The average riboflavin level measured by ELISA 
in GC tissues was 17.02±3.91 µg/L, and the 
average level in tissues of matched normal gas-
tric epithelial tissue was 21.01±4.73 µg/L. A 
decreased tissue riboflavin level was found in 
GC compared with normal gastric epithelial tis-
sue (Table 1).

RFT2 protein expression is decreased in GC 
tissues

Based on Western blot analysis, expression of 
RFT2 protein was found to be lower in GC 
(0.92±0.39) compared to matched normal tis-
sues (1.23±0.51) (Figure 1). The detailed 
results of RFT2 protein were summarized in 
Table 1. Statistical analysis demonstrated that 
expression of RFT2 in GC was significantly 
lower than that in normal tissues at protein 
level (Table 1).

Riboflavin level is correlated to RFT2 protein 
expression in GC tissues

RFT2 concentrations were determined in sam-
ples obtained from gastric cancer patients who 
were not taking vitamin supplements. The RFT2 
protein expression level was 0.92±0.39 in 
patients, and the average tissue concentration 
of riboflavin was 17.02±3.91 µg/L in GC 
patients. We have analyzed the relationship 

Plasma riboflavin level is decreased in H.pylori 
infection

Plasma riboflavin level measured by H.
PYLORILC of non-H.pylori infection group 
(1.6674 ng/mL ±0.37009 ng/mL) was higher 
than that of H.pylori infection group (1.2207 
ng/mL ±0.17727 ng/mL); the difference in 
level of plasma riboflavin was statistically sig-
nificant (P = 0.043, Table 2). We also found that 
plasma riboflavin levels are decreased in posi-
tive Serosal Invasion (vs. negative, P = 0.013) 
and lymph node metastasis (vs, negative, P = 
0.046) samples (Table 2). 

Discussion

The etiology of gastric cancer is particularly 
complex, influenced by diet, environment, 
genetics, immunization and other factors. In 
the present study, we investigated the associa-
tion between tissue levels of riboflavin and the 
RFT2 protein expression status in patients with 
gastric adenocarcinoma. The results showed a 
tendency for a positive association between 
riboflavin levels and RFT2 expression status, 
which indicated that RFT2 may play an impor-
tant role in gastric carcinogenesis and involve 
modulating riboflavin absorption.

Previous epidemiological studies have reported 
[21, 22] that riboflavin deficiency is linked to an 
increased risk of cancer because riboflavin is 
involved in essential oxidation-reduction reac-
tions and its deficiency leads to skin and muco-
sal disorders. Furthermore, Riboflavin is essen-
tial for synthesis of FAD and FMN, which acts as 
a cofactor for several biological processes in 
energy metabolism. There are some studies 
showing that riboflavin is a potential cancer pre-
ventive agent because of its role in one carbon 
metabolism. Singh et al. reported that a 
reduced riboflavin intake can lead to changes 
in the methyl supply, followed by alterations in 
DNA methylation [23], and cancer cell lines 
showing that riboflavin can activate extrinsic 
apoptosis pathways at low concentration. 

Table 1. RFT2 protein expression and riboflavin level in GC 
tissues

Riboflavin level in tis-
sues (means ± SD μg/L) P Protein expres-

sion of RFT2 P

GC 17.02±3.91 0.039 0.92±0.39 0.042
Normal 21.01±4.73 1.23±0.51

between the tissue riboflavin level 
and expression of the RFT2 protein 
of GC. A positive association was 
found between changes in the tis-
sue riboflavin level and changes in 
RFT2 protein expression in GC (χ2 = 
1.969; P = 0.039). 

Figure 1. Expression of riboflavin transporter2 in gas-
tric cancer tissue and normal tissue.
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Additional cell death mechanisms like intrinsic 
apoptotic pathways and protease pathways are 
also triggered at higher concentrations of ribo-
flavin, leading to further inhibition in their prolif-
eration [24].

Studies have reported that RFT2 is a human 
riboflavin transporter and a transmembrane 
protein, which may function biologically as a 
transporter of riboflavin in the small intestine 
[12], and riboflavin deficiency has been associ-
ated with an increased risk of esophageal 
squamous cell carcinoma (ESCC) and gastric 
cardia adenocarcinoma (GCA). Riboflavin sup-
plementation has been reported to reduce the 
risk of ESCC and GCA [13], and RFT2 may have 
an important role in modulating riboflavin 
absorption. RFT2 is not only expressed in small 
intestine but also in other organ and tissue, 
just like jejunum ileum and testis, as well as in 
lung, kidney, stomach and colon [11]. Therefore, 
RFT2 not only plays important roles in intesti-
nal riboflavin absorption but also effects ribo-
flavin tissue distribution. Thus, RFT2 expressed 
in gastric tissue could play a key role in ribofla-
vin handling.

It is proved that gastric cancer is closely related 
to helicobacter pylori infection. However, the 
carcinogenic mechanism is unclear. Many stud-
ies have confirmed that incidence of gastric 
cancer with the H.pylori infection is significantly 
higher than those without infection. The apop-
tosis and proliferation of antral mucosal cell 
increase in patients with H.pylori infected gas-
tric cancer, the degree of increasing is closely 
correlated to that of inflammation. H.pylori may 
promote abnormal expression of certain genes, 
leading to gastric mucosa epithelial cell prolif-
eration and apoptosis imbalance, causing 
abnormal gastric mucosa, eventually resulting 
in gastric cancer [25, 26]. In the present study, 
H.pylori infection can cause the oncogene acti-

It has been reported that the lifespan of gastric 
cancer with H.pylori positive is shorter than 
H.pylori negative [27]. Effective prevention and 
control of H.pylori infection, and increase ribo-
flavin intake, might be of significance in the pre-
vention, treatment and improvement the prog-
nosis of gastric cancer. 

Riboflavin, also known as vitamin B2, is two 
kinds of flavin coenzyme, and also is the impor-
tant part of flavin mononucleotide and flavin 
adenine dinucleotide. These two kinds of coen-
zymes are combined with various proteins to 
form a flavoprotein, and participated in the bio-
logical oxidation reaction of organism and ener-
gy metabolism. Riboflavin deficiency can cause 
metabolism disorder and epithelial injury. 
Wynder observed pathological changes in the 
process of riboflavin deficiency in mouse epi-
thelial tissue, such as gastric mucosa epithelial 
atrophy, excessive diversification and exces-
sive hyperplasia, and these pathological chang-
es are related to the incidence of esophageal 
cancer and gastric cancer. Our study suggested 
that plasma riboflavin level of gastric cancer 
without serosal invasion and lymph node 
metastasis is higher than serosal invasion and 
lymph node metastasis group. Consistent with 
literature, lack of vitamin B2 has close relation-
ship with a high incidence of gastric cancer and 
gastric cancer prognosis. As far as current 
information is concerned, increase the dietary 
intake of riboflavin in the areas of high inci-
dence of cancer especially esophageal and 
gastric cancer may be beneficial to the preven-
tion of cancer. So far, domestic studies have 
been done on the measurement of vitamin A, 
vitamin B2, viatin C in the blood of normal peo-
ple in high incidence of esophageal cancer 
areas, but no studies have been reported on 
the relationship between gastric cancer helico-
bacter pylori infection and blood riboflavin level. 
This study provides a valuable objective data 

Table 2. Plasma riboflavin level in serosal invasion, lymph 
node metastasis and helicobacter pylori infection
Characteristics n Riboflavin level (ng/mL) P value
Serosal Invasion (Positive) 24 0.7331±0.11191 0.013
Serosal Invasion (Negative) 36 1.8706±0.27881
N metastasis (Positive) 36 0.7950±0.12621 0.046
N metastasis (Negative) 24 2.3811±0.28812
H.P infection (Positive) 32 1.2207±0.17727 0.043
H.P infection (Negative) 28 1.6674±0.37009

vation and tumor-suppressor gene 
inactivation which contributes to the 
occurrence of gastric cancer. 

This study showed that plasma ribo-
flavin levels in gastric cancer with 
H.pylori infection group are lower 
than without H.pylori infection group, 
which proved that H.pylori infection 
can influence riboflavin absorption, 
accelerate the deterioration of gas-
tric cancer, and shorten the lifetime. 



Riboflavin, RFT2 and Helicobater pylori in gastric carcinoma

13344 Int J Clin Exp Pathol 2015;8(10):13339-13345

for etiology and prevention measures of gastric 
cancer. 

In recent years, it has been found that H.pylori 
also causes the deficiency of iron, copper, vita-
min and micronutrient, which will lead to iron 
deficiency anemia, pernicious anemia, and 
even some tumors [28]. Based on the litera-
ture, the riboflavin absorption barrier mecha-
nism caused by H.pylori infection is unclear, but 
may be related to the damage of gastric epithe-
lium after H.pylori infection, thus affecting the 
riboflavin absorption. Low plasma riboflavin 
level cannot guarantee the normal epithelium 
function, which otherwise causes H.pylori infec-
tion easily.

In conclusion, there is lack of strong evidence 
about a protective effect of riboflavin against 
gastric cancer, but this may be partly due to not 
considering RFT2 as a key risk factor. In the 
present study, we provided an evidence for 
insufficient riboflavin was associated with an 
increased risk of gastric cancer. Plasma level of 
riboflavin in H.pylori infection patients with gas-
tric cancer is lower than that of non-H.pylori 
infection. We believe that the present of the 
relationships among helicobacter pylori infec-
tion, gastric cancer invasion, and metastasis 
and plasma riboflavin may provide new theories 
and methods for the prevention and treatment 
of gastric cancer.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Maynur Eli, De- 
partment of Oncology, The First Affiliated Hospital, 
Xinjiang Medical University, Urumqi 830054, 
Xinjiang Uygur Autonomous Region, China. E-mail: 
maynur224@126.com

References

[1] Ministry of Health of the People’s Republic of 
China. China Health Statistical Yearbooks 
2010. Peking: Peking Union Medical College 
Press; 2010.

[2] Wang JK, Feng YC. Correlation between Helico-
bacter pylori infection and local infiltration of 
gastric cancer. World Chinese Journal of Diges-
tology 2010; 18: 268-270.

[3] Gastaldi G, Ferrari G, Verri A, Casirola D, Ors-
enigo MN, Laforenza U. Riboflavin phosphory-
lation is the crucial event in riboflavin transport 

by isolated rat enterocytes. J Nutr 2000; 130: 
2556-2561.

[4] Hoppel CL, Tandler B. Riboflavin and mouse 
hepatic cell structure and function. Mitochon-
drial oxidative metabolism in severe deficiency 
states. J Nutr 1975; 105: 562-570.

[5] Tu BP, Ho-Schleyer SC, Travers KJ, Weissman 
JS. Biochemical basis of oxidative protein fold-
ing in the endoplasmic reticulum. Science 
2000; 290: 1571-1574.

[6] Webster RP, Gawde MD, Bhattacharya RK. 
Modulation of carcinogen induced DNA dam-
age and repair enzyme activity by dietary ribo-
flavin. Cancer Lett 1996; 98: 129-135.

[7] Santos NA, Catao CS, Martins NM, Curti C, 
Bianchi ML, Santos AC. Cisplatin induced 
nephrotoxicity is associated with oxidative 
stress, redox state unbalance, impairment of 
energetic metabolism and apoptosis in rat kid-
ney mitochondria. Arch Toxicol 2007; 81: 495-
504.

[8] Zhu X, Wentworth P, Kyle RA, Lerner RA, Wilson 
IA. Cofactorcontaining antibodies: Crystal 
structure of the original yellow antibody. Pre-
cede Natr Acad Sci 2006; 103: 3581-3585.

[9] de Souza Queiroz KC, Zambuzzi WF, Santos de 
Souza AC, da Silva RA, Machado D, Justo GZ, 
Carvalho HF, Peppelenbosch MP, Ferreira CV. A 
possible anti-proliferative and anti-metastatic 
effect of irradiated riboflavin in solid tumors. 
Cancer Lett 2007; 258: 126-134.

[10] Wang LD, Zhou FY, Li XM, Sun LD, Song X, Jin Y, 
Li JM, Kong GQ, Qi H, Cui J, Zhang LQ, Yang JZ, 
Li JL, Li XC, Ren JL, Liu ZC, Gao WJ, Yuan L, Wei 
W, Zhang YR, Wang WP, Sheyhidin I, Li F, Chen 
BP, Ren SW, Liu B, Li D, Ku JW, Fan ZM, Zhou 
SL, Guo ZG, Zhao XK, Liu N, Ai YH, Shen FF, Cui 
WY, Song S, Guo T, Huang J, Yuan C, Huang J, 
Wu Y, Yue WB, Feng CW, Li HL, Wang Y, Tian JY, 
Lu Y, Yuan Y, Zhu WL, Liu M, Fu WJ, Yang X, 
Wang HJ, Han SL, Chen J, Han M,Wang HY, 
Zhang P, Li XM, Dong JC, Xing GL, Wang R, Guo 
M, Chang ZW, Liu HL, Guo L, Yuan ZQ, Liu H, Lu 
Q, Yang LQ, Zhu FG, Yang XF, Feng XS, Wang 
Z,Li Y, Gao SG, Qige Q, Bai LT, Yang WJ, Lei GY, 
Shen ZY, Chen LQ, Li EM, Xu LY, Wu ZY, Cao 
WK, Wang JP, Bao ZQ, Chen JL, Ding GC, 
Zhuang X, Zhou YF, Zheng HF, Zhang Z, Zuo XB, 
Dong ZM, Fan DM, He X, Wang J, Zhou Q, 
Zhang QX, Jiao XY, Lian SY, Ji AF, Lu XM, Wang 
JS, Chang FB, Lu CD, Chen ZG, Miao JJ, Fan ZL, 
Lin RB, Liu TJ, Wei JC, Kong QP, Lan Y, Fan YJ, 
Gao FS, Wang TY, Xie D, Chen SQ, Yang WC, 
Hong JY, Wang L, Qiu SL, Cai ZM, Zhang XJ. 
Genome-wide association study of esophageal 
squamous cell carcinoma in Chinese subjects 
identifies susceptibility loci at PLCE1 and 
C20orf54. Nat Genet 2010; 8: 759-763.

mailto:maynur224@126.com


Riboflavin, RFT2 and Helicobater pylori in gastric carcinoma

13345 Int J Clin Exp Pathol 2015;8(10):13339-13345

[11] Yamamoto S, Inoue K, Ohta KY, Fukatsu R, 
Maeda JY, Yoshida Y, Yuasa H. Identification 
and functional characterization of rat riboflavin 
transporter 2. J Biochem 2009; 145: 437-443.

[12] Fujimura M, Yamamoto S, Murata T, Yasujima 
T, Inoue K, Ohta KY, Yuasa H. Functional Char-
acteristics of the Human Ortholog of Riboflavin 
Transporter 2 and Riboflavin-Responsive Ex-
pression of Its Rat Ortholog in the Small Intes-
tine Indicate Its Involvement in Riboflavin Ab-
sorption. J Nutr 2010; 140: 1722-1727.

[13] He Y, Ye L, Shan B, Song G, Meng F, Wang S. 
Effect of riboflavin-fortified salt nutrition inter-
vention on esophageal squamous cell carci-
noma in a high incidence area. China. Asian 
Pac. J Cancer Prev 2009; 10: 619-622.

[14] Eli M, Li DS, Zhang WW, Kong B, Du CS, Wumar 
M, Mamtimin B, Sheyhidin I, Hasim A. De-
creased blood riboflavin levels are correlated 
with defective expression of the riboflavin 
transporter 2 gene in gastric cancer. World J 
Gastroenterol 2012; 18: 3112-3118.

[15] Bornschein J, Malfertheiner P. Gastric carcino-
genesis. Langenbecks Arch Surg 2011; 396: 
729-742.

[16] Yu X, Zhang T, Zhang H, Hu A, Hu Y, Guo W, 
Wang Y. Comparison of lifestyle and living envi-
ronment among high risk immigrant and low 
risk host residents: implications for esopha-
geal cancer etiology. Asian Pac J Cancer Prev 
2010; 11: 1827-1831.

[17] Kamangar F, Chow WH, Abnet CC, Dawsey SM. 
Environmental causes of esophageal cancer. 
Gastroenterol Clin North Am 2009; 38: 27-57.

[18] Wang LD, Zhou FY, Li XM, Sun LD, Song X, Jin Y, 
Li JM, Kong GQ, Qi H, Cui J, Zhang LQ, Yang JZ, 
Li JL, Li XC, Ren JL, Liu ZC, Gao WJ, Yuan L, Wei 
W, Zhang YR, Wang WP, Sheyhidin I, Li F, Chen 
BP, Ren SW, Liu B, Li D, Ku JW, Fan ZM, Zhou 
SL, Guo ZG, Zhao XK, Liu N, Ai YH, Shen FF, Cui 
WY, Song S, Guo T, Huang J, Yuan C, Huang J, 
Wu Y, Yue WB, Feng CW, Li HL, Wang Y, Tian JY, 
Lu Y, Yuan Y, Zhu WL, Liu M, Fu WJ, Yang X, 
Wang HJ, Han SL, Chen J, Han M,Wang HY, 
Zhang P, Li XM, Dong JC, Xing GL, Wang R, Guo 
M, Chang ZW, Liu HL, Guo L, Yuan ZQ, Liu H, Lu 
Q, Yang LQ, Zhu FG, Yang XF, Feng XS, Wang Z, 
Li Y, Gao SG, Qige Q, Bai LT, Yang WJ, Lei GY, 
Shen ZY, Chen LQ, Li EM, Xu LY, Wu ZY, Cao 
WK, Wang JP, Bao ZQ, Chen JL, Ding GC, 
Zhuang X, Zhou YF, Zheng HF, Zhang Z, Zuo XB, 
Dong ZM, Fan DM, He X, Wang J, Zhou Q, 
Zhang QX, Jiao XY, Lian SY, Ji AF, Lu XM, Wang 
JS, Chang FB, Lu CD, Chen ZG, Miao JJ, Fan ZL, 
Lin RB, Liu TJ, Wei JC, Kong QP, Lan Y, Fan YJ, 
Gao FS, Wang TY, Xie D, Chen SQ, Yang WC, 
Hong JY, Wang L, Qiu SL, Cai ZM, Zhang XJ. 
Genome-wide association study of esophageal 
squamous cell carcinoma in Chinese subjects 
identifies susceptibility loci at PLCE1 and 
C20orf54. Nat Genet 2010; 42: 759-763.

[19] Wang L, Song X. Interaction of environmental 
and hereditary factors on human esophageal 
carcinogenesis. Journal of Zhengzhou Univer-
sity (Medical Sciences) 2011; 46: 1.

[20] Chinese Society of Gastroenterology. Helico-
bacter pylori consensus (2003. Tongcheng, 
Anhui). Chinese Journal of Digestion 2004; 24: 
126-127.

[21] Manthey KC, Chew YC, Zempleni J. Riboflavin 
deficiency impairs oxidative folding and secre-
tion of apolipoprotein B-100 in HepG2 cells, 
triggering stress response systems. J Nutr 
2005; 135: 978-982.

[22] Eussen SJ, Vollset SE, Hustad S, Midttun Ø, 
Meyer K, Fredriksen A, Ueland PM, Jenab M, 
Slimani N, Ferrari P, Agudo A, Sala N, Capellá 
G, Del Giudice G, Palli D, Boeing H, Weikert C, 
Bueno-de-Mesquita HB, Büchner FL, Carneiro 
F, Berrino F, Vineis P, Tumino R, Panico S, Ber-
glund G, Manjer J, Stenling R, Hallmans G, 
Martínez C, Arrizola L, Barricarte A, Navarro C, 
Rodriguez L, Bingham S, Linseisen J, Kaaks R, 
Overvad K, Tjønneland A, Peeters PH, Numans 
ME, Clavel-Chapelon F, Boutron-Ruault MC, 
Morois S, Trichopoulou A, Lund E, Plebani M, 
Riboli E, González CA. Vitamins B2 and B6 and 
genetic polymorphisms related to one-carbon 
metabolism as risk factors for gastric adeno-
carcinoma in the European prospective investi-
gation into cancer and nutrition. Cancer Epide-
miol Biomarkers Prev 2010; 19: 28-38.

[23] Singh SM, Murphy B, O’Reilly RL. Involvement 
of gene-diet/drug interaction in DNA methyla-
tion and its contribution to complex diseases: 
from cancer to schizophrenia. Clin Genet 
2003; 64: 451-460.

[24] Hassan I, Chibber S, Khan AA, Naseem I. Ribo-
flavin Ameliorates Cisplatin Induced Toxicities 
under Photoillumination. PLoS One 2012; 7: 
e36273.

[25] Mégraud F, Lehours P. Helicobacter pylori and 
gastric cancer prevention is possible. Cancer 
Detect Prev 2004; 28: 392-398.

[26] Xia Y, Xu H, Sun Y, Zhang JG, Wang LB. Rela-
tionship between Helicobacter pylori infection 
and expression of CDK1 in gastric carcinoma. 
Chinese Journal of Practical Internal Medicine 
2010; 30: 266-267.

[27] Zhuang XQ, Zheng J, Lin SR, Yuan SZ, Sun GH, 
Zhou BC. Prognostic significance of gastric mu-
cosal proliferation and gastric carcinoma with 
Helicobacter pylori infection. Chinese Journal 
of Clinical and Exprimental Pathology 2002; 
18: 174-176.

[28] Chang YH, Wang JB. Lead to micronutrient de-
ficiencies and related diseases with Helico-
bacter pylori infection. Chinese Journal of Di-
gestion 2006; 26: 791-792.


