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WFsE

M, PBK {55 Z 5150 4k T8 TR 4 0 i iz 55
Z AU RE R T . BFSE & 3R, PI3K AL Ui
T {0 B(PKB 5% Akt) T4 (5 S %5 A2
Ji 98 1) R A R TR S TR G o 2l i VR 1 ok 8 4 T
BB R G, HEPE S R R RE T B0 MR Ak,
T L5 e A M %) B . E R L Jiebg o A i L B 4
JLAI I o P R S A DG, T RRERAE N — PP AL B
AR 0], 8 7] 38 2 40 21 2 2k S A A )
TE PR I 2H 25 0 e Ak, SR 2 Wi 14 108k
FER R RE, WIEARLE S 5504k . 20 6 S5 R L oA
T2, M AR 1RZB AR (1 JE R, DA 2K 2] F B il
BITREIVERY . T RRER A W 3 AR IS 7E T rT LA
R Z M 4 s34k . B Rl LU PTEN/PI3K
P AN T BRI R MUC2 3R

Er b UL R 25 B ), B arhhod e B3
JUFP B 4R R F 2RS4 2 B2(Vitamin B2, VB2) .
4k 4 % B6(Vitamin B6, VB6). 4k 4 & B9(Vitamin
B9, VB9) Fl14E/: 2% B12(Vitamin B12, VB12), ix JL2&
et ZE BARS S5 T VB9 —Bk I ) DNA H L AL A
DNA & it F2, B 9 B 2% b B AR
VB2, VB9 1 VBI12, iX 5 B 9 19 & A= XU 2 B AH
SRS AR R AR B YR RAFAEAUH Tk
B A B AR, 3 A U IR T RS R B
TR P AR A AR B AR fh . SR, 36 kAR A BF
FEW A —2, BARPLHI AR KR AR A, B R4
AR THURNI BN T8, ZUHFESE T HAE
S E T AR T A PE L, R B R4 AE R B S
5 DNA R R & R 185 f H 3L % 72,
U ) e 7y o 3 IR N E I W A AN E RS B o] T e
PRy RE T R FEDU AR Y. © A HiRiE PR, B %
Y R F 5 1 S R B Y nT U [ 1 a8 R AR,
VB2 " WA AT 25 YA AN A= FR C 38 R TR AE (1Y)
RITIFR, (A B R AE R S TR R A
PRSP B 58 6 DS . AW O B
BGC-823 4l 7 AL, ¥R T Rath M1 B e K
S0 FEXT 9 A0 7t 2 K 1) 5 ) B o] R AR AL . AFFSE
MR A B THEHE X IR B B 4R A =A™ T Wk
Yy AE G RS A7 R BRI A% AR, AT AR I IR
ST B BIG YT R | 04k H B IR A5 R £ E
Ty v A AR EE AR
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1 MHEEFE

1.1 RS

N B 4 BGC—823 41 il & 7 RPMI-1640 15
FEH A AR, KRN 10% f4- 1075 1 1% 58
F AR, IE 37°C, 5% CO,., 4E/EZ B (VB2,
WK, VB9, MHR; VB12, &l ) AR b I [ Bl 7
T T ARGER ), B4 MLk (fetal bovine serum,
FBS). iR & F Bl . A B iR 5 22 b W (Dulbecco's
phosphate buffered saline, DPBS)I4 H 32 [& Gibco /A
w5 cck—8 R &L 114 (reactive oxygen species,
ROS) A7) & . 20 i sl am) & A Tl &
WA 38 RAHE ARG . ECL b2 & A i
#| . PVDF Jii . SDS-PAGE il [ 24 2= K AE W4
ARAFFEFT; PTEN Fi/k | PI3K Hi/4 . B—actin I3 [ 5 5
LA RHE A BRA A
1.2 CCK-8 i&#&ill4Hpa iE 4

BB E KR BGC—823 B ANIZ: 0.25% i
AR, W BUR T, HAfL 5% 10° A4
T 96 fLA . BT 37°C. 5% CO, 53548 s 5%
TG, VednF R IR0, SR 5 BAL AT B 100 uL 7
S IG SR WA 100 pl 7 B AT B AR i 35 7R 0, X HE 2
AIAEAT HARY . 7535 72 h ), Seda i 3500+ g
BEREFRIRGAVE 1 W, LA 100 uL ANEIMIEK) RPMI1640
BE R WM 10 uL CCK—8 &5, 37°C ¥5 3% 1.5 h )=, H
Fil AR AL AE K 450 nm, 275 P K 650 nm T #E 47K
W, B 3 AL,
1.3 MEXEEARSHITE

2% Chou 25" HRIH, B 2 BCA VR FH B IR
JE, TEX I 4 5 s MR BT PR A SRS fin B e 4
A TEREL, MR MR IR, R 127
F14) 7 1% 000 4 8 0 o 23R, ARl 10K B R FH O RCR,
FHEAL G YIS IR 4N BGC—823 1A HAEHIZ 4K, Rl
B & 1E 38 %0 (combination index, CI), CI>1. CI=1
Fl CI<1 43 FRos 25 () HAG 540 . AN B D[R
ZiWBEVERR CLIE R CompuSyn 34 BITTE
1.4 BGC-823 {HAAT ERINE

WUAE KORAS BLIRY BGC—823 4ilfifd, A1 FH 1%tk
THESCUR 4 20 B B Tk R & 5%10° > /mL, AP T EAR
60 mm A5 FE ML, 4101 6 mL, T 37°C. 5% CO, };
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FEAA T RE R, 24 h 5 3 R IR FR W, AR BT A5 U R4
il BGC—823 4t i3 4 50 R e A4 &, LATC LT 15 57
FEXF BB, 3 BRI 6 mL & VB2(50 pmol/L) ., T iR
£5 (5 mmol/L) A1 VB2(50 umol/L)+ T 2 E: (5 mmol/L)
FBTEER IR, 00 VB2 4. T HRREhad . VB2+ T iadh
H, ARSERGFR 48 h, BUR B SR LR H S SR, A2
DPBS ¥ 2 i, B ILANA 2 mL B, 515 1L)5, 500 g.
4°C B0 5 min, WA, [FIFEZ44F DPBS ¥ 2 K, &
OFE IR, A 400 pL 25422 i 38, B 200 uL
FHELEPENE AR HAMMA S L
Annexin V 37, &GN 15 min J&, LA 10 pL it
AL A BE (propidine iodide, P15, IR 4] 5 T 240 i
A
1.5 4AEE AR

SRR . AR EE . W4T 1.4 775, DPBS
G TR 70% CBER R 4°C 6 & 1,
500 g .0 5 min, 4°C ¥4 1 DPBS ¥t % 40 il T 7€
2 K, il A PI I RNase A T 37°C 7 30 min, FHiiisX
A fL ARG
1.6 PTEN.PI3K & FkEHRIEFR

SRR L, A5 A0 2R AR AT 1.4 75, DPBS
THUEE, IS 28 F R e 3 (29K 224 1 mmol/L) Y
ZUIR, FE5> 24 5, 14000 g B0 15 min, B F W5 ED
RS .

PTEN, PI3K #H X} 2 ik &t i £ il R H] Western
blot 7%k HEAT, AW IS F BCA 1A 2 45 i
AR I BT o B, R BRI B A B U RE i 5 RS o
WA 401 ARFELIR A, BhKIE 10 min, B4 )5 IR
FFE S5 20 g 3F 47 2R T M Tk g 6 G P Ok (PR
80 V HiJK 30 min, #R 5 HLH 120 V HLiK 120 min), HL
VK8 TR B I P Y R R B 2 R R S 0 R,
TBST IR UENE 4 YR (BER S min), B 5 0 9 £ M T
FE AW PR E 1 h 5 T —H0(1:1000) 555
(4°C 3300 ; VEE S I A TBST 5 B0 B 1) AR 1 4
ALY REFRIC A 0 (1:2000), ZFIEPFE 1 h, e )5 o
A ¥hsm Bk 22 &R 2 5, Omegalum G 1b27 &
BUR ZR G0 6T 40 BROC SR 45 1, SR B 11 2801 IR B
{8, #%20(1) R AR R A i

ST A AR B
%E*ﬁﬁﬁéi}jiz ﬁuu%ﬂmﬂﬁf(gﬁ

SR EF o
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1.7 BRIFESHEIMEILE

FEMR BB B T BGC—823 4l i /5 5 i, 43l
6 41, B4l 5 H o ¥ BGC—823 fift I 21 Jid (8x10°~10x
10° cells/ K /N B B2 T 4% b T BalB/C #R B (5~8 A,
18~22 @) (S il UM P-4 ARRRIAH] 300 mm’ (4254
J& 6 d) AT, INERBERERL T 6 A (RR2H 5 H), RS
FARTEA 50 uL 89 HARI, 05, 547 20 d 1Y
BEVSCH, 7E55 2. 5,10, 15, 20 d B bR R L
DN Jie 83 /0N, 355 98 AR R (tumor volume, V), V=
12ab*(Fer a Fl b R Mg e MR A B4, B R
mm), FF%F P B i B AR I PRAG 7 T
FEXT i yeg (R FH (relative tumor volume, V)it AR H

VR = Vx/Vo ( 2 )

Ao, v o A e bR AR AR B Y, v, RiRdT
H R AR A4
1.8 BREREFZRREFVRKSEEZFIERERS T

TEVL I3 A8 B2 Bt e Jd Bl R A 63 44 15 i AR I
46 2 1EH NS FE S, %) B L B AR
rh Z2F iz 8 TR E SR AR DG Y A TR R AR
SO TE . ST AR O A D) R X R AR A R A T
Uik, SBFEAENS 45~90 %, BIEASM, B Lo8m A
UL FESISRARG L ZIAE 5000 r/min AU FESL 3 min,
B VW, A7 T-80°C, K mr U AR L 12000
r/min B3 B 2500 5 min, B I AT A AL o
Mo X AR A 2= E0H A T 1E 28 I e /N — 3= 531 o3
#r % (orthogonal to partial least squares—discriminant
analysis, OPLS-DA). i1 VIP(variable important in
projection){H 3K 14 OPLS—-DA #& % A 4 (1) AL T {8,
VIP=1 R UL 22 A i EbsfE. SR permuta-
tion A 50 5 X B AR R HE A T IR, R IR 2 SR 25 th
—A p (ER RN B2 E, 24 p<0.05 i, WAy
BRI SONAT, ARG L 2 R 22 5
1.9 HIEFKITEH

R 2H 2 %0 3 SR MetaboAnalyst software
(version 5.0) #£17 OPLS—DA 34T, (kA https:/www.
metaboanalyst.ca, il SEE0 T A SLRG A 3 1K, 5K
95 25 R H S Y9 (E+5 Ml 25 % 75, >k ] AlphaEase
FC 33778 1 4545 IR BE 5317, >R ] CytExpert 5/
AT 20 B YH T S A A48 M 3 43 B, SR Oringin
8.0 FAIFER.
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WF5E

2 HREHH
21 TEA#hS B k4R A BGC-823 Y
SERINHIAE

TSR TR R X i 200 B 1 FH 1 v A
BE, THERERHE /5%~ 0.1, 0.5, 1, 2.5, 5, 10, 50,
100 mmol/L, Wi 1(a) iz, 24 T FRERARERE] 5 mmol/L
BF X B 9 20 B ] SRk B A, AR T RS
B 4RI GAERTE A A PHRWER, £ 0.5 mmol/L
1T RERFURNIEIY B R4 AE 2, TIPS B
Y MLAE T, SR CCK—8 3246 TN 240 i 0 1, J 3+ 58
CIfH. 3 1 A, THRELS VB2 £ 0.5 mmol/L ¥
FENAE IR Cl<t, BA B U RIAE M, 5 55 40 JLFD
B J4EAE R UM RIVE HIAS ] 4

BT, R E T RS VB2 BATER4L, —
ZH oM U VB2, 5 —2H A T ERER 5 mmol/L BXA AN A
WEE VB2, VB2 W 2430024 0.5, 1. 5. 10, 50, 100,
250, 500, 1000 pmol/L; WA 1(b)fF7s, 24 VB2 #k i
9 50 umol/L A 5 T L% 5 mmol/L B&A %t & J 41 i
P Fe e, H2Y VB2 WREEIAF 10 pmol/L B FF46 7
A DR RIZLNE, B VB2 Vi BEE K, PR 50 4 o, Y
VB2 Wk EEiAF] 50 umol/L X Lk LB, 5 5 mmol/L 9T
fig 3 ™ AE B 5 B R A T EL D ) 3000 T AR E o
B 1(c)M 7R T VB2 50 umol/L, T &L 5 mmol/L,
THEREL 5 mmol/L+VB2 50 pmol/L 3 204425 /7 &5t
5dJa X BGC-823 Ayl /EH, Won TR
VB2 Bk H B[R]V FH Bifi & BsF [ (%) 35 K, 03 [R) 4 e
iR

Or(a)  BGC-823 AN 80r(y) 112 ) - ai 112
—o— BGC-823
50+ z 6oL ® = = —{’"H’%- 1.0 1.0| = —o— VB2 (50 pmol/L ) 4 1.0
40| ~ --a- T (5 mmol/L)
S S 4o 7 108 Eos Yo (ot £ 1038
S 30t S . . S - 4
i i CHH . = JosZ S o6 {06 E
£ 20r E o[ 4EHB2 o - | o
= = — TTREhS mmol/L+4EHEEB2 {04 = 4 « 104
10 | ) a Hokok
0 )‘—i-*{_* o
L r . o 102 02f 1 Jo02
0 %/9\\ I e e =
— 0 1 1 1 1 1 1 1 1 1 — 1 1 f : 1 1 1 1 1 0 O 1 1 1 1 1 0
0 0105 1 25 5 10 50 100 R RO RO 0 2 3 4 5

TRERE/ (mmol/L )

VB2 %/ ((umol/L )

A al/d

(a) AR T MR EE T BGC—823 4 A HIZR; (b) THREhE A VB2 41 K 5l VB2 1%t BGC—823 21 iy iy il s R Xt L & CI1H;
(¢) THRELF VB2 BEAYEM 5 d X BGC—823 4l it 4 2805 & CI 14

El 1 CCK-8 Al B s RELA T BRELARSMIH BGC-823 HiFH Y RE )1

&1 TEHMARE B RELERASH B EMMAIH =X

Y E&WiRE(0. 5 mmol/L) HFI 2 /%
THRER 3.96+2.43 —
VB2 -5.08+3.25 —
TRRER+VB2 17.66+5.18 0.652
VB9 -1.35+4.28 —
THRER+VBY 7.49+1.89 0.989
VBI12 1.98+5.10 —
TRE+VBI12 8.31+1.76 1
VB6 0.79+2.32 —
THRER+VB6 3.97+0.83 1

K2k 48 h 4R FEAOLE I, TRREES VB2
HophaE VB2 5 VB12, VB9 H1 ) —Fhak & JLEh 4
A B AL B S A BGC—823 4 B T2 T4k

100

W T f LA
- (€. LU
e \ "' 3 S\
TN (4 4 .,""‘i‘,
“"i" { X »
?‘ h i ¢
‘-u,?,’ « (' e
'*}‘*y‘(‘f* 20X
ﬂ 4 Y -
S0um D 50pm  Cf
BT 8 r\" . i P
(a) BGC-823 (b) TS mmol/L

50 pm

(d) THE#ELS mmol/L+
VB2 50 umol/L,
VB12 50 umol/L+VB9 50 pmol/L

(¢) THRERS mmol/L+
VB2 50 umol/L

2 TS B YL R HXT BGC-823
TS 72 A (R0 (200 175)
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M A TR Sy, iR 2(c) . (d) BB Son i, 40
LR A A A 4R T R ER A B R 2 A= KK X 9
SRR 53 Ak A S
2.2 VB2 T ERELEE X BGC-823 R AT
P J HA B 22 i

X T ERERF VB2 B H Ab # BGC-823 4l fifl J i
P Moy At o AR EL BT T R ER AT VB2 B
BGC—823 4HfiEAufE A (1 3(a) ), T ERELE+VB2 B AT

DL 254 5 BGC—823 A -3, anl&l 3(b) Fiow,
FIXT BEZHAH HE, VB2 50 umol/L BAp 4/ FH 24 Jifd J& 38 L
B2 A B s T AR 5 mmol/L 1 A5 , GO—G1
(2 i A, 2N) 200 i Lb ) 8 2 B . G2/M 1 (4 i 14,
AN) A A5 53500 b 2 L s T T RRER S mmol/L+VB2
50 umol/L YEF &, 2N 4 b 491 T F& o Ry (3%, 4N 41
J e i 2 . BERH T AR ER+VB2 BRI R LA
{440 S A SR A % A i, AR A M BEL A T G2/M 1

oyt VB2 (50 pmol/L )
101 101
. 80 - BGC-823
100+ 100+
Z o100t E o100t
2 60}
10'f 10 =
e o 2
-+ . L ) Bl e R ")
10° 100 10° 10° 10° 100 100 100 10° | 40r
1 1
AnnexinV-FITC AnnexinV-FITC Lis /
H
TEEE (5 mmol/L) VB2 (50 umol/L ) + T &k (5 mmol/L) E 20r
101 101 X
100+ 10+ 0 ) V/%
R A N T
10t = 10 W A%
k‘yg\) - K‘Jd\ CJB \’6;\6\0\\
10 10 & @ @, O
GH>
<&
10° 100 100 10° 10 10° 100 100 10°
AnnexinV-FITC AnnexinV-FITC
(a) ZH)E
VB2 (50 pmol/L)
200 250 2N
160 200 70 -
2 120 2 150 vz ¥R
=1 =
2 2 60l . EE VB2 (50 pmollL)
5 s80}: & 100 B TE (5 mmoll)
40 50 501 Hl VB2 (50 pmol/L ) +
THRER (5 mmol/L)
0 200 400 600 800 1000 0 200 400 600 800 1000 < 40}
FL2-A FL2-A |
T 30t
TRE: (5 mmol/L) VB2 (50 umol/L ) +TRE: (5 mmol/L)
250 200 20}
200 160
. . 10}
£ 150 £ 120
o o |
o 1of c % Sub-G1 2N 4N 6N
50 40 1391
0 200 400 600 800 1000 0 200 400 600 800 1000

FL2-A FL2-A

(b) AR
K3 paanf A ANNEXIN-V/PLEER N T REh 5 B edE2E RIKH] 48 h 5 % BGC—823 Ji T

2.3 VB2 #1 T #i8 £h BX B Xf BGC-823 4f iz PTEN
K PI3K FRiZHI M0
W Fl Western blot 40 T iz £k F1 VB2 k& 1
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WFsE

MW/kDa

110 I o . o = - PIBK

55 e— s Susmut GRS PTEN

- G D G G

W x
3§’ aﬁ) @ﬁ) Q\) N
& > SR
K‘JQ W - B ® ¥
& @ @0
R

sk

PTEN
5| W PI3K ‘
w 4f
kR
® 3
= *
= ! . 1
L
Lr o *
kksk
L e

A A N
P v W PO
5 ch s « % 2 \; (‘\6\0\

K4 TirikS VB2 BCAXT BGC—823 4 s PTEN 1 PI3K £ FH ik /K - 152 1w

HEI T E PIBK B9 88 H R IK Ko 78 T IRER M
VB2 B4 (f FH A BE L) PTEN/PI3K {5 5 B 1E K A%
RAEVER, IITTF5 S 4L ga T A5k
2.4 VB2 FnT B EhEX A XA M BhyRR A Y B 3 4 4
1.7 TR E ST BGC—823 #f BUMR A A1 3
24, 25 RN 5(a) fias . VB2 50 pmol/L ZH AH Xt i i
RS X} BR 20 TC & 35 24 5 TR R 5 mmol/L 41 5 %
HEZE S 15 d FFER B 3 25 57 THRER 2 mmol/L+

331 e BGC-823
50+ —e— VB2 (50 umol/L) Va
a5l THREY (2 mmol/L) Ve
~ | v TW#: (2mmol/L) + )i
240t VB2 (50 pmol/L) //
= 35| ¢ TM#E (5mmollL) //
g ' <« TH#EE (5mmol/L) + // o
B 30F VB2 (50 umol/L) /)
Row /
= 254+
Jains
= 20}
15}
10}
0
KAE/d
(a) 20 drfrs LB BRI AU AL
5

25 KRBEZFZMEEREIRESEESHT
BT X B g RN BE 2 it 7 22 AT R AT 4H 2R A
W5, DAY BT 2 o0 A A . BEAYIGIE 2
BE OPLS-DA #& 2 F X 2 41 i#F 47 Observed vs
Predicted [m] 5 ith £ il 45, 75 3 a1 9 i £k 07 #2 hy y=
1.006x+0.02666, R’=0.8803., =%t R2Y 5 Q2 43 | FH
RAVTAL A (5 B R Re 1 S IilGe )1, KT 0.5 %

102

VB2 50 umol/L ZHH1 T 24k 5 mmol/L+VB2 50 umol/L
H 5T RRERE VB2 HME AR, S 10 d 5ETT 1R
IR 25 5, BREA RS I N B 5(b) R
SR ZH AR BUTC B B i 22 7 (p>0.05), {HIEK

£ FE 25 9 LR I T S R VB2 T 2641
HIKE HZGHBREIG S R ARAKIE LA B2 A
B 2 A B AT BR
= BGC-823
26~ @ VB2 (50 umol/L)
a— TPREE (2 mmol/L)
25+ v TH&EE (2 mmol/L) +VB2 (50 umol/L )
e TEEh (5 mmol/L) <
241 o TiRkh (5mmol/L) + :
il VB2 (50 pmol/L) i v
4 -
QD T L 3
fef 22+
®
21
20}
19}
18 s ' : ;
0 5 10 15 20

FHud
(b) 20 A A#RIATEA L

TRRER+VB2 T FH XA B RE 115 1

HH S 700 3503000 6B ) 47, BT AT R0 AR R2Y=
0.889, Q2=0.863, it ] OPLS—DA & &I ¥4 # s 2 H.
permutation £ 301 p<0.001, #&/nA H B EHLE, B
I 7 (8 6(a) ) OPLS—DA HiRIFE43 K], 2 4H 7] i 3%
X 43) o i 6(b) X X A 41 Fn 15 98 41 A 20 331 S
VB2 FIT R VIP PF4r KT 1, o i 2 22 AR

FLF 3k B 2 BRI, 5T R A AR
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0T & st o wamal
ARZH O 2 ) kR . | N |
- o] KRR - . L}
o i A KA | . am
5 & VB2 | . E
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Multiomics research explores new therapies for inhibiting gastric cancer
XIE Li', SHI Wenyan', LI Xinlin', XIONG Juanjuan', LIU Jingjing', YAO Hongliang', ZHOU Chengyuan', HUANG Wei*

1. College of Animal Science and Food Engineering, Jinling Institute of Technology, Nanjing 210038, China
2. Affiliated Hospital of Nanjing University of Chinese Medicine/Jiangsu Provincial Hospital of Traditional Chinese Medicine, Nanjing
222000, China

Abstract To confirm that vitamin B2 and butyrate could synergically enhance the killing effect on gastric cancer cells. The inhibitory
effect of the combination of vitamin B2 and butyrate on BGC—823 gastric cancer cells was observed by cck—8 method. The combined
effect of the two components was evaluated by Chou Talay medium effect analysis, and the morphological changes of the cells were
observed by optical microscope. The effects of combination of vitamin B2 and butyrate on apoptosis and cell cycle of BGC—823 cells
were observed by flow cytometry. The expression of PTEN and its downstream PI3K protein were determined by Western blot method.
Through the effect on the tumor bearing nude mouse model, the anti—tumor effect of the combination was observed in vitro. A
multivariate discriminant model was established through metabolomics analysis of multimetabolites in the serum of Gastric cancer group
and Control group, the differential metabolites were initially screened, the pathway enrichment analysis and metabolic pathway analysis
were conducted on the base. The results of cck—8 cell viability and Chou—Talay showed that vitamin B2 could synergically enhance the
killing effect of butyrate on BGC—823 cells, and during the action, it affected cell differentiation, resulting in the enlargement of cell
morphology and the obstruction of cell division. Flow cytometry showed that the combination of vitamin B2 and butyrate could
significantly increase the apoptotic ratio of gastric cancer cells and block the cell cycle in G2/M phase. Western blot results showed that
the combination of vitamin B2 and butyrate could significantly increase the level of PTEN protein, but significantly decrease the
expression level of PI3K downstream. In vivo, the combination of vitamin B2 and butyrate can significantly inhibit the growth of nude
mice tumor. Multivariate OPLS—DA model was successfully established by human metabolomics analysis, suggesting that butyric acid
and vitamin B2 are significantly different metabolites in gastric cancer patients. Pathway enrichment analysis and pathway analysis
showed that the metabolic pathway of fatty acids and B vitamins plays an important role in gastric cancer patients. The combination of
vitamin B2 and butyrate can synergically enhance the inhibitory effect on the growth of gastric cancer.

Keywords butyrate; vitamin B2; gastric cancer cell; synergy
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