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Abstract: Objective To investigate the expression of transcription factor forkhead box protein O (FOXO)
genes in gastric cancer tissues and their correlation and clinical significance with Helicobacter pylori (Hp)
infection. Methods The expression levels of FOXOs genes (including FOXO1, FOX03, FOX04, and
FOXO06) were detected by immunohistochemistry in cancer tissues and paracancerous tissues from 41 gastric
cancer patients with Hp (—) and 29 gastric cancer patients with Hp (+) , as well as in gastric tissues from 30
healthy individuals. The correlation between FOXOs expression and Hp infection, clinical pathological
features was analyzed. The relationship between FOXOs expression and survival prognosis of gastric cancer
patients was analyzed using the Kaplan-Meier plotter. Results Compared with those in the Hp(—) gastric
cancer tissues, the expression levels of FOXO1, FOXO04, and FOXO6 were higher in the Hp(+) gastric cancer
tissues (P<0.05). Meanwhile, the expression levels of FOXO1, FOXO03, and FOXO4 in the Hp(+) gastric
cancer tissues were lower than that in the paracancerous tissues (P<0.05) and normal tissues (P<0.0001). The
expression of FOXOs in gastric cancer tissues was closely correlated with the degree of differentiation, depth
of infiltration, lymph node metastasis, and TNM stage of gastric cancer (P<0.05). Meanwhile, FOXO1/3 was
associated with the survival prognosis of patients with gastric cancer. Conclusion Hp infection promotes the
expression of FOXO1/4/6 in gastric cancer tissues. The high expression of tumor suppressor genes FOXO1/4
may be one of the reasons for better prognosis in Hp (+) gastric cancer patients. FOXOs genes are widely
involved in regulating the disease progression of gastric cancer, which has certain value for disease treatment.
Key words: Gastric cancer; FOXOs; Hp; Clinicopathologic features
Funding: National Natural Science Foundation of China (No0.82274355); Natural Science Foundation of
Anhui Province (No. 2208085MH278)
Competing interests: The authors declare that they have no competing interests.
MW E: BN RITHZETLLIERGO (FOXOs) AR A FHBAR T e KL AL L 1 TRHH
(Hp) RFeymEt ol AENL, Fik SBEARAFEERMN4146Hp (—) #2906 Hp (+) F&EH
BRI SRR RI0L 4 R B 2122 FFOXOs ( £45FOXO01, FOX03, FOXO4%FOX06) B
a R K AKF, HATE KA BHpR
i EEE: 2024-04-27; {EEIBHEA: 2024-07-01 & R % P2 4F 42 69 48 X M, Kaplan-
EEWA: BEARHAFEE (82274355); %A Meier plotter$ 8 & A7 1. 55 B 5 &%

B kA A4 (2208085MH278 ) _
fEZ L. 1.230022 4-HE, ?ciii[iﬂk'ﬁ‘éﬁ% s B ié%ﬁféﬁﬁ%u %“HR ’7Hp <7>

L
2 % s S a s /J-' V23 ]
iy afe i ;3 i Fh= FOXOI. Foxo4ﬁuF0X06a@iiuJ<Jr

1_1%115% FAEA (1984-), 5, ¥+, S| ZAEEIT, fhi& (P<0.05); M Hp (+) Badk

ERE N ?&E%ééﬁMiW T IR mh 506 KRBT R, _

E-mail: zhuyaodong2013@163.com, ORCID:0000-0002-0923- # & #4122 FFOXO1, FOXO34-FOX-

2049 O4F A 2K T 57 2847 (P<0.05)
fEEE . L (199-), F, MEfaik, 2K g regmm (P<0.0001). FOXOs

F b B 45 it 7 & 00 a5 15 KR, ORCID: N

0000-0003-1884-5864 ERRARTHEERL | Ryt


mailto:zhuyaodong2013@163.com
mailto:zhuyaodong2013@163.com
mailto:zhuyaodong2013@163.com
https://doi.org/10.3971/j.issn.1000-8578.2024.24.0385
https://doi.org/10.3971/j.issn.1000-8578.2024.24.0385
https://doi.org/10.3971/j.issn.1000-8578.2024.24.0385
mailto:zhuyaodong2013@163.com
mailto:zhuyaodong2013@163.com

BB a1 3Y2024 255145551088 Cancer Res Prev Treat,2024,Vol.51,No.10 o 841 -

B, Z2HARE. RO L EBFTNMY B F T £
(P<0.05), Fl&r, FOXOIR35 FHEZEBLTEH %,
56 Hpa 4T3t § %2822 PFOXO1/4/689 &k, gk
HFOXO1/4t) & A THEZHp (+) 69 B R E 4 LA £4F
G ey REZ—; FOXOsA R 2 AL A4 F K ehmmit
A2, X ARG ST B — M.

XK. H%; FOXOs; Hp; Vs RBILAFIE [OF ATy
hESZES: R7352 %
F AR (F B AR S5)PRIRAG(OSID):

0 31§

B ( Gastric cancer, GC ) J&H UL I Ak 18 i
Wz —, PE20224F AT A EE, HARHRMBET:
I ORI S FA Y, BRI L EAL
Ly B %, HwbalE, R A,
MG PRSI TG o ALK, T TRAT R
( Helicobacter pylori, Hp ) I\ RS2 5 98 ) 1 ZE 5L
WINE, 2965%M B R M HpG I, ke, Hpy
SENEBA, R R R OV, BET R R
WA Z 5T E EAMIRE, st XCELHERR
O ( Forkhead box O, FOXOs ) FK %, L5
fFOXO1, FOXO3 ( FOX03a) . FOXO4 X fi¢ J&
FIFOXO655 1 R & A & Ji v 5 55 9 41 i 14 7
RE . AT BEZR YR, AR,
Hp P & SN AR A0 L D 5, 38 S AR AH DG B,
FOXO. PI3K/AktS, DARIAR TSN . 978 Al
FEME RS MARSNE R 40 e G Hp i S 56 IR IE
5%, HpiifPI3K/AkGH %, MR fiIFOXO013aiiiR
BT A, Hp bk A s 2o AT, 4%
A WATRF R R, HpBH M S S A
BRI IR TS, e BT, Hpifrsk /s
EFOXOsHE H F23k 22 [8] (A AH B G 2R i o 58 4= Y
AAIEFE I H o A AUk 2R B I P FOX Os iy ik
TEOL, SrHrH R IA S HpEYL . 8 I R B AR
FAFETEICER, BN BEMIERIAT i —
EFEHEE

1 #&RSHE
1.1 ImpRR

LA A20184F LA —20194F 127 L=
BFR 2= — B E B2 B F AR VIBR 19 7041 15 8 21 20 B
FHI SR LH LY, Hoh B 36, o346, AR
564 (38~75% ). Hp (—) H41%], Hp (+) &
29M, s feE 6fl, Rtk sat], 1~
20f, T~IVEISOf, fRMkELLEER E 460, Toitk
2R 2401, S ER0BIERR N B LR AAE R

TR, FTA HE R 201 64F E bRy B e (Ul
CC) MEREME¥42 (AICC) Mifi By e /\ i B
TNMSH IR e T B G R 410, A B R
PIARSRBUI Y sifby 7 . AIRIG 2 KRB e B Z: 61 254t
e, IS T A 2 g R .
1.2 FERH

FOXO1/3/4/6 BT N e TR T 5 41 414k
2 h0W AL TR S AR ARG RA ], DAB
ARG AR TRARR A
1.3 THCH:fn

IR W &2 7K 5 76545 0.3%d A AL A PBS
2130 minPH Wit ALY BEHE P, AR WA
BEPUR, MmiEEH, HIMFOX01, FOX03, FO-
XO4FIFOXO06—HLE37C T E2 h, I —#t,
WA, E o HIPBSHAEBAPEXT BRI 15 X iz 1 B
PEXTRR . S5 PPN Wy, A ok
Ao, BRkYI R T4005 0 EF T REALEELS A X 3]
WREL, Y o5 55 0 PH PR AN M Ee B R 0.
B RNEGNG, RIEA N, fFEEN
241, FRWEN35r Je) B (RIBHPEAE SR ) .
TCPHPELN A 0%y, BHME A0 A= 1%~25% 0 157,
>25%~50% K243, >50%~75% K341, >75% M43,
Yot S =Y R B e o ) B Hirh0~343 R ]
P, 4~12 50 B
1.4 Gtk

KIS FSPSS 26.0FIGrapHpad Prism 105
TTEAE T, BRRAMSIAEARAGE ; Cox Hufsl X
B [ AR F B R R AL 2 RN R I TS 438, Kap-
lan-Meier Plotter§i(4f i FH T4 4700, THa Rl E&
RXts, P<O.OSHESAGIFE L.

&R
2.1 FOXOsmyZik 5 Bl AR ERE R OC R

FOXOsTE B i 4121 () 18 5 B3 B9 1
AR RN R RN TEAH M (P>0.05) , TS Bmd
ZUMCRENE | IZTETRIE . RSB ATNM 431
LR RFEYIHE (P<0.05) . FOXO1/3/4H3ik7K
SEAER/ AR . O AR AL . T+ I ZH A
KREFEBENZE 0 TR . Ak
2l M+IV LR RS NE (39P<0.05) 5
SR, FOXO6MFRIEH S Z MR, &R A ST
RN (HP<0.05), WL,
2.2 FOXOsHyFik SHpBAL I KR

SHp (-) HE4HLUHIL, Hp (+) Bimds
HFOXO1/3/4 B PE e 2 3= 2L v 1M B2 4R Y



. 842 -

ARG a1 272024 FE 555145551085 Cancer Res Prev Treat,2024,Vol.51,No.10

&1 FOXOs5BEIRKRERFIENXR

Table 1 Relationship between FOXOs and clinicopathologic features of gastric cancer patients

Clinical characteristics n % Ve P T)LOE Va P % Ve P % Ve P
Gender 0.549 0.459 0.172 0.678 3.603 0.058 0.206 0.650
Male 36 18 18 27 9 24 12 21 15
Female 34 20 14 24 10 15 19 18 16
Age (years) 0.007 0.934 0.050 0.822 0.379 0.538 1.747 0.186
<55 31 17 14 23 8 16 15 20 11
=55 39 21 18 28 11 23 16 19 20
Tumor size (cm) 2.053 0.152 0.001 0.973 0.059 0.809 0.066 0.789
<5 26 17 9 20 6 14 12 15 11
25 44 21 23 34 10 25 19 24 20
Tumor growth site 0.002 0.967 0.266 0.606 0.446 0.504 1.588 0.208
Antrum 37 20 17 26 11 2 15 18 19
Non-antrum 33 18 15 25 8 17 16 21 12
Tumor differentiation 6.077 0.014 4578 0.032 8.493 0.004 7.930 0.005
Moderate+well 16 12 4 15 1 14 2 4 12
Poor 54 26 28 36 18 25 29 35 19
Serosal invasion 5.557 0.010 7.065 0.008 14.68 <0.001 6.346 0.012
No 29 21 8 26 3 24 5 11 18
Yes 41 17 24 25 16 15 26 28 13
Lymph node metastasis 3.018 0.003 6,534 0.011 11.29 0.001 4911 0.027
No 24 19 5 2 2 20 4 9 15
Yes 46 19 27 29 17 19 27 30 16
TNM stage 10.64 0.001 10.43 0.001 17.51 <0.001 7.504 0.006
[+1T 20 17 3 20 0 19 1 6 14
M+1v 50 21 29 31 19 20 30 33 17

Mgz, Kb A5G FEHp (+) B R E S
2 ZVRNIE F 4L 20 S ) AR M A R ik T
FOXO6 NS TE B4, M JRIm55 M IEH 44
AU L, FOXO17EHp (+) Bimgd
ZUh g R IAKFII S THp (—) HEHE (P<
0.001 ) , FOXO4/6/) £z ik I ( P<0.05) , {H
FOXO31Y ik 5 & A B YL Hp o B W AH X% (P>
0.05) ; [AF, FOXO1/3/4fEHp (+) B AL
(2R T 5% S E H 4H2L (P<0.05) , {HH R4
ZIHFOXO061Y F A H i 55 S 1F # LUK Ttk 2
5, 2 K.

2 FOXOsTEBEBALHHIRIER (%))

Table 2 Expression of FOXOs in gastric cancer tissues

(1 (%))

FOXOs Giroups 7 P
Hp(+)(n=29) Hp(—)(n=41)

FOXOI(H)  20(69.0) 18(439) 4299 0.038

FOXO3(+)  22(75.9) 29(70.7)  0.226 0.634

FOXO4(H)  23(79.3) 16(39.0) 11170 0.0008

FOXO6(H)  22(75.9) 17(415) 8146 0.0043
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1: Hp (+) cancerous tissue group; 2: Hp (—) cancerous tissue group; 3: Hp (+) paracancerous tissue group; 4: Hp (+) normal tissue group; A:
expression of FOXO1, FOX03, FOX04, and FOXO6 in cancerous, paracancerous of gastric cancer patients (n=70), and normal tissues (n=30); B:
quantification of FOXO1, FOXO03, FOX04 and FOXO6 expression in various tissues; *: P<0.05, ***: P<0.001, ****: P<0.0001, ns: no significant.

B 1 FOXOsEREEBRE. BERIEFHLPFHRIE

Figure 1 Expression of FOXO genes in gastric cancer, paracancerous and normal tissues
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Table 3 Univariate and multivariate Cox analyses of factors affecting the prognosis of patients with gastric cancer

Variable Univariate analysis Multivariate analysis
HR(95%CI) P HR(95%CI) P

FOXOI (+vs. —) 0.566 (0.395-0.737) <0.05 0.136 (0.021-0.887) <0.05

FOXO3 (+ vs. —) 0.266 (0.083-0.848) <0.05 0.132 (0.055-0.320) <0.05

FOXO04 (+vs. —) 0.317 (0.115-0.869) <0.05 0.217 (0.069-0.683) <0.05

FOXO6 (+ vs. —) 0.250 (0.028-2.219) >0.05

Gender (Male vs. Female) 1.208 (0.477-3.062) >0.05

Age (<55 vs. 255 years) 0.682 (0.296-1.729) >0.05

Differentiation (Poor vs. Moderate+well) 7.236 (1.335-38.648) <0.05 14.059 (4.433-44.590) <0.05

Serosal invasion (No vs. Yes) 0.249 (0.068-0.907) <0.05 0.071 (0.022-0.226) <0.05

Lymph node metastasis (Yes vs. No) 4.555 (1.010-20.546) <0.05 6.168 (1.238-30.725) <0.05

TNM stage (MI+IV vs. T+1T) 9.534 (1.186-71.115) <0.05 21.210 (3.810-164.331) <0.05
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FOXO1 Association result
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Figure 3 LinkedOmics database analysis of FOXO1/4 coexpressed genes
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