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Abstract
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Background and Aims: Gastric cancer is a highly prevalent malignant tumor worldwide, with a high
incidence rate that makes it a significant contributor to global cancer mortality. Studies have found that
FAMA49B is significantly upregulated in most tumors, including gastric cancer. However, the role of
FAMA49B in the occurrence and development of gastric cancer remains largely unknown. Therefore, this
study explores the role and mechanisms of FAM49B in gastric cancer, aiming to provide new avenues
for gastric cancer treatment.

Methods: Based on TCGA and GEO databases, the analyses of FAM49B expression, survival, immune
infiltration, gene set enrichment, and protein-protein interaction (PPI) networks were conducted. Gastric
cancer clinical samples were collected, and immunohistochemistry, qRT-PCR, and Western blot were
used to assess FAM49B expression levels and analyze their relationship with patients'
clinicopathological factors. In vitro experiments analyzed FAM49B expression in gastric cancer cell
lines, using CCK-8, EdU, Transwell, and flow cytometry assays to examine the effects of FAM49B on
gastric cancer cell proliferation, migration, invasion, and cell cycle process.

Results: Bioinformatic analysis showed that FAM49B was significantly overexpressed in gastric cancer
tumor tissues, with high FAM49B expression closely related to M1/M2 macrophage polarization, and
patients with high FAM49B expression in gastric cancer had better prognosis. Enrichment analysis
revealed that the high FAM49B expression group was enriched in the p53 signaling pathway, while the
low FAM49B expression group was enriched in the ERBB signaling pathway. PPI network analysis
indicated a strong interaction between FAM49B and proteins such as FAM49A, ACTN1, THSD4, RAC3,
and EGFR. In both gastric cancer tissues and cell lines, FAM49B mRNA and protein expression were
significantly upregulated (both P<0.05). FAM49B expression showed an inverse correlation with tumor
size and gastric cancer invasion depth (both P<0.05). After FAM49B knockdown, gastric cancer cell
proliferation and migration abilities significantly increased, while FAM49B overexpression had the
opposite effect (both P<0.05). Knockdown of FAM49B reduced the percentage of cells in G, phase and
increased the percentage in S phase, accompanied by downregulated expression of cyclin E1 and cyclin
D1, while FAM49B overexpression led to an increase in G, phase cells and a decrease in S and G, phase
cells, with upregulation of cyclin El and cyclin D1 (both P<0.05). Additionally, after FAM49B
knockdown, N-cadherin, vimentin, and c-myc expression increased, while p53 expression decreased,
whereas FAM49B overexpression produced the opposite effect on these proteins in gastric cancer cells.
Conclusions: FAM49B is highly expressed in gastric cancer but exhibits tumor-suppressing effects. Its
mechanisms may be related to the regulation of macrophage polarization, epithelial-mesenchymal
transition, and the p53 pathway.

Stomach Neoplasms; FAM49B; Genes, Tumor Suppressor; Computational Biology
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Vel 1. HESCERURGE , BIEARIETFARREME LR
AT 40% . PRI, 38 U] B AR T S i A0 )
R bR R, DAk B R T I RERT R AR
FESARME R 5 49 (FAM49) 51 B (FAM49B)
FE 2 FAMA9 JE I R ) — D, T2 A A6 T HE
B, FAM49 JE R 58 % i 47 DUF1394 1) % 4
W, BT SE & P FAM49B 5 CYFIP E HAH I, #f
B %5 RACLE HAHBEAEH, X RACL {5538 i ™
AR EESL I, FAM49B 5 44 ol 5 CYFIP A
¥ B RAC 1 interactor B (CYRI-B) , LI {# & /n
FAM49B 1) FZ I fig . SR, & T FAM49B 7E Jif &
HEE DA WS . 2 R W], FAM49B 7E 4
5 B 6 E N R Z B0 2 R Li SRk
B, FAM49B 7E ZL B9 v ok %6, JF @ o 8 %
Rab10/TLA {5 5 38 [ {12 i 2L M 96 20 ffw 3% 58 A 56 %
TE A9 B, FAM49B 25t TASPL (3G /E T, 1
4 PI3K/Akt {5 538 [, 1 T 41 2 i Jd 400 1 38 7 5
R, FEMR T RIS, Zhang S IR
T FAMA49B 7 i 928 20 it PN 1 2 3K 32 i 988 Ak A8 55 1 0%
B, AT AP, 4 FAM4OB # R BRI, 2 W2 R
D O =R P VR ) N S - S AR | B B £
PR, X —45 R, FAM49B 78 i i 5 ik
FIRES IR i E B CIEAM R ILAh, EENM
?ﬂmm%f%ﬁ@ A L 3R A A o R A

G, SR H A Wy S D REATS AN W
A5 i A WA B 07 I S R AN S o A

FAM49B 7E B i R A SEH , H8 Tl g2 bl
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1 #MREFE

1.1 BiETHSSH

95 T FAM49B (1) mRNA 2 35 5040 M TCGA %%
& 2 (https://p()rtal.gd(‘,.(zan('er.g()v) T#. M GEO %%
&% (hitp://www.nebinlm.nih.gov/geo ) H1 3K BUAH 3¢ Y
oW 4, 4L 5 GSE29272. GSE884433 L K
GSE884437. J& F GPL96 ¥ 5 ([HG-U133A]
Affymetrix Human Genome UI33A Array ), A B
GSE29272 ¥ufde , AR AE A 1 134 Bl 15 i 21 41
Y N O AR E L Y = N (L | Kaplan-Meier B

J#  (https://kmplot.com/analysis ) 3 fifi FAM49B mRNA
RIFTEHEEHETWBENE, JFoiraHEm e
AAE (0S) BFEl . [FIEF, 38 TCGA %% 45 P2 43 #r
FAM49B ik 57 9 Z BRI SCHRME . kAh, i T
R “GSVA” il “immunedeconv” #E—/3HF FAM49B
5 M1/M2 EE A0 AE B 4 2 b A AR .
1.2 KRR

W B 2019—2020 4F 1 1] 7F < 71K 2% B & o M
B2 o 422 52 R ARIA AR IR T R 1 15 0 4 4 R
X o 55 AR M L8R AS kit 40 %, Pr A REAR
BIRAFAE-80 CHYUKAR . HEARMRE TIEHE &
Ik R T A R AR B 2R G 4 0 0 A (AL T
5 2023-113-01) , Jf HAERFEFEAHT C AT 5 4
AR . BEMWEREREEILEL,

F1 ABFIBERENIRKFRERER (%) ]
Table 1 Clinicopathological characteristics of 40 gastric
cancer patients [n (%)]

R HfE

51

% 23(57.5)

‘e 17(42.5)
AEIR (%)

>60 23(57.5)

<60 17(42.5)
JiivEE A/ (em)

<5 30(75.0)

>5 10(25.0)
RAGRE

T1~T2 17(42.5)

T3~T4 23(57.5)
L2556 RS

NO 26(65.0)

N1~N3 14(35.0)
TNM 4345

I~I1 29(72.5)

11 11(27.5)
CEA (ng/mL)

<5 32(80.0)

>5 8(20.0)
AFP(pg/L)

<25 37(92.5)

>25 3(7.5)
CA125(U/mL)

<35 35(87.5)

>35 5(12.5)
CA19-9(U/mL)

<37 34(85.0)

>37 6(15.0)
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1.3.1 LB %5 % 5 (GSEA) i il GSEA #&% 4
(v43.2) XF GSE884433 HI GSE884437 % 4 4E b 11y
433 1] 15 98 B R AT T GSEA 43 BT L M sl #F L I 5
FEHHH B2 F (Kyoto Encyclopedia of Genes and
Genomes, KEGG) il & %04, UL T fif FAM49B
ek AL Rk A b B IR A DL A
WY {7 5l i ol RS Ok AR R R 4R (C2.Cp.
kegg legacy.v2023.2.hs. symbols.GMT) 43 #F 1 000 IX ,
DL 3R 15 br 1 16 & £E 43 F (normalized enrichment
score, NES), LINES>1. P<0.05{F 0%k B {H .
1.83.2 % & i /8 Z 1/ M (protein-protein interaction ,
PPI) W 2t #93%  fdi ] STRING 48 4 00 PPI 3 44
# PPLIM 51T, PPL W 2 1l DL DL R g JE X B % T
. BAGEREN0400, FUBEE 10BN 11
Sy s 3 114 1

1.8.3 Sumsaie F 1 w4120 K HC X B g 55 41 41
5 T 4% R P EEE R, G B, f a3
JE AR ARG VIR L S wm B R, DR IR &2
v BrofE O . LA 1: 100 i BE AY FAM49B — i
(Santacruz, sc-390478) Wi & VIR, K5 FH HRP b
il W AP/ BB (Abcam, ab6789) WEHE . B
Ye o f 2 3 B AT B AL, H CaseViewer 3K 14
(v2.4.0) BT 45 FH0 Wi bR v AR 4l 7 608
(04rhta, 14 RIRE M, 20 MidEf, 3457
R, Hfa) SEHMEN M g CPH A A H
FT 5 He A9l <5% R 0 43, BHASE 40 B8 7 5 B 8] 59%~25%
15y, B 4R B 8 >25%~50% R 2 4y, BH I 4 i
B>50%~75% F1 3 43, BHE AN BT &7 L1 >75% A
4453, MM ZMES<3a AW, >3 0HN
BHME .

1.3.4 M3z A wk ot 45 4 A 41 R AGS M
HGC27 W A E B A BE4i il , GES-1. MKN28 #il
MKN45 Hi g 5t B BF K 2% 55 — B i B2 B ool SE 56
PRHE . B GES-1. AGS HIHGC27 20 il & AR A7 16 & 47
10% Jifi 4 1L 75 (Vazyme) B RPMI 1640 K7 7% 3
(Gibco) ™, FF7E37 C. 5% CO». 95% ¥ FF 49 15
FA TP UEATE FR . A 10% 16 4 1 A9 DMEM/
F12 5532 3 (Gibeo) Ht LAAH [A) 4% 4 K5 7% MKN28 Al
MKN45 40 ] 25 . 400 5F 2~3 RAGAR 1k, RigRdew
o (1 45 N B 2 R 1 IR . R 5 MR 7] FAM49B
(si-FAM49B) A9/ T 3 RNA (siRNA) | [ 4 %} g
siRNA  (si-NC) DA Jz it 3K 35 FAM49B 1 i fr ¥4 1 3
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O v EE M BORAG BRA R] S A A K
= 50%~70% i} ffi H  Lipofectamine 3000
(Invitrogen ) K48 2 A9 RNA B JT0RE 575 G A 40 i .
BB e o 3IRE G S8, LA 4
A o si-FAM49B J¥ 51 (5'—3') : GCA GCU AAU
UAU GCA UUG CAU TT; si-NC ¥ %1 (5'—3') .
UUC UCC GAA CGU GUC CGU TT.

1.3.5 % RNA # I % qRT-PCR i f] TRIzol i% 5
(Invitrogen) A1 SteadyPure RNA #2 Ht i 7 &
(Quantity Biology, #AG21024), M 5 241 Z1FE 7 Fil 41
JiL B A v 4% B30 mg 45 B L RNA . J] One Drop
OD-1 000 43 )¢ ) B 31 K I RNA (4 ¥k B Fi ot &
Aggonso ETELTE 1.8~2.0 JE B N . SR )5, ffi JH Hiseript
0 3% 5% S (Vazyme ) 1E 20 wL I B IR &9 th o
1 000 ng RNA %51k Jy cDNA . 3006 %5 5% Jz b7 2 13 58
50 °C 15 min, 85 °C 5 s. f#i H LightCycler 480 5
i PCR £ &2 48 (Roche) #l ChamQ Universal SYBR
qPCR Master Mix (Vazyme) #17 qRT-PCR. JCHHx
XPHE (NTC) P HETC Cqflo 422 PR oY S R 45 5+
PSP R T K& T 29 100 bp, FF i
NCBI blast # 17 # Ak o R FH 27247 1k L B -actin 5§
GAPDH Jy N %35 FAM49B (AR X ik R T
B qPCR KA, A R0E K 90%~110%, R*>0.99
BAFEARE G 2~3 WEE LK, LU R4
FaE o

%2 qRT-PCR3|#
Table 2 qRT-PCR primers

514 F31(5'—3")
B-actin

1EH ATC GTG CGT GAC ATT AAG GAG AAC

ea| AGG AAG GAA GGC TGG AAG AGT G
GAPDH

iE]T] TCA ACG GAT TTG GTC GTA TTG

R Ir) TGG GTG GAA TCA TAT TGG AAC
FAMA49B

N CTC AAG ATG ACA AAT CCT GC

2 [] CCG GTA CAT TGT TAA TCC TC

1.8.6 Western blot 2~ #7 & & H H & 1% PMSF (¥
RIPA %4 2% b M\ B A0 i sl 2 2P 4R B . ARG
{8 FH BCA X ) & (Vazyme) Wl 5E & Mk B .
10%~12.5% SDS-PAGE #t i€ (Bio-Rad) 43 & i} 10~
20 pg WA FAEAS, I 56 4 21 R I — 980 & M JiE
(Millipore) . % F H 5% AE f5 FL 5k 5%BSA f 4]
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x| 34 , 3 :FAMA49B 7 B % P 8y R ok R ls R B £ W 5 B ¥ 041 5 SR il 1671

2h, 4 CTEHFHEEKBEELR; RF,
B S A PR 1gG (SAB, #1.3012, 1:5000) =il
FH/NE IG (SAB, #13032, 1:5000) 7EEE T
BEE 1 h, JHTBSTYEA 3K, K30 min, 5, fiff
H Superemto ECL Ak 2e &SGR & (Vazyme) Fl Image
JERAEXT 86 1 5 AT AR 43 B . — it B-actin (G
o, #5441, 1:5000) . GAPDH (Abcam, ah8245,
1:5000), FAM49B (Santacruz, sc-390478, 1:1000).
c-myc  (Abcam, ab32072, 1: 1 000) . p53
(Proteintech, 1048),

1.8.7 CCK-8mZ HRMMWEL4h)EF, RHTX
I3 15 97 F 8B A 1% I T A 55 757 36 8 i £ 40 it &
Wo BT, B EEAL LA 2 x 1034 40 i 43 Fh 2 96 FL i
o, BRI A AL W24 e, S A
10 % I35 W B F2 L kAT 1 9% 0 BlJS ., AE 0. 24,
48, 72, 96 hWEFE] &1, 17 &L AIA 10 wL CCK-8
KA (Vazyme) o f# FEFFR Y (BioTek) 7E 450 nm
T I A RO B L SRR AR IR 4t 3 IR R
ALy, LR OR G R EROE .

1.3.8 EAU M E TG ML 55 7% F 19 40 i B ik LA
L2x10° e R 48 LN . K5 9: 24 h ),
JH 10% 175 55 32 B i AL 3G R 50 M4
0 %% B 35 31 80% I, ) &L i A EAU Jf- 85 2 he
BifiJe . (o 4% 19 5 Y S A = A5 1R R X AN i R AT
30 min (1) [& 5 2L 3. I & A 0.3% Triton X-100 [
PBS I W% 40 i HEAT 15 min (OB IEERAE . ] 45 Edu
SN W, JF 7E R WG O E 40 M 30 min. FRJE
H Hoechst TAE B 4 942 4 2 10 min, 2R J5 H 2¢ )6
B L

1.3.9 A KX RA&n  ffH 025% K E A i
~EDTA %5 W56 YL Ja i i i, i IR TR PBS 47
VEU AL BE . SRE AR 1 75% LB AE 4 CF
[ E M . () PBS R 40 2 WK, BGE
PIBETNSE L 2 (P1) IR AR I T I 8 40 30 min.
BT AAIEAR  (BD Biosciences) A% 4 JE
MHEAR R GAT 2~3 IR XL, AFR RS R A e .
1.3.10 Transwell &8 & it #% fo 42 £ £ B X T
Transwell 1E 88 520, K5 5% Y J5 19 1 96 41 i W 45 7 G
Mg IR F b, JF L 2.5 x 10/mL (% FE 4% Fh 2 |
% (Corning) 5 K 0.75 mL %47 10% I 1) 15 7= 7 13
ATE, 42405, BT %P a04 i 4% 5 W EE

Z IR A2 30 min, SR FH 0.1% 45 i 45 78 165 4b Y
20 min, % Tk, ARG T = I8 E 17K
G T VPG MR ZR AR 1, R UCEE I b B AN
Ml Z 0, B =R R R — 2 & iE Y
s 6 %) R B i o 5 S 4R A A0 R B Hi b A U AR 4R 2
PEAT . BAREARE Gt 2~3 IR EE 25, LARR R4S
1.4 SEitFEsbE

45 41 43 #r fdi J] SPSS 23.0 1 GraphPad Prism 8.0
AT . ITEER DR s R (£s5) R
N, R R B THECTOR UG R (4 k)
[n (%) 13, W ELERH K5 . H Kaplan-
Meier 2 221 OS B £k, RIE T B4 T2 61 M K K
o P<O05HERAHIFE X,

2 # B

2.1 BREFFAM49B Rz 5THEHHE%

I FH TCGA il GSE29272 ¥ 41 )7 P-4 T FAM49B
EBEDMRE, KW EALUP IS -
(¥ P<0.05) (& 1A-C) . BRI 50 o,
FAM49B 5 ¢ 1k 1] G A2 1F M2 Y 5 05 41 Jfd 1] M1 754 A
fb, BABAEMP I AER (B 1D) o 40 X5 I IR
FR A 1) qRT-PCR . Western blot 1 9 3% 20 1k 4% & &
/N, FAM49B 7F B 2 hm kik (K 1E-G) ., i
— & 1) Kaplan-Meier /£ £7 53 #7 F1 TCGA % 5 3= W |
FAM49B 75 2 ik 19 B 8 B3 W5 B4 (& 1H-1) .
I A 9 B[R 2% 0 B 4% R {7, FAM49B 35 3k 5 if e
K/NFNREIREE B e m & (#P<0.05) (£3),
2.2 FAMA49B 7£ B i HF 19 E 7 1E A AN &l Fa

3 F FAM49B 7£ Kaplan-Meier (3% 2 7 X} H ¥
BEWEBA %2252 L, X GSE884433 Fil
GSE884437 Ky #l 4E 17 T GSEA 70 #r o &5 R R,
FAM49B 5 3% 5 4 & 4 T p53 {5 5 il % (NES=
-1.43, P<0.05) ([E2A), M{KFEILH H4E T ERBB
{5 % % (NES=1.60, P<0.05) (& 2B) . #|H
STRING ¥ J& /4 PPI I’ 4% 43 #F , & 3% FAM49B 5
FAM49A . ACTN1. THSD4. RAC3. EGFR % % 1
AR EMEAER (E2C), Hd, EGFR 7 ERBB {5
SO R OCHEAE R, i — P E T FAM49B 1E
98 A e A b A AR
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£ - '
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E
R B Y N LT L EEELE
S3SHE557E2EEEE8E32F58353:25:535¢E8¢8¢
M= Q0o A A =R = 3 - = S = B N T S == = A
STAD GSE29272 1.2 P<0.05
E P<0.001 P<0.001 o
2 — 3 9.5 |
< | = 1.0
=271 Z 9.0 .
= & 61 2 8.5 = g
£E 5 £ 8.0 = x
£ Ba g 75
E 3 : 7.0 S
= T T 6.5 i 214 N
= TEHHA FEd1 4 x
ERMN AR g c FAM498 D
W AR W Bk
101
i §6- stage | stage Il stage Il stage IIl stage I  stage III
e N T NTNTNTNT N T
£ 4 FAM4oR TR 7 . - e S5 )
TE o
=g
. . . - 04 B-actin D D GED GHp D ID GED PGB P e e 42 kD
10 20 30 40
Patient cases F G H
0S 0S
1.0+ 1.0
0.8+
0.8
Ik 0.6 ik
4 0.6
0.4+ (7S
Bk Bk
024 — 04—
=) =]
HR=0.63 (0.46~0.87) HR=0.31 (0.10~0.95)
0.04 P=0.0049 P=0.004 0
0 20 40 60 80 100 120 0 10 20 30 40
el () | el 1) S

E1 FAM4IBEBEHHRIZER

A: TCGA

JE 53t FAMA49B TEA [l i 2

IR FEkKF; B: TCGA B E

FAMA49B 7 mﬁéﬂ,/\a’“naunﬁéﬁ,/\'l M3eik; C: GEOHIEEh GSE29272 504 45 e Xt 43 FAM49B 75 5 Jia 41 41 K g 5541
Ak ; D: TCGA Btdhit i FAMA49B Ik #ik 5 MI/M2 Z 8l s E-F: s 1kt FAMA49B 7 I RAEA
M78ik; G: qRT-PCR KM FAM49B 7t B Al 2R 5 48U (1) 3%3K 5 H: Western blot Kzilll FAM49B 78 A [7) 9 #1431 i
FHHEMAFRILKTF; 1. Kaplan-Meier 50408 42 70T FAMA49B A 5 A UG IC AR5 T: TCGA B4 /0T FAM49B ik

S)E B IEIESES

Figure 1 Expression and significance of FAM49B in gastric cancer

A: Analysis of FAM49B expression levels across various

tumor types in the TCGA database; B: Expression of FAM49B in gastric cancer tissues and adjacent normal tissues in the
TCGA database; C: Paired analysis of FAM49B expression in gastric cancer and adjacent tissues using the GSE29272
dataset from the GEO database; D: Relationship between high and low FAM49B expression and M1/M2 macrophage
polarization in the TCGA database; E-F: Immunohistochemical analysis of FAM49B expression in clinical samples; G:
qRT-PCR analysis of FAM49B expression in gastric cancer and adjacent tissues; H: Western blot analysis of FAM49B
protein expression levels in patients with different pathological stages; I: Kaplan-Meier database analysis of the relationship
between FAM49B expression and patient prognosis; J: TCGA database analysis of the relationship between FAM49B

expression and patient prognosis
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#3 FAM49B SIERFIBIFMENX R [n (%) ]
Table 3 Relationship between FAM49B and clinicopathological characteristics [n (%)]
I AR BERARFAT, FEPE(n=29)  BtE(n=11) P 5 A EARFAT. FEPE(n=29)  BtE(n=11) P
5 CEA(ng/mL)
3 18(62.1) 5(45.5) <5 23(79.3) 9(81.8)
0.555 1.000
u© 11(37.9) 6(54.5) =5 6(20.7) 2(18.2)
(X)) AFP(pg/L)
=60 16(55.2) 7(63.6) <25 28(96.6) 9(81.8)
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Figure 2 Predicted potential mechanisms of FAM49B in gastric cancer using GSE884433 and GSE884437 datasets A:
Regulatory target in the high FAM49B expression group is the p53 signaling pathway; B: Regulatory target in the low

FAM49B expression group is the ERBB signaling pathway; C: PPI network of FAM49B
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Figure 3 Expression of FAM49B in gastric cancer cell lines and its relationship with gastric cancer cell proliferation A:
Expression levels of FAM49B protein and mRNA in the normal gastric mucosal cell line GES-1 and gastric cancer cell
lines; B: Knockdown efficiency of FAM49B protein and mRNA in MKN28 cells and overexpression efficiency in HGC27
cells; C: Changes in proliferation ability of MKN28 cells after FAM49B knockdown; D: Changes in proliferation ability of
HGC27 cells after FAM49B overexpression
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Figure 4 Relationship between FAM49B and cell cycle progression

A: FAM49B knockdown promotes cell cycle progression

in MKN28 cells; B: FAM49B overexpression inhibits cell cycle progression in HGC27 cells; C: FAM49B knockdown
downregulates cyclin E1 and cyclin D1 protein expression levels in MKN28 cells; D: FAM49B overexpression upregulates

cyclin E1 and cyclin D1 protein expression levels in HGC27 cells
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Figure 5 Relationship between FAM49B and migration, invasion, EMT, and p53 pathway in gastric cancer cells A:

Changes in migration and invasion abilities of MKN28 cells after FAM49B knockdown; B: Changes in migration and

invasion abilities of HGC27 cells after FAM49B overexpression; C: Changes in expression of EMT-related proteins and

p53 pathway proteins in MKN28 cells after FAM49B knockdown; D: Changes in expression of EMT-related proteins and

p53 pathway proteins in HGC27 cells after FAM49B overexpression
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