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[HBE | B=5E8: 8RR WNHEEMMEZ—, FKBPIHAMRFHEIA (FKBP prolyl isomerase 1A, FKBP1A )
SHZMMRENEL . KR, (AE BT ZALE A . A5 B EHRITFKBPIAA B IR LU FREK
RS IE, AT R B R T AR R R RIHLE . iR SR UL E IS FKBP L ATE B 9 P 0 A T R85 &
PEPIE B 5 i HOR S S RO S HUR A RAYAESEE ;R i Kaplan-Meier/| 47 i il A FKBP LAX B i 8 5 AR5 547
AR, SR FHCOXZ R 2 [ A A HrdR 1T 2w 15 9 AR 3 AR5 AE AR i sy TR B 25 3B A2 TAERAE (receiver
operating characteristic, ROC ) £/ HTFKBP1AZIATE B B H 2l ; FERAYA (Gene Ontology, GO ) Flit
AL 5K N R4 (Kyoto Encyclopedia of Genes and Genomes, KEGG ) & /0 #FKBP 1A A W) 24 DiiE K vl GE
S 5G5S, ROMYBIE R Y IMGCS03 IR, FRITFKBP 1 AXIMGC803 41 i AL AU A ) 247
IR DL T REAG AT F AL, TR A U AR RN A BRI . 5 R . SSUEARINAE R R, FKBP1ATE B 8
iR ERE (P<0.01) , AWMELEF5IERSES IR R, K BFHTSARMI; Kaplan-Meierd: /75 H1 fICOX
FEAT R, FKBPIAR A 5B ESFAFREAMNSC, HHSINEMEMYUR (carcinoembryonic antigen, CEA )
=5 ng/L . HiZEHUJFR19-9 ( carbohydrate antigen 19-9, CA19-9) =37 kU/L. T/ (T,~T,0) FINZHY (N,~N i) 25
Wi B 8 HE B AR R SRR RIS BUR N (P<<0.05) ; ROCHIZ /MMM, FKBP1AR: %1k AT B i 0 Tis 12 W 1
(P<0.01) ; GOFKEGGHEHiEIFKBPIAF eSS 5107 B im AU iAo (RSP E80 IR, i 3RIBFKBP AR IE
MGCRO3ZUMIpH IS . M5 . RZEATR, VIBFKBPIANAHR (P<0.05) . 7ERSCK B, Bimaniiid £iAFKBP1AE
HEB BB ARIRE AR, TR 2 (P<<0.05) o HLH/-HT M, 1 3RAFKBPLIA i i 4 A v i Ak 1 85 i e L
P33 M ( phosphatidylinositol 3-kinase, PI3K ) ALY F1IKAEB ( protein kinase B, AKT) (%5, MBI T H 2
(P<<0.05) . Z5it: FKBPIATEBEAHLU T EFRAH 5EE UG RAIC, PR MIG PIBK/AK THE#F B 4 i1 G
BB T R
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[ Abstract | Background and purpose: Gastric cancer is one of the common gastrointestinal malignancies. FKBP1A has
been reported to be involved in the occurrence and development of various tumors, but the biological role and mechanism of it
in gastric cancer remain unclear. This study aimed to investigate the expression level and prognostic value of FKBP1A in gastric
cancer tissues, and to analyze the possible pathways and mechanisms of its regulation of gastric cancer progression. Methods:
The expression of FKBP1A in gastric cancer was observed by immunohistochemistry, and its correlation with poor prognosis was
analyzed by combining bioinformatics and clinicopathological parameters. Kaplan-Meier survival curve was used to analyze the
effect of FKBP1A on the 5-year survival rate of patients with gastric cancer after surgery, and COX multivariate regression analysis
was used to explore the independent prognostic factors affecting the 5-year survival rate of patients with gastric cancer after surgery.
The diagnostic value of FKBP1A expression in patients with gastric cancer was analyzed using receiver operating characteristic
(ROC) curve. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) were used to enrich and analyze the
biological function of FKBP1A and the possible signal pathways involved. We constructed the MGC803 cell model transfected
with lentivirus in vitro, explored the influence of FKBP1A on the glucose metabolism and malignant biological behavior of
MGC803 cells, and the possible molecular mechanism involved, and established a nude mouse transplantation tumor model in vitro
to verify it. Results: Immunohistochemical results showed that FKBP1A was highly expressed in gastric cancer (P<<0.01), and
bioinformatics and clinical parameter analysis showed that FKBP1A was associated with poor prognosis. Kaplan-Meier survival
analysis and COX regression analysis showed that the expression level of FKBP1A was negatively correlated with 5-year survival.
And carcinoembryonic antigen (CEA)=5 ng/L, carbohydrate antigen (CA) 19-9=37 kU/L, T stage (T;-T,) and N stage (N,-
N;,) were independent prognostic factors affecting the S-year survival rate of gastric cancer patients after surgery (P<<0.05). ROC
analysis showed that high expression of FKBP1A had good prognostic value (P<0.01). Enrichment of GO and KEGG suggested that
FKBP1A was involved in regulating glucose metabolism in gastric cancer cells. /n vitro experiments showed that overexpression of
FKBP1A promoted glucose metabolism and proliferation, invasion and migration of MGC803 cells, while silencing of FKBP1A did
the opposite (P<<0.05). In vivo experiments showed that overexpression of FKBP1A in gastric cancer cells promoted the growth of
transplanted tumor in nude mice, while silencing FKBP1A inhibited it (P<<0.05). Mechanism analysis showed that overexpression
of FKBP1A upregulated the expressions of phosphatidylinositol 3-kinase (PI3K) and protein kinase B (AKT) in gastric cancer cells,
while silencing FKBP1A downregulated the expressions (P<<0.05). Conclusion: FKBP1A is highly expressed in gastric cancer
tissues, and is associated with poor prognosis, which may be due to the promotion of glucose metabolism and malignant biological
behavior of gastric cancer cells by activating PI3K/AKT.
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( carcinoembryonic antigen, CEA ) MHHIEHTH
19-9 ( carbohydrate antigen 19-9, CA19-9) /K
o MR RN B R K. TNMAT 3
A5 R 2 B 25— BRI 2= e A A AR A 1 FL - 161
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N B 9 40 2 MGCRO3 41 iy [ [ 5 A= 4
P24 S I0 AN L B R %2, BALB/ /N BB H VTR
R AR’ AR W], —$HIFKBPIA
W AR = EAEYEARARRA R, T ERR
i ( diaminobenzidine, DAB ) FIfighxR L FHT
RAZEEREHG (immunoglobulin G, IgG) %
G At T E Sl AEMEARAGRAR, 95
AR FAm g5 £ -8 (cell counting kit-8,
CCK-8) iy At R ERHE AR A H],
G411 ( fetal bovine serum, FBS) . RPMI-
164055 = 5341 A 92 H Gibeo N A, 1895 221
H L U N B B R A PR A F] L, PI3K
LY 2940020 H SEEIMCER A, TR e
DIEEZE Wi ( radioimmunoprecipitation assay
buffer, RIPA) FI—2¢1] Tl ( bicinchoninic
acid, BCA) il & WA LigH = KAEY
HARHFBRA A, B-actin, B AR ULEE 3 B4
( phosphatidylinositol 3-kinase ) . & H ¥
B ( protein kinase B, AKT ) . BifR{LPI3K
( phosphorylated PI3K, p-PI3K) . WifRfkny
AKT (phosphorylated AKT, p-AKT ) . CH¥#
P (hexokinase 2, HK2) . ##jbHitic &
1 ( glucose transporter type 1, GLUT1 ) FIZLIR

i Z A ( recombinant lactate dehydrogenase A,
LDH-A ) —HtLA K i e R & . FLIRI &
T B R PN P T 7 1A 6 240 S [l Abcam
A, transwell’/NZE I FH 3 E Corning/A /)
1.3 FHik
131 AW 8F 54

988 [ 47 B0 MR [ e A R PR 4H I3 ( The
Cancer Genome Atlas, TCGA ) . JEHFRIiLEE
¥ PEE ( Gene expression omnibus, GEO )
AL TR R IR EW L B0 A
( Gene Expression Profiling Interactive Analysis,
GEPIA ) . ffiHHTIMER 2.0 ( https://cistrome.
shinyapps.io/timer/ ) XA~ [F] I8 4 9 20 2L RN
I IEH AL B FKBP 1A R B UEfT 2 5 5
#r. Kaplan-Meier Plotter ( http://kmplot.com/
analysis/ ) H TPFAEFKBP1A 541745 )R Z [A] (1)
KR, iHUALCAN ( http://ualcan.path.uab.edu/
index.html ) #fF78FKBP 1A A 5 i R FL-EFFAE
(RERESTI0 . PR o> . WRERSEEERs | %0y
) BRI . GEPIA ( http://gepia.cancer-pku.
en/ ) JHT AL B R ZH 2V FKBP 1A 5 A1 CH 1Y
K, Wi HEHA (Gene Ontology, GO) Fi
HAREER 53R H R4 (Kyoto Encyclopedia
of Genes and Genomes, KEGG ) & &K1}
FKBP1AfE AN o
1.3.2 IR B ALF ]
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RS . CEEBRE KRG L AT BRI 52 AT
B2 10% I F Mg E A . i E —$HIFKBP1A
(1:500) F1—41, DABRAA, JRANEE YLt
F . F|FImage-Pro Plus 6.0 3138 X FL 43
2% (integral optical density value, 10D ) {H.
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MGC803 4 fifd 15 5% T &% 4 10%FBS Y RPMI-
164085 T BLrbr o SR S s 5 5% Y H R A HELV-
FKBP1AZIfISi-FKBP1AZ] (siRNA: UUUCUU
UCCAUCUUCAAGCAUGCUUGAAGAUGGAA
AGAAAUU ) , HIHI & IERS B 3R A B SRR 37 1
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Bt FIKFKBP1ARIMGCS03 41 it 122 7 21 6 FL A
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Si-FKBP 1 A& % 22 35 A9 41 B ¥k Al controlZH 41
o, fEAEaRsREERAME (1X1074) ,
K H100 pL2t f T BIHU N HR. 6 diF,
i L AR R ORI R A RS AR S (W)
MERE (L), &3 dcst1k, JFdHAR
V= (WXL) 235 MR (V) . EHE3
Jil, XN S AR AT, VIR I S0 s AT
Western blotf& ],
135 @GP iEE ( Western blot ) i

211 RN A% AR 7 UK b 22 RIPA 4 W 24 4% 30
min, BLOBUEESEN, KIKEBCARN &N &
TR EE . T g R R M - 3R TN s T e s e
H7k (sodium dodecyl sulfate polyacrylamide gel
electrophoresis, SDS-PAGE ) 43 &% & &
2R 3 K (polyvinylidene fluoride,
PVDF) Wi L. BEEHAREFIERER . F
4 CHWIRE —Pi (B-actin, PI3K, AKT,
p-PI3K. p-AKT, HK Il . GLUTI1FILDH-A,
1:1000) FIPERIEIERE Pt WA
KGR (electrochemical luminescence, ECL) ,
SRR RGERER [, &5 S lmage VA5
B H A R EEE, RS AR Rk i
1.3.6 RABERE., SLEA R ER LR Z 0O
Fisil

U5 IMGCRO3 R 6 LA (2X 10°4
ML), F37 CHE24 he WEE RIS, MRS
FIERVEAL R, (0 R A O e R & . FLIR I
X0 G AR R Rl 7 T K70 6 0 ) 2 B L A
e LT TN P A
1.3.7 Transwell 5 B4 M MGC803 48 it 12 2 Fo
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24 transwell/NZE (8.0 pm ) Z I M40 pL
PYRETRE , o HLEE [ 5 HeFh200 pLEE BT Jo i i
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FMAL mLE10%FBSHYRPMI-164055 353, 1
F748 5, Z4%1) 22 5 W T W I 52 #10.2% 11
ShimER YL e, PR A 22 B SR Bk R TR AL P 2 1T 1)
Yif, JEAE R TR, A AR 28 Ee
J15 MR IR, BRtranswell /NS AN L
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=) 0 S ST e
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BOR RN ZE T 258 M Tukey 2 A 5075 .
bR T AL RO R 25 5% . ff K aplan-
MeieriE AT £ 47007, I idlog-rank }* K5
bz a2 5. B8 RS BT
(overall survival, OS ) R 7 5 R 2= i
COX LL 7 KBS BB PE AL o SR 323803 TAERHIE
( receiver operating characteristic, ROC ) [1£4s>
MIFKBP1ARZ KA BE . P<0.05 4 2EFA S H2F
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=:0ki sk

TIMER 2.0%#5% % 7%, FKBP1ATE & i fil
BERSFEZHMWEALU P REERIE (E1A) .
RIEHL AR BN, BEPFKBPIAK %
TS dl, HEEREFHME S (P
<0.01, KB, 1C) . Kaplan-Meier Plotter¥{
JESE—E 2, R IAFKBPIA R &40 H
A0S . B AEAA] (first progression
survival, FPS) MIE RKEHEAM (post-
progression survival, PPS) , #&/RFKBPI1AM#
IS HEEE PG AR (KI1D) .
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E1 FKBPIAEBREARTERIEZESEEETMERARIEX
Fig. 1 FKBP1A is highly expressed in gastric cancer and is associated with poor prognosis

A: TIMER 2.0 database analysis of FKBP1A expression difference between cancer tissue and normal tissue; B-C: Immunohistochemical staining of
FKBPIA in gastric cancer tissue and the adjacent tissue (X 100); D: Kaplan-Meier Plotter database analysis of the correlation between FKBP1A and
total survival of gastric cancer patients. *: P<<0.05, compared with normal tissues.
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UALCANE#EFE ¥ /s, FKBP1AR#K A
IK-55 8 g FRE I AR B 22 R IE 22 0] AP e AR DG 1
(EI2A~D) . LB EEFKBPIAMX Rk &
IODI N ECH L, #8553 AFKBP1A R £ A
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Fig. 2 The relationship between FKBP1A expression and clinicopathologic parameters in gastric cancer

A-B: UALCAN database analysis showed that the expression level of FKBP1A was correlated with tumor grade and stage; C-D: Lymph node

metastasis and histological type in patients with gastric cancer.

F1 BEAAPFKBPIANRZESBEEERARFEZSHENXER
Tab.1 Relationship between the expression of FKBP1A and clinicopathological parameters of gastric cancer patients
FKBP1A n(%)
Characteristic Case n g P value
Low expression (n=54) High expression (n=53)
Gender
Male 82 39 (47.6) 43 (52.4) 1.186 0.276
Female 25 15 (60.0) 10 (40.0)
Agel/year
<60 35 17 (48.6) 18 (51.4) 0.075 0.784
=60 72 37(51.4) 35 (48.6)
CEA/(ug-L™)
<5 48 31 (64.6) 17 (35.4) 6.939 0.008
=5 59 23 (39.0) 36 (61.0)
CA19-9/(kU-L™)
<37 51 38 (74.5) 13 (25.5) 22.533 <<0.001
=37 56 16 (28.6) 40 (71.4)
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FKBP1A n(%)
Characteristic Case n g P value
Low expression (n=54) High expression (n=53)
Tumor size D/cm
<5 48 28 (58.3) 20 (41.7) 2.155 0.142
=5 59 26 (44.1) 33(55.9)
Histological type
Adenocarcinoma 80 42 (52.5) 38 (47.5) 0.524 0.469
Other 27 12 (44.4) 15 (55.6)
Pathological grading
G-G, 54 27 (50.0) 27 (50.0) 0.010 0.922
G;-G, 53 27 (50.9) 26 (49.1)
T stage
T,-T, 54 36 (66.7) 18 (33.3) 11.444 <<0.001
T;-T, 53 18 (34.0) 35 (66.0)
N stage
NN, 62 41 (66.1) 21(33.9) 14.466 <0.001
N,-N, 45 13 (28.9) 32(71.1)

24 HNBERERBESFEOSHEREZERSH
EX )

BN RS R R, FKBPIAE %Kik |
CEA=5 pg/L. CA19-9=37 kU/L. T4+
(T,~T ) AN (N, ~N, 3] ) 5 i iR
HAARIGSFOSHE TG HE . ZHEKCox Il IH5

—— Low FKBP1A

100 — High FKBP1A

50

Cumulative survival rate/%

log-rank y’=44.47
P<0.001

(=)

t/month
E3 BEALAHRFKBPIANRIZENEEFRIEARFSE0SE
oAl
Fig.3 Effect of FKBP1A expression in gastric cancer tissue on

5-year OS rate after radical resection

Mras s, DL EAS s R R R SAE0S &
ST UG R (R2)
2.5 FKBP1ARIZEXNBERIERGEFEERFE
REFFENE
BRITFKBP1AXT B TG A & H &%
Wrfd, ROCHIZ B n, DAFKBP1AMX £ikH
2.680 WFE E, MhZk N AN (area under curve,
AUC) 40.806 (P<<0.01) , REE 476.36%,
PR 482.69% ([Kl4)
2.6 BEALAPFKBPIASHEBEIHIHEXEME
KEGGHGOM 3 Hr£ W], FKBP1AF]figZ
Sy B (KsSA. B) o E—48]
FHGEPIAZU i F  BX, FKBP1AZ A 5 5h#
B 34 S fa FR i ( HK2 . PFKFB3. PK) HY
mRNAZKF-EIEAK (P<0.01, EISC~E) .
2.7 FKBP1AXfMGC8034Af1Et 5t A 2200
TR R Y T HIMGCS803 41 /il P FKBP 1 AFY
2615, IfiE i Western bloti#HfTHIE ( P<<0.05,
KI6A. B) . Si-FKBP1AZ Y% 44 765
LR AN TR R A B fe 48 S AR G BR AL, T
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Tab. 2 Prognosis factors affecting 5-year OS rate after radical gastrectomy for gastric cancer
Univariate analysis Multivariabale analysis
Characteristic
Log-rank P value HR 95% CI P value

Gender (male vs female) 0.017 0.898

Age (<60 years vs =60 years) 0.468 0.494

FKBPI1A expression (high vs low) 44.469 <<0.001 3.342 1.617-6.909 0.001
CEA (<5 ng/L vs =5 ng/L) 17.172 <0.001 1.958 1.007-3.806 0.048
CA19-9 (<37 kU/L vs =37 kU/L) 25.458 <0.001 2.728 1.439-5.170 0.002
Tumor size (<5 cm vs =5 cm) 0.005 0.944

Histological type (STAD vs other) 1.764 0.184

Pathological grading (G1-G2 vs G3-G4) 0.466 0.495

T stage (T,-T, vs T5-T,) 20.419 <0.001 1.889 1.019-3.503 0.043
N stage (N,-N; vs N,-N;) 29.513 <<0.001 2.119 1.116-4.023 0.022

STAD: Stomach adenocarcinoma; HR: Hazard ratio; CI: Confidence interval.
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Fig. 4 The predictive value of FKBP1A expression on 5-year

survival after radical resection of gastric cancer
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Fig. 5 Correlation between FKBP1A and glucose metabolism in gastric cancer

A: KEGG enriched FKBPI1A related signal pathway; B: GO enrichment predicted FKBP1A biological function; C-E: GEPIA database determined the

correlation between the mRNA level of FKBP1A and HK2, PFKFB3 and PK.
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Fig. 6 FKBP1A promotes glucose metabolism in gastric cancer cells

A-B: Expression of FKBP1A after lentivirus transfection; C-E: Glucose consumption, lactic acid and pyruvate production of MGC803; F-G: Western
blot detection of glucose metabolism related protein expression. *: P<<0.05, compared with control group.
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Fig.7 FKBPI1A promotes malignant biological behavior of MGC803 cells

A-C: Transwell invasion assay was performed to determine the invasion and migration ability of each group for 48 h; D: Cell viability was assessed
using a CCK-8 assay in MGC803 for 48 h; E-F: Detection of tumor volume size in each group. *: P<<0.05, compared with control group.
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Fig. 8 FKBPI1A activated PI3K/AKT signal pathway to promote glucose metabolism

A-D: Detection of phosphorylation expression of PI3K and AKT by Western blot in vitro and in vivo; E-F: Western blot detection of the expression
levels of AKT and PI3K after intervention with PI3K inhibitors; G-I: Glucose consumption, lactic acid and pyruvate production of MGC803; J-K:

Western blot detection of glucose metabolism related protein expression. *: P<<0.05, compared with control group.
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Fig. 9 FKBPI1A activates the PI3K/AKT signaling pathway to promote malignant biological behavior in MGC803 cells

A-C: Transwell invasion assay was performed to determine the invasion and migration ability of each group for 48 h; D: Cell viability was assessed
using a CCK-8 assay in MGC803 for 48h. *: P<<0.05, compared with control group.
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