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[Abstract] Objective To investigate the expression and functional role of FK506 binding protein 10 (FKBP10) in
oral squamous cell carcinoma (OSCC), and to provide a research basis for the estimated prognosis and targeted therapy
of OSCC. Methods A total of 284 OSCC samples and 19 normal samples were selected from the Cancer Genome
Atlas (TCGA) database, and diagnostic analysis was performed to determine mRNA expression. Survival analysis for

FKBP10 and OSCC was conducted on a gene expression profile interaction analysis website. Real-time fluorescence

[WrFE B EA] 2025-03-03; [f&E BHA] 2025-05-19
(E£TB ] B4 T A @2 RS (20240808010019)
(1E&E B ] Jr &l B -1 AP 58 2L 763 , Email : fangzhikai1998@163.com

[BEEEE] 2w, & FATEE, 1+, Email: jamlilili@126.com



AR EREAE 2025F7H $33% F7H

+ 530 - Journal of Prevention and Treatment for Stomatological Diseases, Jul. 2025,Vol.33 No.7  http://www.kqjbfz.com

quantitative PCR and Western Blot were used to detect the mRNA and protein expression of FKBP10 in four OSCC cell
lines and SAS and SCCO cells transfected with siRNA. The cell proliferation ability of FKBP10-silenced cells was de-
tected using the CCK8 method, and the cell cycle distribution and apoptosis were detected by flow cytometry. Cell mi-
gration and invasion ability were detected through wound healing and invasion experiments. The expression changes of
total protein and phosphatidylinositol 3-kinase (PI3K)-serine/threonine kinase (AKT) after FKBP10 silencing were ana-
lyzed by proteomics and Western Blot. Results According to the analysis of gene expression levels, the mRNA expres-
sion level of FKBP10 in OSCC was significantly higher than that in normal tissues (P < 0.001). In terms of diagnosis,
the expression level of FKBP10 has unique diagnostic value for OSCC (P < 0.05). The survival analysis of FKBP10 and
OSCC showed that a high expression of FKBP10 led to a decrease in patient survival and poor prognosis (P < 0.05).
The expression of FKBP10 mRNA and protein in OSCC cell lines was higher than that in normal oral keratinocytes
(P < 0.001). Silencing FKBP10 can reduce the proliferation, invasion, and migration ability of SAS and SCC9 (P <
0.001), and also block their cell cycle in the GO/G1 phase (P < 0.001), with a significant increase in apoptosis (P <
0.05). Protein mass spectrometry and Western blot analysis revealed that FKBP 10 silencing significantly downregulated
the expression of multiple proteins in the RAP1 signaling pathway, mainly RAP guanine nucleotide exchange factor 1
(RAPGEF1) (P < 0.05) and the phosphorylation of PI3K-AKT proteins (P < 0.05). Conclusion FKBP10 is highly ex-
pressed in OSCC, leading to poor prognosis for patients. Downregulated FKBP10 expression can inhibit the prolifera-
tion, migration, and invasion ability of OSCC cells, hinder cell cycle progression, and promote apoptosis via the RAP1-
PI3K-AKT axis. FKBP10 is a potential therapeutic target and prognostic biomarker for OSCC.
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J Prev Treat Stomatol Dis, 2025, 33(7): 529-541.

[ Competing interests] The authors declare no competing interests.

This study was supported by the grants from Heilongjiang Province Medical and Health Research Fund (No.
20240808010019).

T 35 0K 40 At 93 (oral squamous cell carcinoma,
OSCC) Ay Sk S0 A e 1) = 20 BISR R, FL
o A ST U T 0 R R A ) SR R A R
fiff T SRR AR s Sk SO AE AR Y A S 5 AR
AR IR L2 A8 0 A, AN AN Ay e B B 4 1t T 0 DAY L
PRBE, 4R R TR RE G i A8 RN L A A 1 X
i AR AR R T I2 R R R AR
I SR W X 988 AE 199236 O TR S E L B 0SCC
B AR AR AL 19 5 4R AR A7 R A0 T 50%
PRI, R 45 OSCC 3 & 19 3 5 BIL i % 1 1 & i
IR IT I A & 5 AR A AP B O B

VAT 2 Al O S, N B AR R A SR
& & A 2 (unfolded protein reaction, UPR) ,
PR AR G RS R R A AR B,
A8 240 M RIS UPR AL 5 i i e S A e > A i
ZPE . FK506 45 G 8 R — 2K S R Ml 259
FK506 4543 B9 A BT R AR A 1177 Hiv, FK506 25
A8 10 (FK506 binding protein 10, FKBP10) 245
ZE AW RO R A BT A i R A T
PRI ) 7 A K T A R B R A

W57 W], FKBP10 ] g #F 5 50 988 45 9 e i e 0f 5
TJG AN AR CU a0 5 8 AR VR R YT B 5 R
P LLSR Bl 95 6E T 40 BRORE RR AR 5 9 1 2L R B S
ABETRAL DR , 4 5 B 375 BH 20 98 X i 420 3R T 4K
PrAE L (HAE R R, FKBP10 47 5 M 3635 T il
45 R e T U I 2R 2 T A L R RN R s e
PEoR AT GRS Pk R R8T RS FE IR IR A M . AR
FKBP10 7£ OSCC " B4 FH i AN 2 .

ARHBF9E G 7E 4K 5 FKBP10 1E OSCC H 1) 3 15
3, I AR A 5256 w0 4 A 5E FKBP10 72 OSCC &
AR BT R AR, S OSCC AR IT AL S J W
Pt — PR AE IR T R A AE bR S

1 ‘R E
1.1 2FRXAE5ME

A OSCC 41 ifg & (SAS . CAL27.SCC9 F1SCC15)
1N TS £ BB 5% 41 g (human oral keratinocytes ,
HOK) A W IR U5 BE R K2 11 IS 22 Be iR . DMEM
o B A0 i 855 3% B (12100046, Gibeo, 26 ) 5 I 4= 1L
15 (10270106, Gibeo, K ) ; 5 5 R - 55 R IA W



AR EREAE 2025F7H $33% F7H

Journal of Prevention and Treatment for Stomatological Diseases, Jul. 2025,Vol.33 No.7 http://www.kqjbfz.com - 531 -

(BL505A, Biosharp, H1 [ ) ; 0.25%-EDTA [if 2 (1
TH AL (C100CT, NCM, 1 [ ) ; jetPRIME® % 44 ik
#1 (0000003060, Polyplus, % & ) ; Trizol (SM192,
Seven, H' [H ) ; First Strand ¢DNA Synthesis Kit
(SM136, Seven, /' [E ) ; SYBR Green gPCR Master
Mix II (SM143, Seven , H [ ) ; 2 {4 il A1l A 400 i
FIE & W (NCM, H [ ) 5 RIPA 24 i% i (WB3100,
NCM, H [ ) 5 41 g 3+ %08 ) -8 (C6005, NCM, 1
B ) 5 200 A & 0 A I3 75 85 (AC 121544, Life-ilab , H
) 5 HE 5 BE (356234, Corning , 35 [ ) 5 10 % bR i ¢
g ik 7 & (PG112, Epizyme , H [E ) 5 4 Jg 55 7= /N %
(353097, Corning, K [H ) ; —Ht fe bt A\ FKBP10 Hi{k
(12172-1-AP, Proteintech, 1 [ ) ; — BT S T A B
-actin P& (AC026, ABclonal,, 1 [# ) ; —Pr W HT A
AKT H44 (29207, CST, £ [H ) ; —Hi e Pt A P-AKT
Pt #& (4060T, CST, 3£ [ ) ; —Hi i A PBK Bt {k
(T40115S, Abmart, H1[H ) ; —Hi S HT A P-PI3K Hi &
(T40116S, Abmart, H* [# ) 5 — Ht th 3 1 /) B 1gG-
HRP Hif& (M21001S, Abmart, H1 [ ) ; —Hi 111 FEHi e
IgG-HRP Hi {4 (M21002S, Abmart, 1 [ ) ; 10 x TBST
2% wh W (G0004, Servicebio, H1 [ ) ; ECL & 5 ¥
(SQ201, Epizyme , H1 [# ) ; 8 & 5t ¢ 12 i B8 (DMil,
Leica, {2 [E ) ;@19T<1S((Synergy H1, Bio Tek, £ H ) ;
A H 5% 32 46 (310, Thermo Fisher, 3£ E ) 5 7t =5 41 jfY
1 (Fortessa, BD, 3¢ [# ) ; 5E B} %¢ ) % & PCR ¢
(qTower3, Analytik Jena AG, 5 ) 5 e B AR Y
(ChemiDoc™, Bio-rad , 3£ [H ) .
12 AW1E 8 F5H

A 8 i S K 3% K 5 2 (the cancer genome
atlas, TCGA) Ff N 83 B 5 0SCC 4 A1 & B ¥ | I
LI OSCCHEAR 284 5, TE# X FRFEAS 19 i, 1§
Bl R 15 5 1Y stats Fl car £33 11f Mann-Whitney U £
55 W1 OSCC 5 1E % 41 41+ FKBP10 (19 3R 5 K F .
[F) B, 77 35 PR 3% 35 &1 3% 22 .43 B 9 3k 1 LA FKBP10
FEAR KOV A R X R A A R R A 4, IF
W I 3R e 5 R E SR Y AR AR TR T AR R
Briho M pROC A, 3 3 52 130 3 T 1E FR1F il 4
(receiver operating characteristic , ROC) XJ i €& T %)
1 FLHEAT 40 A, DA R4S FKBP10 78 OSCC 2 Wi h
I
1.3 OSCCamfie &3 b 4t 4

B SAS . CAL27 .SCCY.SCC15 I HOK 4 fifd 5 5%
Fr2sEisehirh . MM FRIE RN E 1 % FHER -5
B2, 10 WHGA MG 8 3G IR 5. T A Ay

B35 T 37°C 5% CO, 1 4 B 35 77 46 vh 2 0140 0 -
90 MY A R K B 90% A7 A I, i LK 41
Tolt 28 307 040 1% 3500 vh 4k S 1% 35 B AL AR Hh AT S
X SAS 1 SCCO 41 Jf ffi FHl siRNA FE 47 R , 43 My
Vehicle 2H ({2 {8 J jetPRIME®#% J4 i 5] ) | si-NC 2H
(% Yt siRNA-nonsense ) . si-FK1 #H (%% 4% si-FKBP10
sequence-1) . si-FK2 21 ( %% ¢ si-FKBP10 sequence-
2),siRNA JPAI L3R 1. 5 4b FXF8E K, RS
B4 1) 200 i A3 Y 1 A0 i R 4 R E) 6 FLAR b .
A B A B 60% B 42 BT IR o3 2 BEOR E 4T i
Qeo S, M 200 pL jetPRIME®F 4 i3] Buffer
Fi B 100 pmol siRNA, %8 J5 M A 4 uL jetPRIME®#%
Pl R R AT . i E 15 min S5 R A% 4l
A2 mLAE G M R AR B 2 5 . 6 h B 57
ol B A Tt a0 I B 55 5 O 48k Sy i i 1 A SE AR
SERE SR, 24 ~ 48 h 5 WA RNA 308 15, LA IE
i ISR AT A S5

R 1 siRNA T
Table 1  siRNA sequences

siRNA Sequences

si-NC 5'-UUCUUCCGAACGUGUCACGUTT-3’
si-FK1 5'-CUGCCGUGCUAAUCUUCAATT-3’
si-FK2 5'-CACACCUACAAUACCUAUAUAUAATT-3'

si-NC: negative control sequence; si-FK1: targeting FKBP10 sequence
1; si-FK2: targeting FKBP10 sequence 2; FKBP10: FK506 binding pro-
tein 10
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Table 2 Primer sequences

Genes Forward primer sequences (5’ -3") Reverse primer sequences (5°-3")
FKBP10 GTTACCTCGCATACACAC CCTCTCCACACACAT
B—actin CCACGAAACTACCTCAACTCCATC AGTGATCCTCCTCCTCCTCGATCCTGTC

FKBP10: FK506 binding protein 10
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a: the mRNA expression of FKBP10 in OSCC was analyzed through The Cancer Genome Atlas database; b: the GEPIA2 online analysis tool was

used to analyze the relationship between FKBP10 and the survival rate of patients with OSCC; ¢: ROC curve analysis was used to evaluate the

value of FKBP10 in the diagnosis of OSCC; d: the expression of FKBP10 mRNA in OSCC cells and HOK; e: FKBP10 protein expression in OSCC

cancer cells and HOK. OSCC: oral squamous cell carcinoma; HOK: human oral keratinocytes; FKBP10: FK506 binding protein 10. n=3, *P <

0.05, ¥*P < 0.01, #**P < 0.001, *#**P < 0.000 1
Figure 1
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a & b: compared with the Vehicle group and si-NC group, the si-FKBP10 groups all showed reduced expression in SAS (a) and SCC9 (b) cells; ¢ &

d: in CCK-8 experiments, the proliferation rates at 1, 2, 3, and 4 days were lower in the si-FKBP10 group compared to the si-NC group in SAS (c)

and SCCI (d) cells. Vehicle group: only the transfection reagent group; si-NC group: negative control group; si-FK1 and si-FK2 groups: knockdown

group using sequence 1 or 2; FKBP10: FK506 binding protein 10; OSCC: oral squamous cell carcinoma. n=3, ns: not significant, *** P < 0.001,

#Hk P < 0.000 1

Figure 2 Knockdown expression of FKBP10 in human OSCC cell line SAS and SCC9 and its effect on cell proliferation
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a: in the cell cycle experiment, SAS and SCC9 in the si-FK1 group were blocked in the GO/G1 phase; b: in the apoptosis experiment, SAS and

SCCY apoptosis rates in the si-FK1 group were promoted. Vehicle group: only the transfection reagent group; si-NC group: negative control group;

si-FK1 group: si-FKBP10 sequence 1 group; FKBP10: FK506 binding protein 10; OSCC: oral squamous cell carcinoma. n=3, ns: not significant,

# P <0.01, #* P <0.001

Figure 3  The effect of FKBP10 knockdown in human OSCC cell line SAS and SCC9 on cell cycle and apoptosis
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in the wound healing experiment, the migration ability of SAS and SCC9 cells was significantly inhibited in the si-FK1 group compared with the

Vehicle group and si-NC group. Vehicle group: only the transfection reagent group; si-NC group: negative control group; si-FK1 group: si-FKBP10

sequence 1 group; FKBP10: FK506 binding protein 10; OSCC: oral squamous cell carcinoma. n=3, ns: not significant, *** P < 0.001
Figure 4 The effect of FKBP10 knockdown in human OSCC cell line SAS and SCC9 on cell migration
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in the transwell experiment, the migration ability of SAS and SCC9 cells was significantly inhibited in the si-FK1 group compared with the Vehicle

group and si-NC group. Vehicle group: only the transfection reagent group; si-NC group: negative control group; si-FK1 group: si-FKBP10 se-

quence 1 group; FKBP10: FK506 binding protein 10; OSCC: oral squamous cell carcinoma. n=3, ns: not significant, *** P < 0.001
Figure 5 The effect of FKBP10 knockdown in human OSCC cell line SAS and SCC9 on cell invasion
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a: analysis of protein differential expression after FKBP10 knockdown in the si-FK1 group compared to the si-NC group; b & c: compared with the
Vehicle group, KEGG pathway analysis of upregulated (b) and downregulated (c) expression in the FKBP10 knockdown group. Vehicle group: only
the transfection reagent group; si-NC group: negative control group; si-FK1 group: FKBP10 sequence 1 group; FKBP10: FK506 binding protein 10;
OSCC: oral squamous cell carcinoma; KEGG: Kyoto Encyclopedia of Genes and Genomes
Figure 6  Proteomic analysis of FKBP10 knockdown in human OSCC cell line SAS and SCC9 cells
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Table 3 Ten significantly upregulated protein changes in human OSCC cell line SAS and SCC9 cells after FKBP10 knockdown

Sequence number English abbreviation Full name in English
1 DPP8 Dipeptidyl peptidase 8
2 SPRR2A Small proline-rich protein 2A
3 PLPP2 Phospholipid phosphatase 2
4 PCBP4 Poly(rC)-binding protein 4
5 KAT6A Histone acetyltransferase KAT6A
6 B3GNT3 N-acetyllactosaminide beta—1, 3—N-acetylglucosaminyltransferase 3
7 SPRR2F Small proline-rich protein 2F
8 TAF6 Transcription initiation factor TFIID subunit 6
9 PNPLA2 Patatin—like phospholipase domain—containing protein 2

MYADM Myeloid-associated differentiation marker
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Table 4  Ten significantly downregulated protein changes in human OSCC cell line SAS and SCC9 cells after FKBP10 knockdown

Sequence number

English abbreviation

Full name in English

1

O X 9N U R W N

—_
(==}

RAPGEF1
ALKBH6
FGFBP1
TXNDC11
HELLS
CD109
FARP2
LTBP2
ZMYM3
ADCY7

Rap guanine nucleotide exchange factor 1
Alpha-ketoglutarate—dependent dioxygenase alkB homolog 6
Fibroblast growth factor-binding protein 1

Thioredoxin domain—containing protein 11

Lymphoid-specific helicase

CD109 antigen

FERM, ARHGEF and pleckstrin domain—containing protein 2
Latent—transforming growth factor beta—binding protein 2
Zinc finger MYM~-type protein 3

Adenylate cyclase type 7

SAS

SCCY
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Assessment of P-AKT, AKT, P-PI3K, and PI3K protein expression following transfection of si-NC, si-FK1, and si-FK2 in SAS and SCCO9 cells. Ve-

hicle group: only the transfection reagent group; si-NC group: negative control group; si-FK1 and si-FK2 groups: knockdown group using sequence

1 or 2; P-AKT: phosphorylated protein kinase B, AKT: protein kinase B, P-PI3K: phosphorylated phosphatidylinositol 3-kinase, PI3K: phosphati-

dylinositol 3-kinase. n=3. ns: not significant, *P < 0.05, **P < 0.01, ***P < 0.001

Figure 7 Changes in phosphorylation levels of PI3K-AKT signaling pathway in human OSCC cell line SAS and SCCO cells
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