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Abstract

Purpose: To investigate the expression pattern and underlying mechanism of FKBP10 in head and
neck squamous cell carcinoma (HNSCC), aiming to identify a potential therapeutic target. Methods:
Based on data collected from The Cancer Genome Atlas (TCGA), the expression level of FKBP10 in
HNSCC was analyzed using R 4.3.2. Associations between FKBP10 expression and immune cell infil-
tration levels were quantified with CIBERSORT algorithms. Gene enrichment analysis was con-
ducted using LinkedOmics and MSigDB databases, while FKBP10-associated protein-protein inter-
action (PPI) networks were analyzed via the STRING database. Results: FKBP10 was significantly
overexpressed in HNSCC tissues versus normal tissues (p < 0.001), with an AUC of 0.857. Patients
with high FKBP10 expression exhibited shortened overall survival (p < 0.05). FKBP10 expression
showed a negative correlation with CD8* T cells and M1 macrophages (p < 0.001), but a positive
correlation with MO (p < 0.001) and M2 (p < 0.05) macrophages. Gene enrichment analysis revealed
FKBP10 involvement in extracellular matrix (ECM)-related processes, with TGF-B, WNT, and BMP
pathways being significantly enriched. PPI analysis identified COL1A1 as a key interactor. Conclu-
sion: FKBP10 may function as an oncogenic molecule in HNSCC. Through interaction with COL1A1,
itactivates TGF-£ signaling, induces M2-polarization of tumor-associated macrophages (TAMs), and
synergizes with TAMs to drive ECM remodeling, thereby promoting HNSCC progression. Conse-
quently, FKBP10 may serve as a promising biomarker and therapeutic target.

Keywords
FKBP10, Head and Neck Squamous Cell Carcinoma, Extracellular Matrix, TGF-£

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. BY

ik

L2 % R 4 Bt Je (head and neck squamous cell carcinoma, HNSCC)AF Ay sk # f f &5 UL 1 g, &
F T AR B R bR R R ok, 8 S RO E Al AT AEBUEY) . HPV B ER R
K[1]. BFALTHA 890,000 HHrwi 5] (£ o 4K Fr A 8 Ak 12 W1 1) 4.5%) F11 450,000 75 1 (2) 15 4= BRI AESE
T-NHH) 4.6%) [2]0 TR, RE QLK T FARGIT . BT 8RR IT KR I6IT 5 2 Fia T FB
HNSCC B#H a8, TEAEAF R RAFAE 50%~60% /41 [3] -

4 ffu 435 57 (Extracellular Matrix, ECM) & IR 88 1 SfPEER . 2N B A5 Lo 1 I B 2R 3h 7
W2, R as BT PN (20 B AN ZH SR L 45 4 S R 4] ARSI T ECM JURL . 181 . PR RN 20 43 2 [a] () 7™
FEVHTT, T SRS B3 ECM H M FR G IH[5] . FESE R R AR, i T LS i S
ECM RV K3R4GB R MIT A e V), St SRAE Ak, (%) 25 o mT DU I 22 b5 5 38 B (12 o 4 P P SR L [ 6] - (LTS
R Z, ECM HIBAM BRI, TP i) 3 be ek n] DABHAS S 40 f L 2590201, A4S
G e R R AN T HEPT[4] -

it & B 57 #4010 (FK506-binding protein 10, FKBP10)J& T FKBP ZH f— 51, & —FhhrT i 5 9 s
FRRELRE 1Y A Joid Do 5 B 2 [ 7], Hegmf BRI T 17 5 4444 (17021.2) . FKBP 2 — MR I S SR A 3R
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4,

tRifaE 5%

BEMS 45 & S e 25 (it 7O S Rl MR I B 2) [8], 1SR AL & Rk 10 R 2 B 2/ e 35 A4 Bt (Pepp-
tidyl-Proline Isomerases, PPlase) 4544 . FKBP10 £ /U PPlase &5 4k, & FKBP Xi%kH & i % PPlase
SERIIEINI A . FKBPL0 RE SR A R sk 2 1 A5 20 M A0 5 e 70 A AR 9] [10], PRILAEZH 23 %
i E ROCHEERMEA[11]. FKBP10 {£ ECM 381 B LA py i 5 A F-[12], #01) FKBP10 T4 1FsE
AT L0081 BT 24 4 P 1 R S 40 AP R AR [13] [14]. H RTAIF AT B, FKBP10 7E % M 4 4 b e
ik, WE B 4B BESE[15]-[18]. FKBPL0 ki T Hyg 4% PPlase 4540 (e 2k A A i 240 it g+
PEREURIRE JI[19]. CEWTFLERY], FKBPL10 A DL PISK/IAKT i % LA R g2 B s A e e . 4595
TERG TR ZE[16], iEid AKT-CREB-PCNA Ji B fig ik i 48 2 g 9 B [20],  Hidid circREEP3 (1% 5%
BT IR Eh 45 E i HERE[17]. {EH i FKBP10 7 HNSCC %4k Ji b & 12 i/ FH 4 A A e AN

A 7 38 iy FE (R 4H B3 (The Cancer Genome Atlas, TCGA) S fFRE A, 734 FKBP10 #£ HNSCC
Hf Rk LS B AR 06 2R, 3R 1 FKBP10 5 R iR 55 2 18] (1 2% & A & FKBP10 7 HNSCC
(R AR e R A T RERIMLAEL, D HNSCC YR T B AT i L

2. ERRA %
2.1, ERINE

MEEIE 5 [R 40 1% (The Cancer Genome Atlas, TCGA) (https:/portal.gdc.cancer.gov/) it & o ik 6 3 4]
FIk AAFHHE 5 B HNSCC (B, T 1 D A RE B S Im PR BRI AT 8

22. A%

2.2.1. FKBP10 ByF&RiA

it R 4.3.2 11 TCGAplot @R 4k FKBP10 7E %At H1 i FRIE 1S Bl FIH Excel i I H2HUN
TCGA FRHUH) HNSCC %ids, B3 Hi 41415 157 4141 FKBP10 (IRA R, f#H R 4.3.2 1 ggplot2 f.1]
FiAL, FKBP10 fEIX W4 i k15 . 18] R 4.3.2 pROC 12| 3238 & TAF451E (receiver operating char-
acteristic, ROC) i £& .

22.2. KB
{fiFH GEPIA2 [21]MsfiH Survival #isk, E$EIEE FKBP10, %+ TCGA-HNSC #i#ii4E, LAt
FKBP10 {13 ik 5 HNSCC & # &4 47 (overall survival, OS)f15% %

2.2.3. RIEMARRIEST
i#d R 4.3.2 41/ IBOR & CIBERSORT 4,14 FKBP10 #ik5 HNSCC 2H 41 A 42 41 i i K~ 2.
B I 2% &R

224 EEEERSH

i1t LinkedOmics [22]3KH 5 FKBP10 JLRIAMHE, FExf FKBP10 JAH G R IAF K@ R 4.3.2
HE4T GO & HEHr, HrP R 1T B i (molecular function, MF). 4 if1 2 43 (cellular component, CC).
Z 51413 7% (biological process, BP) =7 [fii . 1#id “MSigDB” (Molecular Signatures Database , version
6.0) AT 1) 3L R 4E & #2407 (gene set enrichment analysis, GSEA)##i & FKBP10 ik igite A B % 5
(RIE R, T B i B DR AR (1 A R VAl & AR 40 4K
2.25. BH - ERHEEERAMSE T

I EL ik STRING [23]# #28 F - 85 [ AH BLAT H [ 2% (Protein-Protein Interaction, PPI)M%% . & &
HIZ%0F: network type (full STRING network), meaning of network edges (evidence), minimum required
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interaction score (media confidence (0.7)). 1#i Fi§ GEPIA2 k71 “Correlation Analysis” 1k, +45 FKBP10
A COLIAL fAHSGHE. FIHT R At 7341 COL1AL #£ HNSCC HIRIATE L -

2.2.6. GiHEST

B> 45 R RA4.3.2 BMAEHHAT GE i 2 0 A AT RRAL AL B . SR ) GEPIA2 ¥ e i3 47 4 474> #7, Spear-
man FH5¢ R ¥ M GEPIA2 4 22 vh SR R KX ARG . L p < 0.05 AZEFBEA R EE L.
3. &R
3.1. FKBP10 fE My R0 IR 7K

A R A, FATKI FKBP10 75 £ Fie e 43 b Rk 3% FE (K 1), HAh 35 HNSCC. FATiE
L5 Hr I TCGA % ds FEUR 4L 2111 522 1) HNSCC &%, Horp & 522 BlJg 4121 K 44 Bl 55 HFEAR, 4
475 HNSCC ZH48H FKBPL0 ({3585 1E % 44 2 1R 271 85 (p < 0.001) () 2(A)). HukFEINy, @it
1] 5233 R 1 28 (Receiver Operating Characteristic, ROC) il £k 3411 /& Bl FKBP10 ik /KT it il 28 K i X
(area under the curve, AUC)y 0.857, #7~x FKBP10 HJ GE7] 1A HNSCC HIVETE A% E (K 2(B))-

1257w x wwen k wek ek ek ke ik bk

¥
ee}

10.07

|

e — P
(1T
——
« — N -
I

FKBP10

e . H I - Group
. E= Normal
. B Tumor

L]
.
.
H . ° .
°l e l s o o oI H
.
] ] * s . |. ! ! ° :
257 o 1 : . *
H [
: .
L]
L]
0.0+
O< <040 0<CST0OT O 2000002000005 0kFKCXSO0O®0S
8358328358528 582583038238E3 08328853
mmoooOLuozxxxi 4 a3 s TR @EogoOEREDS >

*p < 0.05, *p < 0.01, *p < 0.001.

Figure 1. The expression profile of FKBP10 in pan-cancer
1. FKBP10 ZEARRIEREFEIFRIZIE R

3.2. FKBP10 5 HNSCC B4 EMENXA

1T GEPIA2 x| FKBP10 miflRik 4111 OS AEAFHh (] 3), 45 R Eon FKBP10 1Ry ik 412 AR A7 3
W AR TR IE 4 (p < 0.05).
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Figure 2. Expression of FKBP10 in HNSCC and its diagnostic efficacy. (A) Expression of FKBP10 in HNSCC tissues and
adjacent non-cancerous tissues; (B) ROC curve for predicting HNSCC using FKBP10
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UM HNSCC B9 ROC Bhk

Overall Survival

1.0

1 — Low FKBP10 TPM
—— High FKBP10 TPM
Logrank p=0.044
o | HR(high)=1.3
© p(HR)=0.045
ol n(high)=257
2 n(low)=261
c Q4
S5 ° | R W
‘D .
- | o tER L i
c
Q < | 0 eigee o oE
8 o | 000 R T e
)
o
N1 0 T e,
o
o |
o
T T T T
0 50 100 150 200

Months

Figure 3. Relationship between FKBP10 expression and overall survival of HNSCC patients
[E 3. FKBP10 &% 5 HNSCC & REFHMNER

3.3. FKBP10 5% & MpniEiEa

i#id R 4.3.2 TP IBOR 2 CIBERSORT L4} #T7E HNSCC ' FKBP10 ik 5 22 Fi W G 4 i
TR A< 21, 13 goplot2 AL rl MRk 45 5 (14 4). b, CD®* T 40f. idiZ CD* T 40f. uEiss )
TY0HE. FZAE. M1 HER4I. DC 415 FKBP10 RI& 2 fikH<(p < 0.001). MO % E W4 (p <
0.001) & M2 M S 5 2 (p < 0.05) 5 FKBP10 33k 2 1EAH 5 (p < 0.05) . 5 B 4H g A WL B & AH 5% 14 (p > 0.05)
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Figure 4. Correlation between FKBP10 expression and 22 common immune cell types in HNSCC
4. 7£ HNSCC 91 FKBP10 iz 5 22 #E L R A EHXF

3.4. BEEREE S

TAT B AE % 0E MR S A B T FKBPL0 /3 & AR @ ik . B %6, RAT@E LinkedOmics
SR FKB010 (1 3L3RIAFE T (1K 5(A)), HE IR 75 FKBPL10 B i % VI AT 50 A~ 1EAH & F 6 AH 56 1
HLRIEFE P (E 5(B). [ 5(C)). Hik, FA1ET R4.3.2 % FKBP10 K HAM K ILRILFRN T T GO &
M (K 5(D)~(F). ZRIE/R, FKBP10 KM KERSH LM ECM MXIAEY ¥, Hda
FEAN AR AL IIRE RSG5, &a, WATHAT T RREEE L5 (GESA), FHifie T 8 HEME
Pyad ik (15 5(G)~(1)), BATIGERIAE FKBPL0 5 FRIA R FEA b & 4R 10 W) 2 B L9 TGF-p 5 %5
i (NES = 2.28, p < 0.001), Wnt {5 5@ #(NES = 2.10, p < 0.001), BMP {5 5@ #(NES = 2.04, p <
0.001) %5 % Fi {5 = Il i

35. EBRMEEER

N T kPR FKBP10 £E HNSCC K AE K i ml Re it AL, FeA 148 H AL E# FE STRING #4
HERI 44T EE (1 - & 19 5 A L/ FH (Protein-Protein Interaction Networks, PPIIZ5 (K 6(A)). A3k T 1
10 5 FKBP10 Ml EAEFHRIE A, FATXIES] COLIAL 55 5 FKBPL0 #H HAF AT 10 FiE A i 2 4
GERLZEAITS > 0.7). A, it GEIPA2 $uda /0 #7, AR IL COLIAL 5 FKBP10 [tk Hy 0.7
(p<0.05) (4 6(B)). #E—2EXF COL1AL # AR 1 EAEM 4, FA1AIM COL1IAL 5 TGFB1. SMAD3 2
[ AEAEAE BAE (R H R & PP > 0.7) (€ 6(C)). UE4h, HNSCC ZHZ:H COL1AL [M3REHUIEH I 2
BETHE(p <0.001) (4 6(D)).
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Figure 5. FKBP10-related gene enrichment analysis. (A) Pearson test analysis of genes correlated with FKBP10 expression in TCGA-
HNSC; (B) Genes positively correlated with FKBP10 expression in TCGA-HNSC; (C) Genes negatively correlated with FKBP10
expression in TCGA-HNSC; (D)~(F) GO enrichment analysis of FKBP10 and its related genes; (G)~(l) Biological pathways enriched
in high-expression FKBP10 samples in HNSCC

5.FKBP10 f8x EEE&E21. (A)Pearson #3848 TCGA-HNSC 15 FKBP10 FiAHH%AIERE; (B) TCGA-HNSC
5 FKBP10 FIAIEMHEXHEE; (C) TCGA-HNSC 5 FKBP10 FixfatExiIERE; (D)~(F) FKBP10 REMXEEHR GO E
E 9475 (G)~(1) 7 HNSCC th FKBP10 SFiA#E A E M E S EE

4. ¥1ig

HHI, HNSCC #) T Sk #5491 1) 90%. FH-T- HNSCC iR #1i2 ihi L Ab T = 3 3 ol & & A i
W, RAERFRFRBEEG AT SL556 10T FRIUS TROGER, B3 1 A A7 AR W 42
Tho Bk, ISk HNSCC&%@/\@% Z¥T HREKTFEE HNSCC B s A EEE L. £+ L
ARG AR IR, PR 2R S S8 (1408 28 43 15 B SR 7 B SO IR AR S i il . S ULIRIRE, ECM 7Efb
Jo R I OCERAE ) H 2552 B0 B G . ECM 38 B 7E Dy Jig 41 i $2 (it 285 W RN A (X SRR [T, 38 AT LARE
e S 35 R AR L R AN R R G AN IS FE . TR ECM BITR T A B e MR va T SR AR R .

FKBP % Jfl i - 1IE ) PPlase 45 s fi Ak Bk B2 i/ e 2R 2 18] ) 2 ik, S5 mE A RSS2/t
Wit RE, T S B BB (B 46 JORE « LR 4EA RV RE) [24] [25]. 1ENZZK %+ PPlase 45 Ik & i %
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Figure 6. Possible molecular mechanisms of FKBP10 in HNSCC. (A) Protein interaction network associated with FKBP10;
(B) Correlation analysis between FKBP10 and COL1A1; (C) Protein interaction network associated with COL1AL; (D) Ex-
pression levels of COL1A1 in HNSCC

6. FKBP10 7£ HNSCC AT #ERY 9> FHLEl. (A) FKBP10 HBXMERREMEML; (B) FKBP10 5 COL1A1L RhkE%
M534r; (C) COL1AL HXMEBEBREIEMEE; (D) COLIAL £ HNSCC H Ry FRIAKF

MR 5L, FKBP10 CAE Sl 4E4k[12]. Brunk 484 HE[26155 2 Mk A% . FKBP10 AN 5 £ Fh ECM
M EAER, R 2 25 ECM S ¥ 1 E 2> 1-[9]-[14]. [HAE R, FKBPL0 /£ £ FiE o 231
FFFRAREER, HhaiES Em17]. MlmE[19]. Bt 2715% . S8, FKBP10 7£ HNSCC
(A FH G R ARE . A 78 A SR 78 FKBP10 2 75 i i ECM HE XA ML /E HNSCC Hh R FE4F F

AW IET TCGA B E, B EW(E E%H FKBPL0 7EA[F R o iR, 45 iR
FKBP10 fEZ M H R hmRIE, $nHiaeS 5 2 Mg r k4 kK ik . 78 HNSCC ', FKBP10
Rk BEAEMR AL P B3 & T IR HL . #— DT AT, K FKBP10 3 IA 2 AR A7 B
FTRERIAA, 8 FKBP10 7% miki1A 5 HNSCC &3 Tl 5 A R ARG
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43

N T HRFT FKBP10 7E HNSCC & A2 & & (1] BE A= W2 Thie I v FIRFENLE], AT T TR EE
FEiT. SRR FKBP10 KHACHE RIS 5 2 i 5 4 4bEE A G 1B 2% 7, B FKBP10 &3KiA
FEA 2 B NE KSR TGF-p (5 5EE. Wit {5 538H. BMP (55 & -7 - 78 %,
TGF-. Wnt (5 5l A EZ UM EAER , 75 HNSCC Hh e (i it g it J S #4642 /e R [28] [29]. H
R FIBEIE AR SE, TGF-g id ik FECKE MU XA REREMG, H0Ldt B - a7 i L Fl ECM
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