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Abstract

Background and Aims: Triple-negative breast cancer (TNBC) is a clinically aggressive subtype of
breast cancer with limited treatment options. Immune checkpoint blockade (ICB) combined with
chemotherapy has emerged as a key neoadjuvant therapeutic strategy for TNBC. However, significant
variability in ICB efficacy exists among patients, and the underlying mechanisms related to the tumor
immune microenvironment (TME) remain unclear. Cancer-associated fibroblasts (CAFs), as major
stromal components, regulate TME and influence immunotherapy responses. Fibroblast activation
protein (FAP), a key marker of CAFs, has been associated with poor prognosis in multiple solid tumors,
yet its immunological role in TNBC has not been systematically investigated. This study aims to
elucidate the expression pattern of FAP in TNBC, its impact on the immune microenvironment and ICB
efficacy, and to explore its potential immunosuppressive mechanisms and clinical implications.

Methods: The data from TCGA and the I-SPY2 clinical trial were integrated to assess the association of
FAP expression with prognosis, immune cell infiltration, and immune checkpoint molecule expression in
TNBC. Immune landscape profiling was conducted using CIBERSORT, GSEA enrichment analysis, and
differential gene expression analysis (DESeq2) to characterize the immune features associated with FAP
expression and to identify downstream genes at the transcriptomic level. CAF models with FAP
overexpression or knockdown were constructed and co-cultured with CD8" T cells to evaluate FAP's
regulatory effects on CD8" T cell activity and apoptosis. The expression of COL1A1, a potential FAP-
regulated gene identified from transcriptomic analysis, was validated using qPCR and Western blot.
Finally, clinical data and multiplex immunofluorescence pathology samples from TNBC patients at
Xiangya Hospital were analyzed alongside [-SPY2 data to determine the predictive value of FAP
expression for pathological complete response (pCR) following neoadjuvant immunotherapy.

Results: FAP was significantly upregulated in TNBC tumor tissues compared to normal tissues and
associated with shorter overall survival. Multivariate Cox regression analysis identified FAP as an
independent adverse prognostic factor. High FAP expression was correlated with reduced infiltration of
CDS8" T cells, NK cells, and Tth cells, as well as upregulation of immune checkpoints including CD276,
TIM-3, and PD-L2. In CAF models, FAP overexpression suppressed CD8" T cell activity and promoted
apoptosis, while FAP knockdown had the opposite effect. Transcriptomic analysis showed that COL1A1
and other collagen-related genes were significantly upregulated in the FAP-high group and positively
correlated with FAP expression; qPCR and Western blot confirmed that FAP positively regulates
COLI1ALI expression. Analysis of I-SPY?2 data revealed that FAP-low patients receiving pembrolizumab
plus chemotherapy had significantly higher pCR rates compared to FAP-high patients. Consistently,
clinical data from the Xiangya cohort showed reduced CD8" T cell infiltration and lower pCR rates in
FAP-high patients, with a ROC AUC of 0.857 for predicting treatment response.

Conclusion: FAP-high CAFs contribute to the formation of an immunosuppressive TME in TNBC by
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promoting COL1A1 secretion, inhibiting CD8* T cell function, and upregulating immune checkpoint
molecules. High FAP expression is associated with poor prognosis and reduced response to
immunotherapy, highlighting FAP as both a prognostic biomarker and a potential therapeutic target for
stratified and combination treatment strategies in TNBC.

Key words Triple Negative Breast Neoplasms; Cancer-Associated Fibroblasts; Tumor Microenvironment

CLC number: R737.9

LR i 2 4 BR L b B UL i R
Horp = B FL B 9% (triple-negative breast cancer,
TNBC) it = M W 2] Z 1K (estrogen receptor,
ER) . 22 & Z 1K (progesterone receptor, PR) Fl
ANFREKRHEFZAK2 (human epidermal growth
factor receptor 2, HER2) Wik, HA & E (7 %E
P 5 R Mtk Z A OB IR T AR R AL, R TR
JRREZED S AR, SR A U ) (immune
checkpoint blockade , 1CB), % % &t PD-1/PD-L1 J7
. O TNBC S 2 41 18 IR J7 g, il R AF
FECTR W], ICB AT ad i A 4 MR PR B (tumor
microenvironment, TME ), 23 8 & 1 5 . 1CB X
G AT C N BAT i R TNBC B8 358 B G o7
ARy 2, BRI, TNBC H# X4 ICB (1 )3 & 17 1
WS 22 e, OF AR B AT B8 B T NS e R Iy v 3R
f o PRI, QAe] T 1CB J7 ROT48 75 52 W 7 R VT
SrFHLE, BN AT TNBC A 5T A $08 A) 2 —

FURT, X S0 iR 64936 97 4 £ © 3 i DA 96 2
A B % A4 J 2 TME . E T2 TME 1y — 38 43
6 1 2 3% i 968 400 A1 1) T A 45 R P S T A
117 5 S5 LU 909 () LV A8 vh L iR AR OC A
24 40 MY (cancer-associated fibroblasts, CAF) & H
Hf o R R gy 2 0, S B T ORI T
AN TR) B 240 R RN G 3R R Al iR A FE KA
Kt 20 M 4 WA Y TGF-B 2R 1, 5 5 IE B BLAF 4
4L (normal fibroblasts, NF) [n] CAF 4L, CAF
TE I AR W 72 A7 9 R R P SCHEAE D, LA R R
A MR A BRI L B e L A AR AR
g R | SR FNEE RS BORRE B9 CAF BES 1
oot A3 WA A AP L BT (extracellular matrix, ECM)
SRR A0 M PR ¥ WSS, Y45 TME JE A A % 40
PRI, I 55 G AN X TCB 7 i B R 2518 R A
A0 M 7% b 25 (fibroblast activation protein, FAP )
JE—Ff CAF FF bR 8 o A 1E W 4121 FAP 38
FORFIR, MR T 90% 1Y I pe P o PO i 3

Ko FAP HAG [R) I 36 3k — 0K 35 K it 22 N K I 055 1k
( SO B RS Wl 0 M) R A B SRPIER B
FAP 38 2 Z2 FpbL G 52 i ek A K, i g . ek
2% . A A ORI S . H ETIN  FAP W] BE
i 2 P R T P 43 0 PR T 1 IR O EE 4 ECM 4 F
i e o - A T D VA 3T N T B U
AR A0 PN A T O T S e A0 i 45 S
A B AR AR 2 b g i R AEFLAR I, FAP 5
#Fik, HE58EB4AFM (overall survival, 0S)
ELIE AR LR JF HoW ] FAP 3K Al L ys /b fith 788 4
s sE . PR R R, JRNGE B E B, HHE
TE TNBC H P2 f 8 858 v i EL AR AR T B X ICB 97 3%
1 5% i AT il = R e 0T 5% o

AWFFEHE T TCCA FI I-SPY2 34l , 454 1K 41 41
JISEE, BT T FAP 23k /K - 19 A [6] #E TNBC Xt
BAE TG o Bl B o BEIR T T AORT G BE TR BE 1Y
SR . E AR YR B 2 BT B IE FAP = R A 5
TNBC AR FUE & FR, IFES & 0T FAP & %
ik CAF 78 %3 3 G0 2 30 ) s A 858 v 4 . ik 4b
WF ¢ FAP 5 2 J5 & (1 COLLIAL (9 AH &1, 320 by
FAP = K 22 15 X 8 5 Bl 90 22 36 97 9 B 58 & %
(pathological complete response, pCR) & [y Fil il 4
. ZRBE5E B 7648 78 FAP 78 TNBC 3F & I 5 58 VR I7
N E AR, R4k TNBC (36 7 5K I $2 11t
TR AN

1 RS

1.1 BIEES R

1.1.1 B R B A4L2E N TCCA $dE % T 2k BRCA
i k20 (RNA-seq) M I i R 4l , 9 4% TNBC
BESEAUEGE I 117 B, xR I R AR B 1S i, Hop
R 11340, MR 241 M GEO £l 2 T
7 1-SPY2 BF 52 Kt (GSE194040) , i %k TNBC H &
B SR ol KO I I PR AR B3k 362 ), IR IR g A R
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1.1.2 2 SLFAP R #E K F H &4 w/hLfH
survminer £ res.cut R A% TCGA-TNBC %% 48 1154 ¢ 44
BUE{H N FAP £iE B 1 log2 (TPM+1) =3.07, LIt
BOE{E % TNBC % (n=115) 4r N FAP & R4
(n=72) M FAPEEILAH (n=43); LLILH# 1L H BT
TE R AR B8 T 2 e (37.6% ) AE 1-SPY2 %45 v %
53 FAP S R2H, FAP MRk (n=226) . FAP{KR
K (n=136) .

1.1.3 £ 4554  FH survival B F1 survminer £ 3 47
Kaplan-Meier 2 77 43 #7, 4 il FAP 5 1% 3% 1k 20 19 A=
FEMNZR . EAF 22 5 M GE T 2445 560 38 3 Log-rank 45 50
SCEL, KT FAP & AIKE 28 6 B AR A I 5 R
AGitE X (P<0.05), i — 258 1t Cox L i KL
W 455 R BF Al FAP AE SRy A ST IS 98 AR 0 S0RE L B L
HR }%95% CI.

1.1.4 %2 % % i (DES) % # ffi /i DESeq2 £3
TCGA ¥ 55 4 counts $UH5 #47 DES 20 #7 o i 26 4 o -
log2FCI>1; P<0.05 K25 5 A 4 it 2% L, KIE P{H
il 7 Benjamini-Hochberg FkEE, ffH geplot2 (oK
il K 1 & (voleano plot) 25 5 F2 ik 45 e n] M4k,
BoR FIEIERA

1.1.5 & B & & 4 #7 (gene set enrichment analysis,
GSEA) & 550 Hr T FH 2 X 4 5k R T MSigDB %%
JF i HALLMARK 2 K £ . fifi F clusterProfiler £, i
) GSEA PR 5 6T 22 5 3R 3K 1 3 [ 517 GSEA, T3
=S (normalized enrichment score, NES) Fl i
FEPME . BEMERRE: NESS1, P<0.05 flf%L IE
P<0.25,

1.1.6 %9 @ e iz i@ 4 #7 (CIBERSORT 4 #7)  fiff
JH CIBERSORT %5 2 1+ 58 4 5 240 B =230 L ff), 2 T
LM22 JE AR (22 Fh S e 4 W B ) b AT &R
Br o XF 2% 4 40 i 1) 2% 3k Bt AT IE S R RS
h HLHE FAP i3 1% 32 35 41 =22 1) 45 2 G0 92 40 i i) 92 Vi
K, wilcox.test $EAT G TT 2445 56 (P<0.05) .
1.1.7 &= )an st fii il Spearman A1 5 73 H7 it
T FAP 5 HA L M 2 (] i 235 M0 et . i ggpubr 2
ARSI, R FAP 5 H FREE R A AR SR8
B, IAREME R (RME) KEEMKT (PHE).
1.2 LIGHR

1.21 M it om ARLK A 4
(CAF 5 CD8 T) ¥ M NIE, WHFEEAY ., i
I L I AE & 10% G 2R 1S (FSP500, ExCellBio) #il
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1% W ot (F % R -5 % 5% B W 100X, 175 .
BL505A, Biosharp) [ DMEM/F12 #5554 (C11330500
BT, Gibeo) ™¥EF%, gk &M R 37 C . 5% CO,.
ThLRTIE B . CAF 40 it 35 PR 4% £ Lipo Y 1E 2 5
[HB-LF-1000, XfE ¥R (L) AR A,
P BT R UL AR . S8 BT AT Y shRNA Filat € ik
ok ¥ L= e A Y . 7E CAF Y,
[ FAP /i) shARNA  (shFAP) @ik FAP %3k (CAF+
shFAP 2 ), dE4% 57 shRNA (shNC) 1E Jy B 1 ik
I XT B (CAF+shNC 2H ) 5 ] FAP i 3K kL (oe-
FAP) | il FAP 5[ ik (CAF+oe-FAP 4 ), %5 %k
R BTRL (0e-NC) AFE Ry B M 3k 36 35 X B (CAF+oe-
NCZH); FTCALFER) CAF 23 A% IR . CAF 40 it 4
T 6 fLAk b, 53R 2 A0 M 2 R 70%~80% I}
BEAT R s o e Ot i R 2 g 19 BTRL B shRNA 5
4 pL YR (Lipo H) RA, BWEAYE
BN TG I3 B SR B R 4~6 h, RS T 0k o8 4
Rk, AU MIEs F% 48 h 5 AT IR 4R 5050 .

1.2.2 RNA # % qRT-PCR U £ & 4 40 L 5 ,
fd ] TRIzol 32 7 #2 B A4 RNA . (5] 32 B A9 RNA H i
A 100 wL & {5 AT A0 3 2 40 B85, 1 1 S IR B 5=
N BEDLUE RNA, 25, M1 mL 75% & B (ffH]
DEPC /K e il ) 5 28 RNA UL3E . Fe 2% RNA 5 i T
DEPC 7K, Jf 38 3o fl o A% 2 e I SC N0 g HE e 8 15 4
B R S N oH, fdi FH RevertAid Reverse
Transcriptase (EP0441, Thermo Fisher Scientific),
1 wg RNA Holigo (dT) 5% (%#L) . RNase il i
7 (E00381, Al ANTPs
(GD1102, Thermo Fisher Scientific) R4, FULHI 4
Bt i 52 AR &, A M eDNA . 29k % & PCR i [
PerfectStart Green qPCR SuperMix i 7] , S W {4 £ fi
BT 02 mL PCRNERAE A3 51 4 Fl il % 5 3K
151 cDNA KM . i FH 52 50 9% % 52 B PCRAXGHEATH
W . BRAFESPEIT IR TR, RAEHER
FH 272Nk - AT 0 Hr . BTG IIE B LR 1.

Thermo Fisher Scientific)

=1 sSI¥MEREE
Tablel Primer information
FEH 519751 (5'—3")

1E[7 : GGT GGA TGG TCG AGG AAC AG
JZ W] : ACC AGT TCC AGA TGC AAG GG
iE[7]: GAG AGC ATG ACC GAT GGA TT
JZ[8] : CCT TCT TGA GGT TGC CAG TC
1E[1] : AGG TCG GAG TCA ACG GAT TT
J2I] : TGA CGG TGC CAT GGA ATT TG

h-FAP-205

h-COLIA1-178

h-GAPDH-168
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1.2.83 Western blot 247 WA A 40, 1/ 1 mL
ALK REEREEIS L BOE P A
1 mL 2% I 78 0 10 wL PMSF (100 mm) , #%72J
J& BTk b o B0 PMSE F8 40 ¥ i 045 & s 5 2
IR G o AR R, 58 4 MM A 100~500 pL
T PMSF 1y 2, T ok b 24 0#% 30 min, AR5,
4 °CF LA 12 000 t/min B0 10 min. B0 )5 8 L IE R
SPEEBISmLELET, HTHEAEREN .,
ANRE ST BRI E R TR E, AR S AR AE -80 °C .
i F —msmk R (BCA) EXTE AT E G, K
P 5B i R /INEL B S B R A 5% YR 4 G .
T BT 75 B 2 U R L (20~80 pg) , IR 1x
Loading buffer b 2= 4 > I A FLAH R FRL . HL UK
We A7 EAE 80 V N HLUK 40 min, 43 B EAE 120 V R HE
VK 30~50 min, FLZE VR M ERIE . S, B
JIE 3 0.45/0.22 pm B9 R W 8 24 (PVDF) R |,
B B ¢ 42 V2 WU 7E 5% milk-PBST B 5% BSA-PBST H1,
R E 60 min B 7E 4 CiE & . fi FH 5% BSA-
PBST i B —Hi, 4 CWHF LK. WHEHE,
JH PBST ¥EME S ¥k, HEUK 6 mino K —H0 i ABE I,
EEWR TIE 60 min, YRS, BIK 6 min, it
J&, fHH ECL A F1B W45 1: 1 eI & J5 ¥ 433 hn
FERE L, WEE S W EEERT RS AL, AT
WL R 5 R AE I th Bl . FAP 5 COL1AL —¥$i
B0 [ Abcam A ®), LI GAPDHAE AN ZEH, il
FH Image] F A4 XF H b5 8 11 454 19 0K B8 (6 #F 47 it Ak
G3 T

1.2.4 CDS" T EmE A cAan 40055 &
W . 4% 20 7 U J5 1Y CAF 20 i 5 CD8* T 4 Jif 2 1%
FRIE, WENBER M MEHEAE, 8o X2k
FAE W, FEEA IR KA R R T 6 fL AR
v, 4R B 5x10° A 40 Mi/AL o 1 T Cell
Staining Buffer T A 2 il , ¥ 4 il % B2 I &2 1 x
1074~ /mL . 45 B 100 WL 89 40 B 200, i ACKH 7
R R R ICPUAR, RS EE R T LI E 30 min,
A 2 mL # Cell Staining Buffer T & 41 s J5 ,
2 000 r/min #5.0> 5 min, 525 FVEW, A 0.1 mL Y
Cell Staining Buffer #f 17 # & . f& o, 7E1 h Nl
i 2 A0 B AR AT R I . AR A T A .
Transwell /N 3 (Corning; TR 3422) , W A% HH B gy
J5 B CAF 4l i 5 CD8* T 41 fg JL 15 5% 48 h 5 it 471 FL
Mz i S (LDH) A0 . 4R 40 38 50) & 1 W 45 e 71
LDH A5 i T AR W I 57 B T o F R A A 96 fL i

o, fEE R T ORI E 30 min . G AR AL E
490 nm P KT E WG, I Lh 600 nm Sh 5% U
K#FITRIE,

1.3 KRR

1.831 A RREHE AP ET 114
2023—2024 4F [A] 75 11 5 K 2 1 RE IS B 7L R B 220
FRHf 12 2 TNBC HAf 8 4l B Ak J7 86 & S 830 97 7
ZREWMARTW 2R AR . ARF5R
£ 28 3k v R R 2 I R I R B 2 A P A 25 51 ot
HE (B 5. 2024111446) , I 5 5 A1 [ &= 45 .
JEA AR R TR BT SRR, TR R
B RMAS BRI, JF A6 AH G 8 B RS 1T 5T .
1.3.2 % & % 9% % & (multiplex immunofluorescence ,
mIHC) A7 W) 76 65 CRE HPLP 4% 2 h DL
FrAals, BS AT —HR S AL B 2 7K, K 10 min.
WA, VAKKEL 100% ., 95% . 90% . 85% L. W%
PEAFIE K, B4 3 min, IR PBS IR, ABE
PR, YA & F & A pH 8.0 1Y EDTA 4 5 & &2 ¥
o, ERE BT R KON AA 8 min, SR JE AR
1, JFFHPBSTEUE. MEMA N EM S AL A, U
AT 3% 3 SE AL E W 15 min, B S ] PBS
THVE. Rk, TN IEE L 0 #4785 ] 30 min,
SR J5 A FAP . CD8 1 CD4 iy —#% (1:1 000 .
1:3000, 1:3000) F4 CHFLIH. WEKE,
Jim A HRP-Polymer —-$T, TEZE & F# 7 30 min,
WPEW . ERE LR P TR, AR 85O Y8
(TYR-570. TYR-520. TYR-650) #5ic /A [6] (9 41 5 ,
FEUEAT AL A VR AL B . e, DAPL 4 €5 41
Mz, FFTE20 BB T W I RERG .
MIPLIR S Yt 400 [ 307 £ . FAP (AF301279) .
CD8 (AF20211) . CD4 (AF20210) — #T , HRP-
Polymer — 4T .

1.83.3 mBEHFE AL I oM BT RHH
(whole slide imaging, WSI) ZU# (19 43 #7 7% Image]
AT, Bk YI R TE10x 58N BENLEE R S M AE &
X3k, FFI & FAP FHPE AL (area) . 35 28 )G 0m
J£ (mean intensity) J 228 6 F 43 % (integrated
density, intDen) . fZ, LIEKRYI R 54 XA F
¥ IntDen {H 1% 1% 4 19 FAP S 5K, ittt
FROCHZ, HRHUGRIEYI A (IntDen=13 696 109.5) ,
FE LIS BB 5y FAP B R34 (n=5) 1 FAP X
FiKMH (n=6),
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1.4 SitFiE

AR GE T i A O T AR WAE B 4 BT TE R i
5 (v422) it fr, RS B B AE T b
ARG, AR R A B A R T
A RTS8 0 g8 it 4> B 24 A GraphPad Prism
(v10.1.2) 58 1, 4R A9 B3R R X2 K 56 R
Fisher {4 5 (4328748 5t) DL ST FEAR ¢ K 500
(LA ) 2 F 24N DL [ RE AR B 85022 ) 1) (b 3%
PERE 56 R HI B 2R 5 225087 (ANOVA) 47 4[]
%E%%ﬁ.ﬁmmm#%ﬁ%ﬁ%%X(k
0.05), #E— i J] Tukey's HSD 3 5 £ 546 % £ [v] 3¢
ﬁ%%w?,umm%%ﬁzmﬁfiﬁo

2 % R

21 FAPETNBCHMREREEHENXR

FI) FH TCGA %41 2 %7 TNBC H % 1 FAP 1y 6 3k
KT M, 455 R FAP 7E TNBC JifJ8 41 41
B TIER A2 (K 1A) (P<0.000 1), AEFE5
ﬁ%%,nw%%ﬁ%%%%%iﬁ?nwﬁ%

B ([E1B) (P=0.001 3) ., N T i#F— & B o
MP%WM VE TS RO R, 43 B TCGA BA %1
TNBC & & I R B E 5 WR A R, AN E
Cox [ 43 M i 7, WiRd 20 100 . N 43 AT FAP & ik

P<0.000 1

~

FAP
log2 (TPM+1)

[°]
1]

TNBC IEH A

(n=117) (n=113) A

El1l TCGABAFITNBC EEFAPHIRIEBAREETENXE

K5 & 0SH K (¥ P<0.05); £HE Cox 1115
AT, FAP KIKJKF-J& TNBC & OS (140 57 52
A% (P=0.0347) (£2).
2.2 FAP&XRiA TNBC By il RERE

il i GSEA 23 H7 #8157 FAP w85 % 2% 35 4H 22 18] 1) 38
BES, ZER R, 16 FAP & k4l v i 25 305
38 B 3G b - [ s T 5% b (epithelial-
mesenchymal transition , EMT) . TGF- B 15 5 3@ % .
58 Az B . TL2-STATS 15 538 [ Fl 40 S by 5, 31X
S 3 i 5 b g R O R A L RE A ) R ek e R
PIMI K., S22 M, FAPE k445 40 i A 1 |
AALBEIR L . DNA &8 Je MYC HE 5L PR AH 5€ (1) 3
WETWH (EI2A). #E, dRSaE1T %5 40 = i
SART RN, FAP R IR K-l 35 52 ) 22 i 4 5 40 it 1Y
R (K 2B) . FAP & &k 4% CDS* T 41 Jfd |
WALE AR A5 (NK) 403 LA K 3 0 % B % T 40
Ji (Tth 2086 ) B9 0E LB 5 KT FAP IR R A 4
(P<0.05). BlJG, #F— 3t ek A oy F a9 Rk
HOEEAT 22 500 (K 20), 2455 FK W FAP /£ 1k
2 ) G 5 RS AT A AR R B I 3R TR KT B B
H: th BTLA. VSIR., CD276 (B7-H3) . CTLA4.
HAVCR2 (TIM-3) #1 PDCDILG2 (PD-12) 7£ FAP
mERXAT EE (¥ P005), JtH R CD276,
HAVCR2. PDCDILG2 (2% 7 MBI (P<0.001)
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Figure 1

FAP Expression and its prognostic relevance in TNBC patients from the TCGA cohort

A: Differential expression

of FAP between TNBC tumor tissues and adjacent normal tissues; B: Kaplan-Meier survival curves of patients with high
FAP expression (n=72) and low FAP expression (n=43) in TNBC
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Table 2 Univariate and multivariate Cox regression analysis of prognostic factors in TNBC patients from the TCGA cohort
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Figure 2 Association between FAP expression and the TME

A: GSEA of signaling pathways in high vs. low FAP expression

groups; B: Differences in immune cell infiltration subpopulations between high and low FAP expression groups; C:

Differential expression of immune checkpoint genes between high and low FAP expression group
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Figure 3 Construction of CAF models with FAP knockdown and overexpression and co-culture with CD8" T cells A:
Efficiency of FAP mRNA overexpression and knockdown in CAFs; B: Efficiency of FAP protein overexpression and
knockdown in CAFs; C: Changes in CD8" T cell activity after FAP overexpression or knockdown; D: Changes in CD8" T

cell apoptosis rate after FAP overexpression or knockdown
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Figure 4 Effect of FAP expression on collagen-related gene expression

A: Top 50 significantly upregulated genes in the FAP

high-expression group identified by transcriptomic differential expression analysis; B: Expression differences of COL1A1,
COL12A1, and COL10A1 between TNBC tumor tissues and non-tumor tissues; C: Correlation between FAP expression and
COLIAL1, COL12A1, and COL10A1 in TNBC; D: Effects of FAP overexpression and knockdown in CAFs on COL1A1
mRNA expression; E: Effects of FAP overexpression and knockdown in CAFs on COL1A1 protein expression
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Figure 5 Association between FAP expression levels and neoadjuvant treatment response in TNBC from the I-SPY2 clinical
trial data A: Differences in pCR rates between high and low FAP expression groups across different treatment arms;

B: Comparison of pCR rates between the Ctr and Pembro groups within the high and low FAP expression subgroups
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Figure 6 Predictive value of FAP expression levels for neoadjuvant treatment response in TNBC patients A: ROC curve

evaluating the predictive ability of FAP expression levels for pCR in TNBC patients receiving neoadjuvant therapy; B:
mIHC pathological features of the high and low FAP expression groups; C: Differences in mean IntDen of FAP between
high and low expression groups; D: Differences in pCR rates between the high and low FAP expression groups
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