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ABSTRACT

Background: Fibroblast activation protein-a (FAP) is a specific marker of cancer-associated fibroblasts (CAFs)
and plays a crucial role in tumor development. However, the biological processes underlying FAP expression in
tumor progression and tumor immunity have not been fully elucidated.

Methods: We utilized RNA-seq data from The Cancer Genome Atlas (TCGA) and Genotype-Tissue Expression
(GTEx) to perform differential analysis of FAP expression in tumor tissues and matched-normal tissues. The
relationship between FAP expression and clinical prognosis, DNA methylation, and tumor-infiltrating immune
cells in pan-cancer was assessed using R Studio (version 4.2.1). Additionally, we employed gene set enrichment
analysis (GSEA) and gene set variation analysis (GSVA) to investigate the biological functions and pathways
associated with FAP expression.

Results: FAP exhibits high expression in most malignancies, albeit to a lesser extent in CESC, KICH, UCEC, SKCM,
THCA, and UCS. Furthermore, FAP is either positively or negatively associated with the prognosis of several
malignancies. In seven types of cancer, FAP expression is positively correlated with DNA methylation.
CIBERSORT analysis revealed an inverse correlation between FAP expression and T cells, B cells, monocytes, and
NK cells, while it exhibited a positive correlation with M0, M1, and M2 macrophages. Enrichment analysis
further demonstrated that FAP modulates the cell cycle, epithelial-mesenchymal transition (EMT) process,
angiogenesis, and immune-related functions and pathways.

Conclusion: Our findings indicate a close relationship between FAP expression and tumorigenesis as well as
tumor immunity. FAP has the potential to serve as a diagnostic, prognostic, and immunotherapy marker.

INTRODUCTION Genome Atlas (TCGA) and GTEx has facilitated the
identification of potential immunotherapy biomarkers

Tumors are a leading global cause of death and pose a by studying the correlation between gene expression,

significant threat to public health [1]. In the field of clinical survival, tumor-infiltrating immune cells

medicine, various approaches to tumor management (THCs), and immunotherapy response [5].

have emerged, aiming for individualization and

precision [2, 3]. Immunotherapy has gained prominence FAP is selectively expressed on the surface of CAFs in

as a major treatment for cancer, specifically through various types of cancer [6-8]. It belongs to the family of

immune checkpoint blockade therapy [4]. The dipeptidyl peptidases, exhibiting dipeptidyl peptidase

availability of public databases such as The Cancer and gelatinase activity. Structurally, FAP is composed

www.aging-us.com 7056 AGING


mailto:peiym_1014@sina.com
https://orcid.org/0009-0007-1839-3817
mailto:wfmc05@126.com
https://orcid.org/0000-0002-8109-9019
https://creativecommons.org/licenses/by/3.0/
https://creativecommons.org/licenses/by/3.0/

of 760 amino acids and is a type Il transmembrane
serine protease. FAP elevation has been reported to
contribute to cell proliferation, the EMT process,
angiogenesis, and immunosuppression, thereby promot-
ing tumor progression [6, 8].

Accumulating evidence suggests that individuals with
upregulated FAP in tumors have worse clinical
outcomes [9-13]. In mouse models of stomach
adenocarcinoma  (STAD), FAP-positive  CAFs
significantly contribute to cell proliferation and exhibit
reduced sensitivity to anti-PD1 therapy [9]. In colon
adenocarcinoma (COAD), elevated FAP accelerates
malignant tumor progression by inducing resistance to
immunotherapy through the reduction of immune cell
infiltration levels and the promotion of an immuno-
suppressive microenvironment in vivo [10].

However, the majority of research on the role of FAP in
tumors has focused on a single type of cancer. There
has been no systematic analysis of FAP in pan-cancer.
Hence, we explored the relationship between FAP
expression and patient prognosis based on the TCGA,
cancer cell line encyclopedia (CCLE), GTEx databases.
Additionally, we investigated the correlation of FAP
expression with DNA methylation, immune infiltration
levels in 36 cancers. Moreover, we also studied FAP
gene co-expression with immune-associated genes in
various tumors. The biological activities of FAP in
malignancies were examined using GSEA and GSVA.
Our studies confirmed that FAP could be a prognostic
biomarker and immunosuppressor for numerous
malignancies by influencing the infiltration levels of
tumor immune cells. This work also sheds light on the
function of FAP in immunotherapy for tumors.

METHODS
Data processing and differential expression analysis

RNA-seq and clinical data were obtained from the
TCGA and GTEx databases using the UCSC Xena
website (https://xenabrowser.net/datapages/). Data from
each tumor cell line was downloaded from the CCLE
database (https://portals.broadinstitute.org/ccle/). All
RNA-seq data were log2 transformed. The differential
analysis between tumors and matched normal tissues in
36 tumors was conducted using R Studio (version
4.2.1). The results of the analysis were visualized using
the R package “ggplot2”.

Relationship between FAP expression and prognosis,
pathological stage

Survival and clinicopathological data were retrieved from
the TCGA database. The correlation between FAP

expression and prognostic indicators, including overall
survival  (OS), disease-specific  survival (DSS),
progression-free interval (PFI), and disease-free interval
(DFI), was analyzed using the R packages “survival” and
“survminer”. Furthermore, the optimal cut-off value for
FAP expression was determined using the R package
“survival”. The significance of groups with high and low
FAP expression was assessed using the survfit function.
Additionally, an analysis was conducted to examine the
correlation between FAP expression and clinico-
pathological stage using R Studio. The results of the
analysis were visualized using the R package “ggplot2”.

ROC curve for FAP expression in different cancers

The receiver operating characteristic curve (ROC)
describes the relationship between sensitivity and
specificity [14]. Statistical analysis was conducted on
clinical data from the TCGA database using the R
package “pROC”. The results were visualized using the
R package “ggplot2”.

Correlation between FAP expression and immunity

Based on the transcriptional profiles of tumor samples,
the abundance of tumor cells, stromal cells, and immune
cells was assessed using the R package “ESTIMATE”.
The association between FAP expression and stromal,
immune, and ESTIMATE scores was evaluated using
the Spearman method. The results were visualized
utilizing the R package “ggpubr”.

Currently, the CIBERSORT database serves as the most
commonly employed tool for analyzing immune cell
infiltration [15]. It enables the assessment of the
proportion and abundance of 22 immune cell types in the
tumor microenvironment (TME). In this study, we
reevaluated the infiltration scores of 22 immune cell types
in various tumors by utilizing the R package “IOBR”. The
association between FAP expression and immune
infiltration scores was analyzed using the Pearson method.
The outcomes were depicted using the R packages
“gcookbook” and “ggplot2”. Subsequently, to examine
the role of FAP expression in tumor immunity, we
explored the correlation between FAP expression and
immune-associated genes, such as MHC genes, immune
activators,  immunosuppressors,  chemokines, and
chemokine receptors, employing the Spearman method.

Correlation between FAP expression and DNA
methylation

DNA methylation plays a role in tumor progression by
modulating the expression levels of crucial genes and
affecting various biological behaviors [16-18]. The
DNA methylation data (lllumina human methylation
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450) was derived from the TCGA database. To
investigate the association between FAP expression and
gene promoter methylation in each tumor, the Spearman
correlation coefficient was employed. Furthermore, the
relationship between FAP expression and the clinical
prognosis of tumor patients was assessed using the
Kaplan-Meier (KM) survival curve, which was plotted
using the R packages “survival” and “survminer”.

GESA and GSVA

We conducted GSEA and GSVA analyses to investigate
the biological functions associated with FAP expression
in various tumor types. The gene set of function and
pathway was obtained from the official GSEA website
(https://www.gsea-msigdb.org/gsea/downloads.jsp).

Immunotherapy prediction analysis

Growing evidence suggests that immune checkpoint
inhibitors (ICls) substantially enhance the survival of
patients with tumors and have emerged as a hot topic of
current research [19-21]. To validate the impact of FAP
expression on the response to immunotherapy, we chose
the IMvigor210 cohort (bladder urothelial carcinoma,
BLCA) and the GSE78220 cohort (SKCM). In this
study, the KM curve was utilized to demonstrate the
association between FAP expression and prognosis,
while the difference in the response rate to immuno-
therapy between groups with high and low FAP
expression was assessed through a Chi-square test.

Drug sensitivity analysis

The CellMiner database integrates transcriptional
profiles and pharmacological data from 60 tumor cell
lines that were published by the National Cancer
Institute (NCI) [22], and we performed the analysis of
the connection between FAP expression and IC50 value
using the CellMiner database.

Cell culture

HK-2 (normal renal tubular epithelial cell line), 769-P,
and ACHN (clear cell renal carcinoma cell lines) were
derived from the Cell Bank of the Chinese Academy of
Sciences and grown in F12, MEM, and 1640,
respectively, supplemented with 10% FBS and 1%
penicillin-streptomycin.

Real-Time quantitative PCR

Total RNA was extracted from cell lines using Trizol
Reagent, followed by reverse transcription into cDNA

FAP mRNA expression in Kkidney renal clear cell
carcinoma (KIRC). Quantitative real-time polymerase
chain reaction (RT-gPCR) was conducted using the
SYBR Green Master Kit on a LightCycler 480 II
instrument. The sequences of primers were as follows:
FAP: F: AGACTTGGTCCTTTTCAACGGT, R: ACG
ATTTTTACCCAAGTCTTCATT. B-actin: F: CCCAT
CTATGAGGGTTACGC, R: TTTAATGTCACGCAC
GATTTC.

Statistical analysis

R software (version 4.2.1) was used for statistical
analysis in this study. The correlations between
variables were examined employing either Pearson’s or
Spearman’s methods. For determining significance, a
threshold of P < 0.05 was adopted.

Availability of data and materials

The datasets used and/or analyzed during the current
study are available from the corresponding author on
reasonable request.

RESULTS

Differential analysis of FAP expression between
tumor and normal tissues

Based on the GTEx database, we conducted a
comprehensive analysis of FAP expression levels in 31
normal tissues. In general, FAP expression was
relatively low in most normal tissues; however, it was
significantly upregulated in the uterus, blood vessels,
and cervix uteri tissues, which supports previous
findings (Figure 1A). Furthermore, FAP protein, known
as a specific biomarker for CAFs, was found to be
expressed in various cancer cells and immune cells [23].
To illustrate this, Figure 1B presents the relative
expression levels of FAP in 32 tumor cell lines obtained
from the CCLE database. While the majority of tumor
cell lines exhibited low FAP expression, human
melanoma, brain glioma, and low-grade glioma cell
lines showed elevated expression. Subsequently, we
examined the expression levels of FAP in 36 tumor
tissues and ranked them from low to high (Figure 1C).
Notably, FAP expression levels were highest in
pancreatic adenocarcinoma (PAAD) and lowest in acute
myeloid leukemia (LAML). Additionally, by integrating
TCGA and GTEXx data, we thoroughly investigated the
differential expression of FAP between 33 tumor and
normal samples (Figure 1D). The results revealed that
FAP was upregulated in 22 tumors and downregulated
in six tumors. However, there were no significant

according to the manufacturer’s protocol. This differences in FAP expression in mesothelioma
procedure was conducted to investigate the levels of (MESO), sarcoma (SARC), and uveal melanoma
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(UVM), likely due to the limited availability of
matched-normal tissues.

Correlation between FAP expression and prognosis
in different tumors

To investigate the correlation between the expression of
FAP and prognostic indicators in tumor patients,
namely OS, DFI, PFI, and DSS, we employed a Cox
regression model and conducted KM survival analysis
for each type of cancer. Statistical analysis was
performed using the log-rank test. The results of the
Cox regression model revealed a significant association
between the level of FAP expression and OS in fourteen
types of cancer, namely glioblastoma multiforme and
lower-grade glioma (GBMLGG, HR = 1.48, p-value =
2.80E-20), kidney renal papillary cell carcinoma (KIRP,
HR 1.57, p-value 3.00E-07), adrenocortical
carcinoma (ACC, HR = 1.44, p-value = 1.50E-05),
lower-grade glioma (LGG, HR = 1.31, p-value = 3.50E-
05), mesothelioma (MESO, HR 1.37, p-value
1.30E-04), kidney renal clear cell carcinoma (KIRC,
HR = 1.21, p-value = 4.70E-04), bladder urothelial
carcinoma (BLCA, HR = 1.10, p-value = 5.80E-03),
kidney chromophobe (KICH, HR = 1.52, p-value =
5.80E-03), pancreatic adenocarcinoma (PAAD, HR =
1.25, p-value = 5.80E-03), head and neck squamous cell
carcinoma (HNSC, HR = 1.12, p-value = 0.01), stomach
adenocarcinoma (STAD, HR = 1.15, p-value = 0.01),
colon adenocarcinoma and rectum adenocarcinoma
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(COADREAD, HR = 1.18, p-value = 0.02), COAD (HR
= 1.19, p-value = 0.02) and stomach and esophageal
carcinoma (STES, HR = 1.09, p-value = 0.03) (Figure
2A). Therefore, FAP can be considered an independent
risk factor for multiple types of cancer. The KM
survival analysis further confirms that patients with
high FAP expression have shorter OS in fifteen tumors
(Figure 2B-2P). Conversely, UVM patients with high
FAP expression exhibit longer OS, requiring further
investigation (Figure 2Q).

Similarly, FAP expression in seventeen cancers was
strongly linked to DSS (Figure 3A). The KM survival
analysis revealed that patients with FAP overexpression
have shorter DSS in sixteen tumors, including ACC
(p-value = 0.00012), BRCA (p-value = 0.0023), BLCA
(p-value = 0.00086), COAD (p-value 0.00051),
COADREAD (p-value 2e-04), GBM (p-value =
0.0037), ESCA (p-value = 0.0067), GBMLGG (p-value
<0.0001), PAAD (p-value = 0.0011), MESO (p-value =
0.00014), HNSC (p-value = 0.00059), KIRC (p-value <
0.0001), STES (p-value = 0.0056), LGG (p-value <
0.0001), KIRP (p-value < 0.0001), and UCEC
(p-value = 0.005), while UVM patients with high FAP
expression have longer DSS times (p-value = 0.011)
(Figure 3B-3R).

Figure 4A showed that FAP expression was
significantly related to DFI in six tumors, including
KIRP (HR 1.61, p-value 0.00013), STES
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Figure 1. Differential expression of FAP. (A) FAP expression in normal tissues. (B) FAP expression in tumor cell lines. (C) FAP expression

in 33 types of cancer. (D) Comparison of FAP expression between tumor and normal samples. *P < 0.05, **P < 0.01, *

"*P<0.001.
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(HR =1.27, p-value = 0.004), PAAD (HR = 1.45, p-value
= 0.02), GBMLGG (HR = 1.58, p-value = 0.03), LGG
(HR = 1.58, p-value = 0.03), and STAD (HR = 1.24,
p-value = 0.04). Figure 4B—4H further demonstrated that
individuals with high FAP expression have shorter DFI

times, including ESCA (p-value

= 0.004), GBMLGG
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Furthermore, we conducted a comprehensive analysis of
the correlation between FAP expression and PFI in
various tumors. The forest plot revealed a positive
association between FAP expression and poor prognosis
in eleven tumors, such as GBMLGG, KIRP, KIRC,
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Figure 3. Association between FAP expression levels and disease-specific survival (DSS). (A) Forest plot of association of FAP
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found to be positively associated with improved
prognosis in lymphoid neoplasm diffuse large B-cell
lymphoma (DLBC, HR = 0.63, p-value = 0.00092)
(Figure 50).

Correlation between FAP expression and pathological
stage in various tumors

We conducted a study on the levels of FAP expression
across various T stages. Figure 6 clearly demonstrates
that FAP expression is substantially higher in T1, T2,
and T3 stages compared to T4 stages in eight tumors.
However, in UCEC, FAP expression in the T2 stage is
significantly lower than in the T1 and T4 stages. It is
important to note that FAP expression in other cancers
shows no correlation with T stage.

Furthermore, we also analyzed the association between
FAP expression and pathological stage for each type of
cancer. Our data reveals a significant correlation
between FAP expression and pathological stage in

seven tumors,

including HNSC, KIRC, cholangio-

carcinoma (CHOL), LAML, STAD, thymoma
(THYM), and UCEC (Figure 7). In HNSC, CHOL, and
LAML, FAP expression is significantly lower in stage I
and II compared to stage IIl and IV. On the other hand,
in STAD and THYM, FAP expression is significantly
higher in stage I and II compared to stage IIl and IV. In
KIRC, FAP expression in stage II is significantly higher
than in stage [ and III. In UCEC, FAP expression in
stage I is substantially higher than in stage 1I.

ROC curve for FAP expression in various cancers

The ROC curve reflects the diagnostic efficacy of FAP
expression for each type of cancer. Fifteen tumors were
screened, with an area under the curve (AUC) > 0.8
(Supplementary Figure 1). These included ACC
(0.879), CHOL (0.978), DLBC (0.99), ESAD (0.899),
GBM (0.839), GBMLGG (0.946), HNSC (0.900),
KIRC (0.803), LIHC (0.810), OSCC (0.903), PAAD
(0.947), STAD (0.905), THYM (0.913), UCEC (0.946),
and uterine carcinosarcoma (UCS, 0.943).
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resistance, metastasis, and angiogenesis [24-26]. The
ESTIMATE algorithm was used to evaluate the
correlation between FAP expression and StromalScore,
ImmuneScore, and ESTIMATEScore. Figure 8 presents
the top ten tumors exhibiting the strongest correlation

Relationship between FAP expression and the tumor
microenvironment

The TME comprises tumor, stromal, and immune cells
and is closely linked to cell proliferation, treatment

A Tumor Hazard Ratio(85%C1) pvaive Lower Upper B Litoscd C WarERON
TCGA-ACC(N=78) 1.20(1.03,1.39) —— 002 103333700441396 1.39107258102579 St B P B Posen bl Leand A
TCGA-BLCA(N=397)  1.05(0.98,1.12) o 018 097903652660732 1.12032503845021 il
TCGA-BRCA(N=1043)  1.14(1.00,1.31) o 006 0.995386262318005 1.31272180824603 3
TCGA-CESC(N=273)  1.12(0.97,1.29) o 013 0.966936512907095 1.20410587058501 § }
TCGA-CHOL(N=33)  0.97(0.69,1.37) < 088 0 1.3697915843375 s 2
TCGA-COAD(N=275)  1.18(1.04,1.35) o 001 1.03653398932344 1.34927874887153 e e
TCGA-COADREAD(N=363) 1.19(1.05,1.34) o 00051 1.0535103169927 1.34399810499579 g ] ! !
TCGA-DLBC(N=43)  063(047.085) +o— , 000092 0466791574187 0.847542335275832 g o : :
TCGA-ESCA(N=173) 1.12(0.99.1.28) t-.- 0.08 0986710861460342 1.28226748140685 = H H
TCGA-GBM(N=143)  1.07(0.94,1.22) o 0.28 0943177865985050 1.22181716144939 P oo e
TCGA-GBMLGG(N=614)  1.33(1.24,1.44) | v+ 55e-14 123674742318012 1.43647211317076 Folow up time(d)
TCGA-HNSC(N=508)  1.06(0.97,1.17) o 019 0.970483106690608 1.16550286976602
TCGA-KICH(N=64) 1.32(1.07,1.64) :-—O—‘ 0.01 106839201573797 1.64232890880309 i 21 12 4 1
TCGA-KIRC(N=508)  1.26(1.13,1.42) | ~8—  52e-05 112838370551078 141613317529563 @ L3 4 xSt
TCGA-KIRP(N=273) 1.49(1.27.1.75) | —e— 66e-07 127147933607832 175331522185126 T rowwptmed
TCGA-LGG(N=470)  1.19(1.07,1.32) - 00011 1.07104926497453 1.31536046234898
TCGA-LIHC(N=340)  0.98(0.91,1.06) ey 069 0.911364324306459 1.06321590763648
TCGA-LUAD(N=486) 1.06(0.95,1.18) Ll 031 0.950551814374556 1.17583984342366
TCGA-LUSC(N=467) 1.04(0.92,1.17) —.51 052 0921546382207922 1.17381156381739
TCGA-MESO(N=82)  1.26(1.05.1.51) —e— 001 1.05090329905536 1.50819611077276
TCGA-OV(N=406) 1.03(0.98,1.09) - 025 0.978566137613983 1.08588542747409 D TeorcoMD E Woon LonDREA
TCGA-PAAD(N=171)  1.24(1.07,1.44) 1—.— 00048 1.08645716226304 1.43675312614693 Siota 55 fr-an B Frw Suata B vt [ o
TCGA-PCPG(N=168) 1.00(0.70,1.42) + 1 0 1.42301136774263 1ol
TCGA-PRAD(N=492)  1.20(1.09,1.52) 1—e— 0003 108902230069313 151874569880858
TCGA-READ(N=88)  1.20(0.87,165) L 027 0 164 g § o
TCGA-SARC(N=250)  1.04(0.96,1.13) o 033 0.958685111730994 1.13204043262291 H 3
TCGA-SKCM(N=434)  1.01(0.94,1.09) e 071 0.944579084399661 1.08778731856073 3 3 e .
TCGA-STAD(N=375)  1.07(0.96,1.20) wo—t 02 0.963037411934548 1.19608048126367 5 .
TCGA-STES(N=548) 1.08(1.00,1.18) ‘l.‘ 0.05 0.998408315133085 1.18095162628928 ‘? § L p<00001 |
TCGA-TGCT(N=126)  1.09(087.1.37) o 043 0874900072301973 1.36693619127774 '
TCGA-THCA(N=499)  1.08(0.91.1.27) e 037 0.914470503455148 1.27455088419925 bt e e . e
TCGA-THYM(N=117) 1.15(0.94,1.41) —_— 0.16  0.943530461582144 1.4130546393267 Follow up time(d)
TCGA-UCEC(N=166)  0.96(0.79,1.17) —— 07 0.794156188115181 1.16608436525019
TCGA-UCS(N=55) 1.10(0.84,1.45) e 048 0.841279994468764 1.44604000793817 7 K 1
TCGA-UVM(N=73) 0.88(0.75.1.04) ok 012 _0.752351735885376 1.03552551845214 2 11 &
o8 12 16 Fotow up me(@) -
F Tumor: ESCA G Tumor: KIRC H Tumor: KIRP I Tumor: GBMLGG

Strata 5 PG S FAPeow

Stata 55 rapenin 38 pavion

Strata 5 FaPatign S8 FAPow

Staata 4= FAetigh = FAPrio

H H $ ;
¥ £ 2 2
i  ; H i
8 g B B oo
I3 & 3 &
oo
Number at risk
H H g [ greefio 9 2 [] 0 [
@ & @219 83 M4 1" 0 0 0 @ PAeasa74 15 29 1" 3 1
%o mm W wm w0 e o T
Follow up time(d) Foliow up time(d)
J Tumor: LGG K Tumor: PRAD L Tumor: PAAD M Tumor: MESO
Strate 5= papargn S8 FAPuow Strata S5 Fapsnign S8 FAPuiow Strata = sAPabign e FAPuon Stata = Farengh S FARvow
£ . L i
g L | g
& E
' 305 o3
Number at risk
arenan{154 12 1 0 14 2 1 0 [
@ rareien] 17 7 2 0 13 5 2 1 0
5 3 2000 300 %o 1000 %0 % 20
Follow up ime() Folow up ime(d)

Tumor: STES

Statn 5 FApengn S Fapeiow

Progression free interve’

o Tumor. DLBC

Stiat 5 Fupengn S Faeiw

Folow vp ime(@)
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between FAP expression and the TME. Supplementary
Figures 2-4 depict the relationship between FAP
expression and the TME in pan-cancer.

Connection of FAP expression with TIICs

Accumulating evidence has demonstrated a strong
correlation between TIICs and prognosis, immune
response [27-29]. Our data revealed a close association
between immune cell infiltration and FAP expression in
the majority of malignancies. Eight tumors, namely
BRCA (N = 16), BLCA (N = 13), PRAD (N = 13),

THYM (N = 14), THCA (N = 16), OV (N = 15), LUSC

(N = 12), and COADREAD (N = 12), exhibited
significant ~ associations with  multiple  immune
cell types, thus warranting further investigation

(Supplementary Table 1).

In the eight tumors, FAP expression exhibited an
inverse relationship with the levels of infiltrating naive
B cells, CD8 T cells, naive CD4 T cells, follicular
helper T cells, resting NK cells, monocytes, and
eosinophils. Conversely, FAP expression showed a
positive correlation with the infiltration levels of
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Figure 6. Association between FAP expression and T stage in (A) breast invasive carcinoma (BRCA), (B) colon adenocarcinoma/rectum
adenocarcinoma esophageal carcinoma (COADREAD), (C) glioma (GBMLGG), (D) stomach and esophageal carcinoma (STES), (E) stomach
adenocarcinoma (STAD), (F) uterine corpus endometrial carcinoma (UCEC), (G) thymoma (THYM), (H) adrenocortical carcinoma (ACC), (1) skin
cutaneous melanoma (SKCM).
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MO and M1 macrophages, as well as neutrophils. Notably,
except for THCA, FAP expression exhibited a positive
correlation with M2 macrophages in seven tumors.

To further study the role of FAP expression in tumor
immunity, an analysis of the connection between FAP
expression and MHC genes, immune activators,

receptors was conducted in 36 tumors. The heatmap
illustrates that most immune-related genes have a
significant positive correlation with FAP expression
across cancer types, except for DLBC (Figure 9A-9D).
Supplementary Figure 5 depicts cancers with the
strongest connection between FAP expression and
infiltration levels of 22 immune cells; data for other

immune suppressors, chemokines, and chemokine malignancies can be found in Supplementary Table 2.
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Figure 7. Association between FAP expression and pathological stage in (A) head and neck squamous cell carcinoma (HNSC), (B) kidney
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StromalScore

Figure 8. Ten tumors with the highest correlation coefficients between FAP expression and the tumor microenvironment.
(A) Correlation between FAP and stromal scores in ovarian serous cystadenocarcinoma (OV), bladder urothelial carcinoma (BLCA), colon
adenocarcinoma/rectum adenocarcinoma esophageal carcinoma (COADREAD), colon adenocarcinoma (COAD), rectum adenocarcinoma
(READ), testicular germ cell tumors (TGCT), breast invasive carcinoma (BRCA), esophageal carcinoma (ESCA), thyroid carcinoma (THCA),
lung squamous cell carcinoma (LUSC). (B) Correlation between FAP and immune scores in THCA, BLCA, pheochromocytoma and
paraganglioma (PCPG), COADREAD, COAD, READ, prostate adenocarcinoma (PRAD), liver hepatocellular carcinoma (LIHC), OV, kidney
chromophobe (KICH). (€C) Correlation between FAP and ESTIMATE scores in BLCA, COADREAD, COAD, THCA, READ, OV, PCPG, PRAD,
pancreatic adenocarcinoma (PAAD), LUSC.
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Correlation of FAP expression with DNA methylation

Supplementary Figure 6 illustrates a significant
association between FAP expression and DNA
methylation in ten different tumors. Furthermore, we
conducted additional analysis to investigate the impact
of DNA methylation levels on the prognosis of patients
with tumors. Figure 10A, 10B indicates that elevated
FAP methylation levels were associated with longer OS
and DSS in STAD, HNSC, and SARC. In TCGT, high
FAP methylation levels were linked to shorter OS and

A Correlation between FAP and MHC genes

§

e

B csines

rrelation between FAP and chemokines, chemokines receptors

DSS. Moreover, high FAP methylation levels were
correlated with a shorter DSS and PFI in SKCM (Figure
10C). In STAD and LIHC, increased FAP methylation
levels were associated with a longer PFI and DFI, while
in LUSC and PAAD, high FAP methylation levels were
related to a shorter DFI (Figure 10D).

GSEA and GSVA

To investigate the biological significance of FAP
expression, GSEA and GSVA analyses were conducted

Figure 9. Co-expression of FAP and immune-related genes. (A) Correlation between FAP and MHC genes. (B) Correlation between
FAP and chemokines, chemokines receptors, the yellow font represents chemokine receptors. (C) Correlation between FAP and
immunosuppressive genes. (D) Correlation between FAP and immune activation genes. *P < 0.05, **P < 0.01, ***P < 0.001.
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to explore the biological processes involved in FAP
expression. Figure 11A illustrates that FAP positively
regulates cell proliferation, migration, immune, and
energy metabolism-related functions in eleven tumors,
except for LIHC.

Furthermore, KEGG analysis revealed that FAP
positively regulates cell cycle, DNA replication, ECM
receptor interaction, focal adhesion, cytokine and

cytokine receptor interaction, cell adhesion molecules
lineage,

(CAMs), hematopoietic cell as well as

Tumor: STAD Tumor: HNSC

Strata == FAP_metiatonshigh = FAP_metrylstensiow

N

051

0504 ===~

P
*1 p=0.0092!

000

1000 2600 300 ] “200 80 %00
Follow up time(d) Follow up time{(d)
Number at risk Number at risk
if P_metnaticnshigh 212 38 7 3 0 gm, a 21 7 1
yation=ioe{102 17 3 1 0 @ PP menfaton=isn 305 24 2 0
[} 1600 2000 3% %0 [] 200 4000 00
Follow up time(d) Follow up time(d)

Stala == FAP_methyiatcn=nign ~ FAP_mathjistonsiow

Tumor: TGCT

Sifala == FAP_methyiston=high ~ FAP_methyiaton=ion

:
p=0.0) p=0.041
'
T :_ = . — L = - .
T 10 200 3000 400 s0o0 800 L] 20 000 &0 %00
Follow up time(d) Follow up time(d)
Number at risk Number at risk
i“’,"‘-’*ﬂm'wh 7 104 41 15 6 2 [ i“"‘mwﬂm'w" 13 5 3 1 0‘
6 PO 47 18 5 1 0 0 0 @ FAe_matylationsion(115 46 21 10 0
3 100 200 3000 4000 5000 6000 ] 200 4000 50 %00
Follow up time(d) Follow up time(d)

Tumor: HNSC Tumor: SARC

Strala == FAP_methlatonshigh ~ FAP_mathylstcnion Strala == FA_methlstcnshigh - FAD_mathylstionsiow

100]

2000 4000 2000 3000 4000
Follow up time(d) Follow up time(d)
Number at risk Number at risk
§ Fre_memyaton=ngh {178 20 T § PP memyasonshig 205 103 41 1 6 2
@ FAP_metnpaton=ion P88 23 2 @ 143 16 0
[] 200 4600 [ 200 300
Folow up time(d) Folow Up tme(d)
Tumor: TGCT Tumor: STAD
Strata == FAP_metlatonshigh <= FAS_methylationsion Strata == FAP_methylationshigh =~ FAP_methyston=iow
1 R ——-- s
g 0.75: 5 ors.
0 d
E g
0.50- 21050
| |
bl "
a p=0.041 g
000
° 2000 4000 8000 EQOC
Folow up time(d)
Number at risk
gn ) methyation=high] 13 5 3 1 0 sm_ 0 }
4P_mathyatonsionti15 46 21 10 of 3 e 0
o 2000 4000 8000 £000 4000
Follow up time(d)
Tumor: LIHC Tumor: STAD
Strata == FAP_methytation=high <= FAP_methylationsiow Strata = FAP_methylation=high = FAS_methylationsiow
100
- ” i
o =it
H -
s ¥
m !Iosa
L 2
: § oz
o p=0.024
000 : 0.00
o 1000 2000 3000 0 1000 2000 3000 4000
Follow up time(d) Follow up time(d)
Number at risk Number at risk
i FAR_met/atcnahigh246 54 12 2 0 i FAP_methyationshighi143 30 [ 3 0
H stoneioe] 48 7 2 1 of & romapooinlgo 10 1 0 0
[] 150 ) ] 1600

X0 w0 w0 %0
Follow up time(d) Follow up time(d)

Tumor: STAD Tumor: SKCM

Sirata == FAP_methyistonshign - FAP_methylstonsiow Sirala == FAP_methyistonshigh ~- FAP_methylstonsion

p=0.0p012
0.00 :
0 1000 2000 3000 <00 3000 6000 9000
Follow up time(d) Follow up time(d)
Number at risk Number at risk
§ PR metnjascn=ngh 38 7 3 0] g mnaensng 58 14 6 0
B PP mmjason=e{ 99 17 3 1 0] & remuoroaBl0 114 28 6 0
] 100 2600 3500 “oa ] ) 000 wo 120
Follow up time(d) Follow up time(d)
Tumor: LIHC Tumor: SKCM

Strata == FAP_mathylstonshigh < FAP_mathylaticn=ion Strata == FAP_methytatonshigh = FAP_methyistionsion

8

E 075
]
k
{ 050
025,
£
[
[] 1000 2000 E 3000 000 000
Follow up time(d) Foliow up time(d)
Nunber at risk Number at risk
gﬂ _metnyaor=grD83 55 12 2 0 rw Py 110 12 4 2 0
AP_srath 57 7 2 1 0 a ‘{7 52 88 20 4 0
] 1900 %0 30 60 3600 %0 1200
Fotlow up time(d) Follow up time(d)
Tumor: PAAD

L 1000 5000 1000 1500
Follow up ime{(d)
Number at risk Number at risk
grosamunnafids 44 16 6 2 0 o] 7 2 0 0 0
@ APmeresoioif02 34 14 5 4 0 61 26 13 6 2
L] 1000 2000 3000 4000 5000 0 1000 180 2000
Follow up time(d) Follow up time(d)

Figure 10. Kaplan-Meier analysis of the association between gene promoter methylation and prognosis. (A) Correlation
between FAP methylation and OS in testicular germ cell tumors (TGCT), stomach adenocarcinoma (STAD), sarcoma (SARC), head and neck
squamous cell carcinoma (HNSC). (B) Correlation between FAP methylation and DSS in STAD, SARC, TGCT, HNSC, skin cutaneous melanoma
(SKCM). (C) Correlation between FAP methylation and PFl in STAD, SKCM, liver hepatocellular carcinoma (LIHC). (D) Correlation between
FAP methylation and DFI in LIHC, STAD, lung squamous cell carcinoma (LUSC), pancreatic adenocarcinoma (PAAD).
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immune-related pathways in ten tumors, except for
BRCA and LIHC (Figure 11B). On the other hand, FAP
is predicted to negatively regulate ribosome and

oxidative phosphorylation in BRCA, CESC, LIHC,
SKCM, and UCEC. Notably, FAP is predicted to hinder
processes associated with energy metabolism, including

SKCM
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Figure 11. Results of GSEA. (A) GO functional annotation of FAP in various cancers. (B) KEGG pathway analysis of FAP in multiple
cancers. Curves of different colors show different functions or pathways regulated in different cancers. Peaks on the upward curve indicate
positive regulation and peaks on the downward curve indicate negative regulation.
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fatty acid metabolism, glycine serine metabolism,
threonine metabolism, and retinol metabolism.

GSVA analysis provided further insights into the
differences in pathway activity scores between groups

Tumor: LIHC

Tumor: SKCM

Tumor: KIRP

Tumer: LUSC

Tumor: STAD

[

i

i
H
i £
i
i
]

Tumor: LGG

Tumor: PAAD

Tumer: UCEC

Figure 12. Results of GSVA.

l

with high and low FAP expression. Figure 12 confirms
that patients with high FAP expression exhibit enhanced
activity in the EMT process, angiogenesis, inflam-
matory response, hypoxia, apoptosis, and activation of
key oncogenic pathways, including TGFB, KRAS,

[ P ——
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Hedgehog, Notch, and Wnt/B-catenin pathway.
Conversely, low FAP expression is predicted to
negatively regulate pathways associated with sperma-
togenesis, DNA repair, and energy metabolism,
including oxidative phosphorylation, glycolysis, bile
acid metabolism, and fatty acid metabolism.

Immunotherapy prediction and drug sensitivity
analysis

There is substantial evidence indicating that
immunotherapy, specifically ICls, can significantly
improve the survival outcomes of patients with tumors
[30-32]. This study assesses the predictive role of
FAP expression in determining the response to
immunotherapy among tumor patients treated with ICIs.
The KM survival analysis demonstrates a correlation
between increased FAP expression and poorer clinical
outcomes in SKCM and BLCA (Figure 13A, 13C). In
the IMvigor210 cohort (BLCA), patients with high FAP
expression exhibited an anti-PD-L1 response rate of
10.00%, which was significantly lower than the 24.25%
rate observed in patients with low FAP expression
(Figure 13B). However, the lack of statistical
significance in the Chi-square test may be attributed to
the small sample size. Similarly, within the GSE78220
cohort (SKCM), patients with high FAP expression
exhibited a 0% response rate to anti-PD-1 therapy,
whereas 60.87% of patients with low FAP expression
responded positively (Figure 13D). These findings
suggest that FAP expression can serve as a potential
immunotherapy biomarker for predicting the response
rate among SKCM patients undergoing ICI treatment.
Furthermore, FAP expression was found to be
positively associated with drug response in patients
treated with Rebimastat, Cabozantinib, Bleomycin,
Lomustine, and Ethinyl estradiol, while anticancer
drugs Gefitinib and Palbociclib showed a negative
association with FAP expression (Figure 13E).

RT-gPCR

To validate the expression levels of FAP mRNA, RT-
gPCR was conducted in KIRC cells and normal cell
lines (Figure 13F). The results demonstrated higher
FAP expression in ACHN cells compared to HK-2
cells. However, no significant difference was observed
between 769-p cells and HK-2 cells. Overall, the
experimental results align with the bioinformatics
analysis results obtained from the TCGA data.

DISCUSSION
Compared to normal tissues, FAP is upregulated in 22

tumors and downregulated in 6 tumors. FAP expression
was significantly lower in tumor tissues of CESC,

SKCM, KICH, THCA, UCEC, and UCS compared to
their respective matched-normal tissues. Cox regression
models demonstrated no correlation between FAP
expression and the prognosis of the aforementioned six
tumors. However, the KM survival analysis revealed
that high FAP expression is associated with a shorter
DSS in UCEC. Notably, FAP expression was relatively
low in KICH, whereas it was significantly higher in
KIRP and KIRC compared to normal kidney tissue.
High FAP expression was associated with shorter
survival in KIRP and KIRC, potentially attributed to
variations in primary tumor location.

RT-gPCR results indicated significantly higher
expression of FAP in ACHN cells compared to HK-2
cells. Furthermore, our study confirmed that high FAP
expression is associated with a poorer prognosis in most
cancers. However, it is linked to a better prognosis in
UVM, DLBC, and PCPG. It is worth noting that the
role of FAP in UVM, DLBC, and PCGP has not been
elucidated, warranting further investigation.

FAP, being a specific marker of tumor-associated
fibroblasts, demonstrates variable expression levels
across different cancer types and predicts diverse, and at
times contradictory, prognoses among cancer patients.
Various factors, including genetic and epigenetic
alterations, TME, and signaling pathways implicated in
cancer progression, can influence the expression of
FAP, providing a potential explanation for this
phenomenon. Each cancer type possesses unique
molecular characteristics and a distinct TME, which can
contribute to the variations in FAP expression. For
example, different cancer types may originate from
diverse cell lineages, harbor varying mutational
landscapes, or display heterogeneous immune
responses. These factors can affect the activation of
fibroblasts and the expression of FAP in the TME.
Furthermore, distinct  signaling pathways and
transcription factors that are active in each cancer type
can regulate the expression of FAP.

Moreover, the effect of FAP expression on patient
survival may vary across different cancer types. This
discrepancy can be attributed to various factors, such as
the interplay between FAP-expressing CAFs and tumor
cells, the immunosuppressive effects of FAP, and the
overall composition and dynamics of the TME.
Investigating the differential expression of FAP in
diverse cancer types and its implications for patient
survival would yield valuable insights into the
underlying biology and clinical significance of FAP in
cancer.

We observed a significant correlation between FAP
elevation and tumor volume, as well as the depth of
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tumor infiltration, in BRCA, COADREAD, GBMLGG,
STES, STAD, THYM, ACC, and SKCM. Studies have
reported that the FAP inhibitor talabostat significantly
inhibits tumor growth in patients with early-stage

COAD but shows limited efficacy in patients with
advanced-stage COAD. Our findings showed that
patients with T1-staged COADREAD have higher FAP
expression compared to those in T3 and T4 stages.

IMvigor210 (anti_PD-L1) GSE78220 (anti-PD-1)
A Strala == FAP=high < FAP=low B c Strala === FAP-high = FABlow D
19 FAP 100 FAP
P=0.1064 P=0.0407
_oms 100% 4 075 100% o
e I 75% *0801—r——-T T T T e 75%
g L :‘ 5 Response § E s Response
0.25: - i 028 2
. E'a; 50% 4 = 22‘;? p=0001|9 ‘é_ o5 =§;::,I22
0.00: I | I 1 I — g 0.00 i ' g
o 10 15 20 25 o 50 500 750 1000
Follow up time(m) 25%, - Foliow up time(d) 25%
Number at risk Number at risk
E FAP=h 3"1 36 21 14 8 4 0 E‘f"’@ high J 4 2 1 0 0
@ 312 202 142 111 62 0 0% @ FAPeion] 23 20 1" 7 2 0% =
] H 10 15 20 25 High(N=30) Low(N=268) @ : 500 B 1000 High(N=4) Low(N=23)
Follow up time(m) IMvigor210 Follow up time(d) GSET78220
FAP, Rebimastat FAP, Cabozantinib FAP, Bleomycin FAP. Palbociclib
Cor=0.390, p=0.002 Cor=0.349, p=0.006 Cor=0.323, p=0.012 Cor=-0.287, p=0.026
. 3qe . o]
6 -
24 e ~ . f
- 1 -
3 4 3 3 3 = .
e S} S} ©
- U -
24, 0- s
L
.
0'. s o . * . -1 - _1_r-.' -~ .
0 i 2 3 0 i 2 3
Expression Expression Expression Expression
FAP, Lomustine FAP, Ethinyl estradiol FAP, Gefitinib
Cor=0.271, p=0.036 Cor=0.257, p=0.047 Cor=-0.255, p=0.049
2T% . . . 3]
4 .
-
113 . 244 - 24e
o . 2 .o . o *
[Tp] w . . ) 0 14
O ol L 3] v . Q e
- Al . = 01 p . = ]
> % * 04 2 . .
=14 . [ ] [ Ll . o
L]
. 294 =14 . 2 .
0 1 2 3 0 1 2 0 1 2 3
Expression Expression Expression
F *

FAP expression

Figure 13. Immunotherapy prediction analysis and drug sensitivity analysis. (A) Kaplan-Meier analysis of the association between
FAP expression and OS in the IMvigor210 cohort. (B) The proportion of BLCA patients who responded to anti-PD-L1 therapy in the groups
with the low and high FAP expression. (C) Kaplan-Meier analysis of the association between FAP expression and OS in the GSE78220 cohort.
(D) The proportion of SKCM patients who responded to anti-PD1 therapy in the groups with the low and high FAP expression. (E) An
illustration of the relationship between FAP expression and expected medication response. (F) The mRNA expression levels of FAP in

different cell lines (HK-2, 769-P, ACHN) were measured by RT-qPCR.
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Therefore, patients with advanced COAD may exhibit
lower FAP expression, impairing the treatment efficacy
of talabostat.

Regarding the connection between FAP expression and
pathological stage across different tumors, our findings
demonstrated that in STAD and THYM, FAP
expression is higher in stage I and II than in stage III
and IV. In UCEC, FAP expression is higher in stage 1
than in stage II, consistent with previous studies. These
results suggest that FAP can serve as a biomarker for
patients with tumors at specific pathological stages.
Furthermore, FAP expression is closely associated with
DNA methylation. High FAP methylation levels
correlate with better survival in STAD, HNSC, SARC,
and LIHC, while they are associated with worse
survival in TGCT, SKCM, LUSC, and PAAD. ROC
curves demonstrate that FAP expression has higher
predictive power in fifteen tumors, indicating its
potential as a diagnostic biomarker. Notably, the tumors
with an AUC > 0.9 were CHOL, DLBC, GBMLGG,
HNSC, OSCC, PAAD, STAD, THYM, UCEC, and
UCS, separately.

In terms of the correlation between FAP expression and
the TME, ESTIMATE analysis reveals a significant
positive connection between FAP expression and
StromalScore in 33 types of cancer, ImmunScore in 28
types of cancer, and ESTIMATEScore in 32 types of
cancer. These findings suggest that FAP participates in
the malignant progression of tumors by influencing the
TME.

TIHCs play a critical role in tumor progression, which is
closely associated with the prognosis of tumor patients
and the immune response [33]. Previous studies have
reported that upregulation of FAP induces immuno-
suppression by increasing the infiltration of immune-
suppressive cells [34]. Our findings confirm that FAP
expression exhibits a negative association with CD8 T
cells, monocytes, and activated dendritic cells, while it
shows a positive correlation with MO, M1, and M2
macrophages in the majority of tumors. Furthermore,
the enrichment analysis demonstrates that FAP may
influence tumorigenesis through the regulation of
various cellular processes, including cell proliferation,
migration, EMT, energy metabolism, immunoglobulin
synthesis and transport, and B/T cell-mediated
immunity. These results are consistent with previous
studies.

The role of FAP expression in tumor immunotherapy
was investigated using the 1IMvigor210 cohort (BLCA)
and the GSE78220 cohort (SKCM). The results indicate
that high FAP expression is associated with shorter
survival and lower sensitivity to immunotherapy

responses in SKCM. However, FAP expression showed
no correlation with immunotherapy response in BLCA,
potentially due to the limited sample size. Therefore,
our results suggest that FAP could serve as a potential
predictor for the response to immunotherapy.
Additionally, FAP expression exhibits a positive
correlation with the IC50 values of Rebimastat,
Cabozantinib, Bleomycin, Lomustine, and Ethinyl
estradiol, whereas it displays a negative correlation with
the 1C50 values of Gefitinib and Palbociclib.

In summary, the analysis of FAP expression across
various cancer types revealed a strong association
between FAP upregulation and clinical outcomes, tumor
diagnosis, DNA methylation levels, and immunotherapy
responses. FAP could serve as a potential biomarker for
diagnosis, prognosis, and prediction of the response to
immunotherapy. Additionally, FAP contributes to
tumorigenesis and tumor immunity by modulating the
infiltration of immune cells. This study elucidates the
role of FAP in tumor development and provides a
valuable reference for targeting FAP to enhance
immunotherapy.
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Supplementary Figure 1. ROC curves for FAP in adrenocortical carcinoma (ACC), cholangiocarcinoma (CHOL), lymphoid
neoplasm diffuse large b-cell ymphoma (DLBC), esophageal adenocarcinoma (ESAD), glioblastoma multiforme (GBM),
glioma (GBMLGG), head and neck squamous cell carcinoma (HNSC), kidney renal clear cell carcinoma (KIRC), liver
hepatocellular carcinoma (LIHC), oral squamous cell carcinoma (OSCC), pancreatic adenocarcinoma (PAAD), stomach

adenocarcinoma (STAD), thymoma (THYM), uterine corpus endometrial carcinoma (UCEC), uterine carcinosarcoma
(Ucs).
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Supplementary Figure 2. Correlation between FAP and stromal scores in pan-cancer.
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Supplementary Figure 3. Correlation between FAP and immune scores in pan-cancer.
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Supplementary Figure 4. Correlation between FAP and ESTIMATES cores in pan-cancer.
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Supplementary Figure 5. Relationship between FAP expression and the infiltration scores of 22 immune cell types.

www.aging-us.com

7081

AGING



TGCT(N=150) LIHC(N=371) PAAD(N=177) SARC(N=259)

2 10 R=032p=14e-05 10 R=024,p=82e-05
R=054,p=15e-12 R=04.p=14e-15 l
09 E 08 2
08 57
§ § I § =
= & g
£ £ =
gos :E B gos
g G- -
& & = &
08 = -
= = o4
03— 03
LU T T T R O AR A 0w 07 L LR |1 WINPT O |y 1 R AN VAN | 100 |
) 1 2 3 4 5 o 1 2 3 ] o 2 4 s 0 2 4 5 s
FAP_expression FAP_expression FAP_expression FAP_expression
HNSC(N=500) STAD(N=338) BLCA(N=408) SKCM(N=465)
10 R=0084,p=0035 100 R=0.19,p=000063 100 R=018,p=000033 10 R=012,p=0012
08 = 075 I 0sm
5 - 5 § = § =
8§ - 8 s = 3
* = L = =
- i | 3 |
0 d ) = 108
0 08 — a a o
£ 1 FORE £2= S
04 2 04
025 025 =
0 O R WD W | | N N RO 1101 1 111 | | ™ A I NV R WA W (0 [ 1 O N 10011801141 n
] 2 [ s ] 2 4 s o 2 4 6 0 2 4 s
FAP_expression FAP_expression FAP_expression FAP_expression
LUSC(N=370) THYM(N=119) UCS(N=56)
10 R=025p=18e-06 100 R=-02,p=0031 10 R=-019,p=0.16
=
|
e 095 -
< 2 g% =
k- 3 3=
E; z EF
H Elnsc E,
g g § T
i & &
08
04 — 1=
T 085 = I
02 - 04
ORI M O MMM AR IR WA WR U110 111 ) i [N | I | | LLLCE (LR BT O |
0 2 4 5 0 1 2 3 4 0 1 2 3 4 5
FAP_expression FAP_expression FAP_expression

Supplementary Figure 6. Correlation between FAP expression and gene promoter methylation in testicular germ cell
tumors (TGCT), liver hepatocellular carcinoma (LIHC), pancreatic adenocarcinoma (PAAD), sarcoma (SARC), head and neck
squamous cell carcinoma (HNSC), stomach adenocarcinoma (STAD), bladder urothelial carcinoma (BLCA), skin cutaneous
melanoma (SKCM), lung squamous cell carcinoma (LUSC), thymoma (THYM), uterine carcinosarcoma (UCS).
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Supplementary Tables
Please browse Full Text version to see the data of Supplementary Table 2.

Supplementary Table 1. Relationship between FAP expression and immune cell infiltration in eight cancers.

BRCA THCA BLCA PRAD THYM ov LUSC COADREAD

Cell type (N =1077) (N =503) (N = 405) (N = 495) (N=118) (N = 416) (N = 491) (N=373)

(P-value/Cor)  (P-value/Cor)  (P-value/Cor)  (P-value/Cor)  (P-value/Cor)  (P-value/Cor)  (P-value/Cor)  (P-value/Cor)
Naive B cells *10.12 *0.17 **10.18 **10.16 *10.22 /0.1 —-0.03 0
Memory B cells *1-0.16 */0.09 1-0.34 0.01 */0.23 1-0.21 *1-0.15 *1-0.1
Plasma cells —-0.03 */0.09 —0.08 1-0.16 **10.32 0.04 /-0.12 **1-0.38
CD8 T cells */-0.09 1-0.27 —-0.07 1-0.2 -0.13 0.07 1-0.23 1-0.19
Naive CD4 T cells *1-0.13 -0.07 **1-0.29 -0.07 1-0.37 *1-0.14 0 -0.07
Resting CD4 memory T cells *10.21 *0.12 */0.14 "*10.26 0.17 **10.25 0.4 1-0.19
Activated CD4 memory T cells */-0.13 0.08 10.21 -0.01 **10.35 */0.12 0 */-0.13
Follicular T helper cells **1-0.29 -0.07 *1-0.34 -0.21 **1-0.35 *1-0.19 **1-0.37 ***1-0.25
Regulatory T cells (Tregs) —0.06 **%/0.3 1-0.26 **10.18 -0.14 —0.04 0.05 -0.03
Gamma delta T cells 0.04 0.02 —-0.09 —0.08 NA 0.01 —0.06 —0.06
Resting NK cells *1-0.18 *1-0.29 —-0.04 *1-0.14 0.14 —0.08 0.09 —-0.04
Activated NK cells */-0.16 */~0.09 0 —0.02 10.24 —0.05 *1-0.2 -0.1
Monocytes */~0.09 */-0.1 *-0.22 */-0.16 —-0.15 *1-0.27 *1-0.2 —0.06
MO Macrophages —-0.02 0.06 **10.28 —-0.02 **10.41 —-0.02 **10.24 **10.23
M1 Macrophages —-0.05 **10.19 10.33 0.1 **10.34 **10.25 —-0.01 *10.17
M2 Macrophages */0.06 "/-0.12 10.34 10.21 **10.32 */0.11 0.07 *10.36
Resting dendritic cells *10.07 ***10.51 —-0.08 **10.22 *1-0.24 *10.14 -0.04 0
Activated dendritic cells 1-0.14 */0.09 1-0.32 0.01 */0.19 1-0.2 *-0.09 1-0.17
Resting mast cells *10.15 *1-0.2 -0.01 1-0.18 —-0.01 1-0.24 /-0.13 *0.12
Activated mast cells -0.03 */-0.14 0.01 -0.03 */0.2 /0.1 */0.09 -0.05
Eosinophils */~0.06 *1-0.2 */-0.11 */-0.09 0.04 "/-0.16 */-0.12 0.05
Neutrophils "*10.13 —-0.03 0.09 0.01 */0.23 */0.12 0.03 *10.19

Supplementary Table 2. Relationship between FAP expression and immune cell infiltration in various cancers.
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