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[Abstract] Objective: To explore the effect of C-X-C motif chemokine ligand 9 (CXCL9) expression on the prognosis of breast
cancer patients and its correlation with tumor-infiltrating immune cells (TIICs). Methods- Transcriptome data of 1 100 breast tumor
tissues and 112 adjacent tissues were obtained from The Cancer Genome Atlas (TCGA) database. CIBERSORT deconvolution
algorithm was used to analyze the proportion of TIIC subgroups in breast cancer immune microenvironment and its effect on the
prognosis of patients. Differentially expressed genes, immune-related genes and breast cancer prognostic-related genes were
downloaded from TCGA database, ImmPort database and GEPIA2 data platform, respectively. The intersection relationships of the
three gene sets were analyzed by using R language, and the target genes were screened. Based on the downloaded transcriptome
data, CXCL9Y positive-related genes, the difference of CXCL9 mRNA expression in breast cancer tissues and adjacent tissues and its
effect on the prognosis of patients were analyzed. STRING data platform was used to analyze the protein-protein interaction (PPI)
network of CXCL9. Gene Ontology (GO) function analysis and Kyoto Encyclopedia of Genes and Genome (KEGG) pathway
analysis were performed on CXCLY positive correlation genes and the genes corresponding to the interacting proteins obtained from
the PPI network by using R language. Spearman correlation coefficient was used to analyze the correlation between CXCL9 mRNA
expression and TIIC subgroups and immune checkpoint-related genes. Paraffin tissue samples of 60 clinical breast cancer patients
were collected and made into tissue chips. The correlation between CXCL9 expression and CD8" T cells infiltration in the tissue
chips was detected by immunohistochemical staining (IHC). The types of CXCL9" cells in breast cancer interstitium were analyzed
by multiplex immunohistochemistry staining (mIHC). Kaplan-Meier (KM) survival curve was used to analyze the effect of CXCL9
mRNA expression and CD8" T cell infiltration on the prognosis of breast cancer patients. Results- CIBERSORT algorithm analysis
showed that the distribution proportion of TIIC subgroups in breast cancer immune microenvironment varied greatly, and their effect
on patients’ prognosis was also different. The Venn diagram of three types of gene sets was drawn, and CXCL9 was screened out.
The top 150 positive correlation genes with CXCL9 were obtained. CXCLY9 mRNA expression levels in four molecular types of
breast cancer were higher than those in adjacent tissues (all P=0.000), and their high expressions were significantly associated with
good prognosis of patients (P=0.013). A total of 41 interacting proteins were obtained through PPI network analysis. GO and KEGG
analysis showed that CXCL9 and its related genes were mainly enriched in biological functions and pathways related to immune
regulation. Spearman correlation coefficient analysis showed that the expression level of CXYCL9 mRNA was positively correlated
with CD8" T cells infiltration ratio, negatively correlated with M2-type macrophages infiltration ratio, and positively correlated with
most immune checkpoint genes expression (all P<0.05). IHC experiments showed that CXCL9 was highly expressed in breast
cancer tissues compared with adjacent tissues, accompanied by an increased percentage of CD8" T cells infiltration (P=0.000).
mIHC results showed that CXCL9 was expressed in some CD68" tumor-associated macrophages (TAMs) and CD11¢" dendritic cells
(DCs) in the stroma of breast cancer. KM survival curve showed that when CXCL9 was highly expressed, CD8" T cells high
infiltration could prolong the survival of breast cancer patients. Conclusion*CXCL9 can be used as a biomarker for good prognosis
of breast cancer patients. The high expression of CXCL9 in the microenvironment of breast cancer is positively correlated with the
infiltration ratio of CD8" T cells and may activate its anti-tumor effect. The expression of CXCL9 may be closely related to the
recruitment of lymphocytes into the tumor microenvironment for anti-tumor immune response.
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Fig 1 Differential analysis of TIIC subgroups in breast cancer TME
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Fig 2 Effect of TIICs infiltration ratio in TME on the prognosis of breast cancer patients
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% F Kruskal-Wallis % 56 % ZLAR 5 O [R] 4 F 43
) R HUE 55 20 2 rh CXCL9 mRNA 182835 K V- 64T
AT, i (El4B) B7R, CXCLY9 mRNA 78 7L i
[ 4 437 43 B b i 2R3k KOV 85 T S5 41 4L (1) P=
0.000), 7E TN %I FI HER2™ %! v () % 35 & T Luminal
A (34 P<0.05) . FIFH THC XF 40408 F B 4704, 45
R (Kl4C. D) WM FREHHL, FLIREAHE
JiyRE b 7 40 i ok v #E ik CXCLY, H. 25 HAT 44T
2R (P=0.000), 5 bl A8 e ot g 8 —
., Nk AR CXCLY mRNA ik 5B FH >
) B e Z& . TR KM A 77 it £ 3F f5 cxcLy
mRNA 5 76 ik FIK 2 38 0 3 S 52 g o 25 51
(F14E) %%, CXCL9 mRNA 363k 5310 B 45
KrOSHK (P=0.013).

2.3 CXCLY it PPI P %% 14 dt it CXCL9 Je 3L MG

JEPM GO Yifik . KEGG il %5 Bt

h ik — 25 BT CXCLY 3 KA g % A v 1 43 F
ML, ASAF 5T CXCLY A 5 B PP N 2% 25 14 X6 1o )
SN | FURIE RS CXCLY ik IEMI R AT GO Ty
AE BT FI KEGG & 55011, Bl SA s #4221 PPI [
ALHE T AL, FRATTHE LR I i 35 Rk
f— [, K FLBRE 5 CXCLY 3k IE A0 & 1) A
150 o B HC B 4 — . K ik 2 MR R IR,
i IR F X HAT GO Yy fig 43 fl KEGG 3 #% 43 47 -
GO IHREMTIOSE . (KI5B) T, LML 500%E
A APt B 56, Wl PR E 2 . R T 40
MUEfk . s RGERL AR I OSSN T R A 1A
R E 1 o0 A AN oS e S S BN E
KEGG il B s #4548 (K 5C) Won, CXCLY VI EE
I 2 5 R AR S A0 R 4 PR A2 AR A
ER . THIRZ ARG S5 . AARRGAEA S A4
i 5 P 45 3 6T TMEE Hh TIIC #4787, e s i i g
R R B WU
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2.4 FLIEHE T CXCLY9 mRNA # 3% 5 TIIC Ml G Pk

5 B

A5 3 — 2 PR LR R CXCLY mRNA &£
KK 5 THC B F B C R . K H Spearman AH
O Z B A L MR O B e A g2 A R R T A 5
CXCL9 mRNA % ik 1Y AH OC PE Jf 25 il #h 18 o 45
(K 6A) fL7R, CXCL9 mRNA kK-8 5igiZ
B4 . CDS' T4 . CD4 i {Z T4 . vST 40
M. uEML BB T 400 . FOmEAN i M1 SE TIIC #9321
Fe B S IE A OG (3 P<0.05), S5#ErE R H SR 0540
Ml EWELEAE MO, E RN M2 . I AL RS R R R
OB . AR K 4H M SE IR b ) 2 A O (8
P<0.05) .

Bfif5, SR THC X ZUN R #: 7 0 0, LARHIE
CXCL9 i 22 157K 5 THC 12 I %% H #6145
B O(El6B. C) W& 3k CXCL9 Y il 2 21
CD8' T 4 ffi =i 5 H W4y, Hix g H 4
] 2% 5 BA 4t 22 L (P=0.000) . % Al mIHC %f
Jir 96 6] 5 v CXCLY A Ml Fh S g A Al , 2558 ([
6D) {7 L 18] BT b 43 CD68” i e AH OC B Wi
41 My TAM) Hl
CDI1lc" B %€ Ik 40 8 (dendritic cell, DC) ¥ A&
CXCL9 ik,

(tumor-associated macrophage,

2.5 FLAR P CXCLY9 mRNA % 3% K °F #1 CDS' T

2320 NG S S U 8 2 B

A B 5% 18 F Spearman #H 3¢ & X 4> ¥ CXCLY
mRNA 5 TIC B ] e ko e pi 55 K 58
K Z A S, AR CXCLY 7F 7L IR i i 3R b
HAHSE B e AL . 455 (B 7A. B) IR,
CXCL9 mRNA 5 K Z2 50 () o 58 K A 5 PR 5 5 1E A
KM s CD8'T 4 i 5 Lo i) 5 22 50 e e K e i L TR
Ry F R IR IEAC (3 P<0.05), P LAG3 (Rho=
0.648) . PDCD! (Rho=0.809) . CTLA4 (Rho=
0.723) . TIGIT (Rho=0.821) iX 4/FL[X 1 CDS T 41
JiL B IE AR PR R B R . A — 2B HE9E CXCLY # 5%
CD8" T 4 i (%) 1 76 A T S 52 ) 2835 T IS A AL
FATRE W T KM At & o #r . 45 28) (&1 7C)
iR, CXCL9 mRNAfXZRIART, CD8"T 4ijifi == |
R 1 B 2L R s 8 TS R 25 R e e i s i
CXCLY 36350}, 5 CD8 T 40 AR IZ i AH 1, 40 i
R 5 LR R ) R AP BUS AHOC (P=0.001),
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Note: A. Expression of CXCL9 mRNA in different types of tumor and their corresponding normal tissues ( “P=0.050, ®P=0.010, ®P=0.001). ACC—
adrenocortical carcinoma; BLCA—bladder urothelial carcinoma; BRCA—breast invasive carcinoma; CESC—cervical squamous cell carcinoma and
endocervical adenocarcinoma; CHOL—cholangiocarcinoma; COAD—colon adenocarcinoma; DLBC—Ilymphoid neoplasm diffuse large B-cell lymphoma;
ESCA—esophageal carcinoma; GBM—glioblastoma multiforme; HNSC—head and neck squamous cell carcinoma; KICH—kidney chromophobe; KIRC—
kidney renal clear cell carcinoma; KIRP—kidney renal papillary cell carcinoma; LAML—acute myeloid leukemia; LGG—brain lower grade glioma; LIHC—
liver hepatocellular carcinoma; LUAD—lung adenocarcinoma; LUSC—lung squamous cell carcinoma; MESO—mesothelioma; OV—ovarian serous
cystadenocarcinoma; PAAD—pancreatic adenocarcinoma; PCPG—pheochromocytoma and paraganglioma; PRAD—prostate adenocarcinoma; READ—
rectum adenocarcinoma; SARC—sarcoma; SKCM—skin cutaneous melanoma; STAD—stomach adenocarcinoma; TGCT—testicular germ cell tumor; THCA
—thyroid carcinoma; THYM—thymoma; UCEC—uterine corpus endometrial carcinoma; UCS—uterine carcinosarcoma; UVM—uveal melanoma. B. Boxplot
of CXCL9 mRNA expression in four molecular types of breast cancer and adjacent tissues. C/D. Observation (C) and statistical analysis (D) of differential
expression of CXCL9 in breast cancer tissues and adjacent tissues by IHC. E. Detection of the effect of CXCL9 mRNA expression on prognosis of breast

cancer patients by KM survival curve.
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Fig 4 Effect of the expression of target genes on the prognosis of breast cancer patients
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Note: A. PPI network of CXCL9. Red indicates proteins with CXCL9 interaction score >0.9, and blue indicates proteins with CXCL9 interaction score >0.7.
PF4—platelet factor 4; PF4V1—platelet factor 4 variant 1; MAP2K3/6—dual specificity mitogen-activated protein kinase kinase 3/6; GNAI2—guanine
nucleotide-binding protein G(i) subunit alpha-2; GNG2—guanine nucleotide-binding protein G(I)/G(S)/G(O) subunit gamma-2; GNB1—guanine nucleotide-
binding protein G(I)/G(S)/G(T) subunit beta-1; SFTPC—surfactant protein C; CCR1—C-C chemokine receptor type 1; CXCR1—C-X-C chemokine receptor
type 1; CX3CR1—CX3C chemokine receptor 1; CCL5—C-C motif chemokine ligand 5; DPP4—dipeptidyl peptidase-4; GPR29—chemokine (C-C motif)
receptor 6; XCR1—chemokine XC receptor 1; C1QA/B—complement component 1, Q subcomponent, A chain/B chain; IDO1—indoleamine 2,3-dioxygenase
1; SLAMF8—SLAM family member 8; ADAMDEC1—adam-like, decysin 1; GBP5—guanylate-binding protein 5. B/C. GO function analysis (B) and KEGG
pathway analysis (C) of CXCL9 and its related genes.
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Fig5 PPI network construction of CXCL9 and GO functional analysis and KEGG pathway analysis of CXCL9 and its related genes
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Note: A. Spearman correlation analysis of TIICs infiltration ratio and CXCL9 mRNA expression. B. Observation of the relationship between CXCL9
expression and CD8'T cells infiltration ratio by IHC. S—stroma; T—tumor. C. Correlation between CXCL9 expression and the number of CD8" T cells
infiltration by beeswarm plot. D. Fluorescence images of CXCL9" cell species in breast cancer interstitium. Yellow indicates CXCL9, orange indicates CD68,
green indicates CD11c, red indicates CK7, and blue indicates DNA. The left dashed box indicates the field of upper 3 small figures, and the right one indicates
the field of lower 3 small figures. The arrows indicate CXCL9'CD68" cells or CXCL9'CD11c" cells.
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Fig 6 Correlation between CXCL9 mRNA expression and TIICs infiltration ratio in breast cancer
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Fig 7 Effect of CXCL9 mRNA expression level and CD8' T cells infiltration ratio on the prognosis of breast cancer patients
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