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[ Abstract ] Background and purpose: Colorectal carcinoma (CRC) is a common malignant tumor with incidence and mortality
rates second only to gastric cancer and esophageal cancer among digestive system malignancies. Increasing evidence suggests

that immune cells play a significant role in the occurrence and development of CRC. The aim of this study was to construct a
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prognostic model related to immune cell-associated genes to predict the prognosis of CRC patients and enable precise management.
Methods: Single-cell RNA sequencing (scRNA-seq) and bulk RNA sequencing (RNA-seq) data, along with clinical information for
colorectal cancer, were downloaded from the Gene Expression Omnibus (GEO) and The Cancer Genome Atlas (TCGA) databases.
Differential genes of immune cell subtypes were extracted, and genes related to prognosis were screened in TCGA data using Cox
regression and LASSO regression, with external validation using GSE39582 and GSE41258. The prognostic model was used to
analyze chemotherapy drug sensitivity, assess immunotherapy efficacy, analyze pathways related to risk scores, and perform clinical
correlation analysis. Finally, the expression levels of model genes were validated in 10 fresh frozen CRC tissues with post-operative
pathological examination and cell lines using real-time fluorescence quantitative polymerase chain reaction (RTFQ-PCR) and
immunohistochemistry. All samples were approved by the Fudan University Shanghai Cancer Center Ethics Committee (No. 050432-
4-2108*). Results: We defined 16 cell clusters based on the scRNA-seq dataset (GSE161277) and labeled these clusters as different
cell types using the R package celldex. Differential analysis of immune cell subtypes yielded 374 differentially expressed genes.
Using univariate Cox and LASSO analyses, we constructed a 9-gene risk prognostic model in CRC. This risk model exhibited reliable
prognostic prediction performance and played an important role in predicting anti-tumor drug sensitivity, immunotherapy efficacy,
potential molecular mechanisms, and clinical characteristics. Patients with high-risk scores had a lower probability of benefiting from

immunotherapy. Conclusion: We constructed a 9-gene risk prognostic model based on the heterogeneity of immune cells in the CRC

tumor microenvironment, which predicted the survival and treatment outcomes of CRC patients.

[ Keywords | Colorectal carcinoma; Prognostic model; Cancer immunity and immunotherapy; Drug screening; scCRNA-seq
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A: Flowchart of this study. B: Identification of 16 cell clusters by the t-SNE algorithm. C: Further detailed annotation of different cell clusters.
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Tab.1 The primer list used in RTFQ-PCR

Primer Sequence (5'-3")

CD36-1-F GGCTGTGACCGGAACTGTG
CD36-1-R AGGTCTCCAACTGGCATTAGAA
CTSD-F ATTCAGGGCGAGTACATGATCC
CTSD-R CGACACCTTGAGCGTGTAG
GO0S2-F TCGGCCTGATGGAGACTGT
GO0S2-R TTCTGGAGAGCCTGTCGCT
TIMP1-F AGAGTGTCTGCGGATACTTCC
TIMP1-R CCAACAGTGTAGGTCTTGGTG
HSPA1A-F AGCTGGAGCAGGTGTGTAAC
HSPATA-R TACCTCCTCAATGGTGGGGC
VSIG4-1-F GGGGCACCTAACAGTGGAC
VSIG4-1-R GTCTGAGCCACGTTGTACCAG
CLEC4A-F GACTGTGCTAGAATGGAGGCT
CLEC4A-R GTCGCTGACCTTCTGGATCTG
TKT-1-F TCATCGAGTGCTACATTGCTG
TKT-1-R GCCATGCGAATCTGGTCAAAG
ASAHI-1-F AGATGTCATGTGGATAGGGTTCC
ASAHI-1-R GGGGCCAATATCTTGGTCTTG
B-actin-F TTGTTACAGGAAGTCCCTTGCC
fB-actin-R ATGCTATCACCTCCCCTGTGTG

F: Forward; R: Reverse.
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Fig. 2 Construction of prognostic model through LASSO regression analysis

A: The partial likelihood deviance for the LASSO Cox regression analysis. B: LASSO coefficient profile plots of each independent variable. C:

Coefficient of LASSO genes.
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Fig.3 Prognostic analysis of the high/low-risk group in the training set and test set

A-B: Kaplan—-Meier survival curves of the model in the training set and testing set. C-D: Overall survival of CRC patients in the high- and low-risk

groups in the test set (GSE39582, GSE41258).
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Fig.4 Measurement of signature gene expression in CRC tissues and cells

A: RNA expression of TKT, TIMP1, GOS2, HSPA1A, CLEC4A, CD36, CTSD, VSIG4 and ASAH]1 in tumor and paracancerous tissues. B: RNA
expression of TKT, TIMP1, G0S2, HSPA1A, CLEC4A, CD36, CTSD, VSIG4 and ASAHI in the mixed CRC cell lines (HCT116, HCT15, CACO?2,
HCT8, SW620, SW480, SW1116, RKO and DLD1) and the normal colon cell line NCM460. C: Representative images of immunohistochemical
staining of TKT, TIMP1 and GOS2 in tumor and paracancerous tissues (X20, DAB; X40) *: P<<0.05, compared with each other; **: P<<0.01,
compared with each other; ***: P<<0.001, compared with each other; ****: P<{0.0001, compared with each other.
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Fig. 5 Immunotherapy response and chemotherapy sensitivity prediction

A: Histogram of the response to immunotherapy in the high- and low-risk groups. B: Boxplot of TIDE scores in the high- and low-risk groups. C:
Scatterplot of correlations between TIDE scores and risk scores. D: The ICs, values of 6 anti-cancer drugs of 2 risk groups of CRC patients.



556

B H, 5 NRSSENFERENFEISENERESBRNIERTSEL

FARBKA ST 5T R CRCHYZCR I B, 3
TPUIeE 25 W HURME R 4 #8005 % ( genomics
of drug sensibility in cancer, GDSC ) A 24 4 AR
PEECE , FRATHUN T AR R R AR 1 1R AR
PE, JFE— B HET T KBS 5 AT 25
B R R, MRS RR, KEiEn58E
YEAKTHIHIF.VIT . BAY.61.3606. SB590885 .
BIBW2992., BMS.708163, CCTO018159%:4k 72}
YU B A G (EISD)

MYOGENESIS
EPITHEL IAL_MESENCHYMAL TRANSITION
APICAL_JUNCTION

KRAS SIGI\TALING D:

TNFA SIGNALING VIA NFKB
IL2_STATS_SIGNAL .ING
COMPLEMENT
INTERFERON_GAMMA_RESPONSE
ESTROGEN_| RESPONSE EARLY

OGENESR

KRAS SIGNALING UP

TGF BETA SIGNALING

ALLOGRAFT REJE(TION

PICAL SURFACE
EME METABOLISM
INTERFERON__ALPHA _RESPONSE
COAGULATION
BILE_ACID ME TABOL .ISM

MITOTIC SPINDLE L P

:

WNT_I BFTA CATFNm SIGNALING
OGE

CHOLESTEROL HOMEOSTASIS

FATTY_ACID METABOLISM
& = UNFOLDED PROTEIN_RESPONSE
_._EZF T RG T

| st XAV prioShHORYLATION

24

2.4 XIS SN0 phiE it R e B E S FULE
FRATIRIE T o AR XURS: AH OGRS rh it K i1 H.
AT 5 S am s, DAERAT AU DY 5352 i i 9 3
JR AR TR . GSVAZE R R, WAL
() 22 545 5 0l i 22 & SR fE Myogenesis |
Epithelial-mesenchymal transition. Apical junction
SE D (KlI6A) o GSEA 55K,
A A3 #6135 Cell adhesion molecules CAMS |
ECM receptor interaction, Focal adhesionld &

Neuroactive ligand receptor interaction ( [Kl6B )

-5 0

5

t value of GSVA score
High expression vs low expression group of risk group

0.4

0.0

= KEGG_AMINOACYL_TRNA_]
| == KEGG_CELL_ADHESION_MOLECULES_C
== KEGG_ECM_RECEPTOR_INTERACTION
== KEGG_FOCAL_ADHESION

Enrichment score

== KEGG_RNA_DEGRADATION

-0.8+

T

(1 il |

== KEGG_NEUROACTIVE_LIGAND_RECEPTOR_INTERACTION

High expression <——————> Low expression

E6 R

S B R B TE S F AL

Fig. 6 Exploration of the underlying molecular mechanisms affecting tumor progression

A: The results of GSVA showed the differential pathways between the high and low groups. B: The GSEA results showed the enriched pathways

between the high- and low-expression groups.



(FBRER L) 2024455534555 610

557

25 ERERKES S ERIERREXME

R T RFEIG RASFAE 55 AU I 43 22 ) A SR
FRATTHR a1 RS A (B0 R/ NP A X I g XL 1T
SHET AR, DR LRI R T 4
A G IRTE bR o 245 3R o RRFNAG 56, AS A
58 K BRI BF-43 (1) 43 A #E Fustat 4330 . T30
N3 A FTM 23 0 45 11 PR A8 b v (9 41 18] 22 52 A 46
T E X (P<0.05) , 7EHEHICRCH, Fustat
3 TR N RIM 3 300 0 RUR: B 43 458 1

A : B
Risk score (P=7.003¢ ")

(FI7TA~E) o XHE7s EBL 15 2 0 KU TE 5

XTCRCHEA 43 RLEAT RAFHYE M. 8 T iF—
A PPAR SRR P00 B35 0 T A4 I A g FH A
i, FAIFIHTCGA-CRCH ARSI HEAT 1 Ba7s
MEZAT R, SRR, KI5 BUR
(E7F) o meoh, ZAsmirit— il 7R
WA ECRCEF M WG+ (E7G) o &
2, XUEZEREN] ) R TR BAT I R A BUS
T RL e

Risk score (P=1.951¢ ™)

Risk score (P=1.03¢ ")

1.5 15 1.5F
§ 10} 5 10 5 10f 3
2 05 2 05 2 05 F
g = e g
S, 2, S
% 00k g 00 % 00F
[5) [5) o _.Eﬂ_
2 2-05 2 I
5 -0.5 sV 5 -0.5 £
G O .10 © T
-1.0~ -1.0F 5
L -1.5 i . o LT | i | s
Alive Dead Stage I Stage Il Stagelll StagelV T4
Fustat Stage
D . " E . 06
Risk score (P=1.052¢ ) Risk score (P=2.141¢ ™)
2.0 1.5~ 3
1.5 * it
£ Lge e g !0 |
z 1.0 -= ", 2 05k -
= 0.5 = 2
g Y S
% % 0.0F
[ 0.0 [
g g -0.5F *
o -0.5 - 5}
3 = & 3 T
-1.0 . i -1.0 5 -+
NO N1 N2 MO Ml
N M
F P value Hazard ratio , G P value Hazard ratio
1
I
Age 0.002  1.031(1.011-1.052) ¥ Age <0.001  1.045(1.023-1.067) b
Gender 0.609  1.114(0.736-1.687) e Gender 0837 0.956(0.626-1.460)  betbmei
Stage <0.001  2.561(2.011-3.261) : ——t Stage 0.112  1.787(0.873-3.659) Y I E—
1
T <<0.001 3.254(2.141-4.945) : —— T 0.003  2.095(1.289-3.406) ' p—a—
!
M <0.001  5.049(3.308-7.706) ! — M 0.384  1.544(0.580-4.112) ¥
I i
N <0.001  2.146(1.687-2.731) [ | N 0.835  0.956(0.626-1.461) L
1 1
Risk score <<0.001  3.355(2.332-4.826) |_i o7 ; Risk score <<0.001  2.506(1.671-3.757) 1 1 e,
o 1 2 3 4 5 6 17 0 1 2 3 4

Hazard ratio

Hazard ratio

E7 R RBINE

Fig. 7 The clinical predictive values of the model

A-E: The differences in risk score by Fustat (A), stage (B), T stage (C), N stage (D), and M stage (E) of CRC. F-G: Univariate (F) and multivariate (G)

Cox regression analysis in TCGA-CRC.
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