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[ Abstract] Objective Some colorectal cancer patients still face high recurrence rates and poor prognoses even
after they have undergone the surgical treatment of radical resection. Identifying potential biochemical markers and
therapeutic targets for the prognostic evaluation of patients undergoing radical resection of colorectal cancer is crucial for

improving their clinical outcomes. Recently, it has been reported that the T cell immunoglobulin and mucin domain
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protein 3 (Tim-3) and its ligand galactose lectin 9 (galectin-9) play crucial roles in immune dysfunction caused by various
tumors, such as colorectal cancer. However, their expressions, biological functions, and prognostic value in colorectal
cancer are still unclear. This study aims to investigate the relationship between Tim-3 and galectin-9 expression levels and
the clinicopathological characteristics and prognosis of patients undergoing radical resection of colorectal cancer.
Methods

Hospital between February 2018 and March 2019 were selected. Immunohistochemistry was performed to assess the

A total of 171 patients who underwent radical resection of colorectal cancer at Chengdu Fifth People's

expression levels of Tim-3 and galectin-9 in the cancer tissue samples and the paracancerous tissue samples of the
patients. The relationship between Tim-3 and galectin-9 expression levels and the baseline clinical parameters of the
patients was analyzed accordingly. Kaplan-Meier analysis was performed to assess the association between Tim-3 and
galectin-9 expression levels and the relapse-free survival (RFS) and the overall survival (OS) of colorectal cancer patients.
The

immunohistochemical results showed that the high expression levels of Tim-3 and galectin-9 were observed in 70.18%

Cox regression analysis was conducted to identify factors associated with adverse prognosis in the patients. Results

(120/171) and 32.16% (55/171), respectively, of the colorectal cancer tissues, whereas the low expression levels were
29.82% (51/171) and 67.84% (116/171), respectively. Furthermore, the expression score of Tim-3 was significantly higher
in colorectal cancer tissues than that in the paracancerous tissues, while the expression score of galectin-9 was lower than
that in the paracancerous tissues (P<0.05). Further analysis revealed that the expression of Tim-3 and galectin-9 was
associated with the depth of tumor infiltration, vascular infiltration, and clinical staging (P<0.05). During the follow-up
period of 14-63 months, 7 out of 171 patients were lost to follow-up. Among the remaining patients, 49 and 112 cases
presented abnormally low expression of Tim-3 and galectin-9, respectively, whereas 115 and 52 cases presented high
expression of Tim-3 and galectin-9, respectively. Kaplan-Meier survival analysis demonstrated that patients with high
Tim-3 expression in colorectal cancer tissues had significantly lower RFS and OS than those with low expression did (RFS:
log-rank=22.66, P<0.001; OS: log-rank=19.71, P<0.001). Conversely, patients with low galectin-9 expression had
significantly lower RES and OS than those with high expression did (RES: log-rank=19.45, P<0.001; OS: log-rank=22.24,
P<0.001). Cox multivariate analysis indicated that TNM stage Il (HR=2.26, 95% CI: 1.20-5.68), high expression of Tim-3
(HR=0.80, 95% CI: 0.33-0.91), and low expression of galectin-9 (HR=1.80, 95% CI: 1.33-4.70) were independent risk
factors affecting RFS and OS in patients (P<0.05). Conclusion  Aberrant expression of Tim-3 and galectin-9 is observed
in colorectal cancer tissues. High expression of Tim-3 and low expression of galectin-9 are closely associated with adverse
clinico-pathological characteristics and prognosis. They are identified as independent influencing factors that may trigger
adverse prognostic events in patients. These findings suggest that Tim-3 and galectin-9 have potential as new therapeutic
targets and clinical indicators.
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1 REFREY] A HTim-3, galectin-9%F H FI R IXEE K 5 1 .x200
Fig 1 The expression intensity and distribution of Tim-3 and galectin-9 proteins in different pathological sections. x200

A, Colorectal cancer tissue (HE staining); B, tumor cells and inflammatory cells around the tumor cells displaying Tim-3 cytoplasmic positivity (EnVision); C,

inflammatory cells around the tumor cells showing galectin-9 negativity (EnVision); D, normal intestinal mucosa adjacent to cancer (HE staining); E, both intestinal

mucosa and interstitial inflammatory cells showing Tim-3 negativity (EnVision); F, galectin-9 cytoplasmic positivity in a few inflammatory cells in the interstitium and

cytoplasmic positivity in the intestinal mucosa (EnVision).

#1 TEFEYH B Tim-3, galectin-9%R & AL IS L
Table1 Comparison of Tim-3 and galectin-9 immunohistochemical

scores in different pathological sections

Group .Tim—3 G.alectin—9
(median [P,s, P,s]) (median [P, P,])

Colorectal cancer tissue (n=171) 7.49 (4, 12) 2.70 (0, 6)

Paired paracancerous tissue (n=171) 1.93 (0, 4) 7.82(5,12)

VA 32.908 28.016

p <0.001 <0.001

112451, RESHr51471.43%(35/49) | 48.21%(54/112), OS5
TA81.63%(40/49) . 57.14%(64/112); FFik B E A
115, 5244, RES43 51 °447.83%(55/115) | 69.23%(36/52),
084371 458.26%(67/115) | 82.69%(43/52) . Kaplan-
Meier EA7 5T B, 45 IR A 20 Tim-3 /5 28 4 11
RFSFIOSIMIK Tk % ik 3 (RFS: log-rank=22.66,
P<0.001; OS: log-rank= 19.71, P< 0.001), Tfjgalectin-9flk3&
ik #H B RFSHIOSMIME T 5 %35 3 (RFS: log-rank=
19.45, P<0.001; OS: log-rank=22.24, P<0.001), UL[E2,
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(P<0.05), .44,
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3 Galectin-9RREIRIFIKETBEHRES (£ ) F10S (F)
Fig 3 RFS (left) and OS (right) of patients with different expression status of galectin-9

F2M TR S EH AR AR S B # Tim-3. galectin-978 1% /K~ 5 FL Il PR B E K U 9% & 379
2 GHEBEALASTin-3, galectin- 9RIZSIEKRFIES X R
Table 2 Relationship between Tim-3 and galectin-9 expression and clinicopathologic parameters in colorectal cancer tissues
Tim-3 Galectin-9
Baseline parameter n Low expression/  High expression/ )(z P Low expression/  High expression/ )(2 p
case, n=51 case, n=120 case, n=116 case, n=55
Agelyr.
<60 75 18 57 2.165 0.141 55 20 1.850 0.174
=60 96 33 63 61 35
Sex
Male 99 29 70 0.032 0.859 67 32 0.003 0.958
Female 72 22 50 49 23
Primary tumor location
Colon 91 32 59 2.650 0.104 56 35 3.536 0.060
Rectum 80 19 61 60 20
Differentiation degree
High+Medium 94 23 71 2.862 0.091 68 26 1.941 0.164
Low 77 28 49 48 29
Tumor size/cm
<5 81 28 53 1.654 0.198 50 31 2.631 0.105
=5 90 23 67 66 24
Lymph node metastasis
Negative 78 26 52 0.844 0.358 51 27 0.395 0.530
Positive 93 25 68 65 28
Infiltration depth
T+T, 64 30 34 14.207  <0.001 33 31 12.415  <0.001
TA+T, 107 21 86 83 24
Clinical staging
I+1 65 28 37 8.799 0.003 35 30 9.406 0.002
1 106 23 83 81 25
Vascular infiltration
No 69 30 39 10.304 0.001 38 31 8.637 0.003
Yes 102 21 81 78 24
100 100
80 - 80 _-I_‘-\-L“LI‘I
S 60F & 60F
w v
2 a0l P<0.001 S ol P<0.001
20 | =— High expression of Tim-3 (n=115) 20 | =— High expression of Tim-3 (n=115)
—— Low expression of Tim-3 (n=49) —— Low expression of Tim-3 (n=49)
0 20 40 60 0 20 40 60
Follow-up period/month Follow-up period/month
B 2 Tim-3ARRIFATZTEERRES (£ ) F10S (F)
Fig 2 RFS (left) and OS (right) of patients with different expression status of Tim-3
100 100
80 | 80 - —H_M‘-L.L‘.l
R 60f & 60}
%) %)
2 a0l P<0.001 S ol P<0.001
20 | =— Low expression of galectin-9 (n=112) 20 —— Low expression of galectin-9 (n=112)
—— High expression of galectin-9 (n=52) —— High expression of galectin-9 (n=52)
0 20 40 60 0 20 40 60
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Table 3 Univariate analysis of factors affecting the prognosis of patients with colorectal cancer
RES [ON]
Variable
HR (95% CI) p HR (95% CI) P
Age (=60 yr. vs. <60 yr.) 1.25(0.61-1.83) 0.406 1.48 (0.70-2.02) 0.339
Sex (male vs. female) 1.28 (0.64-1.94) 0.397 1.30 (0.59-1.94) 0.366
Primary tumor location (rctum vs. colon) 1.34 (0.70-2.08) 0.392 1.26 (0.53-1.85) 0.364
Differentiation degree (high+medium vs. low) 1.27 (0.67-1.85) 0.323 1.51 (0.72-2.23) 0.312
Tumor size (=5 cm vs. <5 cm) 1.45 (0.84-2.25) 0.386 1.81 (0.65-2.69) 0.254
Lymph node metastasis (positive vs. negative) 1.90 (1.23-3.36) 0.007 2.33(1.20-5.28) 0.005
Infiltration depth (T,+T, vs. T,+T,) 1.82 (1.17-3.04) 0.011 2.11 (1.28-4.75) 0.008
Clinical staging (Il vs. 1 -1I) 2.80 (1.68-6.37) 0.001 3.66 (1.80-9.72) <0.001
Vascular infiltration (yes vs. no) 1.72 (1.11-2.69) 0.018 2.08 (1.44-5.06) 0.013
Tim-3 immunohistochemical score (<7 vs. >7) 0.77 (0.22-0.94) 0.005 0.60 (0.11-0.87) 0.002
Galectin-9 immunohistochemical score (<8 vs. >8) 2.64 (1.38-5.77) 0.002 3.06 (1.59-6.89) 0.001
REFS: relapse-free survival; OS: overall survival; HR: hazards ratio; CI: confidence interval.
x4 BWEEHEERERRENZERSHN
Table4 Multivariate analysis of factors affecting the prognosis of patients with colorectal cancer
Variable RES o
HR (95% CI) p HR (95% CI) P
Lymph node metastasis (positive vs. negative) 1.09 (0.58-1.69) 0.138 1.16 (0.50-1.98) 0.097
Infiltration depth (T,+T, vs. T,+T,) 1.12 (0.76-1.85) 0.110 1.18 (0.54-2.09) 0.086
Clinical staging (Il vs. 1 -1I) 2.26 (1.20-5.68) 0.006 2.86 (1.31-6.44) 0.002
Vascular infiltration (yes vs. no) 1.22 (0.83-2.09) 0.093 1.32 (0.85-2.27) 0.075
Tim-3 immunohistochemical score (<7 vs. >7) 0.80 (0.33-0.91) 0.019 0.74 (0.26-0.88) 0.014
Galectin-9 immunohistochemical score (<8 vs. >8) 1.80 (1.33-4.70) 0.017 2.29 (1.33-5.80) 0.011

The abbreviations are explained in the note to Table 1.
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galectin-9E AR TK /K -5 11 A1 Fifra A6 25 ik Ao BHRFAIE:
[ AR DGR I B2 . 28 P i S 4516 25 S Y
PRI AT BE 5 i 40 A B B S8 A RIS I B AR TR A 56 55
A, TR A5 v A A DR 3R IS T BE 3 14 i e e
&t Tim-3/galectin- 93k £ H A2 4k, (EJRAT 75 B X P 512
B MLAUESE o[RS, AT S e AL S R R, Tim-3 1%
galectin-9ANUAE S Ji] S5 20 M rh 2R3k, [R)REAE e 4
SR 55 1E B M 0 A0 L 1 i B PP 8, S X AR TR 2
FIRAMFGT Tim-3 & H it R galectin-97E 45 B e K A2 &
Jee Ve I B HLTRIAT SR VR, 3R S5 82T LAt — 2 AE 4



EEl

TRIA RS 45 B IR ARIA AR S 38 Tim-3 galectin-9# i /K5 LI R BRAFAE & Tl (K155 & 381

535K A TS

ORI ZHFIEIESE, HA P Tim-3 ., galectin-97E A [A]
AR v Y A AR HI AT BB B JE MRe S, A Tm) 2
AP B Tim-3 ., galectin-9f BRI, IR L K5
TIREAIIHANE . E45 50 — 0 B 455 R
SE R 91 [T OGP ATF 2 0, AR R 14 Jie 9 2 21 Tim- 319 6
IRIKAPAT AN, 32 270 Mg 2 4R T 1) S e 20 i rh 3%
K, (H R ARG R 30 IR AL MR RN AR I A
M L] b RR M 22 S TG F I o R TR
SN S A B, galectin-9FK TR KF-HY R I, P RES
HIIEFS | AR ZEHH O, (R RS BER I, HOKF- 5 R i
R0 M8 S Al R 7 3 L A oI L S R O AR DGk
MTTANGAEHI 2 H K Tim-35 R galectin- 9 1A 1Y B i 1
FHAFR R . WANGHRIFESS K Galectin-97 3k 545
W B EA RS S RAHSC, Al UL, BB BOA CTim-3,
galectin-9M F A H I 5 FUS PHAL O RFFE M A UETR A, £
ZHAFIEZAE . BT A 56 8 B 5ORE F 14
FEITE R R, 8 R AL P Tim-3m R EH D
RESFIOSHIH] AR TR ERIA S, T galectin-9fii KA 1Y
RESFIOSI B AL T 223k 4, AT WL, Tim-3/galectin-93&
BZ5 T8 HIGIME AR BT AR .
JL A AT B2 Tim-3-5 H AL (A galectin-945 5 T I 1 4
TR 52, 2R I R Al 2 Treg 2 L4701 Th1 4 i A1
CD8" T4l i 40 il 75 P T RE, 1 — D AE IR e a5 b A
ML A g2 vy, T 3 Ao JIe R PR B8 T T a5 IR A G
HRPERL AN A (tumor-associated neutrophile, TAN) & #42
98 240 B A% R A RN, Ok i 22 B i1 ]
TANWAAES A R TG Z AT B AHCHE. E—20 0
CoxZM TR/, Tim-37 3834 | galectin-9fiRFR 525
45 e B RESHIOS Y I S Filfs I &, X ik — 204
UE T 38 2 53 45 B 5 Tim-3 | galectin-9f9FRIA T
O, REAE XTI i By I 30U 0 S5y TR i 45 5.

25 L RTR, 25 H w2 Tim-3, galectin-9 2 L5+
WK, MFRIATim-3, KK ikgalectin-9-57 Rl A #E
FRIE R UG R R B, BB EHEA RS FE ML
SR AR, AR BT TR T S ORI R TR AR . (HRAR
WFFIFAE—E A, WARIBR TG RAEA 34T, HLB T
FIF A X L, PN 2 S 56 0 e 15 2 25t T B A A
L5 MHL s W], AR Tim-3/galectin-9fF ‘58 {45
V9 BN BN DA BRARRAIE B S0 ) 43 F-BIL A T i —
RN UE; A AN, ARS8 B 345 1 Bcs iRt
MG IRTRE Tim-3. galectin-9%FAHC K FIEI R B E B &L
7% Ko TS 00 ) 43 D) e SO AENLR B8 T — g B

i o A2 5, ASURAE ALK 18 40 M K s 1K -F, X Tim-
3/galectin-9fF 5t AH 5 P T2 BEZ IR BT AE 73T AL
HHEATIRIT o

FEETERFED] IR R ITER ST, WAL 7. PIRE 1
A5 S R, AP HA SRS L A AT A AR5, 5T A
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