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Abstract

Key words

Background and Aims: CLSTN3 has recently been identified as a potential biomarker for colorectal
cancer (CRC); however, its expression pattern, clinical significance, and underlying mechanisms in CRC
remain unclear. This study aimed to investigate the biological role and prognostic value of CLSTN3 and
its interaction with amyloid precursor protein (APP) in CRC.

Methods: A total of 313 paraffin-embedded CRC specimens and 17 fresh CRC tissue samples were
collected. Immunohistochemistry and Western blot analyses were performed to evaluate the expression
of CLSTN3 and APP and their associations with clinicopathological characteristics and prognosis. HCTS8
cells with CLSTN3 overexpression and HCT116 cells with CLSTN3 knockdown were established. Cell
proliferation was assessed using CCK-8 assays and nude mouse xenograft experiments. Potential
interacting molecules of CLSTN3 were predicted using the GeneMANIA database, and the interaction
between CLSTN3 and APP was validated by co-immunoprecipitation assays.

Results: CLSTN3 expression was significantly increased in CRC tissues and cell lines compared with
normal controls (all P<0.05). Immunohistochemistry demonstrated that the positive expression rate of
CLSTN3 was markedly higher in CRC tissues than in adjacent tissues (68.7% vs. 27.2%). High CLSTN3
expression was significantly associated with TNM stage, tumor necrosis, and neurovascular invasion (all
P<0.05). Kaplan-Meier analysis showed that patients with high CLSTN3 expression had significantly
worse overall survival (OS) and disease-free survival (DFS) (both P<0.001). Multivariate Cox regression
analysis identified CLSTN3 overexpression as an independent prognostic factor for both OS and DFS in
CRC patients. Functional experiments demonstrated that CLSTN3 overexpression significantly
promoted CRC cell proliferation and tumor growth in vivo, whereas CLSTN3 knockdown inhibited
tumor growth. Bioinformatics analysis suggested APP as a key interacting molecule of CLSTN3.
Co-immunoprecipitation assays confirmed a direct interaction between CLSTN3 and APP in CRC cells.
Western blot analysis further showed a positive correlation between CLSTN3 and APP expression in
CRC tissues (=0.604, P=0.012), and both proteins were more highly expressed in tumors with necrosis.
Conclusion: CLSTN3 is aberrantly upregulated in CRC and promotes tumor progression by enhancing
cancer cell growth. High CLSTN3 expression predicts poor prognosis and may exert oncogenic effects
through interaction with APP. CLSTN3 may serve as a novel prognostic biomarker and potential
therapeutic target for CRC.

Colorectal Neoplasms; CLSTN3; Amyloid Precursor Protein; Prognosis

CLC number: R735.3
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Figure 1

Expression of CLSTN3 in colorectal cancer and adjacent tissues

A: CLSTN3 mRNA expression in normal colon

tissues from the GTEx database; B: CLSTN3 mRNA expression in colon adenocarcinoma and rectal adenocarcinoma

tissues from the GEPIA database; C: Immunohistochemical staining of CLSTN3 in clinical specimens
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#1 CLSTN3RIE5 CRC 2FIGKFBEFLEMNERN (%) |
Table 1 Relationship between CLSTN3 expression and clinicopathologic characteristics in CRC patients [n (%)]

e PR BEAFAIE i3k (n=190) %1k (n=123) P e R BEAFAIE ik (n=190) =ik (n=123) P
PER TNM 434

5 117(61.5) 68(55.3) 0,260 I 26(13.6) 9(7.31)

ES 73(38.5) 55(44.7) I 91(47.8) 40(32.5) 0.001
AR (%) 11 73(38.6) 74(60.19)

<60 71(37.4) 57(46.3) o115 SRS T

>60 119(62.6) 66(53.7) S PCLF A R B 150(78.9) 91(73.9)
FARITX I3 P22 RS R B 17(8.94) 13(10.5) 0.587

FFEFAR 63(33.2) 38(30.8) 0676 R 23(12.16) 19(15.6)

[ R FAR 127(66.8) 85(69.2) fiEE IS
iR B AL A 176(92.6) 96(78.0) 0.000

Va2 44(23.1) 25(20.3) ¥ 14(7.4) 27(22.0)

Vit 57(30.0) 31(25.2) 0.416 || NVI

=17 89(46.9) 67(54.5) el 34(17.8) 35(28.4) 0.028
AT AR T 156(82.2) 88(71.6)

f 12(6.31) 10(8.13) 0,540 M35 CEA (ng/mL)

& 178(93.69) 113(91.87) <5 131(68.9) 86(69.9) 0.856
T34 >5 59(31.1) 37(30.1)

T1~2 36(18.9) 17(13.8) 0238 FE LB S R LIRS

T3~4 154(81.1) 106(86.2) pMMR 175(92.1) 110(89.4) 0418
N34 dMMR 15(8.9) 13(10.6)

NO 117(61.5) 49(39.8)

N1 55(28.9) 48(39.0) 0.000

N2 18(9.60) 26(21.2)

T 1) & BRI W BL R AR ENTECAR I DRI & 5 BN s B Am i

Note: 1) Adenocarcinomas with mucinous components include mucinous adenocarcinoma, signet-ring cell carcinoma, and tubular adenocarcinoma

with a mucinous or signet-ring cell component
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Figure 2 Kaplan-Meier survival curves of patients with colorectal cancer
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2 CRCEHIREAREOSH Cox BIFSH
Table 2 Cox regression analysis of OS after curative resection in CRC patients
FiE AR5 EASES 0
HR(95% CI) P HR(95% CI) P

P

Fos. &t 1.154(0.672~1.983) 0.603 — —
F (%)

>60 vs. <60 1.530(0.873~2.680) 0.137 — —
FARITHK

FENE vs. HEWE 1.402(0.820~2.398) 0.216 — —
i B L

2B 55 vs. 7550 1.272(0.606~2.668) =

B vs. F2Ks 1.108(0.583~2.105) 0.815 — —

V250 vs. EM 1.148(0.604~2.180) -
AR IAAERH

s TG 2.046(0.927~4.517) 0.077 — —
T4

T3~4 vs. T1~2 3.945(1.233~12.624) 0.021 — 0.154
N340

N2 vs. NO 7.106(3.584~14.087) 4.062(1.849~8.921)

N2 vs. N1 2.726(1.395~5.328) <0.001 2.033(0.980~4.219) 0.002

N1 zs. NO 2.607(1.422~4.780) 1.998(1.068~3.737)
TNM 434

I ws. T 5.871(1.421~24.260)

I vs. 11 3.516(1.851~6.681) <0.001 — 0.425

Mos. T 1.670(0.374~7.460)
SRR

ERRR IR vs. 3 ARTF B IR B 3.371(1.849~6.147) 2.345(1.258~4.371)

I EZE IR BRI os. LIRS 2.189(1.009~4.751) <0.001 1.161(0.518~2.600) 0.025

E TR vs. 3622 BRI 1.540(0.659~3.599) 2.020(0.849~4.808)
JiRE RS

A vs. To 3.767(2.128~6.666) <0.001 — 0.194
M KA AL

Houvs. L 2.066(1.188~3.594) 0.010 — 0.753
1L CEA (ng/mL.)

>5 5. <5 1.946(1.149~3.296) 0.013 — 0.103
il B 2 IR

pMMR vs. d(MMR 1.243(0.533~2.898) 0.615 — —
CLSTN3 %3k

755 vs. I 4.952(2.724~8.903) <0.001 3.833(2.073~7.086) <0.001
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%3 CRCEEIREAREDFSH Cox EA5#7
Table 3 Cox regression analysis of DFS after curative resection in CRC patients
reiE AR EASES 0
HR(95% CI) P HR(95% CI) P

P

B ovs. &L 1.123(0.704~1.791) 0.626 — —
AFI (%)

>60 vs. <60 1.177(0.730~1.896) 0.504 — —
FARITHK

FFIE vs. NE 5T 1.910(1.201~3.037) 0.006 3.573(2.117~6.029) <0.001
iR AL

F2KEE g vs. 2R 55 1.440(0.762~2.723) =

E vs. 224k 1.043(0.589~1.847) 0.436 — —

Fik4i ) vs. H 1.380(0.795~2.398) =
AR IAAERH

s TG 1.510(0.692~3.293) 0.300 — —
T4

T3~4 vs. T1~2 5.313(1.672~16.880) 0.005 8.440(1.142~62.388) 0.037
N340

N2 vs. NO 5.778(3.193~10.457) 5.309(2.686~10.491)

N2 vs. N1 2.444(1.407~4.246) <0.001 2.449(1.334~4.496) <0.001

N1 zs. NO 2.364(1.342~4.164) 2.167(1.221~3.848)
TNM 434

I ws. T 7.456(1.815~30.632) =

I vs. 11 2.772(1.636~4.696) <0.001 — 0.225

s I 2.690(0.627~11.549) —
SRR

RN R vs. S AL R B 2.479(1.420~4.326) —

IR IR BRI vs. M ALEF B IRARTE 1.726(0.845~3.526) 0.004 — 0.178

E BRI vs. 3622 IR IS 1.436(0.640~3.223) —
JRE RS

A vs. Tt 2.802(1.642~4.781) 0.001 — 0.383
M KA AL

Houvs. L 1.642(0.988~2.730) 0.056 — —
13 CEA (ng/mL.)

>5 5. <5 2.248(1.415~3.572) 0.001 2.086(1.296~3.358) 0.002
B S R IR

pMMR vs. d(MMR 1.130(0.518~2.465) 0.758 — —
CLSTN3 %3k

55 vs. I 4.594(2.761~7.643) <0.001 4.946(2.888~8.470) <0.001

2.3 CLSTN3Fixxt CRC 4Rk b 4 K B 240
AH HEIE 5 45 7 410 i NCM460, CLSTN3 2 1 7E CRC
i & (HCT8, LoVo. SW620., SW480 F1 HCT116)
WS e (&13) . Western blot #: il 7 CLSTN3 i} 3%
15 HCTS 4 M3 A1 CLSTN3 Biydi HCT116 40l (/5] 4A-B) .
CCK-8 72 ) {4 &b 40 i A= K1 L, & 31 CLSTN3 1
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Figure 3 Western blot analysis of CLSTN3 expression in
CRC cell lines
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Figure 5 Effects of CLSTN3 expression on CRC growth in vivo

HCTS cells; B: Group of xenograft model of CLSTN3-knockdown HCT116 cells
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A: Western blot analysis; B: Correlation analysis
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