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Figure S1. PLK1 is aberrantly overexpressed in CRC and drives malignant
phenotypes. (A) PLK1 mRNA expression in 5-FU-resistant HCT116 sublines (FURA,
20 uM; FURB, 40 uM) compared with parental cells. (B) PLKI1 transcript levels in
mouse models of intestinal inflammation and colorectal cancer compared with those in
normal intestinal tissue. (C) Validation of PLK1-knockdown stable cell lines. HCT116
cells were infected with pLKO.1-sh1-PLK1 or pLKO.1-sh2-PLK1 lentivirus and
selected with puromycin (1 pg/mL, 14 days). PLK1 and p-PLK1 (Thr210) protein levels
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were assessed via Western blotting. (D) Validation of the PLK 1-overexpressing stable
cell line. HCT116 cells were infected with pLenti-PLK1 lentivirus and selected with
puromycin (1 pg/mL, 14 days). PLK1 and p-PLK1 (Thr210) expression was confirmed
by Western blotting. (E-H) Cell viability was assessed by a CCK-8 assay in CRC cell
lines (RKO, HCT116, DLDI1, and HT-29) treated with PLK1 inhibitors (BI2536,
volasertib, onvansertib, and GSK461364) at 10 nM and 40 nM for 24 hours. (I) Colony
formation assay showing increased colony numbers in PLK1-overexpressing HCT116
cells (HCT116-pLenti-PLK1) after 14 days of culture. (J) Reduced colony formation
in PLK1-knockdown HCT116 cells (HCT116-pLKO.1-sh1/2-PLK1) after 14 days of
culture. (K) Immunofluorescence analysis showing decreased K167 and p-H3 (Ser10)
fluorescence intensity in PLK1-knockdown HCT116 cells. (L) Increased KI67 and p-
H3 (Ser10) fluorescence intensity in PLK 1-overexpressing HCT116 cells.
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Figure S2. PLK1 activates the Wnt/B-catenin signaling pathway in colorectal

cancer. (A-B) KEGG pathway enrichment analysis of HCT116 cells treated with
BI2536 (1 nM) or volasertib (1 nM) for 12 hours, which revealed specific enrichment

of the Wnt signaling pathway, among other pathways. (C) Analysis of B-catenin gene

expression across different tumor types from the TIMER database, comparing tumor

tissues with adjacent normal tissues. (D) Wnt3a mRNA expression levels in CRC cell

lines compared with those in normal intestinal epithelial cells. (E) qPCR analysis of
Wnt/B-catenin downstream genes (FZD1, FZD3, FZD4, FZD7, LGR4, NKDI1, and
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USP2) in HCT116 cells treated with BI2536 or volasertib (1 nM, 12 hours). (F) gPCR
analysis of Wnt/B-catenin downstream target genes in HCT116 cells transfected with
pcDNA3.1-PLK1 for 24 hours. (G) Validation of B-catenin overexpression in
lentivirus-infected stable HCT116 cell lines (4-fold overexpression). (H) Colony
formation assay in HCT116 cells pretreated with a PLK1 inhibitor (10 nM, 12 hours)
followed by Wnt agonist 1 (2 nM, 12 hours), which rescued colony formation capacity
after 14 days of culture. (I-L) CCK-8 assays showing rescued cell viability in CRC cell
lines (RKO, HCT116, DLDI1, and HT-29) treated with PLK1 inhibitors (BI2536,
volasertib, onvansertib, and GSK461364; 10 nM, 12 hours) followed by the Wnt
agonist 1 (2 nM, 12 hours) compared with that in the inhibitor-only groups.
(M) Immunofluorescence analysis showing restored KI67 and p-H3(Serl0)
fluorescence intensity in PLKI1-overexpressing HCT116 cells treated with the Wnt
agonist 1 (2 nM, 12 hours). (N-O) Characterization of a kinase-dead PLK1 mutant
(PLK1-K82R) in PLK1-knockdown CRC cells. (N) Western blot analysis of PLK1 and
p-PLK1 (T210) levels in PLK1-WT and PLKI1-K82R-expressing cells treated with
PLK1 inhibitors. (O) B-catenin protein levels in PLK1-WT and PLKI-K82R-
expressing cells following PLK1 inhibition, demonstrating kinase activity-dependent

regulation.



81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

A BI2536 Volasertib B
DMSO 4 5 HOTHG  moonnaiy;
CHX(h) 0 & & 16 24 CHXM) o 4 o 1o 24 PCDNA3.1 PODNAS.1 i
-catenin) I-92kDa CHX(N) o 4 & 16 2¢ 0 4 8 16 2
o | B-catenin 92kDa & p-
S ’:é ﬁ B-M(emnEI oKDa
T s 2 e N
Factn 2Kba Facn -- —42KDa g .
T|  eactin 42kDa T
HT-20 ] _ Onvansertib _ GSK461364 29
g PeONAL1E
s CHX(h) 0 4 8 1624 0 4 8 16 24 — PLKIWT PLK1-WT o E
€ - CHX(h) 0 4 & 16 24 CHX(h) 0 4 & 16 24 ®
: > Bca'e"'"---.. - |o2kDa Bca(emn s g [poatenin L exoa
& @
) BT TR = T T e i 2 T TR
§° 4 T 5 T »
T A CHxeon) B-actin \‘. @ e |lokpa | B <kDa Bactin [ W e (|- 20a 2
C HCT116 HeTiie HCT116 E HT-20 HT-29
PCDNA3.1 PLKI-KBZR
UbHA - + + UbHA - + + Hr29 UbHA - + +
CHXM 0 4 8 1626 0 4 8 162 fl Z UbHA - + + 5
pcatenin-Flag -+ + pcatenin-Flag - 4+ + poateninFlag - + + / pcatenin-Flag - + +
| peatenin —-—— Lokpa  PLKIWT - - + PLKIKB2R - - + PKIWT - - ‘ PLKI-KB2R - - +
= TR AT ML CIWrE Ty MG132_ + + + -
g Y 100kDa ¢, [ MG132_+ 4+ + MG132_+ 4+ 4 .
T| pactinjm e e o | (o= 0w @ amam| | i2kDa 1s0kDa § [ lokda 12002
| L i {—s0kDa f—1sokDa £ 150kDa
PCDNA3.1 PLK1-K82R ¢

CHXM) 0 4 8 16 24 0 4 8 16 24

D e

HT-29

B-actin| s e an - - —4.--.‘
[

92kDa

42kDa

{—92kDa

{—92kDa

[—1okDa

—42kDa

{—92kDa

{— 92kDa

{— 10kDa

f— 42kDa

92kDa

92kDa

10kDa

42kDa

H
Input

rol ;
i A/
&
HT-29 ® ™
® S &
o & & ram S
FFSE S = -
HT-20 Hrg 2 & &
UbHA + + + Ub-HA + + +
pcateninFlag + + + pcatenin-Flag + + +
MG132 + + + ] MG132 + + +
HeTtte 2
% teokoa © ] 160kDa
4 k0 15002 o
3 s o
% ? =
fxo g| Bw 18U T Y
H - 15 = wVv
§ 100 {—oz0a _ aDa
€ 3
Hil (7] m—| S P [ —
R is 59 w2k0a -
L & | A [ ] —10kD2 § 5 [y E——
#| -actin] e am| | —i2k0a © < | p-actin[ = ] | — 42402 - N

Figure S3. PLK1 stabilizes B-catenin by suppressing its ubiquitin-mediated
degradation. (A) PLK1 inhibition (10 nM, 24 h) shortened the B-catenin half-life in
HT-29 cells during the CHX (40 nM) chase assay. (B) Protein stability assay showing
an extended PB-catenin half-life in PLK1-WT-overexpressing HCT116/HT-29 cells
treated with CHX (40 nM). (C) The kinase-dead PLK1-K82R mutant failed to extend
the B-catenin half-life in HCT116/HT-29 cells, as shown by the CHX chase assay. (D-
E) Ubiquitination assays demonstrated that PLK1-WT overexpression reduces [-
catenin ubiquitination in HCT116 (D) and HT-29 (E) cells, whereas PLK1-K82R has
no effect. The cells were treated with MG132 (10 nM, 48 h). (F) Confocal microscopy
(SpinSR) revealed increased -catenin fluorescence intensity in PLK1-overexpressing
HCT116 cells. Scale bar: 5 um. (G) PLK1 inhibition increases -catenin ubiquitination
in HT-29 cells coexpressing B-catenin-Flag and Ub-HA after MG132 treatment (10 nM,
48 h). (H) Confocal analysis of PLK1 and B-catenin colocalization across cell cycle

phases (G1, G1/S, and G2/M) in synchronized HT-29 cells. Scale bar: 5 pm.
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Figure S4. PLK1 attenuates B-catenin ubiquitination by upregulating USP2a.
(A) USP2a knockdown reduces B-catenin protein levels in HCT116 cells (selected with

1 uM puromycin for 24 hours during 72-hour transfection). (B) Confocal microscopy

(SpinSR)

revealed

increased P-catenin fluorescence

intensity upon USP2a

overexpression in HCT116 cells. Scale bar: 2 um. (C) ML364 treatment (10 uM, 20

uM) shortened the B-catenin half-life in HCT116 cells in a concentration-dependent

manner, as shown by the CHX (40 nM) chase assay. (D) USP2a overexpression extends
the B-catenin half-life in HCT116 cells during the CHX (40 nM) chase assay. (E) Co-
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immunoprecipitation revealed no direct interaction between USP2a and PLKI1 in
HCT116 cells co-expressing USP2a-Flag and PLKI-HA. (F-G) Subcellular
fractionation followed by Co-IP revealed a predominant cytoplasmic interaction
between USP2a and B-catenin in HCT116 cells. PLK1 inhibition with BI2536 or
volasertib (10 nM, 16 h) reduces this interaction. (H) Dose-dependent Co-IP assay
showing increasing USP2a—f-catenin binding with increasing USP2a concentrations
(14 pg) in PLK1-knockdown HCT116 and HT-29 cells. The data were normalized and
quantified. (I) Domain mapping in HT-29 and SW480 cells confirmed that -catenin
requires intact Armadillo repeats 1-10 and that USP2a requires the C-terminal domain

for their interaction, as demonstrated by Co-IP with truncated mutants.
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Figure S5. PLK1 activates NFKB2 to promote USP2a transcription. (A) PLKI1
knockdown decreases USP2a protein levels in HCT116 cells (72-hour transfection with

oo
=
k3
°

up-PLK1 || PCDNA3.1 |

puromycin selection). (B) PLK1 overexpression increases USP2a protein levels in
HCT116 cells (48 hours after transfection). (C) Schematic diagram of the NFKB2
protein structure. (D) PLK1 inhibition (10 nM, 24 hours) reduces NFKB2
phosphorylation levels in HCT116 cells. (E) Confocal microscopy (SpinSR) revealed
enhanced PLK1-NFKB2 colocalization in PLK1-overexpressing HCT116 cells. The

colocalization coefficients were quantified. Scale bar: 5 um.
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Figure S6. PLKI1-mediated phosphorylation of p-catenin facilitates USP2a
recruitment. (A) NFKB2 overexpression rescues USP2a protein levels in PLKI-
knockdown HCTI116 cells (72-hour transfection with puromycin selection). (B)
Validation of B-catenin knockdown efficiency in stable HCT116 cell lines by Western
blotting. (C) B-catenin mRNA levels in HCT116 B-catenin-knockdown cell lines. (D-
E) qPCR analysis of Wnt/B-catenin downstream targets (c-Myc, Cyclin D1, CD44, and
VEGFR) in two independent B-catenin-knockdown HCT116 cell lines: (D) HCT116-
sh1-CTNNBIP1 and (E) HCT116-sh2-CTNNBIP1. (F) Cell proliferation was assessed
by a CCK-8 assay in four CRC cell lines (RKO, HCT116, DLD1, and HT-29) following
B-catenin overexpression. (G) CCK-8 assay showing growth differences in B-catenin-
knockdown HCT116 cells reconstituted with wild-type B-catenin, B-catenin-S311A, or
B-catenin-S60A mutants. (H) Immunofluorescence analysis of KI67 and p-H3(Ser10)
intensity in B-catenin-knockdown HCT116 cells reconstituted with wild-type B-catenin,
B-catenin-S311D, or B-catenin-S60D mutants. (I) Immunofluorescence analysis of
proliferation markers in B-catenin-knockdown HCT116 cells reconstituted with wild-

type B-catenin, B-catenin-S311A, or B-catenin-S60A mutants.
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PLK1 inhibition suppresses tumor growth in CRC xenograft models.

(A) In vivo therapeutic efficacy of PLK1 inhibitors. HCT116 xenograft-bearing mice

were treated with BI2536 (50 mg/kg, 1.v., every 3 days), volasertib (40 mg/kg, i.v., every
3 days), GSK461364 (10 mg/kg, i.v., daily), or onvansertib (10 mg/kg, p.o., daily) for

28 days. Representative images of dissected tumors are shown (n = 5 per group).

(B) Tumor weights from different treatment groups. The data are presented as the means
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+ SEMs. (C) Final tumor volumes calculated via the formula V =n/6 x L x W? (mm?).
(D) Macroscopic examination of tumor vasculature from different treatment groups.
(E) Tumor growth curves showing volume measurements taken every 3 days during the
treatment period. The data represent the means + SEMs. (F) Immunohistochemical
staining of H&E, Ki67, PLK1, USP2a, B-catenin, and NFKB2 in xenograft tumor
sections from different treatment groups. Scale bar: 20 um. (G) Immunohistochemical
analysis of p-JNK and VEGFA expression in xenograft tumors from different treatment
groups. Scale bar: 20 um. (H) Western blot analysis of PLK1, NFKB2, USP2a, j3-
catenin, p-JNK, and TGF-p protein expression in xenograft tumors from different
treatment groups. (I) qPCR analysis of inflammatory factors (HIF1a, TGFf, bFGF-1,
TNF-0, and IL-1pB) in xenograft tumors from different treatment groups. The data are

presented as the means + SEMs.



Supplemental Table 1 Primers for PCR and sequences for shRNAs

Primers for vector construction in this study

primers

Forward sequences (5°-3)

Reverse sequences (5°-3”)

PLK1-Flag
PLK1-Myc

USP2a-HA
USP2a-Flag
USP2a-V5

B-catenin-Flag
B-catenin-HA
B-catenin-Flag2
NFKB2-Mycl
NFKB2-Myc2

Catenin-S33A-Flag
Catenin-S60A-Flag
Catenin-S60D-Flag
Catenin-S37A-Flag
Catenin-T41A-Flag
Catenin-S330A-Flag
Catenin-S330D-Flag
Catenin-S311A-Flag -
B-catenin-1-141/540-
781-Flag
B-catenin-1-540/665-
781-Flag

[-catenin-1-664-Flag
f-catenin-141-664-Flag
f-catenin-141-781-Flag
PLK1-K82R-Flag

NFKB2-Flag

NFKN2-S866A-Flag
NFKB2-S866D-Flag

USP2a-1-258-Flag
USP2a-259-400-Flag
USP2a-400-605-Flag
USP2a-1-400-Flag
USP2a-259-605-Flag

sh1-PLK1

CTAGCGTTTAAACTTAAGCTTGCCACCATGA
GTGCTGCAGTGACTGC
CTAGCGTTTAAACTTAAGCTTGCCACCATGA
GTGCTGCAGTGACTGC
CTTGGTACCGAGCTCGGATCCGCCACCATGC
TTGTGCCCGGTT
GCCACCATGCTTGTGCCCGGTTCG
CTAGCGTTTAAACTTAAGCTTGCCACCATGC
TTGTGCCC
CTTGGTACCGAGCTCGGATCCGCCACCATGG
CTACTCAAGCTGAT
GCCACCATGGCTACTCAAGCTGATTTGATG
CTAGCGTTTAAACTTAAGCTTGCCACCATGG
CTACTCAAGC

ATGGAGAGTTGCTACAAC
CTAGCGTTTAAACTTAAGCTTATGGAGAGTT
GCTACAACCCAGG
GTCTTACCTGGACGCCGGAATCCAT
CGGGGTATCCACATCCTCTTCCTCA
GATGTGGATACCGACCAAGTCCTGT
TCTGGAATCCATGCCGGTGCCACTA
TCTGGTGCCACTGCCACAGCTCCTT
AATATAATGAGGGCCTATACTTACG
AATATAATGAGGGACTATACTTACG
GGCAACCAAGAAGCCAAGCTCATCA
CTTGGTACCGAGCTCCGCCACCATGGCTACT
CAAGCTGAT
CTTGGTACCGAGCTCCGCCACCATGGCTACT
CAAGCTGAT
CTTGGTACCGAGCTCCGCCACCATGGCTACT
CAAGCTGAT
CTTGGTACCGAGCTCCGCCACCATGTTGATT
AACTATCAAG
CTTGGTACCGAGCTCCGCCACCATGTTGATT
AACTATCAAG
GGCCGTATTGTGCCTAAGTCTCTGCTGCTCA
A

ATGGAGAGTTGCTACAACCCAGG

AGCAGAGGTGAAGGAAGACGCC
AGCAGAGGTGAAGGAAGACGAC
CTTGGTACCGAGCTCGGATCCGCCACCATGT
CCCAGCTCT
CTTGGTACCGAGCGCCACCATGAATTCTAAG
AGTGC
CTTGGTACCGAGCTCGGCCACCATGAGAAA
ATATCTAGAACG
CTTGGTACCGAGCTCGGCCACCATGTCCCA
GCTCT
CTTGGTACCGAGCTCGGCCACCATGAATTCT
AAGAGTGC
CCGGGTCCATGGAAATATCCATTCTCGAGAA
TGGATATTTCCATGGACTTTTTG

TCAGAGATGAGTTTCTGCTCTGCGAATTCGGAG
GCCTTGAGACGGTTG
TTACAGATCCTCTTCAGAGATGAGTTTCT

AACATCGTATGGGTAGAATTCCATTCGGGAGGG
CGGGCT

CATTCGGGAGGGCGGGCTGG
GGTTTAAACGGGCCCTCTAGACATTCGGGAGGG
CGGGCT
AACATCGTATGGGTAGAATTCCAGGTCAGTATC
AAACCAGGCC

CAGGTCAGTATCAAACCAGGCC
AACGGGCCCTCTAGACTCGAGCAGGTCAGTATC
AAACCAGGCC

TCAGTGCACCTGAGGCTG
GGTTTAAACGGGCCCTCTAGATCAGTGCACCTG
AGGCTGGG
CGGGTCCAGGTAAGACTGTTGCTGC
CGGGGTATCCACATCCTCTTCCTCA
CTGGGTATCCACATCCTCTTCCTCA
CGGATGGATTCCAGAGTCCAGGTAA
CGGAGTGGCACCAGAATGGATTCCA
CGGCCTCCGGCGGCAGAGCTCCAACACCAC
CTGCCTCATTATATTTACTAAAGCT
CGGTTCTTGGTTGCCATAAGCTAAA
GTCATCCTTGTAATCGCAGGTCAGTATCAAACC
AGGCC
GTCATCCTTGTAATCGAATTCCAGGTCAGTATCA
AACCAGGCC
GTCATCCTTGTAATCGAATTCCATTCGGAACAA
AACAGCAGC
GTCATCCTTGTAATCGAATTCCATTCGGAACAA
AACAGCAGC
GTCATCCTTGTAATCGAATTCCAGGTCAGTATCA
AACCAGGCC
TTAGGCACAATACGGCCCGCGAACACCTCCTT

GGTTTAAACGGGCCCTCTAGATCAGTGCACCTG
AGGCTGGG
TGGCTCCCGTACGCGGCGTCTTCCTT
TGGCTCCCGTACGCGTCGTCTTCCTT
GTCATCCTTGTAATCGAATTCCATGCCGTCTCTT
CCCGG
GTCATCCTTGTAATCGAATTCCCACATCTGTCGG
CCTTTCTC
GTCATCCTTGTAATCGAATTCCATTCGGGAGGG
CGGGCT
GTCATCCTTGTAATCGAATTCCCACATCTGTCGG
CCTTTCTC
GTCATCCTTGTAATCGAATTCCATTCGGGAGGG
CGGGCT
AATTCAAAAAGTCCATGGAAATATCCATTCTCG
AGAATGGATATTTCCATGGAC




sh2-PLK1

sh1-NFKB2

Sh1-USP2

Sh2-USP2

Sh1- CTNNBIP1

Sh2- CTNNBIP1
USP2- Promotel
USP2-2000/100

USP2-1000/100

USP2-500/100

USP2-250/100

CCGGCGTGGAGCCCTCGATACATCTCGAGAT
GTATCGAGGGCTCCACGTTTTTG
CCGGGAAGCGGAGGAAGGCCTTGCTCGAG
CAAGGCCTTCCTCCGCTTCTTTTTG
CCGGCTTCACCAAAGAGGATGTGCTCGAGC
ACATCCTCTTTGGTGAAGTTTTTG
CCGGGCCACTATACAGCCTACTGCTCGAGCA
GTAGGCTGTATAGTGGCTTTTTG
CCGGTGCTGAAACATGCAGTTGTCTCGAGA
CAACTGCATGTTTCAGCATTTTTG
CCGGCTGGCCATCTTTAAGTCTGCTCGAGCA
GACTTAAAGATGGCCAGTTTTTG
AACAGAGGTAATAGGCCGGGCGT
CGGCGTAGAGGATCGAGATCTAACAGAGGT
AATAGGCCGGGC

GTCAAAGACTGAGGGTGG

ACACCAGAAGGAACAGAA

TTATCCCGAGCTGAGCCT

AATTCAAAAACGTGGAGCCCTCGATACATCTCG
AGATGTATCGAGGGCTCCACG
AATTCAAAAAGAAGCGGAGGAAGGCCTTGCTC
GAGCAAGGCCTTCCTCCGCTTC
AATTCAAAAACTTCACCAAAGAGGATGTGCTC
GAGCACATCCTCTTTGGTGAAG
AATTCAAAAAGCCACTATACAGCCTACTGCTCG
AGCAGTAGGCTGTATAGTGGC
AATTCAAAAATGCTGAAACATGCAGTTGTCTCG
AGACAACTGCATGTTTCAGCA
AATTCAAAAACTGGCCATCTTTAAGTCTGCTCG
AGCAGACTTAAAGATGGCCAG
AGGACAGCGTCCGCGGCGCCCGAA
TTACCAACAGTACCGGAATTCAGGACAGCGTCC
GCGGCG
CGGCGTAGAGGATCGAGATCTGTCAAAGACTG
AGGGTGGTG
CGGCGTAGAGGATCGAGATCTACACCAGAAGG
AACAGAAGG
CGGCGTAGAGGATCGAGATCTTTATCCCGAGCT
GAGCCTCA

Primers for RT-qPCR in this study

PLK1
FZD1
FZD3
FZD4
FZD7
LGR4
NKD1
USP2
RBM3
ZNF777
PES1
ARMC6
BCL-9
FOXOl1
Myc
CD44
NFKB2

ACGGCAGCGTGCAGATCAACTT
TGAGCCGACCAAGGTGTATG
ACGTGGATACAAGAACGC
GTGCCCTTACCTCACAAA
GACATCGCCTACAACCAGACC
TTCCCTAGTCATTCGTGG
GCAAGATGCTGCGGGTAA
CCCCAATGATGTGGTGAG
GAGCAGGCACTGGAAGAC
ACGAGTCCCTGGTTTCCAT
GACAATGGGTTCGTGGAG
TGTGCAGGAGAACAAAGGC
GAAATGGTTCCACCTTCTATG
GTCCTACGCCGACCTCAT
TCCTGTCCGTCCAAGCAG
CAGATGGCATGAGGGATA
GCCGAAAGACCTATCCCA

CCAGGAGACTCAGGCGGTATGT
CACTGACCAAATGCCAATCC
CAGAGGGAATGCCAACTA
TAAGCCAGCATCATAGCC
CGCATACATGGAGCATAAGAAA
GGTATGCTGCTTATCTTTG
TCCTCAGTGGGCTTGGTCT
CCAGAAGAAAGCGAAGGA
CTGGGTTGGTGAAGGTGA
GCCCTCCTCAGAGTCTTCC
GACAATGGGTTCGTGGAG
CAGAACTCGTTGCGAATGG
TGTTCCTGCTTCCTCCTCT
TTGCTGTCACCCTTATCCTT
ACGCACAAGAGTTCCGTAG
TGTGAGATTGGGTTGAAGA
ATTGCTTGCCCACCAGAC




