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[ Abstract ]| Objective: To investigate the role of PTEN-induced putative kinase 1
(PINK1) in regulating the viability, migration, and apoptosis of colorectal cancer (CRC)
cells, and to explore its potential epigenetic mechanisms. Methods: PINK/ was overex-
pressed or knocked down in HCT116 and DLD1 CRC cell lines using lentiviral vectors,
with efficiency verified by qRT-PCR and Western blotting. Cell proliferation was
assessed using CCK-8 and colony formation. Cell migration was detected using wound
healing and Transwell assays. Apoptosis was assessed using Hoechst 33258 staining.
Protein levels of apoptosis-related and histone modification-related markers were analyzed
by Western blotting. Genome-wide chromatin accessibility was profiled using assay for
transposase-accessible chromatin with sequencing (ATAC-seq). Results: PINK1 expression
was significantly downregulated at both mRNA and protein levels in CRC tissues com-
pared to normal tissues. PINKI overexpression inhibited cell proliferation, colony formation,
and migration in HCT116 and DLD1 cells (all P<0.05), whereas PINKI knockdown
promoted these malignant phenotypes (all P<0.05). PINKI overexpression induced
apoptosis, associated with decreased levels of anti-apoptotic proteins (MCL-1, BCL-2,
BCL-XL) and increased pro-apoptotic BAX (all P<0.05), without altering p53 expression.
Mechanistically, PINKI overexpression reduced histone H3 lysine 9 trimethylation
(H3K9me3) and histone H3 lysine 27 trimethylation (H3K27me3), and increased histone
H3 lysine 9 acetylation (H3K9ac) and histone H3 lysine 27 acetylation (H3K27ac). It
also downregulated key histone-modifying enzymes, including enhancer of Zeste homolog
(EZH)2, EZH1, SUZ12, and histone deacetylase 3 (HDAC3) (all P<0.01). ATAC-seq
revealed that PINKI overexpression increased chromatin accessibility, particularly around
transcription start sites. Conclusion: PINK1 acts as a tumor suppressor in colorectal
cancer by inhibiting proliferation and migration, promoting apoptosis, and remodeling the
epigenetic landscape through altering histone modifications and enhancing chromatin

accessibility.

[ Key words]  Colon cancer; PTEN-induced putative kinase 1; Epigenetics; Histone

modifications; Bioinformatics; In vitro experiment
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[ G5BE1E ] 407% & H3 % 915 # & B2 = W H AL (histone H3 lysine 9 trimethylation,
H3K9me3) ; 28% & H3 % 27 4% 4 & 88 = ¥ A AL (histone H3 lysine 27 trimethylation,
H3K27me3) ; 20% & Bt T BLEE (histone deacetylase, HDAC) ; 215 & H3 % 27 15 #i &,
B2 T BEAL (histone H3 lysine 27 acetylation, H3K27ac) ; PTEN # 518 & % % 1 (PTEN-
induced putative kinase 1,PINK1) ; A% % & /it B 3% (Human Protein Atlas, HPA ) ; %% J&
& 1 28 & 3% (The Cancer Genome Atlas, TCGA) ; B 48 JL#k & 7% %& & (B-cell lymphoma
protein, BCL) ; BCL-2 A8 % X % & (BCL-2 associated X protein, BAX) ;&G H3% 9
A5 # & BR T BEAL (histone H3 lysine 9 acetylation, H3K9ac) ; Zeste J& IF 3% 5% -1 F) /R 4
(enhancer of Zeste homolog, EZH) ; Zeste 2 B 37 4] B F 12 F] /& # (suppressor of Zeste
12 homolog, SUZI12) ;%5 % 4m It & fo i & & (myeloid cell leukemia protein, MCL) ; ¥
B%-3-BF B B 2.8 (glyceraldehyde-3-phosphate dehydrogenase , GAPDH ) ; 38 4~ B 4% R
(polymerase chain reaction, PCR) ; & % # 4% 5 PCR (quantitative reverse transcription
PCR, qRT-PCR) ; %8 i i+ % 3K 7] & (cell counting kit, CCK) ; Z #F DNA (complementary
DNA, ¢cDNA) ;42 4% RNA (messenger RNA, mRNA ) ; 4 &, Ji 4% & g ] Bt ] /5 (assay
for transposase-accessible chromatin with sequencing, ATAC | /) ; % 476 B -+ &£

441 (polycomb repressive complex , PRC)
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NZ5 4 3 HCT116 . DLD1 34 4y W IR I
B& B K 2 K W g i 9 e B0 . McCoy’s 5A (21
K K5 7% 3 (12330031) 24 3 [# Gibeo 23 7 77 it 5
DMEM/F12(1:1) 35533 (% L- A 2 Wi \HEPES)
(SH30023.01B) 24 3% [ HyClone 23 & 7™ i 5 Jifi 4
17 (10099141C) 4 3£ [ Gibeo 23 7 7= i 5 5 8%
2 /b T Z TR (CR-15140) v [= W7 VL 25 5 22 9
RFHE A7 BR 2 7] 77 5 s TRIzol i 7 (15596026CN)
Lipofectamine™ 3000 %% 4417 (L3000015) 2 3¢
Invitrogen 2% ] 7 fi s PINK1 (D8G3) fit B 7 [ 471
A #6946 . BCL-2 (124) /s B 5 5 B BT (K #15071
BAX(D2E11) fe B #o e hi A #5023 . H3K9me3 HifA
[ /= H AL E H H3(Lys9) (6F12) /N FE A
PuiA#5327] \H3K27me3 B[ = H IL LA & H3
(Lys27) (C36B11) g 5 5o B 41 1A #9733 ] \H3K9ac
ikl 2B A& A H3(Lys9) (CSB11) % i 5
PUAR #9649 | | H3K27ac $i 1A [ £, Bt 1k 41 2 1 H3
(Lys27) (D5E4) S S e P A #8173 ] (41 85 1 H3
(D1H2) % 5 5a B /A #4499 \[EZH1(D7D5D) f Bh.
T PR #42088 . EZH2 (D2C9) % B 70 B i i #
5246 .SUZ12(D39F6) f i s i fA#3737 HDAC3
(D201K) fie B 53 [ Bt (4 #85057 A 92 [ Cell Sig-
naling Technology 2\ 7] i ; BT BCL-XL % 2 b2 [
U (WL03353) kv (5 2k BH 5 28 A R 4 A7 R
ONTLFE s MCL-1 5044 (T40058 ) Ay Hf [ 3 e 35 4%
= 2R (118 )4 FRAA B 5 GAPDH P 2 5
R4 1A (GAIR) (MA5-15738) 4y 3 [# ThermoFisher
Scientific 2 7 77 i s ReverTra Ace® qPCR Wi
SR (FSQ-101) 2 H AR TOYOBO 23 ] 77 it 5
Hoechst 33258 Y4 (BL2846A ) Jy b 57 = A B}
F A PR F] 7 il s SYBR Green SEH 288 1t PCR
TR % o 35 B ThermoFisher Scientific 2y 8] 77 & o
1t FK AR pLV-PINK1 ,psPAX2 .pMD2.G Hi h
PR (MDA BRA R qRT-
PCR 519731 PINKI : IE[7] GACCTGAAATCCGA
CAACATCC,PINKI : & 17] CCATCAGACAGCCGT
TTCC,GAPDH: iE[i] CGCTGAGTACGTCGTGGA
GTC,GAPDH:J2 17 GCTGATGATCTTGAGGCTGT
TGTC, ¥ i E AT A FEAE R A BRA 7l A
BCo /NTHE RNA GELF /T4 RNA CH T @ fRoxr
FEO) R 95 7 A [ AT A R () e A
RS R A
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PR B SALAR R, 24 hE T EE R SR,
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FEIR TR, T G 23 BARNE y ik FRIE XTI o 1895
B SRR I A SR e 1 5 ) AR e 40 i JR g AT
I AGE SR . 24 h )5 B R 3,
4 pe/mL IS5 IR e R FE ANtk . FAIK PINKT
J& BT 2 F38 PINK T 5255 - R PINK 112958 5544
ARG RO A0, FEIEAT PINKI 3 323k AR 1
1.5  CCK-8 I o B TP 1 S5 5 A 0 210 34 i i

K CCK-8 1t 711) 8 A6 000 200 it 344 5 . BB %
A=K A G 20 il 96 FLAR , 73 B 7E 0.24 48 F172 h
JA 10 pL CCK-8 ¥R & 2 ho i FH A {3
1450 nm A IOLRE AL E 6 MR AL, TR
TE LS5 A0 LA 1000/FL 4R B S fLAR 2R )5
AR TR PR 3R 10~14 Ao [ E SN 1% 45
i L TR AT Y 0, 311 15 FH Image) BME G0,
2 ML £5CH 30~300 B 9 s B2 2 A R e B . SRRl
SEEE SR
1.6 AU RIIE 3256 A1 Transwell /N2 SEEGPEAS 40
JiERLRE )

YA RR L5 FC 5 B M B RAE S FLR S
TAASCET e, 2 20 B, SES0RTE A FE 35 31 90% .
X7 240 LA TR0 43 I TE O 1 24 ho%E 4t A R IR 4b
HATHANE  Image) A4 T 4 MRS % (%) o

Transwell /NEE S5 < 78 24 FLARCH I AR TR
600 wL 7% L7 55 52 FE , B Transwell /NE R 2 fLHR
o B B I AR A0 5 e/ N E N
200 wL 20 TR, B T A0 I 4 P 35 9% 48 h
Ja WU /N 4% 22 5 WV W )5 A8 0.1%
Sh R T IBOR 200 F5 5 H BT
1.7 Hoechst 33258 YL (o WAL At o 7175 14

FHANBE [ 2 W AE 4 °CTF B2 41 S min, 7818
JKIE VG A Hoechst 33258 JLWi 4,10 min. {E
FZRWWARSG , TEDE B N A4 i 1
T, SR A — IR A S F Image) R F5E
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1.8 qRT-PCRAM H Ay FEEH F ik

TRIzol V542 UM RNA, I 46 I RNA fi4 4 )3
e . {8 ReverTra Ace® qPCR i % S 7
BB B RNA W55 5% cDNA . ¥ cDNA T B S
H SYBR Green 52 B} ¢ )6 52 7 PCR K #E47 9"
W, S E A =R, LA GAPDHAE N N 2, R A
27N H SR KA
1.9 2R T B A A A 1 iR Gk

et FH T30 S5 0 5 T UE o 2R ik W B L B 1O
2% BCA ¥ 00 %8 Wk B )5, 4T SDS 5 A M3 T i 45
Ji HL Pk T e B A R A R LM

2.2 PINKI il 235 gy f 40 B 164 5

qRT-PCR A [ 5T VA S5 3 s PINKI 328
FE IR FN AR AN MR B D e, ULRFF R 1. CCK-8
SER R SAH R B LA, BRE i ik PINK
72 hJ5 ,HCT116 F1 DLD1 40 it (1 38 5 i 1 ¥ 4 A%
(¥ P<0.01) , A2 MR PINKI J5 P Fh 45 7 98 240
Ji ) 34 5 fig 1 4G5 (35 P<0.01) o s B IE Al S
Y2k T AR X B L L4, PINKT i3 323k )5
VR 235 fi i A4 LT o 1) 4 % 800820 (34 P<0.05)
T R AEE PINK 1 J5 T b 435 g i 40 B TR o5 1) B 75 %%

BEBUE T S% B A R af ’
A—Fibih T4 CFmEER. 2| . : 2
IMA ZHiHi iR ZREE 1.5 hy i *g $ _.M' %gls-
AR ROk R OF B LT Bl &y
fidt F Image 3R 4% 555 #E 47 K B % st % sk
AT e T K S 3 L ,

IEH A L I IEH 4 B

1.10  ATAC I 5 43 B 3k 5 4 JF
JICG 8 J5 X 35,

H A6 i AR BOR RN B A7
B 28 ] 58 W3 T Mlumina F 4 1
¥ o B FastQC PR R IR 41

A TEW AL (n=41) FIE5 E R 2021 (n=471) W PINKI mRNA F35 105 B iC
XI5 IE 2 (n=41) FI4E H 7 223 (n=41) /' PINKI mRNA 335 H4E . TCGA
AT FE R AL IR s PINK L : PTEN i 51802 4085 15 mRNA {5l RNA.

Bl 455 4 SRV 55 1E 4 4l 4R b PINKT mRNA 3K He A& (PR A
TCGA 4 1E)

Figure 1 Comparison of PINKI mRNA levels in colorectal cancer versus

5 &, 138 3 Trimmomatic 25
R 422 3k 5 44 FH Bowtie2 ¥4 i 471) o
RN SHILHA G, it MACS2 78 FL X 25 5 il
Sl G e ST 85 B, £ ChiPseeker F 15 51
H 1 i A R 38 5 DXL A ) A [R] )y B XS, i
DESeq2 W B 7E PINKI 32 36 15 HCT116 41 jg H &
& TR IR e A 1 X3
1L.11 Sil#rik

B A5 85 4448 F GraphPad Prism 10.0 %4443
BT, 000 R FH 35 B b 2% (s ) o, 2L 2 1]
ORI SRR AR « K56, = 4L K DA 1 21 ) e g
KT 25081, P<0.05 h2ERBA G E L.

2 & R

2.1 PINKI 7EJF &ML i 2R BRE
TCGA $HE /M 45 A o, 598 55 1E #4141
HL#8 , PINKI mRNA 23k 78 22 Fh I 41 20 R ik
SR HAE LS e AL 2 i kb (& 1B
B 1) s HPA B8 13 h fo e dh 24k 4 45 R R L 45
L 4 21 PINK 28 11 3R I8 38 0E & 4 2L b
(F2) . 4578 PINK 1 o] REAELE S0 il i 45 H

adjacent normal tissues (from TCGA database)

IR 25 HIBIEHR

45 B o 41 20 PINKT 2R 1 4 iR B8 0E & L 8L /> .
HPA : A K% 5 B3 ; PINK 1 : PTEN 35 S5 8 10 1.

B2 45 e A SR 55 11 A U PINKI &

FIk O H HPA B8 )
Figure 2 PINKI protein expression in colon cancer
tissues and adjacent normal tissues (from

the HPA database)
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a4 (¥ P<0.05) o DL 1 AR AL 2.
FE7R PINK 1 410046 25 i 9 40 it 344 5 A0
S FETE A
2.3 PINKI il 45 798 40 it 7%

41 g R S IR 25 2R B, 5 A R
X B ZH L8, PINK T 35 26 30K 2 40 o 1
Fe T, 1w Ak PINKT I 40 i 3 7%
(Y P<0.01) . Transwell /NE
SC 2R R, 5 AR R4 R
PINKI i3} 3% 35 20 4 i 12 B8 Fomi b (3
P<0.01) , 1fi @ ff& PINKI J&5 40 j8 i
R B8 (1 P<0.01) o W35 2 FIFff
3.4, HE% PINKI1 XF4E iz i 40 il (1)
A5 HA MHIAEH

DIReHe R e 45 R o, 5% i
20 b g [ 4E 75 %0 143.00+35.59, 41 i
T E(13.61£4.59)% ], K PINK1
J5 HCT116 4 A 4 75 250 in (320.00+
31.61, P<0.01) | 21 fifd i %% 5% 3% Jin
[ (57.76+3.34)% , P<0.01] ; 1fij it fi%
PINK] J& 51 2 1k PINKI ) HCT116
RSP O =S o e R = I =
T8 221.00+41.58, 4IIIE RS K (13.47+
5.62)%, 34 P>0.05], WLIfIE 5.6, it
— A R PINK 1 X &5 i 9 40 Y e e
B AR BA IR
2.4 PINKI1 {245 g 4n i g 1=

5 aob F R0 A0 L 38, PINK T
i £ 3k HCT116 A1 DLD1 41 i (9 4
TR, P T A B H MCL-1
BCL-2 . BCL-XL KA KV FEAK (3 P<
0.05) , {2 4 T~ % 1 BAX # ik K F T
171 (¥ P<0.05) , 1 p53 19 34 J6 B i
Ak, WL 3 4 FIER 3, 7 PINKT X
i A T AR VR
2.5 PINKI 95459 40 & (&

H T BN iR S R s AR AR
E NG A M, PINKI 3 2835 7] 1 3%
[ Ik H3K9me3 il H3K27me3 Y % 35

JK -, TA] Bsf 48 i H3K9ac F1 H3K27ac (1) 2 3k (1
P<0.01). #E—055 K, PINKI i 3541
20 3 (A A G 2 1 EZH2 \EZH 1 ,SUZ12 LA K
JI 2. TWE R HDAC3 (1 85 1 223k 008/ (3 P<0.01) ,

F1 o FRBEUS PINKT 5 HCT116 #1 DLD1 4 it (195458 e ) Hhdss

Table 1 Proliferation of HCT116 and DLDI1 cells after PINKI
overexpression or knockdown
(x+s,n=3)
a5l WOGEEE EEVREL
HCT1164H/fd  DLD14Hjfd  HCT1164tfff DLDI 4Hjf
FUESUY et 1.55+0.07 1.31+0.12 349+35 205+18
PINKI 31363k41  1.10<0.12 1.05+0.13™ 142+18™ 149+12"
AT HE 2 1.10+0.14 0.69+0.17 574 85+14
PINKI &4 1.55+0.07"*  0.91x0.03* 230236 172+16"

5 e ikt BRULHL B, "P<0.05, " P<0.01; 5 i {IE % AR 41 FL 2, "P<0.05, "P<
0.01. PINK1: PTEN 755 fl5 1 184 1.

F2 b FRIKEGEAR PINKT 5 HCT116 #1 DLD1 40U FS Rk T Lo A
Table 2 Migration of HCT116 and DLD1 cells after PINKI overexpression
or knockdown

(x+s,n=3)
P NI FE R (%) L% At A
HCT11641fs  DLDIZHffld  HCT116402  DLDI14HjE
I FIAXT AL 46.67+5.85  50.70+£7.00  468.67+35.80  312.00+55.83
PINKI i #63K41  17.70+2.69"  14.97+1.68™ 257.03+34.70"  72.00+23.07"
R B2 18.37+1.96  16.20+3.05 316.67+36.91  280.67+13.65

PINKI AR 40 68.37+5.24*  47.87+2.81" 525.67+£31.79" 519.67+26.28"
i FaR 0B FLEL , 7 P<0.01 s St (X IR 2H b4, #P<0.01. PINK1: PTEN i75

PABUE L 1.

HCT11641j DLDI14)i

13K PINK] J5 HCT116 f1 DLD1 A T-# £ . 5 =200 pum. PINK1:
PTEN 75 S+ e Uity 1.
B3 i %3k PINKI J5 HCT116 F1 DLD1 40 By 98 7~ 1% & (Hoechst
33258 Yfn)

Figure 3 Apoptosis in HCT116 and DLDI cells after PINK1

overexpression (Hoechst 33258 staining)

kot Al

PINK I3 #3541

1M HDAC2 25 [ 22 34 W) & 2 48 1k (35 P>0.05) .
LI S FnZE 4, 4878 PINK1 M8 ok M3 H &
A6 i it 11%) ¢ 15 A0 20 R 1 H3 TR 2R 9 N 27 £
) F A0 AN L BEARAB IR S
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HCT11641)1 DLD1Zid
JUE 37y PINK1 &k PINKI
FHEEZH A R A

53|— —— B (53 000

P
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Figure 4 Electrophoretograms of apoptosis-related
proteins in HCT116 and DLD1 cells after
PINKI overexpression
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Table 3 Apoptosis quantity and apoptosis-related protein expression levels in HCT116 and

DLD1 cells after PINKI overexpression
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Figure 5 [Electrophoretograms of histone H3 epigenetic modification markers and histone modification-associated proteins

in HCT116 and DLD1 cells after PINKI overexpression
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Table 4 Expression of histone H3 epigenetic modification markers and histone modification-associated proteins in HCT116

and DLD1 cells after PINKI overexpression
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