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[ Abstract] Background and purpose: Colorectal cancer is one of the most common malignancies. The efficacy of 5-fluorouracil

(5-FU) in the treatment of colorectal cancer is often affected by drug resistance or toxic side effects. Dihydropyrimidine
dehydrogenase (DPD) is the key enzyme in the metabolism of 5-FU, and the expression or degradation rate of 5-FU may be a factor
affecting the efficacy of 5-FU. Autophagy is an important pathway of intracellular protein degradation. This study aimed to detect the
expression of microtubule-associated protein light chain 3 (LC3), P62 and DPD in colorectal cancer, and to explore their correlation
and clinical significance, so as to provide a new way to reverse 5-FU resistance. Methods: Immunohistochemical envision method
was used to detect the expressions of LC3, p62 and DPD in 157 colorectal cancer paraffin tissues archived by Department of
Pathology, Binzhou Medical University Hospital from 2013 to 2014. Western blot and real-time fluorescence quantitative polymerase
chain reaction (RTFQ-PCR) were used to detect the expressions of LC3, p62 and DPD in 44 colorectal cancer fresh tissues received
by Department of Pathology, Binzhou Medical University Hospital in 2020. The correlation and clinical significance were analyzed.
Results: The expressions of LC3, P62 and DPD were significantly higher in colorectal carcinoma than in normal tissues (P<<0.05).
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The expressions of P62 was positively correlated with the expressions of DPD, and the expressions of LC3 was negatively correlated
with the expressions of P62 and DPD (P<<0.05). The expression of DPD was significantly higher in P62 /LC3 group than in the
other three groups, while the expression of DPD was significantly lower in P62/LC3" group than in the other three groups (P<<0.05).

The protein expression of DPD in P62/LC3" and P62'/LC3" group were different, but the difference was not statistically significant
(P>0.05). The expression of P62 was positively correlated with T stage and lymph node metastasis. The expression of LC3 was
positively correlated with tumor size and T stage. The protein expression of DPD was closely related to histological type (P<<0.05).
LC3, P62, DPD and lymph node metastasis were related to the prognosis of colorectal cancer patients. All of them were independent
risk factors for the prognosis of colorectal cancer. Conclusion: LC3 and p62 can affect the expression of DPD. Autophagy-lysosome

pathway may be an important pathway of DPD degradation, which may affect the resistance of colorectal cancer to 5-FU through the

degradation rate of DPD.
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45 B e i s-FU BRI 24 P S 07 S v

1 BB
1.1 ##
1.1.1  AAZAEA
W AE2013—201 441 M B2 27 B B i B2 B
FRRMERY 09 BA 58 3 7 90 RH 45 g T dn A
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LC3. P62 & DPDHLIKI I H 32 [ Abcam 2y
A, SRR R T X e AU R & A
e S BV R A R/A R . Western blot
Jr iR e F i A KA ER A BRAF .
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1.2 FHik
1.2.1  SdE AR F EnVisionik

Fra pmP) s 2ok, MO R 4R
(ethylene diamine tetraacetic acid, EDTA )
(pH=38.0) BEWHITIIRELE, 3%H,0,
LN E S ARG, A —di4 Cit
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( phosphate-buffered saline, PBS) {UEF—HifE R
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1.2.2 Western blot

Ve UR T —80 CUKAR A BT i 4 L A%
VR AT IS BB I 2 RIPA B, I JH — = Al 7 iR
( bicinchoninic acid, BCA ) i H & m= i H| &
R AR e B . AR AU E TR UK. A
-20 = O BERE 2% thER VS W ( tris-buffered saline
Tween, TBST ) P10 min x 37K, 5%
FERIEIRE 2 hy —Pi4 CREILHK; TBST
PEWE10 min x 3¢ “HUERIEE2 h; TBSTHE
#10 min x 3K, ML %6 (electrochemical
luminescence, ECL) B#J%:, HQuantity One{4:
53 HT B T FIGAPDHINI L (D) fH, LIH
(25 115 GAPDH DIE W FUAEAE M B 8 1 B9 AH
POESS7y o8
123 RTFQ-PCR#&]

7 TR Izo 1105 & Ut ] 45 42 BUZH ZLRN AT
K HH B, 1637 °C 15 min, 85 °C 5 s T#
RNA 57 flicDNA . PCREFSYBR GreenfHX}
FETPCRYE, 4% M & Ui B RCHI 25 pLik &R
SR, FECFX96T RTFQ-PCR Detection System
C1000 EFEATY 1Y (K1) o MM 95 C
30 s (AIT40MEHR ) , 95 C 55, 60 °C 305, K
FHAACHEEAGIN, FESL A Feak B 2~ 3R,
AACt=455 H s ACt-1E % 45 E I B AL 2UACe,
ACt=HW I N CHli-GAPDH Ct{i, LK HE K
3K, AR BCE A,
1.3 RRARUFERHERE

LC3FZRIA T AN dn L i rh, Pe2
BRIN T A A S b, DL s e

PR & . FEARAS B8 B OREE 10 S ML AT, 3
HsA~ B 20 Mo 55 e 22 OO0 BT, AR B A e 2 £ 5
JEE RIS 7 4 L 1) ) SR B A R AL TC L £
KOGy, WA K15y, BRE G20y, Bl
3455 BHPEAIEL<5% K05, 6%~25% 1471,
26%~50% K247, 51%~75% N3%41, >75%HK
457 KEMIPE a5 AR, =4 F R EM:. Fr
A Y ABZE T IE PR 44 e A R R R IS e
gL,
* 1 RTFQ-PCR3|#1F 7%l

Tab.1 RTFQ-PCR primer sequence

Gene Sequence

P62 Forward primer: AGCTGCCCTCAGCCCTCTA
Reverse primer: GGCTTCTCTTCCCTCCATGTT

DPD Forward primer: CCAAAGTGAAAGAAGCATTG
Reverse primer: TGTCACGATGTCCTTATCAA

LC3 Forward primer: GGCGCTTACAGCTCAATGCT
Reverse primer: CTCCTGGGAGGCATAGACCA

GAPDH  Forward primer: GGCTCTCCAGAACATCATCCCTGC

Reverse primer: GGGTGTCGCTGTTGAAGTCAGAGG

DPD 2583k T4 s A o, FEAIRAS
B NS 10l S PRET 3 S FH 4 A e R i
ZHEF, K HImage Pro 6.08K {4725 &4
B, AR B BE P XS AR 3 B (integral
optical density, 10D ) fH, HCULFI{E,
1.4 SEitabiE

B B 24 K FHSPSS 20, 08K {4 AT 481147
Mro iz HlGraph Pad 7.0, ImageJ X FiEAT EME AN
BAEAb R, ZHIR] LR BT A 55, THECR R
K R 36 K AE R e AT S s A A
Brk FiKaplan-Meierik:, Jf:Dllog-rankiitu s ; K
FHCOX LA XU (71 AR 53041 22 PR 28 A= A7 53
P<0.05hZRAG L

2 4 R
21 Z£EBESEEHFEHRAHLCI, P62K
DPDHyFRIA

T b2 R Bk, LC3XDPDEE £
K FANME R, P23k 20 A% A2 it o v
157125 H il B, LC3. P62 X DPDAYFHM:
R H50.3% . 68.8%1%56.7%, HFEKKIET
EH R (P<0.05, E1, $22)
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(Immunohistochemical EnVision, x 400)

E 1 ZEPBEREEHLAHFLC3, P62XK%DPDHIFRIE

Fig. 1 The expression of LC3, P62 and DPD in colorectal cancer and normal tissues

A:LC3 was positive in colorectal carcinoma; B: P62 was positive in colorectal carcinoma; C: DPD was positive in colorectal carcinoma; D: LC3 was
negative in normal mucosa; E: P62 was negative in normal mucosa; F: DPD was negative in normal mucosa.

R 2 HHEBEMEZSFEHRDPD, LC3IRP62KRIE
Tab.2 The expression of LC3, P62 and DPD in colorectal cancer

and normal tissues

[n(%)]
Item Case n LC3 P62 DPD
Normal 157 21 (13.4) 20 (12.7) 33 (21.0)
Tumor 157 79(50.3)° 108 (68.8) 89 (56.7)
*: P<0.05.

Western blotZ5 R 7, 45 HIGEH L H
LC3. P62 M DPD R IA & 34 T IE # Rl 24
4, ZRAGIEEX (P<0.05, E2) .

RTFQ-PCRZS R WK, 454 i
LC3. P622DPD mRNAAI X KL & & T

Normal CRC

LC3 ~.
o -
- .l

GAPDH

EHFRAL, ZRAGIHEL (P<0.05,
E2) .
22 LZEBETLCI, P62KDPDRILZMIELE M
RIEDPD I e AUk 2 e B 25 5, K157
125 & s 3% /> M DPD T4 FIDPD 4, 3t
LC3. P62 X DPDE IR IKZ B MAH M, 4558
%, DPDY4 T, Pe2fsRiki TDPD 4, i
LC3ERIANYE FDPD 4, 2R AL5IT2#E S
( P¥J<€0.05, #3) . Spearmanti /T s,
P62 5DPDIYFRIARIEAX (r=0.160) , MMILC3
5DPDRYFEIEN R AAE (r=-0.200) , 27
At L (P¥<0.05),

15

* * *
M M M
1.0
0.5 E ' E
0.0
P62 LC3 DPD

&2 Normal
&= CRC

™= Normal
W CRC

2 Western blot % RTFQ-PCR#&ULC3, P62KDPDEER FIER & BHBEALA hAIRIX
Fig.2 The expression of LC3, P62 and DPD in colorectal cancer and normal tissues by Western blot and RTFQ-PCR

*: P<<0.05, compared with normal tissues.
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MRAIELC3M S AU Y B 45 51, f H 3
HLC3HMILC3 4, i = HZ IR R, 4
WoR, LC3 4, P62, DPDE AR FHER LT
LC3 4. Spearmanti X/ R, LC35P62, DPD
AFEIR IR AR (r=-0.202, r=-0.200) , Z5F
HGeit#mE X (P<0.05, #4) .

2.3 HHBETP625LC3RERIESAHRDPD
HRIEER
WIEP625LC3H % 41k %

ik, B s7 B B A ad], BIP627/LC3T,
P627/LC3 ., P62 /LC3 FIP62 /LC3 4., 45R &
/N, P62 /LC3 ZRYDPDE [ 1k /W i T HiAth
320, TMiP62 /LC3 4 A DPDAE A 2654 M T HiAt:
3, ZRAGIFFEL (P<0.05) . P62/LC3
24 5P62'/LC3 4 DPDEE Kk i A AR, H
HERIGHFE (P>0.05) , {HH4DPD
B A K TPe2 /LC3 4, Him TPe2/
LC3'4 (P<0.05, F5, K3) .

®3 ZEMERARRIENDPDELCS, PE2KIEXM

Tab.3 Correlation of different expressions of DPD with LC3 with P62 and in colorectal cancer

()

P62 LC3
Item Case r value P value 7 value P value
- + - +
DPD 0.160 0.045" ~0.200 0.012"
- 68 27 41 26 42
+ 89 22 67 52 37
*: P<<0.05.
*4 HEBEDAERIEHLC3ISP62, DPDRIMEXME
Tab.4 Correlation of different expressions of LC3 with P62 and DPD in colorectal cancer
()
P62 DPD
Item Case 7 value P value 7 value P value
- + - +
LC3 ~0.202 0.011" ~0.200 0.012"
- 78 17 61 26 52
+ 79 32 47 42 37
*: P<<0.05.
* 5 HHEFEHRP625LC3AESEHPDPDHIFIZER
Tab.5 Expression of DPD in different groups of P62 and LC3 in colorectal cancer
[n(%)]
Item Case n P62*/LC3™" group P62*/LC3™ group P627/LC3™ group P627/LC3™ group
DPD
+ 89 30 (63.8) 37 (60.7) 7(24.2) 15 (88.2)
- 68 17 (36.2)** 24 (39.3)% 25 (75.8)" 2(11.8)™

*: P<<0.05, compared with P62'/LC3" group; #: P<<0.05, compared with P62"/LC3" group; : P<<0.05, compared with P62 /LC3" group; A: P<<0.05,

compared with P62 /LC3" group.
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2.4 ZHEPFETLC3, P62, DPDHIFRIESIGK
R IR A ERIHE K 1

45 H b Pe2 i 1R IA 5T W Mapk L 45
BEIEAC, LC3#EHRIL S MIE B T4
EIEAHDC, DPDTERR I S A R N i o3
(R R g Hh 0 2k B B i TR R, 255588
A2 L (P¥<0.05, 3£6) o
25 HEHTEHSH

15711 45 B R g BB A 1A R S AR AE R 62,44
A, F¥s4EELE %N 59.3%, Kaplan-Meieri: 73
Mrigsn, Pe2. DPD. LC3MiKE 45 548
o 9 BB W T % UIA G (P<0.05, El4) .
COX A M B8, DPD. LC3. P62 ik
EEER R A5 H s ST fa B &R (P<<0.05,
x£7) .

P62*/LC3* P627/LC3* P62*/LC3~ P627/LC3~

e —
GAPDH D G S D

1.5
1.0

0.51

0.0-

X X s 3

[N IRV N v
NN RN
SRR e

& 3 Western bloti#ILC3. P62 [E4 4 RDPDRIFRIA
Fig.3 Expression of DPD in different groups of p62 and LC3 by
Western blot

*: P<<0.05.

% 6 LC3. P62KDPDHIZFRIES % H i I AR IEFFHERIE X

Tab. 6 Correlation between the expression of LC3, P62 and DPD and clinicopathological features in colorectal cancer

(n)
Variable Case P62’ r value P value LC3" rvalue P value DPD’ rvalue P value
Gender 0.047 0.556 —0.032 0.694 0.024 0.769
Male 81 54 4 45
Female 76 54 37 44
Agelyear 0.061 0.452 —0.022 0.786 —0.061 0.452
<60 56 36 29 34
=60 101 72 50 55
Tumor size D/cm 0.03 0.707 0.199 0.013" 0.051 0.522
<5 67 45 26 36
=5 90 63 53 53
Pathological pattern 0.099 0.215 -0.036 0.655 0.219 0.006"
Tubular 104 68 54 51
Tubular-mucinous 21 16 9 14
Mucinous 32 24 16 24
Differentiation —0.062 0.439 0.032 0.689 0.053 0.511
Well 27 21 12 15
Moderately 102 68 53 56
Poorly 28 19 14 18
Infiltration 0.206  0.009" 0.189 0.018" 0.03 0.709
T, 10 8 3 7
T, 24 15 8 13
T,, 123 91 68 69
Lymph node metastasis 0.204 0.010" -0.034 0.675 0.409 0.545
No 121 77 62 67
Yes 36 31 17 22

*: P<<0.05.
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P62 (P=6.627¢-05) LC3 (P=0.011)
1.0 1 « High expression 1.0 «w High expression
== Low expression == Low expression
0.8 0.8 4
Q Q
S 06 g 061
= =
2 2
S 0.4 E 0.4 4
N 7]
0.2 0.2 4
0.0 4 0.0
0 1 2 3 4 - 6 7 0 1 2 3 4 - 6 7
t/year t/year
DPD (P=0.008) Lymph node metastasis (P=0.011)
1.0 4 « High expression 1.0 1 = Yes
=== Low expression ~No
0.8 0.8
Q
,‘L{; 0.6 - ‘é 0.6
= =
g {2
g 04 . E 0.4 1
17}
N
0.2 ] 0.2
0.0 0.0 4
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
t/year t/year
4 ZHEBETREGFRLE
Fig. 4 Survival curve of colorectal cancer
xR7 BNEEHEEREMRSEREGFEDN
Tab.7 Multivariate analysis of prognosis in patients with colorectal cancer
95.0% CI
Item B SE Wald df Exp (B) P value
Lower Upper
P62 0.372 0.180 4.257 1 1.451 1.019 2.067 0.039"
LC3 —0.417 0.177 5.579 1 0.659 0.466 0.931 0.018"
DPD 0.391 0.170 5.265 1 1.478 1.059 2.064 0.022"
Age 0.026 0.171 0.023 1 1.026 0.735 1.434 0.879
Gender —0.204 0.173 1.393 1 0.816 0.581 1.144 0.238
Tumor Size 0.199 0.174 1.304 1 1.220 0.867 1.716 0.253
Differentiation —0.076 0.136 0.308 1 0.927 0.710 1.211 0.579
Pathological pattern —0.163 0.105 2.427 1 0.849 0.691 1.043 0.119
Infiltration 0.133 0.152 0.763 1 1.142 0.848 1.539 0.382
Lymph node metastasis 0.455 0.202 5.064 1 1.577 1.060 2.344 0.024"

*: P<0.05.
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PEEEER 7 L kg 1 EW], DPDAEA5-FU
AR SR, L 238 T Nk 5-FU Y 23 ff X
W, BRI, MSE 2599730 A
L H i . S P EE R A M T U
P, DPDYFRIE S8 1Y & ] BEAIK5-FU R AL T i
JENE . AW A LI, 245 ARG KRR AR
DPD# [ XmRNAR) R A FIEH Fg], H
LT S BB AT VI . Ryt F
5EDPDRILH5-FUITRUMI KR, ARBFRBEE T
AJ5 R LAS-FU A 3ERE I FOLFOXIR YT 7 22 19
B, SR En, BE MBS SDPDRYFRIAAFIEM
Ktk 45 DPDI SR FakTE— TR
i) £ AR5 B 5-FURY YA . 45 A AR RS 2 i i
W U AR, AT, 45 B T AEEDPD
R, SRR RIS, S8Rt
5-FUREHER, NS 25 0 A Ar it . IR,
FEKDPDF IR, HEMIEERS-FUIFRL, A TRERCH
LT 245 1 L

B AR T R i 2 B A KO Y —
AEBIA Y. AU PR A B 3
7, B A WA AR 12 R -E A B E M
ML T A, i [ -V AR IR AR R A R
f R IR Y RO T Bk A, AT A B2
MM g IR FEEAR . AW EsE,
I IV - il A 2 2 1 AR AR 1) S i 5 2 R
B, Moors%: VO WFFE B, MR 1 W AT
fif o- 28 i A% 26 (1 S H HERL, SIS RS A 42 2R 1)
KM LidE ORGSR, TEB R 25 1 B P

iR L 5 3 A Taud (A T3 2 1 -V AR A AR e
fiff o LA, A S R TR 24 A A S A7 3 06
Vo Li%e Sk AU 2R F I 4 I HL -60
FIIFIE B, A A e eT LR (8 irhg 20 i R A5 X6t
BADBE I AR 25 0, TS S W ) A R T 2
AR T AR R, T 25 . A0t
g5 R, S-FUTR 25 41 M A7 7E 1 15K Y
SEH AL, WOE A MERT LR R 5-FUXTHCT-11641
M AOIVE R . LC3J2& A MEARE AR R & 1,
& A VEAIE bR S . ABFEES R ER, LC3
TESS Hm b 3Ras T, JF HLC3 4 DPDAYIH
PERIABACTLC 41, Wi FREREAME, Tl
I - R & 12 7T AE S S DPDEE Y P A
o RE, ISR AR 1263k /K -, i s i e ygg
M 251 . WK P B AT BB Z D P DR A (1495
A, HE UK TR, SRR

F I - V5 il 1A A% 1) DG B AT 2 A W R
EIARLE G, UL A WE- TR BR,  E I R A 2R
J, SEI A - A A AR R 9 A e
PEAERHIFT 12 B, P62/SQSTMI1 Y M M-Vl
IRV, J& AR S BHAZS A fit
(ST o PO —Fh N A T 1 Z D) RE R 1
i, HATNUPhox-BEMIZEIR . ZZAVEHE 4544
B, BENEY . FRILT . LCSHIEA/EAIX
Keap U B 1 H X R Cig 12 22 A0 DG 45 b 3 45 24
Zifi )L P62 i LC M AR T IX 45 48
Z 5 AT, 22 Z0NIR ks
S AR, ST AR - AR OA A i B BT
St fE. L, Pe2Bliih Ry A WERE AR I 12 P
—ANEHBER T, M AR, [
WK P, A WV B RAR E , PofF Rk
AR P 0 25 5 I — [RD B 1 I - 7 T I fo <
R FUKPAE

RIEWRSE 2 W], Po2 5 MR i 24 %5 AR
5, P62 T LA Xk TR T 24 Y Sk 2500 655 g 4
JiLFE B AR AT X 2 M R . AR R A Y
Wrge R R B, P2 Tt T LU 5-FUZG )i
SRR AT . AR AR R, Pe2 4l
DPDF A BAME R i = FPo2 4, JEH 5HBH
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