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Abstract

Objective:Analysis of the effect of SUMOylation of ENO1 on breast cancer development via
glycolysis.

Methods:(1) ENO1 levels were detected in breast cancer tissues by Western Blot assay. (2)
Immunoprecipitation (Co-IP) assay to detect the degree of SUMOized modification of ENO1 in breast
cancer and cells. (3) Western Blot assay for protein expression levels of three key enzymes of glycolysis
(PKM2, LDHA, PDH); The kit detects the activity of three key enzymes of glycolysis (PKM2, LDHA,
PDH). (4) The kit detects the content of glycolytic metabolites (pyruvate, acetyl CoA, lactate). (5) The kit
detects glucose uptake capacity, ATP content. (6) To analyze the correlation between ENO1 SUMOylation
and clinicopathological characteristics and prognosis of breast cancer patients.

Results: (1) During the evolution of normal breast tissue to invasive breast cancer, ENO1 protein
expression gradually increased, and the difference was statistically significant (p < 0.05). (2) ENO1 is a
target protein for SUMO1 in breast cancer tissues and cells, and the SUMOized level of ENOI varies in
different breast cancer tissues and cells (p < 0.0001, p = 0.0187). (3) At ENO1 high SUMOized
modification level, PKM2 (p < 0.05) and LDHA (p < 0.05) protein expression and activity (p < 0.05) were
elevated, while PDH (p < 0.05) protein expression and activity (p < 0.05) were decreased. (4) Both
pyruvate and acetyl coenzyme A expression were decreased (p < 0.05) at ENOIl high SUMOized
modification levels. (5) Glucose uptake capacity (p < 0.05), ATP and lactate content (p < 0.05) were
elevated at ENO1 high SUMOized modification levels. (6) High SUMOization of ENOI in breast cancer
was significantly correlated with high histological grade (p=0.001), ER, PR, and HER2-positive status
(p<0.001), Ki-67 expression (p=0.048), and chemotherapy (pre vs. post, p<<0.001).

Conclusions:(1) The SUMO modification level of ENO1 is increased in breast cancer. (2) The high
SUMO level of ENOI1 increased the catalytic activity of ENOI. (3) SUMO modification of ENOI1 is
associated with breast cancer occurrence, malignant progression and poor prognosis.

Key words: ENO1; SUMOylation; glycolysis; Breast cancer

Type of thesis: A (Basic Research)
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ANBT Adjacent normal breast tissue TEFIEF A IRAR
ADH Atypical ductal hyperplasia HhpdE sl S A
BC Breast cancer AR

Co-IP Co-Immunoprecipitation G IE
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HC Immunohistochemistry G
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(Introduction)

FUBRE R AV AR BRECH W LB R 2 —, X 2 Pk A R ™ S, RIS
R AR M RE SR T I R BN 2 — e REFAR. R W7 AR T 507 7 ik
Wfs T R, FLIE R AR R AGET RN = AT, HARER AU i) TR A
FANAE 30% . BIRBUTEEL X FLIRE (76T T BUEIZ B 2, AL LB i D) (¥ A L
HIEATEARTERE . FrEL, IR A LE MU SRBLE], XI5 G T LR 25k
B,

it 5 e AU AT LRI T TR IR AR I RE P ¥ Warburg RN H 2 52 21 5¢
o IXFPRN, WK A ARERE, 502 REMRER TN, ORI ZK
R IR eI AT R R AR . BARMZIEREH R AR K B 0, (e PO K ATP,
[l 2 AR R PR RO OA BT, e gt i E AR R, XK AR EAE I, SCRe T 4R A
Wi AR 2R RE T

B AU RE RENS 7 9 P SR, R il A AN 5 A - B PR ZE WA PR A QA 1 5
AT RE RSO [R](E A2 A 25 B SGUE (K3 2 W 1K) 70 A AU o IX AN AR Fi )2 W SR I 0
IS/ 5o W) o AR T 23 N T SR A R R S o AETE AR A T M 0 (O P
A H AR REMIR T, BEZIBCH ) RE R AR B2l [N fd s o AR M A2 il #E 78
AERTIELH, B REME T AL, BRJEE T RARRAUK, RN REBCKEREE . H
wPEL L — RN A R 2-WER HMIR, B ENOT RYMEAAT T 22 r ot 8 A 5 =X A
W2, TR e X P T P £ P R R il (PO A T AR RO R, 17 PR R R A TG S 2% A1
&, HFLRBER (LDH) A RTLER; AR RS, HMNHRE AN (PDH) f#
WA B LB CoA ITTHEN = FRIRfE @42 o

ENO1 (Enolase, JilE{bRg) , RMEEHFREFN ok, H&MEl 1,3-20
W H- s 17 3-BAE IR H il e AL I ZhE - ENOT £ J L-F- 3 SR e rh B 3R08 R0 i 91
AT TR I IR U S A ENOL RIA /KPR, $27n ENOL 2 I L, AT RE
W 2 5 R AR R, 80 o MR BB R IR A TR FL I R IREAIE
%[6—10] R

ENO1 HH R IEZ B Z R R, BRI N RSB N R, MR )EH
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H, WLELE] T ENOL BB LAY, %4840 5 i i A5 — 2 G2 78 BUI e, ENOL
I T LA TIRFAED); FERE R R RO, ENOL R IUE ML 8 1, 1X—
B 25 03 1 PR A PR PR P AT 04 AR B OIRES T B NSRRIt M, A e
M7 ENOL ) EAL LR 15,

SUMO {kf&1fi (SUMOylation) & H RIHF AR 2 1 —Fh i ABIR R IE 1R AL, K
IR Y R, — bl 7 A R R 5 81 U7 2 SUMO b = Z/E ML 48 JLA
IR EE, SUMO i 40 IEm L, @it SENP EgY)#| SUMO (1) C g 2R, X
BEF 7R i — H B R T R SUMO; Bfif5, 78 ATP KRR AE R N, SUMO
ZHIRTFILER S Bl B LR ERR LSS, ERBEER SR, R, i
TG SUMO #8251 E2 B b, HLATRAE T, E2 ¥R 5 (14 € 51 -5 SUMO 5
B PRERRERRSS s BJ5, SUMO g — i #2, SENP nJ DAE AR5 b 1 i 202
B FE A SUMO 4371, X EERH i1 SUMO T 2 53— %2 1) SUMO {Lifsh. SUMO
AAB R T AR5 40 BT - Fil 40 SIS 5 AR S 2O E 00, 1 (¥ SUMO 12 1iid
W FEEAAIENE . FRE . A e A B AR B RS A ELPE FH B8 7 1 e gt T
FEARME A AR . BEREAR. DNA 25, Fesk. RSS2 g 20718, 5 20
tH2e 90 AEAR R IR H/INZ REHBIHEYIED SUMO 2 )5, A B 7UHfih SUMO Xt & (&
Mt WIS ER, A2 AMThae, W 7 QO .. DNA EEER. #%
MR AR S R R RS . B IR ERA . RNA BIAE AR B UL BB R
T ITHEK, SUMO ABHR B R IUERERE « (O MBI AP P AR e &5
%ﬁﬁ%ﬁ%*ﬁﬁ?%%%%%@x .

hydrolase ™=
activity

Maturation
SUMO P v, ATP Activation
isopeptidase ‘%JMO\- L
activity 1 ADP + Pi
De-SUMOylation .
@)
oD
e i
(\gUMQ)N-I( Targa ) A= . Transfer to E2
o & N conjugating
enzyme (UBC9)
[SUMO i, PR
conjugation to @ é}-—*UBCQ‘
target protein =
Targét‘ /\ P i N
\ ) Target
\WKXE |
. YKXE
DD &
Target recognition
by UBC9/E3

K 1-1 SUMO LR K
H#F SUMO 24 ENO1 RF =Rt sseslid. £—Musad, ANFEHE T4
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— i B FAE /N R FLBR I A b, B PR EORTEIA T ENOL 32 3] SUMO /i, Jf HiX
el 6 7 2 A M P2 Sl 2 189 221 o AR AT 5 ] A CE i B s 36 oS I 1 7L A 2 41
A4 SUMO1 43 FRIFKIEED, 4558 ERFUIE S SUMOL 40 F LGS & 87
FISHE Bt AW, HETSCERH AR A ST ENOL 1 SUMO AR AE 1 LA K 7 46 %) b
AR 3847 Hh T 7L B R A A PR PR s e ) T
SEEDL BN, AT R B F AR SRS BT AR, IRAREAE ENOT /S
UMO AT 7L e 7= A2 RS IR FH o FRATTHOLTE L i 4 2R 24 o oA 00 7 T o A O
fif ENO1 73 T RIS, K Co-IP J5 A6 M FLARE  ENO1 ) SUMO b i&1fiKF,
4379 ENOL K. Ik SUMO /K-F-Pi4H, FIH Western Blot i e fif < B i ) 22 15 F0 B FH
A OISR SR R s P, R AR = il & i L B, [RIINTWAC R B8 i A 2
S TGEREYT, 0T ENOL ) SUMO fhmy s (RIRAS T ISR AR 4k DL 22 5 B3 I PR s
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(Materials & Methods)

2.1 SEIGH#R)

2.1.1 fiIRTER
2.1.1.1 Fréfea2R

FEAS S ST TR A 10 S e ALAL I T ORI A b, AT 70 7 K BR 22 B
—MEEEBEE 2021 4 9 H & 2023 F 6 MR BT FARVIBRIZLIRAIFEA . IXEEFEAR
Fr, FATBRLE 1 30 BIFLAREEALZ K 30 BIAH NI I H FLIRE S AL, DA Bl s il
s RAZ W12 v U, AT P ARDIER AR BEATIEBOT 97 #ERAST AN A 20 A6
7, PIULHE, BOUREAS IS B Im R AL B2 I R k. DL EREAR 24 10%
IR VEAR R S MRS 70 [ € o FEAS FAFAE LU NS 1500, WHEBRAERT T2 4. (1) fif
AR I () B H A HABEMRER L, (3) ImKRTTRATEE,

2.1.1.2 AR RE AR R

A AL N BB TR IT RS S, AR RO AR AE R, a4 . 4l
WIEATIEAL BN H S 75 MRS ARG, S EY#. TNM BBkl sy, M
PEBCR AR ER. 2R 24k PRy N RER B A K K752 46 -2HER-2 (3G YE. 40114
B, Ki-67 WG TECLIBITRT G IS OL (3R 1) o A1 REFH MR E R reE 2 R
ZOAHHE T AT R, JFHITAEZ5HEHCAET 7RG REE T,

1 FLIE T I A B 2R E
BEIRGIEL (N=150)

FELRIFAE 5
1% HAE (%)
<55 % 87 58.0
O
>55 % 63 42.0
JUR BB pi 84 56.0

B3 1 FLIIE B i S B 2 R AE
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