TE AL R 2 A (B AR 92021 4FE 3 A% 13 4 %6 1 4] J Dig Oncol (Electronic Version), March 2021, Vol 13, No.l 25

I RUIAEZS B a6 97 Hh R it i

ﬁﬂg\ 1.2’ ‘ﬁ’«%/}? 2%
1. AdE TR 2= A= B, e B il 063210
2.dbE NRERE M =FF Wb A FE 050051

BE) 25 P 00 B it R 2 — | 15 2 ORI SE AR 6 R b) . — UM
Sy 2 HONEIRAT B A H P T LRI ZE, B T T LA URESN | 3 FLAT — 2 (BRI R 4
e, — T RUIE S5 P05 8 T 9 532 B0 MR 2 1056 1 L — FRODUNCAS (5 AT LA 378 i 5 b L 40 0 45
oA 85 A T TR B A VT LR U 1 ST T LA 45 T 88 T 1 B |
BARST KH 0 307 O T 2454255 A% SRR I 4000k 1 5 1 8 JE T 45

[4A] WAL, R, T

Research progress of metformin in the treatment of colorectal cancer
Qiao Lu"?, Jia Yitao ™
1.North China University of Science and Technology, Tangshan 063210, Hebei, China
2.Third Department of Oncology, Hebei General Hospital, Shijiazhuang 050051, Hebei, China

[Abstract] Colorectal cancer is one of the common gastrointestinal tumors, which is closely related to
metabolic diseases such as type 2 diabetes. Metformin is recommended as a first—line drug in the guidelines
for the prevention and treatment of type 2 diabetes, which not only can reduce blood sugar, but also has an
certain anti—tumor effect. In recent years, more and more attention has been paid to the study of metformin in
colorectal cancer. It has been found that metformin can not only inhibit the proliferation, migration and inva-
sion of colorectal cancer cells through a variety of mechanisms, but also promote their apoptosis. In addition,
metformin can increase the sensitivity of colorectal cancer to radiotherapy and overcome the resistance to
chemotherapy and targeted therapy. This article reviews the progress of this field.

[Key words] Metformin; Colorectal cancer; Treatment

45 H W9 (colorectal cancer, CRC) J& TH i [l N 28 = T2, HAEIRYT CRC LA —EMIERM ARSI B IF L5k
R D e | T T NS MR *E%Eﬁﬁﬂi
2041 GLOBOCAN %45 4t it , 2018 4F CRC A 180 J1#i &
o N 88.1 JTFET I, HET CRC M EZIRIT HH I PRATF 5 & 30, 2 HOHE RS 28 38 I FH — F UK 12 1~ A
FAR ST BT IR T R BEIR T AR HERTR YT AL J& R B IR R SRS W PR AB AR LG, CRC & 98 XU [
RABAE R, Hl, mAE—FH G FB& 0 CRC 25 X7 129%5, A, CRC Y Ao XU PT It — FROSUBIASE 571
BITRCR 1 BRUM BB AL, —I 5T 2 BRI S CRC K&

CRC M & MALHIMN G 28, HLEZMEEFm CRC BIZ RGNS | BRI SUNCAO R PR m B 5 A il — T 3L
KRR ATEWM PRI s R I RO R S 2 IOICH A5 R B A EL |, 465 B IR 1) R 3R AR T 259607,
HUBE R R B CRC M FER R R 2, I XUIE R 2 T HOBUNRRR T T LR CRC &R AU A, i ] I 2
TR PR 1) — 2k FH 25, BB AR B AR | 5 Tif 52 T %2 4 P o 46 H CRC BEMHUS , Deng ST KB, H R — H WU AY
PR, BESRERBE SE T L BB T AT LARE I AN | 38 T LA R AR CRC BEMBIRAETFR (HR=0.73,95%CI: 0.63~0.84) 5
P b3 19 2R IR LA T S % b e ik JR 450, TSR o, P RE R 2 M AE A7 R (HR =0.60,95%CI: 0.50~0.73 ) 34 it 3%
FHSUIICRT AR CRC A0 iR 3G 58 TE A% R (258 , (i ik O P, AR BN HE T ISy, —
SRR & 467 5 1 CRC SR H BIRATEHERT 14 4
B—1EH T8, W07 55 4 E-mail :miduolvgl@yeah. net H o0l Ng SETIPA S — B SUNGA 7] AR CRC &R & %
CHEAEVEY B, AR, E-mail: jiayitac99@163.com (HR=0.65, 95%CI: 0.56~0.76) , {EZ& MR #E J& . {H Wang

1 ZHEIMEEEBERITHRFEAR




26 T AR IR 2R s (FF IR )2021 4F 3 A% 1348 55 18] ] Dig Oncol (Electronic Version), March 2021, Vol 13, No.l

S LRESE S B, 5 AR A OSUBICRE B 2 R R A 5
CRC B i — F WU, e 5 7 PR ST T 3 0 3 P
i, #HE—20F5E —H XUIRAE CRC IATFHFIIMER, "R
CRC HYIA Y7 AL T 22 G FHIS A0 4% 0 37 1L

2 “HRMMEEFREAmEE BT IR REENZM

2.1 WU CRC 2R Mg 50 — HOSUND 4 CRC
0 W FEAEVE 2 B I AR BHIE TS Kim 5530 3 XL
WICAT L8 2o B2 AP 4 B &1 8 755 B P B (extracellular signal -
regulated kinase, ERK) | EZAMMIE sh A F 4E 4558 H 1
(promoter 4E-binding protein 1,4E-BP1) FIZ AT 1 S6
(phospho—S6 ribosomal protein, p—S6) % 2 £k 7K - of 1) il
PI3K/AKT/mTOR {55 i B, HE T ) 45 7 98 HCT15 20 /8
BOIGAE , teAh, O HSUNR AT TR AMP R4 AR G
( AMP-activated protein kinase, AMPK) , ik 2> S 3k #E §% 5% [A]
F M1 (forkhead box M1, FOXM1) )33k, i BH 11 45 5 9
HCT116 AU 5 R APS2a6 b & B, FHAS [R] v B (1 — 1
KUHIAL BE HCT116 40D 48 h J5 , — HSUNCAE S L1k JEE 45t
B 7MW TR e B 4 -2 (B —cell
lymphoma-2, Bel-2) 223k | FBHE P53/caspase—3 15 518
S A B4 T G2/M 3BT, A e R 240 P B ST
BRAZEEDONA S W P SUIRAT S8 A 0 1) NF - B 380 #5135 AL |
T UHSE T 4 ) 25 I 9 (matrix metalloproteinase 9, MMP-9)
SFEARRIL, PEME HCT116 ARG SE . IRB T A
K, —HXUICAT LT P BB Caco2 40 H A9 RAS/ERK
17 538 6 DT A0 A e e 4 L

2.2 ZHORUGEE CRC AN T AFFE B, —H XU
AT DABOE LR AR FH G T8 1, 3B 7T B IR RASSFIA
FE R %) Al K T | T A a8 235 g 6 2 L ) R T e
FEPUII T2 HE N 14-3 -3 zeta 3 38 19 45 1 & HCT15 HI
SW480 A 8 HH N B 590 Sena A5 XU STIESE , — H
NI 2 3 6 4% R E2 #H B 2 (nuclear factor E2-
related factor 2, Nrf-2) Hl NF-«kB W% st K- 5 45 i
HT29 AR YA T, 2 10052 0 e 20 M B A 35 . 05 A F o I
N, ZH UK AT BH 7% mTOR/4EBP/elFAE 5 MNKI1/eIF4G/
elFAE {55 18 B AOWOE , 061 HT29 40 A+ 20 3 J 39 AR 5C
B MYC G B, e 295 om A0 i i T2 B R Gk
dE4mAS RNA JR I b ISR 1 (long non—coding RNA
urothelial carcinoma —associated antigen 1,IncRNA UCA1) 7£
Z M bR 2 T e AR . RN SR R B, BUIR]
PAFEAR IncRNA UCAT HYZRIKIKF-, iE— i PI3K/AKT
FI MAPK/ERK 5 5 i B, i XI5 30 45 W 8 SW480 A1l
SW620 A JA T-FE =2

2.3 ZHBUIRXS CRC 4T e (ZaRsm bR -] i
4k, (epithelial —-mesenchymal transition, EMT )il & %& A= 7£ it
NGRS R i i A5 B v EL S iR 40 i Y
%78 TR AT 25 3¢, Wang 52 7E SW480 41 IE Hm
AR, B E-A5F6 8 F EEAPEIEE AT I, A

i 5% EMT, AM 925 878 | IL-6 AT T CRC 40 % A=
EMT, T — F SUONCAT LA o B ARG 5% 3% 38006 B F 3 (signal
transducer and activator of transcription 3, STAT3) {85 R 1k
AR AR R, T3 BEsERs | — BRI HCT116
YN Wnt3 a/B—catenin {5 58 R0 | 5 2 BH e 40 i
EMT™>, gbah | — HXUIGE 7T LA AMPK #E it 410 il EMT
HEFE e 2RSS A5 LoVo AR IR ZE 0T RE 1120,

ZH it 7% $ (adherens junctions, AJs)7E 4H il (%) 26 B b A
KHAEM, Z 5 MR RE ST, — XU L
T SW480 Fl HT29 4L h P120- & (P120—catenin,
P120 ctn) E-#5%H 2 F Al B-catenin & A 5T JE 5% 3 I fff H:
WAL, M FAK/ERK {55 1% 52 T 5L A AJs, fic 20080555
i 950 20 BT B AR 22 AU RE 71 17) ) Palazzolo S5 HL, —H
W AT L3 o 98 /0 i 45 40 i %6 B 53+ 1 (vascular cell
adhesion molecule—1, VCAM—1) A% 335K it AL 1 45 B 9 A
PR Re A | doe 2400 ) 45 g e A PO ST R 2%

3 Z“HXMTE CRC AT HHIER

3.1 HOBUIE CRC BOTHEIIERT BOTR CRC Z5431A
IFIMEE T Bz —, IR EFs 8 X T SUS R 2%
FLE A ROTART, R 4R S O T U XS CRC BE Y
BIFEREE Murley &> kfm,ﬁiﬁﬁf%:mﬂﬂlﬁﬁﬁ%
i HCT116 0 b i AR A7 3R R A AR i B, T i
T 98 200 U T DA R AR TR e A n L T R
P, Chen % 00XF CRC i 98 /) Bl 4 MBS O 7 3K 45 AN [ ik 22
ZHRUIAST S A B, 5 A AR L, XUDCHK R g
Ay 96 /0N BP9 38 ey | Ao e, Y XU AT
T AL AU SRR IR R B 52 5 I T 10036 Pl 2 35 M 98 400 L 1Y
e i, 31175 5 05 M 4 (reactive oxygen species, ROS) [ 7™
Az B AR e IR A M B T U 2 S RIS R
SO iy 7 I 18— 5 T AT LA GE i e CT26 26
F9 DNA 5305 , B3R 3540 ) b g A0 B S S AR T, 55—
THT 3 AT G Sting 55 18 B R PR 558 b CD8*T A0 1Y
VU138 T T 422 24 4% 40 S5 P 9 400 J 3 B O PR TS0 AR
SEEGFEAH ) HOWUIRAT LRSS PIBK/AKT/mTOR {5 5
A28 CRC ardRg /N BURS Fig 26 K B I 42 R O P RICR B

3.2 ZHXUIAE cRC ey Py /R = HOBUIAE CRC
7 b R AT BRI VERT, Park S5 SIBFFE R B, —H
KA LAAE 3 90 25 2 AN 5% 4k A= K I F B Z 4K -2 (recom-
binant transforming growth factor beta receptor II , TGFBR2)Fl
STAT3 553 % LA Kl A o T2 8 11 i 33k | 1 PRI L
o 95 4 B SW837 XF S—FRUIRBEHE  (5—fluorouracil, 5-FU) Y
iy 2451, HeAh, ORI S—FU+ B FIHA 1A R A )
T A miRNA21 %35 | 98/ miRNA145 3% LKA il
Wnt/B—catenin {5 5 i J (i Bl I8 40 B 15 PEREAIC | B &Ml
HT29 A A4S B MR ZE ) 5-FU si/FE D FIHH 5
PRI 5 i G T LA 9SG 55 45 i R 4 B DLD -1 1Y 1 W
PER A8 QUM 7207 Zhang S5 PSI0F5E & 30, — HOBUIK



TE AL R 2 A (B AR 92021 4FE 3 A% 13 4 %6 1 4] J Dig Oncol (Electronic Version), March 2021, Vol 13, No.l 27

AL 3E i ROS A5 19 PI3K/AKT 15 5 38 [H 1 i it 245 75 Ji g
200X MUY 4 B, AR SW480 T SW620 4L F) 1 )
AT, KIS S R 2 CRC A7 /I B B
YORIEA T AT 245 P T FOSUKRT S00% AMPK/ERK 15 58
FEAM BCL-2 A RYFRIE , SEM sE A /s BOoos B vb A4
M 2570, — HXUIGE BEA PR c—Fos G e 1 7 3
(activating transeription factor 3, ATF3) 2 [ () 235 | MM 98
55 B F BA1F5- T 1 Jo] R R 22 i Ao

AR IURLHAT E s R AR WA A SRR TR
SEANAYT T BT Z B9 TSR . Saber 45 4 AL 55 I
BART PSS 299 oK AL, i) 8 25 40 i) AMPK/mTOR Al
AKT/mTOR 17 538 3, folf 20 1 PR M3 7 Af A7 P 08 2 1 e
15 AR A RO BT, e 22 B CRC AR A T,
3.3 “HUOWUIZE CRC SEIEAYT R IMEIT 7O 28 il
J T REBUAR M MR IT 2], AU 60% KRAS (Kirsten rat
sarcoma viral oncogene ) BF A2 # CRC & A VRIT ORI, Ye
S WITE CRC fir 83/ U5 v B, 5 B0 T G 2 bt ih
ST /NERURE L, — RSN & 74 2 8 FRB0YA 7 AT 0TS AMPK
5 T RERE AN % -1 (myeloid cell leukemia—1,
Mel-1) 8 KK F-BEAR DT 6] b 3 f) 2 e 120 il 2
TP TR AR KR K T 2 1K -2 (human
epidermal growth factor receptor—2 , HER—2) ¥ 3 B i K 1)
CRC B3, BFFE SR | — HOBUIR it 2% Bk S BT HK & 1 )
7% HER -2 i 3R 35 1 45 I i HT29 40 i P A /1N 53 2
(caveolin ) 321K | e AR HE L 7217

4 INEERE

UTAER Bl X R OSUNCAE 58 09 AN T TR A, BE 923 2
SAERN SRS SEIAESE T HAE CRC U | ALd7 KAL)
RITHIPE T, BRI RUIRTE S A7 90 o TR b A7 78 5
W H Z Bl ROFFEAS 15 % T EAE CRC TP B BT IR 45 8
FAT, X = HBUITE CRC I RAT5E Z 44 T 2 1
BEPR R 5 9F CRC B0, EE AT RERM & X T =
PSO890 e B el PO ) S RN 2, it sh , —
XUIAE CRC B3R 7 A 1 AR LA GE AR | Bkl iy
L ARTAT S — HOSUIEAURIAF D9 CRC IR TT B4
B P25 K S A B T o BB IR T T RCR 4R

5% 30k

[1] BRAY F, FERLAY J, SOERJOMATARAM I, et al. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries [J]. CA
Cancer J Clin, 2018, 68(6): 394-424.

(2] HZE5E, D430, HUILE 2 BUBE % & F- 45 B M
BFE WP (1], SSAE2ZE, 2019, 35(9):
1361-1364.

[3] YU H, ZHONG X, GAO P, et al. The Potential Effect of

Umbrella Review [J].

Metformin on Cancer: An Front

(6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Endocrinol (Lausanne), 2019, 10:617.

HIGURASHI T, NAKAJIMA A. Metformin and Colorectal
Cancer[ ] ]. Front Endocrinol (Lausanne), 2018, 9:622.
SEHDEV A, SHIH YC, VEKHTER B, et al. Metformin for
primary colorectal cancer prevention in patients with diabetes: a
case—control study in a US population [J]. Cancer, 2015, 121
(7):1071-1078.

CHANG YT, TSAI HL, KUNG YT, et al. Dose —Dependent
Relationship Between Metformin and Colorectal ~Cancer
Occurrence Among Patients with Type 2 Diabetes—A Nationwide
Cohort Study[ J]. Transl Oncol, 2018, 11(2):535-541.

LIU F, YAN L, WANG Z, et al. Metformin therapy and risk of
colorectal adenomas and colorectal cancer in type 2 diabetes
mellitus patients: A systematic review and meta —analysis [ J].
Oncotarget, 2017, 8(9):16017-16026.

DENG M, LEI S, HUANG D, et al. Suppressive effects of
metformin on colorectal adenoma incidence and malignant
progression[ J ]. Pathol Res Pract, 2020, 216(2):152775.

ZHU RC, RATTANAKORN K, PHAM S, et al. Survival benefits
in colorectal adenocarcinoma with the use of metformin among a
black diabetic inner city population [J]. Colorectal Cancer,
2017, 6(1):33-41.

BAGLIA ML, CUI Y, ZHENG T, et al. Diabetes Medication Use
in Association with Survival among Patients of Breast, Colorectal,
Lung, or Gastric Cancer[J]. Cancer Res Treat, 2019, 51(2):538—
546.

NG CW, JIANG AA, TOH EMS, et al. Metformin and colorectal
cancer: a systematic review, meta—analysis and meta—regression|[J].
Int J Colorectal Dis, 2020, 35(8):1501-1512.

WANG Y, XIAO J, ZHAO Y, et al. Effect of metformin on the
mortality of colorectal cancer patients with T2DM: meta—analysis
of sex differences[ J |. Int J Colorectal Dis, 2020, 35(5):827-835.
KIM T, CHOI S, KO H, et al. Combination of BEZ235 and
Metformin Has Synergistic Effect on Cell Viability in Colorectal
Cancer Cells[ J]. Dev Reprod, 2018, 22(2):133-142.

BOYLE KA, VAN WICKLE J, HILL RB, et al. Mitochondria—
targeted drugs stimulate mitophagy and abrogate colon cancer cell
proliferation[ J ]. J Biol Chem, 2018, 293(38):14891-14904.
FEULOL, v, BBk, 4. Z HOBUIO 25 1 HeT116 41
HagE . TSRS (1], 8BRS R A8, 2017, 26
(8):857-860.

BRAE, SLAEE, JRAkAE, A B ] DL AR B RUIRNS A 45
P SWAS0 Al AR FY IR & VE FIERTT (1], B W4 AU %
&3, 2017, 26(10):1162-1164.

XIE J, XIA L, XIANG W, et al. Metformin selectively inhibits
metastatic colorectal cancer with the KRAS mutation by
intracellular accumulation through silencing MATE1 [J]. Proc
Natl Acad Sci U S A, 2020, 117(23):13012-13022.

DING J, ZHU YT, YANG L, et al. 14-3-3 zeta is involved in
the anticancer effect of metformin in colorectal carcinoma [J].

Carcinogenesis, 2018, 39(3):493-502.



[20]

[22]

(23]

[24]

[26]

(27]

(28]

[29]

[31]

T AR 2R AR B PR 92021 4E 3 A 13 38 4 13

J Dig Oncol (Electronic Version), March 2021, Vol 13, No.l

SABIT H, ABDEL-GHANY S E, M SAID O A, et al. Metformin
Reshapes the Methylation Profile in Breast and Colorectal Cancer
Cells[J]. Asian Pac J Cancer Prev, 2018, 19(10):2991-2999.
SENA P, MANCINI S, BENINCASA M, et al. Metformin
Induces Apoptosis and Alters Cellular Responses to Oxidative
Stress in Ht29 Colon Cancer Cells: Preliminary Findings[J]. Int
J Mol Sei, 2018, 19(5):1478.

SHEN P, REINEKE L C, KNUTSEN E, et al. Metformin blocks
MYC protein synthesis in colorectal cancer via mTOR -4EBP -
elF4E and MNKI -elF4G —elF4E signaling [J]. Mol Oncol,
2018, 12(11):1856-1870.

GUO J, LI Y, DUAN H, et al. Metformin Suppresses the
Proliferation and Promotes the Apoptosis of Colon Cancer Cells
Through Inhibiting the Expression of Long Noncoding RNA -
UCAT1[J]. Onco Targets Ther, 2020, 13:4169-4181.

WANG Y, WU Z, HU L. The regulatory effects of metformin on
the [SNAIL/miR -34]: [ZEB/miR -200] system in the
epithelial -mesenchymal transition (EMT) for colorectal cancer
(CRC)[J]. Eur J Pharmacol, 2018, 834:45-53.

KANG S, KIM B R, KANG M H, et al. Anti —metastatic effect
of metformin via repression of interleukin 6—-induced epithelial -
mesenchymal transition in human colon cancer cells [J]. PLoS
One, 2018, 13(10):e0205449.

ZHANG C, WANG Y. Metformin attenuates cells stemness and
epithelial mesenchymal transition in colorectal cancer cells by
inhibiting the Wnt3 a/f catenin pathway [J]. Mol Med Rep,
2019, 19(2):1203-1209.

CHEN Y, LIU Y, ZHOU Y, et al. Molecular mechanism of
LKB1 in the invasion and metastasis of colorectal cancer[]].
Oncol Rep, 2019, 41(2):1035-1044.

AMABLE G, REY O, PICCO M E. Metformin inhibition of
colorectal cancer cell migration is associated with rebuilt
adherens junctions and FAK downregulation [J]. J Cell Physiol.
2020,235(11):8334-8344.

PALAZZOLO G, MOLLICA H, LUSI V, et al. Modulating the
Distant Spreading of Patient—Derived Colorectal Cancer Cells via
Aspirin and Metformin[J ]. Transl Oncol, 2020, 13(4):100760.
MURLEY J S, ARBISER J L, WEICHSELBAUM R R, et al.
ROS modifiers and NOX4 affect the expression of the survivin—
associated radio—adaptive response[J]. Free Radic Biol Med,
2018, 123:39-52.

CHEN L, LIAO F, JIANG Z, et al. Metformin mitigates
gastrointestinal radiotoxicity and radiosensitises P53 mutation
colorectal tumours via optimising autophagy[J]. Br J Pharmacol,
2020, 177(17):3991-4006.

MEY S, JIANG H, CORBET C, et al. Antidiabetic Biguanides
Radiosensitize Hypoxic Colorectal Cancer Cells Through a
Decrease in Oxygen Consumption [J]. Front Pharmacol, 2018,
9:1073.

URRUTIA P J, AGUIRRE P, TAPIA V, et al. Cell death

induced by mitochondrial complex I inhibition is mediated by

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Iron Regulatory Protein 1 [J]. Biochim Biophys Acta Mol Basis
Dis, 2017, 1863(9):2202-2209.

WA, R, s, & SIS SR X 26w T
A Ko/ IN R RS AR RO DL FFE (7). rh AR O b 96 2 2%
&, 2020,29(3):203-206.

FRENANDES J M, JANDREY E H F, KOYAMA F C, et al.
Metformin as an Alternative Radiosensitizing Agent to 5 —
Fluorouracil During Neoadjuvant Treatment for Rectal Cancer[J].
Dis Colon Rectum, 2020, 63(7):918-926.

PARK J H, KIM Y H, PARK E H, et al. Effects of metformin
and phenformin on apoptosis and epithelial —mesenchymal
transition in chemoresistant rectal cancer[]]. Cancer Sci, 2019,
110(9):2834-2845.

NANGIA -MAKKER P, YU Y, VASUDEVAN A, et al.
Metformin: a potential therapeutic agent for recurrent colon
cancer[ J |. PLoS One, 2014, 9(1):e84369.

MARTISOVA A, SOMMEROVA L, KURICOVA K, et al. AGR2
silencing contributes to metformin —dependent sensitization of
colorectal cancer cells to chemotherapy [J]. Oncol Lett, 2019,
18(5):4964-4973.

ZHANG P, ZHAO S, LU X, et al. Metformin enhances the
sensitivity of colorectal cancer cells to cisplatin through ROS -
mediated PI3K/Akt signaling pathway [J]. Gene, 2020, 745:
144623.

LIU C, LIU Q, YAN A, et al. Metformin revert insulin—induced
oxaliplatin resistance by activating mitochondrial apoptosis
pathway in human colon cancer HCT116 cells[J]. Cancer Med,
2020, 9(11):3875-3884.

PEREIRA A F, PEREIRA L M S, SILVA C M P, et al
Metformin reduces ¢ —Fos and ATF3 expression in the dorsal
root ganglia and protects against oxaliplatin—induced peripheral
sensory neuropathy in mice [J]. Neurosci Lett, 2019, 709:
134378.

SABER M M, AL-MAHALLAWI A M, NASSAR N N, et al.
Targeting colorectal cancer cell metabolism through development
of cisplatin and metformin nano-cubosomes [J]. BMC Cancer,
2018, 18(1):822.

W2, 2017 WS [ [ 32 55 Ji AT 90 246 245 0 M T 45 7 ST i
BE[T]. A E AR AR, 2017, 20(1):28-33.

YE H, LIU Y, WU K, et al. AMPK activation overcomes anti—
EGFR antibody resistance induced by KRAS mutation in
colorectal cancer[]]. Cell Commun Signal, 2020, 18(1):115.
RICHMAN S D, SOUTHWARD K, CHAMBERS P, et al. HER2
overexpression and amplification as a potential therapeutic target
in colorectal cancer: analysis of 3256 patients enrolled in the
QUASAR, FOCUS and PICCOLO colorectal cancer trials [J]. J
Pathol, 2016, 238(4):562-570.

CHUNG Y C, CHIU H H, WEI W C, et al. Application of
trastuzumab emtansine in HER -2 —positive and KRAS/BRAF -
mutated colon cancer cells [J]. Eur J Clin Invest, 2020,

el3255.



