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Research progress on the detection of KRAS mutation in colorectal
cancer by exosomes

GENG Ting, ZHANG Xiaohong, NAN Qiong "
( Department of Gastroenterology and Institute of Digestive Diseases, First Affiliated Hospital of Kunming
Medical University, Kunming 650000, China)

[ Abstract] Although endoscopy can be used to diagnose colorectal cancer early, however, due to its invasiveness
and other limitations, most patients have advanced or even metastatic status at the time of diagnosis. The anti-epidermal
growth factor receptor (EGFR) monoclonal antibody cetuximab enriches the treatment of metastatic colorectal cancer, and
its therapeutic effect is related to mutation in the KRAS gene. Therefore, it is necessary to detect the KRAS gene before use
of an anti-EGFR monoclonal antibody. Extensive research on exosomes has led us to consider whether exosomes can be used
to determine KRAS mutation status. This review focuses on the feasibility of using exosomes to detect KRAS mutations to
guide the use of anti-EGFR monoclonal antibodies in patients with colorectal cancer.
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Figure 1 EGFR signaling pathway and the mechanism of anti-EGFR monoclonal antibody

free DNA , c¢fDNA) JEHJCA L RNA ( circulating cell-
free RNA, cfRNA) DL S AE 40 L 738 34 ( extracellular
vesicles, EVs) , WA 344D b 983 « 20 F ™ A9 1L /) A
(tumour-educated platelets, TEPs) & FH it i34 %5
TR BRRY B dr, — 00 meta 43 A1 BH A 35
cfDNA 4318 JI1E R HI CRC 35 KRAS 22721
A WhRAE Y AN AA T LS e I A 20 A AR
& HARRFRUZ G WY 5 B | sef
FEAFAE T 76 45 Pl IV | R VR R0 A48 L 5% 77 5k 4 R A4
a2 A AT BRI ARG AR S I RS e 2

HNAE—FD K /NG 30 ~ 100 nm (14 1 /N
6L, FH AR R 20 R 5 R A0 i <5 22 i 2 AR 1Y) 400 i
T AFAE T ALHE MR PR AE Z R iR ) R
F 120 80 AT HT Johnstome 45 ATE R 35 F 19 M 2L
LA R B BEE BRI ARWIR A, 2 BT &
AL h A PR G P S 40 25 Y 2 1 J5E, BE JT L DNA
mRNA microRNAs 55 259, W AR R 20 i 18145 45 1%
C P S S
4.2 HMRBERNEE R

AR HRIE , 5 E 40 MOA F b9 40 3
W2 RANBERSY S BRI T RAIE i A
WA A TR —FOR 200, A3V 1 (A s 35
K FL IS W T R RN B B 98 A A DG 28 A48 2 A5 AT LA
R I AN T A mRNA § 3 ok, 2010 4R A

WEFEAR I, B 0 WA B SN AR ] 8 v T E N
HRZH , ELAE XS IR ZE I F i A6 3 A S M A rh S B A DU
BN HER-2 S5 b5 , (5 18 98 S8 35 S UM A N X 26 45
YR R IR 2014 AR BFSTAE Y, SR
SEE ML rb A S A ) 38 98 S A AR EL I A1 s AR
WL I T e 5 R ORI L 45 56 7% S BUR AN R
WU, 2015 AR BETTHR L, SM I AR AT AE
RSt s VS A A AL AR AR Y 2016 4R
WFFE AR 0B A0 8 IR MIMA N B 5 5 &

iz Y T A2 O 2 (LRRK2) AT 4R —Fpn i, 5%
e E AR YA O R R 2016 4E 1 H 21

H 5 EE—AN3E T ZN A 1 968 0 12 I 72 i AE 96
EZ I %MW’E?@ 2WiR S Y S T E T — K
O B2 S ANIMALE R WibR B A 5 2
tHTaa,ﬁﬁ%ﬂ]ﬂﬂi??&ﬁ%ﬁi’@wkﬁ%ﬂﬁﬁ
P Hoz BN RSB 25
4.3 ShipMERT S KRAS R

S5 H AN KRAS 2878 I 2 B 2 1 A0 ik
A, FLALE 0 38 1 5 21 B el A%, 3k 2 A1 I A 5 4 1)
TR 2 B KRAS 55745 0 40 i 23 B 5 3035
AR DT X R IISNIAA P Y A A BE R R 45 B
JEANML KRAS RAEWI ALY, A WFSE R KRAS 2878
RAELE T 98 5 38 TR 20 SRR DC A9 1t 335 A1 0
R4y 5k 57. 6% F 42. 4% %A B ES IR LR



op [ FE R BE 2R 2 A 2019 4F 12 A %5 29 #5255 123 Chin J Comp Med, December 2019, Vol. 29, No. 12 125

(P=0.063) , IiL{E &M AR AT 45 B g B2 1
BARR AR SE A3 BRI, i WF 5845 5 ofDNA
FHLG, SN () JE A R I B = & B AR e M
WS E A IS AN DNA 2828 K il 45
ZH LA T R A 90. 6%, —F(PE K 81. 1%, H
A1 ARG 2 L ) 2 BB A B S AR, A SR BR T
R KB GEAE A RCRE T IR S O X R A 4 R
FRIRZIE 38 X B R AR DNA A 55
B 4 252 W N A, R B 5 A o 5 P 2 R T
AR, RIS 7Y 2 1 BPTIR T RO AP B, iR
F KRAS FARNT 3G, 0 24 235 X V0 2 P i
T BT 245 B, 3 PR 2 72 114 481 2% T 1 0 B S 1) T
RS X2 U T AN TR KRAS 2R 7R
{05 VY 22 5 B 245 A AR G — Bk

4.4 HSMNMERS BN

H A& A A B $ B 125 7 1k 3 AT T
2 W ugat vk RCT HEBH (% i R PR A S A AR
% REWUIERSE,

L R 1250 — 5 RN AR 5 A B S0 B R e
TR e S - (AR SN /Y NI R (TR I NV B
19 gl B A AN UAMA SR o B SN UMA I bR, (HE
A2 B0 T BB X A A A 110 20 6 5 o 463 DA T A A1
i, TSR R 5 AN AR TR B A el 25 5 30
PRYG Y00 I A 3 1 AR FE S [R) 45 B ) e
XPHE it O [R) K N 43 R A7 40 85, 1 1 T B iy
B A ANIMAR ] BE 25 35 FEUEFL, S BUBE Y 75 o 4
OYESRCREAR S RS HERH (0 1% vkt 2 R K
e B ANUMAS , TT LUAR R AR BA A0 A A 11 50 PR AR
YRG5 250 50 1R 25 A T 3RS & B Al AR ) A ik
P2 AN ISR AT RS PEARIC Y , REER R S
R EEFHPUAR S PRic Y R RS b
AR [ 2 7 s K 2 T AT LA SI2 BT 71 A AR A R S 1
B, MR PSR (EA AR B Y RAWIULTE L
S FHN [R5 A U3 0 0 3 8RR i
RA Xk B RS SR IR SE AT UOTE, B aTX K
Tl L O & A R AR B A0 ExoQuick ™,
ARG P UUTE i W 2 7 AR AR SN IR 4 43 iy 4t
ULTE , ME LAV A ULTE TR 2 R i S 00 A A7 3
ST R ST A 2 AR A O R SR R K
LA R, WA L 2 M oOr kA ie L, iRk,
Zhang 2538 T M ATHIF S A0 O A S B RE A
W0 BT A7 A 1 S0 WA FFUE S T A1 b 1A J2 B £ 963
P EAE RS

5 &

Li LR O TSI 4G B e R RS B

AEHERIG T, 7 4T EGFR BL4TIR 7 i 4G I
KRAS Z&78 173 A b B Th AN IS AT i 8 A0 rp 3
P T SRR AR W Ty, BAESS E i A I KRAS
G I AP I A I B 1 5 21 UG I A B 1 B )
—E AN R B RA TEE BB A
Kl KRAS HZEALTE DL AL, SNSRI 73 B 2l ik
TTEAE A W e 3 A e M I (AT B R Il PR
A S B KRAS 28728 HHF-B .

SE Lk

[ 1] Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer incidence
and mortality worldwide: sources, methods and major patterns in
GLOBOCAN 2012 [ J]. Int J Cancer, 2015, 136 (5):
E359-E386.

[ 2] Vogelstein B, Fearon ER, Hamilton SR, et al. Genetic
alterations during colorectal-tumor development [ J]. N Engl J
Med, 1988, 319(9) . 525-532.

[ 3] Bardhan K, Liu K. Epigenetics and colorectal cancer
pathogenesis [ J]. Cancers (Basel), 2013, 5(2): 676=713.

[4] 2 SEpEmimaBuR (1] 77 ARES, 2016, 37(22):
3328-3330.

[ 5] Maida M, Macaluso FS, Ianiro G, et al. Screening of colorectal
cancer: present and future [ J]. Expert Rev Anticancer Ther,
2017, 17(12) ; 1131-1146.

[ 6] Sorich MJ, Wiese MD, Rowland A, et al. Extended RAS
mutations and anti-EGFR monoclonal antibody survival benefit in
metastatic colorectal ca ncer: a meta-analysis of randomized,
controlled trials [ J]. Ann Oncol, 2015, 26(1) : 13-21.

[ 7] Taniguchi H, Yamazaki K, Yoshino T, et al. Japanese society of
medical oncology clinical guidelines; RAS ( KRAS/NRAS)
mutation testing in colorec tal cancer patients [ J]. Cancer Sci,
2015, 106(3) : 324-327.

[ 8] Koustas E, Karamouzis MV, Mihailidou C, et al. Co-targeting of
EGFR and autophagy signaling is an emerging treatment strategy
in metastatic colorect al cancer [ J]. Cancer Lett, 2017, 396 94
-102.

[ 9] Nicholson RI, Gee JM, Harper ME. EGFR and cancer prognosis
[J]. Eur J Cancer, 2001, 37 (14) . S9-15.

[10] Goldstein NS, Armin M. Epidermal growth factor receptor
immunohistochemical reactivity in patients with American Joint
Committee on Cancer Stage IV  colon adenocarcinoma;
implications for a standardized scoring system [ J]. Cancer,
2001, 92(5) : 1331-1346.

[11] Wykosky J, Fenton T, Furnari F, et al. Therapeutic targeting of
epidermal growth factor receptor in human cancer: successes and
limitations [ J]. Chin J Cancer, 2011, 30(1); 5-12.

[12] Herbst RS. Review of epidermal growth factor receptor biology
[J]. Int J Radiat Oncol Biol Phys, 2004, 59(2) . 21-26.

[13] Cunningham D, Humblet Y, Siena S, et al. Cetuximab
monotherapy and cetuximab plus irinotecan in irinotecan-

refractory metastatic colorectal cancer [ J]. N Engl ] Med, 2004,



126

[ AR BE 2 2k 2019 4F 12 A58 29 556 12 )

Chin J Comp Med, December 2019, Vol. 29 ,No. 12

[14]

[15]

[16]

[17]

[21]

[22]

[23]

[24]

[25]

[26]

[28]

351(4): 337-345.

Herbst RS, Shin DM. Monoclonal antibodies to target epidermal
growth factor receptor-positive tumors: a new paradigm for cancer
therapy [J]. Cancer, 2002, 94(5): 1593-1611.

De RW, Claes B, Bernasconi D, et al. Effects of KRAS, BRAF,
NRAS, and PIK3CA mutations on the efficacy of cetuximab plus
chemotherapy in chemotherapy-refractory metastatic colorectal
cancer: a retrospective consortium analysis [ J]. Lancet Oncol,
2010, 11(8): 753-762.

Loupakis F, Ruzzo A, Cremolini C, et al. KRAS codon 61, 146
and BRAF mutations predict resistance to cetuximab plus
irinotecan in KRAS codon 12 and
colorectal cancer [ J]. Br J Cancer, 2009, 101(4) . 715-721.
Katsios C, Ziogas DE, Roukos DH. Colorectal
cetuximab, KRAS, BRAF, PIK3CA mutations and beyond [J].
Expert Rev Gastroenterol Hepatol, 2010, 4(5) : 525-529.

Kim ST, Ahn TJ, Lee E, et al. Exploratory biomarker analysis

13 wild-type metastatic

cancer:

for treatment response in KRAS wild type metastatic colorectal
cancer patients who received cetuximab plus irinotecan [ J].
BMC Cancer, 2015, 15. 747.

FEIR. G5 E R B TE SR DNA 5 RNA PR 272 1
WHFE [D]. dbat. vl A RS 4245 e R4 Bt 5 2017.
Heitzer E, Haque IS, Roberts CES, et al. Current and future
perspectives of liquid biopsies in genomics-driven oncology [ J].
Nat Rev Genet, 2019, 20(2) . 71-88.

Xie W, Xie L, Song X. The diagnostic accuracy of circulating
free DNA for the detection of KRAS mutation status in colorectal
cancer; A meta-analysis [ J]. Cancer Med, 2019, 8(3). 1218
—1231.

Fu M, GuJ, Jiang P, et al. Exosomes in gastric cancer; roles,
mechanisms, and applications [ J]. Mol Cancer, 2019, 18
(1) 41.

H Rashed M, Bayraktar E, K Helal G, et al. Exosomes: from
garbage bins to promising therapeutic targets [J]. Int J Mol Sci,
2017, 18(3) . 538.

Johnstone RM, Adam M, Hammond JR, et al. Vesicle formation
during reticulocyte maturation. Association of plasma membrane
activities with released vesicles ( exosomes) [J]. J Biol Chem,
1987, 262(19) : 9412-9420.

Choi DS, Kim DK, Kim YK, et al. Proteomics, transcriptomics
and lipidomics of exosomes and ectosomes [ J]. Proteomics,
2013, 13(10-11) . 1554-1571.

Martins VR, Dias MS, Hainaut P. Tumor-cell-derived
microvesicles as carriers of molecular information in cancer [ J].
Curr Opin Oncol, 2013, 25(1) : 66-75.

Peinado H, Lavotshkin S, Lyden D. The secreted factors
responsible for pre-metastatic niche formation: old sayings and
new thoughts [ J]. Semin Cancer Biol, 2011, 21(2) : 139-146.
Tetta C, Ghigo E, Silengo L, et al. Extracellular vesicles as an
emerging mechanism of cell-to-cell communication [ J ].
Endocrine, 2013, 44(1) . 11-19.

Valadi H, Ekstrom K, Bossios A, et al. Exosome-mediated

transfer of mRNAs and microRNAs is a novel mechanism of

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

genetic exchange between cells [ J]. Nat Cell Biol, 2007, 9(6) :
654-659.

Zoller M. Pancreatic cancer diagnosis by free and exosomal
miRNA [J]. World J Gastrointest Pathophysiol, 2013, 4(4) .
74-90.

Logozzi M, De Milito A, Lugini L, et al. High levels of exosomes
expressing CD63 and caveolin—1 in plasma of melanoma patients
[J]. PLoS One, 2009, 4(4): e5219.

Baran J, Baj-Krzyworzeka M, Weglarczyk K, et al. Circulating
tumour-derived microvesicles in plasma of gastric cancer patients
[J]. Cancer Immunol Immunother, 2010, 59(6) ; 841-850.
Ye SB, Li ZL, Luo DH, et al. Tumor-derived exosomes promote
tumor progression and T-cell dysfunction through the regulation of
in human nasopharyngeal
carcinoma [ J]. Oncotarget, 2014, 5(14) . 5439-5452.
Frydrychowicz M, Kolecka-Bednarczyk A, Madejezyk M, et al.

enr iched exosomal microRNAs

Exosomes — structure, biogenesis and biological role in non-
small-cell lung cancer [ J]. Scand J Immunol, 2015, 81(1): 2
-10.

Fraser KB, Moehle MS, Alcalay RN, et al. Urinary LRRK2
phosphorylation predicts parkinsonian phenotypes in G2019S
LRRK2 carriers [ J]. Neurology, 2016, 86(11) ; 994-999.
Sheridan C. Exosome cancer diagnostic reaches market [ J]. Nat
Biotechnol, 2016, 34(4) : 359-360.

Demory Beckler M, Higginbotham JN, Franklin JL, et al.
Proteomic analysis of exosomes from mutant KRAS colon cancer
cells identifies intercellular transfer of mutant KRAS [ J]. Mol
Cell Proteomics, 2013, 12(2); 343-355.

Hao YX, Li YM, Ye M, et al. KRAS and BRAF mutations in
serum exosomes from patients with colorectal cancer in a Chinese
population [J]. Oncol Lett, 2017, 13(5) : 3608-3616.

FEIE, Wiy, WHHINAE. 45 B A T SRR
LU K-Ras JE PR 28R 09 WF5T [T, WG DR bR 2% 24 5%
2017, 22(5) : 395-399.

Momen-Heravi F. Isolation of extracellular vesicles by
ultracentrifugation [ J]. Methods Mol Biol, 2017, 1660 25-32.
Heinemann ML, Vykoukal J. Sequential filtration; a gentle
method for the isolation of functional extracellular vesicles [ J].
Methods Mol Biol, 2017, 1660; 33-41.

Lobb R, Mbller A. Size exclusion chromatography: a simple and
reliable method for exosome purification [ J]. Methods Mol Biol,
2017, 1660. 105-110.

Pedersen KW, Kierulf B, Neurauter A. Specific and generic
isolation of extracellular vesicles with magnetic beads [ J].
Methods Mol Biol, 2017, 1660, 65-87.

Brown PN, Yin H. Polymer-based purification of extracellular
vesicles [ J]. Methods Mol Biol, 2017, 1660 91-103.

Zhang P, Zhou X, He M, et al. Ultrasensitive detection of
circulating exosomes with a 3D-nanopat-terned microfluidic chip

[J]. Nat Biomed Eng, 2019, 3(6) : 438-451.

(eF= HH#A)2019-05-31



