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Abstract

AIM: To investigate the expression of epidermal
growth factor receptor (EGFR), PIK3CA and
PIK3CB in colorectal cancer (CRC), to analyze
the correlation between EGFR, PIK3CA and
PIK3CB expression, and to discuss their role
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in the occurrence, development and targeted
therapy of CRC.

METHODS: Immunohistochemistry was
employed to detect the expression of EGFR,
PIK3CA and PIK3CB in 120 CRC and 30 normal
mucosa tissue sample (from the margin of the
lesion > 5 cm), and the correlation between
EGFR, PIK3CA and PIK3CB expression as
well their relationship with clinicopathological
factors were analyzed.

RESULTS: The positive expression rates of
EGFR, PIK3CA and PIK3CB in CRC were
48%, 55.7% and 75.9%, respectively, which
were significantly higher than those in tumor
adjacent tissues (P < 0.05). In EGFR positive
CRC tissues, 68.9% were PIK3CA positive and
72.4% was PIK3CB positive, while in EGFR
negative CRC tissues, 43.5% were PIK3CA
positive and 21.0% were PIK3CB positive. EGFR
receptor expression was significantly different
from the expression of PIK3CA and PIK3CB (P
< 0.05). The expression of EGFR, PIK3CA and
PIK3CB was positively correlated with tumor
differentiation and lymph node metastasis in
CRC (P < 0.05). Kaplan-Meier analysis revealed
that the 5-year survival rate was significantly
correlated with lymph node metastasis, EGFR,
PIK3CA and PIK3CB expression. Multivariate
analysis revealed that lymph node metastasis,
EGFR, PIK3CA and PIK3CB expression could
serve as independent predictive factors for
overall survival.

CONCLUSION: EGFR, PIK3CA and PIK3CB are
highly expressed in CRC, and their expression is
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closely correlated with tumor differentiation and
lymph node metastasis. The high expression of
PIK3CA and PIK3CB is not only correlated with
the activation of EGFR, but also correlated with
mutation by itself. The mutation of PIK3CA
and PIK3CB genes in colorectal cancer may be a
factor to influence therapies targeting EGFR in
CRC.

© 2015 Baishideng Publishing Group Inc. All rights
reserved.
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GST-m 0.589 0.215 7.48 0.555 0.006

EGFR: ERHEKRFTZK, GST-n: SHHIRSHEEZEE-.

FAR B T LI I S R U 52 A
N5, ekl R4S A EGFR, FHBEGFRA &
) N UFPI3K/AK TE ‘5 i FHim i, H01H irhJ83 48
JH (T3 B, AT g e 0 e ) 9 T, ks e g 4
LR IE A 2R IR AR 28 B B AR R A 5 A% 1 T g
PEE22 LRI R IR 9T R o AR B B X 4 K
S AEH R R YT AL, TT B R AR R B AR AT
R, KA. EIER TR R, ik
80% I K i 5838 %8 35 AR 85 J 48 ) VR 97 HY
BULIT RIS AT TR 25, A W 7C P HANEGFR
RIEKPEEHFEGBBURMET X, THES
W K-ras48 . PTENEL G, AKTAI
MAPKM R HIEHEEBHENHFEBRMN
SR ST A W AR (] e e A g )
WEH, PIK3CARHNRBERE S EEE . &
W27 BB VIR, KAEPIKICA BN R
B, HorauR, RT3, WP RO,

Beishideng®  WCJD | www.wjgnet.com

FEPIK3CA LR 1 R T2 (1) 93 19 4TS 70%
0 H BT R M. AR Fi g5 SR, EGFRFHTE
(19 K s A6 68.9% I PTK3C A £ 1 FH 14 &
86.2% M PIK3CBHE H FHM:, MEEGFRI M4
FPIK3CA. PIK3CBE KSR e i 1 BH 74
FIER, I HEE T IEHF(P<0.05).
AT, EGFRAHH 1 1] S 8(PI3K/AKT
55 A, SR NIFPIK3CAE A
MPIK3CBH AR MRk, SR, 1F kA
PIK3CARPIK3CBTE SR & AL =
AR, i F B TR [FRE AT 5] g S 2 A
Ak, JEAN AT _EFEGFRIEAR 1M
. L, FAT N K v [F B AEEPIK3CA
MIPIK3CBIRAE, I H AT Be N2 EGFRAE
BT SRMR R —, KA AT —2
L.

OginoZ Wt 7t RILPIK3CABE R A8 55

4205

mzaAMH
Yo IT: Em
s F KL,
4ot e 20 H Y
A (54
T VAR 9B 4 Re
R e — NG
2 F, AT A
—ANEE AR,
A% AR R 8
T, Byt
AR A2 R
EEH AL E R
HLEe K AR,
1 P 5 4 A
BT, R A
WK BN 5 R B 64
SEF ARt .

2015-09-18 | Volume 23 | Issue 26 |



FEn), =. ABRBOPIK3CA, PIKBCBSEGFRIBIABMEXIM S EIFRE W

W& TR
0B Tk
2 # 7TEGFR
5PIK3CA.
PIK3CB ] #
XM, & A
Kaplan-Meierix
3 KA Cox bt
R Fe 17 )3 AL A Sy
M £ ILPIK3CA.
PIK3CB. EGFR
B € Lk B A
ol K W & TR
EWRAZ, ¥
# M PIK3CA.
PIK3CB. EGFR
Eax Tl R
MK e Tk
FE. R
TG R £ -ZH1h.

J3aishideng®

WCJD | www.wjgnet.com

KRG BE N EFFG KR, PIK3CAK
IR S48 (1) K e £ 3 AE A7 B [A) 2 35 BRI R
SEAGE I BE T 12000 K i R G B, 4 A
PIK3CA. PIK3CBMEGFR )ik 7K J I bR
o B R AT A AE o0 dr, S5 R KINPIK3CA.
PIK3CB. EGFR Ak 45 5 #% 1) R ik K
V5 K i A TS B ) AEOE, PIK3CA.
PIK3CB. EGFRIHMEHMSFEEGFRY
ST BB . BATINA, —J7HPIK3CA.
PIK3CBI £ 35 fe 755 MR 40 I g 24, P2 AIC
AT 25 %8 b e 40 i 1) R A AR SR — T T,
EGF R iy F 8 W05 H T e id s, e i)
TP 1 1.

M2, PIK3CA. PIK3CB. EGFRE A
Je 42 m Rk, MY PIK3CA. PIK3CB.
EGFRINERIEE KGR 4. S5 5%
I A3 2 R 25 A %, 1 HLAE K s R A7 AE R B
B RAF 52 PIK3CA. PIK3CBH#ik.
I, FIBAPIK3CA. PIK3CB. EGFR&E A
AN T I PR T K o e (R SR R R WP
W T 5 A EE BN R, 1T EL T I PR A B
HRUATT 27 A HE R R L

4  SEXE

1 Hartmann JT, Pintoffl JP, Kroning H, Bokemeyer
C, Holtmann M, Hohler T. Gefitinib in combination
with oxaliplatin and 5-fluorouracil in irinotecan-
refractory patients with colorectal cancer: a phase
I study of the Arbeits gemeinschaft Internistische
Onkologie (AIO). Onkologie 2008; 31: 237-241
[PMID: 18497512 DOI: 10.1159/000122029]

2 Dienstmann R, Salazar R, Tabernero J. Overcoming
Resistance to Anti-EGFR Therapy in Colorectal
Cancer. Am Soc Clin Oncol Educ Book 2015; 35:
e149-e156 [PMID: 25993166 DOI: 10.14694/
EdBook_AM.2015.35.e149]

3 RPCE, ERAR. AR hdlaliiEdhsurvivin,
CyclinB1IIFAAAL KB 3. 1LIAREEZS 2010; 50:
79-80

4 Horn D, Hess J, Freier K, Hoffmann J,
Freudlsperger C. Targeting EGFR-PI3K-AKT-
mTOR signaling enhances radiosensitivity in
head and neck squamous cell carcinoma. Expert
Opin Ther Targets 2015; 19: 795-805 [PMID:
25652792 DOI: 10.1517/14728222.2015.1012157]

5 Izycka-Swieszewska E, Brzeskwiniewicz M,
Wozniak A, Drozynska E, Grajkowska W, Perek
D, Balcerska A, Klepacka T, Limon J. EGFR,
PIK3CA and PTEN gene status and their protein
product expression in neuroblastic tumours. Folia
Neuropathol 2010; 48: 238-245 [PMID: 21225506]

6 Janku F, Tsimberidou AM, Garrido-Laguna I,
Wang X, Luthra R, Hong DS, Naing A, Falchook
GS, Moroney JW, Piha-Paul SA, Wheler JJ,
Moulder SL, Fu S, Kurzrock R. PIK3CA mutations

4206

10

11

12

13

14

15

16

17

18

19

in patients with advanced cancers treated with
PI3K/AKT/mTOR axis inhibitors. Mol Cancer
Ther 2011; 10: 558-565 [PMID: 21216929 DOI:
10.1158/1535-7163]

Marqués M, Kumar A, Cortés I, Gonzalez-Garcia
A, Hernandez C, Moreno-Ortiz MC, Carrera
AC. Phosphoinositide 3-kinases p110alpha and
pl10beta regulate cell cycle entry, exhibiting
distinct activation kinetics in G1 phase. Mol Cell
Biol 2008; 28: 2803-2814 [PMID: 18285463 DOI:
10.1128/MCB.01786-07]

wbe, TILE, 477, A, PI3Kpl10AREN AL
TELE BRI AR TR R SRS, 5B AH
{4 2013; 21: 661-666

ek, SEE, 2, Enal, &b KA sh
PIBKCAFIPIBKCBIFA N 8 3. bR 55
27t 2013; 29: 18-22

IRAFE, SRUE, 258, SIrRl, . KEEA
HPIK3CA | PIK3CBIE H 5L A2 )3
IRARECE N IR PR S T T 2 2015;
23:202-209

De Laurentiis A, Pardo OE, Palamidessi A,
Jackson SP, Schoenwaelder SM, Reichmann E,
Scita G, Arcaro A. The catalytic class I(A) PI3K
isoforms play divergent roles in breast cancer cell
migration. Cell Signal 2011; 23: 529-541 [PMID:
21056654 DOI: 10.1016/j.cellsig.2010.10.021]
Baba Y, Nosho K, Shima K, Hayashi M,
Meyerhardt JA, Chan AT, Giovannucci E, Fuchs
CS, Ogino S. Phosphorylated AKT expression
is associated with PIK3CA mutation, low stage,
and favorable outcome in 717 colorectal cancers.
Cancer 2011; 117: 1399-1408 [PMID: 21425139 DOI:
10.1002/ cner.25630]

De Marco C, Rinaldo N, Bruni P, Malzoni C,
Zullo F, Fabiani F, Losito S, Scrima M, Marino
FZ, Franco R, Quintiero A, Agosti V, Viglietto
G. Multiple genetic alterations within the PI3K
pathway are responsible for AKT activation in
patients with ovarian carcinoma. PLoS One 2013;
8: e55362 [PMID: 23408974 DOI: 10.1371/journal.
pone.0055362]

Weigelt B, Warne PH, Lambros MB, Reis-Filho
JS, Downward J. PI3K pathway dependencies in
endometrioid endometrial cancer cell lines. Clin
Cancer Res 2013; 19: 3533-3544 [PMID: 23674493]
Dbouk HA, Backer JM. A beta version of life:
p110p takes center stage. Oncotarget 2010; 1:
729-733 [PMID: 21321382]

Lee SH, Poulogiannis G, Pyne S, Jia S, Zou
L, Signoretti S, Loda M, Cantley LC, Roberts
TM. A constitutively activated form of the
pl10beta isoform of PI3-kinase induces prostatic
intraepithelial neoplasia in mice. Proc Natl Acad Sci
USA 2010; 107: 11002-11007 [PMID: 20534477 DOI:
10.1073/pnas.1005642107]

Chen H, Mei L, Zhou L, Shen X, Guo C, Zheng
Y, Zhu H, Zhu Y, Huang L. PTEN restoration
and PIK3CB knockdown synergistically suppress
glioblastoma growth in vitro and in xenografts.
J Neurooncol 2011; 104: 155-167 [PMID: 21188471
DOI: 10.1007/s11060-010-0492-2]

IR, SR, 1y, B, ot BEE S A
[l -2 N AR B T PI3K p 110 B RIA MR PR =2
N R SRS 2012, 28: 518-521
Utermark T, Rao T, Cheng H, Wang Q, Lee

2015-09-18 | Volume 23 | Issue 26 |



20

21

22

23

24

J3aishideng®

FEn), % KBEBPPIK3CA. PIKBCBSEGFREBIABEX I K EIFRE WY

SH, Wang ZC, Iglehart JD, Roberts TM, Muller
W], Zhao JJ. The p110a and p110p isoforms of
PI3K play divergent roles in mammary gland
development and tumorigenesis. Genes Dev 2012;
26: 1573-1586 [PMID: 22802530 DOI: 10.1101/
gad.191973.112]

Grabinski N, Ewald F, Hofmann BT, Staufer K,
Schumacher U, Nashan B, Jiicker M. Combined
targeting of AKT and mTOR synergistically
inhibits proliferation of hepatocellular carcinoma
cells. Mol Cancer 2012; 11: 85 [PMID: 23167739
DOI: 10.1186/1476-4598-11-85]

Zhu Q, Youn H, Tang J, Tawfik O, Dennis K,
Terranova PF, Du ], Raynal P, Thrasher ]JB, Li
B. Phosphoinositide 3-OH kinase p85alpha and
pl10beta are essential for androgen receptor
transactivation and tumor progression in prostate
cancers. Oncogene 2008; 27: 4569-4579 [PMID:
18372911 DOI: 10.1038/ onc.2008.91]

Nabeshima A, Matsumoto Y, Fukushi J, Iura
K, Matsunobu T, Endo M, Fujiwara T, lida K,
Fujiwara Y, Hatano M, Yokoyama N, Fukushima
S, Oda Y, Iwamoto Y. Tumour-associated
macrophages correlate with poor prognosis in
myxoid liposarcoma and promote cell motility
and invasion via the HB-EGF-EGFR-PI3K/ Akt
pathways. Br | Cancer 2015; 112: 547-555 [PMID:
25562433 DOI: 10.1038/ bjc.2014.637]

Zhu G, Fan Z, Ding M, Zhang H, Mu L, Ding
Y, Zhang Y, Jia B, Chen L, Chang Z, Wu W. An
EGFR/PI3K/AKT axis promotes accumulation
of the Racl-GEF Tiaml that is critical in EGFR-
driven tumorigenesis. Oncogene 2015 Mar 9. [Epub
ahead of print] [PMID: 25746002]

Massimiani M, Vecchione L, Piccirilli D, Spitalieri
P, Amati F, Salvi S, Ferrazzani S, Stuhlmann H,
Campagnolo L. Epidermal growth factor-like
domain 7 promotes migration and invasion of
human trophoblast cells through activation of
MAPK, PI3K and NOTCH signaling pathways.
Mol Hum Reprod 2015; 21: 435-451 [PMID:

WCJD | www.wjgnet.com

25

26

27

28

29

30

25667199 DOI: 10.1093 /molehr/ gav006]
Sartore-Bianchi A, Martini M, Molinari F, Veronese
S, Nichelatti M, Artale S, Di Nicolantonio F, Saletti
P, De Dosso S, Mazzucchelli L, Frattini M, Siena S,
Bardelli A. PIK3CA mutations in colorectal cancer
are associated with clinical resistance to EGFR-
targeted monoclonal antibodies. Cancer Res 2009;
69: 1851-1857 [PMID: 19223544]

Pinter F, Papay J, Almasi A, Sapi Z, Szabo
E, Kanya M, Tamasi A, Jori B, Varkondi E,
Moldvay ], Szondy K, Keri G, Dominici M, Conte
P, Eckhardt S, Kopper L, Schwab R, Petak I.
Epidermal growth factor receptor (EGFR) high
gene copy number and activating mutations
in lung adenocarcinomas are not consistently
accompanied by positivity for EGFR protein by
standard immunohistochemistry. | Mol Diagn
2008; 10: 160-168 [PMID: 18258923 DOI: 10.2353/
jmoldx.2008.070125]

Bardelli A, Siena S. Molecular mechanisms of
resistance to cetuximab and panitumumab in
colorectal cancer. | Clin Oncol 2010; 28: 1254-1261
[PMID: 20100961]

Broadbridge VT, Karapetis CS, Price T]J.
Cetuximab in metastatic colorectal cancer. Expert
Rev Anticancer Ther 2012; 12: 555-565 [PMID:
22594891 DOI: 10.1586/ era.12.25]

Mao C, Yang Z2Y, Hu XF, Chen Q, Tang JL.
PIK3CA exon 20 mutations as a potential
biomarker for resistance to anti-EGFR monoclonal
antibodies in KRAS wild-type metastatic
colorectal cancer: a systematic review and meta-
analysis. Ann Oncol 2012; 23: 1518-1525 [PMID:
22039088 DOI: 10.1093 /annonc/ mdr464]

Ogino S, Nosho K, Kirkner GJ, Shima K, Irahara N,
Kure S, Chan AT, Engelman JA, Kraft P, Cantley
LC, Giovannucci EL, Fuchs CS. PIK3CA mutation
is associated with poor prognosis among patients
with curatively resected colon cancer. | Clin
Oncol 2009; 27: 1477-1484 [PMID: 19237633 DOI:
10.1200/JC0O.2008.18.6544]

iR ML W4 55 A

ok

kS
S

4207

2015-09-18 | Volume 23 | Issue 26 |



