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Abstract: The phosphoinositide 3-kinases (PI3Ks) are a critical family of signaling enzymes that participate in many
cellular processes that promote the transformation of a normal cell into a cancer cell. These processes include
cancer cell proliferation, migration, and invasion. However, the correlation between PI3Ks and multidrug resistance
(MDR) remains unclear. The prognostic value of PI3Ks has not been previously evaluated. Thus, this study aims to
evaluate the association between PIK3CA and PIK3CB expression and the MDR gene in colorectal cancer (CRC)
patients. Immunohistochemistry was employed to detect the expressions of PIK3CA, PIK3CB, MDR-1, LRP, GST-,
and Topo Il in 316 CRC specimens. Patients were followed-up annually by telephone or at an outpatient clinic.
Results revealed that PIK3CA and PIK3CB expression was correlated with the degree of tumor differentiation and
lymph node metastasis (P < 0.05). The overexpression of MDR-1, LRP, Topo Il, and GST-im was found to be 72.78%,
70.89%, 77.53%, and 76.58% of CRC, respectively. Correlation analysis showed that PIK3CA and PIK3CB expres-
sion exhibits a positive correlation with MDR-1, LRP, and GST-m with correlation coefficients of 0.288, 0.128, and
0.197, respectively (P < 0.05). Kaplan-Meier analysis revealed that the five-year survival rate of patients without
lymph node metastasis, positive expression of PIK3CA and PIK3CB, and negative expression of GST-m and MDR-1
was higher than those with these characteristics. Multivariate analysis revealed that GST-i, MDR-1 expression, and
lymph node metastasis could serve as independent predictive factors of overall survival. The expression of both
PIK3CA and PIK3CB is increased and related to the development and progress of colorectal carcinoma and MDR.
The combined detection of PIK3CA andPIK3CB is important for patients with colorectal carcinoma in prognosis and
optimal therapy.
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Introduction activity, defective apoptosis pathway, and al-
tered signaling pathways [3, 4]. However, a well-
recoghized mechanism that leads to MDR
involves the abnormal changes in signaling pa-
thways. The phosphatidylinositol 3-kinase (PI-
3K)/Akt signaling pathway serves a major func-
tion not only in tumor development but also in
the potential response of the tumor to treat-
ment. Akt is a key mediator of PI3K signaling
and is located at an intersection of multiple
pathways that are implicated in cell prolifera-
tion, survival, transcription, and metabolic pro-
cesses [5]. Considerable evidence has recently
suggested that the PI3K/Akt signaling pathway
is frequently activated in human CRCs [6].

Colorectal cancer (CRC) is the third most com-
mon tumor and the second most common
cause of cancer-related deaths worldwide [1].
Chemotherapy is used as adjuvant therapy for
resectable CRC patients or as palliative therapy
for advanced/metastatic CRC patients to pre-
vent the recurrence or to improve survival or
quality of life. However, the major disadvantage
of chemotherapy is the development of multi-
drug resistance (MDR), which refers to the
desensitization of tumor cells to multiple che-
motherapeutic drugs after the repeated use of
a single chemotherapeutic drug [2]. Several
novel factors acting downstream of the initial

drug-induced insult have recently been shown
to be associated with the development of MDR;
these factors include enhanced DNA repair

Previous studies have shown that PIK3CA and
PIK3CB serve an important function in the
development of CRC [7, 8]. However, the corre-
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Table 1. Correlation of PIK3CA andPIK3CB with different clinicopathologic parameters

Parameters

PIK3CA (+) PIK3CA (+)
PIK3CB (+) PIK3CB (1)

PIK3CA ()  PIK3CA ()
PIK3CB (+) PIK3CB ()

X2value Pvalue rvalue

Age (years)

<60 56 16

>60 92 12
Gender

Male 80 10

Female 68 18
Tumor sizes(cm)

<5 60 13

>5 88 15
Tumor site

Colon 72 16

Rectal 76 12
Histologic grade

Grade 1 82 13

Grade 2 50 11

Grade 3 16 4
Histology

Tubular 134 22

Mucinous 14 6
Depth of invasion

Mucosa and submucosa 8 0

Myometrium 27 12

Epicardial 113 16
Lymph node metastasis

Yes 98 22

No 50 6

64 28 6.867 0.076 0.018
28 20
50 22 4088 0.252 0.035
42 26
48 28 6.037 0.114 -0.137
44 20
52 20 3528 0.317 0.001
40 28
55 11 19.699 0.015% 0.136
26 27
11 10
82 43 14.052 0.021% 0.129
10 5
5 5 11.646 0.147 -0.082
20 12
67 31
50 22 12.987 0.005% 1.168
42 26

*indicate statistical significant (p < 0.05).

lation of PIK3CA and PIK3CB with drug resis-
tance remains unclear. In addition, most stud-
ies involving class | PI3Ks focus only on activat-
ing mutations in PIK3CA [9]. Therefore, we
investigated whether PIK3CA and PIK3CB af-
fect drug resistance and prognosis in CRC.

Previous studies have shown that the PI3K sig-
naling pathway contributes to development of
CRC. However, the effect of PIK3CA and PIK3CB
on drug resistance remains unclear.

Materials and methods
Clinical specimens and patient data

A total of 316 CRC tissue samples at different
stages were collected from the Department of
Pathology of Binzhou Medical University Hos-
pital between January 2005 and May 2009.
Tissue samples were routinely fixed in 10%
buffered neutral formalin. Cancer tissues were
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cut into wedge shapes, whereas normal tissues
were cut at least 5 cm away from the tumor
margin. All CRC patients were clinically and pa-
thologically proven to have not received preop-
erative chemotherapy or radiotherapy. All spec-
imens were collected with the informed con-
sent of the patients, and the Ethical Committee
of Binzhou Medical University Hospital app-
roved the protocols used in this study. Cli-
nicopathologic classification was performed
according to the National Comprehensive Ca-
ncer Network classification parameters. Demo-
graphic and clinicopathological parameters
were prospectively recorded using a chart re-
view. Patients were followed-up annually by te-
lephone or at outpatient clinics until May 2014
or death.

Immunohistochemistry and scoring
Before staining, paraffin-embedded tissue blo-

cks were cut with thicknesses of 4 um. Sections
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Table 2. Correlation of PIK3CA andPIK3CB with MDR

PIK3CA (+) PIK3CA (+)

PIK3CA (-)

PIK3CA (-)

MDR PIK3CB (+)  PIK3CB()  PIK3CB(+)  PIK3cB() < value  Pvalue  rvalue

MDR-1 (+) 122 22 68 18 37656  0.001%  0.288
&) 26 6 24 30

LRP (+) 110 18 75 21 23.608  0.023%  0.128
&) 38 10 17 27

Topll (+) 112 13 86 34 30508  0.204  -0.072
&) 36 15 6 14

GST-m (+) 120 22 80 20 39.882  0.001%  0.197
0 28 6 12 28

*indicate statistical significant (p < 0.05).

were deparaffinized in an oven at 60°C for 2 h
and then rehydrated with two and three chang-
es of xylene and ethanol, respectively. Antigen
retrieval was performed using the microwave
retrieval method. Endogenous peroxidase ac-
tivity was quenched through incubation with
3% hydrogen peroxide for 10 min at room tem-
perature. Nonspecific binding was blocked by
incubating sections with 10% normal goat
serum in PBS for 30 min at room temperature.
Without washing, sections were incubated with
rabbit monoclonal antibody against human
PIK3CA (1:150; Abcam, Cambridge, MA, USA),
PIK3CB (1:250; Abcam, Cambridge, MA, USA),
MDR-1 (Fuzhou Maixin Biotech Co.), LRP (Fu-
zhou Maixin Biotech Co.), GST-i1 (Fuzhou Maixin
Biotech Co.), and Top Il (Fuzhou Maixin Biotech
Co.) at 4°C overnight. The sections were then
incubated with horseradish peroxidase-conju-
gated secondary goat anti-rabbit antibody (Ab-
cam, San Francisco, USA) for 1 h at room tem-
perature. Sections were then washed with PBS
and treated with the Metal-enhanced DAB
Substrate Kit (Thermo Scientific, USA) to visual-
ize the antigen-antibody complex. Two research-
ers who were unaware of clinicopathological
status of the specimens scored each section
separately. The percentage of stained cells on
each section was scored as: O (less than 5%), 1
(5%-25%), 2 (26%-50%), and 3 (> 50%). Staining
intensity was scored as: O (no staining), 1 (weak
staining), 2 (moderate staining), and 3 (strong
staining). The final score of each specimen was
calculated by the multiplying stained cell score
with the staining intensity score. Thus, the final
score ranged from O to 9. Low expression was
defined as a final score of < 4, whereas a score
> 4 was determined to be high expression.

Statistical analysis

All statistical analyses were conducted with the
SPSS 18.0 software (SPSS Inc., Chicago, USA).
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The correlation of PIK3CA and PIK3CB expres-
sion with clinical parameters was analyzed
using X and Fisher’s exact tests. Overall surviv-
al (0OS) was plotted using the Kaplan-Meier
method. The analyses of prognostic factors for
OS were determined using multivariate Cox pro-
portional hazards regression method. P value <
0.05 was considered statistically significant.

Results

Correlation of PIK3CA and PIK3CB with differ-
ent clinicopathologic parameters

We analyzed the correlation between the PIK-
3CA and PIK3CB expression levels of CRC sam-
ples and a set of clinicopathologic parameters,
including age, gender, histological type and
tumor site (Table 1). High PIK3CA and PIK3CB
expression was found to be significantly corre-
lated with histological grade (P=0.015) and
lymph node metastasis (P=0.005). Other char-
acteristics, such as age (P=0.076), gender (P=
0.252), large size (P=0.114), tumor site (P=
0.317), and histological type (P=0.256), were
not associated with PIK3CA and PIK3CB
expression levels.

PIK3CB and PIK3CB protein expression is posi-
tively correlated with MDR-1, LRP, and GST-r

In colorectal carcinoma, the high expression
rates of MDR-1, LRP, GST-1, and Topo Il were
72.78%, 70.89%, 77.53%, and 76.58%, respec-
tively. As is shown in Table 2, PIK3CA and
PIK3CB expression was found to be positively
correlated with MDR-1, LRP, and GST-m (r=
0.288, P=0.001, r=0.128, P=0.023, and r=
0.197, P=0.001), whereas no correlation was
found between PIK3CA and PIK3CB expression
and Topo Il (P > 0.05) (Figure 1).
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Figure 1. Immunohistochemical staining of PIK3CA, PIK3CB, MDR-1, LRP, TOPIl and GST-m protein expressions in
CRC tissues. High-power view (Original magnification x400) shows strong staining for PIK3CA, PIK3CB, MDR-1, LRP,
and GST-1m in the cytoplasm of cancer cells (A. PIK3CA; B. PIK3CB; D. LRP; F. GST-r), MDR-1 in the membrane and
cytoplasm of cancer cells (C), Topo Il in the nucleus of cancer cells (E).

Correlation between PIK3CA, PIK3CB, and
MDR expression levels and patient OS

The median survival time of 316 cases patients
was 60 months, and the five-year survival rate
of patients was 47.5%. The five-year survival
rate of patients with PIK3CA-positive and
PIK3CB-positive expression was 35.1%. The
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five-year survival rate of patients with PIK3CA-
positive and PIK3CB-negative expression was
53.6%. The five-year survival rate of patients
with PIK3CA-negative and PIK3CB-positive ex-
pression was 52.2%. The five-year survival rate
of patients with PIK3CA-negaitive and PIK3CB-
negaitive expression was 59.4%, which unlike
that of patients with PIK3CA-positive and
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PIK3CB-positive expression. Kaplan-Meier an-
alysis revealed that patients with PIK3CA-
positive and PIK3CB-positive expression had a
short OS, whereas those with PIK3CA-negative
and PIK3CB-negaitive expression had a longer
0S than the other three groups (P < 0.05).
Kaplan-Meier analysis showed that CRC pa-
tients with negative expressions of MDR-1 and
GST-mand no lymph node metastasis have long
survival time (Figure 2B and 2C). Cox regres-
sion analysis showed that PIK3CA, PIK3CB,
MDR-1, GST-m, and lymph node metastasis
were independent prognostic factors of CRC
(Table 3).

Discussion

The PI3K/Akt signaling pathway serves an
important function in the proliferation, cell
growth, cycle progression, apoptosis, migra-
tion, and survival of cancer cells [10, 11].
Moreover, a variety of human tumors that are
closely related to the development of abnormal
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activation in promoting normal cell develop-
ment contribute to cancer cell transformation
[9, 12]. PI3Ks are lipid kinases that consist of
three different classes (class |, Il, and Ill) based
on structures and activation mechanisms.
Class | PI3Ks are the best-characterized en-
zymes and include class 1A (p110«, p11083, and
p1100) and class IB (p110y). Thus, recent stud-
ies have reported that different PI3K members
have distinct, nonredundant cellular functions
in cell signaling and tumorigenesis, e.g., p110a
is required to sustain the proliferation of PI-
K3CA-mutant tumors [13], whereas p1100,
which the PIK3CB gene encodes, is implicated
in PTEN deficient tumorigenesis [14, 15]. Alth-
ough p110y and p110d expression is predomi-
nantly restricted to blood diseases, different
human cancer cell lines have also been shown
to express these PI3K isoforms, and the aber-
rant expression of p110d has been found to
contribute to neuroblastoma cell growth and
survival [16]. Meanwhile, PIK3CA and PIK3CB
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Table 3. Univariate and multivariate analysis of clinicopathologicparameters with OS by Cox propor-

tional hazards regression

Variable RFS hazard ratio (95% Cl) P value
Age (< 60, > 60) 1.015 (0.791-1.302) 0.907
Gender (male, female) 1.017 (0.795-1.300) 0.894
Tumor sizes (< 5, 2 5) 1.162 (0.907-1.488) 0.235
Tumor site (colon, rectal) 0.985 (0.775-1.252) 0.903
Histologic grade (Grade 1, Grade 2, Grade 3) 0.990 (0.685-1.432) 0.958
Histology (Tubular, Mucinous) 0.730 (0.500-1.604) 0.102
Depth of invasion (Mucosa and submucosa, myometrium, epicardial) 1.403 (0.826-2.383) 0.210
Lymph node metastasis (yes, no) 1.309 (1.018-1.684) 0.036*
MDR-1 2.048 (1.523-2.753) 0.000%
LRP 1.273 (0.952-1.705) 0.105
Topll 1.272 (0.933-1.732) 0.128
GST-1t 1.431(1.048-1.955) 0.024%

*indicate statistical significant (p < 0.05).

are extensively expressed in tumors and are
closely related to tumorigenesis, thus drawing
considerable attention. Studies have shown
that the mutations of PIK3CA and PIK3CB serve
an important function in breast cancer, ovarian
cancer, nasopharyngeal carcinoma, osteosar-
coma, and other human malignancies in tumor-
igenesis and development [17-20]. In this study,
we investigated both PIK3CA and PIK3CB
mutation effects on drug resistance. Our re-
sults revealed that both PIK3CA and PIK3CB
have a positive expression rate of 46.84%, sig-
nificantly higher than that of the other three
groups. We also found that high PIK3CA and
PIK3CB expression is associated with cell dif-
ferentiation and lymph node metastasis of CRC
(P £ 0.05). This result suggests that PIK3CA
and PIK3CB expression increases in CRC and
may thus contribute to the tumorigenesis and
progression of CRC. At later clinical stages, the
pathological grade of low PI3K protein expres-
sion in cancer tissues is highly positive rate,
and the corresponding expression is correlated
with clinicopathological factors relative to
lymph node metastasis and distant metasta-
sis. These findings suggest that PI3Ks is asso-
ciated with proliferation, metastasis, and infil-
tration in CRC. Therefore, the inhibition both of
PIK3CA and PIK3CB can serve as a potentially
useful approach for gastric cancer treatment.

The major treatment for CRC modalities in-
cludes surgery and chemotherapy. However,
the therapeutic effectiveness of these treat-
ments is disappointing because of MDR and
high-dose chemotherapy-induced toxicity to
normal tissues. The simultaneous detection of
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multiple MDR gene products is necessary in
clinical trials to determine the drug resistance
of tumor cells to chemotherapy drugs objective-
ly. The commonly used clinical drug resistance
genes are MDR-1, LRP, GST-i, and Topo II,
which can also indirectly reflect the condition of
MDR in tumor tissues. Our results show th-
at the positive rates of MDR-1, LRP, GST-i1, and
Topo |l expressions are 72.78%, 70.89%,
77.53%, and 76.58%, respectively, indicating
the presence of MDR in colorectal carcinoma.

Studies have suggested the potential involve-
ment of elevated DNA repair activities, defec-
tive apoptosis pathways, altering metabolisms
[21], and PI3K/Akt signaling pathways [22, 23]
in the MDR of human cancers, which includes
CRC. The downregulation of PIK3CA or PIK3CB
has recently been described in some tumor
MDR cell lines and tissues. Guerreiro et al.
found that isoform-specific p110a inhibitors
impaired medulloblastoma cell proliferation
and sensitized the cells to chemotherapy [24].
Jeong et al. showed that the specific inhibition
of PI3K isoform p110B can resensitize PTX-
resistant cancer cells to PTX in vitro and in vivo
[25]. Currently, the well-recognized mechanism
that leads to MDR is the overexpression of the
MDR1 gene product, P-glycoprotein (P-gp). P-
gp, a drug-transporting protein, can cause MDR
in tumor cells by decreasing intracellular drug
levels [26]. Thus, circumventing P-gp-mediated
MDR is still the main goal of MDR-reversion in
clinical chemotherapy. Previous studies have
indicated that the activation of the PI3K/Akt
signaling pathway is closely associated with the
upregulation of MDR1 expression [27, 28].
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Garcia MG et al. found that PI3K/Akt inhibition
correlates with the downregulation of NF-kB
activity and the inhibition of P-gp function [29].
Furthermore, PI3K/Akt serves a vital function
in mediating survival signals, as well as in con-
tributing to the inhibition of apoptosis and ther-
apeutic resistance through multiple mecha-
nisms [30, 31]. Therefore, the inhibition of the
PI3K/Akt pathway may promote chemothera-
peutic drug-induced apoptosis and conse-
quently enhance the chemosensitivity of vari-
ous types of cancer.

In this study, we evaluated the correlation of
the PI3K/Akt signaling pathway with MDR. Our
results indicate that PIK3CA and PIK3CB ex-
pression correlates directly with MDR-1 (r=
0.288), LRP (r=0.128), and GST-m (r=0.197),
which in turn supports the findings that PIK3CA
and PIK3CB expression is closely related to
MDR. We found that the activity of the down-
stream factor NF-kB is enhanced and the
expression of P-gp increases when PIK3CA and
PIK3CB protein is highly expressed in colorec-
tal carcinoma tissues. The chemotherapeutic
drugs are leached out of cancer cells through
the energy of ATP hydrolysis, resulting in low
intracellular drug concentration and a decline
in drug efficacy. The results indicate that CRC
patients with overexpressed PI3BKCA and PI-
3KCB can produce MDR when induced by LRP-
related drugs, such as vincristine, adriamycin,
and epirubicin, or GST-m related drugs, such as
alkylating agents and mitomycin. Meanwhile,
this phenomenon cannot be detected under
Topo llI-related chemotherapeutics.

Targeted cancer therapy is the future of cancer
treatment. A number of targeted therapy drugs
used in clinical tests exhibit good therapeutic
effects. One of the most common treatments is
the epidermal growth factor receptor (EGFR)
targeting therapy. The main drugs used are gefi-
tinib and cetuximab. Preclinical trials have con-
firmed the prolonged progression-free survival
of advanced CRC patients with the use of these
drugs, especially cetuximab. However, phase |/
Il clinical studies in patients with advanced CRC
showed that despite gefitinib demonstrating
objective responses in a minority of patients,
the majority displayed no significant effects,
which suggests a high level of intrinsic or
acquired resistance to such treatment. Mo-
reover, EGFR overexpression is clearly not the
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sole determinant of gefitinib therapy response.
Recently published data indicate that a number
of patients with mCRC that are unlikely to
respond to anti-EGFR therapies can be identi-
fied when expression of PTEN and mutations of
PIK3CA are concomitantly ascertained. In addi-
tion, clinical studies showed that patients with
EGFR overexpression and PIK3CA mutation
had been treated with cetuximab, and chemo-
therapy failed in some of these patients. The
present study reveals that both PIK3CA and
PIK3CB serve an important function in CRC and
are related to the MDR and prognosis of CRC.
Therefore, we speculate that aside from the
mutation of PI3KCA, many other molecular ge-
ne mutations may occur in the PI3K/Akt signal-
ing pathway and may this lead to treatment fail-
ure or drug resistance relative to cetuximab
chemotherapy. Another important molecular in
the PIBK/Akt pathway is PIBKCB. However, the
effect of PA3KCB mutation on cetuximab-tar-
geted therapy requires further investigation.

Grille et al. [32] reported that Akt activation in
cancer cells increases the motility required for
tissue invasion and metastases and is conse-
quently associated with poor prognosis in many
cancers. This study suggests that the progno-
sis of CRC is associated with some clinical pa-
thologic factors, such as differentiation degree
and lymph node metastasis. In addition, the
protein expression level of PIK3CA and PIK3CB
is closely related with the prognosis of patients
with CRC, especially when the expressions of
both proteins simultaneously increase, thus
resulting in high mortality rate and poor prog-
nosis. Therefore, we hypothesized that PI3KCA
and PIBKCB may be used as independent
indexes of molecular biology to test colorectal
malignant degree and prognosis. Furthermore,
we observed that the prognosis of CRC has a
strong relationship with the expression of the
drug resistance genes MDR-1 and GST-m. The
multivariate Cox proportional hazard regres-
sion analysis indicates that lymphatic metasta-
sis and the expression of MDR-1 and GST-11 can
be independent factors for predicting the prog-
nosis of CRC. All these results suggest that
MDR-1 and GST-m expression can be an impor-
tant factor in analyzing the prognosis of CRC.
Combining these expressions with the tradi-
tional clinical pathologic factors can improve
prognosis accuracy for patients with CRC.
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In summary, our study proves that both PIK3CA
and PIK3CB serve important functions in CRC
carcinogenesis, drug resistance, and progno-
sis, which further suggests that PIK3CA and
PIK3CB may be used as potential drug targets
for CRC.
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