
© 2016 The Korean Academy of Medical Sciences.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

pISSN 1011-8934
eISSN 1598-6357

Dual-Blocking of PI3K and mTOR Improves Chemotherapeutic 
Effects on SW620 Human Colorectal Cancer Stem Cells by 
Inducing Differentiation

Cancer stem cells (CSCs) have tumor initiation, self-renewal, metastasis and chemo-
resistance properties in various tumors including colorectal cancer. Targeting of CSCs may 
be essential to prevent relapse of tumors after chemotherapy. Phosphatidylinositol-3-
kinase (PI3K) and mammalian target of rapamycin (mTOR) signals are central regulators of 
cell growth, proliferation, differentiation, and apoptosis. These pathways are related to 
colorectal tumorigenesis. This study focused on PI3K and mTOR pathways by inhibition 
which initiate differentiation of SW620 derived CSCs and investigated its effect on tumor 
progression. By using rapamycin, LY294002, and NVP-BEZ235, respectively, PI3K and 
mTOR signals were blocked independently or dually in colorectal CSCs. Colorectal CSCs 
gained their differentiation property and lost their stemness properties most significantly in 
dual-blocked CSCs. After treated with anti-cancer drug (paclitaxel) on the differentiated 
CSCs cell viability, self-renewal ability and differentiation status were analyzed. As a result 
dual-blocking group has most enhanced sensitivity for anti-cancer drug. Xenograft 
tumorigenesis assay by using immunodeficiency mice also shows that dual-inhibited group 
more effectively increased drug sensitivity and suppressed tumor growth compared to 
single-inhibited groups. Therefore it could have potent anti-cancer effects that dual-
blocking of PI3K and mTOR induces differentiation and improves chemotherapeutic effects 
on SW620 human colorectal CSCs.
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INTRODUCTION

Cancer stem cells (CSCs) are a subset of cells within a tumor 
that have the ability to initiate tumor formation and induce me-
tastasis. Recently, CSCs have emerged as a pivotal therapeutic 
target to slow the progress of cancer (1) because CSC associated 
drug resistance is thought to be main reason for relapse (2,3).
Colorectal cancer (CRC) is one of the leading cause of cancer-
related deaths (4) and also contains CSCs (5), which are identi-
fied by the cell surface marker CD133 and have tumorigenic 
ability in immunodeficiency mice. Tumorigenic colon cancer 
cells included the rare undifferentiated population that express-
es CD133 (6,7). Various results of studies indicate that CD133 
positivity correlates to tumor aggressiveness, metastasis, and 
resistance to chemotherapy and radiotherapy (3).
 In addition, although there are many therapeutic methods 
targeted for CSCs, the possible way is to induce differentiation 
of CSCs. Because non-CSCs are targeted very effectively by che-
motherapeutic agents, it is believed that differentiated cells have 
limited proliferative potential and lose the capacity for self-re-

newal and tumorigenicity (8).
 The phosphatidylinositol 3-kinase (PI3K) and mammalian 
target of rapamycin (mTOR) pathway regulates multiple cellu-
lar processes to promote cancer cell growth, survival, and me-
tastasis (9-11). Lots of inhibitors for PI3K and/or mTOR path-
way was developed and several inhibitors among them has an-
ti-cancer effect in preclinical and clinical studies (12). Several 
studies have suggested the association of the PI3K and mTOR 
pathway with colon tumorigenesis (13,14).
 We hypothesized that PI3K and mTOR pathway may play a 
role of tumor progression and relapse related to colorectal CSCs. 
We used SW620 cell line possessing CD133 expressing colorec-
tal CSCs. After isolating CD133+ and CD133- colorectal cancer 
cells, PI3K and/or mTOR signal of sorted cells were blocked by 
using inhibitors. We investigated differential status, drug sensi-
tivity, and tumorigenecity of inhibited colorectal CSCs in vitro 
and in vivo. Here, we show dual-blocking of PI3K and mTOR 
pathway more effectively enhances drug sensitivity by inducing 
differentiation and suppresses tumor growth.
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MATERIALS AND METHODS

Cell culture 
The SW620 human colorectal cancer cell line was purchased 
from the Korean cell line bank (Seoul, Korea). SW620 cells were 
cultured in RPMI 1640 (GIBCO-Life Technologies, Carlsbad, 
CA, USA) with 2.05 mM glucose, 25 mM HEPES, 10% fetal bo-
vine serum (FBS), penicillin (100 U/mL), and streptomycin (100 
µg/mL) in a humidified 5% CO2 incubator at 37°C. When cell 
confluence reached 80%, cells were detached using 0.05% tryp-
sin and 0.53 mM EDTA.

Fluorescence activated cell sorting (FACS) 
Cells were labeled with primary CD133/1-PE antibody (Milte-
nyi Biotec, San Diego, CA, USA). All procedures were performed 
according to the manufacturer’s instructions. Cells were sorted 
using a BD FACS system (BD Biosciences, Franklin Lakes, NJ, 
USA). Data were analyzed by BD FACSAriaTM software (BD Bio-
sciences), which was provided with the system.

Drug treatment
SW620 cells were treated with 100 nM rapamycin (Merck, Ke-
nilworth, NJ, USA) for 48 hours, 50 µM LY294002 (Merck) for 48 
hours, and 100 nM NVP-BEZ235 (Axon Medchem, Reston, VA, 
USA) for 24 hours to block both mTOR and PI3K, respectively. 
Paclitaxel (anti-cancer drug, Sigma, St Louis, MO, USA) treated 
with 100 nM for 24 hours to SW620 after inhibitors treatment.

RNA isolation and semi-quantitative RT-PCR
RT-PCR was performed according to methods established as 
described in Choi et al. (15). Total RNA was isolated using 1 mL 
of TRIzol (Invitrogen, Carlsbad, CA). Subsequently, 200 μL of 
chloroform was added and the solution was mixed and incu-
bated for 10 minutes. After centrifugation at 12,000 rpm and 4°C 
for 15 minutes, the upper phase was transferred to a new tube 
and 500 μL of isopropanol was added. After an incubation peri-
od of 10 minutes and another centrifugation step of 15 minutes 
at 12,000 rpm and 4°C, the supernatant was discarded. The pel-
let was washed with 1 mL of 75% ethanol/DEPC-water and cen-
trifuged at 4°C for 5 minutes. The supernatant was discarded, 
and the pellet was dried. After addition of 10 μL of DEPC-water, 
the pellet was dissolved on ice for 10 minutes. The amount and 
purity of the total RNA were determined at the absorbance 
wavelengths of 260 nm and 280 nm using a spectrophotometer. 
cDNAs were synthesized by the Superscript III First Strand Syn-
thesis system (Invitrogen) in accordance with the manufactur-
er’s protocols. cDNA synthesis is performed in the first step us-
ing total RNA primed with oligo (dT). Primers for PCR were 
purchased from Cosmogenetech (Seoul, Korea). The target re-
gions were amplified in 15 mL volume using following sched-
ule. All PCR techniques were conducted in 28-39 cycles. The 

PCR products were separated via electrophoresis in 2% agarose 
gel, and then the product bands were imaged and detected us-
ing an EtBr system with BioRad Molecular Imager® GelDocTM 
XR. For all RT-PCR analysis, β-Actin was used as a loading con-
trol. The primers used in this study are listed in Table 1. The 
data of RT-PCR was quantified by ImageJ software (1.48v, Na-
tional Institue of Health, Bethesda, MA, USA).

Cell viability assay 
To check cell viability, we used Cell Counting Kit-8 (CCK-8; Do-
jindo Molecular Technologies, Inc., Kumamoto, Japan). The cells 
were seeded at 1 × 104 cells/well in 96-well microplates and al-
lowed to attach for 24 hours. After inhibitors and anti-cancer 
drug treatment, cell viability was assessed by CCK-8. Three rep-
licate wells were used for each experimental condition.

Immunofluorescence analysis (IF)
Cells were grown on glass cover slips and fixed with 4% parafor-
maldehyde (Fluka Chemie AG, Buchs, Switzerland) in PBS for 
10 minutes. The cells were permeabilized by immersion in 0.25% 
Triton X-100 in PBS for 10 minutes. The cells were incubated 
with 1% BSA at room temperature for 1 hour to block nonspe-
cific binding of the antibodies. Staining was performed by 1:200 
dilution of mouse anti-CD133 antibody (Miltenyi Biotec, San 
Diego, CA, USA) and 1:200 dilution of mouse anti- CEA antibody 
(Abcam, Cambridge, MA, USA) in 1% BSA/PBS for 1 hour, fol-
lowed by 1:200 dilution of Alexa Flour 594-conjugated goat anti-
mouse antibody (red) and FITC-conjugated rabbit anti-mouse 
antibody (green) with three washes in cold PBS. Subsequently, 
the cells were stained with 4´, 6-diamidino-2-phenylindole (DA-
PI, Sigma, St. Louis, MO, USA). After an additional three washes 
in cold PBS, the cells were mounted and viewed using confocal 
laser scanning microscope, LSM 700 (Carl-Zeiss, Jena, Germa-
ny). Each experimental condition was conducted in triplicate. 
CTCF (Corrected Total Cell Fluorescence) was measured by 
ImageJ software (1.48v, National Institue of Health).

Sphere formation assay
Cells were plated at 1 × 103 cells/well in 6-well ultra-low attach-

Table 1.  RT-PCR Primers used in this study

Gene
Forward primer (F)
Reverse primer (R)

Size (bp)

CD133 F: CAGTCTGACCAGCGTGAAAA
R: GGATTGATAGCCCTGTTGGA

223

SOX2 F: CACCTACAGCATGTCCTACTC
R: CATGCTGTTTCTTACTCTCCT

384

SMO F: GGGAGGCTACTTCCTCATCC
R: GGCAGCTGAAGGTAATGAGC

167

CEA F: CGCATACAGTGGTCGAGAGA
R: ATTGCTGGAAAGTCCCATTG

560

β-actin F: GGACTTCGAGCAAGAGATGG
R: AGCACTGTGTTGGCGTACAG

234
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ment plates (Corning Inc. Corning, NY, USA). Cell were cultured 
with serum-free RPMI 1640 (Gibco-Invitrogen, Carlsbad, CA, 
USA) supplemented with 10 ng/mL fibroblast growth factor 
(R&D Systems, Minneapolis, MN, USA), 10 ng/mL epidermal 
growth factor (R&D Systems), and 2.75 ng/mL selenium (insu-
lin-transferrin-selenium solution; Invitrogen). At day 5, spheres 
larger than 100 µm were counted.

In vivo xenograft tumorigenecity assay
Four-week-old male Balb/c nude mice were obtained from Ori-
entBio (Seongnam, Korea). The mice were maintained under 
standard conditions and cared for according to the institutional 
guidelines for animal care. The animal studies were performed 
after receiving approval of the Institutional Animal Care and Use 
Committee (IACUC) in Korea University (KUIACUC approval 
No. KUIACUC-2014-99). The number of used mice per every 
group was eight. For xenograft tumorigenecity assay, 1 × 106 
SW620 cells were sorted for CD133+ cells and treated with in-
hibitors. The cells were suspended in 100 µL PBS/Matrigel (BD 
Biosciences) (1:1). The left flank of Balb/c nude mice was in-
jected with untreated CD133+ cells, while the right flank was 
injected with CD133+ cells treated with each inhibitor. Tumor 
formation was monitored once a week (before paclitaxel treat-
ment) and every 4 days (after paclitaxel treatment). The mice 
were intraperitoneally injected with 10 mg/kg paclitaxel. After 
44 days, all mice were sacrificed, and the tumor volume was 
measured by using digital caliper measurements. Tumor volume 
was calculated using the formula: v (mm3) = (a2 × b)/2, with a 
being the smallest diameter and b the largest.

Statistical analysis
All results are expressed as means ± standard error of the mean 
(SEM). The statistical significance was evaluated by using Stu-
dent’s t-test to identify significance differences between 2 groups 
using the SPSS statistical software version 12.0.1.

RESULTS

Stemness properties of SW620 CD133+ cells
The SW620 human colorectal cancer cell line was sorted into 
CD133+ cells and CD133- cells using an anti-CD133-PE anti-
body and FACS. CD133+ and CD133- cells have different prop-
erties with respect to stemness and differentiation (Fig. 1). Fig. 
1A shows mRNA expression of stemness (CD133, SOX2, and 
SMO) and differentiation markers (CEA). For comparisons, rel-
ative values for CD133- cells were considered to be “1”. CD133, 
SOX2, and SMO expression levels (fold) in CD133+ cells were 
“16 ± 0.07”, “4 ± 0.02”, and “7 ± 0.12” (P < 0.001) which showed 
CD133+ cells have higher mRNA expression levels of stemness 
markers than CD133- cells. On the other hands, CEA, differen-
tiation marker, was significantly reduced in CD133+ cells by one 

third (its value was “0.32 ± 0.01”) (P < 0.001). A sphere forma-
tion assay was carried out to determine the self-renewal ability 
(16) of SW620 CD133+ cells (Fig. 1B). The number of spheres of 
SW620 CD133+ cells was “40 ± 3.6” which is at least 7-fold high-
er than that of CD133- cells (5 ± 2.5) (P < 0.001). Taken together, 
these results indicated that SW620 CD133+ cells were success-
fully isolated and had stemness properties including self-renew-
al ability.

Differentiation induction of SW620 CD133+ cells by dual-
inhibition of PI3K and mTOR
To investigate differentiation of SW620 cells by blocking PI3K 
and/or mTOR pathway, expression of stemness and differentia-
tion markers were assessed by using RT-PCR and immunofluo-
rescence assay (IF). LY294002 (PI3K inhibitor), rapamycin (mTOR 
inhibitor), and NVP-BEZ235 (dual-inhibior of PI3K and mTOR) 
were used as inhibitors. To determine treating concentration of 
inhibitors cell viability was assessed (Supplementary Fig. 1). We 
choose the concentration which showed 50% cell viability. Ra-
pamycin (Supplementary Fig. 1A) was treated at concentrations 
of 10, 50, 100, and 200 nM for 24 or 48 hours, respectively. At 100 
nM for 48 hours, cell number was decreased from 10,000 to 6,500. 
LY294002 (Supplementary Fig. 1B) was treated concentration 
of 5, 10, 20, and 50 μM for 24 or 48 hours. Cell number after treat-
ment with LY294002 at 50 μM for 48 hours decreased from 10,000 
to 5,000. NVP-BEZ235 (Supplementary Fig. 1C) was treated at 
concentrations of 10, 100, 500 nM and 1 μM for 24 or 48 hours. 
It was more effective when treated for 24 hours, which was short-
er than rapamycin and LY294002. Cell number was decreased 
from 4,000 to 2,000 at 100 nM for 24 hours. To summarize, SW620 
cells were treated with 100 nM rapamycin for 48 hours, 50 μM 
LY294002 for 48 hours, and 100 nM NVP-BEZ235 for 24 hours 
to block mTOR, and/or PI3K pathway, respectively.
 Fig. 2A shows the mRNA expression levels of stemness and 
differentiation markers in CD133+ and CD133- SW620 cells af-
ter inhibition of PI3K and/or mTOR. CD133, SOX2, and SMO 
are stemness markers, while CEA is a differentiation marker of 
colorectal cancer cells. For comparisons in the present study, 
relative intensity for stemness and differentiation markers of 
DMSO-treated CD133+ cells were defined as “1”. CD133 expres-
sion levels in both single-blocker and dual-blocker treated groups 
were decreased. The value of rapamycin and LY294002-treated 
CD133+ cells were “0.79 ± 0.057” and “0.72 ± 0.01”, respectively 
(P < 0.001). In particular the relative intensity of CD133 in NVP-
BEZ235 treated CD133+ cells was “0.29 ± 0.01” (P < 0.001) which 
is the lowest value. SOX2 and SMO expression level were also 
significantly decreased in dual-blocked cells. SOX2 value of ra-
pamycin, LY294002 and NVP-BEZ235 was “0.44 ± 0.006”, “0.48 
± 0.009”, and “0.30 ± 0.075”, respectively (P < 0.001). SMO expres-
sion level was almost not changed in single-blockage groups (ra-
pamycin: “1.02 ± 0.003” and LY294002: “0.99 ± 0.003”). Howev-
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er, in dual-inhibited cells, SMO expression level was significant-
ly decreased (0.85 ± 0.082) (P < 0.001). CEA, differentiation mar-
ker, was up-regulated at least 4-fold by three inhibitors. Interest-
ingly, dual-blocked CD133+ cells had the highest expression lev-
el of CEA, “4.77 ± 0.075” (P < 0.001). The CEA value of rapamy-
cin and LY294002 was “4.1 ± 0.004” and “4.47 ± 0.007”, respec-
tively (P < 0.001). Taken together, in dual-blocked CD133+ cells 
using NVP-BEZ235, differentiation marker was most significant-
ly up-regulated and stemness markers were down-regulated.

 Fig. 2B and 2C showed CD133 and CEA protein expression 
patterns in SW620 CD133+ cells after PI3K and/or mTOR inhi-
bition, respectively. As shown in Fig. 2B, CD133 (red) was high-
ly expressed in CD133+ cells, whereas there was little or no ex-
pression in CD133- cells. After inhibitor treatment, CD133 sig-
nal was decreased in CD133+ cells, while inhibitors did not af-
fect CD133 expression in CD133- cells. The blue staining for nu-
clei (DAPI) remained unchanged. For comparisons, relative in-
tensity of Corrected Total Cell Fluorescence (CTCF) for CD133 
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assay. Pictures were taken at × 40 magnification. Scale bar = 100 μm. Data are 
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dent experiments performed (*P < 0.001).
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of DMSO-treated CD133+ cells was defined as “1”. The value for 
CD133 in rapamycin- and LY294002-treated CD133+ cells were 
“0.16 ± 0.023” and “0.26 ± 0.026”, respectively (P < 0.001). Espe-
cially, the value for CD133 of NVP-BEZ235 was “0.11 ± 0.015” 
which was the lowest one (P < 0.001). Thus, stemness protein 
(CD133) was most significantly down-regulated by dual-block-
er (NVP-BEZ235) compared to single-blockage groups.
 As shown in Fig. 2C, CEA (green) was highly expressed in 
CD133- cells but was rarely expressed in CD133+ cells. After in-
hibition, CEA was up-regulated in CD133+ cells and was not 

changed in CD133- cells. For the purpose of comparison, rela-
tive intensity of CTCF for CEA of DMSO-treated CD133+ cells 
was defined as “1”. The relative intensity of CEA in rapamycin, 
LY294002, and NVP-BEZ235 treated CD133+ cells was “15.98 ±  
2.431”, “9.74 ± 1.058”, and “19.02 ± 1.532”, respectively (P < 0.001). 
Thus, these results indicated that dual-blocking most signifi-
cantly up-regulated expression of differentiation marker (CEA) 
by 19-fold.
 Therefore we concluded that dual-inhibition of PI3K and mTOR 
most effectively induced differentiation of colorectal CSCs and 

Fig. 2. Stemness and differentation properties of PI3K and/or mTOR inhibitors treated SW620 CD133+ cells. (A) The mRNA expression of stemness and differentiation markers 
after inhibition of PI3K and/or mTOR was measured by RT-PCR. β-Actin was used as a loading control. For comparisons, relative intensity for markers of DMSO-treated CD133+ 
cells was defined as “1”. *P < 0.001. (continued to the next page)
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suppressed their stemness properties.

Drug sensitivity change in differentiated SW620 CD133+ 
cells by dual-inhibition
Fig. 3 shows drug sensitivity properties of differentiated CSCs 
by inhibition of PI3K and mTOR. Paclitaxel was used as an anti-
cancer drug and treated at 100 nM for 24 hours. To determine 
the point in which SW620 CD133+ cells showed less drug sensi-
tivity, cells were treated with paclitaxel for 24, 48 and 72 hours 
with concentrations of 0, 5, 10, 20, 50, 100, 200, 400, and 800 nM 
(Supplementary Fig. 2A). Since the resistant cells would show 
high viability even in high concentrations of the drugs we tried 
to find the point in which cells lost sensitivity. For paclitaxel the 
point of decreased cell sensitivity was 100 nM for 24 hours. At 
100 nM for 24 hours paclitaxel cell number was decreased from 
4,500 to 3,200 while at 50 nM cell number was decreased from 
4,500 to 2,000 (Supplementary Fig. 2B) . 

 Cell viability assay was carried out to measure the effect of 
chemotherapy in SW620 CD133+ cells. As shown in Fig. 3A, CSCs 
treated with DMSO were used as a control group and on stan-
dard of 100% cell viability to compare with each other. When 
paclitaxel was treated, cell viability of inhibitor-treated groups 
was lower than that of DMSO-treated group. Rapamycin-treat-
ed CD133+ cells (CSCs) had 83% ± 5.7% viability (P < 0.01) while 
LY294002-treated cells had 70% ± 3.7% viability (P < 0.01). In 
particular, NVP-BEZ235-treated cells had 46% ± 9% viability 
(P < 0.001 and P < 0.01) which is the lowest viability compared 
to single-blockage groups. In other words dual-blocking most 
effectively induced cell death by anti-cancer drug in CD133+ 
cells.
 The sphere formation assay was carried out to assess self-re-
newal ability of differentiated CSCs treated with paclitaxel (Fig. 
3B). The sphere number of control group (DMSO) was “16 ± 2”. 
The value of single blockage groups was “8 ± 1” (rapamycin) 
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Fig. 2. (Continued) (B) The protein expression of CD133 was measured by Immunofluorescence assay (IF). CD133 was stained in red. (C) The protein expression of CEA was 
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and “9.67 ± 0.7” (LY294002). Interestingly, dual-blockage group 
(NVP-BEZ235) had the lowest number of spheres “7.67 ± 0.3”. 
Thus, self-renewal capacity of dual-inhibited CSCs after anti-
cancer drug treatment was most decreased.
 The strongest expression of CEA, differentiation marker, was 
also observed in CD133+ cells treated with paclitaxel after the 
dual-blocker NVP-BEZ235 treatment by IF (Fig. 3C). For the com-
parison, relative intensity of CTCF for DMSO-treated CD133+ 
cells was defined as “1”. The value for CEA in rapamycin-, LY294002-

, and NVP-BEZ235-treated CD133+ cells were “2.74 ± 0.39” (P <  
0.05), “1.81 ± 0.2” (P < 0.01), and “5.91 ± 0.98” (P < 0.01 and 
P < 0.05), respectively. Thus, the combination of dual-inhibi-
tion and paclitaxel most significantly promotes differentiation 
in CD133+ cells.
 Taken together, differentiated CD133+ SW620 cells by dual-
inhibitor had most effectively enhanced sensitivity for anti-can-
cer drug in aspects of cell viability, self-renewal ability, and dif-
ferentiation properties.

Fig. 3. The drug sensitivity of inhibited SW620 CD133+ cells. (A) Inhibited SW620 CD133+ cells were treated with paclitaxel (100 nM) for 24 hours and cell viability was as-
sessed by CCK-8 assay. For comparisons cell viability of DMSO treated CD133+ cells was 100%. (B) Self-renewal ability of inhibited SW620 CD133+ cells treated with pacli-
taxel and self-renewal ability was assessed by sphere formation assay. (C) Differentiation marker (CEA) expression of inhibited CSCs treated with paclitaxel. The protein expres-
sion of CEA was assessed by IF. For the comparison, relative intensity of CTCF for CEA of DMSO treated CD133+ cells was defined as “1”. All data are expressed as the mean 
± standard error of the mean (SEM) of three independent experiments performed (*P < 0.05, †P < 0.01, ‡P < 0.001, “N/S” means “statistically not significant”). Pictures were 
taken at × 400 magnification. Scale bar = 10 μm.
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Fig. 4. Xenograft tumorigenecity assay of inhibitors treated SW620 
CD133+ cells before and after injection of anti-cancer drug. (A) 
Comparison of tumorigenecity of inhibitor treated SW620 CD133+ 
cells in BALB/c nude mice. Balb/c nude mice were subcutaneously 
injected with sorted SW620 CD133+ cells. The left flank was in-
jected with untreated CD133+ cells, while the right flank was in-
jected with CD133+ cells treated with each inhibitor. Anti-cancer 
drug (paclitaxel) was injected since 28 days. (B) Tumor volume 
(mm3) of xenografts from Balb/c mice. The change in tumor volume 
was checked for each group. DMSO treated group was used as a 
control. Data are expressed as the mean± standard error of the 
mean (SEM) of mice for each group.
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Tumor growth and the sensitivity to the anti-cancer drug 
by dual-blocking of PI3K and mTOR
Sorted SW620 CD133+ cells were untreated or treated with DM-
SO, rapamycin, LY294002, or NVP-BEZ235. CD133+ cells treat-
ed with each inhibitor were injected to the right flank of Balb/c 
nude mice while untreated CD133+ cells was injected to the left 
flank. As shown in Fig. 4A, tumor volumes in the NVP-BEZ235 
group were the smallest among other groups. PBS means PBS in-
jection without CD133+ cells and was used as a negative control.
 Fig. 4B shows the change in tumor volume (mm3) of mice 
monitored after injection of inhibitor-treated CD133+ cells. Be-
fore anti-cancer drug (paclitaxel) treatment the tumor volume 
was measured every 7 days. As shown in Fig. 3B, NVP-BEZ235-
treated group had the smallest tumor compared to DMSO-, ra-
pamycin-, and LY294002-treated groups both before and after 
anti-cancer drug paclitaxel treatment. Before paclitaxel injec-
tion, the tumor volume of NVP-BEZ235 group was the smallest 
of all groups. In particular, on 28 days, the tumor volume (mm3) 
of dual-blockage group was “699 ± 153” which was the smallest 
tumor compared to DMSO-, rapamycin-, and LY294002-treated 
groups (1,048 ± 89, 717 ± 124, and 822 ± 71). On other days (7, 

14, and 21 days) NVP-BEZ235 group had the smallest tumor, too.
 From 28 days to 44 days anti-cancer drug (paclitaxel) was in-
jected every 4 days (28, 32, 36, and 40 days). After paclitaxel treat-
ment the tumor of dual-blockage group was still the smallest. In 
particular, on 44 days, the tumor volume (mm3) of NVP-BEZ235-
treated group was “1,229 ± 253”. This value was the lowest one 
compared to other groups (each tumor volume of DMSO-, ra-
pamycin-, and LY294002-treated group was “1,686 ± 260”, “1,751 
± 203”, and “1,516 ± 93”, respectably). On 32 days and 40 days 
the tumor of NVP-BEZ235 group was the smallest. These data 
showed that dual-blocking most effectively suppressed tumor 
growth and enhanced the sensitivity to chemotherapy in colorec-
tal CSCs in vivo which coincide with in vitro data (Fig. 3).

DISCUSSION

CSCs have stem-like property that self-renewal, metastasis and 
resistance to chemotherapy and radiation. CSCs are also rele-
vant to colorectal cancer and they have a key role in cancer me-
tastasis and recurrence (7,17). PI3K and mTOR pathways are 
relative to tumorigenesis in various tumors including colorectal 
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cancer (18-20).
 In this study the SW620 human colorectal cancer cell line 
was sorted into CD133+ and CD133- cells using an anti-CD133-
PE antibody and FACS. Sorted SW620 CD133+ cells possessed 
stemness properties compared to CD133- cells. As shown in Fig. 
1A stemness markers (CD133, SOX2, and SMO) was up-regu-
lated and differentiation maker (CEA) was down-regulated in 
CD133+ cells. In addition, CD133+ cells had higher self-renewal 
ability, one of stemness properties.
 PI3K and mTOR pathways may be related to the tumorigenic 
characteristics of colorectal cancer (18). Accordingly these path-
ways became a target for cancer therapy. Inhibitors of PI3K sig-
naling have been suggested as potential therapeutic agents in 
CRC (21,22). LY294002 is a well-known, first generation PI3K 
inhibitor capable of reversibly targeting PI3K family members 
(12). Rapamycin, the prototypic mTOR inhibitor, has immuno-
suppressive properties (23) and anti-neoplastic abilities (24-27). 
Recent reports suggested that inhibition of mTOR pathway by 
rapamycin in CRC suppresses tumor formation in mice (28). 
Recently, several studies reported that dual-inhibition of the 
PI3K and mTOR pathway is an effective anti-cancer therapy. 
NVP-BEZ235, a dual-PI3K and mTOR inhibitor, is an imidazo-
quinazoline derivative that inhibits multiple class I PI3K iso-
forms and mTOR kinase activity by binding to the ATP-binding 
pocket (29). Preclinical data indicate that NVP-BEZ235 exerts 
strong anti-proliferative activity against tumor xenografts fea-
turing abnormal PI3K signaling, including loss-of-function PTEN 
or gain-of-function PI3K mutations (30). This report coincides 
with our xenograft tumorigenecity assay (Fig. 4) which shows 
dual-blocking had the superiority of suppressing tumor growth. 
Recently another dual-PI3K/mTOR inhibitor (PF-04691502) 
was introduced. PF-04691502 has an anti-cancer capacity in 
colorectal CSCs harboring a PIK3CA mutation (31) which also 
support our present study. Recent study reported that suppres-
sion of mTOR pathway reduced tumor size by inducing autoph-
agy dependent cell death (32). In this aspect we could speculate 
that dual-blocking mTOR and PI3K pathway would affect cell 
death when reducing tumor volume. For cell death analysis of 
tumor specimen, immunohistochemistry including TUNEL as-
say would be useful. If the tumor shrinkage mechanism includ-
ing cell death would be assessed, tumor reduction effect by du-
al-blocking will be more clarified.
 In several tumors, promoting CSC’s differentiation was sug-
gested as a differentiation therapy to cure cancer. For a quarter 
of a century, differentiation therapy has been used to treat acute 
promyelocytic leukemia using all-trans retinoic acid (ATRA), 
and more recently, the combination of ATRA and arsenic triox-
ide (ATO) has turned this once fatal disease into a highly cur-
able one. Whether this synergistic therapy preferentially targets 
leukemia-initiating cells (CSCs) is unclear, but tumor growth 
would be unsustainable if CSCs were forced to differentiate (8). 

In breast cancer the possibility of differentiation therapy was 
introduced. The miR-100 sensitizes breast CSCs to hormonal 
therapy by inducing cell differentiation (33). 
 Our results also suggest that targeting of PI3K and mTOR path-
way could be a candidate of differentiation therapy approaches. 
Fig. 2 shows that PI3K and mTOR pathways affected colorectal 
CSC’s differentiation. For targeting these pathways we blocked 
them by using three kinds of inhibitors (LY294002, rapamycin, 
and NVP-BEZ235). We assessed expression of differentiation 
marker (CEA) and stemness markers (CD133, SOX2, and SMO) 
in both mRNA (Fig. 2A) and protein level (Fig. 2B and 2C) after 
inhibition of these pathways. Fig. 2 shows dual-blocked CSCs 
had most significantly increased differentiation marker and de-
creased stemness markers. Thus dual-inhibition of PI3K and 
mTOR effectively promotes differentiation of colorectal CSCs. 
These data imply that dual-blocking of the PI3K and mTOR path-
ways can be a crucial target for differentiation therapy.
 The chemo- and radio-resistance of cancer stem cells render 
their clinical management difficulty (34-36). Chemotherapy 
kills most cells in a cancer but it is believed to leave CSCs be-
hind, which might be strongly related to resistance (34). So we 
speculated altering characters of colorectal CSCs by inducing 
differentiation would affect their drug sensitivity. Fig. 3 shows 
differentiated CSCs have increased drug sensitivity properties 
to anti-cancer drug unlike undifferentiated CSCs which had 
high resistance to chemotherapy. Differentiated CSCs by dual-
inhibiting PI3K and mTOR signals markedly increased drug 
sensitivity (Fig. 3). After treated with anti-cancer drug (paclitax-
el) cell mortality was increased, self-renewal capacity was de-
creased, and differentiation property was enhanced most sig-
nificantly in dual-blocked CSCs. Furthermore, dual-blocking 
most sensitized immunodeficiency mice’s tumor to chemother-
apy (Fig. 4). Similar findings were reported in prostate cancer, 
too. NVP-BEZ235 induced differentiation and decreased the 
population of CD133+/CD44+ prostate cancer stem cells in vivo 
(37).
 Taken together this study suggests that dual-inhibition of the 
PI3K and mTOR signaling pathway induces differentiation and 
improves chemotherapeutic effects on SW620 human colorec-
tal CSCs. Furthermore it could be a potential therapeutic strate-
gy for colorectal cancer. Since this research was only performed 
in vitro and in vivo, there needs to be proof of its effects in hu-
mans.
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Supplementary Fig. 1. Cell number of SW620 after inhibitors treatments. Cell viabil-
ity was assessed through CCK-8 assay after treating with inhibitors. (A) Rapamycin, 
(B) LY294002, (C) NVP-BEZ235. Data are expressed as the mean ± standard error 
of the mean (SEM).
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Supplementary Fig. 2. Cell number of SW620 CD133+ cells after paclitaxel (taxol) treatments. Cell viability was assessed through CCK-8 assay after treating with paclitaxel 
(taxol). (A) Paclitaxel (taxol) treatment for 24 hours, 48 hours, and 72 hours. (B) Enlargement of paclitaxel (taxol) for 24 hours. Data are expressed as the mean ± standard er-
ror of the mean (SEM).
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