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The colorectal cancer is the leading contributor of cancer-related mortality. Mammalian target of rapamycin (mTOR),
existing in 2 complexes (mTORC1/2), is frequently dysregulated and constitutively activated in colorectal cancers. It
represents an important drug target. Here we found that INK-128, the novel ATP-competitive kinase inhibitor of mTOR,
blocked both mTORC1 and mTORC2 activation in colorectal cancer cells (both primary and transformed cells). The
immunoprecipitation results showed that the assembly of mTORC1 (mTOR-Raptor association) and mTORC2 (mTOR-
Rictor-Sin1 association) was also disrupted by INK-128. INK-128 inhibited colorectal cancer cell growth and survival, and
induced both apoptotic and non-apoptotic cancer cell death. Further, INK-128 showed no effect on Erk/MAPK
activation, while MEK/Erk inhibition by MEK-162 enhanced INK-128-induced cytotoxicity in colorectal cancer cells.
Meanwhile, INK-128 downregulated Fascin1 (FSCN1)/E-Cadherin expressions and inhibited HT-29 cell in vitro migration.
In vivo, daily INK-128 oral administration inhibited HT-29 xenograft growth in mice, which was further enhanced by
MEK-162 administration. Finally, we found that INK-128 sensitized 5-fluorouracil-(5-FU)-mediated anti-HT-29 activity in
vivo and in vitro. Thus, our preclinical studies strongly suggest that INK-128 might be investigated for colorectal cancer
treatment in clinical trials.

Introduction

As one of the leading contributors of cancer-related mortality
around the world, the colorectal cancer has drawn significant
attentions from both oncologists and cancer biologists.1–3 In the
past decades, major improvements have been achieved in surgery
and/or chemotherapy therapies for colorectal cancers. However,
no significant improvement in overall survival has been accom-
plished, especially for the advanced/malignant colorectal cancer
patients.4 The molecular heterogeneity of colorectal cancers hin-
ders the uniform application of specific molecularly targeted

agents.1,2 Mammalian target of rapamycin (mTOR) signaling is
frequently dysregulated in colorectal cancers, and is vital for can-
cer cell progression.5,6 Thus, this pathway is a favorite target for
anti-colorectal cancer therapy.5,6

The mTOR kinase forms 2 distinct multi-protein complexes,
namely mTOR complex 1 (mTORC1), or the rapamycin-sensi-
tive complex composed of mTOR, Raptor and PRAS40, as well
as rapamycin-insensitive mTOR complex 2 (mTORC2), con-
taining mTOR, Rictor, Sin1 and Protor.7-9 MTORC1 phos-
phorylates its downstream targets p70S6K1 (S6K) and 4E-BP1
to promote protein translation and cell growth.12 On the other
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hand, mTORC2 phosphorylates Akt at Ser 473 to activate its
enzymatic activity.7-9 The first generation of mTOR inhibitors
(i.e. rapamycin) only inhibits mTORC1 activity. The second
generation of mTOR inhibitors, or the mTOR ATP-competitive
kinase inhibitors, interfere both mTORC1 and mTORC2 simul-
taneously and suppress Akt activation.10

INK-128 is an oral available mTOR ATP-competitive kinase
inhibitor which selectively inhibits mTORC1 and mTORC2 with
the IC-50 around 1 nM.11 Thus, the compound is much more
potent than the well-known mTOR inhibitor rapamycin, not to
mention it’s inhibitory effect on mTORC2 and Akt.11 In both in
vitro and in vivo experiments, INK-128was shown to effectively sup-
press several cancer cell growth and to reduce phosphorylation of
mTORC1 targets S6K and 4E-BP1, and mTORC2 target Akt (Ser
473).11,12 A phase I clinical trial has been performed to test the safety
and pharmacokinetics of INK-128 in advanced solid tumors.12

However, the potential role of INK-128 in colorectal cancers is not
fully tested. In the current study, we found that INK-128 blocks
mTORC1/2 signaling and inhibits colorectal cancer cell growth
both in vivo and in vitro. It also inhibits colorectal cancer cell in vitro

migration probably through downregulating fascin1 (FSCN1) and
E-Cadherin expressions.

Results

INK-128 inhibits colorectal cancer cell growth
In cultured HT-29 colorectal cancer cells, INK-128 induced a

significant decrease of cell survival (indicated by MTT OD), and
the effect of INK-128 was both dose- (Fig. 1A, with IC 50 D
17.53 § 0.52 nM) and time-dependent (Fig. 1B). Similar results
were also observed in another colorectal cancer cell line HCT-
116 (Fig. 1E) and in primary cultured colon cancer cells
(Fig. 1F). Next we tested the effect of INK-128 on HT-29 cell
death, which was tested by the “Clonogenicity” assay and PI
staining. As shown in Fig. 1C and D, INK-128 dose-depen-
dently inhibited the number of survival colonies (also see repre-
sentative photographs in Fig. S1A), while increasing the PtdIns
staining in HT-29 cells. Thus, INK-128 is cytotoxic and inhibits
growth of colorectal cancer cells.

Figure 1. INK-128 inhibits colorectal cancer cell growth. HT-29 cells were exposed to the indicated concentration of INK-128 for 72 h (A), or treated with
25 nM of INK-128 for indicated time (B), cell survival was analyzed by MTT assay. HT-29 cells were exposed to indicated concentration of INK-128 (5, 25
and 100 nM), cells were subjected to the “Clonogenicity” assay (7 d after stimulation) and PI staining (72 h after stimulation), number of survival colonies
(C) and PtdIns positive cells were recorded (D). HCT-116 cells (E) or the primary cultured colon cancer cells (F) were either left untreated, or exposed to
indicated concentration of INK-128 (5, 25 and 100 nM) for 72 h, cell survival was analyzed by MTT assay. Data were expressed as mean § SD, experi-
ments were repeated 3 times, and similar results were obtained. *P< 0 .05 vs. control group.
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INK-128 induces both apoptotic and non-apoptotic death
of colorectal cancer cells

Above results confirmed the cytotoxic effect of INK-128
against colorectal cancer cells. Then we wanted to know if this
was due to cell apoptosis. As described in our previous studies,
HT-29 cell apoptosis was analyzed by Annexin V staining
(Fig. 2A and B, also see representative photographs in Fig. S1B),
and Western blots assaying apoptosis proteins (Fig. 2C). Results
showed that INK-128 induced a moderate cell apoptosis in both
primary and transformed (HT-29) colorectal cancer cells
(Fig. 2A-C), as the number of Annexin V staining and the
expression of cleaved-caspase-3/-9 were increased after INK-128
stimulation in colorectal cancer cells. Meanwhile, 2 apoptosis
inhibitors z-VAD-fmk and z-DVED-fmk only inhibited, but not
reversed, INK-128-mediated cytotoxicity in HT-29 cells
(Fig. 2D and E), and in primary colorectal cancer cells (Fig. 2F).
The cytotoxicity was analyzed by PI staining and/or the
“Clonogenicity” assay (Fig. 2D-F). Thus, INK-128 induces both
apoptotic and non-apoptotic death of colorectal cancer cells

INK-128 blocks mTORC1 and mTORC2 activation in colo-
rectal cancer cells

INK-128 is novel dual mTORC1 and mTORC2 inhibitor.11

As discussed early, constantly activated Akt/mTOR signaling
contributes to colorectal cancer cell progression,13 we then
examined INK-128s effect on Akt/mTOR activation in cultured
colorectal cancer cells. Western blots results demonstrated that
INK-128 significantly inhibited both mTORC1 and mTORC2
activation in HT-29 and primary colorectal cancer cells (Fig. 3A
and B). Note that the activation of mTORC1 was indicated by
phospho-S6K (Thr 389), phospho-4E-BP1 (Ser 65) and
phospho-S6 (Ser 235/236), while activation of mTORC2 was
reflected by Akt Ser 473 phosphorylation (Fig. 3A and B).
Akt Thr 308 phosphorylation was not affected by INK-128
(Fig. 3B). Significantly, the complex assembly of mTORC1
(mTOR-Raptor association) and mTORC2 (mTOR-Rictor-
Sin1 association)8 in HT-29 and primary colorectal cancer
cells was disrupted by INK-128 (Fig. 3C). While the expres-
sions of mTORC1/2 components including mTOR, Sin1,
mLST8, Raptor and Rictor were not affected by INK-128
(Fig. 3D). Thus, INK-128 disrupts mTORC1/2 assembly
and blocks mTORC1/2 activation in cultured colorectal can-
cer cells.

Figure 2. INK-128 induces both apoptotic and non-apoptotic death of colorectal cancer cells. HT-29 cells were either left untreated or exposed to indi-
cated concentration of INK-128 (5, 25 and 100 nM) for 72 h, or treated with 25 nM of INK-128, and cultured for indicated time, cell apoptosis was ana-
lyzed by Annexin V FACS (A and B), expressions of cleaved-caspase-3/-9 and tubulin in both HT-29 cells and primary colorectal cancer cells were tested
(C). HT-29 or the primary colorectal cancer cells were pretreated with z-VAD-fmk (25 mM) and z-DVED-fmk (25 mM) for 1 hr, followed by INK-128 (25 nM)
stimulation, PI positive cells (D and F) and the number of survival colonies (E) were recorded. Data were expressed as mean § SD, experiments were
repeated 3 times, and similar results were obtained. *P < 0 .05 vs. control group. #P < 0 .05.
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Erk inhibition enhances INK-128-induced cytotoxicity
in colorectal cancer cells

MTORC1 inhibition by rapamycin was found to activate Erk,
as part of its negative feedback loop and a resistance factor.14

Thus, we tested the potential role of INK-128 on Erk activation.
In both HT-29 and primary colorectal cancer cells, Erk was over-
activated at the basal condition, and INK-128 had no significant
effect on Erk activation (Fig. 4A). Importantly, Erk inhibition by
the MEK/Erk inhibitor MEK-162 enhanced INK-128-induced
death of colorectal cancer cells, and the 2 showed an addictive
effect (Fig. 4B and C). Thus, INK-128 had no effect on Erk acti-
vation, but Erk inhibition might increase its cytotoxicity.

INK-128 inhibits fascin1/E-Cadherin expressions and
HT-29 cell migration

Fascin1 (FSCN1) is an actin bundling protein, which is
important for cell migration and proliferation through its func-
tional roles in the formation of cell protrusions.15 Studies includ-
ing ours16 have suggested that FSCN1 is over-expressed in
colorectal cancers, and is associated with cancer cell progres-
sion.15 In HT-29 cells, our previous study has found that
FSCN1 RNAi-knockdown inhibited HT-29 cell migration and
proliferation.16 Significantly, activation of mTORC1 was
required for FSCN1 expression, HT-29 cell migration and pro-
liferation. Further, mTORC1 inhibition by mTORC1 inhibitors
RAD001 and rapamycin, as well as by activation of its negative
regulator AMP-activated protein kinase (AMPK) inhibited
FSCN1 expression and HT-29 cell migration.16 Another impor-
tant protein for cell migration is E-Cadherin, studies have con-
firmed the role of E-Cadherin in HT-29 cell migration.17,18 It
has been suggested that Akt-mTOR activation might be impor-
tant for E-Cadherin expression.19 Since in this study we have
shown that INK-128 blocked mTORC1/2 activation and Akt
Ser 473 phosphorylation in HT-29 cells, thus we tested its effect
on FSCN1/E-Cadherin expressions and HT-29 cell migration.
Results in Fig. 5A clearly demonstrated that INK-128

dose-dependently inhibited the expressions of FSCN1/E-Cad-
herin in HT-29 cells. Further, HT-29 cell in vitro migration,
detected by “transwell” assay, was also suppressed by INK-128
(Fig. 5B and C). Note that for the cell migration assay, HT-29
cells were treated with INK-128 for 36 h, when no cytotoxicity
was occurred (Data not shown). Also, mitomycin C was always
added to block cell proliferation.

Enhancement of 5-fluorouracil (5-FU)-mediated anti-HT-
29 cell activity by INK-128

Five-fluorouracil (5-FU)-based adjuvant chemotherapy is
widely used for the treatment of colon cancer. However, 5-FU
resistance in the course of treatment is a common issue. There-
fore, 5-FU sensitization strategies need to be developed.20 We
thus tested the potential role of INK-128 in 5-FU-induced cyto-
toxicity in HT-29 cells. Results in Figure 6A and B showed that
5-FU (5 mM) only induced minor viability decrease and death of
HT-29 cells. Significantly, co-administration with a low concen-
tration of INK-128 (5 nM) dramatically enhanced 5-FU-
induced cytotoxicity (Fig. 6A and B). Further, INK-128
enhanced 5-FU-meditated inhibition on HT-29 growth in mice
xenograft (Fig. 6C and D). Note that oral INK-128 (1 mg/kg, p.
o. daily) alone inhibited HT-29 xenograft growth (Fig. 6C and
D), an effect that was further potentiated by MEK/ERK inhibitor
MEK-162 (Fig. 6C and D). These results show that INK-128
sensitizes 5-FU-mediated anti-HT-29 activity in vivo and in vitro.

Discussions

Our group16 among others have found that the mTOR signal-
ing plays a vital role in controlling cancer cell growth, prolifera-
tion and survival, and is frequently dysregulated and
over-activated in human colorectal cancers,5,6,21 laying the foun-
dation for the use of mTOR blockers as novel targeted anti-can-
cer agents. MTOR forms at least 2 structurally and functionally

Figure 3. INK-128 blocks mTORC1 and mTORC2 activation in colorectal cancer cells. HT-29 or the primary colorectal cancer cells were treated with INK-
128 at indicated concentration, regular and/or phospho (P)- levels of Akt, S6, S6K and 4E-BP1 were measured by Western blot (A and B); the mTORC1
assembly (mTOR-raptor association) and mTORC2 assembly (mTOR-Sin1-Rictor association) were tested by Co-IP (C). Expressions of list mTORC1/2 com-
ponents in HT-29 cells after INK-128 treatment were also examined (D). Experiments were repeated 3 times, similar results were obtained.

www.taylorandfrancis.com 37Cancer Biology & Therapy



distinct multi-protein complexes including mTORC1 and
mTORC2.7,8 These 2 complexes have different subunits compo-
sition, downstream substrates and biological effects, which are
both important for mTOR’s functions.7,8 Here we found that
INK-128 disrupted mTOR-Raptor association and mTOR-Ric-
tor-Sin1 association in cultured HT-29 cells (Fig. 3). Further-
more, INK-128 inhibited S6K, S6 and 4E-BP1 phosphorylation,
it also inhibited Akt Ser 473 phosphorylation, while leaving Akt
Thr-308 phosphorylation unaffected (Fig. 4). Thus, these data
indicated that INK-128 inhibited both mTORC1 and
mTORC2 assembly and activation in cultured colorectal cancer
cells. Our results are similar to what reported by other
groups.11,22

Rapamycin, the well known inhibitor of mTOR, inhibits
mTOR kinase activity by binding to the FKBP-12 (FK506-bind-
ing protein of 12 kDa), which forms a complex with C-terminus

of mTOR.23 Thus, it interferes exclusively with the kinase activ-
ity of the mTORC1, but not mTORC2. The limited pharmaco-
logical properties of rapamycin, such as its poor bioavailability
and aqueous insolubility in water, prompted the preparation of
synthetic analogs (rapalogs). However, several mechanisms of
potential resistance to rapalogs have been identified, of which a
negative feed-back loop activation of Akt24 and Erk14 have been
reported in preclinical and clinical settings.22,25 Thus, ATP-com-
petitive kinase inhibitors of mTOR, or the the second generation
mTOR inhibitors, have been developed.22 These kinase inhibi-
tors not only block mTORC1 activation, but also interfere with
mTORC2 and Akt activation.12,22 Here we found that INK-128
not only blocked mTORC1 activity, it also decreased Akt activity
as it inhibited Akt Ser 473 phosphorylation (Fig. 3). Meanwhile,
it had no significant effect on Erk activation (Fig. 4), and Erk
inhibition by MEK-162 was found to increase INK-128s cyto-
toxicity. Thus, these results suggest that INK-128 and possible
other ATP-competitive mTOR kinase inhibitors should have
higher efficiency than rapamycin or rapalogs against colorectal
cancer cells. As a matter of fact, INK-128 efficiently inhibited
colorectal cancer cell growth both in vitro (Figs. 1 and 2) and in
vivo (Fig. 6). In consistent with these findings, a recent study by
Li et a., showed that AZD8055, another dual mTORC1 and
mTORC2 inhibitor, suppressed head and neck squamous cell
carcinoma cell growth in vivo and in vitro, and its efficiency was
better that rapamycin.26

MTOR activation is also known important for cell migration.
For example, mTORC1 mediates intestinal cell migration and
plays a role in intestinal repair.27 Rapamycin has found to inhibit
vascular smooth muscle cell migration.28 Liu et al., found that
TNFa-induced cell migration also requires mTORC1 activa-
tion.29 S6K was co-localized to the actin protein arc locating at
the leading edge of migrating cells, directing cell migration.30

Our previous study has shown that mTORC1 activation is
important for FSCN1 expression and colorectal cancer migra-
tion. Inhibition of mTORC1 by rapamycin, AMPK activation
or microRNA-451 suppresses FSCN1 expression and cell migra-
tion. In the current study, we found that INK-128 also inhibited
FSCN1 expression and colorectal cancer cell in vitro migration.
Furthermore, INK-128 induced E-Cadherin downregulation in
HT-29 cells, which might also be responsible for migration
inhibition.

Chemotherapy is currently used to reduce tumor recurrence
and prolong postoperative survival in colorectal cancer
patients.20 5-FU remains the most widely-used chemotherapeutic
drug for colorectal cancers.20 Its cytotoxicity to tumor cells is
associated with the mis-incorporation of fluoronucleotides into
RNA and DNA and the inhibition of the nucleotide synthetic
enzyme thymidylate synthase.20 The limited response rate for 5-
FU as a single agent in advanced colorectal cancer treatment has
led to the alternative modulation strategies.20 Studies have shown
that mTOR inhibition could increase 5-FU-mediated cytotoxic-
ity.31-33 In the current study, we found that INK-128 sensitized
5-FU-induced anti-HT-29 cell activity both in vivo and in vitro,
indicating that INK-128 could be developed as an 5-FU
adjuvant.

Figure 4. Erk inhibition enhances INK-128-induced cytotoxicity in colo-
rectal cancer cells. HT-29 or primary colorectal cancer cells were treated
with INK-128 (25 nM) for indicated time, regular and phospho (p)-Erk1/2
were tested (A). HT-29 or primary colorectal cancer cells were treated
with INK-128 (5 and 10 nM), or with MEK-162 (25 nM) for 72 h, cell death
was tested by PtdIns staining (B and C). Data were expressed as mean §
SD, experiments were repeated 3 times, and similar results were
obtained. *P < 0 .05 vs. group without MEK-162 co-administration.
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In summary, our results show that INK-128, the novel ATP-
competitive kinase inhibitor of mTOR, blocks both mTORC1
and mTORC2 activation in colorectal cancer cells. INK-128
inhibits colorectal cancer cell growth, survival and migration,
and induces both apoptotic and non-apoptotic cancer cell death.
Further, it sensitizes 5-FU-mediated anti-HT-29 activity in vivo
and in vitro. Our preclinical studies revealed that INK-128 might
be investigated for colorectal cancer treatment in clinical trials.

Material and Methods

Cell culture
As previously described16, colorectal cancer HT-29 and HCT-

116 cells were maintained in a RPMI medium (Sigma, St. Louis,
MO), with a 10% FBS (Sigma, St. Louis, MO), Penicillin/Strep-
tomycin (1:100, Sigma), and in a CO2 incubator at 37

�C.

Primary colon cancer cell isolation and culture
Fresh malignant colonic mucosal specimens from patients

were thoroughly washed in PBS containing 100 units/ml penicil-
lin–streptomycin and 2 mM DTT (wash buffer) to remove
debris and then minced by scalpel into small pieces into DMEM
containing 100 units/ml penicillin–streptomycin. Colon cancer

cell pellets were thoroughly washed, then re-pelleted at 400 g for
5min. Single-cell suspensions of malignant colon cancer cells
were achieved by re-suspending cells in 0.15% (w/v) collagenase
dissolved in DMEM and incubating the suspension at 37�C and
5% CO2. After 1 h, individual cell was pelleted and rinsed twice
with DMEM before re-suspending the cell pellets in cell culture
medium (DMEM, 15% FBS, 10 mg/ml transferrin, 2 mM glu-
tamine, 1 mM pyruvate, 10 mM HEPES, 100 units/ml penicil-
lin/streptomycin, 0.1 mg/ml gentamicin, 0.2 units/ml insulin,
0.1 mg/ml hydrocortisone, and 2 g/liter fungizone). The study
was approved by the institutional review board of all authors’
institutions, and written informed consent was obtained from all
individual participated patients. All clinical investigations were
conducted according to the principles expressed in the Declara-
tion of Helsinki.

Chemicals and reagents
INK-128 and MEK-162 were obtained from Selleck (Shang-

hai, China). Five-fluorouracil (5-FU) was purchased from Sigma
(St Louis, MO).Anti-FSCN1, Erk1, Akt1, mTOR, Raptor, Sin1,
E-Cadherin, b-actin, Rictor and tubulin antibodies were
obtained from Santa Cruz Biotechnology (Santa Cruz, CA). All
other kinase antibodies used in this study were obtained from
Cell Signaling Technology (Shanghai, China).

B.

Figure 5. INK-128 inhibits fascin1/ E-Cadherin expressions and HT-29 cell migration. HT-29 cells were exposed to indicated concentration of INK-128 (1, 5,
25 or 100 nM) for 36 h, expressions of FSCN1, E-Cadherin, b-actin and tubulin were tested by Western blot (A). Cell migration was assessed by “transwell”
assay (B and C). Data were expressed as mean § SD, experiments were repeated 3 times, and similar results were obtained. *P< 0 .05 vs. control group.
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“Transwell” migration assay
As previously reported,16 the “Transwell”

assay was performed using modified Corn-
ing chambers (12.0-mm pore size, Corning,
Lowell, MA). The lower chamber was filled
with 600 ml of RPMI medium containing
20% FBS. Cells were harvested with tryp-
sin/EDTA, resuspended to 2.5 £ 105 cells/
ml and added to the upper chamber. The
cells were allowed to migrate in 37�C at 5%
CO2 for 36 h. INK-128 was added to the
both upper and lower chambers. Non-
migratory cells at the upper surface of the
membrane were removed and the number
of migrant cells attached to the lower surface
was monitored and counted under micros-
copy. The number of migrated cells in at
least 8 random views from 4 repeat cham-
bers was counted. Mitomycin C (5 mg/mL)
was always to both upper and lower
chambers.

Western blots
Cells with indicated treatments were har-

vested in a buffer containing 20 mM Tris-
HCl (pH 7.8); 137 mM NaCl; 15% glyc-
erol; 1% Triton X-100; 20 mM NaF;
10 mM sodium pyrophosphate; 25 mM
b-glycerophosphate, and 1 mM phenylme-
thylsulfonyl fluoride. Protein concentrations
were determined by Bio-Rad protein assay
(Bio-Rad, Beijing, China). Aliquots of
30–40 mg of lysates were electrophoresed
on 10% SDS-PAGE and transferred to
PVDF membranes. Western blots were car-
ried out with primary antibodies at 4�C
overnight. Appropriate secondary antibodies
conjugated to horseradish peroxidase (HRP)
were then added for 1.5 h. Antigen-anti-
body complex was detected by using
enhanced chemiluminescence (ECL) reagent
(Amersham Biosciences, Piscataway, NJ). All Western blots in
this study were subjected to different exposures: from 10 seconds
to 10 minutes, the best exposures were selected for data presenta-
tion. The blot’s intensity was quantified by ImageJ software
(NIH) after normalization to the corresponding loading controls.
And the quantification number was expressed as fold change vs
the band labeled with “1.00.”

The MTT cell survival assay
The cell survival was assessed using the MTT (Sigma) assay.

In brief, cells were collected and seeded in 96-well plates at a den-
sity of 1 £ 105 cells/well in 200 ml of culture medium (contain-
ing 1% FBS). After treatment, 20 ml of MTT (5 mg/ml)
solution was added to each well for 4 hrs at 37�C, the cell viabil-
ity was determined by measuring absorbance at 490 nm using a

microplate spectrophotometer (Molecular Devices, Sunnyvale,
CA, USA), OD value of treatment group was normalized to that
of untreated control group.

The apoptosis assay
Cell apoptosis was measured by Annexin-V FACS according

to the manufacturer’s protocol (BD PharMingen). Briefly, after
treatment, cells were washed twice with PBS and incubated in
300 mL binding buffer containing 3 mL of Annexin V-FITC
and 2 mL of propidium iodide (PtdIns) in the dark for 15 min at
room temperature. The stained samples (containing 250,000
cell/sample) were then analyzed on a FACScalibur flow cytome-
ter within 1 hr following the manufacturer’s protocol (BD
PharMingen).

Figure 6. Enhancement of 5-FU-mediated anti-HT-29 cell activity by INK-128. HT-29 cells were
treated with INK-128 (5 nM), or with 5-FU (5 mM) for 72 h, cell viability and cell death were tested
by MTT assay (A) and PI staining assay (B), respectively. Mice bearing HT-29 tumors were adminis-
trated 3 weeks with: vehicle (“Veh”), INK-128 (1 mg/kg, p.o. daily), 5-FU (30 mg/kg, i.p. twice a
week), MEK-162 (2.5 mg/kg, p.o. daily), INK-128 C 5-FU, or INK-128 C MEK-162, n D 8 per group.
Mean Tumor Volume (in mm3, recorded every week) and average tumor growth (in mm3/week)
were presented (C and D). Data were expressed as mean § SD, experiments were repeated
3 times, and similar results were obtained. *P < 0 .05 vs. vehicle or “C” group. **P < 0 .05 vs.
Five-FU only group.
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Cell growth “clonogenicity” assay
After treatment, cancer cells were suspended in 1 mL of

DMEM containing 0.25% agar (Sigma), 10% FBS and indicated
treatments. The cell suspension was then added on the top of a
pre-solidified 100 mm culture dish. The drug-containing
medium was switched every 2 d After 7 d of incubation, the
remaining survival large colonies (>50 mm in diameter) were
manually counted, and the number was normalized to that of
control group.

Co-immunoprecipitation (Co-IP) assay
After treatment, cells growing in 10 cm diameter dishes were

rinsed once with cold PBS and lysed on ice for 20 min in 1 ml
of ice-cold buffer A (40 mM HEPES [pH 7.5], 120 mM NaCl,
1 mM EDTA, 10 mM pyrophosphate, 10 mM glycerophos-
phate, and EDTA-free protease inhibitors [Roche]) containing
0.3% CHAPS in order to preserve the integrity of the complexes.
To the cleared lysates, 2 mg of mTOR (Santa Cruz) antibody
was added per 1.2 mg of soluble proteins, and immune com-
plexes were allowed to form by incubating with rotation for 24
hs at 4�C. A 50% slurry (30 ml) of protein A/G-Sepharose was
then added, and the incubation continued for 1 h. Immunopre-
cipitates captured with protein A/G -Sepharose were washed
4 times with CHAPS-containing buffer and analyzed by Western
blot as described.

HT-29 xenograft
The in vivo experimental protocols were approved by the

Institutional Animal Care and Use Committee (IACUC). Male
BALB/c nu/nu nude mice at 6 weeks of age were injected subcu-
taneously with one million HT-29 cells grown in RPMI C10%
FBS medium. Drug treatment was initiated 10 d after tumor cell
inoculation, when established tumors were around 0.5 cm in

diameter. Mice were randomized to following 6 groups (Vehicle
control; INK-128, 1 mg/kg, p.o., daily; MEK-162, 2.5 mg/kg,
p.o. daily; 5-FU, 30 mg/kg, i.p. twice a week; INK-128 C 5-FU
and INK-128 C MEK-162) (n D 8 per group). The drug dose
administrated and the duration were based on pilot studies and
published literatures. Drugs were given for a total of 3 weeks.
Tumor size were measured weekly by the modified ellipsoid for-
mula: (p / 6) £ AB2, and A is the longest and B is the shortest
perpendicular axis of an assumed ellipsoid corresponding to
tumor mass.

Statistical analysis
In each experiment, a minimum of 3 wells/dishes were used.

Each experiment was repeated a minimum of 3 times. All data
were normalized to control values of each assay and were pre-
sented as mean § standard deviation (SD). Data were analyzed
by one-way ANOVA followed by a Scheffe’s f-test by using SPSS
software (SPSS Inc., Chicago, IL, USA). IC-50 was also calcu-
lated by SPSS software. Significance was chosen as P < 0.05.
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