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Abstract

Background—RNA interference (RNAI) has the potential to be more selective than small
molecule inhibitors and can be used to target proteins, such as RAS, that are currently
undruggable. The purpose of our study was to determine the optimal co-targeting strategy of the
commonly mutated PI3K/AKT/mTOR and RAS pathways by a selective RNAI approach in
colorectal cancer (CRC) cell lines possessing co-existent P//IK3CA and KRAS mutations.

Methods—Human CRC cell lines HCT116 and DLD-1 were treated with a panel of sSiRNAs
directed against the PI3BK/AKT/mTOR and RAS pathways; proliferation, apoptosis, and protein
expression were assessed. Combined treatment with siRNA and 5-fluorouracil (5-FU) was then
evaluated.

Results—PIK3CA and KRAS siRNAs were most effective as single treatments; combined
treatments with PIK3CA + KRAS siRNA resulted in a more pronounced inhibition of CRC
proliferation. Either KRAS SiRNA alone or combined PIK3CA + KRAS siRNA treatments
increased apoptosis in HCT116 cells but not in the DLD-1 cell line. Inhibition of 4E-BP1
phosphorylation correlated with increased apoptosis. Additionally, siRNA treatment combined
with 5-FU further inhibited CRC cell proliferation.

Conclusions—Combined PIK3CA + KRAS siRNA treatments offer an effective therapy against
CRCs with co-existing mutations in both pathways. Decreased 4E-BP1 phosphorylation correlates
with increased apoptosis and may provide a biomarker indicative of treatment success.
Furthermore, siRNA directed to PIK3CA and KRAS may be used to enhance the effects of current
chemotherapy.
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INTRODUCTION

Colorectal cancer (CRC) is the second leading cause of cancer related deaths in the United
States 1. The 5-year survival for localized disease is 90%; however, once distant organs are
involved, survival drops to approximately 12% 1. Although progress has been made in
survival for earlier stage disease, only minimal improvement has been noted in patients with
systemic metastases 2. The poor prognosis associated with advanced disease indicates a need
for more effective and targeted therapies in the treatment of metastatic CRC.

Phosphatidylinositol 3-kinase (PI3K), a ubiquitous lipid kinase composed of an 85 kDa
regulatory subunit and a 110 kDa catalytic subunit, exerts many of its effects through its
downstream effectors AKT and mTOR 3. The PI3K pathway has been associated with the
growth and progression of many cancer types, including CRC, with mutations seen in
approximately 40% of CRCs 4. The most commonly occurring mutations in this pathway are
in the PIK3CA gene, which encodes the p110a catalytic subunit of PI3K °. Increased
expression of PI3BK/AKT/mTOR pathway components has been demonstrated in CRC and
surrounding stroma and correlates with tumor stage 8-8. Furthermore, these components play
an important role in promoting CRC metastasis 9 10,

Mutations of the RAS pathway also occur frequently in CRCs. KRAS and BRAF mutations
are present in up to 50% of CRCs and co-exist with P/K3CA mutations in approximately
30% 1112, These pathways can cooperate to drive the growth of a number of cancer types,
including CRC 13, Moreover, inhibition of either of these pathways alone often results in
only minimal anti-tumor effects in cancers harboring mutations in both pathways 14. This
appears to be due to activation of shared downstream targets of the PI3K/AKT/mTOR and
RAS pathways, such as 4E-BP1 14, These findings argue for the necessity of a co-targeting
strategy for effective treatment of cancers possessing simultaneous mutations in these
pathways. Although data supports the benefit of combined inhibition of these pathways, the
use of small molecule inhibitors has certain drawbacks, including the potential for increased
toxicity.

Small interfering RNA (siRNA) are 21-23 nucleotide RNA sequences capable of binding to
and destroying complementary RNA strands thereby silencing gene expression 12, The
highly selective and specific nature of sSiRNA offers the potential for more effective and less
toxic treatments as compared to more traditional therapies 16. Furthermore, RNA
interference (RNAI) can be used to knock down targets, such as RAS, that are currently
undruggable 17. Although there are numerous benefits to RNAI, complications associated
with /n vivo treatments, such as rapid renal clearance, phagocytosis, aggregation with serum
proteins, and degradation by endogenous nucleases, have limited its application 1% 16, Many
of these issues have been overcome through the chemical modification of the SIRNA
structure 1°. Furthermore, advances in nanotechnology have significantly improved systemic
delivery of siRNA. An important example of this is a recently reported study demonstrating
the first human trial showing specific gene inhibition in solid cancers by systemically
delivered siRNA 18, As RNAi becomes an increasingly viable therapeutic option, it is
important to establish the most effective targeted gene silencing for the treatment of specific
cancer types. The purpose of our study was to determine the optimal RNAI therapy for
CRCs possessing co-existent PIK3CA and KRAS mutations through the use of a novel
SiRNA co-targeting strategy.
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MATERIALS AND METHODS

Cell lines, siRNA, reagents, and antibodies

HCT116 and DLD-1 cell lines were obtained from American Type Culture Collection
(Manassas, VA). ON-TARGETplus SMARTpool siRNAs directed against PIK3R1
(L-003020), PIK3CA (L-003018), AKT1 (L-003000), AKT2(L-003001), RICTOR
(L-016984), RAPTOR (L- 004107), KRAS (L-005069), BRAF (L-003460), MEK1
(L-003571), MEKZ2 (L-003573), ERKI (L-003592), ERKZ2 (L-003555) or a non-targeting
control pool (D-001810-10) were purchased from Dharmacon (Lafayette, CO).
Lipofectamine RNAIMAX transfection reagent was obtained from Invitrogen (Grand Island,
NY). Cell Death Detection ELISAP!US was acquired from Roche (Indianapolis, IN). For
quantitative real time PCR (gRT-PCR), an RNeasy collection kit was obtained from Qaigen
(Valencia, CA) and a high capacity cDNA reverse transcription kit as well as a TagMan
Gene Expression Master Mix and TagMan probes for human P/K3CA (Hs00907957),
KRAS (Hs00364284), and GAPDH (#4333764) from Applied Biosystems (Austin, TX).
Monoclonal antibodies against p110a,, pAKT, total AKT, AKT2, pERK 1/2, total ERK 1/2,
RICTOR, RAPTOR, p4E-BP1, and total 4E-BP1 were purchased from Cell Signaling
(Danvers, MA); AKT1, BRAF, MEK1, and MEK2 from Santa Cruz Biotechnology (Santa
Cruz, CA); KRAS from Abcam (Cambridge, MA); and p85a. from Millipore (Billerica,
MA).

SiRNA transfection

Cells were transfected using Lipofectamine RNAIMAX reagent according to the
manufacturer’s protocol. The initial panel of single siRNA treatments was tested using 50
nM of non-targeting control (NTC), PIK3R1, PIK3CA, AKT1, AKTZ2, RICTOR, RAPTOR,
KRAS, BRAF, MEK1, MEK2, ERK1, or ERKZsiRNA. Combination siRNA treatments
were performed using either 100 nM NTC siRNA, 50 nM P/K3CA siRNA + 50 nM NTC
siRNA, 50 nM KRAS siRNA + 50 nM NTC siRNA, or 50 nM P/K3CA siRNA + 50 nM
KRAS siRNA in order to maintain an equivalent total concentration of SiRNA in each
treatment group.

Cell proliferation

Cells were plated at a density of 25,000 cells/well in 24 well plates. Cells were transfected
12 h later as described above. Seventy-two h after transfection, cells were trypsinized and
counted using a Beckman-Coulter Vi Cell XR cell viability analyzer (Fullerton, CA). For
applicable experiments, media was exchanged 4 h after transfection and replaced with media
containing 5-fluorouracil (5-FU) at the described concentrations. Media was again
exchanged with fresh drug media at 36 h and cells counted at 72h as described above.

DNA Fragmentation ELISA

qRT-PCR

Cells were plated at a density of 50,000 cells/well in 24 well plates. Cells were transfected
12 h later as described above. The media was exchanged for fresh growth media 4 h later.
Growth media was removed 24 h following transfection, and cells were serum starved for an
additional 24 h. Apoptosis was measured by DNA fragmentation using the Cell Death
Detection ELISAP!US as previously described 1°.

Cells were plated in 6 well plates at a density of 120,000 cells/well. siRNA transfections
were performed as described above. RNA was isolated at 48 h using an RNeasy mini Kit.
cDNA was synthesized using a high capacity cDNA reverse transcription kit. gRT-PCR was
performed with a TagMan gene expression master mix and TagMan probes for PIK3CA,
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KRAS, or GAPDH. Relative quantification of P/IK3CA and KRAS expression was
performed based on threshold cycle (C1) normalized to GAPDH using the 2~AACT method.

Western blot analysis

Cells were plated in 6 well plates at a density of 120,000 cells/well. sSiRNA transfections
were performed as described above. Whole cell lysates were collected 72 h following
transfection. Western blot analysis was performed as previously reported 12 for relevant
SiRNA targeted proteins and the downstream effectors pAKT, total AKT, pERK, total ERK,
p4E-BP1 and total 4E-BP1.

Statistical analysis
Data were analyzed using two-sample #test. p < 0.05 was considered statistically significant.

RESULTS

siRNA directed to PIK3CA and KRAS is most effective in the inhibition of CRC proliferation

We first determined which siRNA was most effective in the treatment of CRC (Fig. 1). The
HCT116 and DLD-1 cell lines were selected for testing due to the co-existent P/IK3CA and
KRAS mutations present in both cell lines. Based on previous studies, a panel of sSiRNA
directed toward components of the PI3BK/AKT/mTOR (PIK3R1, PIK3CA, AKT1, AKTZ,
RICTOR, or RAPTOR) or RAS (KRAS, BRAF, MEK1, MEKZ2, ERK1, or ERK2) pathways
was selected for comparison. Cell viability was analyzed at 72 h to determine relative
responsiveness to sSiRNA treatment. Proliferation in the HCT116 cell line was significantly
decreased using siRNA directed to PIK3R1, PIK3CA, AKT1, AKTZ2, KRAS, BRAF,
MEK1, MEKZ, ERK1, or ERKZ2. The DLD-1 cell line, on the other hand, proved more
resistant to treatments, with P/K3CA and KRAS siRNA resulting in the only significant
reductions in proliferation. Collectively, the greatest effects for PI3K/AKT/mTOR and RAS
pathway components were noted with P/K3CA and KRAS siRNA treatments, respectively.

Combination of PIK3CA + KRAS siRNA treatments enhance anti-proliferative effects
compared with single siRNA treatments

After confirming PIK3CA and KRAS as the most effective siRNAs in their respective
pathways, we hypothesized that a combination strategy would result in greater effects
relative to single agents in cell lines possessing activating mutations in both pathways. This
was determined by treating HCT116 and DLD-1 cells with non-targeting control siRNA,
SiRNA directed to PIK3CA or KRAS, or combination PIK3CA + KRAS siRNAs and
evaluating the effects on cellular proliferation and apoptosis. In both HCT116 and DLD-1
cells, individual PIK3CA or KRAS siRNA treatments significantly decreased proliferation
relative to control (Fig. 2A and 2B). Furthermore, combination treatments significantly
reduced proliferation relative to either PIK3CA or KRAS treatment alone.

More selected responses were noted with apoptosis as measured by DNA fragmentation. For
the HCT116 cell line, KRAS siRNA significantly increased apoptosis relative to control;
however, PIK3CA siRNA alone resulted in no discernable effect. Despite negligible
apoptotic effects with isolated PIK3CA treatment, when P/IK3CA siRNA was combined
with KRAS siRNA, apoptosis was significantly increased relative to both control and KRAS
SiRNA treatments alone (Fig. 2C). Although increased apoptosis was noted in the HCT116
cell line, no significant increase was observed for DLD-1 (Fig. 2D).
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Phosphorylation of the downstream effector 4E-BP1 correlates with apoptosis

4E-BP1 has recently been identified as a downstream effector of both the PI3K/AKT/mTOR
and RAS pathways and integrates the function of these pathways 14. In this present study,
treatments that caused the greatest increase in apoptosis (KRAS and combination PIK3CA +
KRAS siRNA treatments in the HCT116 cell line) correlated with reduced phosphorylation
of 4E-BP1; similarly, only a minimal decrease in phosphorylation was noted with PIK3CA
SiRNA in the HCT116 cell line and no detectable difference was observed for any treatment
in the DLD-1 cell line, again correlating with effects on apoptosis (Fig. 3A and 3B).
Knockdown of siRNA targets was also demonstrated by Western blot analysis. This was
again confirmed by qRT-PCR, which showed targeted mRNA knockdown in the PIK3CA,
KRAS, and combination PIK3CA + KRAS siRNA treatment groups in both cell lines.
Additionally, as expected, decreased phosphorylation of AKT and ERK was observed in
cells treated with PIK3CA or KRAS siRNA, respectively.

PIK3CA and KRAS mutational status alters the response of CRC to siRNA treatment

While siRNAs directed to P/IK3CA and KRAS produced the greatest effects on proliferation
in both cell lines, we hypothesized that oncogenic activation of the PI3K/AKT/mTOR and
RAS pathways, resulting from PIK3CA and KRAS mutations, respectively, would influence
response to these treatments. In order to determine the role that P/K3CA mutation plays in
treatment sensitivity, cell viability was tested in HCT116 and DLD-1 isogenic cells in which
the mutant P/K3CA allele is deleted 20. These isogenic cells, therefore, offer the unique
ability to evaluate a change specifically in the gene of interest while maintaining an
otherwise identical genetic background. We found that P/K3CA siRNA was less effective as
a single treatment, particularly in the DLD-1 isogenic cells in which PIK3CA siRNA
treatment did not achieve significance relative to control (Fig. 4A and 4B). Furthermore, in
both HCT116 and DLD-1 isogenic cells, KRAS siRNA was significantly more effective as
an individual treatment compared to individual P/K3CA siRNA treatment.

To determine the effects that KRAS mutation has on responsiveness of CRC to siRNA
treatments, HCT116 isogenic cells in which the KRAS mutant allele is deleted by
homologous recombination were used 21, Therefore, in contrast to the HCT116 and DLD-1
PIK3CA wild type isogenic cells, the Hkh-2 cells retain their mutant P/K3CA expression
but have wild type KRAS expression. While KRAS siRNA treatments still reduced
proliferation relative to control, P/IK3CA siRNA was significantly more effective as a single
agent therapy in these cells (Fig. 4C). Overall, when either the mutant P/IK3CA or KRAS
allele was deleted in the respective isogenic cell lines, siRNA directed to the mutated
pathway was significantly more effective than siRNA directed to the non-mutated pathway.

siRNA directed to PIK3CA and KRAS enhances inhibition of proliferation associated with

5-FU

Given the beneficial effects that were noted with siRNA therapy, we next determined if
SiRNA treatment could enhance the effects of traditional chemotherapy. HCT116 cells were
transfected with siRNA and subsequently treated with increasing doses of 5-FU. 5-FU
combined with PIK3CA siRNA resulted in significantly decreased proliferation at both the 1
uM and 10 uM doses and with KRASsiRNA at all doses tested (Fig. 5). Additionally, 5-FU
and combination PIK3CA + KRAS siRNA treatments resulted in the greatest overall
decrease in proliferation compared with cells treated with single sSiRNAs and 5-FU.
Furthermore, combined PIK3CA + KRAS siRNA in tandem with 5-FU (5 uM) resulted in a
greater decrease in proliferation than 5-FU alone at twice the concentration.
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DISCUSSION

In this study, we evaluated the use of SIRNA as a treatment for CRC possessing activating
mutations in the PI3K/AKT/mTOR and RAS pathways. First, by examining a panel of
SiRNAs directed against the PI3K/AKT/mTOR and RAS pathways we determined that
PIK3CA and KRAS are the optimal siRNA treatments in their respective pathways. Second,
we showed that combined PIK3CA + KRAS treatments resulted in reduced proliferation
over either agent alone. Furthermore, in the HCT116 cell line, there was an increase in
apoptosis with KRAS siRNA treatment and an even greater effect with combined P/IK3CA +
KRAS siRNA treatment. Third, we demonstrated that phosphorylation of the downstream
effector 4E-BP1 correlated with increased apoptosis. Fourth, we showed sensitivity to
SiRNA treatments is influenced by the mutational status of the cancer as evidenced by the
reduced response to treatments targeting pathways in cell lines in which the mutant allele
had been removed. Finally, we showed that when siRNA treatments are combined with the
traditional chemotherapeutic agent 5-FU, there is an enhanced response over either agent
alone.

Mutated pathways in human cancer, such as PISBK/AKT/mTOR and RAS, are able to
provide a survival advantage over their normal counterparts; however, cancers are also often
dependent on these pathways for survival. One approach to target these mutated pathways is
the use of small molecule inhibitors. Unfortunately, depending on the specificity of the drug,
adverse side effects frequently occur. Furthermore, targets of these drugs are limited to
proteins with enzymatic activity, which means many targets, such as RAS, remain
undruggable 4 12, siRNA provides a unique alternative in that it is highly specific and has
the ability to provide greater effect with less toxicity than small molecule inhibitors 15-17,
We have demonstrated that sSiRNA specifically targeting mutated pathways in CRC provides
an effective treatment and is capable of both inhibiting proliferation and inducing apoptosis.
Although siRNA can be highly effective, the variable response noted between individual
siRNAs indicate that selection of optimal targets is an important and necessary step in
maximizing treatment effectiveness. Additionally, data from the isogenic cell lines shows
that alterations in mutational profile results in a change in treatment response. Given the
critical role these pathways play in cell growth and proliferation, inhibition of the non-
mutated pathway still demonstrated some effect; however, targeting of the mutated pathway
resulted in a significantly more pronounced response. These findings further support the
importance of a mutation-based treatment strategy.

While optimal targeting of an individual pathway is critical, the overall mutational profile of
the cancer needs to be taken into account. Mutations in the PI3K/AKT/mTOR and RAS
pathways frequently occur in CRC and often co-exist 11 12, Cancers that have aberrant
signaling in only one of these pathways tend to demonstrate a dependency on the activated
pathway and are usually sensitive to selective inhibition 22, However, when co-activation of
both pathways is present, the sensitivity to inhibition of either pathway alone is often
minimal 14 22 Instead, combined targeting of both pathways can prevent resistance and is
able to produce more pronounced effects 14. Our present data correlate with these findings.
While there are modest effects when siRNA is used to inhibit either of these pathways alone,
an increased response occurs when both pathways are targeted simultaneously. This
indicates that a co-targeting siRNA strategy will likely be the most effective treatment for
CRCs that possess this commonly occurring mutational profile.

4E-BP1 is a small, heat stable protein that plays an important role in cap-dependent
translation by binding to and inhibiting eIF4E 23, High levels of phosphorylated 4E-BP1
have been associated with poor prognosis in a number of cancer types 24. Additionally, this
protein has recently been identified as a key downstream effector of both the PI3K/AKT/
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mTOR and RAS pathways and appears to play an integral role in exerting their effects 4. In
our study, we showed that inhibition of the PI3K pathway alone, through the use of sSiRNA
directed to P/IK3CA, resulted in minimal decreases in phosphorylation of 4E-BP1 in the
HCT116 cell line. KRAS siRNA treatments produced a more pronounced response;
however, the greatest decreases in pAE-BP1 occurred when cells were treated with combined
PIK3CA + KRAS siRNAs. Interestingly, HCT116 cells demonstrated a similar pattern for
apoptosis. Additionally, the DLD- 1 cell line showed neither an increase in apoptosis nor a
decrease in phosphorylation of 4E-BP1 with any siRNA treatments. This variation is likely
secondary to differences in their genetic profile. While HCT116 and DLD-1 cells both have
PIK3CA and KRAS mutations, abnormal signaling resulting from additional mutations,
such as a p53 mutation in DLD-1, may diminish the response to targeting of the PI3K/AKT/
mTOR and RAS pathways. However, given the strong correlation of 4E-BP1
phosphorylation with induction of apoptosis, our data indicate that phosphorylation of 4E-
BP1 may be of potential use as a biomarker indicative of treatment success.

While we have shown that sSiRNA treatment is effective as an individual therapy, some data
exists supporting its use in combination with chemotherapeutic agents 19, Although a
number of new agents have been introduced, 5-FU based therapy presently remains the
backbone of CRC medical management in the clinical setting; however, 5-FU treatment is
often complicated by toxicity, frequently resulting in early termination of therapy and
decreased compliance with recommended treatment regimens 2°. Furthermore, despite the
use of presently available therapies, survival remains poor 1. Here we show that siRNA
directed against appropriately selected targets in mutated pathways can be used as a co-
treatment with 5-FU to improve the inhibition of CRC. These findings indicate that SIRNA
may augment 5-FU based therapy while potentially allowing for treatment with lower doses,
thereby decreasing adverse effects and increasing the number of patients able to complete
appropriate treatment regimens.

In summary, our data indicate that sSiRNA can provide an effective, mutation-based therapy
for the management of CRC. Additionally, in CRC with co-existing mutations in the
commonly activated PI3K/AKT/mTOR and RAS pathways, combined targeting of these
pathways is likely to produce the greatest effect. Moreover, we showed that phosphorylation
of the downstream effector 4E-BP1 may serve as a biomarker indicative of treatment
success and that siRNA treatment enhances the response of CRC to traditional
chemotherapy. Collectively, our findings strongly support the use of siRNA as an effective
therapeutic modality in the treatment of CRC.

Acknowledgments

We would like to thank Drs. Qing-Bai She, Jing Li, and Jun Song for their assistance with project design and
interpretation, Drs. B. Vogelstein and V. E. Veculescu (Johns Hopkins University) for providing HCT116 and
DLD-1 PIK3CA isogenic cells, and Donna Gilbreath for manuscript preparation.

Financial Support: This work is supported by grant P20CA153043 (Gl SPORE) from the National Institutes of
Health.

ABBREVIATIONS
RNAI Ribonucleic acid interference
CRC colorectal cancer
5-FU 5-fluorouracil
PI3K Phosphatidylinositol 3-kinase
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SIRNA Small interfering ribonucleic acid
gRT-PCR Quantitative real time polymerase chain reaction
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Figure 1. PIK3CA and KRAS siRNAsmost effectively inhibit CRC proliferation

(A) HCT116 and (B) DLD-1 human colon cancer cells were plated in 24 well plates at a
density of 25,000 cells/well. Cells were transfected 12 h later with a panel of single sSiRNAs
directed to the PIBK/AKT/MTOR (PIK3R1, PIK3CA, AKT1, AKT2, RICTOR, RAPTOR)
or RAS (KRAS, BRAF, MEK1, MEKZ, ERK1, ERK?2) pathways. Proliferation was assessed
by cell counting at 72 h. Results for selected siRNA treatments are shown (* p < 0.05 vs.
control).
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Figure 2. Combined PIK3CA + KRAS siRNA treatments enhance anti-prolifer ative effects

(A) HCT116 and (B) DLD-1 cells were plated in 24 well plates at a density of 25,000 cells/
well. Cells were transfected 12 h later with 100 nM NTC siRNA, 50 nM P/K3CA siRNA +
50 nM NTC siRNA, 50 nM KRASsIRNA + 50 nM NTC siRNA, or 50 nM P/K3CA siRNA
+ 50 nM KRAS siRNA. Proliferation was assessed by cell counting 72 h following
transfection. (C) HCT116 and (D) DLD-1 cells were plated in 24 well plates at a density of
50,000 cells/well. siRNA transfections were performed using the same treatment groups
described above. Media was exchanged for fresh growth media 4 h later. Serum starved
conditions were initiated 24 h after transfection and continued for an additional 24 h. Forty-
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eight h post transfection, apoptosis was measured by DNA fragmentation using Cell Death

Detection ELISAPIUS (* p < 0.05 vs. control; T p < 0.05 vs. PIK3CAsiRNA or KRAS
siRNA alone).
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Figure 3. Decreased phosphorylation of 4E-BP1 correlates with increased apoptosis

(A) HCT116 and (B) DLD-1 cells were plated in 6 well plates at a density of 1.2x10° cells/
well. Cells were transfected 12 h later with 100 nM NTC siRNA, 50 nM P/IK3CA siRNA +
50 nM NTC siRNA, 50 nM KRASsIRNA + 50 nM NTC siRNA, or 50 nM P/K3CA siRNA
+50 nM KRAS siRNA. RNA was isolated 48 h post transfection and PIK3CA and KRAS
mRNA levels measured using qRT-PCR (* p < 0.05 vs. control; RQ = relative quantity).
HCT116 and DLD-1 cells were again plated and transfected under the same conditions to
evaluate corresponding protein expression. Whole cell lysates were collected at 72 h and
analyzed by Western blot (20 to 60 ug total protein per lane). p-actin was used as a loading
control.
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Figure 4. SsIRNA directed to the mutated pathway of isogenic cells mor e effectively inhibits
proliferation

(A) HCT116 Wild Type (WT) — mutant P/K3CA allele deleted, (B) DLD-1 WT — mutant
PIK3CA allele deleted, and (C) Hkh-2 — HCT116 cells with mutant KRAS allele deleted,
were plated in 24 well plates at a density of 25,000 cells/well. Cells were transfected 12 h
later with 100 nM NTC siRNA, 50 nM P/K3CA siRNA + 50 nM NTC siRNA, 50 nM
KRAS SIRNA + 50 nM NTC siRNA, or 50 nM P/K3CA siRNA + 50 nM KRASSIiRNA.
Proliferation was assessed by cell counting at 72 h (* p < 0.05 vs. control; T p < 0.05 vs.
alternate single siRNA treatment).
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Figure5. SIRNA treatments enhance inhibition of proliferation associated with 5-FU

HCT116 cells were plated in 24 well plates at a density of 25,000 cells/well. Cells were
transfected 12 h later with 100 nM NTC siRNA, 50 nM P/K3CA siRNA + 50 nM NTC
siRNA, 50 nM KRAS siRNA + 50 nM NTC siRNA, or 50 nM P/K3CA siRNA + 50 nM
KRAS siRNA. Media was exchanged 4 h later for either control media containing DMSO
only, or media containing 1, 5, or 10 uM of 5-FU. Media was again exchanged for fresh
drug media at 36 h post transfection. Proliferation was assessed by cell counting at 72 h (* p
< 0.05 vs. control; T p < 0.05 vs. PIK3CA siRNA or KRAS siRNA alone).
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