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Human colon cancer stem cells
are enriched by insulin-like growth factor-1
and are sensitive to figitumumab

Lori S. Hart,' Nathan G. Dolloff,? David T. Dicker,? Constantinos Koumenis,' James G. Christensen,*
Adda Grimberg?® and Wafik S. El-Deiry>*

'Department of Radiation Oncology; University of Pennsylvania School of Medicine; Philadelphia, PA USA; 2Department of Medicine; Hematology/Oncology Division;
Hershey Medical Center; Pennsylvania State Hershey Cancer Institute; Hershey, PA USA ; *Department of Endocrinology; Children’s Hospital of Philadelphia;
Philadelphia, PA USA; “Translational Pharmacology; Pfizer Global R&D; La Jolla, CA USA

Key words: IGF-1, cancer stem cell, colon cancer, figitumumab

Abbreviations: CSC, cancer stem cell; SP, side population; ALDHI, aldehyde dehydrogenase 15 IGF-1, insulin-like growth factor 1;
MAPK, mitogen-activated protein kinase

Cancer stem cells (CSCs) are recognized as contributors to cancer progression and therapeutic resistance in liquid and
solid malignancies. We analyzed a panel of human colon cancer cell lines for CSC populations by side population and
aldehyde dehydrogenase activity. IGF-1 enriches these putative colon CSC populations in a 3-catenin-dependent manner.
Chemical inhibition of Akt depletes SP cells, and conversely, the overexpression of a constitutively active mutant version
of Akt is sufficient to enrich CSC populations. CP-751,871, a fully human antibody with specificity to the IGF-1 receptor, is
currently being tested in clinical trials for a variety of solid tumors. CP-751,871 reduces CSC populations in colon cancer
cell lines in vitro and reduces tumor growth in vivo. We have identified a novel role for IGF-1 in the enrichment of chemo-
resistant CSC populations. Our results suggest that CP-751,871 has preferential activity against putative CSC populations
and, therefore, may complement current standard chemotherapeutic regimens that target cycling cells.

Introduction

The cancer stem cell (CSC) model of carcinogenesis proposes
that cancers develop from and are maintained by a small
population of cells with self-renewing tumorigenic potential.
Originally defined in acute myelogenous leukemia, the cancer
stem cell model is increasingly being recognized as a deter-
minant of tumorigenicity, therapeutic resistance and metas-
tasis in solid tumors. The identification of CSCs is based on
cell surface marker expression or functional assays, such as
side population (SP) analysis and aldehyde dehydrogenase-1
(ALDH1) activity.!? Cellular antigen expression is linked
with the degree of differentiation and has proven useful in the
identification of CSCs from AML (CD34*/CD38-, CD96%),
breast cancer (CD44*/CD24) and glioblastoma (CD133*)
primary specimens.”’” Although the CSC populations of solid
tumors originating in the breast and brain have been identi-
fied and thoroughly validated, the presence of a colon-specific
CSC antigen remains less clear. CD133 was initially identified
as the marker for colon tumor-initiating cells, yet conflicting
reports have suggested that CD133 expression does not define
the CSC population, and both CD133* and CD133" cells are
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tumorigenic.5'? More recent evidence has extended the colon
CSC phenotype to include the markers LGR5, CD44, CD166,
Musashi-1, EpCAM and CD26.53-*

SP and Aldefluor assays take advantage of functional char-
acteristics of drug efflux and increased ALDH] activity, respec-
tively, to identify populations enriched with putative cancer
stem cells.*"*?! Increased efflux has long been recognized as a
protective characteristic of stem cells and other sensitive popula-
tions.?? SP analysis exploits this function for the identification of
a rare population of drug-resistant cells from both normal and
transformed primary samples as well as established cell lines. We
and others, have identified SP cells in a number of established
human cancer cell lines and found the SP fraction is enriched
following treatment with chemotherapeutic agents.?* ALDHI
is a stem cell marker in normal and malignant cells, and ALDHI
levels correspond to early metastasis and decreased survival in
breast cancer patients.?**” Both SP and ALDHI assays have
proven useful in the identification of putative CSCs, especially
from established cell lines that may not have maintained inher-
ent cell surface antigen expression profiles.

The insulin-like growth factor 1 (IGF-1) is expressed ubiqui-
tously and exhibits autocrine, paracrine and endocrine chemical
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Figure 1. Human colon cancer cell lines possess a side population enriched by IGF-1. (A) side population analysis of a panel of human colon cancer cell
lines (verapamil or FTC treatment is used to establish SP gating parameters), (B) side population analysis of DLD1 and SW480 cells serum starved over-
night followed by treatment with IGF-1 at 100 ng/ml for 24 hours (upper panel DLD1 SP profiles), and (C) side population analysis of a variety of human
cancer cell lines serum starved overnight followed by treatment with IGF-1 at 100 ng/ml for 24 hours. All error bars represent the SEM of at least three

signaling activity. IGF-1 primarily binds and activates IGFIR, a
tyrosine-kinase receptor frequently overexpressed in cancer.”®*
IGFIR activation initiates a signaling cascade involving the mito-
gen-activated protein kinase (MAPK) and PI3K/Akt pathways
culminating in both the promotion of cell growth and survival
and the inhibition of apoptosis.** IGF-binding proteins, such as
IGFBP-3, bind and sequester the vast majority of IGF-1 ligand.
This sequestration allows excess tissue and serum IGF-1 levels
to be maintained in an inactive state, preventing non-specific
and/or constitutive signaling. Epidemiological evidence sug-
gests that higher circulating IGF-1 and lower IGFBP-3 levels
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independently correlate with an increased risk of developing
colon, breast, prostate and lung cancer.’"3? In addition, patients
with acromegaly (excessive levels of IGF-1 and growth hormone)
have an increased risk of developing both benign and malignant
colorectal tumors.** Such studies have shed light on a contribut-
ing role for IGF-1 in colon malignancies with regards to cancer
progression, metastasis and resistance to therapy.”'#3¢ Taken
together, these findings suggest a role for IGF-1 signaling in the
progression of colon cancer and have lead to the development of
specific IGF-1 inhibitors, including the fully human monoclonal
IGFIR antibody, CP-751,871 (figitumumab). Here, we examine
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Table 1. Tumorigenicity by limited dilution in human colon and
esophageal cell lines

Tumors / No. Injections

Cells injected per flank 1x10> 1x10® 1x10* 1x10°
SP - 5/6 8/8 -
DLD1
Parental - 3/4 4/4 4/4
sp 0/4 1/4 4/4 =
SW480
Parental - 1/4 1/4 =
SP 4/4 3/4 - -
SW620
Non-SP 0/4 1/4 = o
SP 2/2 2/2 - -
TE8
Non-SP 0/2 2/2 = o
SP 2/2 2/2 2/2 =
TE12
Non-SP - 0/2 3/4 o

the role of IGF-1 signaling and IGF1R inhibition by CP-751,871

in the context of colon CSCs.
Results

Human colon cancer cell lines possess putative CSC popula-
tions. We employed the SP and ALDHI assays for the identifi-
cation of CSCs across a panel of human colon cancer cell lines.
Almost all of the cell lines possessed both SP and ALDHI1*
populations of slightly varying percentages (Fig. 1A and
Sup. Fig. 1A). One of nine colon cancer cell lines tested (RKO)
lacked an SP (data not shown). All cell lines expressed high lev-
els of P-glycoprotein (Sup. Fig. 2A). To examine the tumorige-
nicity of the CSCs in vivo, cells were sorted for SP and either
non-SP or parental populations and subcutaneously injected at
limiting dilution (1 x 10*~1 x 10> per flank) in immunocompro-
mised mice. Tumor growth was monitored and considered posi-
tive in animals with tumors reaching 200 mm? in 90 days or less
(Table 1). We found an increased percentage of tumor growth in
SP populations compared with non-SP or parental populations in
five colon and esophageal cancer cell lines tested.

Although cellular antigen expression has proven useful for the
identification of colon CSCs in primary specimens,® we found
expression varied greatly among established human cell lines. In
a panel of eight cell lines tested, 0.28—47.0% of cells were posi-
tive for surface expression of CD133 (Sup. Fig. 2B), and many
low surface expressing lines still expressed significant levels of
cytoplasmic CD133 (data not shown). In analyzing potential
overlap between CD133 and SP populations, we found DLD1
SP cells express more CD133 (both cell surface expression and
total cell extract) than non-SP cells (Sup. Fig. 2C). Although
this implies some overlap between SP and CD133* populations,
we performed the remainder of our studies using SP and ALDH1
measures, since, in contrast to CD133 expression, the functional
assays provide a relatively consistent measure across the panel of
cell lines.

CSC maintenance and enrichment by IGF-1 depends on Akt
and B-catenin. Our primary interest lies in the role of IGF-1 in
the propagation and/or survival of colon CSCs. To this end, we
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analyzed SP and ALDHI* populations in serum-starved cells
stimulated with IGF-1. Human cancer cell lines responded to
IGF-1 treatment with an approximately three-fold enrichment in
the percentage of SP cells (Fig. 1B and C). Interestingly, colon
cancer SP cells showed a greater enrichment by IGF-1 than cells
originating in other tissues (TES, TE12, HCE7, RPMI-8226)
(Fig. 1C). The effect of IGF-1 on the enrichment of ALDHI*
populations was more modest (Sup. Fig. 1B). We confirmed
IGFIR expression and IGF-1-induced Akt activation across the
panel of colon cancer lines (Fig. 2A and Sup. Fig. 2A). Published
reports have demonstrated that Akt activation induces drug
efflux activity and, therefore, increases the SP fraction.”” Here,
we report that IGF-1 treatment enriches the SP without altering
the activity of the drug pump protein, ABCG2, as measured by
the ability of the cells to efflux mitoxantrone (Sup. Fig. 2D). In
fact, it appears as though serum starvation alters the drug pump
activity, and stimulation of starved cells with IGF-1 does not
further alter ABCG2 function. This suggests that the effect of
IGF-1 on the percentage of SP cells is not merely a side effect of
altered drug pump activity, but likely a result of the differential
cellular response to IGF-1 between SP and non-SP cells.

To further clarify the role of Akt in SP enrichment by IGF-1,
we analyzed the SP in response to chemical and genetic manipu-
lation of Akt activity. Inhibition of Akt activation by treatment
with the PI-3K inhibitor, LY-294,002, decreased the percentage
of SP cells, suggesting Akt activation plays a role in the mainte-
nance of the SP phenotype (Fig. 2B). To test the effect of acti-
vated Akt on SP cells, DLDI cells were transfected and selected
for expression of a constitutively active Akt mutant (CA-Akt), as
confirmed by phosphorylation of Akt (Ser473) and the down-
stream effector GSK3B (Ser9) (Fig. 2C). The CA-Akt cells
maintained an increased SP approximately twice the size of con-
trol cells (Fig. 2D). Although nuclear B-catenin was observed
in unstimulated cells (presumably due to colon cancer-associated
Whnt signaling mutations), IGF-1 treatment resulted in increased
translocation of B-catenin to the nucleus (data not shown), a
finding that suggests the potential for additional B-catenin acti-
vation in these cells, as already described by others.” Knockdown
of B-catenin by siRNA resulted in a more than 50% depletion of
SP cells and decreased the SP of CA-Akt cells to the level found
in control DLDIs (Fig. 3A). The latter result links Akt and
B-catenin in the regulation of the SP phenotype. Additionally,
activation of B-catenin with the GSK3 inhibitor, lithium chlo-
ride, resulted in a three-fold increase in the percentage of SP cells
in both DLD1 and SW480 cells (Fig. 3B). These findings point
to Akt activation as a positive regulator of the SP CSC phenotype.

We next sought to determine whether B-catenin knockdown
affects the ability of IGF-1 to enrich SP cells. DLD1 and SW480
cells were transfected with B-catenin siRNA and serum starved,
followed by stimulation with IGF-1. As expected, B-catenin
knockdown reduced the SP to less than half that of control cells
(Fig. 3A and C). Furthermore, the absence of B-catenin pre-
cluded the SP cells from enrichement by IGF-1 (Fig. 3C). The
same experiment was performed in the CA-Akt DLDI cells with
constitutively active Akt. Control pBabe cells respond to IGF-1,
with more than a two-fold increase in the percentage of SP cells;
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Figure 2. Akt activation is important in the maintenance of the SP.

(A) immunoblot analysis of Akt phosphorylation (Ser473) in response to
IGF-1 (100 ng/ml for 10 minutes) treatment of serum starved cells,

(B) side population analysis of DLD1 cells treated with the PI3K inhibitor
LY-294,002 (10 wM for 24 hours) and an immunoblot panel confirming
LY-294,002 inhibition of IGF-1-induced P-Akt, (C) immunoblot analysis
of downstream signaling in pBabe (control) and CA-Akt (constitutive
active Akt) DLD1 cells (FBS, cells in culture with serum; SFM, serum free
media overnight; IGF, serum starved cells stimulated with 100 ng/ml
IGF-1 for 10 minutes) and (D) side population analysis of pBabe and
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however, in the absence of B-catenin the SP levels remained simi-
lar with or without IGF-1 stimulation (Sup. Fig. 3A). In addi-
tion, there was a minimal effect of IGF-1 on the CA-Akt cells
regardless of the presence or absence of B-catenin. This result
was expected, since IGF-1 should have no additional effect on the
SP in cells with already active Akt or in cells lacking B-catenin.
Conversely, IGF-1 enrichment of the SP was minimally altered in
the presence of the MEK inhibitor, PD-098,059 (Sup. Fig. 3B).
These results highlight a specific role for Akt activation in the
maintenance of the CSC populations and the regulation of their
response to IGF-1 stimulation.

IGF-1R inhibition decreases CSC populations and colon
tumor growth. The role of IGF-1 in the enrichment of putative
cancer stem cell populations lends credence to the therapeutic
potential of targeting CSCs with novel small molecules and bio-
logics. One such therapeutic currently undergoing clinical testing
is CP-751,871 (figitumumab), a fully human monoclonal anti-
body with specificity for IGF-1R (Pfizer, Inc.). In vitro treatment
of the panel of colon cancer cell lines with CP-751,871 showed a
decrease in both SP and ALDH1* populations (Fig. 4A and B).
As expected, CP-751,871 prevented IGF-l-induced activation
of Akt and downregulated IGFIR protein levels (Fig. 4C). In
a subcutaneous xenograft tumor model in athymic nude mice,
CP-751,871 treatment decreased tumor growth by approximately
50% in three different human colon cancer cell lines with the
largest effect on HCT15 tumors (Fig. 5A). Immunohistochemical
analysis revealed the in vivo decrease of IGFIR protein levels in
CP-751,871 treated tumors (Fig. 5B) and the presence of human
IgG within the tumor tissue, confirming the in vivo delivery
of figitumumab (Sup. Fig. 4A). Immunoblot analysis of lysed
DLDI tumor tissue revealed a decrease in both total IGFR pro-
tein and phosphorylated Akt (Fig. 5C). Of the cell lines tested,
CP-751,871 produced the largest decrease in the ALDH popu-
lation in HT29 cells (Fig. 4B), which also showed a marked
decrease in ALDHI staining in vivo (Sup. Fig. 4B). Additionally,
the tumors from figitumumab treated animals were significantly
less vascularized upon visual inspection, an observation consis-
tent with reports of IGF-1-induced angiogenesis,** " as well as
the anti-angiogenic activity of CP-751,871 in the absence of adju-
vant chemotherapy.”!

Discussion

The application of marker expression to established human can-
cer cell lines in culture has proven inconsistent. In the interest
of identifying novel CSC-specific cell signaling pathways and
subsequently screening CSC-specific therapeutics, we and oth-
ers have employed the SP and ALDH functional assays with
promising results. Although it is unexpected that a single cellular
antigen or functional assay will exclusively identify a CSC popu-
lation, these assays provide the groundwork by which the CSC
theory is tested, and the signaling intricacies of rare populations
can be identified and exploited for therapeutic gain.

The identification of CSCs by SP analysis takes advantage of
increased drug efflux activity, a characteristic of stem cells and
a contributor of chemoresistance.** Our interest lies in IGF-1
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signaling in human colon cancer. Due to the docu-
mented relationship between IGF-1 and colon cancer
chemoresistance, we hypothesized that IGF-1 enriches
colon CSC populations. Both SP and ALDH analyses
revealed 50-800% enrichment by IGF-1, a finding
we attribute primarily to Ake signaling. Akt activa-
tion has previously been shown to induce ABCG2
drug pump activity in brain CSCs,” but we ruled this
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gating control, whereas the remaining lines were gated
based on the non-specific calcium channel inhibitor,
verapamil. Therefore, the effect of IGF-1 on SP is not
likely to be merely a result of altered ABCG2 activity
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Colon cancer progression requires aberrant signal-
ing of Wnt pathway co-factors, most often by inacti-
vation of APC or activating mutations in (3-catenin.*?
Despite already activated Wnt signaling, many groups
have identified the further activation of B-catenin in
colon cancer, especially in the context of sub-popula-
tions of cells including CSCs, where putative CSCs
have higher levels of B-catenin, decreased B-catenin
phosphorylation, increased  phosphorylation — of
GSK3p and increased levels of downstream targets,
such as cyclin D1 and c-Myc."”** These findings both
substantiate our demonstration that B-catenin activa-
tion is linked to the CSC phenotype and complement
the evidence, supporting a role of c-Myc in putative
CSCs and induced pluripotent cells (iPCs).** The

requirement of B3-catenin for SP enrichment by IGF-1
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further corroborates a role for B-catenin activation

in CSCs. We have not ruled out the possibility that
other Akt-dependent or Akt-independent IGFIR
downstream targets are important for the survival
and propagation of CSCs. Although inhibition of the
MAPK pathway with PD-098,059 did not prevent
IGF-1 enrichment of the SP, a more thorough analy-

Figure 3. B-catenin is required for SP enrichment by IGF-1. (A) side population
analysis of DLD1 cells (left panel) and CA-Akt DLD1 cells (right panel) with B-catenin
knockdown by siRNA, (B) side population analysis of DLD1 cells treated with lithium
chloride (20 mM for 24 hrs) and (C) side population analysis (top panels) of DLD1

and SW480 cells with B-catenin knockdown in response to IGF-1 treatment. (Bottom
panel: immunoblot confirming B-catenin knockdown). All error bars represent the
SEM of at least three independent experiments.

sis is required to rule out contribution from MAPK.
Considering CP-751,871 treatmentand 3-catenin knockdown did
not completely eliminate the SP fraction, B-catenin-independent
pathways are expected to be at least partially involved in colon
SP maintenance. However, it appears as though Akt activation
is sufficient for inducing the SP fraction, and B-catenin is neces-
sary for IGF-1-dependent enrichment of the SP. Interestingly, the
cell line with the least SP enrichment, HCT15, also maintained
the largest percentage of SP cells and was the most responsive to
CP-751,871 treatment in vivo. We believe the already large SP has
precluded the HCT15 cells from any additional effect of IGF-1;
however, the large SP fraction increased the portion of the tumor
with particular sensitivity to IGFIR inhibition. IGFIR inhibition
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is not believed to CSC-specific, but a decrease in the percentage of
SP cells suggests an increased IGF1R dependence of SP cells over
their non-SP neighboring cells. The modest effect of CP-751,871
in HT29 and DLDI cells is not discouraging, since the mecha-
nism of CP-751,871 activity is the downregulation of IGF1R and
proliferation, not the induction, of cell death. Considering that
the SP represents a chemo-resistant population, we expect the
combination of figitumumab and chemotherapy (and/or radia-
tion) to provide the best advantage in tumor control, effectively
targeting both CSCs and the more proliferative chemo-sensitive
non-SP cells. Our findings highlight the use of IGFIR target-
ing therapeutics, such as CP-751,871 in the treatment of IGF-1
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responsive tumors, such as colon carcinomas. We propose a role
for CSCs in IGF-1-associated resistance of cancer cells to various
chemotherapeutic agents that may be targeted by figitumumab in
colorectal carcinoma and other cancer patients.

Materials and Methods

Cell culture, drug treatments and siRNA. All cells were obtained
from American Type Culture Collection and maintained in
Dulbecco’s modified Eagle medium, McCoy’s 5A or RPMI-1640
(Invitrogen) containing 10% fetal bovine serum and penicillin/
streptomycin. Human recombinant IGF-1 was purchased from
Millipore (used at 100 mg/ml), and CP-751,871 (figitcumumab,
used at 20-100 pg/ml) was obtained from collaboration with
Pfizer, Inc. The following chemicals were obtained from Sigma:
PD-098,059 (used at 10 wM), LY-294,002 (used at 10 wM), lith-
ium chloride (used at 20 mM), verapamil (used at 50 wM) and
fumitremorgin C (used at 10 wM). B-catenin and non-targeting
siRNA (Santa Cruz Biotechnology) were transfected with the
Lipofectamine RNAIMAX reagent (Invitrogen) according to the
manufacturer’s protocol.

Side population, aldefluor activity and mitoxantrone assays.
Flow cytometry was performed using an Elite ESP flow cytom-
eter (Beckman-Coulter). To analyze the SP population, a solid
state 355 nm UV laser (Lightwave Electronics) was used to excite
the Hoechst 33,342, and the dual emission was captured with a
450/20BP (Hoechst Blue) and a 675/40BP (Hoechst Red) sepa-
rated with a 550LP dichroic. Forward scatter and PI (675/40BP)
were captured from a 488 nm argon laser 40 vsec upstream of
the UV laser. Cells were harvested and incubated (1 x 10°/ml)
in HBSS (Gibco) containing Hoechst-33342 (Invitrogen,
5-10 pg/ml depending on the cell line) for 90 minutes at 37°C.
A negative control sample was treated with verapamil (Sigma,
50 wM) or Fumitremorgin C (Sigma, 10 wM) for 15 min at room
temperature prior to the addition of Hoechst-33342. Dead cells
were gated out based on positive staining with propidium iodide
(2 wg/ml). The mitoxantrone assay was performed similarly to
the side population but with mitoxantrone (3 wM), and flow
cytometry was performed at 635 nm thru a 670 bandpass fil-
ter. The Aldefluor assay (Stem Cell Technologies) was performed
according to the manufacturer’s protocol.

Immunoblots and immunohistochemistry. For immunoblot-
ting assays, cells were harvested in a buffer containing NP-40
and protease and phosphatase inhibitors (Complete Mini, Roche
and Halt Phosphatase Inhibitor Cocktail, Thermo Scientific) and
PMSF (Sigma). Proteins were resolved on SDS-PAGE gels and,
following western transfer, the PVDF membranes were blocked in
TBS-tween containing 5% milk and incubated with the follow-
ing primary antibodies overnight: Akt (#9272), P-Akt (Serd73,
#9271), IGF-1R-B (#3027), B-catenin (#9562) and P-GSK3p
(Ser9, #9336), all obtained from Cell Signaling Technologies.
GSK3p (#612312) was purchased from BD Transduction Labs,
and CD133 (clone 1) was purchased from Miltenyi Biotec. All
membranes were incubated with horseradish peroxidase-conju-
gated anti-mouse or anti-rabbit secondary antibodies (Thermo),
and immunoreactive bands were detected using ECL Plus
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Figure 4. CP-751,871 decreases putative CSC populations. (A) side
population analysis of DLD1 cells treated with CP-751,871 (100 ug/ml for
24 hrs; error bars represent the SEM of three independent experiments),
(B) Aldefluor analysis of colon cancer cell lines treated with CP-751,871
(100 ug/ml for 48 hrs) and (C) immunoblot analysis of Akt activation

(upper panel) and IGF1R- levels (lower panel) in cells treated with
CP-751,871 (100 ng/ml).

chemiluminescence (Amersham Biosciences). Immunoblots with
tumor tissue were performed as already described, with the excep-
tion that tumors were lysed by sonication in a buffer containing
Triton-X-100 (1.0%), 50 mM HEPES, sodium chloride, magne-
sium chloride, EGTA, Complete Mini (Roche), Halt Phosphatase
Inhibitor Cocktail (Thermo Scientific) and 10% glycerol.
Immunohistochemistry was performed according to standard
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Figure 5. CP-751,871 inhibits in vivo colon xenograft growth. (A) in vivo subcutaneous tumor growth analysis of HT29, HCT15 and DLD1 cells in
response to CP-751,871 (weekly injections of 200 j.g per mouse), (B) immunohistochemical analysis of IGF1R-B levels in tumors from control mice and
mice treated with CP-751,871 and (C) immunoblot analysis of DLD1 tumor lysates for P-Akt (Ser473) and IGF1R-f3.

protocols on paraffin-embedded tissues that were sectioned by
the Morphology Core at the Center for Molecular Studies in
Digestive and Liver Diseases, University of Pennsylvania School
of Medicine. Briefly, slides were deparaffinized and hydrated,
antigens were unmasked in citrate buffer, and endogenous per-
oxidases were quenched with hydrogen peroxidase. Slides were
blocked with goat serum (5% in TBS-tween), followed by pri-
mary antibody incubation (IGF-1R-B, #3027 Cell Signaling
Technologies, human IgG or ALDHI, BD Transduction Labs,
each at 1:100) overnight at 4°C. Horse-radish peroxidase-con-
jugated secondary antibodies (Jackson Laboratories, 1:100) were
used for 1 hour at 37°C. Peroxidase signal was retrieved with
DAB substrate (ImmPACT DAB, Vector Laboratories), and
slides were counterstained with hematoxylin, dehydrated, and
coverslips were mounted with Permount (Fisher).

Animal experiments. All animal experiments were approved
by the Institutional Animal Care and Use Committee at the
University of Pennsylvania. For tumorigenicity experiments,
cells were sorted for SP and non-SP or parental populations at
the Flow Cytometry and Cell Sorting Facility at the University
of Pennsylvania. Cells were injected at limited dilution (in a 1:1
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PBS:Matrigel mixture) subcutaneously on the flanks of athy-
mic nude mice (Taconic Farms, Inc.). Mice were monitored
three times a week for tumor growth. For experiments involv-
ing CP-751,871 treatment, cells (1 x 10°) were injected on either
flank of athymic nude mice (Taconic Farms, Inc.). Caliper mea-
surements were made for an estimate of tumor volume according
to the following equation: volume = ¥ (length x width?). Mice
were treated with CP-751,871 (200 pg/mouse in 100 L) or PBS
(100 L) once a week for the duration of the experiment begin-
ning on the day of tumor cell injection.
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