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Abstract

Clinical studies of patients with chronic myeloid leukemia (CML) revealed that a common pattern

of response is a dramatic fall in the circulating population of blast cells, with a minimal or delayed

decrease in marrow blasts, suggesting a protective environment. These observations suggest that a

greater understanding of the interaction of stromal cells with leukemic cells is essential. Here, we

present an in vivo system for monitoring relative tumor accumulation in leukemic mice and

residual disease in leukemic mice treated with a tyrosine kinase inhibitor, and an in vitro system

for identifying integral factors involved in stromal-mediated cytoprotection. Using the in vivo

model, we observed high tumor burden/residual disease in tissues characterized as significant

sources of hematopoiesis-promoting stroma, with bone marrow stroma most frequently showing

the highest accumulation of leukemia in untreated and nilotinib-treated mice, as well as partial

protection of leukemic cells from the inhibitory effects of nilotinib. These studies, which showed a

pattern of leukemia distribution consistent with what is observed in imatinib- and nilotinib-treated

CML patients, were followed by a more in-depth analysis of stroma-leukemia cell interactions that

lead to protection of leukemia cells from nilotinib-induced cytotoxicity. For the latter, we used the

human BCR-ABL-positive cell line, KU812F, and the human bone marrow stroma cell line, HS-5,

to more closely approximate the bone marrow-associated cytoprotection observed in drug-treated

leukemia patients. This in vitro system helped to elucidate stromal-secreted viability factors that

may play a role in stromal-mediated cytoprotection of tyrosine kinase inhibitor-treated leukemia

cells.
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Introduction

There is a growing level of interest in determining the role of the microenvironment, such as

stromal cells in the marrow, in regulating growth, self-renewal, and drug resistance of

leukemic stem cells. This is likely to be of more than passing interest since it appears

possible that small numbers of leukemic CD34+ cells can persist in the marrow

microenvironment of patients with CML following years of therapy with imatinib mesylate

(Gleevec®, STI571; Novartis Pharma AG). Indeed, the number of leukemic stem cells that

exist and that are dependent on stroma to survive is predictive of disease outcome (1).

Hematopoietic and stromal cells, along with other factors including extracellular matrix and

vessels, comprise bone marrow; cell-cell interactions and growth factors influence the rate

of hematopoiesis (2). The stroma of hematopoietic organs contributes to the development

not only of normal hematopoietic cells, but also to that of leukemia cells (3,4). Specifically,

bone marrow stroma is the source of signals, such as stem cell factor (SCF), granulocyte

colony-stimulating factor (G-CSF) and granulocyte macrophage colony-stimulating factor

(GM-CSF), which either mediate the expansion of, or prevention of the terminal

differentiation of hematopoietic stem cells, and that support leukemia cell growth (5-11).

Bone marrow stroma and stromal cell-derived soluble factors have been implicated in the

long-term survival and growth of various hematologic malignancies, including precursor B-

acute lymphoblastic leukemia (ALL) (12, 13). Bone marrow stroma has also been shown to

prevent apoptosis of acute myeloid leukemia (AML) and chronic lymphocytic leukemia

(CLL) cells (14-16). In addition, leukemic lymphoblasts that are coupled to bone marrow

stroma via gap junction communication are proposed to be held in a quiescent, non-dividing

state, which is believed to contribute to resistance to antimitotic agents (17). Splenic stroma

and splenocytes also play an important role in the support of the viability and proliferation

of both normal and malignant hematopoiesis (18,19).

Here, we track the progression of leukemia growth using an in vivo bioluminescence model

of leukemia, which includes monitoring the relative degree and localization of tumor burden

in different tissue sources in untreated mice, and the relative degree and localization of

residual disease in mice treated with a range of doses of the novel, selective ABL tyrosine

kinase inhibitor, nilotinib (AMN107; Tasigna) for varying lengths of time. Using this in vivo

model, we demonstrate how leukemia appears to migrate to stroma-associated tissues, with

the highest tumor burden accumulating in these regions. This finding mimics the trend that

is observed in tyrosine kinase-inhibitor-treated CML and AML patients (residual disease

observed in the bone marrow stroma). For the latter half of our studies, we seek to identify

the factor(s) mediating the effects of stromal-enhanced viability of leukemia growth.
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Materials and Methods

Cell Lines

The human CML cell line, KU812, and the HS-5 bone marrow stromal cell line were

purchased from American Type Culture Collection (Rockville, MD). Murine hematopoietic

32D cells were transduced with retrovirus to express p210 BCR-ABL (32D.p210 cells) (20);

this cell line is rapidly lethal in syngeneic, non-immunosuppressed C3H mice. KU812F and

32D.p210 cells were transduced with a retrovirus encoding firefly luciferase (MSCV-Luc).

Luciferase-expressing cells were selected with G418 at a concentration of 1mg/ml to

produce the KU812F- luciferase (luc+) and 32D.p210-luc+ cell lines, respectively.

Cell lines were cultured with 5% CO2 at 37°C, at a concentration of 2×105 to 5×105 in

RPMI (Mediatech, Inc., Herndon, VA) with 10% fetal calf serum (FCS) and supplemented

with 1% glutamine. Transfected cell lines were cultured in media supplemented with

1mg/ml G418.

Chemical compounds and biologic reagents

Imatinib, nilotinib, and PKC412 were synthesized by Novartis Pharma AG, Basel,

Switzerland, and, when used for in vitro experiments, were dissolved in DMSO to make 10

mM stock solutions. Serial dilutions were then made, also in DMSO, to obtain final dilutions

for cellular assays.

In vitro proliferation studies

For stromal rescue studies involving the KU812F cell line, we introduced luciferase into the

leukemic cells so that we could specifically quantify the viable cell number using light

emission. Thus, luciferase expression, which positively correlates with cell viability, was

used for proliferation studies involving protection of imatinib- or nilotinib-treated KU812F-

luc by stromal-conditioned media (SCM) or cytokines. Luciferase expression in these cell

lines was measured by a luminometer. Approximately 10,000 HS-5 stromal cells were

plated, and then cultured in the absence of leukemia cells for the reported lengths of time

before media was pooled and collected and used in proliferation studies measuring

protection of drug (tyrosine kinase inhibitor)-treated cells by SCM.

CML patient cell studies

Frozen vials of bone marrow samples from CML (at least 50% blasts) were thawed and

treated with Ficoll-Plaque (Pharmacia, Uppsala, Sweden). The trypan blue exclusion assay

has been previously described (21) and was used for proliferation studies involving CML

patient samples.

Mouse studies and in vivo imaging

32D.p210 cells were transduced with a retrovirus encoding firefly luciferase (MSCVLuc),

and selected with G418 at a concentration of 1mg/ml to produce the 32D.p210-luc+ cell

line. 32D.p210-luc+ cells free of Mycoplasma and viral contamination were washed once

with Hank's Balanced Salt Solution (HBSS; Mediatech, Inc.,VA), and resuspended in HBSS

prior to administration to mice. Nilotinib was formulated by first dissolving powder stock in
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NMP to give a clear solution (stored for several days at 4°C), and diluting 10-fold in

PEG300 just prior to administration to mice. Gavage volumes were fixed according to the

individual weights of the mice to achieve 20mg/kg or 100mg/kg nilotinib, depending on the

study.

A total of 800,000 32D.p210-luc+ cells were administered via tail vein injection to male

NCR-nude mice (5-6 weeks of age; Taconic, NY). Anesthesized mice were imaged 1 day

post IV-injection to generate a baseline that was used to establish treatment cohorts with

matched tumor burden, and total body luminescence was measured as previously described

(22). Cohorts of mice were treated with either oral administration of vehicle (10%

NMP-90% PEG300), or oral administration of nilotinib (formulated as above). Mice were

monitored for a period of time following the last imaging day and prior to sacrifice. Tissues

were preserved in 10% formalin for histopathological analysis and confirmation of tumor

burden in vital organ tissues; tissues were also harvested to obtain cells for ex vivo analysis.

The low dose of 20mg/kg nilotinib was pre-determined to be subcurative in vivo (23) and the

relatively high dose of 100mg/kg nilotinib was chosen based upon earlier findings that

75mg/kg/day nilotinib administered over a 16-day period was curative in the majority of

treated mice over an observation period of approximately 100 days (24).

Results

Leukemia growth in NCR-nude mice treated with vehicle or high dose nilotinib

Using a bioluminescent in vivo model of BCR-ABL leukemia, we investigated the growth of

BCR-ABL-positive leukemia in vehicle-treated mice, and the pattern of residual disease in

nilotinib-treated mice. We observed highest tumor burden in areas of vehicle-treated mice

that included the femurs and spleen at baseline, and the femurs, sternum, spine, and spleen

of vehicle-treated mice on day 4 post-IV-injection of 32D.p210-luc+ cells (Figure 1A-C). A

relatively high dose (100mg/kg) of nilotinib was administered to mice in the drug treatment

group for 4 days prior to drug withdrawal. Treatment with this dose caused a dramatic

reduction in leukemia burden in mice, although bioluminescence values, while low, were

still measurable (Figure 1A-C, Figure 2).

Anti-leukemia drug effects and relative tumor burden in NCR-nude mice treated with high
dose nilotinib

In addition to high dose nilotinib treatment lowering total body luminescence in mice, it also

significantly lowered white blood cell (WBC) counts in mice by day 5 post-IV injection

(Figure 2A, D) and led to a significant prolongation of survival as compared to vehicle-

treated mice (Figure 1E). However, we observed a visually and measurably detectable

recurrence of leukemia burden in the high dose (4-day) nilotinib-treated mice on day 19

post-IV injection of cells (supplementary data) and 26 post-IV (Figure 1D). High tumor

burden areas included the femurs, sternum, spleen, and parts of the skull (Figure 1D).

Bioluminescence was also observed in the shape, location, and orientation approximately

corresponding to the shape, orientation, and anatomical location where superficial/deep

cervical lymph nodes have been identified in the mouse (Figure 1D). WBC counts, while
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still lower in drug-treated mice than vehicle-treated mice on day 15 post-IV injection of

leukemia cells, were observed to rise in number in the 4-day nilotinib-treated mice with drug

having been withdrawn for 10 days (Figure 2D).

We investigated the relative tumor burden of those tissues in vehicle- and nilotinib-treated

mice that either showed highest leukemia burden and are characterized by significant

amounts of stroma (i.e. spine, femurs, sternum, spleen) or were known organ targets often

used as a marker of leukemia progression (i.e. spleen, liver). Interestingly, in both vehicle-

and high dose nilotinib-treated mice, the spine was observed to display the highest relative

tumor burden (Figure 2B,C).

Anti-leukemia drug effects and relative tumor burden in NCR-nude mice treated with low
dose nilotinib

A relatively low dose (20mg/kg) of nilotinib, administered for a total of 8 days, similarly

lowered total body luminescence in mice and prevented the increased spleen weights

observed in vehicle-treated mice (Figure 3A, B and supplementary data). As with the high

dose nilotinib study, the highest tumor burdens as measured by bioluminescence were

observed in the femurs, sternum, spine and spleens of vehicle- and low dose nilotinib-treated

mice (supplementary data). The relative tumor burden in vehicle- and low dose nilotinib-

treated mice was again observed to be highest in the spine on days 4 and 9 post-IV injection

of 32D.p210-luc+ cells, followed by femurs (Figure 3C,D and supplementary data).

In another study, we administered 20mg/kg of nilotinib to mice for a total of 3 days. As was

observed in the other in vivo imaging studies, the highest tumor burdens as measured by

bioluminescence were again observed in the femurs, sternum, spine and spleens of vehicle-

and low dose nilotinib-treated mice (supplementary data). The relative tumor burden in low

dose nilotinib-treated mice was again observed to be highest in the spine on day 4 post-IV

injection of 32D.p210-luc+ cells (supplementary data). However, the spleen showed the

highest relative tumor burden in vehicle-treated mice, as compared to spine, liver, and

femurs (supplementary data). The overall similarity in the results obtained with high and

low dose nilotinib suggests that residual disease in drug-treated mice is associated with

tissues bearing high stroma content, regardless of the efficacy of the drug treatment.

Effects of SCM on the proliferation of BCR-ABL-expressing cells

We investigated whether or not stromal-derived, secreted factor(s) could increase BCR-

ABL-positive cell proliferation and/or protect cells against the inhibitory effects of selective

tyrosine kinase inhibitors. To achieve this, culture media pooled and collected from HS-5

stromal cells cultured for one week was tested with KU812F-luc+ cells, incubated in the

absence and presence of imatinib and nilotinib, respectively. We observed that SCM, diluted

with FCS-containing RPMI media across a range of concentrations (10-75%), was able to

partially protect KU812F-luc+ cells from the inhibitory effects of both imatinib and

nilotinib, respectively (Figure 4A, B). In addition, a bone marrow sample derived from a

CML-MBC (myeloid blast crisis) patient (not imatinib-naïve) was protected by the

inhibitory effects of imatinib when cultured in the presence of SCM (Figure 4C). These

results suggest that stromal-mediated protection of tyrosine kinase inhibitor-treated BCR-
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ABL-positive cells appears to involve viability signals in the form of one or more secreted

growth factors.

Effects of human stroma-derived cytokines on the proliferation of BCR-ABL-expressing
cells

To explore this possibility further, we randomly screened the effects of stromal derived

factor-1 (SDF-1; 10ng/mL), which is constitutively produced by bone marrow stromal cells

and behaves as a chemoattractant supporting the homing of stem cells, as well as a mixture

of cytokines previously shown to be secreted at high concentrations in SCM derived from

HS-5 stromal cells (including SCF, interleukin (IL)-6, IL-8, IL-11, M-CSF and GM-CSF;

each at a concentration of 10ng/mL) (25), to determine if a cocktail of these cytokines would

be able to protect imatinib-treated, BCR-ABL-positive cells from the inhibitory effects of

the drug. We found the cytokine cocktail was able to potentiate the growth of untreated

KU812F-luc+ cells and to partially protect imatinib-treated KU812F-luc+ cells to a similar

extent as SCM across a range of concentrations (10-50%), which was collected and pooled

from stromal cells cultured for 22 days (Figure 5A,C and supplementary data). When each

cytokine (at 10ng/mL) was compared to the mixture of cytokines, we observed varying

potentiation of KU812F-luc+ cell growth and protective capacities of the individual

cytokines, all of which were generally less than that of the cytokine cocktail (Figure 5B,D).

These results suggest that two or more of the tested cytokines are likely required in

combination to achieve the maximum protection observed when drug-treated KU812F-luc+

cells are co-cultured with SCM or cytokine cocktail.

To further investigate this, we tested the combination of paired cytokines to assess the extent

of the protective effects of each pair against imatinib-treated KU812F-luc+ cells as

compared to the cytokine cocktail. We did observe varying degrees of protection with the

different cytokine pairings, however, as was observed with individual cytokines, none of the

paired cytokines were able to protect drug-treated cells to the full extent of the cytokine

cocktail (Figure 6).

Discussion

Investigators have been actively exploring the relationship between malignant cells and the

bone marrow microenvironment to better understand the source and nature of viability-

promoting factors that can aid in disease progression. A recent study utilized a stromal cell

system, derived via bone biopsy, to investigate the interactions between CLL B-cells, stroma

cells, and stroma-secreted factors that protect the leukemic cells from naturally-occurring

and drug-induced apoptosis (26).

In the present study, we monitored leukemia progression in vivo and noted that a variety of

tissues showed high tumor accumulation, namely those characterized by high levels of bone

marrow stroma (i.e. spine, sternum, skull) and those characterized by hematopoiesis-

supporting stroma (i.e. spleen). These same tissues showed a high degree of residual disease

in drug-treated mice, both acutely, as in the case of relatively low dose (20mg/kg) nilotinib-

treated mice observed shortly after drug withdrawal, and chronically, as in the case of

relatively high dose (100mg/kg) nilotinib treated mice observed several weeks following
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drug withdrawal. These data are consistent with the findings of others that show movement

of leukemia cells, including ALL and CLL, into the stroma of bone marrow (27-29).

While the spine of nilotinib-treated mice was found to consistently show the highest relative

tumor burden when compared to other high tumor burden tissues, such as spleen, femurs and

liver, the highest relative tumor burden in vehicle-treated mice was observed to be in both

the spleen as well as the spine. This finding may be in part explained by the fact that soluble

growth factors and cytokines produced by splenic stroma have been indicated in

hematopoiesis from bone marrow (19), and viability signals provided by diseased

splenocytes contribute to the survival and expansion of leukemic cells (18). These reports

suggest that the spleen, like bone marrow, may be a significant source of viability signals

that have the ability to promote leukemic cell growth.

The stromal compartment of the spleen influences the proliferation and viability of both

normal and diseased hematopoietic cells. Studies have been performed that support the idea

that splenic stroma supports the development of white blood cells, such as dendritic cells.

Dendritic cell hematopoiesis is supported by long-term splenic stroma cultures (30), and

dendritic cell development is supported by splenic stroma and stroma-derived growth factors

(31). The differentiation of dendritic cells can be influenced by endothelial-like splenic

stromal cells (32).

The splenic microenvironment has also been implicated in promotion of the viability and

expansion of transformed cells. Indeed, enlargement of the spleen, or splenomegaly,

characterizes many different hematological malignancies, such as CML, especially during

the later stages of the disease (33). In vivo, spleen removal from erythroleukemic mice was

observed to prolong survival (18). Furthermore, the in vitro proliferation of primary

erythroleukemic blast cells co-cultered in the presence of either leukemic-derived spleen

cells or the conditioned media derived from such cells was enhanced compared to the

proliferation of primary erythroleukemic cells co-cultured with normal splenocytes, with

elevated secretion by the diseased splenocytes of viability factors including IL-6, IL-12p70,

IL-2, macrophage chemoattractant protein-5 (MCP-5), vascular endothelial growth factor-A

(VEGF-A), soluble tumor necrosis factor receptor-1 (sTNFR1), and tumor necrosis factor-α
(TNF-α) (18).

Both media conditioned by human stromal cells and a cocktail of cytokines secreted in high

concentrations by stroma are able to partially protect BCR-ABL-expressing cells from the

inhibitory effects of tyrosine kinase inhibitors, such as imatinib and nilotinib, on cellular

proliferation. These findings are consistent with those of others, as cytokines such as IL-6

and GM-CSF have been found to protect myeloid leukemia cells from chemotherapy-

induced apoptosis (34).

Unlike the present findings with BCR-ABL-positive leukemia, not all hematologic

malignancies are able to be rescued from apoptosis by secreted factors in the absence of

direct contact with stromal cells. For example, a need for direct bone marrow fibroblast cell-

leukemic cell interaction was observed for protection of AML cells from apoptosis (35,36),

and for protection of B-lineage ALL cells from chemotherapy-induced apoptosis (37).
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Similarly, protection of myeloma cells from drug-induced apoptosis is dependent upon both

adhesion between bone marrow stromal cells and myeloma cells, and soluble factors

induced by the cell-cell interaction (38). Finally, the adherence of CLL cells to bone marrow

stromal cell layers was necessary for their protection from apoptosis (39).

Our results suggest that significant reservoirs for tumor expansion and accumulation appear

to be tissues characterized by stroma having the ability to support normal hematopoietic and

malignant stem cell development. In addition, we found that stromal cells secrete cytokines

having the ability to partially rescue BCR-ABL-expressing cells from the cytotoxic effects

of protein tyrosine kinase inhibitors such as imatinib and nilotinib.

In summary, we present a novel, qualitative and quantitative in vivo approach to tracking

tumor progression. We also identify factors that may play a role in stromal-mediated

cytoprotection from anti-leukemia agents. The panel of cytokines that we identified as

collectively mimicking the cytoprotective effects of stroma offers significant insight into

putative factors that could serve as molecular targets to improve the efficacy of existing

therapies and minimize residual disease in patients. It is therefore anticipated that this

information may be used in the development of new strategies to override stromal-mediated

chemoresistance.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations list

CML Chronic myeloid leukemia

SCF Stem Cell Factor

G-CSF granulocyte colony-stimulating factor

GM-CSF granulocyte macrophage colony-stimulating factor

ALL Acute lymphoblastic leukemia

AML acute myeloid leukemia

CLL chronic lymphocytic leukemia

luc+ luciferase

FCS fetal calf serum

SCM stromal-conditioned media

HBSS Hank's Balanced Salt Solution
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WBC white blood cell

SDF-1 stromal derived factor-1

IL interleukin

MCP-5 macrophage chemoattractant protein-5

VEGF-A vascular endothelial growth factor-A

sTNFR1 soluble tumor necrosis factor receptor-1

TNF-α tumor necrosis factor-α
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Figure 1. Leukemia growth in NCR-nude mice treated with vehicle or high dose nilotinib
Day 1 post-IV injection of 32D.p210-luc+ cells via tail vein injection are baseline images.

NCR-nude mice were treated, starting on this first (baseline) imaging day, for 4 days with

either vehicle or nilotinib (100mg/kg). (A) Ventral view images, day 1 and day 5 post-IV

injection of 32D.p210-luc+ cells. (B) Lateral view images, day 1 and day 5 post-IV injection

of 32D.p210-luc+ cells. (C) Dorsal view images, day 1 and day 5 post-IV injection of

32D.p210-luc+ cells. Representative mice shown. Order of mice in (A), (B), and (C), from

left to right: VEH926, VEH929, NIL927, NIL930, NIL928. (D) Day 26 post-IV images of

nilotinib (100mg/kg, 4 day) treated NCR-nude mice following drug withdrawal on day 5

post-IV injection of 32D.p210-luc+ cells. Upper left panel: ventral view. Upper right panel:

lateral view. Lower left panel: dorsal view. Order of mice in (D), left to right: NIL927,

NIL930, NIL928. Lower right panel: survival curve for vehicle- and nilotinib (100mg/kg, 4-

days)-treated NCR-nude mice. Two surviving nilotinib-treated mice were sacrificed on day

61 post IV-injection of 32D.p210-luc+ cells. Mice were IV-injected with 800,000 32D.p210-

luc+ cells, and were imaged one day later to establish baseline values.
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Figure 2. Anti-leukemia drug effects and relative tumor burden in NCR-nude mice treated with
high dose nilotinib
(A) Total body bioluminescence (mean+/-SEM of ventral, dorsal, and lateral views) in

vehicle- and nilotinib-treated mice. (B) Relative tumor burden in vehicle-treated NCR-nude

mice. (C) Relative tumor burden in nilotinib (100mg/kg, 4-day)-treated NCR-nude mice.

Data for (B) and (C) presented as percent of each organ/area's baseline value. (D) White

blood cell (WBC) counts (counted by hemacytometer and trypan blue exclusion following

red blood cell lysis) in NCR-nude mice treated with vehicle or 100 mg/kg/day of nilotinib

for 4 days. Drug was withdrawn on day 5 post-IV, and WBC counts were taken again on

Day 15 post-IV. WBC counts are shown as percent of control (baseline WBC counts on day

1 post-IV injection). p=0.003, post IV injection day 5.
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Figure 3. Anti-leukemia drug effects, relative tumor burden, and stromal-mediated
cytoprotection in NCR-nude mice treated with low dose nilotinib
(A) Total body luminescence: Mean+/-SEM of ventral, dorsal, and lateral views of vehicle-

treated and nilotinib (20mg/kg, 8-day)-treated NCR-nude mice. (B) Spleen weights (in

grams) for vehicle-treated and nilotinib-treated NCR-nude mice measured on day 16 post-IV

injection of 32D.p210-luc+ cells. (C) Relative tumor burden in vehicle-treated NCR-nude

mice, days 1 and 9 post-IV injection of 32D.p210-luc+ cells. (D) Relative tumor burden in

nilotinib (100mg/kg, 4-day)-treated NCR-nude mice, days 1 and 9 post-IV injection of

32D.p210-luc+ cells. Data for (C) and (D) presented as percent of each organ/area's baseline

value.
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Figure 4. Effects of SCM on the proliferation of BCR-ABL-expressing cells
Treatment of KU812F-luc+ cells for 24 hr with imatinib (A) or nilotinib (B) in the absence

and presence of SCM at varying concentrations (collected and pooled from HS-5 stroma

cultured for a total of 7 days). Cell number for drug-treated KU812F-luc+ cells cultured in

the absence of SCM is shown as the percent of the no SCM control. Cell number for drug-

treated cells cultured in the presence of each respective percentage of SCM is shown as the

percent of each respective percentage of SCM control. Samples for this experiment were set

up in triplicate, and error bars represent the standard error of the mean. (C) Treatment of a

primary bone marrow CML-MBC patient sample (progressed s/p gleevec, HHT/ara-C) for

24 hr with imatinib in the absence and presence of SCM (media conditioned for 7 days in

the presence of stromal cells).
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Figure 5. Effects of human stroma-derived cytokines on the proliferation of BCR-ABL-
expressing cells
(A) 24-hour treatment of KU812F-luc+ cells with imatinib in presence and absence of

cytokine cocktail or SCM (conditioned for 22 days). Cell number for drug-treated KU812F-

luc+ cells cultured in the absence of conditioned media is shown as the percent of the

unconditioned media control, whereas cell number for drug-treated cells cultured in the

presence of conditioned media is shown as the percent of the conditioned media control.

Samples for this experiment were set up in triplicate, and error bars represent the standard

error of the mean. (B) 24-hr treatment of KU812F-luc+ cells with imatinib in presence and

absence of cytokine cocktail (10ng/mL of each cytokine pooled together) vs individual

cytokines (10 ng/mL each). Values are presented as percent of each respective control.

Samples for this experiment were set up in triplicate, and error bars represent the standard

error of the mean. (C, D) Same as data shown in (A, B, respectively), except cell number for

drug-treated cells cultured in the absence and presence of conditioned media, cytokine

cocktail, or individual cytokines is shown as the percent of the unconditioned media control.
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Figure 6. Effects of paired human stroma-derived cytokines on the proliferation of BCR-ABL-
expressing cells
KU812F-luc+ cells treated for 24 hr with imatinib in the absence and presence of paired

cytokines. Cell number for drug-treated KU812F-luc+ cells cultured in the absence of

cytokines is shown as the percent of the no cytokine control, whereas cell number for drug-

treated cells cultured in the presence of cytokines is shown as the percent of the respective

cytokine control. (A) Imatinib treatment of KU812F-luc+ cells in absence and presence of

individual cytokines paired with GMCSF (10ng/mL). (B) Imatinib treatment of KU812F-luc

+ cells in absence and presence of individual cytokines paired with IL-6 (10ng/mL). (C)

Imatinib treatment of KU812F-luc+ cells in absence and presence of individual cytokines

paired with IL-11 (10ng/mL). (D) Imatinib treatment of KU812F-luc+ cells in absence and

presence of individual cytokines paired with SDF-1 (10ng/mL).
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