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Supplemental Materials and Methods 
 
Agents and antibodies 
 

Temsirolimus was provided by the National Cancer Institute (Rockville, MD). ABT737 
and Nutlin-3a were purchased from Selleckchem (Houston, TX). The antibodies used in the 
reverse-phase protein array (RPPA) and immunoblotting analyses, along with their sources, are 
listed in Supplemental Table 2. 

 
Cell lines and primary samples 
 

The AML cell line OCI-AML3 was provided by Dr. M. Minden (Ontario Cancer 
Institute, Toronto, ON, Canada) and previously described.1 U937 cells were purchased from 
ATCC (Manassas, VA). The murine stromal cell line MS-5 was provided by Dr. K. Itoh (Niigata 
University, Nishi-Ku, Niigata, Japan) 2 and previously described.3 Authentication of each cell 
line was confirmed by short tandem repeat DNA profiling (PowerPlex 16 HS System, Promega, 
Madison, WI) within six months prior to the experiments. Bone marrow and peripheral blood 
samples were collected from patients who had been diagnosed with AML. Normal bone marrow 
samples were obtained from healthy volunteers. All samples were collected during routine 
diagnostic procedures in accordance with protocols approved by the Institutional Review Board 
of The University of Texas MD Anderson Cancer Center. Informed consent was obtained in 
accordance with the Declaration of Helsinki. Mononuclear cells were separated by Ficoll-
Hypaque (Sigma Chemical, St. Louis, MO) density-gradient centrifugation. Cells were 
maintained either in RPMI 1640 medium or in α-minimum essential medium (Life Technologies 
Laboratories, Grand Island, NY) supplemented with 10% fetal bovine serum (Gemini Bio-
Products, Woodland, CA), 1 mmol/L L-glutamine (Life Technologies Laboratories), and 50 
µg/mL penicillin/streptomycin (Life Technologies Laboratories) in a humidified incubator at 
37°C in 5% CO2.  Isolation, expansion, and purification of normal mesenchymal stromal cells 
were performed according to a previously published protocol.4 

 
Statistical analysis  
 

In this study, we used a two-sided “fold-change-filtered” binomial test to identify the 
distinct protein alterations triggered by a single inhibitor or two-inhibitor combination with or 
without stromal co-culture. For each protein, we checked whether there was significant up- or 
downregulation for the contrasts of interest. We first calculated the fold change in expression of a 
protein between treated and untreated conditions for each sample using a cutoff fold change of 
1.2 to determine whether the protein showed upregulation, no difference, or downregulation. For 
example, if the expression level of protein A in sample i after treatment was more than 1.2 times 
the corresponding level before treatment, then protein A was considered to be upregulated in 
sample i. If the fold change was −1.2 or less, the protein was considered to be downregulated. 
Samples with proteins flagged as “no difference” were considered uninformative and excluded 
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from the binomial analysis. For each protein, we then calculated the probability that the 
imbalance between the numbers of samples showing up- and downregulation would be the same 
as or more extreme than the imbalance actually observed under the null hypothesis that change 
direction is completely random (p = 0.5). These imbalance probabilities were taken as the p 
values of our binomial tests. We then used the Benjamini-Hochberg method 5  to adjust for 
multiple hypothesis testing and estimated adjusted p values. Imbalances for which the adjusted p 
value was below 0.05 were considered to be significant.  
 

To identify the single-inhibitor-induced specific apoptosis that was significantly affected 
by stroma, we grouped the treated samples based on the difference in apoptosis between treated 
samples in co-culture and those in monoculture. In group I (inhibitor-insensitive samples), the 
difference in apoptosis in treated samples in co-culture and those in monoculture was less than or 
equal to −2%; in group II, the difference was between −2% and 2%; and in group III (inhibitor-
sensitive samples), the difference was 2% or greater. We applied a two-tailed paired Student t test 
to compare apoptosis with and without stroma in each group. We also used a two-tailed unequal 
variance Student t test to compare the difference in protein expression between untreated samples 
in groups I and III with and without stroma and to compare baseline protein expression between 
untreated samples in groups I and III in co-culture. Statistical significance was defined as p ≤ 
0.05.  
 

To identify the co-treatment-induced specific apoptosis that was significantly affected by 
stroma, we grouped the samples based on the difference in apoptosis between samples treated 
with single-inhibitor ABT737 or Nutlin-3a and those treated with the dual inhibitors of 
temsirolimus plus ABT737 or Nutlin-3a in co-culture. In group I, the difference in apoptosis 
between samples treated with ABT737 or Nutlin-3a alone and those treated with two inhibitors 
was less than or equal to -2%; in group II, the difference was between −2% and 2% (note: none of 
the samples fell within the range designated by group II); and in group III, the difference was 2% 
or greater. The difference in apoptosis between combined-treatment and single-treatment in 
groups I and III was calculated using a two-tailed paired Student t test. Statistical significance 
was defined as p ≤ 0.05. 
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SUPPLEMENTAL FIGURES 

 
 
Supplemental Figure 1. RPPA profiling of key proteins in multiple signaling pathways in AML. RPPA was 
used to profile 53 proteins in 11 signaling pathways involved in cell survival. In the figure, each pathway is 
surrounded by a blue dashed line. The profiled protein is represented by a color-filled circle with a solid border 
(total protein) or a broken border (phosphorylated protein).  
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Supplemental Figure 2 (associated with Figure 1). Effects of temsirolimus treatment on protein expression in 
AML. RPPA analysis identified proteins whose expression was markedly affected by temsirolimus treatment. Dot 
plots display the level of alteration of the identified proteins in AML samples and cell lines cultured alone (A) and 
co-cultured with stroma (B). Up- or downregulation of protein expression is indicated by red (upregulation) or green 
(downregulation) dots and separated by the top and bottom dashed lines. Black dots indicate no significant change in 
expression. The y-axis of the dot plots is the log2 of the ratio of the protein density of temsirolimus-treated samples 
to that of untreated samples. The x-axis displays sample number and cell lines, O: OCI-AML3, U: U937. Tables in 
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(A) and (B) display the identified proteins in samples treated in monoculture and in co-culture. First column: 
identified protein with a significant imbalance of alteration in response to treatment. Second column: number of 
samples showing increased expression of the indicated protein (I). Third column: number of samples showing 
decreased expression of the indicated protein (D). Fourth column: Adjusted p value for comparison of the numbers 
of samples with upregulation and downregulation of protein expression. Statistical analyses are described in the 
Supplemental Materials and Methods.   
 

 

 
 
Supplemental Figure 3 (associated with Figure 2). Effects of ABT737 treatment on protein expression in 
AML. RPPA analysis identified proteins whose expression was markedly affected by ABT737 treatment. Dot plots 
display the level of alteration of the identified proteins in AML samples and cell lines cultured alone (A) and co-
cultured with stroma (B). The dot colors and the dashed lines are described in the Supplemental Figure 2 legend. 
The y-axis is the log2 of the ratio of the protein density of ABT737-treated samples to that of untreated samples. 
Tables in (A) and (B) display the identified proteins in samples treated with ABT737 in monoculture and in co-
culture. The content of each column is described in the Supplemental Figure 2 legend. 
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Supplemental Figure 4 (associated with Figure 3). Effects of Nutlin-3a treatment on protein expression in 
AML. RPPA analysis identified proteins whose expression was markedly affected by Nutlin-3a treatment. Dot plots 
display the level of alteration of the identified proteins in AML samples and cell lines cultured alone (A) and co-
cultured with stroma (B). The dot colors and dashed lines are described in the Supplemental Figure 2 legend. The y-
axis is the log2 of the ratio of the protein density of Nutlin-3a-treated samples to that of untreated samples. Tables in 
(A) and (B) display the identified proteins in samples treated with Nutlin-3a in monoculture and in co-culture. The 
content of each column is described in the Supplemental Figure 2 legend. 
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Supplemental Figure 5 (associated with Figure 4). Effects of treatment with the combination of temsirolimus 
and ABT737 on protein expression in co-cultured AML. RPPA analysis identified proteins whose expression 
was markedly affected by combination treatment with temsirolimus and ABT737 in co-culture. (A) Dot plots 
display the level of alteration of the identified proteins in AML samples and cell lines co-cultured with stroma. The 
dot colors and dashed lines are described in the Supplemental Figure 2 legend. The y-axis is the log2 of the ratio of 
the protein density of samples treated with temsirolimus and ABT737 to that of untreated samples in co-culture. The 
table in (A) displays the identified proteins in co-cultured samples treated with temsirolimus and ABT737. The 
content of each column is described in the Supplemental Figure 2 legend. (B) Dot plot of p-AKT (Ser473) alteration 
in treated samples in co-culture. The dot colors and dashed lines are described in the Supplemental Figure 2 legend. 
The y-axis is the log2 of the ratio of the protein density of combination-treated samples to that of ABT737-treated 
samples in co-culture.  
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Supplemental Figure 6 (associated with Figure 5). Effects of treatment with the combination of temsirolimus 
and Nutlin-3a on protein expression in AML. RPPA analysis identified proteins whose expression was markedly 
affected by combination treatment with temsirolimus and Nutlin-3a in co-culture. (A) Dot plots display the level of 
alteration of the identified proteins in AML samples and cell lines co-cultured with stroma. The dot colors and 
dashed lines are described in the Supplemental Figure 2 legend. The y-axis is the log2 of the ratio of the protein 
density of samples treated with temsirolimus and Nutlin-3a to that of untreated samples in co-culture. The table in 
(A) displays the identified proteins in co-cultured samples treated with temsirolimus and Nutlin-3a. The content of 
each column is described in the Supplemental Figure 2 legend. (B) Dot plot of p-AKT (Ser473) alteration in treated 
samples in co-culture. The dot colors and dashed lines are described in the Supplemental Figure 2 legend. The y-axis 
is the log2 of the ratio of the protein density of combination-treated samples to that of Nutlin-3a-treated samples in 
co-culture.  
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Supplemental Figure 7 (associated with Figure 6). RPPA analysis of AML cell lines and primary AML 
samples. The dot plots display the indicated proteins whose expression was significantly altered by treatment with 
single-agent temsirolimus, ABT737, or Nutlin-3a in co-cultured AML cell lines (A) and selected primary AML 
samples (C). The y-axis is the log2 of the ratio of the protein density of treated samples to that of untreated samples. 
The dot colors and dashed lines are described in the Supplemental Figure 2 legend. (B) Bar graph displays apoptosis 
induction in treated OCI-AML3 cells cultured alone or co-cultured with MS-5 and normal BM MSCs for 72 hours. 
Values are presented as mean ± standard deviation of the mean. 
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Supplemental Figure 8. Stroma altered the sensitivity of FLT3-mutated AML to ABT737. (A) The bar graph 
on the left displays specific apoptosis for samples treated with ABT737 in monoculture and stromal co-culture and 
treated with temsirolimus plus ABT737 in co-culture. Samples were grouped based on mutation status: group I, 
unmutated samples; group II, FLT3-mutated samples. Difference in apoptosis between ABT737-treated samples in 
monoculture and co-culture and between ABT737- and temsirolimus plus ABT737-treated samples in co-culture 
was calculated using a two-tailed paired Student t test. Results are displayed in the bar graph on the right (mean ± 
standard error of the mean). Statistical significance was defined as p ≤ 0.05. (B) Box and whisker plots display 
difference in protein expression between untreated samples in groups I and II with and without stroma (left panel) 
and baseline protein expression of untreated samples in groups I and II in co-culture (right panel). Significance was 
calculated using a two-tailed unequal variance Student t test. Statistical significance was defined as p ≤ 0.05. 
Whiskers indicate the range from minimum to maximum values. The line in the middle of the box is plotted at the 
median. 
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SUPPLEMENTAL TABLES 

 

 
Supplemental Table 1. Clinical information for 20 primary AML samples.  
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Supplemental Table 2. Antibodies used in RPPA and immunoblotting. 
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