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INTRODUCTION

In many forms of breast cancer aberrant hormonal and/or growth factor signaling
play key roles in both tumor induction and resistance to treatment (Hanahan and
Weinberg, 2000). Moreover, the identification of specific molecular drivers in various
breast cancer subtypes has led to the development of more efficacious forms of
targeted therapy (Schechter et al., 1984; Slamon et al., 1987). In spite of these
advances, however, there are currently no targeted therapies, and no established
molecular etiologies, for triple-negative breast cancers (TNBC)—a heterogeneous mix
of breast cancers defined only by the absence of estrogen receptor (ER) or
progesterone receptor (PR) expression, and lack of amplification of the HER2 oncogene
(human epidermal growth factor receptor homologue 2; ErbB2) (Perou et al., 2000).
Patients with triple-negative breast cancers have shorter relapse-free survival and a
worse overall prognosis than other breast cancer patients, however, they tend to
respond, at least initially, to genotoxic chemotherapy (Dent et al., 2007). Triple-negative
patients generally do well if pathologic complete response is achieved following
chemotherapy. When residual disease exists, however, the prognosis is typically worse
than for other breast cancer subtypes (Abeloff et al., 2008). Thus, identifying new
strategies to enhance the initial chemosensitivity of TNBC cells may have substantial
therapeutic benefit. We wondered whether a systems biology approach, specifically
focused on examining and manipulating the interface between growth factor signaling
pathways and DNA damage signaling pathways in tumor cells, could modulate the

therapeutic response of this recalcitrant tumor type.



BODY
AIM1: Identification of optimal co-treatments of ErbB inhibitors with various DNA
damaging agents

Our previous data suggested that a more comprehensive assessment of pathway
inhibitor/genotoxin combination efficacy would be beneficial for identifying efficacious
forms of therapy. For example, previous studies by others using cell culture models of
TNBC reported that EGFR inhibitors in combination with genotoxic compounds such as
cisplatin resulted in less than a 10% survival benefit (Corkery et al., 2009); while a
randomized phase Il trial in TNBC patients reported that addition of cetuximab (an anti-
EGFR antibody marketed as Erbitux®) to carboplatin did not improve outcome (Carey et
al., 2008). Our preliminary data, on the other hand, suggested that combination efficacy
was extremely sensitive to the order of drug presentation (Figure 1). The first goal of
this project was to test this notion across a large panel of drugs used in various
combinations and also in a larger panel of cell lines, which better represent the

heterogeneous triple-negative subclass.

TASK 1: Establish appropriate dose range for measuring death in breast cancer cells.

Before testing drugs in combinations, we first needed to identify doses of each
drug that would result in a moderate level of cell death. For this portion of our screen
we focused on classic chemotherapeutic compounds, as these are widely used to treat
all forms of breast cancer clinically. Our drug panel consisted of 7 different genotoxic
agents, each with a different mechanism of action: ionizing radiation (IR),
camptothecin, cisplatin, etoposide, doxorubicin, temozolomide, and paclitaxel. The
primary assays used for this experiment were a flow cytometry-based assay of

apoptotic cell death and a commercial cell proliferation assay (Cell TiterGlo, Promega),
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and the assays were completed in cell lines representing hormone-sensitive breast
cancer (MCF7), HER2 over-expressing breast cancer (MDA-MB-453), and triple-
negative breast cancer (BT-20). These cell lines were chosen because each has a
wild-type p53 protein, allowing chemosensitivity between cell lines to be directly
compared. After initially characterizing combination efficacy in these cell lines, we
intended to expand to other cell lines with p53 mutations and/or deletions (see below),
as these are commonly found in the patient population. In addition, as a control, the
human osteosarcoma cell line, U20S, was used because of its prototypical response to
genotoxic agents, as well as our lab’s long history characterizing the DDR in this cell
line (Reinhardt et al., 2007). Based on these data, optimal doses were chosen for each
of the genotoxins (Figure 2A-D). Based on proliferation data, BT-20 cells were
generally the most sensitive to genotoxic therapy, while MCF7 cells were the least
sensitive. A similar method was used to determine optimal doses of each pathway
inhibitor. We tested 9 different inhibitors targeted to protein in ErbB receptor signaling
pathways. The final list, as shown in Figure 3A, included erlotinib (Tarceva), gefitinib
(Iressa), lapatinib, MM-121, PD-98059, BMS-345541, rapamycin, NVP-BEZ235, and
wortmannin. In general, these 9 pathway inhibitors did not induce cell death in any of
our representative cell lines. Those drugs targeted to EGFR/ErbB1 (erlotinib, gefitinib,

lapatinib), however, did reduce cell proliferation rates in all cell lines tested.

TASK 2: Test Co-treatments of DNA damaging chemotherapy with ErbB inhibitors.

Our preliminary data suggested that the precise timing of drug presentation could
be a critical factor in combination efficacy. Here, we wanted to systematically analyze
the extent to which this is true across a variety of drug combinations. Initially, we tested

combinations of erlotinib and doxorubicin in BT-20 cells, to determine the optimal
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lengths of time staggering and how these responses different between cancer subtypes
(Figure 1 and Figure 4). We found that pre-treatment of BT-20 cells with erlotinib
enhanced sensitivity to doxorubicin, and this effect was optimal when erlotinib was
given 24 hours before doxorubicin. Conversely, erlotinib given after doxorubicin slightly
desensitized the cells to doxorubicin, and this effect was optimal when erlotinib was
given 4 hours after the genotoxic agent. These established conditions were used for
our combination drug screen.

The data from our screen are summarized in Figure 5. Data were collected for
both proliferation and apoptosis (cleaved-caspase-3 and cleaved-PARP double positive
cells as measured by flow cytometry). Percent inhibition of proliferation and percent
apoptosis tended to be very similar, suggesting that the primary means of cell death in
response to the combinations tested was apoptotic. In general, we found that the order
of drug presentation was a strong factor for only a small subset of the combinations.
Synergistically enhanced cell death was observed only for combinations in BT-20 cells
involving inhibition with erlotinib, gefitinib, lapatinib, or BMS-345441. The first three of
these drugs all inhibit EGFR/ErbB1, and BMS-345441 is an inhibitor of NF-KB, a well-
known pro-survival signal. In our view, it is not surprising that inhibiting NF-KB would
result in greater cell death, but it is certainly notable that EGFR inhibition consistently
enhanced cell death in BT-20 cells. Furthermore, this was also true when EGFR was
knocked down using siRNA (Figure 6). Another surprise was that EGFR inhibition
synergistically enhanced cell death across nearly all classes of genotoxin tested, with
the only exception being the mitotic poison, taxol (paclitaxel). We were somewhat
surprised to find such phenotypic specificity from the perspective of the inhibitors (with
essentially only EGFR inhibitors resulting in time-staggered synergy), but such

phenotypic promiscuity from the perspective of the genotoxins. Speculatively, we
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suspect that this is likely the result of the oncogenic status of BT-20, and potentially
other triple negative breast cancer cells. Although the driving oncogenes for this
subtype are not currently known, this certainly warrants further study, and will also be
discussed later in this report.

One fact in support of this notion was the sensitivity of HER2 over-expressing
cells to various drug combinations. Whereas the molecular etiology of TNBC cells are
not known, HERZ2 over-expressing cells are typically driven by HERZ2 signaling, and are
typically sensitive to HERZ2 inhibition (Neve et al., 2006; Sorlie et al., 2001; Sorlie et al.,
2003). When HER2 over-expressing MDA-MB-453 cells were treated with EGFR
inhibitors like erlotinib, we did not observe enhanced sensitivity to DNA damaging
agents. In fact (for reasons that are currently unclear), these cells were typically
desensitized to DNA damage when pre-treated with erlotinib (Figures 4 and 7).
However, when we inhibited HER2 in HER2-driven cells, we consistently observed
enhanced sensitivity to genotoxic agents, similar to what was observed for BT-20 cells
treated with erlotinib (Figure 7). These data may suggest that BT-20 cells are driven by
EGFR signaling, and we intend to explore this more completely in the future.

We also monitored cell cycle progression and autophagy, in addition to apoptosis
and proliferation. Our initial rationale for this was to capture any non-apoptotic cell
death that may be occurring. As mentioned above, the mechanism of cell death in
these cells treated with genotoxic agents tended to be apoptotic. Furthermore, at the
doses tested, death was observed before significant changes in cell cycle status had
taken effect (FIG). Nonetheless, these data are included in Figure 8. Although
autophagy does not appear to contribute to death in these cells, genotoxic therapy does
in some cases cause activation of autophagy (Figure 8). Determining how this

contributes to the death/survival of these cells will be the subject of future study.
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Following our screen, we found that the most efficacious combinations in BT-20
cells were those that inhibited EGFR 24 hours prior to the addition of a genotoxic
compound. Because triple-negative breast cancer is a notably heterogeneous disease,
we next wanted to test whether the efficacy of time-staggered erlotinib—doxorubicin
treatment was unique to BT-20 cells or potentially a more general phenomenon of triple-
negative breast cells. To answer this question we tested a handful of other widely
available triple-negative cell lines (Neve et al., 2006). Unlike our original panel of cells,
these selected cell lines have markedly different growth rates, EGFR expression levels,
and even p53 states (Figure 9). Despite these differences, sustained EGFR inhibition
enhanced sensitivity to doxorubicin in 9 of 10 triple-negative cell lines tested but a
synergistic effect was observed in only 4 of the 10 TNBC lines (Figures 9 and 10).
Interestingly, although there was no correlation between EGFR expression and
sensitivity to erlotinib-based combinations, we found a very strong correlation between
EGFR activity (i.e. EGFR phosphorylation on Y1173) and the level of sensitivity to the
erlotinib-doxorubicin combination (Figure 10). Although the role of EGFR in triple-
negative breast cancer had previously received a fair amount of attention, this was likely
missed because 1) prior attempts to identify driving oncogenes relied only on measuring
expression levels, not activity levels, and 2) EGFR targeted therapies had failed both in
the pre-clinical and clinical setting. Our data, generated using a more systematic
combination design as well as protein activity measurements, suggest that a significant
subset of triple-negative cells may be driven by EGFR signaling. Testing this
hypothesis, and also identifying reasons for the heterogeneity will be the focus of some

of our future efforts.



AIM 2: Interrogate the integrated EGFR-DNA damage network in breast cancer cells

following Tarceva-Doxorubicin treatment using a variety of high-throughput techniques.

TASK 1: Screen antibodies for use in protein lysate microarrays

From the screen performed in Aim 1 of this proposal, we've identified a
synergistic drug combination that is dependent on the order of drug presentation. Here,
we want determine the mechanism of this sensitivity, and our goal is to measure a
variety of signaling events in the EGFR and DNA damage pathways, and eventually (as
detailed in Aim 3) utilize mathematical modeling to provide insight into what changes
are mediating the observed phenotypes. A critical factor in our ability to achieve this
goal will be the availability of high-throughput techniques for measuring protein signaling
activities. After previously evaluating a number of techniques, we've decided to pursue
reverse phase protein lysate microarray (RPMA) (MacBeath, 2002; Sevecka and
MacBeath, 2006). As is the case with many antibody based measurements, the
success of this method depends largely on the availability of high fidelity antibodies, so
our first task was to test antibodies to potential targets of interest.

Antibody validation began with the creation of 90 control lysates, which
collectively were meant to function as “positive” and “negative” controls for all targets of
interest. These lysates were printed on glass-backed nitrocellulose slides, and probed
using established methods (MacBeath, 2002; Sevecka and MacBeath, 2006).
Antibodies that showed greater than a 1.5-fold change between positive control and
negative control conditions were considered candidates. Because RPMA is essentially
a “dot blot,” the signal emitted is likely to result from some combination of on-target and
off-target antibody binding. Thus, candidate antibodies were then cross-examined in

traditional Western blot format. Antibodies were considered “validated” if the
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quantitative fold change between conditions were similar for RPMA and Western blot
formats. The process is then completed for each cell line of interest, as antibody fidelity
tends to be very cell line specific (Figure 11).

In total, we screened over 1000 antibodies to over 200 targets of interest in each
BT-20, MCF7, and MDA-MB-453 cell lines. The full list of targets that we investigated is
shown in Figure 12. In total, we were able to validate 24 antibodies for use in our
analysis, which included antibodies targeting: B-RAF, DNA-PKcs, mTOR, phospho-4E-
BP1, phospho-p38, phospho-53BP1, phospho-AKT, phospho-BRCA1, phospho-
CDC25C, phospho-Cyclin E, phospho-ERK, phospho-H2AX, phospho-Histone H3,
phospho-Hsp27, phospho-JNK, phospho-MEK, phospho-MK2, phospho-p90RSK,
phospho-S6, phospho-S6K, phospho-SEK1, phospho-Wee1, and phospho-CHK2. The
list of antibodies is included in the supporting data as Table 1.

Our list of 24 RPMA validated targets is substantial, however, there are a
significant number of important targets for which RPMA-compatible antibodies were not
found. For example, p53, a central player in mediating DNA damage signaling, could
not be probed using the RPMA technology. As a complementary technique to RPMA,
we had previously suggested using some combination of in vitro kinase assays or high-
throughput Western blots (available through Invitrogen, sold as the iBLOT/ePAGE
system). Based on considerations such as cost, time, and data quality, we have
decided to use the Invitrogen high-throughput Western blot system to cover targets of
interest that could not be probed using RPMA. One important note is that our
preliminary data show quantitative similarity between the data produced using these two

techniques (Figure 13).
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KEY ACCOMPLISHMENTS
* Determined optimal drug combinations for a subset triple-negative breast cancer
cells.
* Characterized a subset of triple-negative breast cancer cells as being
oncogenically driven by EGFR signaling.
* Optimized Reverse Phase Protein Lysate Microarray for the study of EGFR

signaling and DNA damage signaling.

REPORTABLE OUTCOMES
* Manuscript in preparation
* Invited to present work at Merrimack Pharmaceuticals (Cambridge, MA)
* Invited to speak about this work at AACR Conference on Systems Biology of

Cancer: Confronting the Complexities of Cancer (San Diego, CA)

CONCLUSION

Triple-negative breast cancers continue to be the most aggressive and most
poorly treated of the major breast cancer subtypes. In this early stage of this study, we
aimed to identify drug combinations that could effectively Kill triple-negative cells, and to
move towards an understanding of why some treatments worked while others failed.
Our goal was to use this information to better our understanding of the molecular nature
of TNBC, and to drive the production of better treatment options for this disease. In this
report, we present data for our systematic screen of drugs in the ErbB signaling network
combined with traditional genotoxic chemotherapy compounds. We report the surprising
finding that time-staggered EGFR inhibition, but not simultaneous co-administration, can

dramatically sensitize the apoptotic response of a subset of triple-negative cells to

-12-



conventional DNA damaging agents. Only a subset of triple-negative cells (4 of 10)
were sensitized by this combination, and importantly, these cells could not have been
identified by their EGFR gene amplification status, mutation status, or EGFR protein
expression level, but only by the level of phosphorylated (i.e. activated) EGFR protein.
Our data suggest that EGFR inhibitors should be re-evaluated in the triple-negative
setting, particularly if patient EGFR phosphorylation status can be determined. Future
portions of this work, as previously outlined in the approved statement of work, can be
completed as proposed, with our future efforts focusing on collecting a large dataset of
signaling responses, and using computational approaches to analyze the dataset.

From a patient perspective, this work has should impact patient care in two ways.
1) Our data suggest that some TNBCs are oncogenically driven by EGFR, and that
these cancers may be sensitive to EGFR targeted therapies. As these drugs are
already approved for use in other contexts, triple-negative patients could see benefit in
the relatively near future. 2) Phosphorylated-EGFR, but not total EGFR, could be a
reliable biomarker for identifying patients who could see benefit from these therapies.
This data suggests that we need to collect information about protein activities, instead of
just protein abundance, and should change how we think about “personalized

medicine.”
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FIGURE LEGENDS

FIGURE 1: Efficacy of drug combinations depends on timing of drug
presentation. Analysis of apoptosis in BT-20 cells following various combinations of
erlotinib (Tarceva) and doxorubicin (adriamycin). Cleaved-caspase 3/Cleaved-PARP
double positive cells were quantified using flow cytometry (bottom panels). In cells
treated with doxorubicin (DOX), apoptosis measurements were performed 8 hours after
DOX exposure. In cells treated with DMSO or erlotinib (ERL) alone, apoptosis was
measured either at 8 hours after exposure or at the indicated times. “D/E,” ERL->DOX,”
and “DOX->ERL” refer to doxorubicin and erlotinib added at the same time, erlotinib
given at the indicated times before DOX, and DOX given at the indicated times before
ERL, respectively. In each of these combination treatment conditions, apoptotic
measurements were made 8 hours after the addition of doxorubicin. Both erlotinib and
doxorubicin were used at 10mM final concentration. Mean values = S.D. of 3

independent experiments each performed in duplicate are shown (top panel).

FIGURE 2: Determining sensitivity of each cell line to various genotoxins and
inhibitors. Before testing drugs in combinations, optimal doses were chosen for each
genotoxin/inhibitor in each cell line. Intermediate doses were chosen such that both
sensitization and de-sensitization could be seen. Shown here are examples of
doxorubicin dose-response profiles in U20S (A), BT-20 (B), MCF-7 (C), and MDA-MB-
453 (D) cell lines, respectively. None of the inhibitors tested resulted in significant

levels of cell death, even at very high doses. See also Figure 5.

FIGURE 3: A schematic of treatment combinations. 7 cytotoxic agents and 9

targeted signaling inhibitors were tested in pair-wise combinations, varying dose, order
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of drug presentation, dose duration, and dosing schedule. Cell viability was assessed

at various times after treatment using CellTiterGlo. See also Figure 5.

FIGURE 4: Combination efficacy varied by breast cancer subtype. Apoptosis in
breast cancer cell lines representing different subtypes of breast cancer. (Top 4 panels)
Apoptosis was measured 8 hours after DOX as in Figure 1. “ERL,” “D/E,” E->D,” and
‘D->E” refer to erlotinib, doxorubicin and erlotinib added at the same time, erlotinib
given 24 hours before DOX, and DOX given 4 hours before ERL, respectively. Both
drugs were used at 10 uyM. (Bottom 3 panels and table) Dose-response profiles of
erlotinib/doxorubicin drug combinations. Apoptosis was measured as in Figure 1. In all
cases, drugs were added at a fixed 1:1 ratio, and combination index (Cl) was calculated
according to the Chou-Talalay method (Chou and Talalay, 1984)(Tallarida, 2002). ECsg

and combination index for each combination shown in table.

FIGURE 5: Combination screen for synergistic drug combinations in triple-
negative BT-20 cells. An initial screen of various genotoxins combined with targeted
inhibitors was performed in triple-negative BT-20 cells. Dose, time, and combination
timing were first screened using the CellTiterGlo assay (Promega). Shown in heatmap
form are apoptotic responses for each combination. For each, “PRE” refers to addition
of the inhibitor 24 hours before genotoxin; “POST” refers to addition of the inhibitor 4
hours after the genotoxin; “COMBO” refers to the addition of 2 drugs at the same time.

All data were collected 8 hours after genotoxin exposure as described in Figure 1.

FIGURE 6: EGFR knockdown using siRNA also causes sensitization to DNA
damage in BT-20 cells. (Top panels) Knockdown efficiency of EGFR in BT-20 cells

was measured 48 hours after addition of the indicated siRNA by immunoblotting (left).
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EGFR expression relative to “no RNA” control is quantified on right. (Bottom panel)
Apoptosis in BT-20 cells +/- EGFR knockdown was measured 8 hours after DOX
exposure. Scrambled RNAi shown as control. Data shown are the mean = S.D. of both
siRNAs, each performed in biological duplicate. Doxorubicin sensitivity in cells in which
EGFR was knocked down is very similar to that induced by chronic erlotinib exposure.
Also, addition of erlotinib to cells in which EGFR was knocked down has little effect.
These data suggest that the effect of chronic erlotinib exposure is mediated through

inhibition of EGFR.

FIGURE 7: Inhibition of a bona fide driving oncogene causes enhanced
sensitivity to DNA damage. Time-staggered inhibition of HER2 in HER2 over-
expressing breast cancer cells causes sensitization to doxorubicin. Apoptosis was
measured 8 hours after doxorubicin exposure as described in Figure 1. Note that

Lapatinib is a duel specificity inhibitor of HER2 and EGFR.

FIGURE 8: Quantitative cell fate analysis performed for various responses
following treatment. (Top) Quantitative cell cycle analysis by flow cytometry. DNA
content and the percentage of mitotic cells were measured by FACS using propidium
iodide (Pl) staining and anti-phospho-Histone H3 (Ser10) immunoreactivity,
respectively. (A) Example FACS plots from untreated BT-20 cells. (B-D) Cell cycle
stage was quantified from 3 experiments each performed in duplicate, using the Dean-
Jett-Fox algorithm. Cells were treated as in Figure 1 and data were collected at 6, 8,
12, 24, and 48 hours after DOX treatment. 8 hour data is shown for each cell type.
(Middle) Autophagy was monitored using automated fluorescence microscopy of cells
expressing mCherry-EGFP-LC3B, and quantified using the CellProfiler image analysis

software. (Bottom) The complete cellular response dataset for 3 different breast cancer
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sub-types following combined EGFR inhibition and genotoxic chemotherapy treatments
as in Figure 1. Each box represents an 8- or 12-point time course of biological triplicate
experiments. Time course plots were generated using DataRail and are colored by
response profile, with early sustained increases in signal colored green, late sustained
increases colored red, and transient increases colored yellow. Decreases in signal are
colored blue. Signals that are not significantly changed by treatment are shaded grey to
black with darkness reflecting signal strength. The numbers to the right of each plot

report fold change across all conditions/cells.

FIGURE 9: Apoptotic response across a panel of breast cancer cell lines reveals a
correlation between EGFR activity and sensitivity to erlotinib-doxorubicin
combinations in triple-negative cells. Apoptosis was measured by flow cytometry 8
hours after treatment as described in Figure 1. For each protein, basal subtype (A or B)
and p53 status are reported (according to (Neve et al., 2006). For p53, protein status is
shown in parentheses. EGFR protein levels and EGFR activity (p-EGFR) were
determined by quantitative Western blot with an antibodies directed against EGFR or
phospho-EGFR (pY1173). EGFR or p-EGFR values reported are relative to maximum
in the cell line panel. For EGFR, shown in parentheses are data reported in Neve et al.

when applicable.

FIGURE 10: Time-staggered inhibition of EGFR signaling enhances apoptotic
response in a subset of TNBC cells. (Top) Panel of TNBC cell lines with a wide
range of EGFR expression levels. Heatmaps shown for total EGFR expression, p-
EGFR (Y1173), percent apoptosis, and apoptosis relative to doxorubicin alone.

Apoptosis measurements were made by flow cytometry as described in Figure 1.
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EGFR and p-EGFR expression was measured by Western blotting of normally growing,
untreated cells. See also Figure 9. (Bottom) EGFR activity—but not total EGFR
expression—is correlated with sensitivity to time-staggered erlotinib-doxorubicin
combinations. Fold enrichment of “E->D” compared to DOX alone regressed against

total EGFR or p-EGFR (pY1173) as measured in untreated cells.

FIGURE 11: Validation of antibodies for RPMA analysis. (Top) Sample validation for
48 antibodies. Shown are 3 slides, each slide has 16 nitrocellulose patches, each patch
contains 90 control lysates. Each patch was probed with a different antibody. 4
antibodies are highlighted and expanded to show possible results. (Middle, left to right).
Examples of uniformly low signal, candidate antibody, uniformly high signal, and an
antibody that bound to the membrane. Positive candidate antibody in middle panel is p-
S6. (Bottom) Candidate antibodies are then tested in Western blot format to insure that
the changes reported in RPMA are quantitatively similar to that reported in Western

format. Example on bottom gel is for p-S6.

FIGURE 12: Schematic of targets of interest. An expanded signaling-response
network. This network includes canonical components of the DNA damage response,
together with components in general stress response pathways, and growth factor,
cytokine and cell death pathways. Specific targets selected for measurement were
based on prior knowledge of the pathway. 1000 antibodies to over 200 targets of
interest were tested in both reverse phase protein lysate array format and quantitative
Western blot format using a panel of 90 control lysates. Antibodies to targets of interest
that were validated to be high fidelity (band at appropriate size; report predicted
changes in expression across control lysate panel) will be included for computational

analysis if treatment-dependent or cell line dependent differences are observed.
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Figure 13: Examples of Western blot and RPMA data. (Top) 48-sample Western
blots will be used and analyzed using 2-color infrared detection. Each gel will contain
an antibody-specific positive control (P) for blot-to-blot normalization. The example
shown is total p53 in MCF7 cells (p53 in green; b-actin in red). (Middle) Reverse phase
protein lysate microarrays will be used to analyze targets of interest when array-
compatible antibodies were available. The slide shown contains ~2,500 lysate spots
(experimental and technical triplicates of all of our experimental samples, and control
samples used for antibody calibration), probed for phospho-S6. This portion of the data
analysis has begun and should be completed within the following year. (Bottom)

Comparison of quantitative data from Western (gel) and RPMA (array) formats.

TABLE 1: RPMA antibodies and other antibodies to be used in this study
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