Abstract

Background: We derived taxane-resistant variants from four human breast cancer
cell lines (MCF-7, BT-549, MDA-MB-231 and T-47D) by continuous exposure to
docetaxel. Rt-PCR assays indicated that 4/4 of these variants were positive for the
multidrug resistance gene MDR1 (ABCB1). In order to study non-MDR1
mechanisms of taxane resistance, we derived another set of taxane variants by
co-selecting with docetaxel in the presence of the P-glycoprotein inhibitor, PSC-833
(PSC, 2 uM). Rt-PCR assays indicate that all of these taxane variants are negative
for MDR1, and BODIPY-labeled fluorescent paclitaxel and [’H]-docetaxel
accumulation assays indicate that the resistance observed is unlikely to be due to
transporter-mediated mechanisms. No mutations were found in the taxane cellular
target, class | beta-tubulin (TUBB), but we found elevated class 111 (TUBB3) in the
non-MDR1 taxane variant MCF-7/TxTP50 by Q-RT-PCR and immunoblotting.
Furthermore, we have identified reduced BRCAL1 and elevated CDKNI1A (p2l) in
these variants among other alterations by microarray profiling, and are pursuing the
functional significance of key alterations using RNAI and gene transfection.

Objective of the Study: MIRNAs are post-transcriptional regulators of cell
proliferation, tissue differentiation, embryonic development and apoptosis. The
objective of this study isto profile the expression of mRNAS in these breast cancer
variants relative to parental controls using the recently developed SmartChip Human
MicroRNA Panel by WaferGen Biosystems, Inc. The miRNA expression profiles that
Identify taxane resistance in these cell models may be useful to predict
chemoresistance in human breast cancer patients.

Methodology: Total RNA was analyzed using the SmartChip Human MicroRNA
Panel version 2.0 containing 1,150 unigue real-time PCR reactions in quadruplicate
for a total of ~4,600 reactions per sample. Following ligation to a mIRNA cloning
linker (Integrated DNA Technology, Coraville, 1A), the equivalent of 500 ng of
starting RNA per sample was added to a one-step cDNA and real-time PCR cocktall
(Applied Biosystems, Foster City, CA). The total volume per reaction was 100 nL
containing an equivalent of 96 pg of RNA. Thirty-nine cycles of real-time PCR were
performed on the SmartChip Cycler and a quality screen was performed to remove
any outlier data.

Results: MIRNA profiling is complete and a preliminary analysis of these data
revealed reduced miR-200 family expression, consistent with published findings that
MiR-200c directly targets and suppresses TUBB3. Furthermore, Significance
Analysis of Microarrays (SAM) software identified reduced miR-635 and
miR-296-3P in both MDR1(+) and MDR1(-) taxane variants relative to controls.

Table 1: Taxane resistance in docetaxel (TxT)

and docetaxel/PSC (TxTP) variants by SRB

Relative Resistancet
MDR12  TxT (+ PSC?)  Tax* (+ PSC)

MCF-7/TxT50 + 980 (1.3) 850 (2.1)
MCF-7/TXTP50 - 30 (23) 27 (24)

BT-549/TxT50 + 300 (1.0) 210 (1.5)
BT-549/TxTP50 . 10 (7.5) 7.1(7.5)
MDA-231U/TXT50  + 1000 (1.1) 960 (0.8)
MDA-23UTxTP50 - 8.0 (8.3) 3.6 (4.0)
T-47D/TXT50 + 120 (3.0) 110 (2.1)
T-47D/TXTP50 - 12 (7.0) 6.7 (6.2)

! Relative to the wild-type cell lines as determined by a modified SRB colorimetric
cell proliferation assay following 72 hr drug incubations.

2 |mmunoblotting with C219 confirmed P-glycoprotein content in each of the
docetaxel alone selections, and rt-PCR assays confirmed that all four of the TXTP
variants were negative for MDR1 transcripts.

3 PSC concentration was 2 LM continuous incubation.
* Tax = paclitaxel, Taxol.

Figure 1. Elevated class Il beta-tubulin
(TUBB3) expression by real-time PCR

Legend. RT-Q-PCR results indicate that there are
alterations in B-tubulin In the non-MDR1 variants,
including elevated class Il B-tubulin (TUBB3) In
MCF-7/TxTP50 confirmed by immunoblotting with a
specific monoclonal antibody (clone TUJ1, not shown).
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Figure 2: Hierarchical cluster of genes
Identified by microarray analysis

Legend. A total of 3,686 genes were identified that are
3-fold different from wild-type controls. Cell-to-cell
variation dominated the unsupervised clustering.
Consistent alterations include reduced BRCA1 and
elevated CDKN1A (p21) content in the maority of the
non-MDR1 variants relative to parental controls. These
alterations have been confirmed by mmunoblotting,
and gene silencing experiments are on-going.
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Figure 3: MIRNA alterations identified using
the SmartChip Real-Time PCR System

Legend. Heatmap of miRNA alterations observed in
each of the cell lines screened using WaferGen’s
MicroRNA Panel. Approximately 600 miRNAs were
found to be different from parental, unselected controls.
Once again, cell-to-cell variation dominated the
unsupervised clustering.
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Figure 4. Protocol for miRNA profiling
using the SmartChip PCR System

Legend. Total RNA was analyzed using the SmartChip
Human MicroRNA Panel 2.0 containing 1,150 unique
real-time PCR reactions In quadruplicate for a total of
~4,600 reactions per sample. The volume per reaction
was 100 nL containing an equivalent of 96 pg of RNA,
and Q-PCR was performed on a SmartChip Cycler.
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Figure 5: Reduced miR-200 family expression
Identified using the SmartChip system

Legend. Data from the SmartChip miRNA screen
Identified reduced miR-200 expression in the MDRI1(-)
MCF-7/TxTP50 variant which overexpresses the class
111 B-tubulin, TUBB3 (see Figure 1). Data are expressed
as fold-change in mIRNA expression normalized to U6
snRIz\IA and relative to parental controls.
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Figure 6: Top miRNASs identified by SAM
from the SmartChip screen

Legend. The Significance Analysis of Microarrays
(SAM)? algorithm identified statistically significant
changes iIn MIRNAS Iin the SmartChip dataset. The
green endpoints in the SAM plot below are significantly
downregulated mMIRNAs, and the top upregulated
MiRNASs identified by sorting are listed below.
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Downregulated miRNAS Upregulated miRNAs
HSA-MIR-635 HSA-MIR-21
HSA-MIR-296-3P HSA-MIR-4269
AYO77737 HSA-MIR-28-3P
HSA-LET-7G HSA-MIR-127-5P
HSA-MIR-1471 HSA-MIR-1284
HSA-MIR-148A HSA-MIR-644
HSA-MIR-361-5P HSA-MIR-3065-3P
HSA-MIR-532-5P HSA-MIR-3159
HSA-MIR-924 HSA-MIR-3188
HSA-LET-7C HSA-MIR-634
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Figure 7. SAM identified reduced miR-635

and miR-296-3P in all taxane variants

Legend. SAM identified reduced miR-635 and
MiR-296-3P in both MDR1(+) and MDRI1(-) taxane
variants relative to parental controls. Experiments are
on-going In the laboratory to study functional
significance of these alterations.
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Figure 8. Confirmation of SmartChip
MIR-200c results by standard gPCR

Legend. Data obtained for twelve miRNAs using
WaferGen’s SmartChip Human miRNA Panel were
confirmed by standard RT-Q-PCR using different primer
sets specific for each mRNA. PCR was performed on a
Roche LightCycle (LC) 480 PCR system. In addition to
confirming the miR-200 family results, Q-PCR also
confirmed reduced miR-296-3P content In the
taxane-resistant variant, MCF-7/TxTP50.
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Conclusions

1. Co-selection with PSC suppressed the MDR1 gene, and the
resistance observed appears to be non-transporter mediated.

2. P-tubulin isotype alterations varied by cell line. We detected
high levels of TUBB3 in MCF-7/TxTP30.

3. Genomic profiling of all taxane-resistant variants identified
reduced BRCAL and elevated CDKNI1A (p21) in the majority
of the non-MDR1 taxane-resistant variants.

4. MIRNA profiling using WaferGen's SmartChip PCR System
revealed altered miR-200 content in the MCF-7/TxTP50,
variant which overexpresses TUBB3.

5. SAM identified reduced miR-635 and miR-296-3P in all
variants, both MDR1(+) and MDRL(-).

6. Results for 12 mIRNASs obtained using WaferGen's Human
MIRNA Panel were confirmed by standard real-time PCR.

Materials and Methods

Cell Culture. Parental breast cancer cell lines were purchased from
the American Type Culture Collection (ATCC, Manassas, VA).

Drugs. The cyclosporin analogue PSC-833 (valspodar) was
supplied by the Novartis Corporation (East Hanover, NJ), and
docetaxel was supplied by Sanofi-Aventis (Bridgewater, NJ).

Measurement of Cytotoxicity. The cytotoxicity of various
compounds was determined by a modified SRB colorimetric assay.’

Real-time PCR. Expression of p-tubulin isotypes was assessed by
quantitative PCR using SYBR Green PCR Master Mix.> GAPDH
was used as an internal control for amplification, and PCR was
performed using an ABI Prism 7900HT system (all Applied
Biosystems by Life Technologies, Foster City, CA).

|mmunoblotting. Anti-P-gp (C219, Signet Laboratories, Inc.;
Dedham, MA), anti-Class |11 B-tubulin (TUJ1, Covance Research
Products, Inc.; Berkeley, CA), and anti-p-actin (Abcam, Inc.,
Cambridge, MA) antibodies were used as the primary antibodies,
recognized by either goat anti-mouse or goat anti-rabbit
HRP-conjugated secondary antibodies, and detected by ECL-Plus
reagents (all GE Healthcare Life Sciences, Piscataway, NJ).

Flow Cytometry. Cellswere exposed to rhodamine-123 (Rh123, 0.1
ug/mL, Sigma-Aldrich, St. Louis, MO) for 1 hr at 37 °C, 5% CO,.”
Cells were stained with an anti-P-gp antibody recognizing an
external epitope (clone UIC2, Millipore, Billerica, MA) to confirm
the functional status in P-gp(+) cells. 10,000 events/condition were
collected at the Stanford Shared FACS Facility.

Microarray analysis.” Briefly, a two-fluorescent hybridization
scheme is used to detect differential expression of genes between a
common reference (Cy3-green) or cell line (Cy5-red) labeled dUTP
by reverse transcription. The probes are then mixed and hybridized
to the DNA microarray containing 48,000 known genes and ESTs.

SAM.” Supervised learning software for genomic expression data
mining was developed at Stanford University. Software download:
http://www-stat.stanford.edu/~tibs/SAM/

SmartChip Real-time PCR System. Nanoscale high-density
reactions that combine the high-throughput nature of microarrays
with the senditivity, precision, and dynamic range of quantitative
real-time PCR. Results obtained for 12 miRNAs using WaferGen’'s
SmartChip Human MicroRNA Panel version 2.0 were verified by
standard real-time PCR using the Roche Applied Science
LightCycle (LC) 480 PCR system (Mannheim, Germany).
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