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Summary
When DNA damage is detected, checkpoint signal networks are activated to stop the cell cycle,
and DNA repair processes begin. Inhibitory compounds targeting components of DNA damage
response pathways have been identified and are being used in clinical trials, in combination with
chemotherapeutic agents, to enhance cancer therapy. Inhibitors of checkpoint kinases, Chk1 and
Chk2, have been shown to sensitize tumor cells to DNA damaging agents, and treatment of
BRCA1/2-deficient tumor cells, as well as triple negative breast cancers, with poly(ADP-ribose)
polymerase (PARP) inhibitors has shown promise. But systematic studies to determine which
tumor subtypes are likely to respond to these specific inhibitors have not been reported. The
current study was designed to test sensitivity of specific breast cancer subtype-derived cells to two
classes of these new inhibitory drugs, PARP and Chk1 inhibitors. Luminal, HER2 over-expressing
and triple negative breast cancer-derived cells were tested for sensitivity to killing by PARP
inhibitors, ABT-888 and BSI-201, and Chk1 inhibitor, PF-00477736, alone or in combination with
gemcitabine or carboplatin. Each of the triple negative breast cancer cell lines showed strong
sensitivity to the Chk1 inhibitor, but only the BRCA1-deficient breast cancer cell lines showed
sensitivity to the PARP inhibitors, suggesting that in vitro testing of cancer cell lines of specific
subtypes, with panels of the different PARP and Chk1 inhibitors, will contribute to stratification of
patients for clinical trials using these classes of inhibitors.

Introduction
Several lines of investigation have focused our interest on expression of DNA damage
response (DDR)-associated proteins in breast cancer, particularly triple negative (TN) breast
cancers, lacking expression of hormone and HER2 receptors: 1) reports of activated DDR
checkpoints in preneoplastic lesions (1–3); 2) findings that BRCA1/2-deficient breast cancer
cell lines were exquisitely sensitive to cell killing by inhibitors of PARP activity (4,5),
through a synthetic lethal mechanism involving loss of homologous recombination repair
(HRR), due to BRCA1/2 mutation, and inhibition of other repair pathways, by PARP
inhibition (6–8); 3) demonstration that BRCA1-deficient breast cancers are mostly TN, with
basal-like phenotype, a subtype associated with defects in some types of DNA repair (9) and
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endowed with ‘BRCAness’ (for review, 10); 4) reports that loss of expression of Fhit,
another tumor suppressor with DDR involvement, occurred in ~90% of BRCA1 and 2-
mutated breast cancers (11–13) and coordinate loss of expression of Fhit and Wwox fragile
tumor suppressors was significantly associated with the TN subtype (14,15); it was also
reported previously that Chk1 is highly expressed in TN breast cancers (16). For these
reasons, we were interested in how alterations in expression of DDR checkpoint and repair-
associated proteins, might contribute to ‘BRCAness’ and to responses to drugs targeting
activated DDR checkpoints or DNA repair pathways.

In normal cells, single or double-strand DNA breaks (SSBs, DSBs) lead to activation of
checkpoint responses, through signal transduction cascades and post-translational
modifications such as phosphorylation and ADP ribosylation, and result in cell cycle arrest
or apoptosis. PARP enzymatic activity is essential for repair of DNA SSBs via the base
excision repair pathway. PARP1, the best characterized of the PARP superfamily members,
binds to SSB sites and catalyzes addition of ADP-ribose polymer (PAR) chains to itself and
other effectors of base excision repair [cited in 7]. Small molecule inhibitors of PARP
activity have shown promise for therapy of cancers, particularly BRCA1/2 mutated cancers,
alone or combined with cytotoxic drugs (6–8). BRCA mutant cells are dependent on other
DNA repair pathways, including base excision repair, that help prevent development of
DSBs, to compensate for inability to repair DSBs by HRR. When PARP and therefore base
excision repair are inhibited, the unrepaired SSBs cause collapse of replication forks,
leading to DSBs and cell death. Such synthetic lethality represents a new strategy for
development of anti-cancer drugs (7).

The serine/threonine protein kinases, ATM and ATR, are key proteins in DNA-damage
checkpoint responses and their respective downstream targets, Chk2 and Chk1, have roles in
regulation of G1/S and G2/M checkpoint responses. Inhibiting Chk1 also represents a
“synthetic lethal” therapeutic strategy through inhibition of the defense of tumor cells
against lethal damage induced by DNA-directed chemotherapeutic agents (17). Occurrence
of DSBs is followed by ATM or ATR phosphorylation of histone H2AX. The
phosphorylated form, γH2AX, recruits DNA repair proteins (18), including BRCA1 (19), to
DNA breaks.

To determine if TN breast cancers are especially sensitive to a specific synthetic lethal
therapeutic strategy, particularly since PARP1 inhibitors have been undergoing clinical trials
for such breast cancers (20), we have tested sensitivity of breast cancer-derived cell lines of
defined subtypes to PARP or Chk1 inhibitors, with or without combination treatment with
cytotoxic drug.

Materials and Methods
Cell lines and culture conditions

Breast cancer cell lines of defined subtypes (21, 22) were cultured in RPMI1640 (Sigma-
Aldrich, St. Louis, MO) (T47D, ZR-75-1, MDA-MB-231, MDA-MB-468) with 10% FBS
and 100 μg/ml Gentamycin (Sigma), or Dulbecco Modified Eagle Medium with the same
supplements (MCF-7, SK-BR-3, BT-20, MDA-MB-453, MDA-MB-436) at 37 C, in 5%
CO2. All cell lines were obtained as frozen stocks from the laboratory of Tim H-M. Huang,
of our department. Dr. Huang’s laboratory obtained the cells directly from the laboratory of
Joe Gray, where they were characterized for subtype by expression profiling (22). In our
laboratory, the cells were thawed and used within 10 tissue culture passages. SUM-149PT is
an inflammatory breast cancer cell line (23) that carries a BRCA1 mutation.
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Inhibitors and chemotherapy drugs
PF-00477736 (a gift of Pfizer Inc.) potently and specifically inhibits Chk1 with a K(i) of
0.49 nM, abrogates cell cycle arrest induced by DNA damage and enhances cytotoxicity of
chemotherapeutic agents (17), including gemcitabine and carboplatin. Concentrations of
gemcitabine (Tecoland Corporation, Edison, NJ) and carboplatin (MP Biomedicals, LLC.
OH USA) used in our studies were as reported previously (24, 25). 10 mM Hydroxyurea
(HU, Sigma) was used to induce DNA damage in breast cancer cells (24), to assess
checkpoint protein expression after treatment with PF-00477736.

The PARP inhibitor, ABT-888 (Veliparib, provided through the Cancer Therapy Evaluation
Program, National Cancer Institute), consists of benzimidazoles and displays excellent
potency against PARP1/2 enzymes with a K(i) of 5 nM in whole cell assay, is aqueous
soluble, orally bioavailable, and demonstrated good in vivo efficacy in xenograft models
(26). We obtained the PARP inhibitor, BSI-201 (Iniparib) (7), through the Medicinal
Chemistry Shared Facility at the OSU Comprehensive Cancer Center.

Cell survival assays
Methods for assessment of effect of PARP or Chk1 inhibitor activity on survival of breast
cancer cells were adapted from published reports (4,5,27–29). MTS assays were performed
for each drug or drug combination, as follows: 80% confluent cells were trypsinized and
7500 cells/well reseeded into 96 well plates in triplicate; 24 h later, medium was replaced
with 100μL fresh medium, including increasing concentrations of PARP inhibitor in
25μLmedium added into 100μL medium. For PARP inhibition experiments, 72 h after
adding drugs, MTS assay was performed after addition of 20μL CellTiter 96 Aqueous One
Solution Cell Proliferation Assay (Promega). For Chk1 inhibition experiments, 16 h after
addition of inhibitor, medium was replaced with fresh medium, including Chk1 inhibitor,
with or without gemcitabine or carboplatin; 48 h later, MTS assay was performed to
estimate cell viability.

Clonogenic assay
Breast cancer cells were cultured in 6 well plates and treated with PF-00477736 or ABT-888
for 16 h for assessing clonogenicity after inhibitor alone. For clonogenicity assays after
combination treatment with inhibitor plus chemotherapeutic drug, gemcitabine or
carboplatin (10 ng/mL) was then added; 48 h later, cells were trypsinized and 2000 cells
reseeded in inhibitor-free medium in 6 well plates in triplicate. After 14 days of incubation
without inhibitor, cells were fixed in methanol:acetic acid (3:1), stained with crystal violet,
and colonies counted.

Western blot analysis
Cells were scraped in lysis buffer, including protease inhibitors. Protein concentrations were
determined by Bradford assay, using USA Bio-Rad protein assay reagent (Bio-Rad).
Aliquots of 25 μg total protein were run on SDS-PAGE gels and transferred to Hybond ECL
membrane (Amersham Pharmacia, USA). Membranes were immunoblotted with primary
antisera: rabbit polyclonals anti-Chk1, anti-Chk2, and anti-ER-α and mouse monoclonal
anti-Cdc25A, (Santa Cruz Biotechnology, Santa Cruz, CA); rabbit polyclonals anti-
phospho-Chk1 (Ser317 and Ser345), anti-phospho-Chk2 (T68) and anti-phospho-Histone
H2AX and rabbit monoclonal anti-HER2 (Cell Signaling Technology); rabbit polyclonal
anti-PARP (Roche Applied Science); rabbit polyclonal anti-Brca1 (30); rabbit polyclonal
anti-Fhit and anti-Wwox (14); mouse monoclonal anti-GAPDH (Calbiochem), followed by
secondary goat-anti-rabbit or goat-anti-mouse serum (Invitrogen). For assessment of
inhibition of PARP activity, cells treated with or without ABT-888 at 5 or 50 μM
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concentration for 72 h were analyzed for levels of PAR by Western blot (31). Anti-PAR
rabbit polyclonal antibody was purchased from Trevigen.

Statistical analysis
Results of MTS assays were expressed as average values of three or four measurements.
Results of clonogenic assays were represented as average values of three measurements in
two different experiments. Error bars for all experiments represent one standard error around
the mean. p values were determined by Student’s two-sided t test relative to untreated cells.

Results
Subtypes of Cell Lines

The cell lines used were characterized by Neve et al (22), who reported transcriptional
expression profiling of 51 breast cancer cell lines, that allowed identification of specific
breast cancer subtypes according to defined subtype specific profiles (21). MCF-7, T47D,
ZR-75-1, SK-BR-3, MDA-MB-453 were identified as luminal subtype; BT-20, MDA-
MB-468, MDA-MB-231 and MDA-MB-436 were identified as basal type. The SUM-149PT
cell line, derived from an inflammatory breast cancer with BRCA1 mutation, has also been
identified as basal subtype (32) and was used in a subset of experiments. Finn et al (33)
reported HER2 status of 39 human breast cancer cell lines and found that SK-BR-3 and
MDA-MB-453 showed amplification and expression of the HER2 gene, though expression
was not high in the latter cell line, as we confirmed by western blot assay. Since these two
cells are negative for expression of estrogen receptor (ER, shown later in results), we have
considered these cells as HER2 over-expressing.

Effects of PARP inhibition on breast cancer-derived cells
First we examined viability of nine of the breast cancer cell lines representing each of the
subtypes, by MTS assay in the presence of the PARP inhibitor ABT-888; see Fig. 1A for the
dose response curve of the cell lines. Only one cell line, MDA-MB-436, with BRCA1
deficiency, showed sensitivity to ABT-888 at 10 to 50 μM concentration after 72 h
treatment. To confirm the PARP inhibitory activity of ABT-888, we assessed the level of
polymerized PAR in five breast cancer cell lines, as well as the transformed MCF10A cells,
as shown in Supporting Fig S1. ABT-888 inhibits PARP activity in each of the cell lines
tested, as shown by western blot assay. To determine if a second well-characterized PARP
inhibitor would show differential effects on breast cancer cell lines, we examined the dose
response of a subset of breast cancer cells to treatment with BSI-201 by MTS assay. Again,
the MDA-MB-436 cells were most sensitive to BSI-201 (see Fig. 1B).

We also performed clonogenic assays after ABT-888 treatment of a subset of these cell
lines. Results are shown for specific cell lines in Fig 2A, which illustrates that MDA-
MB-436 cells are most sensitive, with almost no colony growth at 5 μM ABT-888;
SUM-149PT cells were the next most sensitive with ~60% inhibition of colony growth at 50
μM. Moreover, combination treatment of ABT-888 and gemcitabine did not show an
additive effect in MTS assay, though MCF-7 cells were sensitive to gemcitabine, as shown
in Fig. 2B, and the TN cell, MDA-MB-468, showed some sensitivity to gemcitabine alone at
100 ng/ml (Fig 2B) in MTS assay. The BRCA1-deficient TN MDA-MB-436 cells exhibited
significant sensitivity to ABT-888 alone in MTS assays (Fig. 2B and Fig. S2 for additional
breast cancer cell lines) and addition of gemcitabine showed no effect on survival of these
cells in MTS assay. Clonogenic assays with 5 μM ABT-888 plus 10 μg/ml carboplatin were
attempted but with this drug combination no colonies were observed with the cell lines
tested (MCF-7, T47D, MDA-MB-468, MDA-MB-231, MDA-MB-436). Effects of PARP
inhibition on breast cancer cell lines of specific subtype are summarized in Table 1.
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Effects of Chk1 inhibition on breast cancer-derived cells
Next, we performed MTS assays of effects of PF-00477736 alone for: four basal subtype
cell lines, BT-20, MDA-MB-468, MDA-MB-231, MDA-MB-436; two luminal, MCF-7,
T47D; and a HER2 positive subtype cell, MDA-MB-453 (see Fig. 3A, Fig. S3A; left section
of bar graphs for each cell line). PF-00477736 showed dose-related effects in MDA-
MB-453, BT-20, MDA-MB-468 and MDA-MB-436 cells (results summarized in Table 1).
Results showed that MCF-7 cells were unaffected by PF-00477736, and that the basal-like
MDA-MB-231 and luminal T47D cells were not strongly responsive to PF-00477736 alone.

To further evaluate effects on breast cancer cells of PF-00477736 alone and combined with
chemotherapeutic drugs, we performed cell toxicity tests by MTS and clonogenic assays.
Results for selected cell lines are shown in the bar graphs in Fig. 3 (Fig. S3, for remaining
cell lines). Luminal subtype MCF-7 cells were completely insensitive to PF-00477736 in
MTS assay, showed slight sensitivity in clonogenic assay, exhibited high sensitivity to
gemcitabine in both MTS and clonogenic assays (Fig. 3A, B) and were insensitive to
carboplatin in MTS assay (Fig. 3C). MDA-MB-468 TN cells were sensitive to PF-00477736
in MTS assay and highly sensitive in clonogenic assay with no colony survival at 1 μM (Fig.
3A, B); these TN cells showed a small additive effect of gemcitabine plus PF-00477736, and
carboplatin plus PF-00477736 in MTS assays (Fig. 3A, C). In MTS assays the BRCA1-
deficient TN cell, MDA-MB-436, showed significant sensitivity to PF-00477736, little or no
added sensitivity with gemcitabine and significant additive sensitivity with carboplatin (Fig.
3A, C). In clonogenic assays, the BRCA1-deficient MDA-MB-436 cells, like the HCC-1937
BRCA1-deficient cells (not shown), showed extreme sensitivity to PF-00477736 alone, such
that surviving colonies were not detected (Fig. S3B). The BRCA1-mutant SUM-149PT cells
were less sensitive than the TN cells to Chk1 inhibition, but more sensitive than MCF-7,
with no colonies surviving 10 μM PF-00477736; the transformed but non-cancerous
MCF10A cells were also highly sensitive to Chk1 inhibition in clonogenicity assays (Fig.
S3B).

Expression of DDR-associated proteins
We examined expression of specific DDR-associated proteins in the breast cancer cell lines,
to seek markers that might predict sensitivity to the PARP or Chk1 inhibitors in specific
breast cancer subtypes. Fig. 4 illustrates expression of specific proteins in nine breast cancer
cell lines after immunoblot analyses. Chk1 was expressed in all cell lines but most
abundantly in T47D luminal cells, MDA-MB-453 HER2-expressing and in the TN cell
lines; pChk1 was expressed at very low levels in several of the cell lines and higher levels in
most of the Chk1 inhibitor-sensitive cells, MDA-MB-453, BT-20, MDA-MB-468, MDA-
MB-231, MDA-MB-436; pChk2 was strongly expressed in T47D luminal cells and in
BRCA1-deficient MDA-MB-436 cells. γH2AX was expressed at moderate levels in HER2+
and TN cells, possibly indicating presence of persistent DSBs. PARP was abundant in most
of the cells, including MDA-MB-436 cells, the cell that was most responsive to PARP
inhibition under conditions tested, confirming that expression of PARP protein did not
correlate with response to ABT-888. Expression of the tumor suppressor proteins, Wwox,
Fhit, and p53 did not show correlations among themselves, though Fhit loss correlated with
expression of pChk2 for all cell types shown in Fig 4 (summarized in Table 1). ER and
HER2 expression was assessed to confirm the reported subtypes of these cell lines (21, 22,
33–35).

PF-00477736 affects levels of expression of pChk1, γH2AX and Cdc25A in sensitive cells
Next we examined expression of DDR and cell cycle-associated proteins in breast cancer
cells after treatment with PF-00477736, with or without exposure to HU, a replication stress
inducer. pChk2 expression level appears to be unaffected by treatment with one or both of

Shibata et al. Page 5

Cancer Sci. Author manuscript; available in PMC 2012 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



the agents (Fig. 5). Chk1 level in MDA-MB-436 may be reduced in the presence of
PF-00477736, especially after HU treatment, while pChk1 level is increased by
PF-00477736 in the sensitive cells, MDA-MB-468 and 436, with or without HU treatment.
Furthermore, pChk2 is expressed in the PF-00477736-sensitive cells shown, and induced in
MCF-7 cells only after treatment with HU or the inhibitor. Collectively, these findings may
reflect a greater dependency on the Chk1/Chk2 checkpoint pathways for survival of TN,
compared to luminal cancer cells, and elevated expression of Chk proteins may represent
markers for cancer cells susceptible to Chk1 inhibitors. γH2AX expression is induced by
PF-00477736 exposure, only in the sensitive cells, MDA-MB-468 and 436, especially with
the combination of PF-00477736 and HU treatment. The pChk1 downstream target,
Cdc25A, is highly expressed in the PF-00477736-sensitive cells, is reduced in expression by
HU-induced replication stress and this reduction is inhibited by the PF-00477736 inhibition
of Chk1 activity.

Discussion
Several reviews of the synthetic lethality concept, involving inhibition of a branch of the
DDR pathway in cancers with a different repair pathway crippled during cancer
development, have summarized ongoing tests of this concept in clinical trials (6–8, 17). At
least seven PARP inhibitors are being tested, including ABT-888, which is in Phase II trials
for metastatic melanoma and breast cancer in combination with temozolomide (cited in 7).
Several of these inhibitors are in phase II trials for treatment of BRCA-associated breast or
ovarian cancer (reviewed in 6–8).

Inhibitors of Chk1/2 have also been shown to sensitize tumor cells to DNA damaging agents
(8, 29). Several specific inhibitors of Chk1 or 2 kinase, including PF-00477736, exhibit
Chk1 or 2 inhibition at various concentrations; PF-00477736 displays greatest specificity for
Chk1 autophosphorylation and has been shown to sensitize cancer cells to anticancer agents
(17). Up to four inhibitors of Chk1/2 are in Phase I-III trials for breast and other solid
cancers in combination with various cytotoxic agents (cited in 8, 29).

Reviews of these new inhibitor studies have emphasized that success will depend on
identification of markers that identify patients with checkpoint or DNA repair defects to
stratify patients that should be treated with a specific novel targeted therapy (8).
Nevertheless, few reports have described efforts to test specific cancer types for sensitivity
to PARP or checkpoint inhibitors in advance of clinical trials. Asakawa et al (36) used an
ingenious method to determine status of DDR proteins in vivo. These investigators obtained
biopsies of breast cancers before and after first cycle neoadjuvant treatment and assessed
nuclear focus formation of DDR proteins by immunocytochemical analysis. In this study,
the presence of BRCA1, γH2AX or Rad51 foci before, or Rad51 foci after treatment, was
inversely correlated with response to chemotherapy. Similar studies predict which cancers
need synthetic lethality treatment, ie combination DDR inhibitor plus chemotherapy.

We have used breast cancer-derived cell lines of defined subtype to assess sensitivity of
subtypes to specific DDR inhibitors and in parallel have examined expression levels of DNA
checkpoint and repair associated proteins, in initial attempts to identify biomarkers to predict
sensitivity to PARP or Chk1 inhibition.

The results suggest that neither TN status nor expression of PARP is a good predictor of
sensitivity to PARP inhibition, at least not inhibition by ABT-888; triple negativity of breast
cancers may be a good predictor of sensitivity to Chk1 inhibition. Additionally, the protein
expression results suggest that expression of pChk1 may be a strong predictor of Chk1
inhibitor response, with near 100% sensitivity and high specificity; γH2AX expression also
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showed high sensitivity but less specificity for prediction of response to Chk1 inhibition,
and absence of either Fhit or Wwox tumor suppressor protein expression was also correlated
with PF-00477736 sensitivity in the breast cancer cells tested. It will be important to
examine larger panels of cancer subtypes, and expanded panels of inhibitors and biomarkers,
but results of this study suggest that future stratification of cancer patients based on
biomarker expression in their cancers will lead to optimum design of synthetic lethal
strategies for combination therapies.

The PARP inhibitor, BSI-201 or Iniparib, has been used in phase I and II trials for treatment
of TN breast cancer (20). According to this report, Iniparib plus gemcitabine and carboplatin
improved the rate of clinical benefit and the rate of overall response in TN cancers, though
there was not a comparison with breast cancers of other subtypes. Our test of dose response
of a subset of the breast cancer cell lines (Fig. 1B) showed a highly variable response to
BSI-201 treatment, with the MDA-MB-436 cells the most sensitive. Very recently, Drew et
al (37), have reported that another PARP inhibitor, AG014699 (≤10 μM), was cytotoxic to
cells with mutated BRCA1/2 or epigenetically silenced BRCA1 but not to cells without
BRCA1/2 mutations or that were heterozygous for BRCA2 mutation.

It is clear from all of the reported studies on inhibitors of DDR proteins, that these inhibitors
will have impacts on cancer treatment; but it also seems clear that extensive in vitro studies
of specific subtypes of breast cancers, and other cancer types, can refine sensitivity to
specific inhibitors and drug combinations and stratify cancer subtypes for predicted
responses to specific treatments.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Dose response of breast cancer cell lines to treatment with PARP inhibitors. A. Nine breast
cancer cell lines were assessed for ABT-888 sensitivity by MTS assay. The line graph shows
results of averages (± SD) of at least triplicate assays as % change in cell number relative to
untreated cells after 72 h treatment (1, 10, 25, 50 μM ABT-888); B. Similar dose response
curve for treatment of a subset of breast cancer cell lines with BSI-201.
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Fig. 2.
Effects of PARP inhibitor and/or gemcitabine on breast cancer cell lines. A. Clonogenic
assay of breast cancer cell lines treated with ABT-888 concentrations shown; the bar graphs
show results as averages (± SD) of at least triplicate assays; p values relative to non-treated
cells were determined by Student’s t test; **, P<0.01; B. MCF-7, MDA-MB-468 and MDA-
MB-436 cells were assessed for ABT-888 and/or gemcitabine sensitivity by MTS assay; the
bar graphs show results as averages (± SD) of at least triplicate assays; p values relative to
non-treated cells were determined by Student’s t test; *, P<0.05, **, P<0.01.
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Fig. 3.
Effect of Chk1 inhibitor and chemotherapeutic drugs on survival of breast cancer cell lines
of defined subtype. A. MCF-7, MDA-MB-468 and MDA-MB-436 cells were assessed for
PF-00477736 and/or gemcitabine sensitivity by MTS assay; the bar graphs show results as
averages (± SD) of at least triplicate assays; p values were determined by Student’s t test; *,
P<0.05, **, P<0.01. B. The same cells were assessed for effects of PF-00477736 and/or
gemcitabine by clonogenic assay; the bar graphs show results of triplicate experiments as %
colony formation relative to untreated cells; % change in colonies formed after treatment
(0.2 or 1 μM PF-00477736 and/or 10 ng/ml gemcitabine) of breast cancer cell lines; p values
were determined by Student’s t test; *, P<0.05, ***, P<0.001; C. Effects of PF-00477736
and carboplatin treatment on survival of breast cancer cells. The bar graphs illustrate results
of at least triplicate MTS assays as averages ± SD, relative to untreated cells; p values were
determined by Student’s t test relative to the non-treated cells; *, P<0.05, **, P<0.01.
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Fig. 4.
Expression of DDR-associated proteins in breast cancer cell lines. Immunoblot analyses
illustrate expression of subtype specific proteins (ER, HER2) and DDR-associated proteins.
GAPDH levels serve as loading controls.
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Fig. 5.
Effects of PF-00477736, with or without HU, on expression of proteins involved in the DDR
checkpoint pathway. MCF-7, MDA-MB-468 and MDA-MB-436 were treated with 0.2 μM
PF-00477736 for 16 h. HU (10 μM) was then added to selected wells; 2 h later, cells were
lysed and lysates analyzed by immunoblot.
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