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Abstract

Purpose—Previous studies have shown that basal breast cancers, which may have an inherent
“BRCAness” phenotype and sensitivity to inhibitors of poly (ADP-Ribose) polymerase (PARP),
express elevated levels of PARP1. Our lab recently reported that HER2+ breast cancers also
exhibit sensitivity to PARP inhibitors (PARPI) by attenuating the NF-kB pathway. In this study,
we assessed PARP1 and phospho-p65, a marker of activated NF-kB levels in human breast cancer
tissues.

Methods—PARP1 and PARP2 copy number, mRNA, and protein expression was assessed by
interrogating the PAM-50 defined breast cancer patient set from the TCGA using the cBioPortal.
PARP1 and phospho-p65 immunohistochemistry and correlation to clinical parameters was
conducted using 307 primary breast cancer specimens (132 basal, 82 luminal, 93 HER2+) through
univariate and multivariate analyses.
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Results—In the PAM50 breast cancer data set, PARP1 and 2 expression was altered in 24/58
(41%) HER2+, 32/81 (40%) basal, and 75/324 (23%) luminal A/B breast cancer patients. This
correlated with a statistically significant increase in PARP1 protein levels in HER2+ and basal but
not luminal breast cancers (p=0.003, p=0.027, p=0.289, respectively). No change in PARP2
protein level was observed. Interestingly, using breast cancer specimens from 307 patients, HER2
positivity correlated with elevated PARP1 expression (p<0.0001) and was three times more likely
than HER2 negative breast cancers to exhibit high PARP1 levels. No significant differences were
noted between race, ER status, or PR status for PARP1 expression. Additionally, we found a
significant correlation between HER2 status and phospho-p65 expression (p<0.0001). Lastly, a
direct correlation between PARP1 and phospho-p65 (p<0.0001) was noted.

Conclusions—These results indicate a potential connection between HER2, PARP1, and
phospho-p65. Furthermore, these data suggest that the PARPI sensitivity we previously observed
in HER2+ breast cancer cells may be due to elevated PARP1 expression.
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INTRODUCTION

Analysis of the genetic variation found in primary breast cancer has led to their
classification into five distinct subtypes: basal, luminal A and B, HER2-enriched, and
normal breast-like[1]. Although sharing numerous features recognized as ‘hallmarks of
cancer[2],” these subtypes possess vastly differing biology, which drastically alter their
natural histories and response to treatment. Thus, greater understanding of how these
subtypes behave and how they respond clinically is paramount to determining effective
treatment for patients.

One therapy generating much excitement in breast cancer clinical studies are inhibitors of
the DNA repair enzyme, poly(ADP) ribose polymerase (PARP). PARP inhibitors (PARPI)
have shown to be effective in breast tumors with defective homologous recombination (HR)
DNA repair pathways, such as those with BRCA1/2 mutations[3-7]. Recent evidence
suggests that basal breast cancers possess a “BRCA-ness” phenotype[8] and sensitivity to
PARPI[9]. Interestingly, a recent report identified high immunoreactivity to nuclear PARP1
in both BRCA-associated and non-BRCA-associated basal breast cancer[9]. These results
suggest that high levels of nuclear PARP1 may correlate with tumor sensitivity to PARPI.

Recently, our laboratory discovered that HER2+ breast cancer cells are susceptible to PARPI
alone in vitro and in vivo despite having proficient HR[10]. This susceptibility to PARPi was
due to attenuation of NF-kB signaling. Because of the reported correlation between elevated
nuclear PARP1 and susceptibility to PARP inhibitors in basal breast cancers[11, 12], we
also hypothesized that elevated PARP1 would correspond to increased markers of NF-kB
signaling.

In this study, we report that HER2+ breast cancers exhibit increased expression of PARP1
and phospho-p65, a key subunit of the NF-kB heterodimer and marker of NF-kB activity.

Breast Cancer Res Treat. Author manuscript; available in PMC 2016 April 02.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stanley et al.

Page 3

First, analysis of the TCGA PAM50--defined subtype patient sets demonstrated increased
PARP1 mRNA and protein expression in HER2 enriched and basal breast cancers,
compared to luminal breast cancers. To verify these intriguing findings, we evaluated levels
of PARP1 by immunohistochemistry (IHC) in 307 breast tumors (132 basal, 82 luminal, 93
HER2+) from multiple institutions comprising the BMaP3 (Minority Biospecimen/
Biobanking Geographic Management Program, Region 3) consortium. Interestingly, HER2+
tumors express higher baseline levels of PARP1 and phospho-p65 compared to HER2-
tumors. Additionally, a direct correlation between PARP1 and phospho-p65 expression was
observed. Taken together these results suggest elevated PARP1 levels correspond to
increased NF-kB signaling in HER2+ breast cancer patients and that high nuclear PARP1
may explain the PARPI sensitivity we previously observed in HER2+ breast cancer cells.

MATERIALS AND METHODS

Patient characteristics and clinical methodology

We obtained breast cancer tissue from a total of 307 patients. Tissue from 41 HER2+ and 32
HER2-invasive breast cancer patients diagnosed at The University of Alabama at
Birmingham (UAB) between the years of 1999 and 2012 were identified from pre-existing
databases. An additional 234 patients’ tissue (132 basal, 50 luminal, and 52 HER2+) was
acquired as tissue microarrays from the Minority Biospecimen/Biobanking Geographic
Management Program (BMaP). Institutional Review Board approval was obtained prior to
initiation of this study (IRB#: X101214005).

UAB tissue was obtained from either biopsy or definitive surgery with pre-treatment
specimens utilized when at all possible. HER2, estrogen receptor (ER), and progesterone
receptor (PR) status as well as other pathologic variables (grade, etc.) were determined at the
time of initial diagnosis by the UAB Department of Pathology and recorded in the electronic
medical record. The following patient and tumor characteristics were recorded: age at
diagnosis, race, pathologic stage, and ER/PR/HER?2 receptor status. Treatment details
regarding chemotherapy and endocrine therapy were also obtained. In those patients
receiving neoadjuvant chemotherapy, response at the time of definitive surgery was
assessed. Patients with metastatic disease were not included in the UAB subset. For the
BMaP subset, de-identified patient data provided age at diagnosis, race, pathologic stage,
ER/PR/HER?2 receptor status, and administration of either neoadjuvant or adjuvant systemic
treatment. Clinicopathologic parameters were then correlated with expression of PARP1 and
phospho-p65.

The median age at diagnosis for the entire cohort was 53.6 years old (range 21-89). When
analyzing by subtype, the average age of patients with basal, luminal, and HER2+ breast
cancer averaged 54.1, 53.2, and 53.0 years old, respectively. There were a total of 93
HER2+ cases (30%) and 214 HER2- cases (70%). Of the 307 total cases, 117 (38%) were
estrogen receptor (ER) + and 190 (62%) ER-, while 124 (40%) were progesterone receptor
(PR) + and 183 (60%) PR-. Forty-nine percent of patients were white and 51% African
American. Pathologic staging was as follows: 87 (28%) stage I, 152 (50%) stage |1, 54
(18%) stage Il1, and 5 (2%) stage IV. Patient and tumor characteristics for the entire cohort
are displayed in Table I.

Breast Cancer Res Treat. Author manuscript; available in PMC 2016 April 02.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stanley et al.

Page 4

Immunohistochemistry

Formalin-fixed, paraffin-embedded tissue blocks of identified patients were obtained from
UAB Department of Pathology and tissue microarrays were acquired from the BMaP. For
the UAB specimens, presence of tumor within the blocks was verified by a pathologist prior
to sectioning into 5 um slices and mounting on slides. All specimens were deparaffinized
and rehydrated using standard techniques. Antigen retrieval was performed with pH 9
EDTA buffer at high temperature. Hydrogen peroxide and 3% goat serum were added to
quench peroxidases and block nonspecific binding. Primary antibody was then applied for
one hour at room temperature. Primary antibodies consisted of the following: anti-PARP-1
(Cat.#: 1072-1, Epitomics, Burlingame, CA) at a dilution of 1:750 and anti-phospho-p65
(Cat.#: 73745, Epitomics, Burlingame, CA) at a dilution of 1:2000. HRP-conjugated goat
anti-rabbit secondary antibody (Cat.#: 111-035-144, Jackson Immuno Research, West
Grove, PA) at a dilution of 1:200 was then applied. After DAB chromagen (Scy Tek
Laboratories, Logan, UT) was added for seven minutes, the tissues were counterstained with
hematoxylin. Sections were then dehydrated and the cover slip mounted with Permount. A
multi-specimen breast tumor mircroarray with known staining for the two proteins of
interest was used as a positive control and serum without primary antibody was used as a
negative control in each run.

All slides were reviewed by two physicians, including a board-certified pathologist, blinded
to clinical information. Intensity of staining was graded as 0 (no staining), 1+ (weak), 2+
(moderate), or 3+ (strong). The percent of cells (0-100%) staining for each intensity was
determined. Staining was analyzed using three different methodologies. First, an H-score
was calculated by multiplying the staining intensity (0-3+) by the percent of cells of each
intensity (0-100%) and then adding these together for a final score of 0-300. In addition to
H-score, the total percentage of cells with =2+ staining was determined. Lastly, any staining
(yes or no) of =2+ was recorded in order to analyze the correlation with clinicopathologic
features using a dichotomized variable. Nuclear and cytosolic staining was graded separately
for each of the two proteins.

Statistical analysis

We have evaluated PARP1 and phospho-p65 data from a total of five institutions. Each
patient had two or three replicates of PARP1 and phospho-p65 measurements, and we used
mean value in the data analysis. PARP1 and phospho-p65 levels are presented as H-score, %
(0-100) with =2+ staining, and dichotomized as binary outcome as > 2+ based on IHC
staining intensity. Descriptive analyses with mean, standard deviation, count, and proportion
are presented for each outcome. We compared PARP1 and phospho-p65 level by patient
characteristics using two—group student t-test for continuous data and chi-square statistics
for binary data. Pearson correlation was used to assess correlations between continuous
variables, and Chi-Square statistics was used to assess association between binary variables.
We used a linear regression model with analysis of variance method (ANOVA) and a
logistics regression model to explore the association between each outcome with race, ER,
PR, HER2, and tumor stage in univariate analysis and multivariable analysis. The variation
among institutions was controlled in the models. The least square mean is presented and the
Odds Ratio and its two sided 95% confidence intervals were presented.
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HER2+ breast tumors express elevated levels of PARP1 mRNA and protein

Prior studies have demonstrated that BRCA-associated and some non-BRCA-associated
basal breast cancers are sensitive to PARPI[7, 13, 14]. These cancers also expressed high
levels of nuclear PARP1, suggesting a potential link between PARP1 levels and sensitivity
to PARPI. We have previously shown that HER2+ breast cancer cells have an exquisite
sensitivity to PARPI in vitro and in vivo. One possible hypothesis could be that HER2+
breast cancers express high levels of PARP1 similar to the basal subtype. To test this
hypothesis, we first interrogated the PAM50-defined subtype patient sets from the
TCGA[15]. Utilizing cBioPortal (http://www.cbioportal.org/public-portal/), we examined
PARP1 gene copy number, mRNA, and protein expression in 463 breast tumors consisting
of 58 HER2-enriched (HER2+), 81 basal, and 324 luminal A/B breast cancers[15]. As PARP
inhibitors target both PARP1 and its related family member PARP2, we also examined
PARP2 mRNA and protein expression in these tumors. Interestingly, consistent with our
hypothesis, PARP1 and/or PARP2 were altered in 41% (24/58) of HER2+ breast cancer
cases. These alterations included gene amplification, mutation, and/or mRNA upregulation
(Figure 1A). Similar to previously reported data[9], basal breast cancer also exhibited
altered PARP1/2 mRNA (40%; 32/81 cases) (Figure 1B). In contrast, this trend was not
observed in the luminal A/B subtypes (Figure 1C). Thus, basal and HER2-enriched breast
cancers have elevated PARP1/2 gene expression compared to luminal breast cancers.

We next assessed whether PARP1/2 protein expression was similarly altered amongst the
breast cancer subtypes. As shown in Figure 1D and 1E, a statistically significant
upregulation in PARP1 protein was found in HER2+ and basal, but not luminal (Figure 1F),
breast cancer subtypes using the RPPA analysis as reported on cBioPortal. The average
abundance of PARP1 in HER2+, expressed as Z-score, was —0.05 in PARP1/2 unaltered
cases versus 0.83 in altered cases (p=0.003) (Figure 1D). Additionally, no alteration in
PARP?2 protein level was identified by RPPA analysis (data not shown). Based on these
intriguing data, we further pursued PARP1 protein levels in a larger, multi-institutional
verification set.

PARPL1 protein expression correlates with HER2 status, but not ER status, PR status, or

race

As PARP1 levels were altered in HER2-enriched patients within the PAMS50 portion of the
TCGA invasive breast cancer data set, we aimed to verify this in a larger data set consisting
of 307 primary breast cancers (93 HER2+, 132 basal, 82 luminal) from UAB and the BMaP
consortium tissue microarray (see materials and methods). Patient characteristics are
summarized in Table 1. Utilizing immunohistochemistry (IHC) and H-score analyses of
staining intensity, we evaluated PARP1 staining in 307 patient primary tumors. In univariate
analysis, we analyzed mean H-score by breast cancer subtype and observed both HER2+
and basal breast cancer had significantly elevated PARP1, as compared to luminal breast
cancer specimens (p<0.001, Figure 2A). A representative image of PARP1 staining in both
HER2+ and luminal breast cancer tissues is shown in Figure 2B. Of note, PARP1 staining
was primarily nuclear in all specimens.
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Interestingly, multivariable analysis revealed a significant difference with PARP1 H-scores
among the institutions (p<0.0001). The average PARP1 H-scores for Emory University,
Moffitt Cancer Institute, Tulane University, UAB, and the University of Mississippi were
77.61, 118.82, 113.15, 76.55, and 71.70, respectively. After controlling for the variation
between institutions, we continued to observe a strong association between PARP1 score
and HER?2 status (p<0.0001). HER2+ patients had a significantly higher level of PARP1
with a least square mean of 97.95 compared to 65.05 in HER2- patients (Table 11A).

Similarly, when analyzing by percentage of cells with >2+ PARP1 staining, PARP1 was
also significantly different among institutions (p=0.0035) and by HER2 status (p=0.0095)
after controlling for institute. A higher percentage of HER2+ breast cancers had >2+ PARP1
staining compared to HER2-, 20.25% and 8.47% respectively (Table 11B).

Lastly, with logistic regression analysis, HER2+ breast cancers were more likely to have
staining >2+, after controlling for variation among institutions (p=0.0019). HER2+ tumors
were 3 times more likely to possess higher PARP1 than HER2- tumors, with an odds ratio of
3.081 (95% confidence interval of 1.607-5.906) (Table 11C).

No significant differences were observed between race, ER status, or PR status for PARP1
expression after controlling for institute (Table I1A-C). Consistent with TCGA data, HER2
status correlated with PARP1 expression in all methods of analysis (H-score, % cells >2+
staining, and presence of > 2+ staining).

Phospho-p65 protein expression correlates with HER2 status, but not ER status, PR
status, or race

We have previously reported that PARP inhibition attenuates NF-kB signaling and
corresponds to increased cell death in HER2+ breast cancer cells, suggesting a potential link
between HER2, PARP1, and NF-kB. Several studies have also shown the importance of the
NF-kB pathway as a downstream effector of HER2+ breast tumorigenesis [16-20]. We thus
further interrogated our patient samples for expression of phospho-p65, a marker of active
NF-kB signaling.

In univariate analysis, we analyzed mean H-score by breast cancer subtype and observed
both HER2+ and basal breast cancers there was elevated phospho-p65, although not
significant, as compared to luminal breast cancer specimens (p = 0.0576) (Figure 2C). An
example of HER2+ and luminal breast cancer tissue staining for phospho-p65 is displayed in
Figure 2D. We appreciated phospho-p65 displayed not only weaker staining in HER2-
samples, but also altered location where the majority was perinuclear and cytoplasmic as
compared to mainly nuclear in HER2+ group.

In multivariable analyses, we again observed that there is a significant difference among
institutions (p<0.0001). The average phospho-p65 scores for Emory University, Moffitt
Cancer Center, Tulane University, UAB, and University of Mississippi were 106.68, 110.39,
54.52, 76.28, and 66.19, respectively. HER2+ samples had a significantly higher level of
phospho-p65 (p< 0.0322) with a least square mean of 95.04 in HER2+ and 79.03 in HER2-
breast tumors (Table 111A).
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Similarly, the percentage of cells with >2+ phospho-p65 staining was significantly different
among institutions (p=0.0010) and by HER2 status (p=0.0027) after controlling for institute.
There was also a higher percentage of cells with >2+ staining in HER2+ compared to
HER2- samples, 26.61% and 16.37%, respectively (Table I11B).

Lastly, using logistic regression analysis, HER2+ breast cancers were significantly more
likely to have >2+ phospho-p65 staining, after controlling for variation among institutions
(p=0.0039). HER2+ tumors were approximately 3 times more likely to have >2+ phospho-
p65 staining than HER2- with an odds ratio of 2.79 and 95% confidence interval of
1.474-5.3 (Table I1IC).

No significant differences were observed between race, ER status, or PR status for phospho-
p65 expression after controlling for institute (Table 111A-C). Similar to PARP1 expression,
HER2 status was found to correlate with expression of phospho-p65 in all methods of
analysis.

Elevated phospho-p65 correlates with stage IV disease

Utilizing pathological staging data, we also found that stage 1V breast cancer had
significantly elevated phospho-p65 levels as compared to stage O to 111 breast cancer. The
least square mean for H-score was 121.15 in stage IV patients compared to least square
means between 66.07 and 98.17 for nonmetastatic patients (p < 0.0038) (Table I11A).
Similarly, in percentage of cells with >2+ phospho-p65 staining the same finding exists with
40.4% of cells in stage 1V patients having =2+ staining versus 12.6% - 25.81% of cells in
stage I-111 patients (p<0.0073) (Table 111B). We did not observe this trend in the binary
output (p = 0.5104) (Table IIIC).

Direct correlation between PARP1 and phospho-p65 expression

Based on these intriguing data revealing elevated PARP1 and phospho-p65 in HER2+ breast
cancers, we hypothesized that there may be a direct correlation between PARP1 and NF-kB
expression within the patient cohort tested. A Pearson's correlation analysis was performed
to determine the relationship between the 307 patients” mean H-scores for PARP1 and
phospho-p65 staining intensity. Indeed, a direct correlation between PARP1 and phospho-
p65 was observed (r=0.38671, N=307, p<0.0001).

Additionally, we examined correlation between these proteins in our measure of percentage
of cells with >2+ staining. Again, a positive correlation was found between PARP1 and
phospho-p65 (r=0.29557, N=307, p < 0.0001).

Finally, utilizing the binary measure of presence or absence of >2+ staining, we conducted a
Chi-square analysis. We observed a significant relationship between PARP1 and phopsho-
p65 levels (X2 (1, N=307) = 36.6463, p < 0.0001). The effect size for this finding, as
measured by Cramer's V, was 0.3455. In total, 46.58% of patients were positive for 22+
staining of both PARP1 and phospho-p65.
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DISCUSSION

In this study, we demonstrated a link between nuclear PARP1 and phospho-p65 expression
in primary breast cancer specimens. Specifically, levels of nuclear PARP1 and phospho-p65
are elevated in HER2+ breast cancer as compared to HER2- groups. Previous publications
have reported that HER amplification results in increased NF-kB signaling in several
cancers[17, 21], including breast cancer where the HER2+ subtype has been shown to
harbor increased NF-kB activity[22, 23]. Additionally, HER2 overexpression may be
influencing PARP1's nuclear functions such as the regulation of NF-kB-mediated
transcription by PARP1 acting as a coactivator[11, 12]. This is supported by our previous
studies linking HER2, PARP1, and NF-kB[10]. Our current analysis provides further
evidence for this link as we observed a correlation in patient samples between elevated
PARP1 and phospho-65. Given these results, this signaling pathway is worth interrogating at
the tissue level to yield important information about a patient's cancer.

Our approach of utilizing three scoring methods for evaluation of PARP1 and phospho-p65
expression yielded consistent and significant results. Through analysis of data by continuous
(H-score), binned (% cells > 2+), and binary (presence/absence of > 2+) variables we were
able to show elevated PARP1 and phospho-p65 in HER2+ breast cancer across all scoring
methods. This is important as the clinical utility of this evaluation lies in the ability of
pathologists to quickly screen patient specimens using the most time efficient measure, the
binary method (presence or absence of >2+ staining). As our data were highly significant
across all measures, we hypothesize that this information may be utilized in a time-effective
manner through use of binary outcomes.

Interestingly, although prior studies have shown that cytosolic PARP1 does not correlate
with HER? status[24] we have identified a relationship between nuclear PARP1 and HER2+
status. Importantly, in this prior study only 24.6% of HER2+ samples expressed high
cytosolic PARP1[24]; whereas, other studies of clinical specimens indicate that between
80-90% of breast cancers display elevated nuclear PARP1[9]. Perhaps this may be an
indication that nuclear PARP1 could be a more sensitive marker in breast cancer. We also
observed that this effect is specific to PARP1, as PARP2 did not demonstrate significant
changes in expression according to our analysis of the TCGA data. Furthermore, previous
studies determined PARP2 expression was not significantly different between cancer and
normal surrounding tissue[25]. Thus, PARP2 does not appear to play as important a role in
tumorigenesis. As our data suggest, similar to the basal subtype, the HER2-enriched breast
cancer subtype has elevated expression of nuclear PARP1, indicating the potential utility of
nuclear PARP1 as a therapeutic biomarker for PARP inhibitors in this specific subset of
breast cancer patients. Alternatively, phospho-p65 could be used as a biomarker based on
our data.

We also observed that PARP1 and phospho-p65 had a direct correlation in HER2+ breast
cancer specimens. Previous studies, including ours, have also suggested links between these
three proteins. In MMTV-neu transgenic mice lacking 1KKa, the regulatory subunit of NF-
kB, researchers observed a significant decrease in incidence of tumor formation and
multiplicity of tumors in MMTV-neu models[26]. Interestingly, our lab recently observed
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HER2+ breast cancer cells were sensitive to PARP inhibition through the reduction NF-kB
signaling[10], suggesting a possible oncogenic addiction to NF-kB signaling. Further
evidence suggestive of a link between these proteins identified a nuclear PARP1 signalsome,
which is essential to internal activation of the NF-kB pathway in response to IR-induced
DNA damage[27]. Furthermore, PARP inhibitors sensitize p65+, but not p65-, cells to
radiation by decreasing NF-kB's ability to bind DNA and reducing its transcriptional
activity[28]. Together these data argue for an interesting link between HER2, PARP1, and
the NF-kB pathway. Currently, in depth mechanistic studies for this link are underway in
our laboratory.

There is also increasing evidence correlating tumor aggressiveness to increased NF-kB
signaling[29]. Of note, the importance of NF-kB to HER2 transformation[26] corroborates
our data in which we observed a correlation between elevated phospho-p65 and stage 1V
disease. Similarly, others have found nuclear phospho-p65 relates to poor prognosis in other
cancers including gastric, pancreatic, hepatocellular, ovarian and cervical[30-34].

In summary, this study provides the first evidence of elevated protein levels and direct
correlation between PARP1 and phospho-p65 in HER2+ breast cancer specimens. Whether
elevated PARP1 and phospho-p65 levels can serve as a potential marker of PARP inhibitor
sensitivity should be tested in future clinical trials.
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Figure 1. PARP1 expression isaltered at the genomic and protein levelsin HER2+ breast cancer
patients from the TCGA PAM50 set

a) cBioPortal analysis of PARP1/PARP2 mRNA expression in HER2+-overexpressing
breast cancer patients. b) cBioPortal analysis of PARP1/PARP2 mRNA expression in basal
breast cancer patients. c) cBioPortal analysis of PARP1/PARP2 mRNA expression in
luminal A/B breast cancer patients. d) PARP1 protein expression is elevated in HER2+-
overexpressing breast cancer patients with genomically altered PARP1 (p = 0.003). €)
PARP1 protein expression is elevated in basal breast cancer patients with genomically
altered PARP1 (p = 0.027). f) PARP1 protein expression is not altered in luminal A/B breast
cancer patients (p = 0.289).
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Figure 2. Mean H-score protein levels of PARP1 and phospho-p65 are elevated in HER2+ and
triple negative breast cancer patients

a) Graphical representation of the distribution of mean H-score for PARP staining by breast
cancer subtype. Of note, triple negative and HER2+ subtypes had significantly higher
expression of PARP1 (p < 0.001) compared to luminal subtypes. b) Representative
immunohistochemical staining of HER2+ and HER2- breast cancer samples for PARP1
protein. PARP1 protein expression was almost exclusively nuclear. c) Graphical
representation of the distribution of mean H-score for phospho-p65 staining by breast cancer
subtype. Of note, basal and HER2+ subtypes had high expression of phospho-p65, but the
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difference was not significant (p = 0.0576) compared to luminal subtypes. d) Representative
immunohistochemical staining of HER2+ and HER2- breast cancer samples for phospho-
p65. Phospho-p65 displayed not only weaker staining in HER2- samples but also differed in
subcellular location where the majority was perinuclear and cytoplasmic as compared to
mainly nuclear in HER2+,
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Demographics and clinical information for patients whose breast cancers were included in analysis (n = 307).

| Basal | Luminal | HER2+ | TOTAL

Number | Patients | 132 (43) | 82 (27) | 93 (30) |3o7 (100)
Age Mean 5408 | 5325 | s301
Range 27-87 28-80 21-89
HER HER2+ 0(0) 00 |e3@0) | 9300
HER2- 130 (100) | 8400y | 0 | 214 (70)
ER ER+ 00 | 8307 | 370 | 120@39)
ER- 130200 | 23 | s5(60) | 187 (62)
PR PR+ 00 | s1e) | 4509 | 12620
PR- 130200) | 4@ | 47(51) | 181(60)
Race | white 7969) | 36(a4) | 3740) | 152 (49)
Black s441) | 46(s6) | 5762 | 157 (50)
stage | 1 4633 | 1an | 2709 | s70s)
2 64(48) | 48(s6) | 40(43) | 15250
3 184y | 17y | 1vey | saae
4 10) 1(1) 3(3) 5(2)
NA 4(12) 3(8) 3(3) 10 (3)
Therapy | Neoadjwvant | 30(22) | 1326) | 2325) | 66 (20)
Adjuvant 74(56) | 61(74) | 63(68) | 198 (64)
Neither 2002 | sao) | s | 439
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Table IIA
PARP1 mean H-score analyzed according to patient and tumor characteristics (Race, ER status, PR status,
HER2 status).
| Number | Mean | Std Dev | Median | Minimum | Maximum | LSMean | P-Value
Race | White 152 118 56.60 120 0 265 10412 | 05057
Black 154 97.87 | 62.07 100 0 223.33 99.98
Other 1 60 60 60 60 40.40
ER ER+ 138 96.38 | 62.40 95.83 0 265 75.32 0.3959
ER- 169 116.96 | 56.74 | 116.67 0 223.33 87.68
PR PR+ 128 96.47 | 6252 95.83 0 265 82.14 0.9300
PR- 179 115.76 | 57.20 115 0 255 80.86
HER2 | HER2+ 93 11729 | 5970 | 116.67 0 265 97.95 | <0.0001
HER2- 214 10355 | 59.98 | 10417 0 220 65.05
Stage | 0 1 125 125 125 125 54.16 0.7014
1 77 12407 | 5557 120 0 210 93.89
2 143 10446 | 6115 | 103.33 0 265 90.60
3 74 9855 | 6144 | 100.83 0 220 80.96
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Percent of cells with =2 PARP1 staining analyzed according to patient and tumor characteristics (Race, ER
status, PR status, HER2 status).

| Number | Mean | Std Dev | Median | Minimum | Maximum | LSMean | P-value

Race White 152 33.51 33.79 20 0 100 26.41 0.5577
Black 154 24.92 31.55 8.33 0 100 24.32
Other 1 0 --- 0 0 0 -7.65

ER ER+ 138 24.23 31.04 5 0 100 11.00 0.4212
ER- 169 32.92 33.81 20 0 100 17.72

PR PR+ 128 24.25 31.00 5.83 0 100 15.50 0.7863
PR- 179 32.47 33.78 20 0 100 13.21

HER2 | HER2+ 93 31.52 30.52 20 0 98.33 20.25 0.0095
HER2- 214 28.06 33.90 10 0 100 8.47

Stage | 0 1 30 --- 30 30 30 -1.64 0.6423
1 7 36.93 36.46 20 0 100 21.24
2 143 28.27 32.48 13.33 0 100 18.95
3 74 23.33 29.62 10 0 100 13.10
4 5 30 39.65 23.33 0 96.67 20.16
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Tumors with presence or absence of =2+ PARP1 staining analyzed according patient and tumor characteristics
(Race, ER status, PR status, HER2 status).

Yes | No | Total | Odds Ratio (¢]] P-value
Race White 108 (52.94) | 44 (42.72) 152 >0999.999 <0.001->999.999 | 0.9315
Black 96 (47.06) | 58 (56.31) 154
Other 0(0) 1(0.97) 1
ER ER+ 78 (38.24) | 60 (58.25) 138 0.532 0.160-1.773 0.3640
ER- 126 (61.76) | 43 (41.75) 169
PR PR+ 72(35.29) | 56(18.24) 128 0.979 0.296-3.237 0.7193
PR- 132 (64.71) | 47 (45.63) 179
HER2 | HER2+ | 68(33.33) | 25(24.27) 93 3.081 1.607-5.906 0.0019
HER2- | 136 (66.67) | 78 (75.73) 214
Stage | 0 1(0.50) 0(0) 1 >999.999 <0.001->999.9 0.9127
1 55 (27.64) | 22(21.78) 77 1.095 0.128-9.392
2 94 (47.24) | 49 (48.51) 143 1.366 0.176-10.610
3 46 (23.12) 28 (27.72) 74 0.969 0.120-7.813
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Phospho-p65 mean H-score statistics analyzed according to patient and tumor characteristics (Race, ER status,
PR status, HER2 status).

| Number | Mean | Std Dev | Median | Minimum | Maximum | LSMean | P-value

Race White 152 97.05 54.62 100 0 213.33 87.74 0.9992
Black 154 67.66 58.42 65 0 255 87.53
Other 1 90 - 90 90 90 85.83

ER ER+ 138 71.82 58.93 70 0 255 89.55 0.7153
ER- 169 90.83 56.47 100 0 213.33 84.52

PR PR+ 128 70.69 59.14 113.33 0 223.33 78.83 0.2381
PR- 179 90.58 56.35 96.67 0 213.33 95.25

HER2 | HER2+ 93 84.24 58.26 90 0 255 95.04 0.0322
HER2- 214 81.44 58.37 82.5 0 216.67 79.03

Stage | 0 1 115 - 115 115 115 76.99 0.0038
1 7 108.53 60.11 110 0 255 98.17
2 143 73.31 55.45 73.33 0 203.33 72.79
3 74 68.18 51.46 70 0 190 66.08
4 5 121.33 83.15 160 16.67 216.67 121.16
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Percent of cells with =2 phospho-p65 staining analyzed according to patient and tumor characteristics (Race,

ER status, PR status, HER2 status).

| Number | Mean | Std Dev | Median | Minimum | Maximum | LSMean | P-value

Race White 152 21.78 29.04 7.5 0 100 21.81 0.9931
Black 154 14.63 23.07 2.08 0 96.67 21.29
Other 1 10 - 10 10 10 21.37

ER ER+ 138 15.40 25.63 0 0 96.67 24.00 0.4234
ER- 169 20.39 26.82 10 0 100 18.98

PR PR+ 128 14.82 25.30 0 0 96.67 20.03 0.6442
PR- 179 20.53 26.92 10 0 100 22.95

HER2 | HER2+ 93 19.73 25.58 10 0 95 26.61 0.0027
HER2- 214 17.46 26.74 4.17 0 100 16.37

Stage | 0 1 30 --- 30 30 30 12.60 0.0073
1 7 29.98 32.03 18.33 0 100 25.82
2 143 14.50 24.06 1.67 0 100 15.35
3 74 11.19 17.45 3.33 0 90 13.29
4 5 44 37.59 53.33 0 93.33 40.40
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Tumors with presence or absence of =2+ phopsho-p65 staining analyzed according patient and tumor
characteristics (Race, ER status, PR status, HER2 status).

Table llIC

| Yes | No | Total | Odds Ratio | (¢]] P-value
Race White 97 (54.49) | 55 (42.64) 152 <0.001 <0.001->999.999 | 0.9974
Black 80 (44.94) | 74 (57.36) 154
Other 1(0.56) 0(0) 1
ER ER+ 66 (37.08) | 72(55.81) 138 1.019 0.328-3.161 0.896
ER- 112 (62.92) | 57 (44.19) 169
PR PR+ 59 (33.15) | 69 (53.49) 128 0.73 0.235-2.267 0.397
PR- 119 (66.85) | 62 (46.51) 179
HER2 | HER2+ | 58(32.58) | 35(27.13) 93 2.795 1.474-5.3 0.0039
HER2- | 120 (67.42) | 94 (72.87) 214
Stage | 0 1(0.57) 0(0) 1 >999.999 <0.001->999.9 0.5104
1 57 (32.57) 20 (16.0) 77 0.457 0.039-5.346
2 75 (42.86) 68 (54.4) 143 0.273 0.026-2.905
3 38(21.71) 36 (28.8) 74 0.275 0.025-3.045
4 4(2.29) 1(0.80) 5
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