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Correlation between BRCA1 expression and clinicopathological factors including
brain metastases in patients with non-small-cell lung cancer
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Eddie Fridman', Josef Skarda*®

Background. Previously identified as a breast and ovarian cancer susceptibility gene, BRCA1 has gained major scientific
interest as a potential prognostic and/or predictive marker for various tumors, including non-small-cell lung cancer
(NSCLQ), the leading cause of cancer related mortality worldwide. BRCA1 plays a central role in DNA damage response
(DDR. It undergoes phosphorylation by various DDR kinases at different serine residues, of which ser1524 is known to
be specifically phosphorylated by ATM in response to genotoxic stress.

Methods. We performed BRCA1 immunohistochemistry on several tissue microarrays (TMAs) of 113 early (I, Il stage)
and advanced (lll, IV stage) NSCLCs, using MS110 antibody against the BRCA1 N-terminal and S1524 antibody against
the phosphorylated form of BRCA1 protein at ser1524 (Abcam). Patients with Il and IV stage disease were treated by
adjuvant cisplatin-based chemotherapy. Staining results were correlated with overall survival (OS), disease free survival
(DFS) and with the occurrence of brain metastases.

Results. BRCA1 S1524 nuclear positivity was significantly correlated with longer OS and DFS in stage | and Il patients
(P<0.05), while OS and DFS were shorter in S1524 positive stage Il and IV patients (P<0.05). No significant correlation
was found with brain metastases.

Conclusion. The results show that BRCA1 phosphorylaton, at least in ser1524, differentiates the fate of early and ad-
vanced NSCLC as well as response to chemotherapy, but the underlying mechanisms are not completely understood.
Detection of phosphorylated forms of BRCAT might serve as a useful prognostic and predictive marker for patients
with NSCLC.
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INTRODUCTION than 10% (ref.*). However, these factors are not sufficient
for precise evaluation of individual patient prognosis and
Non-small-cell lung cancer (NSCLC) is the leading for predicting response after a given chemotherapy. An
cause of cancer related mortality and one of the major  essential step to reducing the mortality from NSCLC is
public health problems in the world. More than 75% of pa-  understanding the molecular basis of its progression, me-
tients are diagnosed at advanced/metastatic stages of dis-  tastases and drug resistance.
ease with a median survival time of only 10-12 month'2. BRCAI1 (breast cancer 1) is a 100kb, 220kD, mul-
Despite recent improvements in treatment modalities, tifunctional nuclear phosphoprotein, ubiquitously ex-
intrinsic or acquired drug resistance still represents the  pressed in all tissues and serves as a tumor suppressor in
major impediment to successful treatment. part, as a “caretaker”, as well as “gatekeeper” in preserv-
The main prognostic factors used in routine clinical ing genomic stability®. It has been implicated in normal
practice for patients with operable NSCLC are pulmonary  cellular functions including cell cycle regulation, replica-
symptoms, tumor size, histological type, metastases to  tion, mitotic spindle assembly, transcription regulation
lymph nodes and vascular invasion®. For patients with  and higher chromatin hierarchical control’. Also BRCA1
advanced and/or inoperable NSCLC, the most predictive  plays a central role in DNA damage response (DDR)
indicators of survival after systemic chemotherapy are  through direct interaction with DDR proteins, as well as
disease stage, performance status, and weight loss of more by regulation of gene transcription®.
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Germline mutations of BRCA1 have been associated
with increased risk of breast, ovarian, and more recently,
prostate cancer®3. Breast cancers arising in patients with
BRCA1 mutations are usually high grade, poorly differen-
tiated tumors, characteristically rapid progression without
an in situ component, higher incidence of metastasis and
poor prognosis. The expression of BRCA1 is often re-
duced in sporadic breast and ovarian cancers’ and these
tumors share some similarities with hereditary, BRCA1
mutated tumors. It is also known that increased BRCA 1
protein expression in prostate cancer is associated with
significantly higher Gleason score, and more advanced
stage®, as well as a poor outcome in thymic epithelial tu-
mors’. A wealth of data from cell lines, mouse models
and more recently from clinical studies have shown that
BRCA1 can modulate response to chemotherapy!'*'3.

BRCA1 mutations are not found in lung cancer, but
decreased BRCA1 mRNA and protein expression due to
promoter hypermethylation were found in 30% of NSCLC
patients mostly in adenocarcinoma subtypes (P<0.014)
(ref.™*). Several studies have examined the correlation
of BRCAT mRNA expression with response to chemo-
therapy in clinical settings. Overexpression of BRCA1
mRNA was strongly associated with poor survival in
NSCLC patients, after cisplatin based chemotherapy!'>'®
but these findings were not confirmed by immunohisto-
chemistry™2.

We set out to study the immunohistochemical expres-
sion of BRCA1 protein in NSCLC and assess associations
with clinicopathological factors, including overall survival
(OS), disease free survival (DFS) and the occurrence of
brain metastases.

MATERIALS AND METHODS

Patients and samples

Archival formalin-fixed, paraffin-embedded tissue
samples of non-small-cell carcinomas of the lung derived
from patients operated between 1996 and 2000, were ob-
tained. Each sample was diagnosed by two independent
pathologists according to the WHO classification. The
patient cohort consisted of 88 men and 25 women. Of
these, 27 were in stage I, 9 in stage II, 52 patients were in
stage III and 10 patients were in stage IV. Brain metastases
were present in all (10) stage IV patients. Information
about disease stage was not available in 15 cases. 27 pa-
tients had received neoadjuvant chemotherapy. Of these,
2 patients had undergone both adjuvant and neoadjuvant
chemotherapies. 10 patients had received only adjuvant
chemotherapy. Out of 113 patients, 76 did not receive ad-
juvant or neoadjuvant chemotherapy. The overall survival
of patients in months was determined from clinical data.
The disease-specific survival was determined as the inter-
val from diagnosis to the disease-specific death. Median
and disease-free survival rates are given in Table 1.

Tissue microarray construction

Tumour tissue microarrays were constructed using 113
formalin-fixed primary lung cancer tissue samples. The
tissue area for sampling was based on visual alignment
with the corresponding H&E stained section on a slide.
Three to five tissue cores (diameter: 2.00 mm; height:
3-4 mm) taken from a donor tumour block were placed
in a recipient paraffin block with a manual tissue micro-
arrayer (Beecher Instruments, Sun Prairie, WI, USA).

Table 1. Clinicopathological characteristics of NSCLC patients.

All Patients I 11 111 v

N 113 27 9 52 10
Median OS (month) 46.03 93.18 40.95 44.03 13.13
Mean OS (month) 58.62 86.19 48.64 59.86 35.11
Median DFS 38.82 80.69 31.81 21.71 10.57
Mean DFS 53.70 81.03 44.90 53.21 31.40
Age 60 62 57 61.5 54.5
Gender

Male 88 19 8 40 8

Female 25 8 1 12 2
Histology

ADC 43 13 4 16 6

SCC 49 10 3 26 2

Others 21 4 2 10 2
Neoadjuvant CHT

CHT 27 2 0 22 3

Observation 72 25 9 30 6
Adjuvant CHT 10 1 1 6 2

Pt/NVB 0 0 0 0 0

Pt/TAX 2 0 0 2 0

Other 8 1 1 4 2

NSCLC, non-small-cell lung cancer; ADC, adenocarcinoma; SCC, squamous cell carcinoma; OS, overall survival; DFS, disease free survival;

CHT, chemotherapy; NVB, navelbine; TAX, taxol.
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A core of normal tissue was punched from each case,
and 4 u sections of the resulting microarray block were
used for immunohistochemical analysis.

Immunohistochemistry

Formalin-fixed and paraffin-embedded tissue sections
(4 ) of NSCLC were deparaffinized in xylene and rehy-
drated by washing in serial dilutions of ethanol. BRCA1
heat induced antigen retrieval was performed in an auto-
matic multifunctional microwave tissue processor (T/T
MEGA) at 95 °C, over 5 min, using citrate buffer at pH 6.
Endogenous peroxidase activity was blocked with 0.3%
hydrogen peroxide for 15 min. The monoclonal MS110
(Abcam) antibody against the N-terminal of BRCA1 pro-
tein and polyclonal S1524 (Abcam) antibody against the
phosphorylated form of BRCA1 at ser1524 residue were
then added (1:150 dilution) and incubated for 1 h at room
temperature. Tissue sections without primary antibody
addition served as a negative control. Breast cancer tis-
sue was used as a positive control. Antigen was visualized
using the EnVision kit (DAKO A/S, Glostrup, Denmark)
for 60 min. The slides were then counterstained with hae-
matoxylin and mounted in an aqueous medium.

Analysis of results

BRCA1 protein expression was evaluated semi-
quantitatively. Cases with nuclear and/or cytoplasmic
BRCALI reactivity in >10% of cancer cells were consid-
ered as positive. Analysis of data was performed using
the computer software SPSS for Windows (version 10.0).
Nonparametric comparison between independent groups
was carried out using the Kruskal-Wallis test and P-values
<0.05 were considered statistically significant.

RESULTS
BRCA1 MS110 staining showed mainly nuclear posi-
tivity in 28% of NSCLC cases. Only 2 cases were positive

in both - nucleus and cytoplasm and none of them in
only the cytoplasm. BRCA1 S1524 antibody was positive
in 27% of NSCLC cases, from which 11 cases were only
nuclear, 13 - n/c and only one case showed cytoplasmic
positivity. Exact numbers are given in Table 2.

Statistical analysis of the data showed that only
BRCA1 S1524 nuclear positivity was significantly cor-
related with longer OS and DFS in stage I and II pa-
tients (P<0.05) (Fig. 1,2), whilst OS and DFS was shorter
in S1524 positive stage III and IV patients (P<0.05)
(Fig. 3,4). No significant correlation was found between
BRCA1 MS110 expression and given clinicopathological
factors. There was also no significant correlation between
either MS110 or S1524 expression and the occurrence of
brain metastases.

DISCUSSION

Earlier reports found no correlation between BRCA1
immunohistochemical expression and NSCLC patient
survival or other clinicopathological factors. In all these
studies, the MS110 antibody was used for BRCA1 evalu-
ation and our results are consistent with previous reports.

The BRCAL1 gene expands the 100kb region, produces
1863aa full length protein and several alternative splicing
isoforms. The MS110 antibody recognizes the N-terminal
1-304 amino acids of protein. This is the only currently
proven antibody for BRCA1 protein study, but these ami-
no acid sequences are also retained in alternative forms
of BRCA1. This might be one reason for the discrepancy
between mRNA and protein study results in lung cancer
patients.

On the other hand mRNA expression alone does not
reflect the presence of the functional protein. From a
practical point of view, immunohistochemical detection
BRCAI1 protein is a more reliable and useful tool for pre-

Table 2. BRCA1 expression in NSCLC patients.

BRCA1 MS110 n/c

BRCA1 S1524 n/c

Positive Negative Positive Negative
>10% <10% >10% <10%

Stage

All Patients 25/1 65/89 24 66

I 6/0 15/21 9/5 16/20

11 3/0 6/9 0/1 7/1

111 14/1 37/50 11/7 37/11

v 2/0 7/9 4/1 6/9
Histology

All Patients 28/1 76/103 25/18 79/86

Spinocellular 13/1 33/40 14/17 25/32

Adenocarcinoma 7/0 43/46 8/8 39/39

Others 8/0 9/17 3/3 15/15
Chemotherapy

Neoadjuvant 24/0 20/24 7/1 19/25

Adjuvant 9/0 7/9 2/3 8/7

Both 0/0 0/0 0/0 1/1
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Fig. 1. Correlation of BRCA1 S1524 nuclear expression with OS and DFS in patients with I-II stage NSCLC.
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Fig. 2. Correlation of BRCA1 S1524 nuclear expression with OS and DFS in patients with III-IV stage NSCLC.

cise evaluation of patient prognosis. To the best of our
knowledge, no one has yet examined BRCA1 phospo-1524
expression in NCSLC patients. BRCA1 phosphorylation
is an important means by which its cellular functions are
regulated. BRCA 1 undergoes specific phosphorylation by
cell cycle checkpoint kinases in different serine residues,
of which ser1524 is known to be specifically phosphory-
lated by ATM after radiation induced DNA damage?®.
Due to its various functions in DNA reparation, includ-
ing nucleotide excision repair (NER) and double-strand
break (DSB) repair, BRCAL is actively investigated as a
resistance marker for cytotoxic chemotherapeutic drugs
in lung cancer patients**?’.

In our preliminary study, we evaluated phospho-BR-
CAL1 expression in early stage, operable NSCLC cases. It
is known that tumor expression of two other DNA-repair
genes, RRM1 and ERCC1, signify a survival advantage for
patients with early-stage NSCLC (ref.?®) given only surgi-
cal treatment. In our study, phospho-BRCA1 expression
was also significantly correlated with longer OS and DFS
in stage I and II NSCLC patients.
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In advanced stage NSCLC, phospho-BRCA1 expres-
sion is associated with shorter OS and DFS and our re-
sults are consistent with previous reports showing that
DNA repair proteins and particularly BRCA1 is a modula-
tor of chemotherapy in advanced NSCLC. We found no
significant difference between treatment groups.

As mentioned above, BRCA1 associated breast and
ovarian tumors are distinguished as having high meta-
static potential. One study found significantly higher
number of brain metastases in BRCA1 dependent breast
cancer patients®. In our study we had only ten patients
with brain metastases and no correlation was found with
BRCAL expression, but sample size is too small to draw
any conclusions.

Our study was preliminary, included small sample size
and there was no uniform protocol for patient treatment.
Also we did not study correlation between BRCA1 and
other DNA repair proteins. Hence we are not able to draw
sharp conclusions, but we think that further studies of
BRCAI1 protein expression in larger patient cohort with
more defined treatment modalities is worth to conduct.
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Fig. 3. BRCA1 MMS110 positivity, IHC, x200.

Fig. 4. BRCA1 S1524 positivity, IHC, x200.

CONCLUSIONS

The results suggest that phospho-BRCA 1 immunohis-
tochemical expression might serve as a useful prognos-
tic marker for early stage, operable NSCLC and further
strengthens the idea that the discrepancy between mRNA
and protein studies in advanced NSCLC patients, may
be due to the nature of the BRCA1 protein and inability
to detect the full length, functional protein. Antibodies
against the phosphorylated form of BRCA1 might be a
useful tool to solve this problem.
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