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ORIGINAL ARTICLE
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Aim: Patients with breast cancer should have a favorable outcome when diagnosed early. Occult distant metastases,
especially in the Bone Marrow (BM) was claimed to be responsible for tumor relapse in certain cases, especially in
HER-2/neu expressing tumors. Such an occult metastases may be detected by PCR techniques for a BM aspirate, which is the
aim of this study.

Methods: Between May 2004 and May 2005, PCR technique was used to determine the tumor HER-2/neu status of 37
patients, attending Suez Canal University Hospital for the treatment of stage I-111 breast cancer. BM and peripheral blood of
those positive patients were examined by the same technique for the presence of micro-metastases. Correlation between
tumor characteristics and the HER-2/neu status was done.

Results: Fifteen patients were tumor HER-2/neu positive, which correlated with stage and number of positive lymph nodes.
BM micro-metastases were detected in 7 patients, with no correlation to the tumor characteristics. Additionally, HER-2/neu
positive tumor cells were detected in the peripheral blood of 6 patients.

Conclusion: BM micro-metastases can be detected in HER-2/neu positive non-metastatic breast cancer that may be predicted
by the peripheral blood not the primary tumor characteristics.

Keywords: Disseminated tumor cells, Occult metastases, C-erbB2.

INTRODUCTION

the time of presentation®79) that was missed by the
conventional screening tools because it was micro rather
than macro-metastases.(19 Therefore, the need for
additional tools to diagnose tumor dissemination has
become an issue of interest.

Breast cancer is a common problem with obvious
morbidity and mortality.® It has been recognized that late
presentation of patients with breast cancer carries the
worst prognosis.d Therefore, screening programs have
been applied to detect malignant lesions as early as
possible.®) This facilitate the ability not only to carry a
curative operation, but also a conservative one as well.(45)

Since the BM is considered to mirror the efficacy of the
metastatic process throughout the body® and its loading
with tumor cells considered to be an independent
prognostic factor,®1) it became the site of interest to detect

In spite of this progress in management, metastatic disease occult metastases, suggesting that this minimal disease is

appears within 5 years in 30-50% of the patients who had indeed the progenitor of manifest metastasis.(213)

what thought to be a definitive treatment.(.67) This may
suggest that cancer in these patients has already spread at
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Fortunately, the detection of micro-metastases became
possible by the development of monoclonal antibodies to
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epithelial ~ cytokeratins ~and tumor-associated  cell
membrane glycoproteins (Oncogene).(?)

An important member of the oncogene family is the
Human Epidermal growth factor Receptor-2 (HER-
2/neu).0415) It is over-expressed in 15-30% of invasive
breast cancer and associated with metastatic relapse and
poor prognosis.¢19 HER2/neu over-expressing tumors has
a specific “biological” therapy (Herceptin) that attacks the
disseminated tumor cells with less systemic side effects.()
Furthermore, a specific vaccine is under development that
may change the future management of such tumors.(16)

The most widely used methods for measuring HER-2/neu
are immuno-cytochemistry (ICC), Fluorescent in situ
hyperdization (FISH) and Enzyme linked immunsorbent
assay (ELISA). However, both ICC and FISH are complex
and subject to technical errors. Moreover, FISH does not
assess gene expression and cannot identify cases in which
the gene product is over-expressed in the absence of gene
amplification.®) On the other hand, Polymerase chain
reaction (PCR) based assays are currently the most
sensitive method for the detection of micro-metastatic
disease, it can detect one tumor cell in the back ground of
107 bone marrow cells.(12)

More recently, circulating tumor cells in the serum of non
metastatic breast cancer patients were detected. Their
presence was associated with relapse and distant organ
affection. This new field is gaining interest due to the
simplicity of the blood sample in comparison to the BM.(")

Therefore, in this study PCR technique was used to detect
Bone marrow micro-metastases in HER2/neu positive
breast cancer patients, in whom the tumor assumed to be
loco-regional (stage I-III). Additionally, the peripheral
blood of those patients with HER-2/neu positive primary
tumor, was tested for the presence of circulating HER-
2/neu positive tumor cells.

PATIENTS AND METHODS

A prospectively designed study was conducted in the
period between May 2004 and May 2005. Female patients
of any age, admitted to the Suez Canal University Hospital
- Egypt, diagnosed to have breast cancer using the triple
assessment according to the diagnostic guidelines,(1317)
were included in this study.

All patients were investigated for the presence of
metastases and accordingly staged (according to the TNM
classification)(® by chest X-ray, Liver ultra-sound scan,
bone isotope scan, liver enzymes and serum calcium.(®
Patients with the following criteria were excluded from
this study:

e Distant organ metastases (Stage IV).

EJS, Vol 27, No 3, July, 2008

¢ Patients unfit for surgery.

Out of 70 patients diagnosed to have breast cancer during
the study period, we were able to recruit 37 eligible
patients for the study. All signed an informed consent, and
the Departmental Council approved the study medically
and ethically.

Surgical and sampling procedure: Patients had either
Modified Radical Mastectomy with axillary clearance or
simple mastectomy according to their stage.(2 During the
operation, bone marrow aspiration was performed from
the sternum. This was done through the medial end of the
surgical wound to obtain 5 ml of bone marrow. In addition,
two more 5 ml of bone marrow samples were obtained
from each anterior iliac crest. Samples obtained were
pooled and immediately put into tubes containing Ethyl
diamine tetra-acetic acid (EDTA) to prevent clotting. Bone
marrow samples were sent to the hospital lab together with
a sample of the breast tissue tumor and a venous blood
sample collected on EDTA tubes. The rest of the resected
breast and axillary tissue was sent to the Pathological
Laboratory.

Laboratory procedure: The sample of the breast tissue
tumor was put in a clean container then flash frozen in
liquid nitrogen for further RNA purification. BM and blood
samples were stored by adding 1ml of anticoagulated bone
marrow/blood sample to 5 ml preservative (RNA/DNA
stabilizing reagent for blood/bone marrow from Roche
molecular diagnostics) and were frozen at -20 for further
RNA purification.

From the pathological laboratory, data regarding the tumor
histomorphology, tumor-node staging, grading and results
of the BM microscopic examination for disseminated
metastatic cells were collected for all patients.

In the clinical pathology laboratory, the samples of the
breast tissue tumor were examined by the PCR technique
for HER2/neu over expression for all patients. Due to
financial reasons, only positive patients had their bone
marrow and peripheral blood examined for the presence of
disseminated HER-2/neu over-expressing cells.

Tissue samples were disrupted and homogenized by
cryosectioninig the frozen tissue, then about 350 microns of
the lysis-binding buffer were added, after which tissue
samples were manually homogenized. BM and peripheral
blood samples were pre-treated before RNA purification
by pre-warming lysates at 15-25 °C. RNA extraction was
carried out using the MagNA Pure LC RNA Isolation Kit
for Blood/bone marrow from Roche molecular diagnostics,
on the MagNA pure Light Cycler (LC) instrument.

Analysis of HER-2/neu mRNA was carried out using the
LC HER-2/neu mRNA quantification kit from Roche
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molecular diagnostics. The procedure was explained in the
attached manual. Quantification of RNA encoding for
HER-2/neu mRNA was done in two steps; Reverse
transcription, that include complementary DNA synthesis
followed by PCR amplification technique. During this
technique a395 bp fragment of HER-2/neu mRNA was
amplified from the cDNA by PCR using specific primers
(ready to use primer and hyperdisation probe mixture
specific for human HER-2/neu mRNA, from Roche
Molecular Biochemicales). The amplicon was then detected
by fluorescence using a specific pair of hyperdization
probes. The hyperdization probes consist of two different
oligonucleotides that hyperdize to an internal sequence of
the amplified fragment during the Annealing phase of the
amplification cycle. One probe is labeled at the 5'-end with
light cycler Red 640, and to avoid extension, modified at 3'-
end by phosphorylation. The other probe was labeled at
the 3 end with light cycler flourescin. Only after
hyperdization to the template DNA, the two probes come
in close proximity, resulting in Fluorescence resonance
energy transfer (FRET) between the two flourophores. The
emitted fluorescence of light cycler red 640 is then
measured by the light cycler instrument.

Test data analysis was performed by using the relative
quantification software for the light cycler instrument, the
amount of mRNA encoding for HER-2/neu was expressed
as a relative ratio to a reference gene (G6PDH) in a sample
relative to the HER-2/neu / G6PDH ratio in a calibrator.
Results were interpreted by calculating the amount of
target HER-2/neu as a ratio of target (T) gene copies to
reference gene copies (G6PDH). In the second step, the
ratio of the target to reference copies (T:R) in the sample is
divided by the T:R ratio in the calibrator the is run with
each sample reaction in parallel

Patients with positive HER2/neu results were informed
and transferred to the oncology department for further
management.

Data and statistical analysis: Statistical analysis was
conducted by calculating simple means and standard
deviations for continuous variables, and frequency counts
and percentages for categorical variables. Student’s t test or
qui square analysis/were used to assess the correlation
between variables. Significance was set at P<0.05. All
analysis was performed with the SPSS 13.0 for Windows
2003 software.

RESULTS

Over the period of 12 months, thirty-seven eligible female
patients were recruited in the study. Their age ranged from
27 to 65 years with a mean of 47.3 *+ 9.33 years. Four
patients (10.8%) were in stage I, 28 patients (75.7%) were in
stage Il and 5 (13.5%) patients were in stage III.
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Table 1 summarizes the positive HER-2/neu results. Using
the PCR technique HER-2/neu was over expressed in
breast tissue tumor of 15 patients (40.6%) of the whole
sample. In addition, it was over expressed in the bone
marrow of 7 patients (46.7%) and in the peripheral blood of
6 patients (40%) out of those 15 positive breast tissue tumor
patients.

The characteristics of the breast tissue HER-2/neu positive
and negative groups of patients are shown in Table 2.

The Breast tissue tumor was HER-2/neu positive in 39.3%
of patients in stage II and in 80% of those in stage IIL
HER2/neu positive status correlated significantly with the
tumor staging. It was also correlated significantly with the
number of positive lymph nodes, as it was found in 11.1%
of node negative patients, 46.1% of those with 1-3 positive
lymph nodes and in 53.3% with>3 positive lymph nodes
were.

The tumor size in the removed breasts ranged from 1.3-5.6
cm with a mean of 3.34 + 1.3 cm. The mean tumor size in
HER-2/neu positive and negative patients was nearly
similar (3.36 and 3.32 cm respectively) with no statistical
significance. Moreover, the correlation between the
increase in tumor size and HER-2/neu positive status was
statistically insignificant.

The primary tumor was positive for HER-2/neu in 25% of
patients with grad I tumors. The frequency of positive
HER-2/neu tumors increased as the pathological grad
increased. However, this relation was statistically
insignificant. We did not observe a statistical correlation
between HER-2/neu positive status and the tumor type.

Bone marrow staining and microscopically examination for
the whole studied population (n=37) did not detect any
tumor cells. However, using the PCR technique, HER-
2/neu positive tumor cells were detected in the BM of 7
patients (46.7%) out of the 15 HER-2/neu positive primary
tumors. Figure (1) shows an example of BM and breast
tissue positive result. The characteristics of these patients
in relation to the BM HER-2/neu negative patients are
summarized in Table 3.

Tumor cells expressing HER-2/neu were detected in the
BM of 45.5% of patients in stage II, in the single patient
with 0 lymph node and in different levels and types of the
excised tumors. None of these studied tumor
characteristics was observed to correlate significantly with
the BM HER-2/neu positive status.

Lastly, HER-2/neu positive circulating tumor cells were
detected in 6 patients (40%) out of the 15 HER-2/neu
positive primary tumors. Those 6 patients were all BM
HER-2/neul positive, Table 3.
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Table 1. Distribution of the positive results in relation to the total population.

HER2/neu negative HER2/neu positive
% Number % Number
Breast tumor tissue 15/37 40.5 22/37 59.5
Bone Marrow 7/15 46.7 8/15 53.3
Peripheral Blood 6/15 40 9/15 60
Table 2. Distribution of the study population according to breast tumor HER-2/neu.
Breast tumor tissue HER-2/neu Number (%) Total
Variable Positive Negative 37 P value
N= 15 (40.6%) N=22 (59.4%)
Mean age + std. deviation (years) 49.07 £10.2 46.09 + 8.7 - 0.285
Stage I 0(0) 4 (100) 4(10.8)
0.024*
11 11 (39.3) 17 (60.7) 28(75.7)
111 4 (80) 1 (20) 5(13.5)
Histological LN state 0 1(11.1) 8 (88.9) 9(24.3)
1-3 6 (46.1) 7 (53.8) 13(35.2) 0014
>3 8(53.3) 7 (46.7) 15(40.5)
Tumor size Mean std. 3.36+15cm 332+ 11cm - 0.942
T1 3 (42.9) 4 (57.1) 7(18.9)
T2 8 (34.8) 15 (65.2) 23(62.2) 0315
T3 4(57.1) 3(42.9) 7(18.9)
Grad I 1 (25) 3 (75) 4(10.8)
11 8 (40) 12 (60) 20(54) 0481
111 6 (46.1) 7 (53.8) 13(35.2)
Tumor Type IDC 10 (41.6) 14 (58.3) 24(64.9)
ILC 2 (28.6) 5(71.4) 7(18.9)
Medullary 2 (66.7) 1(33.3) 3(8.1) 0.917
Mucinous 1 (50) 1 (50) 2(5.4)
Papillary 0 (0) 1 (100) 1(2.7)

e St d.: Standard deviation.

¢ LN state: lymph node status.

e IDC: invasive duct carcinoma.

e [LC: invasive lobular carcinoma.
*: P value < 0.05 is significant.
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Table 3. Characteristics of Bone Marrow HER-2/neu positive patients.

BM HER-2/neu Total
Number (%) P value
Variable Positive Negative 15
N =7 (46.7) N= 8 (53.3)
Mean age + std. deviation (in years) 50.7£9.2 47.6+11.5 - 0.580
Stage I - - -
0.662
I 5 (45.5) 6 (54.5) 11(73.3)
I 2 (50) 2 (50) 4(26.7)
LN state 0 1 (100) 0(0) 1(6.7)
1-3 1(16.7) 5(833) 6(40) 0553
>3 5 (62.5) 3(37.5) 8(53.3)
Tumor size Mean # std. 3.8+1.2cm 3.1+1.5cm - 0.299
T1 0 (0)* 3 (100) 3(20) 0.178
T2 5 (62.5) 3(37.5) 8(53.3)
T3 2 (60) 2 (40) 4(33.3)
Grad I 1 (100) 0(0) 1(6.7)
I 3 (39.5) 5 8(53.3) 0780
11 3 (50) 3 (50) 6(40)
Tumor type IDC 4 (40) 6 (60) 10(66.7)
ILC 0 (0) 2 (100) 2(13.3)
0.141
Medullary 2 (100) 0 (0) 2(13.3)
Mucinous 1 (100) 0 (0) 1(6.7)
Papillary - - -
Blood HER2/neu Negative 1(11.1) 8 (88.9) 9(60) 0.001*
Positive 6 (100) 0(0) 6(40)

e St. d.: Standard deviation.

¢ LN state: lymph node status.

e IDC: invasive duct carcinoma.

e [LC: invasive lobular carcinoma.
e *: P value <0.05 is significant.
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- BMT: The targeted gene in the BM (HER-2/neu).

- BM R: The reference gene in the BM (G6PDH).

- Tissue T: The targeted gene in the tissue (HER-2/neu).

- Tissue R: The reference gene in the tissue (G6PDH).

- PBT: The targeted gene in the peripheral blood (HER-2/neu).
- PBR: The reference gene in the peripheral blood (G6PDH).

- Cycle Number: The number of the amplification cycles.

- Fluorescence: The amplitude of imitated fluorescence (light).

¢ N.B.: The figure shows the positive results (BM sample NO.13 and breast tissue sample NO. 21) in addition to their reference
G6PDH (sample 14&22) and the test procedure calibrator (samples 1&2).

Fig 1. An example of positive BM & breast tissue samples.
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DISCUSSION

The present study reports the detection of tumor cells in
the BM of patients with HER-2/neu positive breast cancer,
stage I-II, whom assumed by standard clinical and
radiological methods to be non-metastatic.

Most of our patients were in stage I-II (86.5%) and only
13.5% of them were in stage III, which mean that most of
our patients assumed to have a curative surgery. The
finding of BM micro-metastases, particularly in these
patients, is of great clinical impact on their plan of
management.

In previous reports, ICC was used to determine the HER-
2/neu status of the primary breast tumor. Bjorn et al.
reported 7% positive results, such a low percentage was
explained in the same report by a technical issue.®)
However, most reports suggests that HER-2/neu positive
primary tumor range from 30 to 38% (3,10,20). In this
study, the percentage was 40.6%, which agrees with the
previous global figures.

We observed a significant correlation between HER-2/neu
positive status and both the advances in clinical stage and
the number of the affected lymph nodes. This correlation
was suggested previously,1® which may indicate that
patient’s stage and lymph node status have reflected the
aggressive  behavior of the HER-2/neu positive
tumors.

On the other hand, one out of 9 patients with negative
lymph nodes had HER-2/neu positive breast tumor. This
observation is more convincing when previous reports,
especially those included early-diagnosed patients with
larger sample size, are considered. In these reports, HER-
2/neu positive primary tumors were found in 16-30% of
patients with negative lymph nodes.(%1021) Additionally, in
the present study, 42.9% of tumors <2 cm in size were
HER-2/neu positive. These findings may indicate that in
spite of the tumor aggression, early diagnosis can pick up
HER-2/neu positive tumors in the initial course of the
disease. Therefore, patients with early breast cancer can
neither be considered safe nor ignored for the suspicious of
having HER-2/neu tumors.

All patients proved by clinical and radiological studies to
have no BM metastasis, which was proved true by the
ordinary microscopic examination of the BM samples.
However, using the PCR technique, 46.7% (7 out of 15)
HER-2/neu positive breast tissue patients showed
metastatic cells in their BM. This agrees with Stephan et al,
who by using ICC technique, reported 60% HER-2/neu
positive BM micro-metastases in a selected sample of 52
patients, all have CK-18 positive BM and were stage I-III.
His results had a very significant clinical impact, as 97% of
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these patients had clinically distant metastases after an
observation period of 64 months.(10)

From another point of view, our seven BM HER-2/neu
positive patients represent 18.9% of the whole studied
population. Although, previous reports agrees about the
presence of these cells in a non selected sample of non-
metastatic breast cancer patients, however, the frequency
have not been uniform, particularly when different
diagnostic modalities were used.(4 Bjorn reported only
9.9% positive BM by using ICC technique, in the same
article, this percentage increased to 16.1% when
Immunomagnetic enrichment followed by ICC were used
for the same samples.® In other reports ICC methods were
able to detect BM micro-metastases in up to 29% of non-
metastatic breast cancer patients.®2) Therefore, we believe
that using the PCR technique is an advantage for this study
and our results may be more accurate.

The finding of micro-metastases in apparently non-
metastatic patients has a significant clinical impact, as up
to recent, still a group of surgeons believes that early
operable breast cancer (T1-2, NO-1) should have minimal
metastatic work up (chest x-ray, blood count, and liver
enzymes).® However, in this study, none of the studied
tumor characteristics had a significant statistical correlation
with the positive BM results. This agrees with previous
reports, in which BM micro-metastases was proved by
different techniques to be independent of any tumor
characters.(381021) Therefore, BM micro-metastases may be
discovered irrespective of the tumor stage, lymph node
status, tumor size, or grad. However, the correlation of
other tumor characteristics, that were not included in this
study such as vascular invasion and hormone receptor
status, need to be determined.

Moreover, the correlation between BM micro-metastases
and tumor relapse with distant metastases has been
previously proved.(14 Therefore, all breast cancer patients
with HER-2/neu positive tumor may be considered for BM
examination for micro-metastases before the strategy of
therapy decided.??) This can be achieved by determination
of the breast tissue HER-2/neu status in a tumor sample
obtained through a preoperative diagnostic core biopsy.(2%

Simultaneous peripheral blood examination for the
presence of circulating HER-2/neu positive cells was
performed. Interestingly, this yields positive circulating
tumor cells in the serum of 6 out of the same 7 BM positive
patients. This might suggests that presence of circulating
malignant cells reflects high possibility of BM micro-
metastases. This important observation agrees with the
recent studies demonstrating the presence of these
circulating tumor cells in non-metastatic breast cancer
patients, whom proved latter to have a poor outcome.®23)
This interesting finding has another important clinical
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impact; as the diagnosis of the breast tissue HER-2/neu
status is one-time event, that cannot be used any further for
follow up, the BM serve as a real-time indicator for
HER-2/neu status during the management of the disease.
However, frequent BM sampling is uncomfortably
invasive procedure, hence a peripheral blood sample may
be a more suitable option, especially if highly
sensitive techniques as PCR were used. Because
of its very important clinical significance, this
suggestion needs to be confirmed with larger sample
size.

In  conclusion: BM micro-metastases can present in
HER-2/neu positive breast cancer patients, in spite of
being defined as clinically non-metastatic.
We could not find any predicting factor for the presence of
these BM micro-metastases, therefore, it has to
be searched for in all HER-2/neu positive breast tissue
patients. The detection of HER-2/neu Positive
circulating cells carries a high possibility of BM metastases
and may be used as an alternative to BM aspiration.
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