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The risk of developing second primary cancers is
increased in patients with breast cancer. The lung is
one of the major target organs, and therefore a dif-
ferential diagnosis between primary and metastatic
cancers is required for the treatment of lung tumors
in patients with a history of breast cancer. However,
biopsy specimens frequently result in small, frag-
mented tissues containing only a few, degenerated
cancer cells. We attempted to find a useful marker for
differential diagnosis, using the online SAGE data-
base. We selected three molecules, small breast epi-
thelial mucin (SBEM), prostate epithelium-specific Ets
transcription factor (PDEF), and mammaglobin
(MGB1), as potential markers for breast cancer. SBEM
and PDEF proved of no use for practical differential
diagnosis because they are expressed in the normal
bronchus. In contrast, expression of MGB1 was de-
tected in all 22 primary breast cancers, but not in 22
normal lung tissues. Furthermore, all 12 metastatic
breast cancers examined demonstrated positive
MGBI1 transcripts, whereas one of 48 primary lung
adenocarcinomas expressed MGB1. This suggests that
MGBI1 can serve as a differential molecular marker. In
practice, prospective examination, using the nine
cases with a history of breast cancer, confirmed the
usefulness of MGB1 in differential diagnosis. (J Mol
Diagn 2004, 6:90-95)

The lung is a major target of hematogeneous metastases
from a variety of cancers. Thus, a diagnosis differentiat-
ing between primary and metastatic cancers is always
required in clinical practice. In our institute, on average
250 lung biopsies are performed every year, and about
two thirds of the tumors are diagnosed as malignant.
Metastatic cancers make up 10% to 20% of these. Al-
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though this incidence may not be very high, a differential
diagnosis of the metastatic cancer is important to deter-
mine the therapeutic strategy. For example, in the case of
a small solitary lung tumor without any lymphadenopathy,
the patient may be treated with chemotherapy or may
undergo partial resection of the lung when the lung tumor
is diagnosed as a metastatic breast cancer. On the other
hand, standard lobectomy may be the treatment of
choice when the diagnosis is of a primary non-small cell
lung cancer.

The risk of developing second primary cancers is in-
creased in patients with breast cancer, and the lung is
one of the major sites involved.' Some articles have
described an increased risk of primary lung cancers in
association with radiation therapy following mastecto-
my.*® Furthermore, the long latent period before identifi-
cation of metastasis makes a differential diagnosis chal-
lenging. Indeed, a latent period of more than 10 years is
not rare in patients with breast cancer. Histologically, a
differential diagnosis between metastatic breast cancer
and primary lung adenocarcinoma is difficult. Cytoplasm
with secretory feature and stromal fibrosis were fre-
quently observed in both adenocarcinomas. Moreover,
metastatic breast cancer can grow along with the alveo-
lar septa, in a similar manner to bronchioloalveolar car-
cinomas.® Difficulty is also caused by the need to carry
out a differential diagnosis on biopsy specimens. Often,
lung biopsies produce small amounts of fragmented tis-
sue, which contain only a few degenerated cancer cells.
Therefore, the differential diagnosis has to draw on aux-
iliary analysis, such as immunohistochemistry.

There are a limited number of immunohistochemical
markers to identify breast cancers. Gross cystic disease
fluid protein-15 (GCDFP-15) is one such marker; it is
positive in only a few normal breast epithelia, but fre-
quently expressed in breast carcinomas showing apo-
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crine features. Estrogen receptor (ER) is also commonly
used for differential diagnosis. The combined application
of GCDFP-15 and ER are very helpful for differential
diagnosis, but each marker is not complete. About 50%
to 60% of breast cancers express one or both, but the
remaining tumors are negative for both markers. Indeed,
Perry et al” reported that GCDFP-15 and ER are specific,
but insensitive, for breast origin through the differential
diagnosis of 68 metastatic adenocarcinomas to the brain.
Currently, extensive human genome data have been ac-
cumulated, and the data contain much information that
can be directly used in clinical practice. In the present
study, we searched for molecules of potential breast-
specific expression using the online database of serial
analysis of gene expression (SAGE) from the National
Center for Biotechnology Information (NCBI). Our results
demonstrated that one of the molecules examined was
specifically expressed in breast cancers, indicating that
the molecule can serve as a differential marker.

Materials and Methods

Patients

Using a database of the Department of Pathology and
Molecular Diagnostics of Aichi Cancer Center Hospital
(Nagoya, Japan) , we first analyzed the incidence of lung
biopsies that required a differential diagnosis of primary
or metastatic lung cancer. For RT-PCR studies, 70 pri-
mary lung cancers, 51 metastatic lung cancers, and 22
normal lung tissue samples, as well as 22 invasive breast
cancers were analyzed. All these tissues were obtained
immediately after surgery, snap-frozen, and stored at
—80°C until use. In addition, for prospective analysis,
nine touch-imprint slides were prepared from fine-needle
biopsy specimens.

Reverse Transcription and PCR (RT-PCR)
Analysis

Total RNA was extracted using a standard acid guani-
dinium thiocyanate-phenol-chloroform method,® and was
digested with DNase |, followed by conversion to cDNA
with Superscript Il reverse transcriptase (Invitrogen, Carls-
bad, CA) and random hexamers. After confirmation of RNA
integrity and negative contamination of genomic DNA by
RT-PCR for B-actin (275 and 369 bp products for cONA and
genomic DNA, respectively), cDNA was subjected to PCR
analysis. Gene-specific amplification was performed using
Amplitag Gold (Applied Biosystems, Foster City, CA). The
nucleotide sequences of MGB1, SBEM and PDEF were
obtained from GenBank (NM 002411, NM 058173, and
NM 012391, respectively) and primers were designed to
span an exon junction as follows: MGB1, 5'-ACCATGAA-
GTTGCTGATGGTC-3" and 5'-AAACACCTCAACATTGCT-
CAGA-3'; SBEM, 5'-GTATCCAGCTACTGGTCCTGCT-3'
and 5'-CAATTGCAGAAGACTCAAGCTG-3'; PDEF, 5'-
CGGTCATTGACAGCCAAG-3" and 5'-AGGAGCCACT-
TCTGCACATT-3".
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Products were analyzed by electrophoresis on 2.5%
high-resolution gels (NuSieve GTG agarose, BioWhittaker
Molecular Applications, Rockland, ME). Some products
were directly sequenced using an ABI 310 Genetic An-
alyzer and BigDye Primer Cycle Sequencing Kits (ABI,
Foster City, CA), to confirm the amplified sequences. To
determine the precise location of the mRNA expression of
the gene of interest, parts of the tissues were isolated with
a laser-captured microdissection system (Arcturus,
Mountain View, CA). Extraction of RNA and RT-PCR were
carried out as described above.

Results

Incidence of Lung Biopsies Requiring Differential
Diagnosis

For the years 2000-2002, 834 lung biopsies were sub-
mitted to our department; 564 were diagnosed as malig-
nancies or suspicious malignancies. A differential diag-
nosis between primary and metastatic cancers was
required for 174 (21%) of the specimens submitted, be-
cause these patients had histories of cancer before the
identification of lung tumors. The primary sites of the
previous cancers included lung (26%), head and neck
(22%), breast (13%), stomach (13%), colon (7%), and
others (19%). We have reported on the differential diag-
nosis of metachronous® and synchronous lung can-
cers,'© and, therefore, this study focused on the differen-
tial diagnosis of primary lung cancer and metastatic
breast cancer.

Searching for Sensitive Markers of Metastatic
Breast Cancer

To obtain markers that are sensitive and specific to
breast cancers, we searched the online SAGE database
of the NCBI (http://www.ncbi.nlm.nih.gov/SAGE/). Three
candidates, mammaglobin (MGB1, Hs.46452), small
breast epithelial mucin (SBEM; Hs.348419), and prostate
epithelium-specific Ets transcription factor (PDEF;
Hs.79414), were selected. Although only a few articles
have described these molecules, they support breast-
specific expression.' % Detailed results from the SAGE
database and the literature are summarized in Table 1.
We next examined whether expression of these mole-
cules could be used as practical distinguishing markers
between primary lung cancers and metastatic breast
cancers. In the 22 primary breast cancers, MGB1 was
expressed in all 22, SBEM in 20, and PDEF in 20. In
contrast to the results from the SAGE database, SBEM
and PDEF transcripts were detected in 21 and 20 of 22
normal lung tissues, respectively, whereas MGB1 was
not expressed in any (Table 1). SBEM has also been
reported to be expressed in salivary glands,’ which
histologically resemble bronchial glands. We therefore
determined the precise location of expressions in iso-
lated bronchial glands, bronchial surface epithelium, and
peripheral lung tissue, using a laser-capture microdis-
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Table 1. Expression of MGB1, SBEM, and PDEF in Breast Cancers and in the Normal Lung

MGBH1 SBEM PDEF

SAGE database*

Normal tissues 9:2 376:0 4:0

Cancer tissues 17:4 32:0 126:0
Reported description

Tissue-specific expression Yes Yes Yes

Expressing organ(s) Breast’ Breast and salivary glands Breast and prostate

Expression in breast cancers Yes Yes Yes

References 11,16 14 12,13
RT-PCR

Primary breast cancer (n = 22)* 22 20 20

Normal lung (n = 22) 0 21 20

*Ratio of total breast counts to lung counts; libraries used were GSM692, 677, 691, 760, and 780 for normal breast tissue; GSM 670, 671, 672, 673,

and 694 for breast cancer tissue, and GSM762 for normal lung tissue.

TOne article reported low-level of expression in gynecological malignancies, using nested RT-PCR.

*All are invasive ductal carcinoma.

section device. SBEM expression was detected both in
bronchial glands and bronchial surface epithelium, but
not in parenchyma without bronchioles (Figure 1). The
same experiment was carried out on PDEF, which was
also expressed in bronchial cells.

Expression of MGB1 in Primary and Metastatic
Cancers of the Lung

The lack of expression of MGB1 in the normal lung
prompted us to examine whether MGB1 could be used in
differential diagnosis between primary lung cancers and
metastatic breast cancers. All of the 14 metastatic breast
cancers of the lung were confirmed to express MGB1,
whereas only seven of 70 primary lung cancers (10%)
were positive (Table 2). No MGB1 expression could be
detected in the 47 cases of adenocarcinoma of the lung

A.
Lane #
MGBI1 — Lane 1. Normal lung tissue (bulk)
Lane 2. Bronchial surface epithelium
Lane 3. Bronchial glands
SBEM _ Lane 4. Peripheral parenchyma
Lane 5. Breast cancer tissue
PDEF _ Lane 6. Negative control (DW)
B.
Primary
Normal Metastatic breast
lung Primary lung cancer breast cancer cancer DW
Lane # 1 23 4 56 7 8 9101112 13 1415 16

MGB1

Figure 1. Expression analysis of potential breast-specific molecules (A) re-
veals that bulk tissue of normal lung (lane 1) expressed SBEM and PDEF, but
not MGBI1. Detailed examination using laser capture microdissection (lanes
2 to 4) demonstrated that bronchial surface epithelium and bronchial gland
cells, but not the peripheral lung, were the source of the expression. In
tumors (B), MGB1 expression was specific to breast cancers (B, lanes 9 to
15), with the notable exception of small-cell lung carcinomas (B, lane 8).
DW indicates distilled water.

except for one, which interestingly metastasized to the
breast 1 year after the lung operation. Detailed immuno-
histochemical analysis of this case revealed that both
lung and breast tumors were positive for thyroid tran-
scription factor-1 (TTF-1) and surfactant apoprotein A,
and negative for estrogen and progesterone receptors.
The morphological features were that of an ordinary lung
adenocarcinoma. Five of the remaining six tumors with
unexpected MGB1 expression were three small cell lung
cancers, two large cell neuroendocrine carcinomas and
a squamous cell carcinoma expressing neuroendocrine
markers (CD56 and synaptophysin) in parts. Conversely,
for high-grade neuroendocrine tumors of the lung, half
the small cell lung cancers and large cell neuroendocrine
carcinomas were positive for MGB1 expression.

We also examined the expression status of MGB1 in
various other metastatic cancers. All 15 colon cancers
and 12 sarcomas were negative for MGB1 expression,
whereas three of four salivary gland carcinomas (adenoid
cystic carcinomas) and one each of metastatic esopha-
geal and endometrial cancers showed MGB1 expres-
sion. All of the PCR products of MGB1 in the non-breast
metastatic cancer cases were confirmed by direct se-
quencing of the products. The other metastatic cancers,
including one each of thyroid, tongue, gastric, pancreas
and uterine cervix cancers, were negative for MGB1 ex-
pression. Because MGB1 transcripts were detected in
the metastatic tumors, 17 primary esophageal cancers,
and 10 primary salivary tumors were examined: the
esophageal cancers were all negative for MGB1, and six
of the 10 salivary gland tumors expressed MGB1.

Practical Application of MGB1 in Differential
Diagnosis

These results indicated that MGB1 could serve as a
marker of breast cancers, and thus we prospectively
evaluated MGB1 expression in touch-imprint specimens
of fine-needle biopsies from nine lung tumors with a
breast cancer history. In six of the nine, MGB1 expression
was detected, and detailed immunohistochemical results



Table 2. Expression of MGB1 in Breast and Lung Tumors
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n Positive cases Frequency
Cancers metastatic to lung (total) 51 16 31%
Metastatic breast cancer 12 12 100%
Metastatic colon cancer 15 0 0%
Metastatic sarcoma 12 0 0%
Metastatic salivary gland cancer 4 3 75%
Metastatic cancer, others 8 1* 13%
Primary lung cancers (total) 70 7 11%
Adenocarcinoma 48 1t 2%
Squamous cell carcinoma 12 1 8%
High-grade neuroendocrine tumor 10 5+ 50%
Low-grade neuroendocrine tumor® 3 0 0%

*A metastatic endometroid cancer.
TA primary lung adenocarcinoma that metastasized to the breast.

*Positive cases were 2 of 4 large cell neuroendocrine carcinomas and 3 of 6 small cell carcinomas.

SAll these were carcinoid tumors.

of these cases were summarized in Table 3. Among
these, a representative case (Case 2) is presented be-
low.

Case 2

A small lung nodule and right cervical lymphadenop-
athy were found in an 80-year-old woman, and both
lesions were biopsied. She had undergone mastectomy
for breast cancer 13 years before the biopsy. In the
fine-needle lung biopsy, atypical carcinoma cells were
identified (Figure 2). However, the tumor cells were so
few that a diagnosis differentiating between metastatic
breast cancer and primary lung cancer was difficult. The
lymph node biopsied was replaced by an infiltration of
metastatic cancer, which histologically resembled breast
cancer cells. Immunohistochemical and transcript pro-
files were as follows: TTF-1", surfactant apoprotein A~
and ER™ in the breast cancer; TTF-1", surfactant apo-
protein A", ER™ and MGB1~ in the lung tumor, and
TTF-17, surfactant apoprotein A=, ER*, MGB1™ in met-
astatic cancer cells of the lymph node. This suggested
that the lung tumor was a primary lung adenocarcinoma,
and the tumor cells in the lymph node were metastases
from the breast cancer.

Discussion

We describe here a novel approach to the differential
diagnosis of lung tumors in patients with a history of
breast cancer. Immunohistochemical analysis is easier
and more practical than nucleic acid-based assays; how-
ever, accumulated human genome data can be used for
the nucleic acid-based assays. In this study, three can-
didate molecules, MGB1, SBEM, and PDEF, were se-
lected from the public database as highly expressed in
breast cancers but not expressed or very low in normal
lung. Only a few articles have described these mole-
cules, but they support breast-specific expression.'''®
However, both SBEM and PDEF could be detected in
normal lung. Such a discrepancy might result from our
highly sensitive RT-PCR analysis, which we used to ob-
viate the possibility of pseudo-tissue-specific expression
due to a low level of expression. Indeed, expression of
SBEM and PDEF were detected in the bronchus, which
was a minor component in the lung parenchyma.

In contrast, MGB1 exhibited a very restricted expres-
sion pattern in the breast and salivary gland. Gruenewald
et al'" reported that MGB1 is also expressed in normal
and cancerous tissues of the ovary, endometrium, and
uterine cervix, as well as in normal breast and breast

Table 3. Summary of Prospective Analysis, Using Biopsy Specimens

Case Years after breast cancer Lung tumor MGB1 ER TTF-1 Surfactant Evaluation

1 2 Solitary, lymphadenopathy + - - - Metastatic breast cancer
2 13 Solitary, lymphadenopathy - - + + Primary lung cancer

3 20 Solitary, 20 mm + + - - Metastatic breast cancer
4 11 Solitary, 18 mm + + — - Metastatic breast cancer
5 0 Multiple* - - + + Primary lung cancer

6 12 Solitary, 37 mm + - - - Metastatic breast cancer
7 2 Solitary, 25 mm + - - - Metastatic breast cancer
8 2 Solitary, 20 mm - - + - Primary lung cancer

9 12 Solitary, 15 mm + + - - Metastatic breast cancer

*Simultaneous presentation of multiple lung nodules and a breast tumor.



94  Koga et al
JMD May 2004, Vol. 6, No. 2

MGBI1

B -actin

Lane 1: Lung tumor
Lane 2: Lymph node
Lane 3: Positive control
Lane 4: DW

Figure 2. Practical application of MGB1 to an 80-year-old woman, who had a history of breast cancer 13 years previously. A lung tumor (A) and a lymph node
of her left neck (B) were biopsied. In the lung tumor specimen, a few degenerated atypical cells are seen in the background fibrosis. Although the atypical cells
are suggestive of an adenocarcinoma, it is impossible to determine whether the adenocarcinoma is primary or metastatic simply from HE sections (A). Positive
staining of TTF-1 (C) and the absence of a transcript for MGB1 (D) suggests that this lung tumor is a primary pulmonary adenocarcinoma. By contrast, the
metastatic cancer in the lymph node specimen is negative for TTF-1 and positive for MGB1 (D), suggesting metastatic breast cancer.

cancer tissues. Indeed, a metastatic endometrial cancer in
our series expressed this molecule. MGB1 is a member of
the uteroglobulin gene family, and is characterized as being
a small secretory protein with glycosylation sites. It is regu-
lated by steroid hormones, including estrogen and andro-
gen.® Itis of note that all members of this gene family show
tissue-specific expression: Clara cell antigen (secretoglo-
bin, family 1A, member 1) in the lung and kidney;'” pros-
tatein-like lipophilin A (secretoglobin, family 1D, member 1)
in the prostate and tears;'® and uteroglobin-related protein
1 (secretoglobin, family 3A, member 2) in the lung."® Fur-
thermore, all but uteroglobin-related protein 1 are localized
in tandem in chromosomal region 11g12.2. In addition, their
physiological functions remain unclear.

The present study demonstrated that MGB1 is a sen-
sitive and specific marker to identify metastatic breast
cancers in the differential diagnosis. However, there was
a notable exception of unexpected MGB1 expression in
small cell carcinomas. Interestingly, small cell carcino-
mas unexpectedly expressed TTF-1, which regulates
functional pulmonary molecules, such as surfactant apo-
protein, and is expressed commonly in terminal airway
unit cells and their cancers. Recent research suggests

that stem cells can express a broad range of genes.?%2"
Morphologically, small cell carcinomas appear as very
primitive or undifferentiated cells, and thus the unex-
pected co-expression of MGB1 and TTF-1 may have
some association with the multi-lineage gene expression
of stem cells. Indeed, ectopic expression of c-Kit, stem
cell factor,?®2® and some cancer testis antigens®* are
more common in small cell lung carcinomas than in non-
small cell lung cancers.

In contrast to morphological analysis, RNA just for
RT-PCR is relatively tolerant of degeneration, and RT-
PCR analysis of MGB1 can be applied to a small number
of tumor cells, even in a biopsy. Application of the assay
to paraffin-embedded tissues may be more practical.
However, a preliminary study using paraffin-embedded
tissues resulted in successful detection for MGB1 ampli-
fication in only half of the positive controls studied (data
not shown). RT-PCR of shorter sequences and RT-PCR
followed by RNA amplification may lead to more consis-
tent detection. Alternative material for the assay is a
touch-imprint specimen of the biopsy, as described.
These specimens provide high quality and sufficient
amounts of RNA to perform RT-PCR. Moreover, tumor



cells were significantly enriched by the procedure.?® A
similar approach using SAGE and cDNA-microarray da-
tabases may allow the identification of molecules specific
for other organs or cancers that are applicable for tumors
of unknown origin.

In interpreting the results of MGB1 expression, atten-
tion should be paid to two factors. First, high-grade neu-
roendocrine cancers may show positive transcripts for
MGBH1. In this case, TTF-1, which is commonly used for
the identification of pulmonary adenocarcinomas, may
also be positive. When tumor cells show poorly differen-
tiated or undifferentiated morphology, and/or atypical
gene expression, such as the MGB1™", TTF-1" pheno-
type, the possibility of high-grade neuroendocrine tumors
should be excluded. Second, metastatic salivary gland
cancers and gynecologic malignancies are possible tu-
mors that may express MGB1. Like lung cancers, ovarian
cancers and endometrial cancers preferentially occur as
second primary neoplasms.® However, gynecological tu-
mors rarely metastasize to the lung as solitary tumors
without peritoneal involvement.

Although a validation study based on a larger series of
various cancers is needed, the strategy described in this
study provides a useful tool to develop methods for the
differential diagnosis of primary and metastatic tumors. It
appears to be more important to develop novel methods
for the differential diagnosis of squamous cell carcino-
mas in those patients with head and neck cancers, be-
cause differential diagnosis is required second most fre-
quently for these cases. Squamous cell carcinomas of
the head and neck often arise in a multi-focal fashion,
which is explained by the field cancerization theory, and
squamous cell carcinomas of the head and neck and of
the lung are morphologically indistinguishable. It is there-
fore of urgent need to develop markers distinguishing
squamous cell carcinomas arising from the two organs.
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