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Abstract

Introduction: Asmany as 30% of node-negative breast cancer patientsrelapsewithin five years, suggesting that
current histological detection methods areinadequate for identifying metastatic disease. Detecting small number of
cancer cellsin thebreast tissue or lymph node by rever setranscription-polymerase chain reaction (RT-PCR) assays
using a combination of tissue and cancer specific markers might bevery useful in the early detection or monitoring
of the treatment. Mammaglobin is a member of the uteroglobin gene family and appears to be expressed only in
breast tissue. Car cinoembryonic antigen hasbeen the preferred molecular marker for detection of micro metastases
in lymph nodes in aimost all carcinomas. Materials and Methods: Samples were collected from randomly chosen
breast cancer patients undergoing modified mastectomy or breast conserving surgery between September 2003 and
July 2004. RT-PCR was applied to study the expression of MM G and CEA markers. Breast cancer micrometastases
in axillary lymph nodeswere also assessed. Results: The MM G marker was positivein 9/10 normal breast tissues, 3/
3 breast fibroadenomas and 37/39 of breast carcinoma tissues, giving an overall sensitivity of 94%. The sensitivity
was 80% for metastatic lymph node samples. On the other hand CEA showed 95% sensitivity for malignant breast
tumorsand 100% sensitivity for metastatic lymph nodes. Conclusions: RT-PCR using a combination of MM G and
CEA markersis a powerful tool to complement current routine histopathology techniques for detection of breast
cancer metastasisin axillary nodes.
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| ntroduction Study Group, 1990) that was not detected by routine
histopathologic examination (Aihara et al., 1999).

Breast cancer is one of the most common cancers in Reverse transcription-polymerase chain reaction (RT-
women, and is rapidly increasing in incidence and deatACR) assays using tissue or cancer-specific gene transcripts
rate (Sloane et al., 1980; Branagan et al., 2002). Detectitftymor markers) have been reported to constitute a sensitive
small number of cancer cells in the breast tissue or lympinethod for detection of breast cancer dissemination in
node might be very useful in the early detection omxillary lymph nodes (Duffy, 2001). Since most tumor
monitoring of the treatment (Sloane et al., 1980; Yeu-Tsunarkers in clinical practice lack organ specificity (Watson
1994) As many as 30% of patients with breast cancer whet al., 1994) combining several markers may be more
have undergone curative surgery and show no evidence momising for improving the incidence of cancer detection
locoregional or distant disease still have recurrent diseagBuffy, 2001). Mammaglobin is a member of the uteroglobin
over 5-10 years (Hellman, 1994; International (Ludwig)gene family, which is localized on human chromosome
Breast Cancer Study Group, 1990). Some of these treatmdig13 and appears to be expressed only in breast tissue (Jnku
failures may be attributed to residual disease in the breastetral, 2004; Marchetti et al., 2001). Mammoglobin messenger
axillary lymph nodes (International (Ludwig) Breast CanceRNA expression has been reported in 70% to 95% of primary
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and metastatic breast tumor biopsies (Leygue et al., 199Bable 1. Sequences of Actin, MM G, and CEA Primers
Masuda et al., 2000). Carcinoembryonic antigen has be@pqr Sequence (5-3)) Size (bp)
the preferred molecular marker for detection of—

micrometastases in lymph nodes in almost all carcinoma(%?t!” MP1 s-crc-TTc.cac-cortecTTecrs

However, some evidence suggests that false positives ma()J/tln Mﬁezlln:;fig;ZGTG'TTG'GCG'AC'G'?’ 115
arise in some situations (Masuda et al., 2000). It has been

shown that both of MMG and CEA are appropriate tumoMMG D2 5-GAC-ATA-AGA-AAG -AGA-AGG-TGT GG 3

markers, consistently expressed in tumor but not normIMG D2102s- cac-cec-crr.ccrreaTeeTre 3 430
lymph nodes (Marchetti et al., 2001). In the present study, Branagan et al., 2002

we applied a combination of mammaglobin (MMG) andCEA forwards- Gac-cGA-ACC-TCA-ACC-TCT-CCT-GCC-ACT-3
carcinoembryonic antigen (CEA) genes for the detection GFEA reverse-TGT-AGC-TGT-TGC-AAA-TGC-TTT-AAG-GAA-GAA GC-3' 366
breast cancer micrometastases in axillary lymph nodes. Masuda et al., 2000

RNA samples was verified by amplification of actin mMRNA
Materialsand M ethods by RT-PCR.

Patients and sample collection Results

Samples were collected from 59 randomly chosen breast
cancer patients undergone modified mastectomy or breagilidation of markers
conserving surgery between September 2003 and July 2004. Eight breast tissue samples, 3 with malignant findings
They included 52 breast tumor samples (3 fibroadenomand 5 with normal histopathology, together with 2
10 nonmalignant breast tissue, 39 breast carcinoma) and g&thologically malignant lymph nodes were used to establish
axillary lymph node samples (5 metastatic, 8 non-metastatiche validity of MMG and CEA markers for the detection of
One half of each axillary lymph node was formalin fixedbreast tissue and breast cancer metastases. MMG was
and embedded for routine histological examination byositive in all breast tissues as well as metastatic lymph
hematoxylin and eosin (H&E) staining. The other half ofnodes. On the other hand CEA was positive in all known
the lymph nodes and malignant and nonmalignant breagtalignant tissues and negative in normal ones. Actin which
tissues were stored at 4°C for a short period (usually betwegad been used as positive control was positive in all samples.

12-24h) until RNA extraction. These markers were selected on the basis of their previously
reported specificity for normal breast tissues and breast
RNA extraction cancer metastases in lymph nodes (International (Ludwig)

Total RNA was extracted with a single-step method3reast Cancer Study Group, 1990; Masuda N. et al., 2000).
(Greenberg et al., 2003) from surgical and pathological

specimens using TriPure Isolation Reagent (Roche Applied)etection of micrometastases: comparison between CEART-
according to the manufacture’s protocol. Fresh tissupCR and MMG RT-PCR

specimens were cut into small pieces with clean surgical A total of 1022 tissue samples from 59 breast cancer

knives to avoid RNA degradation. patients were analyzed using RT-PCR for expression of the
validated markers. All patients were females, aged 19 to 88
Multiplex RT-PCR assay (mean 47.5). The actin mRNA message was used as positive

Complementary DNA (cDNA) was generated withcontrol in all experiments. Two samples which had negative
moloney murine leukemia virus reverse transcriptaseesults for actin were excluded from this study. The
(Invitrogen life technologies) according to the manufacture'gistribution of MMG and CEA positivity in nonmalignant
protocol. Briefly, Jug of RNA was incubated at 65°C for 5 breast tissues, fibroadenomas, primary breast cancers and
min and then put on ice for at least 2 min before the additiometastatic and nonmetastatic lymph nodes is summarized
of RT reaction reagents with Oligo-(dT) 18 (QUg#—ul)  in Table 2. Of 10 patients with non-malignant breast tissues,
priming. The RT reaction was performed at 37°C for 5 mirg had samples with MMG positive results. There was one
and 42°C for 55 min, followed by heating at 70°C for 10CEA positive result among samples obtained from
min and 4°C for 2 min. histologically non-malignant breast tissues samples.

Multiplex PCR was performed in a0reaction mixture  However 1 out of 9 axillary nodes in this patient was
containing il cDNA template, 1X Biotools PCR buffer, histologically positive. Of 39 patients affected with breast
1.5 mM MgCl, 1mM deoxynucleotide triphosphates M  carcinoma, 37 were MMG positive. Among MMG positive
of each primer, and 2 units of Tag DNA polymerasgi5u/ patients, 2 were CEA negative. On the other hand, 37 patients
(Biotools DNA polymerase).The PCR condition was initialwere CEA positive among which 2 were MMG negative.
denaturing at 94°C for 5min, followed by 35 cycles at 95°Crhus, all malignant breast tissue samples were either MMG
for 0.5min, 60°C for 0.5 min, 68°C for 2.5 min, and for finalor CEA positive. Five histologically positive and 8
extension 68°C for 5 min. The primer sequences used f@istologically negative node patients were studied. All
actin, mammaglobin and carcinomaembryionic antigemistologically positive nodes were CEA positive and 4 were
cDNA detection are shown in Table 1. The integrity of allMMG positive. In one histologically negative lymph node
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Table 2. MMG, CEA and B-ACTIN mRNAs in Non-  References
malignant Breast Tissues, Fibroadenomas, Primary

Breast Cancersand Axillary Lymph Nodes (LN) Aihara T, Fujiwara Y, Ooka M, et al ( 1999). Mammaglobin B as a
novel marker for detection of breast cancer micrometastases
. MMG  CEA" MMG'/CEA* in Axillary lymph nodes by reverse transcription-polymerase
Tissue/pathology n n (%) n(%) n(%) chain reactionBreast Cancer Res Treat, 58, 137-40.
Breast/normal 10 9 (90) 1 (10) 9(90) Berois N, Varangot M, Aizen B, et al (2000). Molecular Detection
Breast/Fibroadenoma 3 3(100) 0 (0) 3(100) of cancer cells in bone marrow and peripheral blood of patients
Breast/carcinoma 39 37 (95) 37 (95) 39 (100) with operable breast cancer. Comparison ofCK19, MUC1 and
LN/metastatic 5 4 (80) 5(100) 5 (100) CEA using RT-PCREur J Cancer, 36,717-23.
LN/Non-metastatic 8 2 (25) 3 (38) 3 (38) Branagan G, Hughes D, Jeffrey M, et al (2002) Detection of micro

metastases in lymph nodes from patients with breast cancer.

CEA was positive. Moreover, in 2 histologically negative  Br J Surg, 89, 86-9.

lymph nodes, both MMG and CEA were positive. All theseChomczynski P, Sacchi N (1987). Single-step method of RNA

3 patients had breast carcinomas. isolation by acid guanidinium thiocyanate-phenol-chloroform
extraction. Anal Biochem, 162, 156-9

Duffy MJ (2001). Clinical uses of tumor markers: a critical review.
Crit Rev Clin Lab i, 38, 225-62.

| dies h b f d to fi g;reenberg R, Schwartz |, Skornick, et al (2003). Detection of
To date, several studies have been performed to fin hepatocyte growth factor/scatter factor receptor(c-Met) in

appropriate tumor markers for breast cancer (Yeu-Tsu, 1994; ,yiliary drainage after operations for breast cancer using reverse
Duffy, 2001). In the present study, we obtained a 94% transcriptase,Aipolymerase Chain reactiBreast Cancer Res,
sensitivity for the MMG marker overall and 80% for 5 R71-6
metastatic lymph nodes. CEA showed a 95% sensitivity foHellman S (1994). Natural history of small breast candglis.
malignant breast tumors and 100% sensitivity for metastatic Oncol, 12, 2229-34.
lymph nodes. Our finding of the absence of MMG marke,lnternational_(L_udwig) Breast Cancer St_udy Group (1990):
expression in the 1 of 10 normal tissue samples is in Frognostic importance of occult axillary lymph node
accordance with similar earlier studies (Jnku et al., 2004; micrometastases from breast canceascet, 335, 1565-8.

o t]anku F, Kleibl Z, Novotny J, et al (2004). Mammaglobin A, a
Watson et al., 1996). The fact that t_WO out of 39 maI!gnan novel marker of minimal residual disease in early stages breast
samples showed no MMG expression may be explained by cancerNeoplasma, 51, 204-8.
a lack of expression with advanced malignancies (Min eteygue E, Snell L, Dotzlaw H et al (1999) Mammaglobin, a
al., 1998; Masuda et al., 2000). potential marker of breast cvancer nodal metasthBiathol,

Our results are furthermore indicative of a higher 189, 28-33.

sensitivity of these molecular markers for detection ofin CJ, Tafra L, Verbanac KM (1998). Identification of superior
micrometastases than standard histopathology. The 10-year Markers for polymerase chain detection of breast cancer
disease-free and overall survival rates may be significantly, metastases in sentinel lymph Nod@ancer Res, 58,4581-4.

. . . . asuda N, Tamaki Y, et al(2000). Clinical significance of
2 'tet:flr Inlggtxnta (;Nv:/tg\?gi T;féor(:}ier:?:;el‘sae; d(i)r;grgr??g?isckl micrometastases in axillary lymph nodes assessed by reverse

e . ) transcription-polymerase chain reaction in breast cancer
significance of our results need to be further investigated in  patients Clin Cancer Res, 6, 4176-85.

a prospective study on a larger number of breast cancgfarchetti A, Buttitta F, Bertacca G, et al( 2001). mMRNA markers
patients. Obtaining lymph nodes for RT-PCR experiments of breast cancer nodal metastases: comparison between
is difficult due to the ethical concerns regarding use for a mammaglobin and carcinoembryonic antigen in 248 patients.
research only and therefore clinicians and pathologists sent J Pathol, 195, 186-90. _ _
samples for this part of the study only when they hacdploane QP, _Ormerc_;d MG, NeviIIeAM_(1980).Potent|aI pathologl_cal
sufficient tissue for their routine pathological studies. 3?ﬂﬁ?gﬂ;gs'fggga?cﬁog%Cﬂor;'gtggds to the detection
The present study suggests that molecular detection gf "2 “Fleming TP (1994). Isolation of differentially
MMG and. _CEA markers by RT'PCR_ COU"?' be a powerful expressed sequence tags from human breast c&lareer
and sensitive complement to routine histopathological Res 54, 4598-602.
analysis. This study also suggests that the application of th@atson MA, Fleming TP (1996). Mammaglobin, a mammary-
two in combination would provide a higher detection rate. specific member of the uteroglobin gene family is over
This approach needs good cooperation between surgeons, expressed in human breast canCancer Res, 56, 860-5.
pathologists and molecular laboratories. Further evaluatioWatson MA, Dintzis S, Darrow CM, et al (1999). Mammaglobin
in larger studies should help establish the clinical utility for ~ €xpression in primary, metastatic and occult breast cancer.

; Cancer Res, 59, 3028-31.
breast cancer patient management. i )
P 9 Yeu-Tsu ML (1994), Patterns of metastasis and natural courses of

breast carcinomaCancer, 74, 2403-13.

Discussion

Acknowledgement

This work was supported jointly by the Cancer Research
Center and the “Gene Institute”.

398 Asian Pacific Journal of Cancer Prevention, Vol 7, 2006



