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effusion of patients with breast cancer [250, 353-357], or axillary drainage
fluid after surgery [358-361]. The representative studies at the dawn of a new
golden age of molecular detection and characterization of micrometastasis,
DTCs and CTCs in breast cancer are listed in table 5-8.

LN metastasis is usually determined by histologic analysis of one or a
few hematoxylin and eosin sections from each LN, and axillary LN status is
the most powerful predictor of patient outcome. However, patients without
axillary LN metastasis are not completely devoid of risk for relapse.
Therefore, considerable efforts have been made to find prognostic markers
such as HER2, p53 and cathepsin D in breast cancer tissue, although their
clinical significance is less conclusive because of limited and conflicting
data. Another concern is false negative pathological findings. In this respect,
a study of particular interest indicated that the serial sectioning technique
revealed micrometastases in 9% of breast cancer patients who were
diagnosed as node-negative by routine histological examination, and these
patients had a poor disease-free and overall survival [362]. In agreement with
this study, several studies have shown that the serial sectioning technique
with or without THC can detect micrometastases [363-366]. Thus, routine
histological examination may underestimate the true incidence of metastasis.
Unfortunately, the serial section technique is not practical as a routine
method, as it is cumbersome and time-consuming. On the other hand, RT-
PCR based methods are highly sensitive, require relatively less time to
perform and are cost effective [214, 367]. So far, several studies have
demonstrated that micrometastases could be detected at a significant
frequency in histologically negative LNs, and it is interesting to note that
micrometastases in LNs detected by RT-PCR for CEA were associated with
reduction of both disease-free survival and overall survival [220].

" Recent studies have shown that the sentinel lymph node (SLN), which is
the first drainage LN from the site of the breast cancer, can be used to predict
nodal status [368-370]. The fundamental concept underlying sentinel node
mapping is that the lymphatic effluent of a tumor drains initially to a sentinel
node (or to a few SLNs) before other nodes in the group receive tumoral
drainage. SLN biopsy may allow patients with breast cancer to avoid the
morbidity of formal axillary clearance [370, 371]. For intraoperative
assessment, the recent European Working Group for Breast Screening
Pathology guidelines advocate multilevel assessment of grossly or
intraoperatively negative sentinel nodes with levels separated by a maximum
of 1 mm [372]. In this respect, several reports have suggested that RT-PCR
based methods may be useful for more accurate diagnosis of metastasis in
SLN [221, 222, 224, 234, 237, 241, 244, 246-248, 373]. For perioperative
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diagnosis, the rapid molecular test assay appears to be a favorable method for
analysis [367, 374, 375].

Detection of BM micrometastases may have a role in monitoring
treatment, predicting prognosis, and understanding tumor biology. At the
time the primary breast cancer is diagnosed, metastatic bone lesions are
usually beyond detection by conventional methods such as radiography, or
skeletal scintigraphy. Furthermore, conventional histological methods could
find cancer cells in only a few cases. However, the addition of
immunohistological methods has led to improvements in the ability to detect
breast cancer cells in BM aspirates or biopsy samples. Importantly,
immunologic detection of epithelial cells in the BM correlated with a
significantly shorter disease-free survival in breast cancer [177, 376-380].
Similarly, BM micrometastases detected by RT-PCR for mammaglobin
(MGB) were correlated with early distant recurrence of breast cancer [269].
Moreover, one study using RT-PCR for cytokeratin (CK) 19 indicated that
the presence of BM micrometastases was associated with a high risk of
relapse in patients with proven metastatic breast cancer undergoing BM
transplantation [253]. The detection of occult carcinoma in BM or PB stem
cell (PBSC) collections may be of special concern in the setting of
autologous BM transplantation for breast cancer patients, as high dose
chemotherapy or granulocyte-colony stimulating factor may mobilize cancer
cells into circulation [260, 381]. The possibility of contaminated PBSC
collections was significantly higher in patients with CK19 positivity in BM at
diagnosis, and there was a trend towards longer relapse free survival in
patients transplanted with CK19-negative PBSC collections as compared
with the others [260]. Similarly, conventional-dose chemotherapy caused
cancer cell mobilization into the circulation, and the presence of circulating
maspin positive cells was associated with disease progression [302].

On the other hand, obtaining serial blood samples is much easier and less
invasive than the process involved in obtaining BM aspirates or biopsy
samples. Currently available IHC methods are not sensitive enough to detect
low numbers of CTCs in PB [257], but the introduction of RT-PCR
techniques have opened up the way to a more sensitive and meaningful
analysis of CTCs in PB [250, 291, 382]. Despite the relatively recent
introduction of this methodology, several studies have demonstrated
preliminary but promising data. For instance, in patients with gastrointestinal
or breast cancer, the detection rates for CEA mRNA in PB increased with
advancing stage of disease; moreover, in patients who underwent curative
surgery, those with positive for CEA mRNA showed higher relapse rates than
those who were negative [383). Furthermore, another study found a
significant association between positivity for CK19 mRNA and the presence
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of distant metastasis [301]. In this study, increased intensity of CK19 RT-
PCR signal, presumably indicating higher numbers of CTCs, was associated
with reduced survival. In addition, the detection of CK19 mRNA positive
cells in the PB of patients with stage | and II breast cancer before the
initiation of any adjuvant treatment was an independent prognostic factor for
disease relapse and death [273]. In patients with progressive, locally
advanced, and metastatic breast cancer, circulating CK19 positive cells
detected by quantitative RT-PCR reflected the changes in disease load [303].
In this study, the trend over a period of months was particularly important. A
study using DF3 as molecular marker demonstrated that operative
manipulation enhanced cancer cell dissemination [252], indicating that cancer
surgery will result in increased shedding of cancer cells into the circulation.
Moreover, when CTCs from PB were analyzed before and during therapy for
EpCAM, MUCI and HER2 transcripts, molecular profiling of CTCs could
offer superior prognostic information and predictive judgement of
therapeutical regimens in the study of Tewes et al [384]. Thus, molecular
characterization of CTCs might contribute to improving targeted and more
individualized cancer therapies. In this field, important progress has also
arisen from the development of an automated enrichment and
immunocytochemical detection system for CTCs [177, 385].

In general, however, the metastatic process is grossly inefficient, and the
presence of cancer cells in the blood circulation does not necessarily indicate
the subsequent appearance of systemic disease [176, 386]. Moreover, it is
generally believed that the majority of cancer cells that shed into the blood
circulation, are cleared and do not survive in the peripheral circulation, only a
very few cancer cells succeeding in establishing secondary tumors [176, 387,
388)]. Therefore, there seems to be dissociation between molecular positivity
and true metastatic disease, and a more detailed molecular study might give
information about the metastatic potential as well as the natural history of
CTCs in PB.

3. Sensitivity, specificity, and problems in assay

Several factors may affect the sensitivity and specificity of PCR-based
methods. For example, methods of an endpoint analysis to evaluate PCR and
RT-PCR products may affect the sensitivity. To date, the majority of studies
have used ethidium bromide (EtBr) staining as an endpoint analysis to evaluate
these products. However, Southen blot analysis increases the sensitivity
compared with EtBr staining [205, 212]. In addition, immunomagnetic bead
technology may provide a sensitive and specific means for identifying very
small numbers of breast cancer cells in PB [295, 299].
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More importantly, as PCR-based methods are up to 100 times more
sensitive than conventional methods in detecting micrometastases, this
extreme sensitivity confers an inherent disadvantage of producing false
positive results [389]. An important cause of false positive results is
contamination by carry-over products from the previous PCR amplifications,
or contamination by cancer cells or normal epithelial cells. When using
epithelial markers, the first blood sample should be discarded to avoid
epithelial contamination. For BM aspiration, the skin should be incised
before the aspirates are taken. Moreover, the existence of a processed
pseudogene or illegitimate transcription of CKs in hematopoietic cells may
cause false positive results [259, 390]. Importantly, even a small number of
copies of mRNA transcripts presents a problem, not only for CK but for any
targeted gene that is expressed at low levels in noncancer cells. One approach
to overcome this problem is to develop a quantitative method in which a
competitive sequence is used in PCR titration assay, and to introduce an
appropriate cut-off value [262, 267, 304]. When using epithelial markers for
molecular detection, it must be remembered that the presence of amplified
products of these markers is not specific for breast cancer, as other epithelial
neoplasms may also produce a positive results. Even benign breast epithelial
cells could be mobilized during breast surgery for benign disease [391]. In
contrast, false negative results may occur because of the deficient expression
of the marker gene in micrometastatic cancer cells. For example, when using
CK19, RT-PCR may fail to detect cancer cells that do not express CK19
transcript but rather express one or more of the other CK genes such as CK7,
CK8 or CK18 [392]. Therefore, breast cancer specific markers seem to be
crucially important for detection of micrometastasis, Given the lack of such
breast cancer specific markers, tissue specific markers, including maspin and
- MGB, seem to be the next choice,

Maspin is homologous with the serine superfamily of protease inhibitors.
It is shown to be produced by normal mammary epithelial cells, but its
expression is down regulated or absent in breast cancer cells and tissues,
suggesting that maspin functions as a tumor suppressor [393]. Two studies
have indicated that maspin is useful to detect cancer cells in PB or BM [255,
302]. However, the sensitivity and specificity of maspin has been questioned
in other studies [217, 248]. MGB exhibits homology to several secretory
epithelial proteins of the uteroglobin gene family, and the human MGB gene
is located on 11ql3, a region that is amplified in a subset of breast cancer
[394]. In non-malignant tissues, expression of MGB is strictly limited to the
mammary epithelium, and it is highly expressed in primary breast cancer
cells [218, 394, 395]. Moreover, MGB B/MGB?2 is a recently cloned member
of the uteroglobin gene family that is homologous to the MGB gene [396].
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To date, the physiological role of these protein in breast tissue is unknown, as
is their involvement in breast tumorigenesis. However, based on their breast
cancer association and somewhat unique breast-specific pattern of
expression, these proteins appear to be excellent candidates for molecular
markers of breast cancer [216, 221, 222, 248, 298, 300, 397].

An ideal molecular marker to detect micrometastasis should be specific
to cancer cells and not to normal cells, or to the tissue from which the tumor
cell originated. It should not be present in any other cells and tissues than
tumor cells. Furthermore, it should be easily detectable with little variance.
More importantly, it should be clinically significant. As mentioned above, no
single marker evaluated can be used for every breast cancer patient, partly
because of heterogeneity of gene expression in cancer cells. Therefore, multi-
marker analysis seems to be promising for accurate examination of
micrometastasis [214, 222, 223, 248, 266, 309]. Ultimately, microarray
analysis will be more effective and may yield more useful data. A study of
particular interest demonstrated that complementation of MGB with
additional genes including B305D, B311D, B533S, B726P and GABA=m
increased the detection rate [306]. In a similar study using high-sensitivity
array analysis of 170 candidate marker genes, cluster analysis identified a
group of 12 genes that were elevated in the blood of cancer patients [308].
These genes included SRP19, CD44, TRP-2-8b, maspin, HSIX1, Groga,
myosin light chain, MDM2, B-tubulin, N33, and laminina3. Mean expression
levels of these genes were elevated in 77% of breast cancer patients, and
cluster analysis could correctly classify healthy volunteers and patients.

Thus, molecular methods seem to be useful not only for accurate
diagnosis but also for detection of micrometastasis in LN, BM, PB and other
body fluids. Potential uses of molecular detection of micrometastasis include:
aiding in the selection of patients for earlier treatment for minimal residual
disease, improvement of preoperative staging, and monitoring the
effectiveness of therapy. Moreover, DNA microarray analysis may allow
patient-tailored therapy strategies. A study of particular interest has suggested
that gene expression profile will outperform all currently used clinical
parameters in predicting disease outcome of breast cancer [168]. These genes
consisted of those regulating cell cycle, invasion, metastasis and
angiogenesis. However, before these techniques enter routine use in cancer
patients, it remains to be evaluated in prospective studies with a large number
of patients whether PCR-based methods may provide any diagnostic and
prognostic information. For this purpose, sample collection, processing,
choice of primers, use of proper controls and meticulous contaniination-
minimizing techniques should be standardized.
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Conclusion

Recent advances in molecular technology have created the opportunity to
understand the biology of breast cancer and the heterogeneous nature of this
disease. Ultimately, full awareness of the factors underlying individual
differences in cancer etiology and drug response will allow the development
of more specific diagnosis and treatment.

Acknowledgement

This study was supported by Japan's Ministry of Health, Labor and
Welfare research grant, a study on the construction of algorithm of
multimodality therapy with biomarkers for primary breast cancer by a
formulation of decision making process, led by Masakazu Toi(H20-3JIGAN-
IPPAN-007).

References

1. Matsuda, T., Marugame, T., Kamo, K., Katanoda, K., Ajiki, W., Sobue T, et al.
2008, Jeurnal of Clinical Oncolegy-{inpress)

2. Madigan, M. P., Ziegler, R. G., Benichou, J., Byrne, C., Hoover, R. N. 1995,]
Natl Cancer Inst 87, 1681.

3. Ford, D, Easton, D. F., Stratton, M., Narod, S., Goldgar, D., Devilee, P., et al.
1998, Am J Hum Genet 62, 676.

4. Miki, Y., Swensen, J., Shattuck-Eidens, D., Futreal, P. A., Harshman, K.
Tavtigian, S., et al. 1994, Science 266, 66.

5. Wooster, R., Bignell, G., Lancaster, 1., Swift, S., Seal, S., Mangion, J., et al.
1995, Nature 378, 789.

6. Venkitaraman, A. R. 2002, Cell 108, 171.

7. Ford, D., Easton, D. F. 1995, Br ] Cancer 72, 805.

8. Ikeda, N., Miyoshi, Y., Yoneda, K., Shiba, E., Sekihara, Y., Kinoshita, M., et al.
2001, Int J Cancer 91, 83.

9. Hopper, J. L., Southey, M. C., Dite, G. S., Jolley, D. 1., Giles, G. G., McCredie,
M. R., etal. 1999, Cancer Epidemiol Biomarkers Prev 8, 741.

10. Thorlacius, S., Struewing, J. P., Hartge, P., Olafsdottir, G. H.. Sigvaldason, H.,
Tryggvadottir, L., et al. 1998, Lancet 352, 1337.

11. Begg, C. B. 2002, J Natl Cancer Inst 94, 1221,

12. Fan, S., Wang, I, Yuan, R., Ma, Y., Meng, Q., Erdos, M. R,, et al. 1999, Science
284, 1354,

13. Rebbeck, T. R., Levin, A. M., Eisen, A., Snyder, C., Watson, P., Cannon-
Albright, L., et al. 1999, ] Natl Cancer Inst 91, 1475,

14. Eisinger, F., Jacquemier, J, Charpin, C., Stoppa-Lyonnet, D., Bressac-de
Paillerets, B., Peyrat, J. P., et al. 1998, Cancer Res 58, 1588.



20.
21,

22.
23.

24,
25,
26.
27.
28.
29.
30.
31
32,
33.
34,

35.
36.

37

38.

Katsumasa Kuroi & Masakazu Toi

. Ammes, 1. E,, Egan, A. ], Southey, M. C., Dite, G. S., McCredie, M. R., Giles, G.

G., et al. 1998, Cancer 83, 2335.

. Marcus, J. N., Warson, P., Page, D. L., Narod, S. A_, Lenoir, G. M., Tonin, P., et

al. 1996, Cancer 77, 697.

. Phillips, K. A., Andrulis, I. L., Goodwin, P. J. 1999,J Clin Oncol 17, 3653.
. Palacios, J., Robles-Frias, M. J., Castilla, M. A, Lopez-Garcia, M. A., Benitez, J.

2008, Pathobiclogy 75, 85.

. Ammes, J. E, Trute, L., White, D., Southey, M. C., Hammet, F., Tesoriero, A., et

al. 1999, Cancer Res 59, 2011.

Robson, M., Rajan, P., Rosen, P, P., Gilewski, T., Hirschaut, Y., Pressman, P, et
al. 1998, Cancer Res 58, 1839.

Crook, T., Crossland, S., Crompton, M. R., Osin, P., Gusterson, B. A. 1997,
Lancet 350, 638.

Watson, P., Marcus, J. N., Lynch, H. T. 1998, Lancet 351, 304,

Nicoletto, M. O., Donach, M., De Nicolo, A., Artioli, G., Banna, G., Monfardini,
S. 2001, Cancer Treat Rev 27, 295,

Coussens, L., Yang-Feng, T. L., Liao, Y. C., Chen, E., Gray, A., McGrath, 1., et
al. 1985, Science 230, 1132.

Menard, S., Tagliabue, E., Campiglio, M., Pupa, S. M. 2000,] Cell Physiol 182,
150.

Klapper, L. N., Glathe, S., Vaisman, N., Hynes, N. E., Andrews. G. C,, Sela. M.,
et al. 1999, Proc Natl Acad Sci U S A 96, 4995,

Karunagaran, D., Tzahar, E., Beerli, R. R., Chen, X., Graus-Porta, D., Ratzkin, B.
J., etal. 1996, Embo J 15, 254,

Slamon, D. J., Godolphin, W., Jones, L. A., Holt, I. A., Wong, S. G., Keith, D.
E., etal. 1989, Science 244, 707.

Liu, E., Thor, A., He, M., Barcos, M., Ljung, B. M., Benz, C. 1992, Oncogene 7,
1027.

Bames, D. M., Bartkova, J., Camplejohn, R. S., Gullick, W. I., Smith, P. J,
Millis, R. R. 1992 Eur J Cancer 28, 644,

Gusterson, B. A., Machin, L. G., Gullick, W. J., Gibbs, N. M., Powles, T. J.,
Elliott, C., et al. 1988, Br J Cancer 58, 453.

Stark, A., Hulka, B. S., Joens, S., Novotny, D., Thor, A. D., Wold, L. E., et al.
2000, J Clin Oncol 18, 267.

Berger, M. S., Locher, G. W., Saurer, S., Gullick, W. J., Waterfield, M. D.,
Groner, B., et al. 1988,Cancer Res 48, 1238,

Stal, O., Borg, A, Ferno, M., Kallstrom, A. C., Malmstrom, P., Nordenskjold, B.
2000, Ann Oncol 11, 1545,

Climent, M. A., Segui, M. A., Peoro, G., al., e. 2001, The Breast 10, 67.
Carlomagno, C., Perrone, F., Gallo, C., De Laurentiis, M., Lauria, R., Morabito,
A., etal. 1996, J Clin Oncol 14, 2702.

Berry, D. A, Muss, H. B., Thor, A. D., Dressler, L., Liu, E. T., Broadwater, G.,
et al. 2000, J Clin Oncol 18, 3471.

Knoop, A. S., Bentzen, S. M., Nielsen, M. M., Rasmussen, B. B., Rose, C. 2001,
J Clin Oncol 19, 3376.



Molecular markers in breast cancer 41

39.
40.

41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54,
55.
56.
57.
58.
59.

60.
61.

Yamauchi, H., Stearns, V., Hayes, D. F. 2001, ] Clin Oncol 19, 2334.

Shou, J., Massarweh, S., Osborne, C. K., Wakeling, A. E., Ali, S., Weiss, H,, et
al. 2004, J Natl Cancer Inst 96, 926.

Ellis, M. J., Coop, A., Singh, B., Mauriac, L., Llombert-Cussac, A., Janicke, F.,
etal. 2001, J Clin Oncol 19, 3808.

Benz, C. C., Scott, G. K., Sarup, J. C., Johnson, R. M., Tripathy, D., Coronado,
E., et al. 1993, Breast Cancer Res Treat 24, 85,

Lee, H., Jiang, F., Wang, Q., Nicosia, S. V., Yang, I, Su, B, et al. 2000, Mol
Endocrinol 14, 1882.

Muss, H. B., Thor, A. D., Berry, D. A, Kute, T., Liu, E. T., Koerner, F., et al.
1994, N Engl J Med 330, 1260.

Paik, S., Bryant, 1., Park, C., Fisher, B., Tan-Chiu, E., Hyams, D., et al. 1998, ]
Natl Cancer Inst 90, 1361.

Thor, A. D., Berry, D. A, Budman, D. R., Muss, H. B., Kute, T., Henderson, 1.
C., et al. 1998, J Natl Cancer Inst 90, 1346.

Di Leo, A., Gancberg, D., Larsimont, D., Tanner, M., Jarvinen, T., Rouas, G.,
et al. 2002, Clin Cancer Res 8, 1107.

Harris, L. N., Yang, L., Liotcheva, V., Pauli, S, Iglehart, J. D., Colvin, O. M.,
et al. 2001, Clin Cancer Res 7, 1497.

Jarvinen, T. A., Tanner, M., Rantanen, V., Barlund, M., Borg, A., Grenman, S.,
et al, 2000, Am J Pathol 156, 839.

Jarvinen, T. A., Kononen, 1., Pelto-Huikko, M., Isola, J. 1996, Am ] Pathol 148,
2073.

Jarvinen, T. A., Tanner, M., Barlund, M., Borg, A., Isola, I. 1999, Genes
Chromosomes Cancer 26, 142,

Rody, A., Karn, T., Gatje, R., Ahr, A., Solbach, C., Kourtis, K., et al. 2007 Breast
16, 86.

Orlando, L., Del Curto, B., Gandini, 8., Ghisini, R., Pietri, E., Torrisi, R., et al.
2008, Breast.

Goldhirsch, A., Wood. W. C., Gelber, R. D., Coates, A. S., Thurlimann, B., Senn,
H. 1. 2007, Ann Oncol 18, 1133.

Smith, I., Procter, M., Gelber, R. D., Guillaume, S., Feyereislova, A., Dowsett,
M., et al. 2007, Lancet 369, 29.

Wolff, A. C., Hammond, M. E., Schwartz, J. N., Hagerty, K. L., Allred, D. C.,
Cote, R. J., etal. 2007, J Clin Oncol 25, 118.

Pauletti, G., Dandekar, S., Rong, H., Ramos, L., Peng, H., Seshadri, R., et al.
2000, J Clin Oncol 18, 3651.

Thomson, T. A., Hayes, M. M., Spinelli, I. 1., Hilland, E., Sawrenko, C., Phillips,
D., et al. 2001, Mod Pathol 14, 1079.

Press, M. F., Slamon, D. 1., Flom, K. ., Park, J., Zhou, J. Y., Bernstein, L. 2002,
J Clin Oncol 20, 3095.

Cuadros, M., Villegas, R. 2008, Appl Immunohistochem Mol Morphol.

Thor, A. D., Liu, S., Edgerton, S., Moore, D., 2nd, Kasowitz, K. M., Benz, C. C.,
et al. 2000, J Clin Oncol 18, 3230.



42

62.
63.
64.
65,
66.
67.
68.
69.

70.
71.

72,

73.
74.

75.
76.
Tl

78.
79.

80.
81.
82.
83.
85.
86,

87.
88.

Katsumasa Kuroi & Masakazu Toi

Emi, M., Matsushima, M., Katagiri, T., Yoshimoto, M., Kasumi, F., Yokota, T,
et al. 1998, Jpn J Cancer Res 89, 12.

Futreal, P. A, Liu, Q., Shattuck-Eidens, D., Cochran, C., Harshman, K.,
Tavtigian, S., et al. 1994, Science 266, 120.

Magdinier, F., Ribieras, S., Lenoir, G. M., Frappart, L., Dante, R. 1998,
Oncogene 17, 3169,

Wilson, C. A., Ramos, L., Villasenor, M. R., Anders, K. H., Press, M. F., Clarke,
K., et al, 1999, Nat Genet 21, 236.

Rice, J. C., Massey-Brown, K. S., Futscher, B. W. 1998, Oncogene 17, 1807,
Catteau, A., Harris, W. H., Xu, C. F., Solomon, E. 1999, Oncogene 18, 1957.
Willis, A., Jung, E. J., Wakefield, T., Chen, X. 2004, Oncogene 23, 2330.
Neville, P. 1., Morland, S. J., Vaziri, S. A., Casey, G. 2001, Molecular genetics of
cancer. Cowell JK, (Ed), BIOS Scientific Publishers Ltd, Oxford, 53.

Pharoah, P. D., Day, N. E., Caldas, C. 1999, Br J Cancer 80, 1968.

Bertheau, P., Espie, M., Turpin, E., Lehmann, J., Plassa, L. F., Varna, M., et al.
2008, Pathobiology 75, 132.

Hiyama, E., Gollahon, L., Kataoka, T., Kuroi, K., Yokoyama, T., Gazdar, A. F.,
et al. 1996, ] Natl Cancer Inst 88, 116.

Hiyama, E., Hiyama, K. 2002, Oncogene 21, 643.

Umbricht, C. B., Sherman, M. E., Dome, J., Carey, L. A., Marks, J., Kim, N., et
al. 1999, Oncogene 18, 3407.

Clark, G. M., Osborne, C, K., Levitt, D., Wu, F., Kim, N. W, 1997, ] Natl Cancer
Inst 89, 1874.

Carey, L. A., Kim, N. W., Goodman, S., Marks, J., Henderson, G., Umbricht, C.
B., etal. 1999,J Clin Oncol 17, 3075.

Kolquist, K. A, Ellisen, L. W., Counter, C. M., Meyerson, M., Tan, L. K.,
Weinberg, R. A, et al. 1998, Nat Genet 19, 182.

Cao, Y., Li, H,, Deb, S., Liu, J. P. 2002,0ncogene 21, 3130.

Krajewski, S., Blomqvist, C., Franssila, K., Krajewska, M., Wasenius, V. M.,
Niskanen, E., et al. 1995, Cancer Res 55, 4471,

Gasparini, G., Barbareschi, M., Doglioni, C., Palma, P. D., Mauri, F. A,,
Boracchi, P., et al, 1995, Clin Cancer Res 1, 189.

Leek, R, D., Kaklamanis, L., Pezzella, F., Gatter, K. C., Harris, A, L. 1994, Br ]
Cancer 69, 135.

Callagy, G. M., Webber, M. 1., Pharoah, P. D., Caldas, C. 2008, BMC Cancer 8,
153.

Oltvai, Z. N., Milliman, C. L., Korsmeyer, S. J. 1993,Cell 74, 609.

Srivastava, R. K., Srivastava, A. R., Korsmeyer, S. J., Nesterova, M., Cho-
Chung, Y. S., Longo, D. L. 1998, Mol Cell Biol 18, 3509.

Haldar, S., Chintapalli, J., Croce, C. M. 1996, Cancer Res 56, 1253,

Shitashige, M., Toi, M., Yano, T., Shibata, M., Matsuo, Y., Shibasaki, F. 2001, ]
Biochem (Tokyo) 130, 741.

Ambrosini, G., Adida, C., Altieri, D. C. 1997, Nat Med 3, 917,

Hoffman, W. H., Biade, S., Zilfou, J. T., Chen, J., Murphy, M. 2002, J Biol Chem
277, 3247.



Molecular markers in breast cancer 43

89. Li, F., Ambrosini, G., Chu, E. Y., Plescia, J., Tognin, S., Marchisio, P. C., et al.
1998, Nature 396, 580.

90. Li, F., Ackermann, E. ], Bennett, C. F., Rothermel, A. L., Plescia, J., Tognin, S.,
et al. 1999, Nat Cell Biol 1, 461.

91. Croci, D. O., Cogno, I. S., Vittar, N. B., Salvatierra, E., Trajtenberg, F,,
Podhajecer, O. L., et al. 2008, I Cell Biochem.

92. Tanaka, K., Iwamoto, S., Gon, G., Nohara, T., Iwamoto, M., Tanigawa, N. 2000,
Clin Cancer Res 6, 127.

93. Berx, G., Cleton-Jansen, A. M., Nollet, F., de Leeuw, W. ], van de Vijver, M.,
Cornelisse, C., et al. 1995, Embo J 14, 6107.

94. Oka, H., Shiozaki, H., Kobayashi, K., Inoue, M., Tahara, H., Kobayashi, T., et al.
1993, Cancer Res 53, 1696.

95. Vos, C. B., Cleton-Jansen, A. M., Berx, G., de Leeuw, W. J., ter Haar, N. T., van
Roy, F., et al. 1997, BrJ Cancer 76, 1131.

96. Gould Rothberg, B. E., Bracken, M. B. 2006, Breast Cancer Res Treat 100, 139.

97. Freije, 1. M., MacDonald, N. 1., Steeg, P. S. 1998, Biochem Soc Symp 63, 261.

98. Hartsough, M. T., Clare, S. E., Mair, M., Elkahloun, A. G., Sgroi, D., Osborne,
C. K., etal. 2001, Cancer Res 61, 2320.

99. Cipollini, G., Moretti, A., Ghimenti, C., Viacava, P., Bevilacqua, G., Caligo, M.
A. 2000, Cancer Genet Cytogenet 121, 181.

100.Stahl, J. A,, Leone, A., Rosengard, A. M., Porter, L.. King, C. R., Steeg, P. S.
1991, Cancer Res 51, 445,

101. Steeg, P. S., Bevilacqua, G., Pozzatti, R., Liotta, L. A., Sobel, M. E. 1988, Cancer
Res 48, 6550.

102. Bevilacqua, G., Sobel, M. E,, Liotta, L. A,, Steeg, P. S. 1989, Cancer Res 49,
5185.

103. Kapranos, N., Karaiossifidi, H., Kouri, E., Vasilaros, S. 1996, Anticancer Res 16,
3987.

104. Russell, R. L., Geisinger, K. R., Mehta, R. R., White, W. L., Shelton, B., Kute, T.
E. 1997,Cancer 79, 1158.

105. Belev, B., Aleric, 1., Vrbanec, D., Petrovecki, M., Unusic, J., Jakic-Razumovic, J.
2002,Acta Oncol 41, 355.

106. Gohring, U. J., Eustermann, 1., Becker, M., Neuhaus, W., Rein, D. T., Schondorf,
T. 2002, Oncol Rep 9, 1205.

107. Gottesman, M. M., Pastan, 1. 1993, Annu Rev Biochem 62, 385.

108. Fisher, G. A., Sikic, B. I. 1995, Hematol Oncol Clin North Am 9, xi.

109. Wallner, J., Depisch, D., Hopfner, M., Haider, K., Spona, J., Ludwig, H., et al.
1991, Eur J Cancer 27, 1352.

110.Higgins, C. F., Callaghan, R., Linton, K. J., Rosenberg, M. F., Ford, R. C. 1997,
Semin Cancer Biol 8, 135.

111.Doyle, L. A, Yang, W., Abruzzo, L. V., Krogmann, T., Gao, Y., Rishi, A. K., et
al, 1998, Proc Natl Acad Sci U S A 95, 15665,

112.Tan, B., Piwnica-Worms, D., Ratner, L. 2000, Curr Opin Oncol 12, 450.

113.Kanzaki, A., Toi, M., Nakayama, K., Bando, H., Mutoh, M., Uchida, T, et al.
2001, Jpn J Cancer Res 92, 452,



