
Abstract. Background: The progression of a metastatic
disease is a multistep process involving various genetic events.
High-throughput technologies such as microarrays offer the
unique opportunity of screening the entire gene expression
profile of malignant cells. Defining consistent changes in the
gene expression pattern of cancer models may lead to detection
of genes essential for tumor progression and may ultimately
identify new targets for therapy. Materials and Methods: Gene
expression was determined in multiple progression models of
human prostate cancer cell lines derived from tumors after 1
to 5 passages as orthotopic xenografts in nude mice. Samples
were analyzed using Affymetrix microarrays determining
expression of 7,129 genes. Changes in gene expression were
calculated referring to normal epithelial cells and confirmed by
quantitative PCR. Data were validated by comparison to
expression profiles of tumors induced by these cell lines and
were also compared to expression data from clinical samples.
Results: Two hundred and fourteen genes were regulated in the
same direction in all cell lines compared to RNA of normal
epithelial cells. Seventy-nine % of the 214 gene consensus class
of the cell culture models were also found to be differentially-
regulated in orthotopic tumors induced in mice and 83% also
in clinical samples. Conclusion: The expression pattern of
these genes is consistent with their potential role in cancer
progression. The results indicate the relevance of these
xenograft models for expression analysis in the progression and
development of metastatic cancer.

The progression of a malignant disease is a process which is

based on multiple genetic alterations of tumor cells. Starting

from malignant transformation by initial genetic events,

such as loss of functional retinoblastoma gene followed by

secondary genetic changes, tumor cells have to acquire

various additional abilities. These additional abilities

include, but are not limited to, increased proliferation rate,

induction of angiogenesis, the expression of factors enabling

tumor cells to invade tissues and survive in various

microenvironments to eventually establish a metastatic

disease (Figure 1). All these functions of malignant cells

have a molecular basis. In general, there are two different

approaches to analyze genetic differences in malignant cells.

The first, which may be called the ‘candidate gene

approach’, is based on the detection of molecular changes

in DNA (sequence or epigenetic changes), mRNA or

protein level using techniques analyzing a single gene at a

time. Although this strategy has made a tremendous

contribution to our current understanding of tumor biology,

it is limited by the fact that the genes of interest have to be

known prior to the experiment. The second approach, which

may be called the ‘screening approach’, is based on high-

throughput technologies such as microarrays (1), surveying

thousands of genes at a time in a single experiment,

regardless of whether they are already known to be involved

in malignant progression or not. This provides the chance

to identify genes which have so far not been considered to

be related to tumor progression. However, this approach is

complicated by the fact that it generates a tremendous

amount of data. Additionally, by analyzing primary tumors

which exhibit considerable variability, genes might be

identified which are not necessarily involved in malignant

progression in general, but just in some tumor samples.

Therefore, stringent criteria have to be applied in order to

define relevant subsets of genes, which can subsequently be

characterized by other techniques. 

We here describe an approach to identify genes related to

tumor progression which are differentially-regulated early in
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tumor development, by using multiple model systems and

identifying genes which are constantly differentially-regulated

in early stage cancer and also in metastatic disease (2).

Materials and Methods

Expression profiling was performed in multiple cell lines using

Affymetrix gene expression microarrays. Cell lines were generated

by consecutive serial orthotopic implantation in nude mice, either

from lymph node metastases (LN series), or from prostate tumors

after re-implantation (Pro series) (Table I) (3). The LNCaP and

PC3 panels of human prostate carcinoma cell lines of graded

metastatic potential were kindly provided by Curtis A. Pettaway

(M.D. Anderson Cancer Center, Houston, TX, USA). Three

primary human prostate epithelial and one primary human prostate

stromal cell line were obtained from Clonetics/BioWhittaker (San

Diego, CA, USA) and grown in complete prostate epithelial and

stromal growth medium provided by the supplier. All cell lines

were grown in RPMI1640 supplemented with 10% fetal bovine

serum and gentamycin (Invitrogen, Carlsbad, CA, USA) to 70-80%

confluence and subjected to serum starvation or maintained in

fresh complete media, supplemented with 10% FBS. Serum

starvation was used to determine changes in gene expression

related to environmental changes rather than malignant potential

and tumor progression. These model systems, therefore, represent

early stages of disease (parental cells) as well as locally advanced

and advanced metastatic disease. However, an artificial model as

the one described here requires confirmation by analysis of real

tumor tissue. Therefore, the gene expression pattern of orthotopic

xenografts of human prostate PC3 cells and sublines was compared

to the results of the cell culture models.

Messenger RNA was extracted from the cell cultures and tissue

samples using the Fast Track 2.0 kit (Invitrogen) and standard

procedures. Quality was assessed by gel electrophoresis. mRNA was

stored at -80ÆC in aliquots until further processing. Hybridization

to Affymetrix Hu6800 arrays representing 7,129 transcripts was

performed using a biotinylated cRNA. Synthesis of cRNA was

carried out in several sequential steps according to Affymetrix

recommendations. The arrays were scanned and data processed

using Affymetrix equipment and software. Detailed protocols for

data analysis and documentation of the sensitivity, reproducibility

and other aspects of the quantitative microarray analysis using

Affymetrix technology have been reported previously (2).

In order to validate results obtained from microarray

experiments, quantitative PCR was carried out for a subset of

genes starting from first-strand cDNA synthesized from total

mRNA. cDNA made from a fourth epithelial prostate cell line was

used as an independent control. Total RNA was extracted from the

cell cultures and tissue samples using the RNeasy Mini kit (Qiagen,

Chatsworth, CA, USA) according to the manufacturer’s

instructions and reverse transcribed using standard protocols.

Quantitative PCR was performed using the Abi Prism 7900 HT

quantitative PCR thermal cycler by Applied Biosystems, (Foster

City, CA, USA). Amplification was analyzed with SDS 2.0 software

(Applied Biosystems). Primer design was performed using highly

stringent criteria suggested by Applied Biosystems with Primer

Express Software Version 1.1 to allow high throughput PCR

quantification for several genes in parallel. 

Data obtained from in vitro cell culture progression models and

tumors induced in mice were cross-referenced to a dataset of 23

primary human prostate cancer tissues, one human prostate cancer

lymph node metastasis and 9 human non-neoplastic tissues recently

published by Welsh et al. (4). 

Results

In a total of 27 array experiments, 40-50% of the surveyed

genes were found by the Affymetrix software. A gene

considered to be differentially-expressed between 2 samples

had to show a 2-fold or greater change relative to each of

the three NPE microarrays, for either positive or negative

changes. It also had to show a 2-fold or greater change
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Table I. Divergent evolution of human prostate carcinoma cell lines during experimentally extended tumor progression in vivo in nude mice derived from
androgen-independent (PC3) and androgen-dependent (LNCaP) lineages. Cell lines were subjected to various cycles of progression by transplantation in nude
mice and recovery at different sites as noted. RNA of each cell line was prepared twice from independent experiments to assure reproducibility. In addition
to RNA samples from cell lines (in vitro), RNA was extracted from orthotopic tumors (in vivo) induced by PC3, PC3M and PC3M-LN4 cell lines.

Cell Line Cycles of Site of Site of Orthotopic Metastatic RNA 

progression transplantation recovery tumorigenicity potential sources used

Normal epithelia 0 None none none None in vitro
PC3 0 None none high Low in vitro
in vivo

PC3M 1 Prostate liver high High in vitro
in vivo

PC3M-LN4 4 Prostate lymph nodes high Very high in vitro
in vivo

PC3M-Pro4 4 Prostate prostate high Low in vitro
LNCaP 0 None none intermediate Low in vitro
LNCaP-LN3 3 Prostate lymph nodes high High in vitro
LNCaP-Pro5 5 Prostate prostate high Low in vitro



relative to the NPE microarrays in every single cell line and

every single condition analyzed. These stringent criteria

exclude genes for which one of the three NPE microarrays

could be in error and which were not constantly regulated

in all different models.

Following these conservative criteria, 214 transcripts

differentially-expressed in the same direction in all five

prostate cancer cell lines were identified (2). Forty-three of

these genes were consistently up-regulated and 171 were

consistently down-regulated in all five cancer cell lines

relative to NPE. 

The common set of differentially-expressed genes

identified in the five cell lines relative to NPE were

compared with genes differentially-expressed in orthotopic

tumors induced in nude mice using donor tumors of the

PC3 lineage. A gene expression profile of six tumors each

independently derived from the three cell lines PC3

parental, PC3M and PC3M-LN4 was determined. Seventy-

nine% (170 genes) of the genes differentially-expressed in

five prostate cancer cell lines were also differentially-

regulated in the same direction in all six orthotopic tumors

relative to NPE (2). 

While the genes described here are of undoubted interest

as they are stable in mouse model systems of human

prostate cancer, it is uncertain whether they are of relevance

to the human disease. However, the expression levels of the

genes in this stable set were analyzed in a recently published

panel of clinical samples (4). Since human clinical samples

are highly heterogeneous, consisting of different amounts of

cells of epithelial, stromal and other origin, these data will

have to be treated with caution. Nevertheless, 32 out of 41

up-regulated genes (80%) that could be cross-referenced

were over-expressed in the majority of 25 human tumors

compared to a normal epithelial cell line. Similarly, 141 out

of 166 down-regulated genes were down-regulated in tumors

relative to normal epithelial cells, and 122 were down-

regulated in tumors relative to normal prostate tissue. The

similarity in the regulation of many of these genes in clinical

tumors strongly supports that these genes are relevant to the

human disease.

A sample of 14 up- and 2 down-regulated genes was tested

using quantitative (real time) PCR on an ABI 7900 HT

thermal cycler in order to validate the microarray results.

This PCR experiment used a new batch of RNA of a fourth

epithelial cell line and human transcript-specific pairs of

PCR primers. Regulation was confirmed in the correct

direction for each of these 14 genes, although the arrays

tended to underestimate the magnitude of the change.

The high concordance of in vitro and in vivo data suggests

that genes discovered to be constantly differentially-

regulated in various prostate cancer models and in vivo
systems may not only be specifically associated with prostate

cancer but also with other kinds of malignant tumors as

well. In order to test this hypothesis, a panel of genes which

were already confirmed to be differentially-regulated by

quantitative PCR in the prostate models was also analyzed

in four different breast cancer cell lines, including a highly

malignant variant of the MB435 breast cancer cell line

recovered from lung metastases of MB435 cells transplanted

into nude mice. Apart from the proteinase inhibitors serpin

B5 and galanin, all genes were confirmed to be

differentially-regulated in the same direction as observed in

the prostate cancer cell lines, although the fold changes did

vary (Table II).
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Figure 1. Molecular tumorigenesis.



Discussion

A molecular understanding of cancer development and

progression is an important step towards the identification

of biomarkers with increased specificity to diagnose invasive

cancer and towards new tumor-specific therapeutic targets.

Previous systematic analyses of gene expression levels in

human cancers by microarray hybridization (5) suggest that

this is a broad and efficient approach towards identifying

candidate markers and drug targets.

Traditionally, tumors have been categorized on the basis of

histopathological examination. However, the staining pattern

of cancer cells viewed under the microscope is not capable of

reflecting the complicated underlying molecular events driving

a neoplastic process. Detection (6), treatment (7) and the

prediction of outcome (8-10) of cancer increasingly depends

on a molecular understanding of tumor development and

behavior. Changes in the epigenetic pattern (11) and gene

expression are major mechanisms for the selection of cells

capable of progressing to metastases. By using DNA

microarrays surveying thousands of genes in a single

experiment, it is possible to read the molecular signature of

an individual patient's tumor (5). Combining the information

obtained from DNA arrays, protein arrays and appropriate

experimental models, the ultimate goal is to move beyond

correlation and classification and to achieve new insights into

disease mechanisms and treatment targets that transcend

distinctions based on histological appearance alone.

One of the major limitations of using microarrays,

especially those obtained from primary cancer samples, is to

identify relevant and consistent changes in gene expression

which will justify clinical consequences. Gene expression

profiling of primary tumor samples has already provided

clinically relevant additional data (10) meaning that

expression profiles should complement histopathological

staging for some cancers in the future. However, expression

profiling of primary tumors alone will not necessarily reveal

the mechanisms of cancer progression or the mechanisms of

the development of metastases. Heterogeneity of clinical

samples and the amount and quality of RNA extracted from

those samples are major limitations. Although laser capture

microscopy (LCM) may serve as a procedure that reduces

the heterogeneity of tissue samples, the quality and

amount of RNA obtained after LCM is inferior to RNA

obtained directly from cell cultures or primary tissue

samples. All these factors are critical for microarray

analysis, in particular when preservation of low abundancy

mRNA transcripts is crucial. Finally, environmental

parameters can not be controlled or manipulated in clinical

samples at all.
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Table II. Fold changes in gene expression detected by Affymetrix microarrays and q-PCR in PC3 prostate and MB435 breast cancer cells. For primers
see (2).

Fold change PC3M/normal MB435

epithelial cells

Description Accession OMIM Q-PCR Affymetrix Q-PCR

(three 

replicates)

PHOSPHORIBOSYLPYROPHOSPHATE SYNTHETASE I; PRPS1 D00860 *311850 16.3 4.2 10.8

CYTOCHROME C1; CYC1 J04444 *123980 4.6 2.3 2.68

MELANOMA ANTIGEN, FAMILY A, 12; MAGEA12 L18877 *300177 2841.0 51.0 8713

MELANOMA ANTIGEN, FAMILY A, 2; MAGEA2 L18920 *300173 780.0 39.0 39226

CYTOCHROME c OXIDASE ASSEMBLY PROTEIN COX17; COX17 L77701 *604813 4.5 2.8 1.81

serine (or cysteine) proteinase inhibitor, clade B (ovalbumin), member 2 M31551 173390 –13.8 –13.7 –40.73

GALANIN; GAL M77140 *137035 45.0 38.0 –337

MELANOMA ANTIGEN, FAMILY A, 1; MAGEA1 M77481 *300016 1029.0 6.0 7692

GAPDH Q-PCR control NM_002046 138400 1.0 1.1 1.0

serine (or cysteine) proteinase inhibitor, clade B (ovalbumin), member 5 U04313 154790 -9.5 -5.8 47437

PROTEIN KINASE C-LIKE 1; PRKCL1, Primer set #1 U33053 *601032 6.2 45.0 4.95

PROTEIN KINASE C-LIKE 1; PRKCL1, Primer set #2 U33053 *601032 8.6 45.0 4.95

CYCLIN-DEPENDENT KINASE 4; CDK4 U37022 *123829 6.2 2.2 1.98

HYDROXYACYL-CoA DEHYDROGENASE, TYPE II; HADH2, Primer set #1 U73514 *300256 8.5 1.9 n.d.

HYDROXYACYL-CoA DEHYDROGENASE, TYPE II; HADH2, Primer set #2 U73514 *300256 8.6 1.9 n.d.

TRANSFERRIN RECEPTOR; TFRC, Primer set #1 X01060 *190010 15.7 2.4 7.81

TRANSFERRIN RECEPTOR; TFRC, Primer set #2 X01060 *190010 16.0 2.4 n.d.

EUKARYOTIC TRANSLATION ELONGATION FACTOR 1, ALPHA-2; EEF1A2 X70940 *602959 432.0 43.0 772.2



The use of tumor progression models based on isogenic

cell lines with different metastatic ability provides an

elegant solution to several of these problems. Especially the

limitations regarding the amount of high quality material

and heterogeneity of primary cancer samples can easily be

avoided. Cell culture models also allow the manipulation,

detection and elimination of environmental variables for

gene expression profiling, for example by using serum

starvation experiments. Analysis of gene expression profiles

of tumor progression models, based on genetically mainly

identical cell lines with diverse metastatic potential,

provides insights into expression changes during cancer

progression and will eventually lead to the identification of

candidate genes causal for a metastatic disease. 

Nevertheless, cell culture models certainly have

limitations. It can be hypothesized that cell lines

maintained in vitro will not necessarily recapitulate the

gene expression profile of a primary tumor. Therefore, data

obtained in model systems always require further

confirmation. Further, results obtained in a prostate cancer

cell culture model may not necessarily be translated into

other types of cancer. However, by combining the results of

various model systems, a set of genes may be established

which is mandatory to cause a metastatic disease. It is likely

that many of these genes will also play an important role in

other solid tumors such as breast or colorectal cancer as

well since it can be hypothesized that many functions of

cancer cells, like proliferation, invasion and angiogenesis,

are necessary for tumor progression no matter its origin.

This has already been supported by expression analysis of a

preliminary set of genes in various breast cancer cell lines:

14 out of 18 genes of the 214 gene consensus class were

found to be regulated in breast similar to prostate cancer

by quantitative PCR. The prostate cancer progression

models in this study may, therefore, provide data not only

relevant to prostate cancer but also to genes and

mechanisms important during the metastatic progression of

solid tumors in general.

Screening approaches, as described here, may very well

identify pathways altered during malignant progression. As

an example, CDK4 was one of the genes constantly up-

regulated in the model systems. CDK4 is known to be

frequently up-regulated in prostate cancer (12) and is

involved in the phosphorylation of retinoblastoma protein.

In general, mitogenic factors act through the Ras/ERK3

pathway to activate a host of CDK/cyclin complexes, which

are required for cell cycle progression and cellular

proliferation (13). Early in the G1-phase of the cell cycle,

mitogenic signals activate CDK4 / cyclin D complexes,

required to initiate phosphorylation of RB. 

Several integrins were found to be considerably down-

regulated in the model systems. Integrins are

transmembrane glycoprotein receptors that mediate cell-

matrix or cell-cell adhesion and transduce signals that

regulate gene expression and cell growth (14). Integrins

are heterodimeric molecules consisting of alpha and beta

subunits. The combination of various alpha and beta

subunits form complexes with various ligand-binding

specificities. To date, little is known about the role of

integrins in cancer biology. However, the integrin alpha-

6/beta-4, a receptor for the laminins, probably plays a

pivotal role in the biology of invasive carcinoma. It was

demonstrated (15) that alpha-6/beta-4 integrin promotes

carcinoma invasion through a preferential and localized

targeting of phosphoinositide-3 OH kinase (PI3K) activity

in breast cancer cell lines. Stable expression of alpha-

6/beta-4 increased carcinoma invasion in a PI3K-

dependent manner and transient expression of a

constitutively active PI3K increased invasion in the

absence of alpha-6/beta-4. Ligation of alpha-6/beta-4

stimulated significantly more PI3K activity than ligation of

beta-1 integrins, establishing specificity among integrins

for PI3K activation. Alpha-6/beta-4-regulated PI3K activity

was required for the formation of lamellae, dynamic sites

of motility, in carcinoma cells. The small G protein Rac is

required downstream of PI3K for invasion. Therefore, it

was concluded that alpha-6/beta-4 integrin promotes

carcinoma invasion and invokes a novel function for PI3K

signaling (15).

It can be concluded that many genes, identified to be

relevant in these prostate cancer progression models, are

also of importance in other kinds of cancer such as breast,

gastrointestinal or genital cancer. More work will be

required to determine which of these genes are useful

markers of cancer progression in a clinical setting.

Conclusive evidence for a phenotypic relevance of the

differentially-expressed genes identified in this study will

require gene transfer and gene knockout experiments

using in vitro and in vivo models of human prostate and

other cancers. Further work is also necessary to confirm

whether or not genes involved in prostate cancer

progression are relevant in general for cancer progression

and may therefore be genes associated with a certain

malignant behavior. The determination of the genetic

signature of a malignant tumor will complement

histopathological examination in the future, not just to

determine prognostic but also predictive factors for

adjuvant and palliative treatment (10, 16). Genes

identified in tumor progression models may be excellent

candidates for future characterization and tumor-

biological understanding of a minimal residual disease

(17, 18). Surveying genetic changes in tumors on multiple

levels (gene expression, promoter methylation and

acetylation, SNPs) will undoubtedly revolutionize the

understanding of and, hopefully, therapeutic strategies for

malignant tumors in the future.

Gebauer et al: Microarray Expression Profiling of Cancer Models

1481



Acknowledgements

Experiments of this study were done at the laboratory of Michael

McClelland, Sidney Kimmel Cancer Center, San Diego, CA, USA.

The authors would like to thank Dan Mercola, John Welsh and

Michael McClelland, Sidney Kimmel Cancer Center, for their

support of the work. 

References

1 Brown PO and Botstein D: Exploring the new world of the

genome with DNA microarrays. Nature Genet 21(1 Suppl): 33-

37, 1999.

2 Glinsky, GV, Krones-Herzig A, Glinsky AB and Gebauer G:

Microarray analysis of xenograft-derived cancer cell lines

representing multiple experimental models of human prostate

cancer. Mol Carcinogenesis 37: 209-221, 2003.

3 Pettaway CA, Pathak S, Greene G, Ramirez E, Wilson MR,

Killion JJ and Fidler IJ: Selection of highly metastatic variants

of different human prostatic carcinomas using orthotopic

implantation in nude mice. Clin Cancer Res 2: 1627-1636, 1996.

4 Welsh JB, Sapinoso LM, Su AI, Ken SG, Wang-Rodriguez J,

Moskaluk C, Frierson HF Jr and Hampton GM: Analysis of

gene expression identifies candidate markers and

pharmacological targets in prostate cancer. Cancer Res 61:

5974-5978, 2001.

5 Liotta L and Petricoin E: Molecular profiling of human cancer.

Nat Rev Genet 1: 48-56, 2000.

6 Adorjan P, Distler J, Lipscher E, Model F, Muller J, Pelet C,

Braun A, Florl AR, Gutig D, Grabs G, Howe A, Kursar M,

Lesche R, Leu E, Lewin A, Maier S, Muller V, Otto T, Scholz

C, Schulz WA, Seifert HH, Schwope I, Ziebarth H, Berlin K,

Piepenbrock C and Olek A: Tumour class prediction and

discovery by microarray-based DNA methylation analysis.

Nucleic Acids Res 30: e21, 2002.

7 Anzick SL and Trent JM: Role of genomics in identifying new

targets for cancer therapy. Oncology 16(Suppl 4): 7-13, 2002.

8 Singh D, Febbo PG, Ross K, Jackson DG, Manola J, Ladd C,

Tamayo P, Renshaw AA, D'Amico AV, Richie JP, Lander ES,

Loda M, Kantoff PW, Golub TR and Sellers WR: Gene

expression correlates of clinical prostate cancer behavior.

Cancer Cell 1: 203-209, 2002.

9 Sotiriou C, Powles TJ, Dowsett M, Jazaeri AA, Feldman AL,

Assersohn L, Gadisetti C, Libutti SK and Liu ET: Gene

expression profiles derived from fine needle aspiration correlate

with response to systemic chemotherapy in breast cancer.

Breast Cancer Res 4: R3, 2002.

10 van 't Veer LJ, Dai H, van de Vijver MJ, He YD, Hart AA,

Mao M, Peterse HL, van der Kooy K, Marton MJ, Witteveen

AT, Schreiber GJ, Kerkhoven RM, Roberts C, Linsley PS,

Bernards R and Friend SH: Gene expression profiling predicts

clinical outcome of breast cancer. Nature 415: 530-536, 2002.

11 Lehmann U, Langer F, Feist H, Glockner S, Hasemeier B and

Kreipe H: Quantitative assessment of promoter hypermethylation

during breast cancer development. Am J Pathol 160: 605-612, 2002.

12 Lu S, Tsai SY and Tsai MJ: Regulation of androgen-dependent

prostatic cancer cell growth: androgen regulation of CDK2,

CDK4, and CKI p16 genes. Cancer Res 57: 4511-4516, 1997.

13 Cheng M, Sexl V, Sherr CJ and Roussel MF: Assembly of cyclin

D-dependent kinase and titration of p27Kip1 regulated by

mitogen-activated protein kinase kinase (MEK1). Proc Natl

Acad Sci USA 95: 1091-1096, 1998.

14 Vidal F, Aberdam D, Miquel C, Christiano AM, Pulkkinen L,

Uitto J, Ortonne JP and Meneguzzi G: Integrin beta-4

mutations associated with junctional epidermolysis bullosa with

pyloric atresia. Nature Genet 10: 229-234, 1995.

15 Shaw LM, Rabinovitz I, Wang HHF, Toker A and Mercurio

AM: Activation of phosphoinositide 3-OH kinase by the alpha-

6/beta-4 integrin promotes carcinoma invasion. Cell 91: 949-

960, 1997.

16 van de Vijver MJ, He YD, van't Veer LJ, Dai H, Hart AA,

Voskuil DW, Schreiber GJ, Peterse JL, Roberts C, Marton MJ,

Parrish M, Atsma D, Witteveen A, Glas A, Delahaye L, van der

Velde T, Bartelink H, Rodenhuis S, Rutgers ET, Friend SH

and Bernards R: A gene-expression signature as a predictor of

survival in breast cancer. N Engl J Med 347: 1999-2009, 2002.

17 Gebauer G, Fehm T, Merkle E, Beck EP, Lang N and Jaeger

W: Epithelial cells in bone marrow of breast cancer patients at

time of primary surgery: clinical outcome during long-term

follow-up. J Clin Oncol 19: 3669-3674, 2001.

18 Fehm T, Gebauer G, Becker S and Solomayer EF:

Genotypisierung von disseminierten Tumorzellen mittels

Interphase-Zytogenetik, Geburtshilfe und Frauenheilk 2003,

submitted.

Received February 6, 2004
Accepted February 8, 2005

ANTICANCER RESEARCH 25: 1477-1482 (2005)

1482


