
Abstract. Background: Conjugated linoleic acid (CLA), a
naturally occurring compound found in ruminants products, has
been shown to possess anticancer properties in vivo and in vitro.
There are several CLA isomers in ruminant-produced foods,
among which t10,c12-CLA and c9,t11-CLA are the most potent.
Protein tyrosine phosphatase Á (PTPÁ) has been implicated as a
tumor suppressor gene in kidney and lung cancers. Our previous
results indicated that estradiol-17‚ (E2)-induced suppression of
PTPÁ may play a role in mammary tumorigenesis. Materials and
Methods: The effects of t10,c12-CLA and c9,t11-CLA on PTPÁ
mRNA expression in human breast epithelial cells and stromal
cells, isolated from surgical specimens of mammoplasty and
breast cancer patients, were detected and quantified by RT-PCR.
Results: The PTPÁ mRNA expression was lower in cancer than in
normal breast cells. Both t10,c12-CLA and c9,t11-CLA
significantly (p<0.05) increased the PTPÁ mRNA levels in
primary cultured normal breast epithelial cells, normal breast
stromal cells and breast cancer epithelial cells, but not in breast
cancer stromal cells. t10,c12-CLA appeared to be the most active
isomer in estrogen receptor ·(ER·)-positive human breast cancer
epithelial cells. Conclusion: The results indicate that dietary CLA
might serve as a chemo-preventive and chemo-therapeutic agent
in human breast cancers by up-regulating the estrogen-regulated
tumor suppressor gene, PTPÁ expression.

CLA is produced by rumen fermentation of linoleic acid
and is deposited in the subcutaneous fat (sub-Q) and

intramuscular fat (IM or marbling) layer in beef cattle, and
is also present in dairy milk fat (1). There are several CLA
isomers in ruminant-produced foods, among which c9,
t11-CLA and t10,c12-CLA are the most potent (2). CLA has
been found to possess anti-carcinogenic, anti-diabetic, anti-
atherogenic and anti-adipogenic activities in mouse and
human cell lines, and in in vivo animal studies using mice
(2). Human studies of CLA and breast cancer revealed that
a diet composed of CLA-rich foods, particularly cheese, may
protect against breast cancer in postmenopausal women (3).
It was recently reported, in a large epidemiological study,
that dietary CLA intake was associated with the regulation
of estrogen receptor expression in human breast cancer
patients. CLA has been proven to reduce the risk of
estrogen receptor-negative tumor in premenopausal breast
cancer (4). CLA studies in our laboratory (5, 6) also
demonstrated the anti-mammary tumor effect of CLA on:
(i) anti-angiogenesis by suppressing the predominant
vascular endothelial growth factor (VEGF) isoforms, VEGF
121 and 165, mRNA expression in a human breast cancer
cell line; (ii) decreasing estrogenic agent-induced breast
cancer cell proliferation; (iii) regulating ER· and ER‚ in
human breast cancer. 

Protein tyrosine phosphatases (PTPs) play an essential
role in the regulation of cell activation, proliferation and
differentiation, since they counterbalance the growth-
promoting effects of the protein tyrosine kinases (PTKs) (7,
8). Therefore, alterations in PTPs activity might affect cell
growth, neoplastic processes and transformation (8).
Previous work suggests that PTPs may also be important in
the growth of breast cancer and may be affected by
estrogenic agonists and antagonists. Human breast tumors
exhibit enhanced tyrosine kinase activity relative to benign
breast disease or normal breast tissue (9). The growth rate
of a large proportion of breast cancers is influenced by sex
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steroid hormones, and both steroid hormone and protein
tyrosine phosphorylation have been demonstrated to play
important roles in cell proliferation (10). Protein tyrosine
phosphatase Á (PTPÁ) is a member of the receptor-like
family of tyrosine-specific phosphatases, and the structure
of the receptor-like PTPs include an extracellular, a
transmembrane, and one or two tandemly repeated catalytic
domains. This structure implies ligand-binding capability
which may modulate enzymatic activity. The putative ligands
for most of the PTPs with receptor-like structures have yet
to be identified. According to mRNA analysis (11, 12),
PTPÁ is a broadly expressed enzyme that exists in many
tissues, including human lung, stomach, esophagus, colon,
liver, spleen and kidney (13). Based on the chromosomal
location of the PTPÁ gene (3p14.2) (11, 14) and studies
showing loss of heterozygosity of the gene in kidney tumors
(15), PTPÁ has been implicated as a candidate tumor
suppressor gene. More recently, PTPÁ expression levels
were shown to be reduced in ovarian and lung tumors (16).
Our laboratory has recently demostrated that over-
expression of PTPÁ in human breast cancer cells leads to
reducing anchorage-independent colonization and reducing
cell proliferation (17). Over-expressed PTPÁ induced
binding ability of the transcriptional factor 9-cis-retinoic
acid receptor (RXR), delayed cell cycle re-entry and
elevated the protein level of the cell cycle checkpoint
regulator, p21 (18). We also found aberrant methylation
patterns in PTPÁ promoter region in breast cancer cells,
which may lead to its down-regulation. Moreover, over-
expression of PTPÁ can inhibit tumor formation in a mouse
xenograft model (18). 

Numerous growth factors, hormones and environmental
agents regulate the signaling events involved in
carcinogenesis. The probability of women developing breast
cancer during their lifetime in the US is 1 in 7 (19). In 2005,
The American Cancer Society estimated that breast cancer
incidences would exceed that of all US cancer cases; breast
cancer would represent one in three of all cancer cases and
would be the second only behind to lung cancer  in terms of
mortality (20). Both age and the duration of exposure to
endogenous and exogenous estrogens may be one of the
best-defined risk factors linked to human breast cancer. 

The local micro-environment of cancer is thought to be
crucial for cancer progression, because cancer epithelial
cells are surrounded by variable types of stromal cells (21).
From experimental cancer models, the extracellular
microenvironment has been demonstrated to influence
tumor formation, the rate of cellular proliferation, the
ability of the cancer cells to metastasize and the extent of
invasiveness. In cancers, the influences of the
microenvironment are mediated, in part, by paracrine
signaling between epithelial cancer cells and the
surrounding stromal cells (22, 23). It has been suggested

that stromal cells may be serving as a local reservoir for
CLA and, thus, may inhibit breast cancer cell progression
(24). The aim of the study was to investigate whether CLA
modulates paracrine signals capable of inducing the PTPÁ
tumor suppressor gene. 

Materials and Methods

More than 98% pure t10,c12-CLA and c9,t11-CLA were purchased
from Matreya, Inc. (PA, USA) and a CLA stock solution was
prepared based on the paper published by Dr. Ip’s group (25). The
main difference in our CLA stock was that dextran-coated charcoal
(DCC, Dextran T-70; Pharmacia; activated charcoal; Sigma)-
treated fetal bovine serum (FBS, GibcoBRL, Bethesda, MD, USA)
was added to pure t10,c12-CLA and c9,t11-CLA to form a CLA-
serum protein complex. 

Immortalized cell line. MCF-7 and MDA-MB-231 cells were
purchased from the American Type Culture Collection (ATCC,
Manassas, VA, USA). Both the MCF-7 and MDA-MB-231 cells
were placed in 75-cm2 culture flasks in a humidified incubator (5%
CO2, 95% air, 37ÆC) and cultured in phenol red-free high-calcium
Dulbecco’s Modified Eagle’s Medium and Ham’s F12 Medium
(DMEM/F12, 1.05 mM CaCl2) supplemented with 5% FBS. The
medium was renewed every 2 days. 

Isolation of epithelial and stromal cells from human breast tissues.
Normal and cancer human breast tissues were obtained through
the Tissue Procurement Program at The Ohio State University
Hospital in Columbus, Ohio, USA. The tissues were placed in
DMEM/F12 and stored at 4ÆC. The isolation of epithelial and
stromal cells from human breast tissues and their culture has been
described in detail previously (26). Briefly, the tissues were minced
and digested in 0.1% collagenase I (GibcoBRL) supplemented with
5% FBS and antibiotic-antimycotic (100 unit/ml penicillin G
sodium, 100 mg/ml amphotericin B; GibcoBRL) in a 37ÆC
humidified incubator (5% CO2 : 95% air) overnight. The digested
mixture was centrifuged at 200 xg for 5 min at 25ÆC. The cell pellet
was re-suspended and allowed to settle by gravity 3 times. The
stromal cells in the supernatant were then centrifuged at 200 xg for
5 min at 25ÆC and the pelleted cells were re-suspended in phenol
red-free high-calcium DMEM/F12 (1.05 mM CaCl2) supplemented
with 5% FBS. The cancer epithelial cells in the initial sedimented
part were re-suspended in keratinocyte serum-free medium
(Keratinocyte-SFM, 0.09 mM CaCl2; GibcoBRL) supplemented
with bovine pituitary extract (25 mg) and epidermal growth factor
(10 Ìg). The normal epithelial cells in the initial sedimented part
were re-suspended in low calcium DMEM/F12 (0.04 mM CaCl2)
supplemented with Chelex-100 (Bio-Rad Laboratories, Richmond,
CA, USA)-treated FBS (10%).

Cell treatment and total RNA extraction. The treatments and total
RNA extractions were performed on cells not propagated beyond
the third passage, with the viabilities of each cell type exceeding
95%, as determined by the trypan blue dye exclusion method (27).
Normal and cancer breast epithelial cells were plated in 6-well
plate (3x104 viable cells/well) and cultured in phenol red-free low-
calcium DMEM/F12 (0.04 mM CaCl2) supplemented with DCC-
stripped Chelex-100-treated FBS (10%). MCF-7, MDA-MB-231,
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normal and cancer breast cells and stromal cells were plated in 6-
well plate (3x104 viable cells/well) and cultured in phenol red-free
high-calcium DMEM/F12 (1.05 mM CaCl2) supplemented with
DCC-stripped Chelex-100-treated FBS (5%). After 2 days, all the
cultured cells were treated with 40 ÌM of t10,c12-CLA, 40 ÌM of
c9,t11-CLA or vehicle as control in the same medium for 3 days.
The total RNA from the treated and control cells was isolated in 
1 ml TRIZOL® Reagent (GibcoBRL), according to the
manufacturer’s instructions.

Reverse transcription-polymerase chain reaction (RT-PCR). RT-PCR
was performed in a gradient mastercycler (Eppendorf®). The PCR
conditions, primer sequences and length of the PCR products (PTPÁ,
ER‚, ER· and 36B4) have been described in detail elsewhere (26,
28). Briefly, for ER·, the conditions were as described before (26,
28), while the modified parts were: 0.5 mM MgCl2, annealing at 60ÆC
for 45 sec and 29 cycles of amplification. For ER‚, the conditions
were as described before (26, 28), with modifications of 1.25 mM
MgCl2, annealing at 56ÆC for 1 min and 38 cycles of amplification.
For PTPÁ and 36B4, the conditions were as described before (26, 28)
and only modified by a MgCl2 concentration of 1.25 mM MgCl2.

The primer sequences for ER· were 5’-TAC TGC ATC AGA
TCC AAG GG-3’ (sense) and 5’-ATC AAT GGT GCA CTG GTT
GG-3’ (antisense). For ER‚ they were 5’-TGA AAA GGA AGG
TTA GTG GGA ACC-3’ (sense) and 5’-TGG TCA GGG ACA
TCA TCA TGG-3’ (antisense). For PTPÁ they were 5’-GCG CAG
CGA CTT TAG CCA GAC GA- 3’ (sense) and 5’-GCT CCC GCT
CCC CAT CCT CAC TC-3’ (antisense). The primer sequences for
36B4 were 5’-AAA CTG CTG CCT CAT ATC CG-3’ (sense) and
5’-TTG ATG ATA GAA TGG GGT ACT GAT G-3’ (antisense).
The final PCR products (10 Ìl), mixed with 1 Ìl 10x loading buffer,
were separated on a 1.5% agarose gel containing ethidium
bromide. The lengths of the PCR products were 650 bp for ER·,
528 bp for ER‚, 492 bp for PTPÁ and 563 bp for 36B4. The specific
bands were quantified by ImageQuaNT software (Molecular
Dynamics, Sunnyvale, CA, USA). The results are presented as the
ratio of PTPÁ to 36B4. 

Statistics. The data, from 3 replicated wells as 1 cell group, was
presented as the mean±standard deviation (SD) and was analyzed
using the StatView® ANOVA unpaired t-test. P-value less than
0.05 was considered to be statistically significant. 

Results

Comparison of PTPÁ mRNA expression levels in normal and
human breast cancer epithelial cells and stromal cells. PTPÁ
expression has been previously documented in human lung,
stomach, esophagus, colon, liver, spleen and kidney tissues
(29). Also, previous work in our laboratory showed that the
PTPÁ mRNA expression levels were lower in mixed cell
populations from human breast cancer tissues than in mixed
cell populations from normal human breast tissues (30).

The purity of the human breast stromal and epithelial cell
preparations had been examined by morphology and
confirmed by immunohistochemical staining previously in
our laboratory (26). The stromal cells exhibited a typical
spindle-shaped morphology and the majority of stromal cells

(>95%) were immunopositive for the presence of vimentin,
although no expression of cytokeratin was detected,
confirming the fibroblastic nature of the stromal cells. The
epithelial cells tended to be characteristically rounded, and
more than 95% of the cultured epithelial cells were positive
for the presence of cytokeratin, with almost no expression
of vimentin (26). 

To compare the mRNA expression of PTPÁ in normal and
cancer human breast cells, PTPÁ mRNA levels were
determined by RT-PCR in specific cell types from 2
reduction mammoplasty patients (20–30 years old) and 2
breast cancer patients (40–50 years old). The experimental
data demonstrated that the basal PTPÁ mRNA expression
levels in the human breast cancer cell lines MCF-7 and
MDA-MB-231 were higher than those of the primary
cultured human breast cancer epithelial cells isolated from 2
human breast cancer patients. Regardless of whether they
were isolated from human normal or cancer  breast tissues,
the PTPÁ mRNA expression levels were greater in isolated
epithelial cells than in stromal cells (Figure 1), suggesting a
cell-specific expression pattern. Also, normal breast epithelial
cells expressed higher levels of PTPÁ mRNA than breast
cancer epithelial cells (Figure 1). The estrogen receptor (ER)
status in different cell types is shown in Figure 1. Only breast
cancer epithelial cells from 1 patient expressed ER·; ER‚
expression was detected in most of the examined cells, though
at very low levels in normal breast epithelial cells. 

t10,c12-CLA and c9,t11-CLA up-regulated PTPÁ mRNA in
human normal and cancer breast epithelial cells, but not in
human cancer breast stromal cells. To compare the effects of
t10,c12-CLA and c9,t11-CLA on PTPÁ mRNA expression in
specific cell types from normal and cancer human breast
tissues, the PTPÁ mRNA levels were determined by RT-
PCR in specific cell types after treatment with both CLA
isomers for 3 days. Based on our previous study, the
effective dose range to inhibit human breast cancerous
epithelial and stromal cell proliferation is: 10-80 ÌM of
t10,c12-CLA and 40-160 ÌM of c9,t11-CLA for 3 days
treatment (data not shown). Therefore the effective doses
of 40 ÌM t10,c12-CLA and 40 ÌM c9,t11-CLA, were chosen
to investigate the effects of CLA on modulating estrogen-
regulated PTPÁ in human cancer or normal breast cells. The
results are shown in Figures 2-6.

The experimental data demonstrated that t10,c12-CLA
and c9,t11-CLA had a greater effect in up-regulating PTPÁ
mRNA expression on MCF-7 and MDA-MB-231
immortalized human breast cancer cell lines than in primary
cultured human breast cancer epithelial cells (Figures 2 and
3). In contrast, CLA appeared to have no effects on PTPÁ
mRNA expression in human breast cancer stromal cells
(Figure 4). These results suggested that, in breast cancer
patients, CLA’s anti-tumorigenetic effects were mainly
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exerted on epithelial cells. In normal human breast, both
CLA isomers up-regulated PTPÁ mRNA expression in
normal breast epithelial cells and stromal cells to a similar
magnitude (Figures 5 and 6), suggesting that CLA acted in
both cells types in normal human breast. 

t10,c12-CLA appeared to be the more active isomer in ER·+
human breast cancer epithelial cells. The effects of specific
CLA isomers on specific cell types from human normal and
cancer breast are shown in Figures 2-6. The experimental
data demonstrated that t10,c12-CLA and c9,t11-CLA
showed comparable effects in up-regulating PTPÁ mRNA in
normal breast epithelial cells, normal breast stromal cells,
MDA-MB-231 (ER·–, ER‚+) and breast cancer epithelial
cells (from patient 2, ER·–, ER‚+, Figure 1). Interestingly,
t10,c12-CLA appeared to be the more active isomer in
MCF-7 cells (ER·+, ER‚+), which can also be observed in
the breast cancer epithelial cells isolated and cultured from
patient 1 (ER·+, ER‚+, Figure 1). Both CLA isomers
increased PTPÁ mRNA in ER·+ breast cancer epithelial
cells with a ratio of up-regulation t10,c12-CLA : c9,t11-CLA
at approximately 2 : 1 (from patient 1, Figure 3). These
results suggested the specific CLA isomer, t10,c12-CLA,
may be more effective in ER·+ breast cancer patients. 

Discussion

A fascinating link between PTPÁ and cancer has been
indicated by previous works. In renal and lung cancers,
PTPÁ acts as a tumor suppressor gene (11) and its
expression is reduced in lung and ovarian tumors (16).
Using cultured epithelial and stromal cells isolated from
normal human breast tissues and breast cancer tissue, we
showed that: (i) PTPÁ mRNA levels are lower in breast
cancer cells than normal breast cells; (ii) PTPÁ mRNA
levels are greater in epithelial cells than in stromal cells as
determined by RT-PCR (Figure 1). This result is supported
by our previous findings on the immunochemical staining of
PTPÁ protein expression and mRNA levels, indicating that
PTPÁ is less expressed in breast cancer tissues than tissues
from normal breast patients; PTPÁ was detected exclusively
in the epithelial compartments in cultured human breast
tissues (26, 30). 

Our previous work showed that estrogenic down-
regulation of PTPÁ is associated with ER·, because the
down-regulated PTPÁ could be observed in ER·-transfected
MDA-MB-231 cells, but not in mock-transfected cells (28).
The anti-estrogenic agent, hydroxy-tamoxifen, increases the
activity of a membrane-associated PTP(s) in ER-positive
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Figure 1. PTPÁ, ER· and ER‚ basal mRNA level in human breast cells. 1 and 2 represent patients 1 and 2, respectively. Epithelial cells and stromal cells
were isolated and cultured from either normal or cancer breast tissue. 36B4 was used as the loading control.



breast cancer cell lines, but not in those that are ER-
negative (31). t10,c12-CLA and c9,t11-CLA increased the
PTPÁ mRNA in both ER·-positive and -negative breast
cancer epithelial cells (Figures 2 and 3). In accordance with
our findings, we speculated that CLA may be beneficial to
both ER·-positive and ER-negative breast cancer patients. 

Growth factors have been implicated as autocrine/
paracrine mediators of epithelial-stromal interactions (32).
Human breast stromal cells secrete peptide growth factors,
including insulin-like growth factor-I and -II (33) and
transforming growth factor-· (34), to regulate breast
epithelial cell functions. t10,c12-CLA and c9,t11-CLA both
up-regulated PTPÁ in human normal breast epithelial cells
and stromal cells (Figures 3 and 4) suggest that CLA may
modulate paracrine signals capable of inducing the PTPÁ

tumor suppressor gene which suppresses the characteristics
of human breast neoplasms. 

CLA has been shown to possess substantial bi-functional
preventive and therapeutic effects in carcinogenesis;
different tumor preventive and therapeutic effects of
t10,c12-CLA and c9,t11-CLA have been well summarized
in a review paper (24). In terms of chemoprevention, CLA
was shown to inhibit dimethylbenz(a)anthracene (DMBA)-
and N-nitroso-N-methylurea (NMU)-induced rat
mammary carcinogenesis (35-39). In terms of
chemotherapeutical, CLA was demonstrated to reduce
tumor size and metastasis induced by human breast cancer
cells in a mouse model (40). t10,c12-CLA was the more
active isomer than c9,t11-CLA in inhibiting immortalized
breast cancer epithelial cell growth (41). Our results
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Figure 2. CLA up-regulated PTPÁ mRNA in the human breast cancer cell
lines, MCF-7 and MDA-MB-231. (A) Ethidium bromide-stained PCR
products separated in a 1.5% agarose gel. 1 and 2 represent patients 1 and
2, respectively. The cells were treated by 2 CLA isoforms and the total RNA
was isolated from each group of cells separately. 36B4 was used as the
loading control. (B) The mRNA ratio of PTPÁ to 36B4 was measured by
densitometry. Bars represent mean±SD, n=3. *p<0.05 stands for control
versus CLA; +p<0.05 for 40 mM t10,c12-CLA versus 40 mM c9,t11-CLA.

Figure 3. CLA up-regulated PTPÁ mRNA in primary cultured human
breast cancer epithelial cells. (A) Ethidium bromide-stained PCR products
separated in a 1.5% agarose gel. 1 and 2 represent patients 1 and 2,
respectively. The cells were treated by 2 CLA isoforms and the total RNA
was isolated from each group of cells separately. 36B4 was used as the
loading control. (B) The mRNA ratio of PTPÁ to 36B4 was measured by
densitometry. Bars represent mean±SD, n=3. *p<0.05 stands for control
versus CLA; +p<0.05 for 40 mM t10,c12-CLA versus 40 mM c9,t11-CLA



demonstrated that t10,c12-CLA and c9,t11-CLA showed
similar activity in up-regulating PTPÁ mRNA expression in
human normal breast epithelial cells and normal breast
stromal cells from reduction mammoplasty patients,
suggesting that this might be one of the possible
chemopreventive mechanisms of CLA. On the other hand,
t10,c12-CLA appeared to be more active than c9,t11-CLA
in up-regulating PTPÁ mRNA expression in ER·-positive
breast cancer epithelial cells, implying that its use could
offer valuable therapeutic effects. 

The term "functional food" is generally accepted as
meaning that the levels of an effective naturally occurring food
ingredient are enriched in that food (24). The consumption of
functional foods produced from ruminant products containing
CLA has been suggested to have a chemo-preventive or/and
chemo-therapeutic influence (24). In addition it has been

demonstrated that specially formulated ruminant feeds
enhance the synthesis of high levels of CLA by ruminants (1).
The experimental data described here yield new and
potentially important information regarding the up-regulation
of PTPÁ, a potential estrogen-regulated tumor suppressor
gene, by CLA in human normal and cancer breast cells.
Future studies investigating the mechanisms by which CLA
regulates PTPÁ expression in ER·-positive and -negative
breast cancer epithelial cells are ongoing. 
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Figure 4. Effects of CLA on PTPÁ mRNA expression in primary cultured
human breast cancer stromal cells. (A) Ethidium bromide-stained PCR
products separated in a 1.5% agarose gel. 1 and 2 represent patients 1 and
2, respectively. The cells were treated by 2 CLA isoforms and the total
RNA was isolated from each group of cells separately. 36B4 was used as
the loading control. (B) The mRNA ratio of PTPÁ to 36B4 was measured
by densitometry. Bars represent mean±SD, n=3. 

Figure 5. CLA up-regulated PTPÁ mRNA in primary cultured normal
human breast epithelial cells. (A) Ethidium bromide-stained PCR
products separated in a 1.5% agarose gel. 1 and 2 represent patients 1 and
2, respectively. The cells were treated by 2 CLA isoforms and the total
RNA was isolated from each group of cells separately. 36B4 was used as
the loading control. (B) The mRNA ratio of PTPÁ to 36B4 was measured
by densitometry. Bars represent mean±SD, n=3. *p<0.05 stands for
control versus CLA.
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mean±SD, n=3. *p<0.05 stands for control versus CLA.



19 Statistical Research and Applications Branch, NCI, 2003.
[http://srab.cancer.gov/devcan]

20 American Cancer Society, 2005. [http://www.cancer.org/docroot/
home/index.asp]

21 Manabe Y, Toda S, Miyazaki K and Sugihara H: Mature
adipocytes, but not preadipocytes, promote the growth of breast
carcinoma cells in collagen gel matrix culture through cancer-
stromal cell interactions. J Pathol 201: 221-228, 2003.

22 Elenbaas B and Weinberg RA: Heterotypic signaling between
epithelial tumor cells and fibroblasts in carcinoma formation.
Exp Cell Res 264: 169-184, 2001.

23 Krtolica A, Parrinello S, Lockett S, Desprez PY and Campisi J:
Senescent fibroblasts promote epithelial cell growth and
tumorigenesis: a link between cancer and aging. Proc Natl Acad
Sci USA 98: 12072-12077, 2001.

24 Ip MM, Masso-Welch PA and Ip C: Prevention of mammary
cancer with conjugated linoleic acid: role of the stroma and the
epithelium. J Mammary Gland Biol Neoplasia 8: 103-118, 2003.

25 Masso-Welch PA, Zangani D, Ip C, Vaughan MM, Shoemaker
S, Ramirez RA and Ip MM: Inhibition of angiogenesis by the
cancer chemopreventive agent conjugated linoleic acid. Cancer
Res 62: 4383-4389, 2002.

26 Liu S, Kulp SK, Sugimoto Y, Jiang J, Chang HL and Lin YC:
Involvement of breast epithelial-stromal interactions in the
regulation of protein tyrosine phosphatase-gamma
(PTPgamma) mRNA expression by estrogenically active agents.
Breast Cancer Res Treat 71: 21-35, 2002.

27 Tennant JR: Evaluation of the trypan blue technique for
determination of cell viability. Transplantation 2: 685-694, 1964.

28 Liu S, Sugimoto Y, Kulp SK, Jiang J, Chang HL, Park KY,
Kashida Y and Lin YC: Estrogenic down-regulation of protein
tyrosine phosphatase gamma (PTP gamma) in human breast is
associated with estrogen receptor alpha. Anticancer Res 22:
3917-3923, 2002.

29 Tsukamoto T, Takahashi T, Ueda R, Hibi K, Saito H and
Takahashi T: Molecular analysis of the protein-tyrosine
phosphatase Á gene in human lung cancer cell lines. Cancer Res
51: 3506-3509, 1992.

30 Zheng J, Kulp SK, Zhang Y, Sugimoto Y, Dayton MA,
Govindan MV, Brueggemeier RW and Lin YC: 17‚-estradiol
regulated expression of protein tyrosine phosphatase gamma
gene in cultured human normal breast and breast cancer cells.
Anticancer Res 20: 11-20, 2000.

31 Freiss G and Vignon F: Antiestrogens increase protein tyrosine
phosphatase activity in human breast cancer cells. Mol
Endocrinol 8: 1389-1396, 1994.

32 Aaronson SA, Bottaro DP, Miki T, Ron D, Finch PW, Fleming
TP, Ahn J, Taylor WG and Rubin JS: Keratinocyte growth
factor, a fibroblast growth factor family member with unusual
target cell specificity. Ann NY Acad Sci 638: 62-77, 1991.

33 Cullen KJ and Lippman ME: Stromal-epithelial interactions in
breast cancer. In: Dickson RB, Lippman ME (eds.). Gene,
Oncogenes, and Hormones: Advances in Cellular and
Molecular Biology of Breast Cancer. Kluwer Academic
Publisher, Boston, pp. 413-431, 1991.

34 Cunha GR: Role of mesenchymal-epithelial interactions in
normal and abnormal development of the mammary gland and
prostate. Cancer 74 (suppl): 1030-1044, 1994.

35 Ip C, Chin SF, Scimeca JA and Pariza MW: Mammary cancer
prevention by conjugated dienoic derivative of linoleic acid.
Cancer Res 51: 6118-6124, 1991. 

36 Ip C, Jiang C, Thompson HJ and Scimeca JA: Retention of
conjugated linoleic acid in the mammary gland is associated
with tumor inhibition during the post-initiation phase of
carcinogenesis. Carcinogenesis 18: 755-759, 1997.

37 Thompson H, Zhu ZJ, Banni S, Darcy K, Loftus T and Ip C:
Morphological and iochemical status of the mammary gland as
influenced by conjugated linoleic acid: implication for a reduction
in mammary cancer risk. Cancer Res 57: 5067-5072, 1997.

38 Ip C, Singh M, Thompson HJ and Scimeca JA: Conjugated
linoleic acid suppresses mammary carcinogenesis and
proliferative activity of the mammary gland in the rat. Cancer
Res 54: 1212-1215, 1994.

39 Ip C, Scimeca JA and Thompson H: Effect of timing and
duration of dietary conjugated linoleic acid on mammary cancer
prevention. Nutr Cancer 24: 241-247, 1995.

40 Visonneau S, Cesano A, Tepper SA, Scimeca JA, Santoli D and
Kritchevsky D: Conjugated linoleic acid suppresses the growth
of human breast adenocarcinoma cells in SCID mice.
Anticancer Res 17: 969-973, 1997.

41 Chujo H, Yamasaki M, Nou S, Koyanagi N, Tachibana H and
Yamada K: Effect of conjugated linoleic acid isomers on growth
factor-induced proliferation of human breast cancer cells.
Cancer Lett 202: 81-87, 2003. 

Received August 16, 2005
Accepted October 10, 2005

ANTICANCER RESEARCH 26: 27-34 (2006)

34



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


