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Immune-surveillance and programmed cell death-related
genes are significantly overexpressed in the normal breast
epithelium of postmenopausal parous women
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Abstract. Endocrine and reproductive influences significantly
affect the lifetime risk of breast cancer. Nulliparity is one of
the most firmly established risk factors for breast cancer,
whereas early full-term pregnancy and parity confer a signifi-
cant protection. The breast attains its maximum development
during pregnancy and lactation. After menopause the breast
regresses in both nulliparous and parous women containing
lobular structures designated lobules type 1 (Lob 1). We
have postulated that the degree of differentiation acquired
through early pregnancy changes the ‘genomic signature’ that
differentiates the Lob 1 from the early parous women from
that of the nulliparous women by shifting the Stem cell 1 to a
Stem cell 2, making this the mechanism of protection conferred
by early full-term pregnancy. In order to elucidate the molec-
ular pathways through which pregnancy exerts a protective
effect, we have analyzed the genomic profile of Lob 1 present
in reduction mammoplasty specimens obtained from parous and
nulliparous postmenopausal women. The genes differentially
expressed are related to immune-surveillance, DNA repair,
programmed cell death, transcription, and chromatin structure/
activators/co-activator. In the present study we performed
real-time RT-PCR using a low-density array or a microfluid
card for genes related to the immune system and programmed
cell death, using 18S as an internal control [TagMan® Low
Density Array Human Immune Panel (Applied Biosystems)].
Breast epithelial cells from parous women significantly over-
expressed 17 out of 20 genes (p<0.001) with respect to the
nulliparous breast. BCL2-associated X protein, Complement
component 3, CD45 antigen, glyceraldehyde-3-phosphate
dehydrogenase, granulysin, and chemokine (C-C motif)
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ligand 19 were expressed more than 30-fold with respect to
nulliparous breast cells. Only three out of 20 genes [selectin P
(granule membrane protein 140 kDa, antigen CD62), Fas
(TNF receptor superfamily, member 6) and chemokine (C-X-C
motif) ligand 11], were downregulated in parous breast with
respect to nulliparous breast cells. The data lead us to conclude
that an early pregnancy, by shifting the Stem cell 1 to Stem
cell 2, makes the latter more easily recognized by the immune-
surveillance system, which initiates the programmed cell death
pathway if exposure to toxic or carcinogenic agents occurs.

Introduction

Early pregnancy imprints in the breast permanent genomic
changes or a ‘signature’ that reduces the susceptibility of
this organ to cancer (1-3). The breast attains its maximum
development during pregnancy and lactation and after meno-
pause the breast regresses in both nulliparous and parous
women containing lobular structures designated Lob 1 (4,5).
The Lob 1 found in the breast of nulliparous women and of
parous women with breast cancer never went through the
process of differentiation, retaining a high concentration of
epithelial cells that are targets for carcinogens and therefore
susceptible to undergo neoplastic transformation, these cell
are called Stem cells 1, whereas Lob 1 structures found in
the breast of early parous postmenopausal women free of
mammary pathology, on the other hand, are composed of an
epithelial cell population that is refractory to transformation
called Stem cells 2 (6-8). The degree of differentiation acquired
through early pregnancy changes the ‘genomic signature’ that
differentiates the Lob 1 from the early parous women from
that of the nulliparous women by shifting the Stem cell 1 to a
Stem cell 2 (1-3). Those genes that were significantly different
are related to immune-surveillance, DNA repair, programmed
cell death, transcription, and chromatin structure/activators/
co-activator (1-3). Among the genes related to immune-
surveillance we found the cytoplasmic Toll/interleukin-1
receptor (TIR), the T cell receptor V-6 1 (TCRB), the MHC
class I HLA-A24 and the interleukin 22 receptor (IL22) (1-3).
The BCL2-associated X protein, which has the function of
regulating the programmed cell death process, was also
significantly upregulated in the epithelia of the parous post-
menopausal breast. This group of gene transcripts could be
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Nulliparous breast

Figure 1. Normal breast epithelial cells dissected by laser capture microdissection (LCM). The ductal epithelial cells of the tissue of postmenopausal
nulliparous and parous breast were separated from the stroma. A, breast tissue before LCM; B, after LCM; C, cells captured from which the RNA was

extracted. Stained with hematoxylin and eosin; magnification, x10.

Table I. RNA amplified from the LCM cells of parous and nulliparous breast.

Patient no. Reproductive history Type of cell capture  No. of cells captured by LCM RNA (ng/pl) aRNA (ng/ul) aaRNA (ng/ul)
641 Parous Epithelium 849 12.8 105.0 1927.3
387 Parous Epithelium 1,544 233 178.0 1284.0

3302 Parous Epithelium 1412 21.3 97.0 1080.0
33 Parous Epithelium 1,525 23.0 208.0 1260.0

104926 Nulliparous Epithelium 1.424 21.49 193.0 2026.0
426 Nulliparous Epithelium 2,630 39.68 138.0 1536.0
527 Nulliparous Epithelium 2,466 372 574 892.0

an indication that immune-surveillance and programmed cell
death could play an important role in the genomic signature
induced by pregnancy and therefore in the mechanism that
this physiological process plays in the protection against breast
cancer.

In order to expand these observations we studied the
expression profiles of 20 genes related to the immune system
and programmed cell death employing the TagMan® low-
density array human immune panel (Applied Biosystems).

Materials and methods

Tissue samples. This study was carried out using normal breast
tissues obtained from reduction mammoplasties that were
performed for cosmetic reasons in postmenopausal parous
and nulliparous women. The parous group consisted of four
postmenopausal women free of mammary pathology who
had completed a first full-term pregnancy (FFTP) before the
age of 24 years. They ranged in age from 56 to 60 years. The
nulliparous group consisted of three postmenopausal women
that were in the same age range. Postmenopause was defined
as previously described (3). Each sample was obtained after
each donor had signed their respective informed consent forms
that were approved by the Fox Chase Cancer Center's Human
Subjects Protection Committee. The breast tissues were fixed

in 70% ethanol within 10 min of the surgical procedure. The
tissues were dehydrated, embedded in paraffin, sectioned
at five-micron thickness and stained with hematoxylin and
eosin, followed by 5-sec dehydration steps in 70, 95 and
100% ethanol. One section was coverslipped for evaluation
of the development of the breast following criteria described
previously (4). Additional sections were air-dried and laser
microdissected using an AutoPix 1000 LCM system (Arcturus
Engineering, Mountain View, CA). Epithelial cells from Lob 1
were obtained in sixtuplicate from each breast sample (Fig. 1).

RNA isolation from the LCM. Total RNA was isolated using
Trizol (Invitrogen, Inc.) separately for each capture and then
pooled for each breast sample. The total RNA was amplified
using a method based on dT-T7-RNA amplification (3). The
amplification procedure involved four steps, the first one
was the cDNA synthesis using the RT enzyme (Superscript
from Invitrogen), the second step was the amplification based
on dT-T7 and switch T7 primers, the third step consisted of
the in vitro transcription reaction and the last one was the
RNA purification and quantification. The concentration of
RNA before and after amplification are depicted in Table I.
The concentration and the quality of the pooled RNA were
measured using a spectrophotometric method (Nanodrop
Technologies, Inc.).
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Table II. RT-PCR values of the genes expressed in the nulliparous and parous breast epithelial cells.
Sample Gene name Gene symbol Assay ID Avg ACt ACtS.D. AACt RQ
Nulliparous breast cells 18S 18S Hs99999901_s1  0.0000  0.0000
Parous breast cells 18S 18S Hs99999901_s1 ~ 0.0000  0.0000
Nulliparous breast cells BCL2-associated X protein BAX Hs00180269_m1 14.1494 0.0000 0.000 1.000
Parous breast cells BCL2-associated X protein BAX Hs00180269_m1  8.5533 0.6322 -5.596 48.373
Nulliparous breast cells Complement component 3 C3 Hs00163811_m1 14.1494 0.0000 0.000 1.000
Parous breast cells Complement component 3 C3 Hs00163811_m1 8.8711 0.5156 -5.278 38.807
Nulliparous breast cells chemokine (C-C motif) receptor 4 CCR4 Hs99999919 m1 7.8698 0.4545 0.000 1.000
Parous breast cells chemokine (C-C motif) receptor 4 CCR4 Hs99999919_ml1 6.6113 03076 -1.258 2.392
Nulliparous breast cells CD34 antigen CD34 Hs00156373_m1 14.1494 0.0000 0.000 1.000
Parous breast cells CD34 antigen CD34 Hs00156373_m1  9.5434  0.6394 -4.606 24.353
Nulliparous breast cells CD45 antigen CD45 Hs00365634_g1 14.1494  0.0000 0.000 1.000
Parous breast cells CDA45 antigen CD45 Hs00365634_g1  8.4862 0.1449 -5.663 50.676
Nulliparous breast cells selectin P (granule membrane protein CD62E Hs00174583_m1 94160 0.6565 0.000 1.000
140 kDa, antigen CD62) (SELP)
Parous breast cells selectin P (granule membrane protein CDG62E Hs00174583_m1 132384 0.1013 3.822 0.071
140 kDa, antigen CD62) (SELP)
Nulliparous breast cells Collagen IV COL4A5 Hs00166712_m1  9.6272 0.3732 0.000 1.000
Parous breast cells Collagen IV COL4A5 Hs00166712_m1 8.8521 03142 -0.775 1.711
Nulliparous breast cells prostaglandin-endoperoxide synthase 2 PTGS2 Hs00153133_m1 10.6659 0.0268 0.000 1.000
(prostaglandin G/H synthase and
cyclooxygenase)
Parous breast cells prostaglandin-endoperoxide synthase 2 PTGS2 Hs00153133_m1  8.1526 0.5189 -2.513 5.709
(prostaglandin G/H synthase and
cyclooxygenase)
Nulliparous breast cells endothelin 1 EDNI1 Hs00174961_m1 104343 0.5787 0.000 1.000
Parous breast cells endothelin 1 EDNI1 Hs00174961_m1 85029 0.3341 -1.931 3814
Nulliparous breast cells Fas (TNF receptor superfamily, member 6) Fas Hs00163653_m1 9.7610 0.3392 0.000 1.000
Parous breast cells Fas (TNF receptor superfamily, member 6) Fas Hs00163653_m1 13.2384 0.1013 3477 0.090
Nulliparous breast cells fibronectin 1 FN 1 Hs00365052_m1 14.1494  0.0000 0.000 1.000
Parous breast cells fibronectin 1 FN'1 Hs00365052_m1 94166 0.2851 -4.733 26.589
Nulliparous breast cells glyceraldehyde-3-phosphate dehydrogenase =~ GAPDH ~ Hs99999905_m1 14.1494 0.0000 0.000 1.000
Parous breast cells glyceraldehyde-3-phosphate dehydrogenase =~ GAPDH  Hs99999905_m1 8.8243 04063 -5.325 40.087
Nulliparous breast cells granulysin GNLY Hs00246266_m1 14.1494 0.0000 0.000 1.000
Parous breast cells granulysin GNLY Hs00246266_m1 92064 1.0091 -4.943 30.760
Nulliparous breast cells glucuronidase, GUSB Hs99999908_m1  7.8967 0.5131 0.000 1.000
Parous breast cells glucuronidase, 3 GUSB Hs99999908_m1 6.8156 0.5129 -1.081 2.116
Nulliparous breast cells major histocompatibility complex, class II, HLA-DRA Hs00219575_m1 4.9393 0.1417 0.000 1.000
DR «
Parous breast cells major histocompatibility complex, class I, HLA-DRA Hs00219575_m1 3.1334 0.1589 -1.806 3.497
DR a
Nulliparous breast cells interleukin 1 IL16 Hs00174097_m1 95770 04217 0.000 1.000
Parous breast cells interleukin 1 IL1B Hs00174097_m1  7.2934 0.6072 -2.284 4.869
Nulliparous breast cells interleukin 8 IL8 Hs00174103_m1 14.1491 0.0000 0.000 1.000
Parous breast cells interleukin 8 IL8 Hs00174103_m1 7.8921 0.6049 -6.257 76497
Nulliparous breast cells chemokine (C-X-C motif) ligand 11 CXCL11  Hs00171138_ml1 8.8580 0.7478 0.000 1.000
Parous breast cells chemokine (C-X-C motif) ligand 11 CXCL11  Hs00171138_m1 89178 0.1581 0.060 0.959
Nulliparous breast cells chemokine (C-C motif) ligand 19 CCL19 Hs00171149_m1 14.1494 0.0000 0.000 1.000
Parous breast cells chemokine (C-C motif) ligand 19 CCL19 Hs00171149_m1  8.7052 0.5088 -5.444 43.538
Nulliparous breast cells chemokine (C-C motif) ligand 5 CCL5 Hs00174575_m1 94034 1.8346 0.000 1.000
Parous breast cells chemokine (C-C motif) ligand 5 CCL5 Hs00174575_m1 59424 03791 -3461 11.012

Column 1 represents the tissue type; column 2 depicts the name of the genes available in the microfluid card; column 3 contains the gene symbol; column 4
shows the assay ID of the specific probes + primers commercially available from ABI Systems; column 5 represents the average of the ACt (the difference in
the Ct values between each gene and the control gene used, in this case 18S); column 6 represents the standard deviation of ACt values, from three replicates;
column 7 represents the AACt value (the difference in the ACt from each gene in the parous women with respect to the expression of the same gene in
nulliparous breast tissue). The last column represents the relative quantitation of the gene expression (2 "-AACt; the log base 2 of AACt values).
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Figure 2. Immunocytochemical reaction of IL8; CD45 and CD34 in the control cells, nulliparous and parous breast tissue. (a) Molt 4 cells, control for IL8; (b)
nulliparous breast stained with anti-IL8; (c) parous breast stained with anti-IL8; (d) Jurkat cells, control for CD45; (e) nulliparous breast stained with anti-
CD45; (f) parous breast stained with anti-CD45; (g) Jurkat cells, control for CD34; (h) nulliparous breast stained with anti-CD34; and (i) parous breast stained

with anti-CD34. Magnification, x40.
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Figure 3. Schematic representation of the pregnancy-induced differentiation
in which Stem cell 1 is shifted to Stem cell 2. The genes listed are part of the
signature of Stem cell 2.

Gene expression analysis. We performed quantitative real-time
RT-PCR using the TagMan® low-density array human immune
panel (Applied Biosystems) containing primer and probe sets
for the detection of 96 genes related to the immune system
and programmed cell death and 18S as an internal control.
All RT-PCR reactions were performed on the ABI Prism®
7900HT sequence detection system (Applied Biosystems)
using the fluorescent TagMan® methodology. TagMan One
Step RT PCR Master mix (Applied Biosytems) and 100 ng of
aaRNA were used for each RT-PCR reaction in a final volume
of 100 1. The thermal cycling conditions comprised 30 min
at 48°C, 10 min at 95°C and 40 cycles of 15 sec, denaturation
at 95°C and 60-sec annealing at 60°C. Each gene was analyzed

in duplicate, normalized against 18S as a control gene and
expressed relative to a calibrator sample, as described by Livak
and Schmittgen (9) and Benoy et al (10). The PCR cycle at
which the fluorescence rises above the background signal
is called the cycle threshold (Ct). The results are expressed
as relative gene expression (RGE) using the ACt method.
We used the ACt method to quantify our results. To adopt
this calculation method, the amplification efficiencies of
the target genes and endogenous control gene (18S) have to
be comparable. ACt values are obtained by calculating Ct
values of the target genes minus the Ct values of 18S in each
condition, then we performed antilog base 2.

Immunohistochemistry assay. Tissues fixed in formalin,
dehydrated, and embedded in paraffin were cut at 5-ym
thickness and stained with hematoxylin and eosin for histo-
pathological analysis. For immunocytochemical analysis
tissue sections were mounted on aminoalkylsilane-coated
or positively charged slides, deparaffinized, rehydrated and
incubated in 2% hydrogen peroxide at room temperature
for 15 min for quenching endogenous peroxidase activity.
The sections were sequentially incubated in two changes
of Target Retrieval Solution at 98°C for 5 min each. All the
tissue sections were incubated in diluted normal blocking
serum for 20 min. Excess serum was blotted from the slides
and the sections were incubated with the following antibodies:
mouse monoclonal antibodies IL8 (B-2, sc-8427), CD45
(35-76, sc-1178), and CD34 (IC0115, sc7324) (Santa Cruz
Biotechnology, Inc, CA). Citospin from Molt-4 and Jurkat
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cultured cells were used as positive control. The antibodies
(diluted 1:50) were incubated overnight at 4°C and DAB-
nickel staining was employed to develop the immunoreaction.
All sections were lightly counterstained with hematoxylin.
Immunostaining was evaluated by examination of slides under
a bright field microscope, and graded positive if a dark stippled
reaction was present.

Results

In Table II are shown the data of relative gene expression
(RQ) from parous and nulliparous breast epithelial cells
indicating that 17 out of 20 genes were overexpressed in
parous breast cells with respect to nulliparous breast cells, or
relative quantitation (RQ) >1.7 (last column of Table II).
Among these the BCL2-associated X protein, Complement
component 3, CD45 antigen, glyceraldehyde-3-phosphate
dehydrogenase, granulysin, and chemokine (C-C motif) ligand
19 were expressed >30-fold with respect to nulliparous breast
cells. Only three out of 20 genes [selectin P (granule membrane
protein 140 kDa, antigen CD62), Fas (TNF receptor super-
family, member 6) and chemokine (C-X-C motif) ligand 11],
were downregulated in parous breast with respect to nulli-
parous breast cells (Table II).

We have confirmed by immunohistochemistry the protein
expression of IL8, CD45 and CD34 in the breast tissues from
parous postmenopausal women. The localization of these
proteins was intracytoplasmic as a fine granular reaction similar
to the one detected in the positive control cells (Fig. 2). We
did not observe immunocytochemical reactivity in similar
structures in the nulliparous breast epithelia (Fig. 2).

Discussion

In the present study, we show that the breast epithelia of
parous postmenopausal breast overexpressed seventeen genes
that are related to immune-surveillance and programmed cell
death. These data support our previous observations that the
breast epithelial cells of the lobules type 1 found in the breast
tissue of postmenopausal parous women has a genomic
signature different from similar structures derived from
postmenopausal nulliparous women (1-3). After the post-
menopausal involution of the mammary gland, the architecture
of the parous breast is similar to that of the nulliparous
breast, containing predominantly Lob 1 that is refractory to
transformation. It was further postulated that the degree of
differentiation acquired through early pregnancy permanently
changes the genomic signature that differentiates the Lob 1
from early parous women from that of nulliparous women,
shifting the Stem cell 1 to a Stem cell 2 that is refractory to
carcinogenesis. These cells were called Stem cells 2 because
after postlactational involution, the mammary epithelium
remains capable of responding with proliferation and differ-
entiation to the stimulus of a new pregnancy; however, these
cells are refractory to carcinogenesis, even though they are
stimulated to proliferate and to regenerate the whole mammary
gland (1-3). The Stem cell 2 is characterized by having a
genomic signature that has been induced by the first cycle of
differentiation. Those genes that are significantly different
are grouped in major categories based on their putative
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functional significance such as immune-surveillance, DNA
repair, programmed cell death, and genomic transcription,
chromatin structure/activators/co-activators (1-3,11-14).

The genes controlling programmed cell death that were
differentially expressed in the parous breast epithelia are
the BCL2-associated X protein, glyceraldehyde-3-phosphate
dehydrogenase, granulysin and the Fas (TNF receptor super-
family member 6) (TNFRSF6). The BCL2-associated protein
or BAX protein encoded by this gene belongs to the BCL2
protein family (15). BAX is a pro-apoptotic gene that the
active p53 stimulates the transcription of it, including the
pro-apoptotic gene p21, a cell cycle regulator (15-18). The
role of BAX in breast cancer is not clear (19,20) and similar
levels of expression were identified in normal tissues (20-22).
In a BAX-expressing breast cancer cell line transplanted into
SCID mice, although tumor growth could not be completely
prevented, Bax expression led to a significant reduction of
tumor growth (23). In the parous breast, the BCL2-associated
X protein is upregulated in the epithelial cells and is part of
its genomic signature. Supporting evidence to this finding
comes from a rat experimental model in which post-pregnancy
involuted mammary gland exhibits a genomic signature
characterized by elevated expression of genes involved in
programmed cell death pathways. Among the genes controlling
this process are the testosterone repressed prostate message 2
(TRPM2), interleukin 1B-converting enzyme (ICE), bcl-XL,
bcl-XS, p53, p21, and c-myc, which can be from 3- to 5-fold
upregulated (12-14). In the present study we have found that
the glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
is upregulated 40-fold in parous compared with nulliparous
epithelia. GAPDH plays an important role in glycolysis and
gluconeogenesis (24,25) by reversibly catalysing the oxidation
and phosphorylation of D-glyceraldehyde-3-phosphate to
1,3-diphosphoglycerate. The enzyme has been found to
bind to actin and tropomyosin, and may thus have a role in
cytoskeleton assembly (25). GAPDH displays diverse non-
glycolytic functions as well, its role depending upon its
subcellular location. For instance, the translocation of GAPDH
to the nucleus acts as a signalling mechanism for programmed
cell death, or apoptosis (26). The accumulation of GAPDH
within the nucleus is involved in the induction of apoptosis,
where GAPDH functions in the activation of transcription.
The presence of GAPDH is associated with the synthesis of
pro-apoptotic proteins such as BAX, c-JUN and GAPDH
itself. Therefore the overexpression of GAPDH in the parous
breast together with BAX strongly suggest that the parous
epithelia or Stem cell 2 have a different pro-apoptotic pathway
that makes them more vulnerable to apoptosis if an exogenous
insult takes place. Further support to this contention is that
the parous breast expresses granulysin that is upregulated
30-fold. Granulysin, a lytic molecule expressed by human
cytolytic T lymphocytes and natural killer cells, is colocalized
in granules with perforin and granzymes and is active against
tumor cells and a variety of microbes, including Mycobacterium
tuberculosis (27-30). Recombinant 9-kDa granulysin disrupts
artificial liposomes and cell membranes, damages mito-
chondria, and activates caspase-9 to induce apoptosis in
nucleated cells but does not lyse red blood cells (31). The
9-kDa granulysin contains two disulfide bonds, and reduction
of recombinant granulysin enhances its lytic activity against
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tumor targets but does not affect its activity against bacteria
(32). Peptides corresponding to the central region of granulysin
lyse bacteria, human cells, and synthetic liposomes, while
peptides corresponding to the amino or carboxyl regions are
not lytic (32). Most peptides corresponding to either helix 2 or
helix 3 lyse bacteria, while lysis of human cells and liposomes
is dependent on the helix 3 sequence. Peptides in which
positively charged arginine residues were replaced by neutral
glutamine exhibit reduced lysis of all three targets (32).
Granulysin and its constituent peptides bind to the cell surface
based on charge and cause an increase in the intracellular
Ca? concentration and a subsequent decrease in the intra-
cellular K* concentration (31,33). Both calcium and potassium
channel blockers inhibit granulysin/peptide-induced apoptosis
in tumor cells (33). The rise in [Ca?](i) precedes a decrease
in intracellular K+, and elevated extracellular K+ prevents
granulysin-mediated cell death. In granulysin-treated cells,
electron transport is uncoupled, and reactive oxygen species
are generated. Finally, an increase in intracellular glutathione
protects target cells from granulysin-induced lysis, indicating
the importance of the redox state in granulysin-mediated
cell death. Exogenously added granulysin kills HeLa target
cells by entering the nucleus and inducing apoptosis (34).
Whereas no reports have been found on the role of this gene
product in breast tissue, its high expression in the parous breast
together with the BCL2-associated X protein, and GAPDH
that are controlling programmed cell death may explain a
specific function in the differentiated breast epithelia. There
is supporting data indicating that granulysin could play an
important preventive role, for example, in vivo effects of
GNLY were evaluated using the syngeneic T lymphoma tumor
C6VL (35). GNLY transgenic mice survived significantly
longer than nontransgenic littermates in response to a lethal
tumor challenge, suggesting that GNLY may prove a useful
therapeutic modality for the treatment of cancer (35). We
have shown that hCG is a preventive agent in the rat mammary
gland supporting the knowledge that genes involved in the
regulation of apoptosis were found to be also upregulated
by gonadotrophin stimulation, including BAX inhibitor-1,
granulysin and apoptosis repressor with caspase recruitment
domain (ARC) (36). Tumor-free patients expressed granulysin
at levels similar to healthy controls, while the progressive
tumor-bearing patients expressed remarkably lower levels
of granulysin compared to healthy controls (P<0.0001).
Impaired expression of granulysin by NK cells correlates
with progression of cancer, and determination of granulysin
expression might prove informative for assessing the immuno-
logical condition of cancer patients (37).

A difference in the BCL2-associated X protein, glycer-
aldehyde-3-phosphate dehydrogenase, and granulysin was
observed, and the Fas (TNF receptor superfamily member 6)
(TNFRSF6) was downregulated 11-fold in the parous breast
epithelia with respect to nulliparous breast epithelia. The
FAS antigen shows structural homology with a number of
cell surface receptors, including tumor necrosis factor (TNF)
receptors (38,39) and the low-affinity nerve growth factor
receptor (NGFR). Functional expression studies in mouse cells
showed that the FAS antigen induced antibody-triggered
apoptosis. It has been shown (40) that the Fas antigen receptor
was rapidly expressed on T cells following activation of T

BALOGH et al: IMMUNE-SURVEILLANCE AND PROGRAMMED CELL DEATH

cell hybridomas, and that the interaction between FAS and
FAS ligand (FASL, CD95L, or TNFSF6) induced cell death
in a cell-autonomous manner consistent with apoptosis. Using
mouse primary neurons and a human neuroblastoma cell line,
it has been determined (41-43) that FAS can mediate neurite
growth. Activation of FAS resulted in axon regeneration in
primary neurons and accelerated functional recovery after
sciatic nerve injury in vivo, by activating a nerve growth factor-
independent signaling pathway that included activation of ERK
and the expression of p35 (43). A potential protective effect
induced by the downregulation of FAS emerged from the data
of Song et al (44), who have investigated the in vivo silencing
effect of small interfering RNA (siRNA) duplexes targeting
the FAS gene to protect mice from liver failure and fibrosis
in 2 models of autoimmune hepatitis. Hepatocytes isolated
from these mice were resistant to apoptosis when exposed to
Fas-specific antibody or cocultured with concanavalin-A-
stimulated hepatic mononuclear cells. Ma et al (45) observed
that Fas-deficient (Ipr/lpr) mice had less severe collagen-
induced arthritis, but higher levels of I11b in joints, than control
mice, suggesting inefficient activation through Il1rl. All of
these results indicate that the downregulation or silencing of
FAS in the parous compared with the nulliparous epithelia
could contribute to the signature of protection induced by
parity (Fig. 3).

Complement component 3 or C3 and the major histo-
compatibility complex class II (HLA-DRA) are significantly
highly expressed in parous breast epithelial cells with respect
to breast epithelial cells from nulliparous women. Complement
component C3 plays a central role in the activation of the
complement system and its activation is required for both
classical and alternative complement activation pathways.
Complement components in breast milk may enhance the local
immune response in the gut of infants and expression of C3 was
upregulated in the gestational mammary gland (46) whereas in
normal resting breast, only C4 mRNA was noted in some ductal
epithelium (46). HLA-DRA was also upregulated more than
three-fold in the parous epithelia and is one of the HLA class
II a chain paralogues (47). It plays a central role in the immune
system by presenting peptides derived from extracellular
proteins. Class I molecules are expressed in antigen presenting
cells (APC: B lymphocytes, dendritic cells, macrophages) (47).
Although the exact role of C3 and HLA-DRA in the breast
epithelium is unknown, we can postulate that these genes are
specifically expressed after pregnancy in the ductal epithelium
as part of the genomic signature of Stem cell 2. This may
protect the breast tissue against cancer development by leaving
the immune system ready to attack any proliferative cell with
strange behavior in the breast epithelium, protecting the breast
tissue against cell transformation or proliferation by inducing
an inflammatory response and apoptosis (Fig. 3).

Two cell markers that are significantly upregulated in the
parous epithelia are the CD34 and the CD45 antigens. CD34
antigen is a monomeric cell surface antigen with a molecular
mass of approximately 110 kD that is expressed on human
hematopoietic progenitor cells (48-51) and small vessel
endothelial cells (52). We have found that CD34 protein is
also expressed in cultured breast epithelial cells from normal
parous women by Western blot assay employing a specific
monoclonal anti-CD34 antibody (data not shown). The specific
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band was observed in the parous breast epithelial cells and in
the Jurkat cells employed as positive control (unpublished
observation). We also observed by immunohistochemistry the
expression of CD34 antigen in the normal breast epithelium
from parous women employing the same antibody used for
Western blotting.

The CD45 transcript is 50-fold overexpressed in the parous
breast compared with the nulliparous epithelia and is immuno-
histochemically detected in the cytoplasm of these cells. CD45
antigen is an abundant hemopoietic-specific transmembrane
protein tyrosine phosphatase (53). The phosphatase activity
of CD45 Ag is crucial for efficient lymphocyte Ag receptor
signal transduction, as has been shown in CD45-negative cell
lines and CD45-deficient mice (53-57). CD45-knockout mice
are severely immunodeficient. However, the role of expression
of CD45 in the breast epithelia of parous women is unknown
and can only be hypothesized to be protective surveillance of
the epithelia or involved in the receptor signal transduction
pathway.

There are six chemokines that are upregulated in the parous
breast epithelia: chemokine, CC motif, ligand 19 (CCL19);
chemokine, CC motif, ligand 5 (CCL5), chemokine, CC motif,
receptor 4; chemokine, CXC motif, ligand 11 (CXCLI11),
interleukin 8 (IL8), and interleukin 16 (IL16). Chemokines are
a group of small (approximately 8 to 14 kDa), mostly basic,
structurally related molecules that regulate cell trafficking of
various types of leukocytes through interactions with a subset
of 7-transmembrane, G protein-coupled receptors. Chemokines
also play fundamental roles in the development, homeostasis,
and function of the immune system, and they have effects on
cells of the central nervous system as well as on endothelial
cells involved in angiogenesis or angiostasis. Chemokines
are divided into 2 major subfamilies, CXC and CC, based on
the arrangement of the first 2 of the 4 conserved cysteine
residues; the 2 cysteines are separated by a single amino acid
in CXC chemokines and are adjacent in CC chemokines
(58-68).

The chemokine, CC motif, ligand 19 (CCL19) is more than
40-fold upregulated in the parous epithelia. This chemokine
was cloned by Yoshida ef al (58) and Rossi et al (59). Northern
blot analysis revealed that the gene was expressed at high
levels in thymus and lymph nodes, at intermediate levels in
colon and trachea, and at low levels in spleen, small intestine,
lung, kidney, and stomach. Robbiani ef al (60) showed that
migration of dendritic cells (DCs) from skin to lymph nodes
utilizes the leukotriene C4 which in turn promotes chemotaxis
to CCL19 and mobilization of DCs from the epidermis. In
our study it is possible that during the laser capture micro-
dissection procedure we captured DC cells that may be present
and intermingled with the epithelia lining the ductal structure,
otherwise we can assume that this gene product is expressed
in the epithelial cells. Another chemokine (C-C motif) receptor
4 (CCR4) is also upregulated in the parous epithelia but only
two-fold. CCR4 protein contains 3 potential N-glycosylation
sites and multiple potential phosphorylation sites. This
transcript has high levels in the thymus and peripheral blood
leukocytes and lower levels in the spleen; no expression was
detected in prostate, testis, ovary, small intestine, and colon
(61). Its function in the breast epithelia is unknown but could
be considered part of the signature of Stem cell 2 (Fig. 3).
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The chemokine, CXC motif, ligand 11 (CXCLI11) is not
significantly different in parous and nulliparous breast
epithelia, but the chemokine, CC motif, ligand 5 (CCL5) is
11-fold upregulated in the parous breast epithelia. This cyto-
kine is also known as RANTES T cell-specific (62). RANTES
is an acronym for Regulated upon Activation, Normally T-
Expressed, and presumably Secreted, suggesting that it
constitutes a family of small, secreted T cell molecules. Cocchi
et al (63) demonstrated that the chemokines RANTES, MIP-1-
a, and MIP-1-8 are the major HIV-suppressive factors produced
by CDS8-positive T cells. Arenzana-Seisdedos et al (64)
investigated a derivative of RANTES as a possible therapeutic
agent for inhibition of HIV infection. Using astrocytes obtained
from 5- to 10-week-old fetal forebrains and in situ hybridization
and immunohistochemical analyses, it has been shown that
expression of RANTES mRNA and protein, but not of other
chemokines, increases with age and that RANTES inhibited
proliferation and prolonged survival of wild-type cells but had
no effect on Cer57 cells (65). The data strongly suggest that
this chemokine is not only a mediator of inflammation, but
also a significant regulator of differentiation in development.
Ccl5-deficient mice had delayed viral clearance, excessive
airway inflammation, and respiratory death after infection
with either murine parainfluenza or human influenza viruses
(66). CCL5 was required to hold apoptosis and mitochondrial
dysfunction in check in virus-infected mouse macrophages
in vivo and mouse and human macrophages ex vivo, and the
protective effect of CCL5 required activation of CCRS and
the downstream ERK1 (MAPK3), ERK2 (MAPK1) and
AKT signaling pathways. Therefore, CXCL11 may play an
important role in the protective effect that has been attributed
to pregnancy and hCG against HIV infection.

Interleukin-8 is more than 76-fold increased in the parous
breast epithelial cells. Interleukin-8 is one of a family of 13
human CXC chemokines (67,68). This small basic heparan-
binding protein was found in the human fallopian tube pre-
dominantly in the epithelial cells and was present in greater
amounts in the distal compared with the proximal tube. ILS8 is
produced and released from human adipose tissue and from
isolated adipocytes in vitro, which may indicate that IL8 from
adipose tissue could be involved in some obesity-related
complications. IL8 induces rapid mobilization of hematopoietic
progenitor cells (HPCs) (69). We have shown herewith that IL.8
is positively expressed in the cytoplasm of the parous breast
epithelia, indicating that synthesis of the molecule takes
place in situ and not by contamination of the intralobular or
interlobular stroma. However, their role at the present time is
not clear and it could be another host defense mechanism
developed during pregnancy and persistent in the epithelial
cells of the parous breast.

Of great interest is the upregulation of the interleukin 16
(IL18) in the parous breast epithelia. IL18 causes nuclear
export of a specific NCOR corepressor complex, resulting
in derepression of a specific subset of nuclear factor k B
(NFxB)-regulated genes (70). These genes are exemplified
by the tetraspanin KAIl, which regulates membrane receptor
function. Nuclear export of the NCOR/TAB2/HDAC3 complex
by IL18 is temporally linked to selective recruitment of a
TIP60 coactivator complex. KAIl is also directly activated
by a ternary complex, dependent on the acetyltransferase
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activity of TIP60, that consists of the presenilin-dependent
C-terminal cleavage product of the 8 amyloid precursor protein
(APP; FEG65, and TIP60), identifying a specific in vivo gene
target of an APP-dependent transcription complex in the
brain. Takahashi et al (71) found that IL18, a prominent
microglia-derived cytokine, caused oligodendrocyte death
in coculture with astrocytes and microglia, but not in pure
culture of oligodendrocytes alone. Endogenous levels of Il11b
induced hypoglycemia and triggered Il11b gene expression in
the hypothalamus of normal and insulin-resistant mice; IL 13-
induced hypoglycemia was largely antagonized by blockade
of Il1rl in the brain (72). The function of this transcript is
multifunctional and its precise role in the breast is unknown.
Selectin P (granule membrane protein 140 kDa, antigen
CD62) is downregulated in the breast of parous epithelia. GMP-
140 (P-selectin), a 140-kDa granular membrane glycoprotein
localized to the o granules of platelets and the Weibel-Palade
bodies of endothelial cells, is thought to play an important role
in adhesive interactions predominantly between granulocytes,
platelets and vascular endothelial cells during inflammation.
GMP-140 binds to chronically antigen (Ag)-stimulated CD*
T cells. GMP-140 in conjunction with anti-T cell receptor
a B monoclonal antibodies augmented the production of
granulocyte-macrophage colony-stimulating factor GM-CSF
and inhibited the production of interleukin-8 by Ag-primed
T cells without influencing their tumor necrosis factor-a
production (73). The role in the breast epithelial is unknown.
Compared to Collagen IV, Fibronectin 1 (FN1) was signifi-
cantly upregulated (26-fold) in the parous breast epithelia.
FN1 or LETS is a glycoprotein of high molecular weight that
was identified on the surface of fibroblasts by labeling with
radioactive compounds or specific antibodies. The protein is
absent or greatly reduced in many transformed cells. LETS is
thought to have a role in cell adhesion, morphology, and surface
architecture. Its absence is thought to have a causal role in
the loss of contact inhibition of movement in transformed cells.
Hepatocytes and smooth muscle cells have collagen receptors;
most other cells depend on fibronectin for binding to collagen,
laminin and chondronectin are related proteins. Bing et al (74)
showed that fibronectin binds to C1q in the same manner that
it binds collagen. A major function of the fibronectins is in
the adhesion of cells to extracellular materials such as solid
substrata and matrices. Because fibronectin stimulates endo-
cytosis and promotes the clearance of particulate material from
the circulation, the results suggest that fibronectin functions
in the clearance of Clq-coated material such as immune
complexes or cellular debris (74). Sakai et al (75) demonstrated
that fibronectin is essential for cleft formation during the
initiation of epithelial branching. Fibronectin mRNA and fibrils
appeared transiently and focally in forming cleft regions of
submandibular salivary gland epithelia, accompanied by an
adjacent loss of E cadherin localization. Decreasing the fibro-
nectin concentration by using small interfering RNA (siRNA)
and inhibition by anti-fibronectin or anti-integrin antibodies
blocked cleft formation and branching. Exogenous fibronectin
accelerated cleft formation and branching. Similar effects of
fibronectin suppression and augmentation were observed in
developing lung and kidney. Mechanistic studies revealed
that fibrillar fibronectin can induce cell-matrix adhesions on
cultured human salivary epithelial cells with a local loss of

BALOGH et al: IMMUNE-SURVEILLANCE AND PROGRAMMED CELL DEATH

cadherins at cell-cell junctions. Thus, fibronectin expression in
the parous breast epithelia may be related to branching morpho-
genesis associated with the conversion of cell-cell adhesions
to cell-matrix adhesions. Altogether the overexpression of
FNI1 in parous breast epithelial cells is an indicator or marker
of cell differentiation and is an important component of the
genomic signature of Stem cell 2.

Prostaglandin-endoperoxide synthase 2 (PTGS2) is more
than five-fold upregulated in the parous epithelia. PTGS2 is
associated with biologic events such as injury, inflammation,
and proliferation (76,77). Kirschenbaum et al (78) studied the
immunohistochemical localization of PTGS2 in the human
male fetal and adult reproductive tracts. In a prepubertal
prostate there was some PTGS2 expression that localized
exclusively to the smooth muscle cells of the transition zone.
In adult hyperplastic prostates, PTGS2 was strongly expressed
in smooth muscle cells, with no expression in the luminal
epithelial cells. PTGS2 was strongly expressed in epithelial
cells of both fetal and adult seminal vesicles and ejaculatory
ducts. Zhou et al (79) found that culturing cells with highly
purified human chorionic gonadotropin (hCG) resulted in a
time- and dose-dependent increase in steady state levels of
COX2 mRNA and protein and the secretion of prostaglandin
E2 (PGE2). Although human luteinizing hormone could mimic
hCG, follicle-stimulating hormone, thyroid-stimulating
hormone, and the a (CGA) and 5 (CGB) subunits of hCG had
no effect on COX2 protein levels. The authors (79) concluded
that hCG and LH treatment can increase expression of COX?2
in human endometrial gland epithelial cells; the effect is time
and dose dependent, hormone specific, and mediated by the
cAMP/type I protein kinase A signaling pathway; the hCG
actions require a normal complement of its receptors in cells;
and these hCG and LH effects may be another action of
these hormones in human endometrium that is important for
implantation of the blastocyst and continuation of pregnancy.
Because the parous breast epithelia has been under the influence
of the hCG during pregnancy the overexpression of PTGS2
could be another marker of the Stem cell 2 induced by this
hormone during pregnancy.

The data lead us to conclude that an early pregnancy, by
shifting the Stem cell 1 to Stem cell 2, makes the latter more
easily recognized by the immune-surveillance system, which
initiates the programmed cell death pathway if exposure to
toxic or carcinogenic agents occurs.
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