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Abstract

Introduction In the mammary gland, the involution that
occurs when lactation ends is an important period for cancer
development. We have previously demonstrated stromal—
epithelium interactions evaluating conditioned medium of
adipose tissue on breast epithelial metalloproteases activity
(Creydtetal., Clin Transl Oncol 15:124-131,2013). Here, we
evaluated the effects of conditioned medium of breast epi-
thelial mammary cells on stromal cells.

Materials and methods Conditioned medium from nor-
mal murine mammary gland cell line (NMuMG) and
conditioned medium proteins were obtained. Then, they
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were evaluated on modulation of adipocyte differentiation,
using 3T3-L1 cell line.

Results  We described, for the first time, that breast epi-
thelial mammary cells could produce the enzyme galactose
3-O-sulfotransferase 2 (GAL3ST?2). Importantly, GAL3ST2
is present in NMMuMG and two human breast cancer cell
lines, and it is more strongly expressed in more metastatic
tumors. When 3T3-L1 preadipocyte differentiation was
triggered in the presence of conditioned medium from
NMuMG or GAL3ST2, triglyceride accumulation was
decreased by 40 % and C/EBPP expression by 80 % in
adipocytes. In addition, the expression of FABP4 (aP2),
another marker of adipocyte differentiation, was inhibited by
40 % in GAL3ST2-treated cells.

Conclusions Taken together, these results suggest that
GAL3ST2 would interfere with normal differentiation of
3T3-L1 preadipocytes; raising the possibility that it may
affect normal differentiation of stromal preadipocytes and
be a link to tumor metastatic capacity.

Keywords Adipocytes - Breast mammary gland -
Triglycerides - Cancer - Cell lines

Introduction

The role of the microenvironment has become increasingly
important in studies of breast cancer initiation and pro-
gression [1]. Consequently, the mammary gland can no
longer be simply viewed as an organ composed of epi-
thelial cells within a passive stromal microenvironment.
Many studies have reinforced the notion that mammary
epithelial cell growth, differentiation, lactation, and pro-
gression to cancer involve bidirectional interactions
between epithelial cells and their surrounding stroma [2].
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Stromal and epithelial cells share positive and negative
interactions, which are regulated by possibly paracrine
signaling. Fibroblasts have recently been associated with
tumors capable of increasing the secretion of the metallo-
peptidase [3]. In addition, fat cells have been associated
with tumors overexpressing metalloproteinase matrix 11
and inflammatory cytokines, such as IL-6 and IL-1B [4].
These changes in protein expression are also accompanied
by a decrease in adipogenic markers, inhibition of lipid
accumulation, and a decrease in the expression of FABP4
(aP2), an adipocyte normal protein marker. Adipocyte
dedifferentiation appears to be an important aspect of
tumorigenesis [5]. In mice, expression of the adipogenic
transcription factor PPARY is attenuated during mammary
tumorigenesis [6].

Adipocytes in close proximity to epithelial cells undergo
a more rapid depletion of their lipid stores than those in the
cleared mammary fat pad or in distal areas of the fat pad,
which are separated from the mammary parenchyma [7].
Hence, both local and systemic factors influence lactation-
induced lipolysis in mammary gland adipocytes. Epithelial
cells are known to induce lipolysis in adjacent mammary
adipocytes during lactation via lipoprotein lipase. Yet, the
interactions between preadipocytes and other types of cells
in the surrounding microenvironment during adipocyte
differentiation remain unclear.

Differentiation of preadipocyte cell line 3T3-L1 was
completely inhibited by co-culturing 3T3-L1 cells with
breast cancer cell lines (T47D, MCF-7, SSC202, SSC78,
and SSC30) or with their conditioned medium; in contrast,
normal human primary epithelial breast cells did not pro-
duce this effect [8]. Here, we describe for the first time that
we found galactose 3-O-sulphotransferase 2 (GAL3ST2) in
normal murine mammary gland (NMuMG) cell line-con-
ditioned medium, and describe a potential role for this
protein as a contributor to adipocyte—epithelial cell inter-
actions. Recent studies suggested that GAL3ST2 is linked
to increase tumor metastatic potential by inhibiting integrin
expression and decreasing selectin adhesion [9]. Consid-
ering the important role of integrins in cancer biology [10]
and how a protumoral environment is established remain
unknown; we also decided to evaluate GAL3ST2 expres-
sion in some cancer cell lines.

Materials and methods

Cell cultures and drugs

3T3L1 (mouse preadipocyte cell line), NIH 3T3 (mouse
fibroblast cell line), NMuMG (normal mouse mammary

epithelial cell line), MCF-7 and MDA-MB-231 (human
breast cancer epithelial cell lines), BHK-21 (normal baby
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hamster fibroblast cell line) and HEK 293 (embryonic
kidney) were obtained from the American Type Culture
Collection (Rockville, MD, USA). Cells were cultured at
37 °C with 5 % CO, in Dulbecco’s Modified Eagle Med-
ium (DMEM) supplemented with 25 mM glucose and
10 % fetal bovine serum.

Cell-conditioned medium

Conditioned medium was collected from NMuMG,
NIH3T3 and 3T3-L1 cell cultures. Cells were allowed to
achieve confluence, then cultures were changed to a med-
ium without serum and this conditioned medium was col-
lected every 4 days during 8 days. The medium was then
transferred to a dialysis membrane and immediately con-
centrated tenfold using solid polyethylene glycol and filter
sterilized (0.2 pm membrane pore). The medium was then
aliquoted and kept frozen at —20 °C until used. Only to
evaluate serum influence on our system, we collected
NMuMG-conditioned medium from cells growing with
FBS 10 %, this medium was also concentrated tenfold and
sterilized as above described, then it kept frozen at —20 °C
until used.

Column chromatography

NMuMG-conditioned medium from cell growth in the
absence of serum was fractionated in a Sepharose-12 Fast
Performance Liquid Chromatography (Pharmacia Biotech),
equilibrated and eluted with 0.01 M phosphate saline
buffer (pH 7). The column was calibrated using bovine
serum albumin (67,000), ovalbumin (43,000), chymotryp-
sinogen A (25,000), and ribonuclease A (13,700) as stan-
dards for determining the apparent molecular weights of
the sample proteins. Eluates were evaluated for protein
content at 280 nm and stored at —20 °C. The fractions
were thawed and filter sterilized for Tg adipocyte differ-
entiation experiments.

3T3-L1 adipocyte differentiation

The differentiation protocol is developed by culturing 3T3-
L1 pre-adipocytes in MDI media (FBS 10 %—DMEM
supplemented with 0.5 mM 3-isobutyl-1-methyl xanthine,
0.1 uM dexamethasone, and 2 uM insulin) for 48 h, then
transferred to FBS 10 %—DMEM with 2 uM insulin and
incubated for 3 days. Cells were finally cultured in DMEM
(10 % FBS) for the remainder of the experiment (for
12-14 days). MDI medium addition is considered day O of
differentiation protocol. At day 10 of differentiation pro-
tocol, the cells are fully differentiated and showed
70-80 % cells with refractive lipid droplets observable
microscopically [11, 12].
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MDiI-treated cells were considered differentiating cells
(DC), and vehicle-treated cells were considered control
cells (CC) or undifferentiated cells. NMuMG-conditioned
medium, TglIF, protein extract from GAL3ST2-transfected
cells (GAL3ST2), column protein obtained from
GAL3ST2-transfected cells protein extract (GAL3ST2p),
or NIH3T3 and 3T3-L1 conditioned media were added at
day O of differentiation to the MDI medium. As indicated,
cells were then washed once with 0.01 M phosphate-buf-
fered saline (PBS) at room temperature, scraped into
0.5 mL 0.01 M phosphate-buffered saline, and frozen until
triglyceride determination was performed. For Western
blots and protein determination, scraped cells were lysed
with a buffer containing 1 % SDS in 60 mM Tris—HCI,
boiled for 10 min, and centrifuged at 15,000 rpm at 4 °C
for 10 min. Then samples were resuspended in buffer
supplemented with protease inhibitor mixture (Thermo
protease inhibitor cocktails).

MALDI-TOF

We performed two-dimension electrophoresis gel to sepa-
rate proteins from column fractions, then we used matrix-
assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF) to identify the proteins.
MALDI-TOF experiments were developed at CEQUI-
BIEM—Universidad de Buenos Aires.

Transfection assays

(a) The vector pSVK3 was used to express GAL3ST2
cDNA between EcoRI and Sall sites [13]. The
pSVK3-GAL3ST2 was amplified in competent cells
(E. coli, JM strain) by heat shock transformation.
Next, 100,000 BHK-21 cells were transfected with
pSVK3-GAL3ST2 or pSVK3 wusing Lipofectin
(Lipofectin Reagent 1 mg/mL, Invitrogen) in the
absence of serum. 72 h after transfection, cells were
trypsinized, and washed with 0.01 M PBS, and then
lysed using sterile buffer containing Triton 0.1 %,
which was followed by two cycles of freezing and
thawing. Next, the samples were centrifuged for
5 min at 10,000g. The resulting supernatant was then
filtered using a 0.22-pm membrane pore and used to
evaluate the effects of GAL3ST2 in adipogenesis.
The presence of GAL3ST2 was verified by Western
blots  analysis  using anti-GAL3ST2  (ab
107767-Abcam).

(b) The vector pcDNA4/V5-His C (InvitrogenTM) was used
to express GAL3ST2 cDNA between EcoRI and Xhol.
The pcDNA4/GAL3ST2-V5-His was amplified in com-
petent cells (E. coli, JM strain) by heat shock

transformation. Next, 100,000 HEK 293 cells were
transfected with pcDNA4/GAL3ST2-V5-His
(GAL3ST2p) or pcDNA4/V5-His C (MOCK) using
Lipofectamine (Lipofectin Reagent 1 mg/mL, Invitro-
gen) in the presence of serum. 24 h after transfection,
cells were trypsinized, washed with 0.01 M PBS and
frozen at —70 °C until use.

Column purification system

We used Probond purification system for purification of
polyhistidine-containing recombinant proteins (Invitro-
gen™). Briefly, we resuspended the cells in native binding
buffer (26 mM NaH,PO, and 0.5 mM NaCl, pH 8) con-
taining 0.5 pg/mL Leupeptin; then, we lysed them by two
freeze—thaw cycles using dry ice/ethanol bath and a 42 °C
water bath; then we centrifuged the lysate at 3,000g for
15 min to pellet the cellular debris and used the supernatant
to protein purification. We prepared Pobrond column
according to manufacture instructions, and added the
supernatant obtained under native conditions to prepared
purification column and allowing protein binding during
60 min. After washing with native binding buffer, we eluted
the proteins with native elution buffer (native binding buffer
plus 0.25 M imidazole, pH 8), and collected 1 mL fractions.
They were analyzed by western blot or stored at —20 °C
until use. Cell extracts from HEK 293 cells transfected with
pcDNA4/GAL3ST2-V5-His (GAL3ST2p) or pcDNA4/V5-
His C (MOCK) were evaluated.

Tg and protein level determinations

Tg accumulation was assessed using the TG color GPO/
PAP AA kit (Wiener Laboratory, Rosario, Argentina). Tg
content is expressed as g Tg/g protein. Proteins were
quantified by the Bradford method using crystalline bovine
serum albumin as a standard [14].

MTT assay

A MTT [Bromide 3-(4,5-dimethylthiazol-2-yl)-2,5-dif-
eniltetrazol] viability assay was performed to evaluate the
toxicity of GAL3ST2 treatment during adipogenic differ-
entiation [15]. Cells were seeded at 20 x 10%cells/well;
MDI-treated cells were considered differentiating cells
(DC), and vehicle-treated cells were considered control
cells (CC). MDI treatment in the presence or absence of
GAL3ST2 was developed. At indicated times, MTT assay
was performed. 300 pL of MTT was added to each well.
After incubating for 1 h, the media were removed, and the
cells were treated with ethanol for 10 min. The absorbance
was measured at 550 nm; the absorbance of control cells

@ Springer
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(CC) was considered 100 %, and the results are presented
as percentage of CC.

Western blots

Proteins (10 pg from each sample) were separated on a
10 % SDS—polyacrylamide gel and transferred to nitro-
cellulose membranes (Amersham, GE Healthcare). Mem-
branes were soaked in blocking buffer (0.1 % BSA, 0.4 %
Tween, and 1 mM EDTA in 0.01 M PBS) for 1 h and
incubated overnight with a primary antibody at 4 °C.
Membranes were probed with horseradish-conjugated
secondary antibodies (Santa Cruz Biotechnology) and then
treated with an enhanced chemiluminescence (ECL) sub-
strate kit (Amersham ECL Plus Western Blotting Detection
System, GE Healthcare). The primary antibodies were anti-
FABP4 (Eurogentec, Seraing, Belgium), anti-GAL3ST2
(ab 107767-Abcam), anti-C/EBPJ (Santa Cruz Biotech-
nology) and anti-V5 (Invitrogen). Protein expression was
normalized to GAPDH expression.

Samples were obtained at days 0 (CC), 3, and 5 of the
differentiation protocol in the presence and absence of
conditioned medium (F), TgIF, GAL3ST2 and GAL3ST2p.

Statistical analysis
Results are expressed as mean + SD. Statistical analysis

was performed by one-way analysis of variance followed
by post hoc analysis [16]. For MTT, Tg and protein, results

are shown as the average of four independent experiments
[mean =4 standard deviation (SD)]. For western blots,
results are shown as the average of three independent
experiments (mean £ SD).

Results

3T3-L1, a preadipocyte cell line, is able to differentiate
into adipocytes following a standard protocol with MDI,
and by day 10 of differentiation protocol 70-80 % of cells
are fully differentiated showing refractive lipid droplets, as
previously shown [11]. We have previously showed that
conditioned medium from cultured NMuMG cells, which
were grown in media with 10 % of serum (F-10 %), con-
tained specific protein fraction which inhibited triglyceride
(Tg) accumulation in 3T3-L1 adipocytes [17]. With the
aim to evaluate a possible effect of serum in NMuMG-
conditioned medium composition responsible for the
reduction in the adipogenic potential of 3T3-L1 preadipo-
cytes, we cultured NMuMG cells in media supplemented
with 0 % of serum (F) or 10 % of serum (F-10 %), and no
significant difference in the inhibition of Tg content was
observed [day 10: 0.59 £ 0.3 g Tg/g protein (F) vs.
0.50 £ 0.1 g Tg/g protein (F-10 %)]. Therefore, we deci-
ded to evaluate conditioned medium from cultured
NMuMG cells which were grown in the absence of serum
(F) on Tg accumulation during 3T3-L1 preadipocytes cell
differentiation.
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Fig. 1 Triglyceride accumulation in 3T3-L1 during adipogenic
differentiation. a Triglyceride accumulation at day 10 of adipogenic
differentiation: Tg content in control cells (CC), MDI-treated cells
(DC), MDI plus NMMuG-conditioned medium-treated cells (DC-F),
or MDI plus TglF-treated cells (DC-TgIF). Both conditioned medium
(M) and chromatographic protein fraction TgIF (DC-TgIF) were
added at day O of differentiation protocol and replaced every 2 days
during 10 days. The results are the average of four independent
experiments (mean + SD), *p < 0.01, CC, DC-F or DC-TgIF vs. DC.
b Triglyceride accumulation during adipogenic differentiation: TgIF
was added at day O and replaced every 2 days for 14 days
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(DC + TglF). The results are the average of four independent
experiments (mean + SD), *p < 0.01, DC + TgIF vs. DC. ¢ Triglyc-
eride accumulation at day 10 of adipogenic differentiation: Tg content
in control cells (CC), MDI-treated cells (DC), MDI plus NMMuG-
conditioned medium-treated cells (DC-F), MDI plus NIH3T3-condi-
tioned medium-treated cells (DC-3T3) or MDI plus 3T3-L1-condi-
tioned medium-treated cells (DC-3T3L1). All conditioned media
were added at day O of differentiation protocol and replaced every 2
days during 10 days. The results are the average of four independent
experiments (mean + SD), *p < 0.01, CC, DC-F, DC-3T3 or DC-
3T3L1 vs. DC
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We observed that optimal protein concentration in the
medium F for maximum inhibition Tg accumulation was
28 pg/mL. More than 70 % decrease in Tg accumulation
was observed in MDI plus NMuMG-conditioned medium-
treated cells (DC-F) compared to the MDI-treated cells
(DC) (Fig. 1a). After column fractionation of medium F,
we obtained a fraction, which we named as Tg inhibitor
factor (TgIF), able to inhibit nearly 40 % of Tg accumu-
lation by day 10 (Fig. 1, DC-TgIF). When a kinetic study
was developed, the strongest inhibitory effect was observed
at day 12 (Fig. 1b). We also evaluated NIH 3T3 fibroblast-
conditioned medium and 3T3-L1-conditioned medium on
cell differentiation protocol, both increased Tg accumula-
tion in the cells (Fig. 1c).

Matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF) was used to identify
proteins responsible for blockade of adipogenesis, and
GAL3ST2 was found to be a component of TgIF protein
fraction (Fig. 2a). Then, we hypothesized that it may be
responsible for inhibiting Tg accumulation. To test this

by transfection, and protein extracts of these cells were
then used as source of GAL3ST2 (Fig. 2b). SW480 human
colon cell line that endogenously expresses high levels of
GAL3ST2 is shown as a positive control. We evaluated
GAL3ST2 expression during differentiation protocol and
observed that this enzyme is not present in any condition
(Fig. 2c); therefore we could suggest that 3T3-L1 did not
produce GAL3ST?2.

When 3T3-L1 preadipocytes were induced to differen-
tiate in the presence of lysates of cells that overexpressed
GAL3ST2, a reduction more than 40 % of Tg accumula-
tion was detected (Fig. 3a) [2.50 £ 0.51 protein (DC) vs.
1.05 £ 0.15 g Tg/g protein (DC-GAL3ST2), p < 0.01].
Importantly, the MTT assay used to evaluate possible
cytotoxicity of GAL3ST2-enriched protein extract treat-
ment did not exhibit any cytotoxic effect on 3T3-L1 cells
(Fig. 3b). Further, as shown in Fig. 3c, no phenotypic
differences were observed between cells differentiated in
the presence or absence of GAL3ST2 (panel DC-
GAL3ST2 vs. MOCK and DC). It is well known that upon

possibility, GAL3ST2 was overexpressed in BHK-21 cells  induction of adipocyte differentiation of 3T3-L1
A Matche
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Fig. 2 Identification of GAL3ST2. a Tryptic peptides pattern
obtained from TgIF, detected and analyzed by MALDI-TOF. Result:
presence of galactose 3-O sulfotransferase 2. b GAL3ST2 expression
in protein extracts: GAL3ST2 protein is detected in protein extract
from: SW480R (human colon), GAL3ST2 (protein extract from
BHK-21 cells, transfected with pSVK3-GAL3ST2), MOCK (protein
extract from BHK-21 transfected with empty vector pSVK3).
Representative results from one of the three independent western

blot experiments with similar results are shown. ¢ GAL3ST2
expression in 3T3-L1 protein extracts: GAL3ST2 protein is detected
in protein extract from: SW480R (human colon), CC (control cells),
and DC(0), DC(3), DC(5), DC(7), DC(14) (MDlI-treated cells, the
cells were harvested at indicated times: 0, 3rd, 5th, 7th or 14th day of
differentiation protocol). Representative results from one of the three
independent western blot experiments with similar results are shown
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«Fig. 3 GAL3ST2 effect on 3T3-L1 cells during adipogenic differ-
entiation. a Triglyceride accumulation in 3T3-L1 at day 10 of
adipogenic differentiation in control cells (CC), MDI-treated cells
(DC), MDI plus GAL3ST2-treated cells (DC-GAL3ST2), or MDI
plus MOCK-treated cells (DC-MOCK). Both protein extracts,
GAL3ST2 and MOCK, were added at day O of differentiation
protocol and replaced every 2 days during 10 days. The results are the
average of four independent experiments (mean + SD), *p < 0.01,
CC, DC-GAL3ST2 or DC-MOCK vs. DC. b GAL3ST?2 effect on cell
viability during adipogenic differentiation: Comparison of MDI-
treated cells (DC) and MDI plus GAL3ST2-treated cells (DC-
GAL3ST2). At indicated times, MTT assay was performed; control
cells’ (CC) absorbance was considered as 100 %. Data are presented
as percentage of control cells. The results are the average of four
different experiments (mean + SD). ¢ Left-up MDI-treated cells
(DC), right-up control cells (CC), left-below MDI plus GAL3ST2-
treated cells (DC-GAL3ST?2), right-below MDI plus MOCK-treated
cells (DC-MOCK). Representative results from one of the four
independent experiments with similar results are shown. d Adipogenic
marker expression C/EBP at day 3 of adipogenic differentiation:
C/EBP and GAPDH proteins are detected in protein extract from:
control cells (CC), MDI-treated cells (DC), MDI plus GAL3ST2-
treated cells (DC3GAL), MDI plus MOCK-treated cells (DC MOCK).
The values represent fold increase in protein expression compared to
CC. The bars shown are the average of three different experiments
(mean + SD). Representative results from one of the three indepen-
dent western blot experiments with similar results are shown. Results
are expressed in arbitrary units, *p < 0.01 DC3GAL vs. DC.
e Adipogenic marker expression FABP4 at days 3 and 5 of adipogenic
differentiation: FABP4 and GAPDH proteins are detected at day 3:
MDI-treated cells (DC3), MDI plus GAL3ST2-treated cells
(DC3GAL3ST2), MDI plus MOCK-treated cells (DC3MOCK), and
at day 5: MDI-treated cells (DC5), MDI GAL3ST2-treated cells
(DC5GAL3ST2), MDI plus MOCK-treated cells (DCSMOCK). The
values represent fold increase in protein expression compared to CC.
In the left upside, the bars shown are the average of three different
experiments (mean + SD). Representative results from one of the
three independent western blot experiments with similar results are
shown. Results are expressed in arbitrary units, *p < 0.01 DC5GAL
vs. DC5

preadipocytes, a transient increase in the expression of
adipogenic transcription factor CCAAT/enhancer binding
protein beta (C/EBPP) is detected between days 1 and 3
post-induction of differentiation pathway [18]. We
hypothesized that GAL3ST2 could interfere with differ-
entiation program of adipocytes by blocking the increased
expression of C/EBPp. Therefore, we evaluated C/EBPJ
expression in cells at day 3 of differentiation protocol,
GAL3ST2 significantly decreased the expression of
C/EBPB: 3.96 £ 0.6 AU [DC3] vs. 0.56 £ 0.39 AU
[DC3GAL], p < 0.01 (Fig. 3d). Thus, the inhibitory effect
of GAL3ST2 on Tg accumulation may be, in part, due to
the blockade in the normal expression of C/EBPJ at the
onset of adipogenic program. Fatty acid-binding protein 4
(FABP4, also known as Ap2) is an obesity-related protein
that is a well-studied marker of adipocyte differentiation
[11], whose expression significantly increased at day 5 of
differentiation in MDI-treated cells. GAL3ST2 signifi-
cantly inhibited FABP4 expression (Fig. 3e), its level in

GAL3ST2-treated cells reached only 60 % of the levels
observed in DC [11.33 £+ 1.01 AU (DC5) vs. 6.77 + 0.99
AU (DC5-GAL), p < 0.01]; coincident with GAL3ST2
inhibition effect on Tg accumulation. Taken together, the
blockade in C/EBPP expression GAL3ST2, are in agree-
ment with inhibition of the adipogenic program.

We developed a partial purification of GAL3ST2 and
evaluated protein effect on Tg accumulation during cell dif-
ferentiation. After HEK293 cells transfection with pcDNA4/
GAL3ST2-V5-His, cell extract was obtained, and GAL3ST2
with histidine tag (GAL3ST2p) was purified by a nickel col-
umn (Fig. 4a), and verified the presence of it in column
fraction (Fig. 4b); we also developed a purification of mock
transfection cells to evaluate possible artifact effects. After-
wards, we reproduced the experiments developed with protein
extract containing GAL3ST2; 3T3-L1 preadipocytes were
induced to differentiate in the presence of GAL3STp (Fig. 4c),
with a reduction of nearly 40 % of Tg accumulation after
10 days of treatment (Fig. 4d) [1.80 £ 0.06 g Tg/g protein
(DC) vs. 1.03 £0.03 g Tg/g protein (DC-GAL3ST2p),
p < 0.01]; which reached 60 % after 14 days [2.69 + 0.17 g
Tg/g protein (DC) vs. 0.95 £ 0.06 g Tg/g protein (DC-
GAL3ST2p), p < 0.01]. As shown in Fig. 4c, no phenotypic
differences were observed between cells differentiated in the
presence or absence of GAL3ST2p. Finally, we evaluated if
GAL3ST2p could block the increased expression of C/EBP3
during cell differentiation and evaluated its expression at day 3
of differentiation protocol; GAL3ST2p significantly decreased
the expression of C/EBPB: 2.44 + 040 AU [DC] vs.
1.30 £ 0.30 AU [DCGAL3ST2p], p < 0.01 (Fig. 4e). Thus,
the inhibitory effect of GAL3ST2 on Tg accumulation might
be, in part, due to the blockade in the normal expression of
C/EBPS at the onset of adipogenic program.

Finally, we evaluated GAL3ST2 expression in two
breast cancer cell lines. We found that GAL3ST2 is
expressed in MCF-7 and MDA-MB-231 cell lines (Fig. 5),
being the expression stronger in more metastatic tumor cell
line MDA-MB-231 (MDA-MB-231: 1.45 £ 0.03 UA vs.
MCF-7: 1.23 4+ 0.05 UA, p < 0.01).

Discussion

The interactions between mammary parenchymal and
stromal compartments have been well documented. Adi-
pocytes and epithelial cells play vital roles in normal and
carcinomatous states of the breast through paracrine and
endocrine signaling via secreted cytokines [19]. Mature
adipocytes can affect the growth and migration of estrogen-
positive carcinoma epithelial cells [20]. Previously, we
have shown that adipocyte-conditioned media from
patients with breast tumors increased the proliferation of
mammary epithelial cells in vitro [21]. In addition, we
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«Fig. 4 GAL3ST2p effect on 3T3-L1 cells during adipogenic differ-
entiation. a Fractions” column of cell extracts from transfected HEK
293 cells with pcDNA4/GAL3ST2-V5-His (GAL3ST2) or pcDNA4/
V5-His C (MOCK) was evaluated for protein content (mg/mL); the
first 9 fractions from 21 are shown. After the 5th fraction, no protein
was detected. b GAL3ST2 expression in protein extracts: GAL3ST2
protein is detected in protein extract from: POS (POSITIVE: protein
extract from BHK-21 cells, transfected with pSVK3-GAL3),
GAL3ST2 (protein extract from HEK293 transfected with pcDNA4/
GAL3ST2-V5-His), GAL3ST2p (column fraction number 3 obtained
from loading cell extract of HEK 293 transfected with pcDNA4/
GAL3ST2-V5-His), MOCK (column fraction number 3 obtained
from loading cell extract of HEK293 transfected with empty vector
pcDNA4/V5-His C). Representative results from one of the three
independent western blot experiments with similar results are shown.
¢ Left-up control cells (CC), right-up MDI-treated cells (DC), left-
below MDI plus GAL3ST2p-treated cells (DC-GAL3ST2), right-
below MDI plus MOCK-treated cells (DC-MOCK). Representative
results from one of the four independent experiments with similar
results are shown. d Triglyceride accumulation in 3T3-L1 at days 10
or 14 of adipogenic differentiation in control cells (CC), MDI-treated
cells (DC), MDI plus GAL3ST2p-treated cells (DC-GAL3ST2p), or
MDI plus MOCK-treated cells (DC-MOCK). Both column protein
fraction, GAL3ST2p and MOCK, were added at day O of differen-
tiation protocol and replaced every 2 days during 14 days. The results
are the average of four independent experiments (mean + SD),
*p < 0.01, CC, DC-GAL3ST2p or DC-MOCK vs. DC. e Adipogenic
marker expression C/EBP at day 3 of adipogenic differentiation:
C/EBP and GAPDH proteins are detected in protein extract from:
control cells (CC), MDI-treated cells (DC), MDI plus MOCK-treated
cells (DC MOCK), MDI plus GAL3ST2p-treated cells (DC3GAL).
The values represent fold increase in protein expression compared to
CC. The bars shown are the average of three different experiments
(mean + SD). Representative results from one of the three indepen-
dent western blot experiments with similar results are shown. Results
are expressed in arbitrary units, *p < 0.01 DC GAL3ST2p vs. DC

found that adipocyte differentiation influenced the prolif-
eration and migration of both normal and tumor mammary
epithelial cells [22].

The interactions between adipocytes and other cells are
also important for cellular differentiation. Here, we report
an interrelationship between 3T3-L1 adipocytes and
NMuMG mammary epithelial cells. This relationship may
be mediated by extracellular components [17], including
secretory proteins such as pro-inflammatory cytokines (INF
gamma, TGF beta and TNF alpha). In this study, we
showed that NMuMG-conditioned medium was able to
decrease Tg accumulation in 3T3-L1 adipocytes by
approximately 70 %.

Tg accumulation depends on the expression of adipo-
genic transcription factors, such as C/EBPs and PPARY.
C/EBPs and PPARY are considered “master regulators” of
the transcription of adipocyte-specific genes [23]. Conse-
quently, they are responsible for regulating the expression
of adipokines and other proteins found in mature adipo-
cytes. We have previously shown that the TgIF obtained
from breast cell-conditioned medium affected differentia-
tion inhibiting C/EBPf and PPARY expression [24], which
suggested that TgIF affected signaling cascades responsible

SW480R
MCEF-7
MDA 231

kD

==

GAPDH S ——

ARBITRARY UNITS
GAL3ST2/ GAPDH

SW480R MCEF-7 MDA 231

Fig. 5 GAL3ST2 expression in cancer cell lines. GAL3ST2 protein
is detected in protein extracts from: SW480 (human colon cells),
MCF-7 (human breast cancer cells), MDA 231 (human breast cancer
cells). The values represent fold increase in protein expression
compared to SW480. The bars shown are the average of three
different experiments (mean =+ SD); results are expressed in arbitrary
units. Representative results from one of the three independent
western blot experiments with similar results are shown above the
graphic

for adipogenic differentiation, leading to the inhibition of
Tg accumulation.

Here, we used MALDI-TOF to identify GAL3ST2 as
the enzyme responsible for TgIF activity. GAL3ST2
inhibited the expression of C/EBPP and FABP4; in addi-
tion, it inhibited Tg accumulation without any toxicity.
GAL3ST?2 is responsible for transferring sulfate groups to
galactose. In previous studies, TGF-[o/B], which inhibit Tg
accumulation during adipogenic differentiation, have also
been linked to sulfotransferase activity [25]. Recently, the
overexpression of estrogen sulfotransferase in pre-adipo-
cytes has also been shown to prevent adipocyte differen-
tiation by activating ERK1/2, thereby inhibiting insulin
signaling and leading to a failure to switch from clonal
expansion to differentiation [26].

Other glycosyltransferases have been described in breast
cancer cell lines, including T47-D, MCF-7 and MDA-MB-
231 [27]. While the presence of GAL3ST2 in tumor tissues
and cancer cell lines has been previously demonstrated
[28]; we show the presence of GAL3ST?2 in breast cancer
cell lines for the first time. Its stronger expression in more
metastatic tumor cell line reinforcing the possibility that
GAL3ST2 may be a factor associated with the mammary
tumor cells that may interfere in the normal process of
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adipogenesis of preadipocytes present in the mammary
gland.

GAL3ST2 plays a role in regulating adhesion capacity
and may be related to tumor metastasis in lung giant and
hepatoma cancer cells where its elevated expression could
correlate with higher metastatic potential [9]. GAL3ST2
siRNA also inhibited AKT and ERK phosphorylation [29];
moreover, Lewis x trisaccharide 3’-sulfate, a product of
GAL3ST?2, also increases AKT and ERK phosphorylation.
These kinases couple integrins and growth factors with
downstream signaling pathways involved in the cell cycle
progression. In addition, these kinases regulate cell
behavior by modulating lipid metabolism [30]. Thus, we
speculate that GAL3ST2 may generate multiple signals
related to integrin activation, including its effect on pre-
adipocyte differentiation. Further studies of conditioned
media from other metastatic and non-metastatic cancer cell
lines are needed to evaluate and define this relationship.
Additional studies of the interactions between NMuMG
and 3T3-L1 cells using co-culture system would also be
informative.
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