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Platelet-Activating Factor and HEC-1A cells

Platelet-Activating Factor (PAF), a pro-
inflammatory phospholipid, is produced in high
amount by endometrial cells both in basal conditions

Y2 In the same

and following different stimulations
tissue, specific PAF receptors have been demonstrated®.
Several studies have suggested a role for PAF in

99 although more recent evidences

implantation
indicate a prominent role of this phospholipid in
angiogenesis®.

We have studied PAF production, expression of
PAF receptors and the fole of PAF/PAF receptor
system in growth processes in the human’ endometrial
adenocarcinoma cell line HEC-1A, which was
established by Kuramoto et al, in 1972”.

Early studies performed by our group,
demonstrated that HEC-1A cells are able to synthesize
PAF®"? at least through the remodelling pathway of
PAF synthesis. Indeed, the activity of PAF
acetyltransferase, the main enzyme involved in PAF
v‘synthesis through the remodelling pathway together
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with phospholipase A2 (PLA2)'®, can be measured both
in basal conditions as well as following stimulation with
the calcium ionophore A23187” and P”. Of interest, a
high proportion of newly synthesised PAF was found in
the external medium indicating that HEC-1A cells
secrete the phospholipid”. The mass spectrometry
pattern of PAF-like material produced by HEC-1A cells
is identical to that of deuterated standard PAF,
derhonstrating that it is bioactive.

To demonstrate the presence of specific PAF
receptors in HEC-1A cells, binding studies were
performed using [°*H]-PAF as tracer. Results of these
studies are consistent with the presence of two binding
sites for PAF, one with high affinity (1.7 nM) and low
capacity and the other with low affinity (9.7 xM) and
high capacity®.

We evaluated the effect of PAF on some
intracellular signal transdution pathways related to cell
proliferation. First, we evaluated the effect on
intracellular calcium concentrations ({Ca”}) in Fura-2
loaded HEC-1A cells. We found that PAF determines
an increase in [Ca”]i in HEC-1A cells with an EC50 of
5.6 nM, consistent with interaction with the high
affinity site detected with binding studies. On the other
hand, the effect appears to be mediated by specific
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receptors, because the PAF receptor antagonist
1.659,989 dose-dependently inhibited the effect of PAF
on [Ca”]: increase. PAF-induced increase in [Ca®}:
appears to be due to both phospholipase C-mediated
release from intracellular stores as well as to influx
from extracellular medium, as demonstrated by
experiments conducted in calcium-free medium and
using BAPTA to chelate intracellular calcium®. Next,
we determined the effect of PAF on protein tyrosine
phosphorylation. We found that PAF induces time- and
concentration-dependent increase of tyrosine
phosphorylation of several proteins in a molecular
weight range of 42-150 kDa'’, suggesting the activation
of tyrosine kinases by PAF in these cells. The
prominent effect observed on tyrosine phosphorylation
in a protein band of 42-44 kDa prompted us to verify
whether it corresponds to proteins of the mitogen-
activated protein kinase (MAPK, also known as
extracellular-signal regulated kinases, ERKs) family
which migrate at this molecular weight. These kinases
era important intermediary enzymes in converting
extracellular signals into intracellular responses linked
to cell proliferation'® which have been shown to be
stimulated by PAF in several cell types™ *. By the use
of specific anti-ERXK antibodies, we demonstrated that
PAF induces a time- and dose-dependent increase in
the phosphorylation of p42 and p44 ERKs™.
Immunokinase assay demonstrated that the
phospholipid also stimulates the activity of the two
enzymes'”, suggesting that PAF can stimulate
pathways linked to proliferation in these cells. We also
evaluated the effect of PAF on the expression of the
early oncogene c-fos. We found that PAF induces a
time- (15-60 min) and dose- (InM-10 M) dependent
increase of ¢c-fos mRNA expression. Again, this effect
was completely abolished by the PAF receptor
antagonist 1L659,989 suggesting the involvement of
specific PAF receptors in this effect. In addition, we
found that PAF-induced c-fos mRNA expression was
strongly inhibited in PKC depleted cells either in basal
conditions and after PAF stimulation'®, indicating an
invol(rement of PKC isoenzymes on this PAF effect.
Conversely, the effect of PAF on c-fos mRNA
expression was not affected by treatment with general
inhibitors of tyrosine kinases, such as genistein or the
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erbastatin analogue methylhydroxycinnamate'™. On the
other hand, our group has demonstrated that both
genistein and methylhydroxycinnamate inhibit
proliferation of HEC-1A cells by inducing cell cycle
arrest and apoptotosis™ and thus lack of interference of
these two compounds with PAF-stimulated proliferative
pathways is not surprising.

Consistent with the result on c-fos mRNA
expression and activation of ERKs, PAF dose-
dependently stimulated thymidine uptake in HEC-1A
cells ™. The EC50 for this effect was 0.7 M, thus
suggesting the involvement of the low affinity binding
site detected in our binding studies. Interestingly, we
found a dramatic inhibitory effect on thymidine uptake
by the treatment with the PAF receptor antagonist
1659,989”. This results suggested us the possibility
that PAF, produced and released into the medium by
HEC-1A cells, could stimulate autrocrinally their
proliferation, and that the PAF antagonist is able to
interrupt such effect by competitive interaction with
the same receptors. To gain insight on this hypothesis,
we evaluated the effect of 1L659,989 on cell number
during 5 days of treatment. We found that cell growth
curve was strongly reduced starting from the first day
of treatment with 10 .M 1659,989, indicating that the
antagonist is able to inhibit HEC-1A cell growth. We
next asked whether such effect could be due to an
impairment of the cell cycle progression. To answer
this queétion, HEC-1A cells were synchronized with
aphidicolin, a potent non-specific inhibitor of DNA
polymerase « and subsequently washed and allowed
to re-enter the cell cycle. Indeed, 18 h after aphidicolin
release, the synchronized cells were back in Go/Gr
phase of the cell cycle. Conversely, 1L659,989-treated
cells were partially accumulated in G:/M phase.
Similarly, after 36 h in the presence of the PAF
antagonist cells were still in Go/G: phase instead that
in S phase as in control cells®.

We also showed evidence for a possible
involvement of the IGF system in the effect of PAF.
Indeed, we found that PAF stimulates the release of
IFG binding proteins (IGFBPs) in the culture medium
of HEC-1A cells'®, indicating that the IGF system may
be also involved in the proliferative effect of PAF.

Overall, our results indicate the existence of an
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autocrine loop mediated by PAF in HEC-1A cells that is
involved in supporting the growth of these cells.

Uteroglobin and HEC-1A cells

Uteroglobin (UG) is a secretory protein of 15.8
kDa, initially discovered in the rabbit uterine fluid
during early pregnancy and subsequently found in
several extrauterine tissues. UG is highly expressed in
human endometrium where it appears to be involved in
maintaining pregnancy and facilitating labour’”. One of
the main effects of UG is inhibition of PLA2"™, an
enzyme involved both in prostaglandin and PAF
synthesis. UG has also been shown to inhibit PAF
acetyltransferase activity'®. Through inhibition of these
enzymes, UG may regulate cell proliferation,
maintaining a low proliferative rate in cancer cells, as
demonstrated in lung tumor cells, where
overexpression of UG gene reverts the malignant
phenotype® or in prostate tumors, where lack of
expression of UG is associated to a more favourable
prognosis™. In agreement with these data, UG-knock
out mice revealed a high incidence of malignancies
(Murkeijee A, personal communication). In this light
we evaluated whether lack of UG expression could be
responsible for the PAF-mediated autocrine
proliferative loop observed in HEC-1A cells.

We observed that UG mRNA transcripts and
protein could not be detected in HEC-1A cells.
Therefore, we transfected HEC-1A cells with an
expression vector containing UG ¢cDNA. We selected
the transfected clones, and we used some of them to
evaluate growth rate as well as acetyltransferase and
PLA2 activity. Cells transfected with the empty vector
(mock) were used as control, in order fo assess the
specificity of the effects of UG transfection. The effect
of UG expression in HEC-1A cell growth was assessed
by two different approaches, i.e. monolayer cloning
assay and growth in soft agar. In both assays the
transfection with UG determined a dramatic effect on
proliferation®. In particular, colony formation in soft
agar was totally suppressed in UG-transfected cells,
"indicating the development of a less malignant
phenotype. Flow cytometric analysis of DNA content in
cells synchronized with aphidicolin demonstrates that
this effect is due to a slower progression in the cell

cycle. In particular, 24 h after aphidicolin removal
about 45% of wild type and mock-transfected cells were
back in G0/G1 phase of the cell cycle, whereas most of
UG transfected cells were still in G2/M phase®. UG
transfected cells started replenishing GO/G1 only 12 h
later. ‘

To gain insights on whether this effect was due to
interruption of PAF-mediated autocrine loop, we
evaluated PLA2 and acetyltransferase activity in UG-
transfected, mock-transfected and wild-type HEC-1A
cells. The activity of both enzymes was strongly
reduced in UGHransfected cells, suggesting that UG
can disrupt the PAF proliferative loop in HEC-1A cells
by reducing PAF synthesis (Fig. 1).

In summary, HEC-1A cells synthesize and secrete
PAF which, through binding to specific receptors,
promotes by activation of several signal transduction
pathways, including PTK, MAPK and PKC, cell
proliferation. This autocrine loop may be stopped by
UG, through inhibition of PAF synthesis (Fig. 1).

HEC-1A
cells

IGFBPs

Cell proliferation

Fig. 1: PAF-mediated autocrine loop in HEC-1A cells.

In wild-type HEC-1A cells [lacking expression of uteroglobin
(UG)], PAF, synthesized and released by the cells in the external
medium, by interacting with its specific surface receptors
activates a cascade of signalling events [non-receptorial tyrosine
kinase (NRPTK), mitogen activated protein kinase (MAPK) and
protein kinase C (PKC)] leading to proliferation of the cells. PAF
also induces the release of IGF binding proteins (IGFBPs) which
may also be involved in such proliferative effects. Re-expression
of UG by transfection of the cells disrupts PAF synthesis by
inhibiting PLA2 and acetyltransferase activity, resulting in
interruption of the autocrine loop and decreased proliferative
and malignant potential of the cells.
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