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Over-expression of human phospholipase C-¥2 enhances platelet-derived
growth factor-induced mobilization of intracellular Ca?* and the release
of arachidonic acid and prostaglandins in NIH 3T3 fibroblasts
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Over-expression of human phospholipase C-p2 in murine NIH 3T fibroblusis has been shown to result in an increased platclet-derived growth
Mactor-mediated formation of inositol phosphates. Here we show thut phospholipase C.y2 over<expression is associuted with an increased
platelet-derived growth factor-mediated release of urachidonie ueid. prostuglandin E,, 6-keto prostuglandin F,, and prostaglandin Fs,. The phorbol
exter, culeium ionophore- and fluoride-induced release of aruchidonate and its metabolites is not afTected by phospholipase C-y2 over-expression.
Over-expression of phosphalipase C-p2 is also associated with an enhuncement of platelet-derived growth factor-induced change in intrucellular
Cu". These results demonstrate that stimulation of recombinant human phaspholipuse C-y2 induces a chunge in the intracellular Ca*~ consentra-
tion, u releuse of urachidonic ucid and formation of prostaglandins in NIM 3T3 cells. In control cells plutelet-derived growth fuctor-indused
uetivation of aruchidonic ucid cascude is rute-limited by the endogenous phospholipase C.

Phaspholipase C-y2; Over-axpression; Arachidonic acid: Prostuglundin: Cu®* release

1. INTRODUCTION

The human phospholipase C-¥2 (hPLC-y2) cDNA
has recently been cloned (1] and characterized by over-
expression in NIH 3T3 fibroblasts (2]. The hPLC-y2
was shown to be activated by platelet-derived growth
factor BB (PDGF BB) [2). Activation of phospholipase
€ results in the formation of second messengers, such as
inositol 1,4.5-trisphosphate and dincylglycerol, which
leads to intracellular Ca** mobilisation and activation
of protein kinase C (PKC). respectively [3]. PKC and
Ca®™ are important mediators in a number of intracellu-
lar reactions including stimulation of phaspholipase A,
[3-5]. Activation of phospholipase A, subsequently re-
sults in the liberation of arachidonic acid (AA) from
membrane lipids and the formation of eicosancids, im-
purtant intercellular mediators in inflammation, cancer
and other cellular processes {6-8]. To investigate the
ir:tracellular events leading to activation of the AA cas-
cade we compared changes in the concentration of free
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intracellular Ca* ([Ca®"]) and the release of AA and
formation of prostaglandins (PG) in control and in NIH
3T3 fibroblasts over-expressing hPLC-y2.

2. MATERIALS AND METHODS

2.1, Chemicals

Human recombinunt PDGF BB was (rom Bissendorl Biochemicals
(Hannover, Gerniany), phorbol 12-myristate 13.ucctate (PMA) was
from Pharmacia (Freiburg, Germany) and the calcium ionophore, A
23187 was from Sigma (Mdnchen, Gurmany), Fura-2 acetoxymethy!
ester (Fura-2/AM) wus obtuined from Calbiochein (Gicssen, Ger-
many). Leighton tubes were from Tecnomara (Fernwald, Germany).
[5.6.89.11,12,14,15-"H]AA (150-230 Ci/mmol) was purchused from
Amersham (Bruunschweig, Germany). Purified bovine serum albumin
(BSA)was from Behring AG (Marbury. Germany), Cell culture media
were purchased from Gibeco (Eggenst:in, Germazny), The antibadics
against PGE, were a gencrous gift ircm Dr. Mollenhauer (Erlangen.
Germany).

22, Cell culure

INIH 3T3 cells were trunsfected with the cucaryolic expression vee-
tor. pMsSVneo, containing hPLC-y2, ar the vector, pMxSVnso, lack-
ing any insert (control ceils), respeetively [2]. Cells were grown in
minimum essential medium (MEMY10% fetal call serum. For the AA
reicuse assays, cells were plated at a density of 30,000 cellvwell in
aewell Cluster plates in MEM/10% serum containing 0.8 uCi/mt
[*H]AA and incubated for 24 h. The medium was then changed to the
respective media containing 1% serum and 0.8 uCi ['H]AA for an
additional 48 h to induse quicscence, For high performance liquid
chromatography (HPLC) analysis. cells were plated at a density of
250,000 ccliv/dish in 6C-mm dishes, as deseribed above.

2.3, Determination of released [*H]AA and its metabolites
Cells were plated and grown as deseribed in the previous section,
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Quiescent colis were wished tharoughly and ineubuted without orwith
stimulus in Hunk's sotution cither with (determinution of releused
[PHIAA) or withoul (HPLC analysix of released ['H]AA metubalites)
2% (wiv) BSA. After indicated times the medin were remuoved, centri-
fuged und (i) the mdiductivity determined in the supernutants by
scintillation counting o¢ (i) the supernatunts extracted for anulysis of
relensed label by HPLC (9). In the presence of BSA, the rudiouctivity
relensed into the medium consists predominantly of PHIAA ({9), duti
not shown), [n experiments studying the effeet of extraceliulur Cu®*
depletion on PDGF-stimulated AA release, the ussay was curried out
in Cu™"-lree Hank'¥/BSA solution,

24, Determinagtion of PGE,

Cells were incubated in Mank's solution without ar with stimulus.
After 60 min the medin were removed und centrifuged. PGE, was
determined in the supernatants by specific enzyme-linked immuno-
sorbent assuy [10].

28, Measuremenis of [ Cw'™ ),

Cells, attuched to Leighton tube slides, were incubited in MEM/ | %:
serum and 20 4M Furu-YAM for 60 min ut 37°C. Thereafter. the cells
were washed thoroughly with Hunk's solution und the slidex were
fixed with 4 special holder ut 1 5% ungle in a thermastatted cuvette
containing 3 ml Hank's solution. Fluarescence medsurements were
performed with stirting at 30°C in u RF-5000 Shimadzu spec-
troftuorometer. The wavelength for excitution wis 335 £ § nm and 380
% $ nm and for emission 490 = 5§ nm. [Ca’"}, wis culibrated from the
ratio of fluorescence measurements us described previously (11).

3. RESULTS

QOver-expression of APLC-y2 in NIH 3T3 fibroblasts
has been shown to result in an increase of hPLC.y2
mRNA, hPLC-¥2 protein and an approximately 3-fold-
enhanced PDGF BB-mediated formation of inositol
phosphates [2]. Here we have investigated the effect of
PDGF BB on the release of AA. While in control cells
(transfected with the wvector pMxSVneo only) and
hPLC-y2-over-expressing cells (transfected with
pMxSVneo/hPLC-y2) the basal release of AA was al-
most identical, the PDGF BB-induced AA release was
significantly enhanced in hPLC-y2 over-expressing cells
(Fig. 1). The HPLC pattern of released AA and its

Table I

EfTect of extracellular Cu™* depletion on [Cu’*), purtameters in control
and hPLC-y2 over-expressing cells

[Ca*], (nM)

FEBS LETTERS

AA release, 105 x cpm/ 108 cells
o

Control cells WPLC-y2 over-expressing

cells
=Ca'” +Cu* ~Cu +Cu®”
Basul 80 * 1§ 98 + 19 60 % 24 7% 44
Peik 87 % 13 171 £ 24 259 % 55 562 % 132
Sustained 71222 12§ + |5 % x 37 206 5|

Measurements of [Cu**), in monolayers of control (1 18) und hPLC-y2

over-expressing (132) cells were cirried out as deseribed in the Jegend

1o Fig. 8. In experiments studying the effect of extracellulur Cu®*

depletion, the cells were incubuted for 15 min in Ca® «free Hunk's

solution prior to measurements, Yalues represent meuns £ S.D.of'6 9
independent expzriments,

126

August 1992

12

10

100 120

time, min

Fig. 1, Kinetiex af the appearunce of ['HIAA in celi media frem
unstimuluted und PDGF BB.stimulited cells, Control (clone |18,
squires) and hPLC-y2-over-expressing (clone 13a, circles) cells were
grown ux deseribed in section 2, When the cells were quisseent, the
medium was replicad by Hunk's solution with 2% (w/v) BSA contain-
ing no (apen symbols) or 50 ngrm! PDGF BB (closed symbols). At the
timex indicuted, the rudioactivity in the cell supernatants was deter-
mined. Results are meuns ® 8.D. of three independent experiments.

melabolites from unstimulated and PDGF BB-stimu-
lated cells is shown in Fig. 2. In the media of unstimu-
lated cells (Fig. 2A.C) only small amounts of AA and
AA metabolites were detected independently whether
the cells over-expressed hPLC-y2 (Fig. 2C) or not (Fig.
2A). Addition of PDGF BB led to the formation of
mainly PGE,, 6-keto PGF, and PGF,, (Fig. 2B.D).
hPLC-y2 over-expressing cells showed an enhanced re-
lease of all prostaglandins (Fig. 2D). Integration of the
peak arcas (see legend of Fig. 2) reveals that the degree
of stimulation is similar for all prostaglandins and AA,
indicating an effect of hPLC-y2 over-expression on
phospholipuse A, and not on cyclooxygenase or follow-
ing enzymes in the AA cascade. A stimulatory effect of
hPLC-y2 aver-expression on AA cascade was also ob-
served when the levels of PGE, in cell media were deter-
mined immunologically in three different control and
hPLC-y2 over-expressing cell lines (Fig. 3). All hPLC-
¥2 over-expressing cells responded to PDGF BB with
an about 2-3.fold higher release of 1*'GE.. as compe.ed
to control cells, Unlike PDGF BB, phorbol ester or
calcium ionophore induced a similar release of AA in
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Fig. 2, HPLC profile of *H-labeled prostuglundins und arachidonate from control and hPLC-y2 over-expressing cells, Control {115, upper pancls)

and hPLC-y2 over-expressing (13, lower punels) cells were grown as deseribed in section 2, When the cells were quiescent, mediua were replaced

by Hank's solution containing no (A.C) or 50 ng/mi PDGF BB (B,D). After 60 min the supernatants were removed (or processing and snatysis

by HPLC. The position of reference substances 6-keto PGF,, (1), PGFy, (2), PGE;(3)and AA (4) ure indicated by urrows. The peaks eluling between

34 und 42 min co-clute with hydroxycicosatetracnoic acids. Integration of the peaks gave the following results (dpm): control cells (+PDGF BB)

= 6 keto PGE,, (4,377), PGF,, (1.512), PGE, (11.253), AA (1,377); hPLC-y2 over-expressing cells (+ PDGF BB) - 6 keto PGF, (14.658), PGF,,
(3.157), PGE, (39.048), AA (3,744). A typical set of duta, reproduced three times, is given.

control and hPLC-»#2 over-expressing celis (Fig. 4), in-
dicating that the mechanisms leading to AA release
under maximal stimulation of PKC (with phorbol ester)
or under high Ca* levels (with A 23187) have not been
changed by the over-expression of hPLC-»2. Agonists
like bradykinin [2] or bombesin (clata not shown), which
are reported to activate PLC via G-proteins [12], only
marginally induce a generation of inositol phosphates
in control and hPLC-y¥2 over-expressing NIH 3T3 cells.
These agonists also exerted only a very small stimula-

tory effect on AA release in both cell lines (data not
shown). Fluoride, a known activator of G-proteins and
G-protein-link=sd PLC [12,13] induced a significant re-
lease of AA (Fig. 4) and inositol phosphates (data not
shown). However, the amount of released AA (Fig. 4)
and inositol phosphates was similar in control and
hPLC-y2 over-expressing cells.

Fig. § shows typical [Ca®"); responses induced by
PDGF BB in control (Fig. 5B) and hPLC-¥2 over-ex-
pressing (Fig. SA) cells. Both cell lines showed a sub-
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Fig. 3. Releuse of PGE; from contral and hPLC-y2 aver-expressing

cells, Control und hPLCy2 oversexprexsing cells were grown as de-

seribed in xection 2, Then the inedia were chunged to Hank's solulion

containing no stimulus (@) or PDGF BB (50 ng/ml). After 60 min the

amount of PGE, in supernatants was determined by enzyme-linked

immunosorbent assay. Resultx are means 2 S$.D, of six independent
experiments,

stantial but similar latency period (2-3 min) with no
significant change in basal [Ca*},. followed by un in-
crease in [Ca*); which subsequently declined in both cell
lines towards a slightly elevated sustained leval., The
basal values for [Ca®*}, were almost identical in control
and hPLC-y2 over-expressing cells (Table I). Following
PDGF BB stimulation, [Ca*"); increased in control cells
about 2-fold, whereas in hPLC-y2 over-expressing cells

12

10 A

AA release, 10-5 x cpm/ 106 cells

o PDGF BB PMA A23187 NaF
Fig. 4. Release of ["H]AA in control and hPLC-y2 over-expressing
cells. Control (118, filled bars) und hPLC-y2 over-expressing (13a,
hatched bars) cells were grown as described in section 2, The media
were then replaced by Hunk's solution with 2% (w/v) BSA containing
no stimulus (@), PDGF BB (50 ng/ml), A 23187 (10 u™), PMA (| 4M)
or NaF {30 mM NaF/50 uM AICLy). After 60 min tha radioactivity in
the supernutants was determined. Results are meurs £ S.ID. of three
independent experiments.
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Fig. 5. [Cu™"), responses to PDGF BB in control and hPLC-y2 over-
expressing cells. Monaolayers of ¢ells, attuched to Leighton tube slides,
were louded with Furn-YAM and [Ca?'}, was determined as described
in section 2, PDGF BB (50 ng/ml) was udded as indicated by the arrow
tocontrol () 18, panct By and hPLC-y2 over-expressing (| 3a, pancl A)
cells about 15 min after the slidex were placed into the cuvette.

an about §-fold increase in [Ca**), was measured. 8-10
min after addition of PDGF BB, [Ca*"), declined to
elevated sustained levels in both cell lines (Table I). In
the absence of extraceliular Ca*, PDGF BB was still
able to initiate an increase of {Ca®*],, however. the peak
levels were smaller and [Ca®); declined to levels compa-

Table 11

Elfect of extracellulur Ca* -deplation on releuse of ['H]AA in control
and hPLC-y2 over-cxpreising cells

AA reloase (107 x cpm/10* cells)

Control cells hPLC.y2 over-expressing cells

=-Ca
~-PDGF 1% 6 263 =21
+PDGF 93 4 38225
+Ca
-PDGF
il x4l 360 * 53
+PDGF 390 x 23 761 + 28

Cantrol (clone 116) and hPLC-y2 over-expressing (elone {3a) cells

were grown us deseribed in section 2, When the cells were quiescent,

the medium was replaced by Hank's solution containing 2% (w/v) BSA

withoul or with 1.3 mM CaCl,. 60 min after addition of PDGF BB

(50 ng/ml) the radicactivity in the supernatants wus determined. Re-
sults are means £ S.D. of three independent experiments.
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rable to basal [Cu®");. Nevertheless. the peak differences
between control and hPLC-y2 owa-cxpressing calls
were qualitatively similar in the absence and presence
of Ca*" (Table I). Under Ca’*-frec conditions, PDGF
induced no (control cells) or only little (WPLC-y2 over-
expressing cells) AA release (Table [1).

4. DISCUSSION

In the present study we could demonstrate that over-
expression of hPLC-y2 enhances PDGF BB-induced
changes in [Ca*"}, and PDGF BB-induced release of AA
and prostaglandins. Together with the recent finding
that hPLC-y2 over-expression increases PDGF BB-in-
duced generation of inositol phosshates (2] it may be
concluded that the altered Ca®* response in hPLC-y2
over-eapressing cells is mainly mediated by the en-
hanced formation of inositol 1.4.5-trisphosphate. This
assumption is confirmed by the observation that the
peuk differences between control and hPLC-y2 over-
expressing cells were still apparent in the absence of
extracellular Ca*". These data are similar to the recent
findings of Renard et al. [14] which showed that over-
expression of PLC-y1 in NIH 3T3 cells induces an in-
creased PDGF-mediated Ca* response. In contrast to
these authors, however, we did not {ind a difference of
the kinetic parameters of Cu*" release in control and
hPLC-y2 over-expressing cells. This different observa-
tion may be due to a different coupling of PLC-y! and
PLC-y2 to the PDGF receptor and IPy-stimulated Ca**
release, or to the fact that the Ca™ measurements pre-
sented in this paper result from about 10* attached cells
whereas Renard et al, used single attached cells for their
experiments.

There are several mechanisms by which hPLC-y2
may exert its effect on the liberation of AA from mem-
brane lipids. Activation of hPLC-y2 by PDGF BB has
been shown to induce the formation of inositol 1.4,5-
trisphosphate [2] and an increase of intracellular Ca®*
(Fig. 5); simultaneously diacylglycerol is formed, which
serves as an endogenous activator of PKC [15]. Ca*
and PKC are both reported to mediate the activation of
a phospholipase A, which liberates AA from membrane
lipids [3-5]. Therefore, an hPLC-y2-induced clevated
level of intracellular Ca* may result in an enhanced
stimulation of phospholipase A, additionally, the
hPLC-¥2-induced elevated formation of diacylglycerol
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may lead to n more pronounced activation of PKC,
which also results in an enhanced stimulation of phos-
pholipase A,. On the other hand, AA is reported to be
liberated ulso by a phospholipase A,independent path-
way, namely from diacylglycerol by a diacylglycerol
lipase (16.17]. Therefore, the observed increased PDGF
BB-mediated AA release in hPLC-y2 over-expressing
cells may also arise from AA liberated by a diacylglyc-
erol lipase from diacylglycerol generated by hPLC.y2.
Further experiments including the quantification of dia-
cylglycerol in control and hPLC-v2-over-expressing
cells are necessary to clarify which puthways are in-
volved in AA release in hPLC-y2 over-expressing NIH
3T3 cells.
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