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SUMMARY

Serum and/or arachidonic acid stimulated prostaglandin production
by dog kidney (MDCK) cells. Epidermal growth factor (EGF) at concentra-
tions of 1077 to 10710 M stimulated the biosynthesis of prostaglandins by
MDCK cells but not that by human fibroblasts (D-550), mouse fibroblasts
(3T3), transformed mouse fibroblasts (MC5-5), and rabbit aorta endothelial
cells (CLO). EGF also stimulated the release of radioactivity from MDCK
cells radioactively labelled with [3H]arachidonic acid.

INTRODUCTION

Many cell types are capable of synthesizing prostaglandins. When
grown in culture these cells secrete the prostaglandins into the medium
(1-4). Arachidonic acid, a substrate for prostaglandin cyclooxygenase,
increases prostaglandin E, (PGE3) and PGF,, production by mouse fibroblasts
(3T3), transformed mouse fibroblasts (MC5-5), human fibroblasts (D550)

(5), and rabbit aorta endothelial cells (CLO) (5,6). Among the substances
that simulate MC5-5 cells to produce prostaglandins are the mitogens throm-
bin (4,7) and serum (4,8). This increased production results from stimu-
lated deacylation of phospholipids (9,10).

We wish to report that: 1) a canine kidney cell line (MDCK) produces
prostaglandins when grown in culture; 2) this cell produces three to ten
times more PGqu than PGE2; 3) in the presence of serum or arachidonic
acid, two to three times more prostaglandins are produced by these cells;

4) purified epidermal growth factor (EGF), at 10~9 and 10710 u levels, stim-

Copyright © 1977 by Academic Press, Inc. 1181
All rights of reproduction in any form reserved. ISSN 0006-291X



Vol. 76, No. 4, 1977 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

ulates prostaglandin production by MDCK; and 5) purified EGF at 10'9 M
stimulates the release of radiocactively labelled prostaglandins and arach~

idonic acid from radioactively labelled MDCK cells.

MATERTALS AND METHODS

An established cell line frow normal dog kidney with epithelial-like
morphology (MDCK) was obtained from Dr. Charles D. Stiles, University of
California, La Jolla. The rabbit aorta endothelial cells (CLO) were obtain~
ed from Dr. Vincent Buonassissi, University of California, La Jolla; and
the human fibroblast cell line was purchased from The American Type Culture
Collection, Rockville, Maryland. The cells were grown in Eagle's minimal
essential medium containing 2 mM L-glutamate (MEM™) and supplemented with
10% (v/v) fetal bovine serum. Exponentially §rowing cells were used in
all experiments. Cells were seeded at 2 x 1072 or 2 x 106 cells/60 wm Falcon
tissue culture dishes in 4 ml of the serum-supplemented medium and grown
for one day. The medium was removed, and the dishes were rinsed twice with
2 ml of the minimal essential medium without serum supplementation (MEM™).
Two ml of MEM™ containing the increments of the experimental reagents (serum,
arachidonic acid or EGF) were then added to the dishes, and the cells were
incubated in a humidified incubator at 37° in an atmosphere of 95% air and
5% €COp. After designated times, the medium was withdrawn from duplicate
dishes, chilled, and stored at -20°. At the time of each medium collection,
the cells, after dispersion with trypsin, were counted. The media were
assayed for PGEp and PGFy, with either anti-PGEj or anti-PGF,,. The anti-
PGFyy reacts with PGE; 0.1%, and the anti~PGE; reacts with PGF2, 0.01%.
These antisera do not identify the prostaglandins as either monoenoic or
dienoic prostaglandins. Growth and culture conditions and preparation of
cells labelled with {3H]arachidonic acid in the cellular lipids were iden-
tical to that described with MC5-5 cells (9). Analysis of the radiocactive
matérials in the cell after extraction with 2:1 chloroform-methanol showed
that 68% of the radiocactivity was associated with phospholipids, 7% with
triglycerides, 21% with unidentified materials, 3% with prostaglandins, and
less than 1.0% with free arachidonic acid. Thin layer chromatographic anal-
yses of the cellular radioactive materials and the radioactive materials
released into the medium were carried out with silica gel and developed in
the solvent system described by Marinetti (11). Purified EGF was given to
us by Dr. Howard Green.

RESULTS

When MDCK cells, incubating in MEM , were treated with increasing
amounts of serum or arachidonic acid for one hour, prostaglandins were
found in the medium with stimulations of 2.5 with serum for both PGFy,
and PGE2 (Fig. 1A) and 2.8 with arachidonic acid for PGFpqy (PGE2 was not
determined) (Fig. 1B). These stimulations of MDCK cells were much less

(10 to 50 times) than that found with other cell lines (5). MDCK cells
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Effect of fetal bovine serum and arachidonic acid on grostag;an-
din production by MDCK cells. MDCK cells at 2.2 x 10° cells/dish
were incubated with MEM™ containing increments of fetal bovine
serum (A) or arachidonic acid (B). After one hour, media were
collected and assayed for (A) PGFp, (e) and PGEy (4); or (B)
PGF,, (o). Duplicate dishes were used and the values obtained
agreed within 10% of the mean values. In (B), only PGF2, was
measured because the levels of arachidonic acid used in the media
interferred with the radioimmunocassay for the PGE, produced by
MDCK cells,

produced three to ten times more PGFy, than PGE;. Human fibroblasts (D550),

mouse fibroblasts (3T3) and transformed mouse fibroblasts (MC5-5) produce

more PGEy than PGF,y,, whereas a rat aorta endothelial cell produces equal

amounts of PGFy, and PGEy (5).

Purified EGF stimulated MDCK cells to produce prostaglanding (Fig. 2A).

This stimulation increased with time. During the incubation in MEM™ there

was no appreciable growth of MDCK cells; the number of cells per dish var-

ied over the nine hours between 5 and 5.5 x 107 cellgMdish. As little as

0.5 ng/ml (8 x 10~11 M) of EGF stimulated production of both PGFp, and

PGEp after twelve hours of incubation (1.7 ng PGFy, and 0.2 ng PGE,/ml

compared to 1.2 ng PGFy, and 0.16 ng PGEz/ml in MEM™). The human fibro-

blasts (D-550), the mouse fibroblasts (3T3), the transformed mouse fibro-

blasts (MC5-5) and the rabbit aorta endothelial cells (CLO) treated in an

identical manner were not stimulated to produce prostaglandins by EGF (30
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Fig. 2. Effect of EGF on prostaglandin production by MDCK cells. MDCK
cells at 2 x 10° cells/dish were incubated with MEM  or EGF (30
ng/nl) for various periods of time (A) or with increments of
EGF for twelve hours (B). Duplicate dishes were used for each
time point and each EGF concentration. The media were collected
and assayed (A) for PGFpy in the presence (o) and absence of
EGF (e) and PGE) in the presence (A) and absence of EGF (4.

In the presence of increments of EGF (B), the media were assayed
for PGFy, (e) and PGE (A). In the absence of EGF, 1.2 ng/ml

of PGEp, and 0.16 ng/ml PGE, were produced. The values obtained
for the media in the duplicate dishes agreed within 10% of the
mean values.

ng/ml). An inhibitor of prostaglandin synthetase, indomethacin (C.01 uM),
blocked the EGF-stimulated prostaglandin production by MDCK cells.

Earlier studies with MC5-5 cells showed that stimulators of prosta-
glandin production, such as serum, thrombin and bradykinin, alse stimulated
the release of [3H]arachidonic acid from cellular phospholipids. Incuba-
tion of MDCK cells, in which [3H]arachidonic acid had been incorporated
into cellular lipids, with EGF also stimulated the release of radioactive
materials from the cells into the medium. This stimulation was observed
as early as two hours after addition of the EGF. The radioactive materials
that were released into the medium after eight hours of incubatiom with
EGF (and control MEM~) were extracted with ethylacetate and analysed by

thin layer chromatography. Increased levels of radioactive prostaglandins
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Effect of EGF on release of radiocactive materials from radio-
actively labelled MDCK cells. MEM™ (2.8 ml out of a total of

4 ml) from radioactively labelled MDCK cells (0.4 x 100 cells/
dish) after incubation for eight hours in the presence or ab-
sence of EGF (20 ng/hl) was acidified with 1 ml of 0.1 N HC1

and extracted twice with 3 ml ethylacetate. The extract was
evaporated and applied to a silica gel 60 plate (E. Merck, Darm-
stadt, Germany) along with carrier lipids. The latter were lo-
cated after development with iodine vapor. The zones correspond-
ing to the carrier lipids as well as short segments from the rest
of the plate were scraped off the plate and counted for radio-
activity., (~--—--- ) represents the distribution of radioactivity
from medium incubated with EGF, and (———), the distribution

of radioactivity from the MEM~ control. The values shown are

the average of duplicate dishes from one experiment. These
values agreed within 107 of the mean values. A second experiment
gave similar results. The ratio of PGFjy to PGE, appears to be
lower than that calculated from radiocimmunocassay data. This
presumably is due to unidentified material comigrating with PGE,.

and arachidonic acid as well as some unidentified compounds were found

(Fig. 3).

DISCUSSION

EGF increased the release of arachidonic acid from MDCK cells about

ten times.

However this accounts only for 1 to 2% of the total radioactiv-

ity of the cells and is not significantly greater than the 0.7% free arach-

idonic acid found in the labelled cells. Thus, this stimulation of arach-
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idonic acid released by EGF could have come from increased secretion of cell~
ular arachidonic acid. The increased radioactive PGF,, and PGEj in the
medium also could have come from stimulated secretion of free prostaglandins.
Based on our earlier experiences with radioactively labelled MC5~5 cells
(4,5), we believe that this increase of labelled arachidonic acid and pros-
taglandins resulted from stimulated deacylation of esterified arachidonate.
EGF is a polypeptide of molecular weight 6045 found in extracts of
male mouse submaxillary glands (12). Several biological properties have
been described for EGF: ‘l) it enhances the growth and maturation of epider-
mis in newborn mice and in organ cultures of epithelial tissues (12-17);
2) it is cocarcinogenic for epidermal carcinogenesis (18,19); 3) it is
mitogenic for fibroblasts as well as other cell types (20-~25) and 4) it
increases the lifetimes of cultures of epidermal cells of newborn humans (26).
While the evidence is strong that EGF plays a role in growth and develop-
ment, little is known about its biochemical mechanisms of action. Deacy-
lation of phospholipids and or triglycerides and conversion of some of this
arachidonic acid into prostaglandins E; and F,, appears to be an early re-

action of MDCK cells to EGF.
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