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We recently reported that interleukin-4 (IL-4) in-
hibited prostanoid synthesis through inhibiting
cyclooxygenase 2 biosynthesis. In the present study,
we examined the effect of IL-4 on the expression of
cytosolic phospholipase A, (cPLA;). The amounts of
protein and mRNA of cPLA, were determined by
western blotting and reverse transcription polymer-
ase chain reaction (RT-PCR), respectively. Although
interleukin-la (IL-la) and tumor necrosis factor «
(TNFa) had little effect on the biosynthesis of cPLA,
in phorbol myristate acetate (PMA)-differentiated
U937 cells, lipopolysaccharide (LPS) increased the
protein level of cPLA; in a dose-dependent manner.
IL-4 inhibited the increased synthesis of cPLA; at the
MRNA level. In addition, IL-4 inhibited the biosyn-
thesis of cPLA; in untreated or LPS treated freshly
prepared rheumatoid synovial cells at the mRNA
level. These findings suggest that IL-4 inhibits
prostanoid synthesis through inhibiting the expres-
sion of both cPLA, and cyclooxygenase 2. o 1997
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The initial step in arachidonic acid metabolism is the
release of free arachidonic acid from cell membrane
phospholipids by a family of phospholipase A,
(PLA,)(1). These enzymes can be categorized into two
major groups, the secretory or low molecular weight
forms, secretory PLA, (sPLA,), and the cytosolic or high
molecular weight forms, cytosolic PLA, (cPLA,). The
structural and mechanistic properties of the Ca**-de-
pendent 14 kD secretory forms of PLA, have been ex-
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tensively studied. However, since these enzymes fail to
selectively hydrolyze arachidonyl-containing phospho-
lipids, their primary function is considered not to initi-
ate the biosynthesis of arachidonic acid metabolites(2,
3). On the contrary, the recently cloned cPLA,, that is
active at micromolar calcium concentrations, selec-
tively cleaves arachidonic acid at the sn-2 position of
membrane phospholipids(4-6), and is coupled to hor-
monally regulated release of arachidonic acid(7). These
findings suggest that cPLA, plays an important role in
the production of prostaglandins and leukotrienes, the
biologically active lipid mediators(5).

Interleukin-4 (IL-4), originally described as a B cell
growth factor, is a 20 kDa product of activated T
cells(8). Since IL-4 inhibits the ability of macrophage
lineage cells to produce a group of inflammatory cyto-
kines such as IL-1, tumor necrosis factora (TNF«) and
IL-6, it is considered as an anti-inflammatory cyto-
kine(9-11). In addition, the inhibitory effect of 1L-4 on
PGE, production by monocytes(10, 12), macrophage(9),
fibroblasts(13), and mesangial cell(14) has also been
demonstrated. However, the mechanism of the inhibi-
tory effect of IL-4 on PGE, production remains to be
clarified. Recently, we have reported that IL-4 inhib-
ited the expression of cyclooxygenase 2, that is the rate-
limiting enzyme in prostanoid synthesis, in freshly pre-
pared rheumatoid synovial cells(15). In the present
study, we have examined the effect of IL-4 on the ex-
pression of cPLA, in U937 cells and freshly prepared
rheumatoid synovial cells.

MATERIALS AND METHODS

Materials. Human recombinant IL-4 was kindly provided by Ono
Pharmaceutical Co. (Osaka, Japan). Human recombinant IL-1« and
TNFa were kindly provided by Dainippon Pharmaceutical Co.
(Osaka, Japan). Lipopolysaccharide (LPS) was purchased from
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Sigma Chemical Co. (St Louis, MO). Dexamethasone (DEX) and indo-
methacin (IND) were purchased from Wako Pure Chemical Indus-
tries, Ltd. (Osaka, Japan).

U937 cell line. U937 cells, derived from human histiocytic
lymphoma(16), kindly provided by Japanese Cancer Research Re-
sources Bank, were cultured in RPMI 1640 supplement with 10%
heat-inactivated fetal calf serum (FCS) (ICN Biomedicals, Seven
hills, Australia), penicillin 100 U/ml, N-2-hydroxyethylpiperazine-N-
2-ethanesulphonic acid (HEPES) 12.5 mM, and L-glutamine 2 mM
[RPMI/10%FCS]. U937 cells were differentiated into monocyte/mac-
rophage cells by 48 hours of incubation with 100 nM of phorbol myris-
tate acetate (PMA) (Sigma Chemical Co.). After differentiation, the
cells became adherent to dishes, and expressed CD14 antigen on
their surface (data not shown).

Adherent rheumatoid synovial cells. Rheumatoid synovial tissues
were obtained from the knee joints of patients who were undergoing
total joint replacement. Isolated rheumatoid synovia were minced,
and enzymatically digested with 0.5-1 mg/ml of clostridium collagen-
ase (Wako Pure Chemical Industries Ltd.) and 5-10 pg/ml of deoxyri-
bonuclease 1 (Sigma Chemical Co.) for two to three hours. After
digestion, the resultant single cells were washed, filtrated through
nylon mesh, and resuspended in Dulbecco’s modified Eagle’s medium
supplemented with 10 % FCS, penicillin, HEPES, and L-glutamine
[DMEM/10%FCS]. The cells were cultured overnight to allow them
to adhere to a plastic dish. The dish was washed to remove nonadher-
ent cells, and the remaining adherent cells were used as freshly
prepared adherent synovial cells in this study.

Western blot analysis. The cells prepared as described above,
were lysed in a buffer (50 mM TRIS hydrochloric acid, pH 8.0, 1%
Nonidet P-40, 0.5% deoxycholic acid, 150 mM sodium chloride, and
1 mM phenyl methylsulphonyl fluoride). Proteins were separated by
electrophoresis on a 7.5% sodium dodecyl sulfate-polyacrylamide gel,
and transferred onto an Immobilon-P membrane (Millipore, Bedford,
MA). After blocking, the membrane was incubated with a mouse
antihuman cPLA, monoclonal antibody (Santa Cruz Biotechnology
Inc.,CA) then with a goat antimouse immunoglobulin antibody conju-
gated with horseradish peroxidase (Santa Cruz Biotechnology Inc.).
Specific bands were visualized by an enhanced chemiluminescence
detection system (ECL, Amersham Buckinhamshire, UK).

Extraction of total RNA, and reverse transcription polymerase
chain reaction (RT-PCR). The total cellular RNAs were extracted
by acid guanidine phenol/chloroform extraction(17) using Isogen
(Wako Pure Chemical Industries, Ltd.). Two micrograms of the total
RNAs was reverse transcribed to cDNA annealing with 25 pmol of
random primer in the presence of 100 U of Moloney murine leukae-
mia virus (M-MLV) reverse transcriptase (Gibco BRL Life Technolo-
gies, Inc., Gaithersburg, MD), 10 U of ribonuclease inhibitor (RNasin,
Promega Corp., Madison, WI), 1 mM dithiothreitol, and 10 pmol of
each deoxynucleotide (Takara Shuzo Co. Kyoto, Japan) in a total
volume of 10 pl for one hour at 37 °C. Two microlitres of the resultant
cDNA preparation was used directly for each amplification reaction.
Polymerase chain reaction (PCR) was performed in a 50 ul reaction
mixture containing 20 pmol of each primer (see below), 20 pmol of
each deoxynucleotide and 1.25 U Tag DNA polymerase (Takara
Shuzo Co.). The primers used were: cPLA, sense primer, 5'-AAA-
GAACACATAAGGGAGAG-3’ (nucleotide 609’-628’); cPLA, anti-
sense primer, 5'-AAAGAGGTAAAGGGCATTGT-3’ (nucleotide
1072'-1091"); glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
sense primer, 5'-CAAAAGGGTCATCATCTCTG-3’ (nucleotide 408’-
427'); GAPDH antisense primer, 5'-CCTGCTTCACCACCTTCTTG-
3’ (nucleotide 834’-853"). These primer sets yield PCR products of
502 bp and 446 bp for cPLA, and GAPDH, respectively. A reaction
mixture was incubated in a Perkin-Elmer/Cetus DNA Thermal cycler
for 25-30 cycles (denaturation, one minute, 94°C; annealing two min-
utes, 55°C; extension, one minute, 72°C). Aliquots of PCR products
were run on a 1.2 % agalose gel in TAE buffer (40 mM TRIS acetate,
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FIG. 1. Induction of cytosolic phospholipase A, (cPLA,) in phor-

bol myristate acetate (PMA)-differentiated U937 cells by lipopolysac-
charide (LPS). (A) Western blot analysis using a mouse anti-human
cPLA, monoclonal antibody. PMA-differentiated U937 cells were cul-
tured with interleukin-la (IL-1«) 2 ng/ml, tumor necrosis factor «
(TNFea) 20 ng/ml, or LPS (1 ug/ml) for 24 hr, and the cell lysates were
used for western blotting as described in materials and methods. (B)
Western blot. The PMA-differentiated U937 cells were cultured with
LPS at the indicated concentrations, and the cell lysates were used
for western blotting.

2 mM sodium EDTA), and PCR products were visualized by ethidium
bromide staining. GAPDH was used as a house keeping gene(18).

RESULTS

The effect of IL-1a, TNF«, or LPS on the biosynthesis
of cPLA, in PMA-differentiated U937 cells. As the pre-
vious studies reported that cPLA, expression was in-
duced by IL-1, TNFa and LPS in a variety of cells(19-
25), the effect of these stimuli on the biosynthesis of
cPLA, in U937 cells was examined. PMA-differentiated
U937 cells were treated with IL-1«, TNFa or LPS for
24 hours. As shown in Fig. 1, LPS increased the cPLA,
protein level in the U937 cells in a dose-dependent
manner. On the contrary, IL-1a, TNFa and both have
little effect on the expression of cPLA,.

The suppressive effect of 1L-4 on the biosynthesis and
gene expression of cPLA, in the U937 macrophage cell
line. To determine the effect of IL-4 on the expression
of cPLA, in PMA-differentiated U937 cells, the cells
were treated with LPS in the presence of various con-
centrations of IL-4 for 24 hours. IL-4 inhibited the bio-
synthesis of cPLA; in a dose-dependent manner (Fig 2-
A). Next, to clarify further whether IL-4 might inhibit
the synthesis of cPLA; at the mRNA level, we examined
the effect of IL-4 on the gene expression of cPLA, in
U937 cells. The cells were treated with LPS in the pres-
ence of various concentrations of IL-4 for 8 hours. As
shown in Fig 2-B, LPS increased the level of cPLA,
MRNA. IL-4 also inhibited the increased expression of
cPLA, mRNA.

The suppressive effect of IL-4 on the biosynthesis and
gene expression of cPLA, in freshly prepared adherent
rheumatoid synovial cells. It is interesting to clarify
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FIG. 2. Suppressive effect of interleukin-4 (IL-4) on the biosyn-
thesis and gene expression of cytosolic phospholipase A, (CPLA,) in
lipopolysaccharide (LPS) stimulated U937 cells. (A) Western blot
analysis using a mouse anti-human cPLA,. Phorbol myristate ace-
tate (PMA)-differentiated U937 cells were cultured with LPS 1 ng/
ml in the presence of IL-4 at the indicated concentrations for 24
hr, and the cell lysates were used for western blotting. (B) Reverse
transcription and polymerase chain reaction (RT-PCR) using primer
sets specific for cPLA, and glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH). The PMA-differentiated U937 cells were cultured
with LPS 1 pg/ml in the presence of IL-4 at the indicated concentra-
tions for 8 hr. The total cellular RNAs were extracted from these
cells, and used for RT-PCR. GAPDH was used as a housekeeping
gene.

whether IL-4 also might inhibits the expression of
cPLA; in inflammatory cells obtained from disease
sites. As freshly prepared rheumatoid synovial cells
are known to produce large amounts of PGE,(26), we
examined the effect of IL-4 on the expression of cPLA,
in these cells. Since both DEX and IND are known to
inhibit the production of PGE,(27, 28), the effects of
these agents were also examined. Freshly prepared sy-
novial cells obtained from rheumatoid synovia were
treated with or without LPS in the presence of IL-4,
DEX, or IND for 24 hours. As shown in Fig 3-A,B, the
expression of cPLA, protein in freshly prepared rheu-
matoid cells was detected at the mRNA and protein
levels without stimuli. IL-4 and DEX inhibited the
spontaneous expression of cPLA, mMRNA. On the con-
trary, IND did not modify the expression (Fig 3-B). In
addition, both IL-4 and DEX inhibited the LPS stimu-
lated biosynthesis and gene expression of cPLA; in
freshly prepared synovial cells (Fig 3-A,C).

DISCUSSION

PGE, is a potent mediator of the pain and edema
associated with rheumatoid synovitis, and involved in
bone resorption(26). 1L-4 is known to inhibit the over-
production of PGE, in rheumatoid synovial cells(15,
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29). However, the mechanism(s) of the inhibitory action
of IL-4 on PGE, production remains to be clarified.

In this study we demonstrated that LPS stimulated
the biosynthesis of cPLA, in PMA-differentiated U937
cells. Although IL-1« and TNFa are reported to stimu-
late the expression of cPLA, in a variety of cells(19-
23, 25), these cytokines did not increase the protein
of cPLA; level in our study. It is possible that PMA
treatment may modulate the response of U937 cells to
IL-1a and TNFa, or that the stimulatory effect of these
two cytokines may be too small to detect by western
blotting. IL-4 inhibited the LPS-stimulated biosynthe-
sis of cPLA, in U937 cells at the mRNA levels. The
inhibitory effect of 1L-4 on the expression of cPLA, has
been controversial. IL-4 is reported to inhibit cPLA,
expression in c-kit ligand-stimulated immature mouse
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FIG. 3. Suppressive effect of interleukin-4 (IL-4) on the biosyn-
thesis and gene expression of cytosolic phospholipase A, (CPLA,) in
freshly prepared rheumatoid synovial cells. (A) Western blot analysis
using anti-human cPLA, antibody. The freshly prepared synovial
cells obtained from rheumatoid synovia were cultured with or with-
out lipopolysaccharide (LPS) 1 pg/ml in the presence of I1L-4 100 U/
ml or dexamethasone (DEX) 5 uM for 24 hr, and the cell lysates were
used for western blotting. (B) Reverse transcription and polymerase
chain reaction (RT-PCR) analysis. The freshly prepared rheumatoid
synovial cells were cultured with IL-1« 100 U/ml, DEX 5 uM, and
indomethacin (IND) 5 uM for 24 hr. The total cellular RNAs were
extracted, and used for RT-PCR. (C) RT-PCR analysis. The freshly
prepared rheumatoid synovial cells were cultured with LPS 1 pg/ml
in the presence of IL-4 100 U/ml or DEX 5 uM for 8 hr. Their total
cellular RNAs were used for RT-PCR analysis.
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mast cells(30) and in neonatal mouse parietal bone cul-
ture(31). On the contrary, Onoe et al(32). have reported
that IL-4 did not inhibit the expression of cPLA, mMRNA
in IL-1a stimulated mouse osteoblasts. The discrep-
ancy among these results might be explained by the
differences in the cell types or stimuli.

The effect of IL-4 on cPLA, expression has never
been examined in human. We demonstrated that the
inhibitory effect of IL-4 on cPLA, expression was also
observed in freshly prepared rheumatoid synovial
cells from the patients. In addition, we confirmed the
previous reports showing the inhibition of induction
of cPLA, by dexamethasone (19, 22). It has been re-
ported that cyclooxygenase 2 and cPLA, play critical
roles in overproduction of PGE, by human synovial
cells(19) or rheumatoid synovial cells(21). We have
found that IL-4 is capable of inhibiting cyclooxygen-
ase 2 in rheumatoid synovial cells(15). These findings
suggest that IL-4 inhibits PGE, production through
inhibiting both expressions cyclooxygenase 2 and
cPLA,; in rheumatoid synovia.

ACKNOWLEDGMENTS

We thank Dr. K. Kanekasu at Saiseikai Takaoka Hospital and Dr.
H. Matsuno at the Orthopedic Department of Toyama Medical and
Pharmaceutical University for rheumatoid synovial specimens, Dai-
nippon Pharmaceutical Co. for IL-1a and TNFa, and Ono Pharma-
ceutical Co. for IL-4.

REFERENCES

. Flower, R. J., and Blackwell, G. J. (1976) Biochem. Pharmacol.
25, 285-291.

. Schalkwijk, C. G., Marki, F., and Van den Bosch, H. (1990) Bio-
chim. Biophys. Acta 1044, 139-146.

. Dennis, E. A. (1983) in The Enzyme (Boyer, P. D., Ed.), Vol. 16,
pp. 307-354, Academic Press, New York.

. Sharp, J. D., White, D. L., Chiou, X. G., Goodman, T., Gamboa,
G.C., McClure, D., Burgett, S., Hoskins, J., Skatrud, P.L.,
Sportsman, J. R., Becker, G. W., Kang, L. H., Roberts, E. F., and
Kramer, R. M. (1991) J. Biol. Chem. 266, 14850—14853.

. Clark, J. D., Milona, N., and Knopf, J. L. (1990) Proc. Natl. Sci.
USA 87, 7708-7712.

. Clark, J.D., Lin, L. L., Kriz, R. W., Ramesha, C. S., Sultzman,
L. A, Lin, A. Y., and Knopf, J. L. (1991) Cell 65, 1043—-1051.

. Lin, L.-L., Lin, A. Y., and Knopf, J. L. (1992) Proc. Natl. Acad.
Sci. USA 89, 6147-6151.

. Paul, W. E., and Ohara, J. (1987) Annu. Rev. Immunol. 5, 429—
459.

43

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

9. Hart, P. H., Cooper, R. L., and Finlay-Jones, J. J. (1991) Immu-
nology 72, 344—349.

Hart, P. H., Vitti, G. F., Burgess, D. R., Whitty, G. A., Piccoli,
D. S., and Hamilton, J. A. (1989) Proc. Natl. Acad. Sci. USA 86,
3803-3807.

te Velde, A. A., Huijbens, R. J. F., Heije, K., de Vries, J. E., and
Figdor, C. G. (1990) Blood 76, 1392—-1397.

Corcoran, M. L., Stetler-Stevenson, W. G., Brown, P.D., and
Wahl, L. M. (1992) J. Biol. Chem. 267, 515-519.

Endo, T., Ogushi, F., Sone, S., Ogura, T., Taketani, Y., Hayashi,
Y., Ueda, N., and Yamamoto, S. (1995) Am. J. Respir. Cell Mol.
Biol. 12, 358—-365.

Nakazato, Y., Okada, H., Sato, A., lwaita, Y., Hayashida, T.,
Hayashi, M., Suzuki, H., and Saruta, T. (1993) Biochem. Bio-
phys. Res. Commun. 197, 486—493.

Sugiyama, E., Taki, H., Kuroda, A., Mino, T., Yamashita, N.,
and Kobayashi, M. (1996) Ann. Rheum. Dis. 55, 375-382.
Sundstrom, C., and Nilsson, K. (1976) Int. J. Cancer 17, 565—
577.

Chomcznski, P., and Sacchi, N. (1987) Anal. Biochem. 162, 156—
159.

Ercolani, L., Florence, B., Denaro, M., and Alexander, M. (1988)
J. Biol. Chem. 263, 15335-15341.

Angel, J., Berenbaum, F., Le Denmat, C., Nevalainen, T., Mas-
liah, J., and Fournier, C. (1994) Eur. J. Biochem. 226, 125-131.
Hulkower, K. I., Hope, W. C., Chen, T., Anderson, C. M., Coffey,
J. W., and Morgan, D. W. (1992) Biochem. Biophys. Res. Com-
mun. 184, 712-8.

Hulkower, K. I., Wertheimer, S. J., Levin, W., Coffey, J. W., An-
derson, C. M., Chen, T., DeWitt, D. L., Crowl, R. M., Hope, W. C.,
and Morgan, D. W. (1994) Arthritis Rheum. 37, 653-661.

Lin, L. L., Lin, A Y., and DeWitt, D. L. (1992) J. Biol. Chem.
267, 23451-23454.

Ozaki, M., Morii, H., Qvist, R., and Watanabe, Y. (1994) Biochem.
Biophys. Res. Commun. 205, 12-17.

Roshak, A., Sathe, G., and Marshall, L. A. (1994) J. Biol. Chem.
269, 25999-26005.

Wu, T., Ikezono, T., Angus, C. W., and Shelhamer, J. H. (1996)
Biochim. Biophy. Acta 1310, 175-184.

Robinson, D. R., Tashjian, A., Jr., and Levine, L. (1975) J. Clin.
Invest. 56, 1181-1188.

Kantrowitz, F., Robinson, D. R., McGuire, M. B., and Levine, L.
(1975) Nature 258, 737-739.

Vane, J. R. (1971) Nature New Biol. 231, 232-235.

Seitz, M., Loetscher, P., Dewald, B., Towbin, H., Ceska, M., and
Baggiolini, M. (1994) J. Immunol. 152, 2060-2065.

Murakami, M., Penrose, J. F., Urade, Y., Austen, K. F., and Arm,
J. P. (1995) Proc. Natl. Acad. Sci. USA 92, 6107-6111.
Kawaguchi, H., Nemoto, K., Raisz, L. G., Harrison, J. R., Vozne-
sensky, O. S., Alander, C. B., and Pilbeam, C. C. (1996) J. Bone
Miner. Res. 11, 358—366.

Onoe, Y., Miyaura, C., Kaminakayashiki, T., Nagai, Y., Noguchi,
K., Chen, Q. R., Seo, H., Ohta, H., Nozawa, S., Kudo, 1., and
Suda, T. (1996) J. Immunol. 156, 758-764.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.



