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ABSTRACT |
Heparin is known to stimulate the release of hepatic lipase (HTGL)
activity from hepatocytes, but the action mechanisms have not been fully
confirmed. Here, we investigated the involvement of the arachidonate
pathway in the heparin-stimulated release of HGTL activity from rat
hepatocytes. Heparin increased phospholipase (PL) A; activity in the
hepat'ocytes in a time- and dose- dependent manner. The stimulatory effect
of heparin on PLA,; activity was markedly decreased by incubation with
protein tyrosine kinase (TK) inhibitors. It was also observed that heparin
rapidly increased leukotriene (LT) B, content in the hepatocytes. In
addition, the stimulatory release of HTGL activity by heparin was
suppressed by cytosolic PLA,, and 5-lipoxygenase,v but not by
- cyclooxygenase and thromboxane (TX) synthetasé inhibitors or a TXA,
receptor antagonist. '
These findings suggest that the heparin-stimulated release of HTGL
activity from hepatocytes is partly due to an action involving increases in

cytosolic PLA; activity and LTB, production with associated of TK activity.
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Fig. 1. Effects of Heparin on Release of HTGL Activity
(a) The hepatocytes were incubated for 0-90 min with heparin (2U/ml, @) or without (Q).
(b) The hepatocytes were incubated for 60 min with various concentrations (0-4U/ml) of heparin.
Significant differences compared with the control: ¥*p<0.05 and **p<0.01.
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Fig. 2. Effects of Tyrosine Kinase Inhibitors on the Stimulatory Release of HTGL Activity by Heparin
(a) The hepatocytes were incubated with heparin (2U/ml, @) or without ( O) in the presence of
biochanin A. (b) The hepatocytes were incubated with heparin (2U/ml, @) or without (O) in the
presence of ST-638. Significant differences compared with the heparin-treated group without

biochanin A or ST-638: *p<0.05 and **p<0.01.
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Fig. 3. Separation of Tyrosine Kinase and Phosphotyrosine Phosphatase by chromatography on

DEAE-Cellulofine
The membrane fraction of hepatocytes was prepared and applied to DEAE-Cellulofine column.

Tyrosine kinase activity of column fractions was measured by using of Poly (Glu, Tyr).
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Fig. 4. Increasing Effect of Heparin on Tyrosine KinaseActivity in Hepatocytes

(a) The partially purified tyrosine kinase preparation from the hepatocytes was incubated with heparin
(2U/ml, @) or without (O) over a 10-min period. (b) The partially purified tyrosine kinase
preparation from the hepatocytes was incubated for 10 min with various concentrations (0-5U/ml)

of heparin.

Significant differences compared with the control: *p<0.05 and **p<0.01
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Fig. 5. Effects of Tyrosine Kinase Inhibitors on Increase in Tyrosine Kinase Activity by Heparin
(a) The hepatocytes were incubated with heparin (2U/ml, @ ) or without ( O ) in the presence of
biochanin A. (b) The hepatocytes were incubated with heparin (2U/mi, @) or without (O) in the
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Fig. 6. Effects of Phospholipase C Inhibitors on the Stimulatory Release of HTGL Activity by Heparin
The hepatocytes were incubated with heparin (2U/ml, @, A) or without (O, A) in the presence
of U-73122 (O, @) and U-73343 (A, A).
Significant differences compared with the heparin-treated group without U-73122 or U-73343:
*p<0.05 and **p<0.01.
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Fig. 7. Increasing Effect of Heparin on Phospholipase C Activity in Hepatocytes
(a) The hepatocytes were incubated with heparin (2U/ml, @) or without (O) over a 60-min period.
(b) The hepatocytes were incubated for 60 min with various concentrations (0-4U/ml) of heparin.
Significant differences compared with the control: *p<0.05 and **p<0.01.
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Fig. 8. Effect of Tyrosine Kinase Inhibitor on Increase in Phospholipase C Activity by Heparin
The hepatocytes were incubated with heparin (2U/ml, @) or without ( Q) in the presence of ST-

638. :
Significant differences compared with the heparin-treated group without ST-638:*p<0.05 and

*%p<0.01.
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Fig. 9. Effects of Thapsigargin and Xestospongin C on the Stimulatory Release of HTGL Activity by
Heparin
(a) The hepatocytes were incubated with heparin (2U/ml, @ ) or without (O ) in the presence
ofthapsigargin. (b) The hepatocytes were incubated with heparin (2U/ml, @ ) or without (O)
inthe presence of xestospongin C. Significant differences compared with the heparin-treated group
without thapsigargin orxestospongin C: *p<0.05 and **p<0.01.
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Fig. 10. Effects of Ca**-Modulators on the Stimulatory Release of HTGL Activity by Heparin
(a) The hepatocytes were incubated with heparin (2U/ml, @) or without (O ) in the presence of
Quin2/AM. (b) The hepatocytes were incubated with heparin (2U/ml, o ) or without (Q) in the
presence of A23187.
Significant differences compared with the heparin-treated group without Quin2/AM or A-23187:
*p<0.05 and **p<0.01. : '
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Fig. 11. Effects of Calmodulin Inhibitors on the Stimulatory Release of HTGL Activity by Heparin-
The hepatocytes were incubated with heparin (2U/ml, @, A ) or without (O, A) in the presence
of W-7(O,@)and W-5( A, A).
Significant differences compared with the heparin-treated group without W-7 or W-5: **p<0.01
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Fig. 12. Effects of CaMK- I Inhibitors on the Stimulatory Release of HTGL Activity by Heparin
(a) The hepatocytes were incubated with heparin (2U/ml, @, A) or without (O, A) in the presence
of KN-93 (O, @) and KN-92 (A, A). (b) The hepatocytes were incubated with heparin (2U/ml
, @) or without ( O ) in the presence of myristoylated AIP.

Significant differences compared with each heparin-treated group without CaMK-
inhibitors:*p<0.05 and **p<0.01. ’
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Fig. 13. Increasing Effect of Heparin on CaMK- II Activity in Hepatocytes
(a) The hepatocytes were incubated with heparin (2U/ml, @) or without (O) over a 10-min period.
(b) The hepatocytes were incubated for 10 min with various concentrations (0-2U/ml) of heparin.
Significant differences compared with the control: *p<0.05 and **p<0.01.
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Fig. 14. Effect of Tyrosine Kinase Inhibitors on Increase in CaMK- II Activity by Heparin
(a) The hepatocytes were incubated with heparin (2U/ml, @ ) or without (O ) in the presence of
biochanin A. (b) The hepatocytes were incubated with heparin (2U/ml, @) or without (O) in the
presence of ST-638. '
Significant differences compared with the heparin-treated group without biochanin A or ST-638:
*p<0.05 and **p<0.01. '
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Fig. 15. Effect of Phospholipase C Inhibitor on Increase in CaMK- II Activity by Heparin
The hepatocytes were incubated with heparin (2U/ml, hatched bar) or without (white bar) in the

presence of U-73122.
Significant differences compared with the heparin-treated group without U-73122: **p<0.01.
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FiZO1 3 MU T ERROEERI DV TRA 2T 7z,

RARYN—Y A 13, MRS S D& RRRIC X > THIFED Y VIBEA S 7 SF K8
EERT BT IF RUBHRr — ROBBORERRELZ>TNS®, £, KAKY/)—F
AT VB EZTBIETHEMETSEINTHY, Goldberg 513, ZEREEOFOL >
FF—En S ORI L > THRAFRYU N—E A5 LT 5 & L T 5%), F7-Bonventre
513, EGFTEAY > F I LM 2RI T 2 EHRAFRIN—FA2DFEHIRRI 2 EHEL T
W5 67,

BRARY N A iR 4 BHRRICHFEL THO., TORENE. FTE Ca ZRIME BER
BECEDWTHIRRESR, MR RO Ca? EGFHRTARUN—E AL IFEIN TINS5,
ZOW, MAEHEORATIUN—FALR T SFRCBEFEOU VEEIIHML TEWEERFEE
ZHDCHERMEDBERTHY. 7 7F FUBRBICBVWTHEVEDD ZFDOELINTNS®,
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¥ 72, Murakami 5 OEITE D &, MAERORAKTY N—FA, EHITC BEREOBERETH
ZHWBDEARIN—EAREDT TF RUBERIRENTNS 9, KERIZBNTH,
AN I &k D HTGL OEREL. 727 U 2 VB EA TR AR N—F A BHERTH 3
Quinacrine™DHEFIC I DEL <HMHII N, Tz, ABEROBERIL, 7R R I E B R X
U N—F A, % BET 5 Manoalide” 1z & > T H MM X 4, 3 5 ICHIBEER R R K1) /\—F A0
BRMEERNTH S AACOCE2DHFIZL > THHFE L < HIH X /=(Table 1). & Z TR
B BEREY N—BATEIC DN TR BT 5 72 & 2 5N > & FIOREREOERE
KU EBREL AN D OBEOEMIAENEL < LR LU /ZFig. 16). ZOANNY i
EBHRARYN—F A EEOHERIZ. L& ORIAFUN—Y A, BEEFOHEFIC K > THF X
. FICHIfRE RIS AR Y N—F A2 2 RIICEEET 5 AACOCF IZX L THE WEREZEE R L
Fz(Table )T EM B, AN V&> TEHILINDHRAF Y NN—F A 1L, SFHERNIHT S
RZHD S Ca KR OMIREREARIN—Y A TH B I EIRBEINE. Fim. AN~
IZ & 5 HTGL DiRlL, > 7 04 F 5 F —EHEHITH % Indomethacin™, Aspirin™? KU ~ O
SRFY B REERAER OKY-046"7X 511X MO RFH 2 A ZEAKT > T X k ONO-
3708 ODFELE T, 1F & A ERLBRD SN /2(Table DK L, 5-U RF T F—VHE
K TdH 5 NDGA"DEET. TOBREDOEMIME>S THH S NZ(Fig. 172, £z, FBZEOWE
B, KRR THRABS URF T T —ETHERAAIPORFIII > THEL S AHE
hi=Fig. 17T0)T &£ & D, ABEZROFEBICIZ. 75F ROBREROFTHOSMI N AR

Table 1. Effects of Phospholipase A; Inhibitors on the Stimulatory Release of HTGL Activity by
Heparin '
The hepatocytes were incubated with heparin (2U/ml) or without in the presence of various agents.
No significant changes in the basal HTGL activity were observed with any single inhibitors.
Significant differences compared with no addition of inhibitors: *p<0.05 and **p<0.01.

Chemicals Relative HTGL Activity (%)
None 100
Quinacrine (10 z M) | 64.0+3.7*

(50 M) 110+2.0*
Manoalide (102 M) 822+2.7

(50 u M) 745+19*
AACOCFs (102 M) 57.4+18*

(50 u M) 13.7+16™
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Fig. 16. Increasing Effect of Heparin on Phospholipase A, Activity in Hepatocytes
(a) The hepatocytes were incubated with heparin (2U/ml, @) or without (O) over a 7-min period.
(b) The hepatocytes were incubated for 5 min with various concentrations (0-3U/ml) of heparin.
Significant differences compared with the control: **p<0.01.

tabl 2. Effects of Phospholipase A, Inhibitors on Increase in Phospholipase A, Activity by Heparin
The hepatocytes were incubated with heparin (2U/ml) or without in the presence of various agents.
No significant changes in the basal PL.A2 activity were observed with any single inhibitors.
Significant differences compared with no addition of inhibitors: **p<0.01.

Chem icals Relative PLA2 Activity (%)
None ' ~ 100
Quinacrine aouM) - 383+12*

(50 u M) 204+1.6™
Manoalide (1ouM) 88.6+3.3

(50 u M) 69.8£2.2*
AACOCF; (10 M) 359+29*

(50 u M) ‘ 159+2.5*
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Table 3. Effects of Various Chemicals on the Stimulatory Release of HTGL Activity by Heparin
The hepatocytes were incubated with heparin (2U/ml) or without in the presence of various agents.
No significant changes in the basal HTGL activity were observed with any single inhibitors.

Chemicals Relative HTGL Activity (%)
None 100
Indomethacin S0uM) 106.5+3.1
(200 1 M) 106.3+4.3
Aspirin (50 1 M) 99.9+1.5
(200 = M) 101.5+2.7
OKY-046 25uM) 105.8£0.2
(50 u M) 93.1%£34
ONO-3708 25uM) 96.0+2.1
S0 M) 96.4+2.7
a) b)
1.5 15

HTGL Activity
{(pmo! FFA/min/10%cells)

0 25 50
NDGA (uM) _ AA-861 (uM)

Fig. 17. Effects of 5-Lipoxygenase Inhibitors on the Stimulatory Release of HTGL Activity by Heparin
(a) The hepatocytes were incubated with heparin (2U/ml, @ ) or without (O ) in the presence of
NDGA. (b) The hepatocytes were incubated with heparin (2U/ml, @) or without (O) in the
presence of AA-861. '

Significant differences compared with the heparin-treated group without NDGA or AA-861: *p<0.05

and **p<0.01.
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ROEERBEESIRBINGZ, T2 T, MIENCBIT5201 3N ILYBEOEHICONTHR
MEfro/kzE A, MilENOT O N T2 BEIT. BEFMEE AN > EDRBRME S 2
BNWTHo EbEEERS—EED ERERL &(Fig. 182), £/ I MU L2 B, i
2NN 2 0~3UmIEET. SHMBREBLEZEZA, ANY COBEOHMMIENERLTED
(Fig. 18b). HTGL QEEEICIE. MIfER AR AR N—F A, DFEHIZE > THRIELEI W /-O1
M) IOERROTLER X DMBATA I MY ZB,EBOEHN, BERESLTVWSZE
HIRREINTz. 2B, Sakagami 5%, RO 7 v NN—HlEICBYTOM I MY T 2ARFHREN
BZZEERLTRED, Lnl, AERICBVTHABROBRIZBT 27 v N—HROBAE
WERRATOCED2%UT THZ Z L 2HALTBO, AEZRTTOANY iZkd01 0

NI OBROBRIINFEEMCBIZHDOTH 5.

HE, 79FROBAZAF—REFOI OFF—EOEMNIBEELRY CBILEBEEREIZEST
FAHEZD T TNBZENWEEINTNS, T72b5, Lin 53, MAEHFIARIN—EA D
505%H DtV > #RE A mitogen-activated protein(MAP) kinase IZ &> TV VE{L I N5 Z & TiF
HALTHZEEHLEMNTL TS, Fiz, Muthalif 51%. CaMK- I ASHIREERIKR X R )X—
FTAEEHETEZIETTIF ROBOBEHEZEMEESEH/EL TNS, T 5, Sano b
DEBEITEDE, BAKY N—FCEFAFY N—FADY Btk >TOsa R T2C,
DERVAGINTND ZEINRINTNS ), F£/-HKi. Yokomizo 513, Fu F+—+
BN MR Ca2t @ LRS- URF IS F—EOFREACEETH D ERBL TNDS,

ANY PR E D TERUERARYN—E A EERRCHBACDC O M) T2 BED /I,

a) b)

LTB4 Content (pg/1085cells)

ob— v ob v v
0 &5 10 15 20 0 1 2 3

Time (min) Heparin (U/ml)

Fig. 18. Increase in Leukotriene B, Content in Hepatocytes by Heparin
(a) The hepatocytes were incubated with heparin (2U/ml, @) or without (O) over a 20-min period.
. (b) The hepatocytes were incubated for 5 min with various concentrations (0-3U/ml) of heparin.
Significant differences compared with the control: **p<0.01
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FOIrFF—YHEE, TSI EAFTUN—EC, IIEI2Y RO CaMK- I HEHIC
o THIHMEN/(Table 4,5) 2 &N 5. WIEMNSEIZOHERDID, AU ITX B HTGL
DFEEZIE, MIEREICEET SFOL FF—EnS DFBIC LD FAFTYNN—EC- IV E
Val) »-CaMK- D 2T BHRAKTYIN—FE A, OFEHRENERZICEE L TWS Z EARBE N
7ze

Table 4. Effects of Tyrosine Kinase Inhibitors on Increases in Phospholipase A; Activity and
Leukotriene B, Content by Heparin '
The hepatocytes were incubated with heparin (2U/ml) or without in the presence of various agents.
No significant changes in the basal PLA, activity and LTB, content were observed with any single
inhibitors.
Significant differences compared with no addition of inhibitors: *p<0.05 and **p<0.01.

Chemicals Relative PLA2 Activity (%)  Relative LTB« Content (%)
None 100 100
BiochaninA  (0.2mg/ml)  69.8+3.0* , 61.7+2.6*
(1.0mg/ml) 212423 % 224+1.5*
ST-638 201 M) 87.9+22 68.4£2,0 **
(100 2 M) 253+1.9* 10.6+1.6 **

Table 5. Effects of Various Ca** Modulators on Increases in Phospholipase A; Activity and Leukotriene
B, Content by Heparin
The hepatocytes were incubated with heparin (2U/ml) or without in the presence of various agents.
No significant changes in the basal PLA; activity and LTB, content were observed with any single
inhibitors. ’
Signiﬁéant differences compared with no addition of inhibitors: **p<0.01.

Chemicals Relative PLA2 Activity (%) Relative LTB4 Content (%)
None 100 100
Thapsigargin ©.1uM) 322+24** 22.7+25*
Xestospongin C (0.1 z M) 37.2+£22** 18.7+2.4**
Quin2/AM 20 M) 9.6+1.4** 83+13™*
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Bix. FAKIUN—FYAz2EMHLIE O/ OBARROTE. FIZ5-URFIFF—
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Scheme 1. HTGL signal transduction pathway

AFd. EARX (HENL. @K% 200643 A) OERTH 5,

- 20 -



5| FASCER

1) Smith L.C., Pownall H.J., Gotto A.M. Jr., Annu. Rev. Biochem., 47, 751-757 (1978).

2) Nilsson-Ehle P., Garfinkel A.S., Schotz M.C., Annu. Rev. Biochem., 49, 667-693 (1980).

3) Landin B., Nilsson A., Twu J.S., Schotz M.C., J. Lipid Res., 25, 559-563 (1984).

4) Connelly PW., Clin. Chim. Acta, 286, 243-255 (1999).

5) Connelly P.W., Hegele R.A., Crit. Rev. Clin. Lab. Sci., 35, 547-572 (1998).

6) LaRosa J.C., Levy R.I., Windmueller H.G., Fredrickson D.S., J. Lipid Res., 13, 356-363 (1972).

7) Assmann G., Krauss R.M., Fredrickson D.S., Levy R.L, J. Biol. Chem., 248, 1992-1999 (1973).

8) Kuusi T., Nikkila E.A., Virtanen L., Kinnunen P.K.J., Biochem. J., 181, 245-246 (1979).

 9) Laposata E.A., Laboda H.M., Glick J.M., Strauss J.F,, J. Biol. Chem., 262, 5333-5338 (1987).

10) McLean J., Am. J. Physiol., 41, 250-257 (1916).

11) Charles A.F,, Scott D.A., J. Biol. Chem., 102, 431-435 (1933).

12) Ehrlich J., Stivala S.S., J. Pharm. Sci., 62, 517-544 (1973).

13) Ragazzi E., Chinellato A., Gen. Pharmacol., 26, 697-701 (1995).

14) Hook M., Bjork 1., Hopwood J., Lindahl U., FEBS Lett., 66, 90-93 (1976).

15) Engelberg H., Pharmacol. Rev., 48, 327-352 (1996).

16) Regelson W., Adv. Chemother., 3, 303-370(1968).

17) Emmison N., Zammit V.A., Agius L., Biochem. J., 285, 655-660 (1992).

18) Morita T., Mikami E, Kanagawa A., Sera M., Ueki H., Chem. Pharm. Bull., 39, 3287-3289 (1991).

19) Morita T., Sakata K., Kanagawa A., Ueki H., Biol. Pharm. Bull., 17, 577-580 (1994).

20) Morita T., Mikami F,, Kanagawa A., Ueki H., Biol. Pharm. Bull., 16, 199-200 (1993).

21) Morita T., Shimada Y., Ueki H., Kanagawa A., Biol. Pharm. Bull., 19, 1371-1373 (1996).

22) Morita T., Fujiwara A., Ueki H., Kanagawa A., Biol. Pharm. Bull., 23, 549-554 (2000).

23) Hunter T., Cooper J.A., Ann. Rev. Biochem., 54, 897-930 (1985).

24) Ullrich A., Schlessinger J., Cell, 61, 203-212 (1990). _ _

25) Plowman G., Sudarsanam S., Bingham J., Whyte D., Hunter T., Proc. Natl. Acad. Sci. U.S.A., 96,
13603-13610 (1999). |

26) Morita T., Kanagawa A., Fujii M., Ueki H., Biol. Pharm. Bull., 17, 724-726 (1994).

27) Geahlen R.L., Koonchanok N.M., McLaughlin J.L., Pratt D.E., J. Nat. Prod., 52, 982-986 (1989). .

28) Shiraishi T., Domoto T., Imai N., Shimada Y., Watanabe K., Biochem. Biophys. Res. Commun., 147,
322-328 (1987).

29) Imai K., lida T., Takano Y., Uozumi N., J. Chromatogr. B, 780, 1-12 (2002).

30) Loo B.M., Kreuger J., Jalkanen M., Lindahl U., Salmivirta M., J. Biol. Chem., 276, 16868-16876
(2001).

31) Gao G., Goldfarb M., EMBO J., 14, 2183-2190 (1995).

- 21 -



32) Meisenhelder J., Suh P.G., Rhee S.G., Hunter T., Cell, 30, 1109-1122 (1989).

33) Burgess W.H., Dionne C.A., Kaplow J., Mudd R., Friesel R., Zilberstein A., Schlessinger J., Jaye M.,
Mol. Cell Biol., 10, 4770-4777 (1990).

34) Kim M.J., Kim E., Ryu S.H., Suh P.G., Exp. Mol. Med., 32, 101-109 (2000).

35) Rossier M.E, Bird G.S., Putney J.W.Jr., Biochem. J., 274, 643-650 (1991).

36) Clapham D.E., Cell, 80, 259-268 (1995).

37) Kavok N.S., Krasinikova O.A., Babenko N.A., BUC Cell Biol., 2:5, 1-7 (2001).

38) Chajek-Shaul T., Halimi O., Ben-Naim M., Stein O., Stein Y., Biochim. Biophys. Acta, 1014, 178-183
(1989).

39) Kayali A.G., Eichhorn J., Haruta T., Motris A.J., Nelson J.G., Vollenweider P., Olefsky J.M., Webster
N.J.G., J. Biol. Chem., 273, 13808-13818 (1998). -

40) Yang L., Camoratto A.M., Baffy G., Raj S., Manning D.R., Williamson J.R., J. Biol. Chem., 268, 3739-
3746 (1993).

41) Nojiri S., Hoek J.B., Hepatology, 32, 947-957 (2000).

42) Papp B., Enyedi A., Kovacs T., Sarkadi B., Wuytack F., Thastrup O.,Gardos G., Bredoux R., Levy-
Toledano S., Enouf J., J. Biol. Chem., 266, 14593-14596 (1991).

43) Miyamoto S., Izumi M., Hori M., Kobayashi M., Ozaki H., Karaki H., Br. J. Pharmacol., 130, 650-654
(2000).

44) Schulman H., Adv. Second Messenger Phosphoprotein Res., 22, 39-112 (1988).

45) Colbran R.J., Schworer C.M., Hashimoto Y., Fong Y.L.., Rich D.P,, Smith M.K., Soderling T.R., Biochem.
J., 258, 313-325 (1989).

46) Tsien R.Y., Pozzan T., Rink T.J., J. Cell Biol., 94, 325-334 (1982).

47) Thode J., Pershadsingh H.A., Ladenson J.H., Hardy R., McDonald J.M., J. Ripid Res., 30, 1299-1305
(1989).

48) Velasco G., Guzman M., Zammit V.A., Geelen M.J.H., Biochem. J., 321, 211-216 (1997).

49) Connelly P.A,, Sisk R.B., Schulman H., Garrison J.C., J. Biol. Chem., 262, 10154-10163 (1987).

50) Erdodi E, Gergely P, Bot G., Int. J. Biochem., 16, 1391-1394 (1984).

51) Mishra-Gorur K., Singer H.A., Castellot J.J. Jt., Am. J. Pathol., 161, 1893-1901 (2002).

52) Miralem T., Templeton D.M., Biochem. J., 330, 651-657 (1998).

53) Hidaka H., Sasaki Y., Tanaka T., Endo T., Ohno S., Fujii Y., Nagata T., Proc. Natl. Acad. Sci. U.S.A., 78,
4354-4357 (1981).

54) Sumi M., Kiuchi K., Ishikawa T., Ishii A., Hagiwara M., Nagatsu T.,Hidaka H., Biochem. Biophys. Res.
Commun., 181, 968-975 (1991). .

55) Ishida A., Kameshita I., Okuno S., Kitani T., Fujisawa H., Biochem. Biophys. Res. Commun., 212, 806-
812 (1991).

- 9292 —



56) Melien O., Nilssen L.S., Dajani O.F,, Sand K.L., Iversen J.G., Sandnes D.L., Christoffersen T., BMC
Cell Biol., 3, 1-11 (2002).

57) Leslie C.C., Voelker D.R., Channon J.Y., Wall M.M., Zelarney.,Biochim. Biophys. Acta, 963, 476-492
(1988).

58) Shalit M., Shoam H., Seno N., Razin E., Life Sci., 39, 903-910 (1986).

59) Samuelsson B., Science, 220, 568-575 (1983).

60) Harper T.W., Garrity M.J., Murphy R.C., J. Biol. Chem., 261, 5414-5418 (1986).

61) Perez H.D., Roll F.J., Bissell D.M., Shak S., Goldstein .M., J. Clin. Invest., 74, 1350-1357 (1984).

62) Morita I., Chang W.C., Murota S., Prostaglandins, 14, 403-406 (1977).

63) Huwyler J., Burgin M., Zeugin T., Gut J., Mol. Pharmacol., 39, 314-323 (1991).

64) Fiedler J., Simon F.R., Iwahashi M., Murphy R.C., J. Pharmacol. Exp. Ther., 299, 691-697 (2001).

65) Kudo L., Murakami M., Hara S., Inoue K., Biochim. Biophys. Acta, 1170, 217-231 (1993).

66) Goldberg H.J., Viegas M.M., Margolis B.L., Schiessinger J., Skorecki K.L., Biochem. J., 267, 461-465
(1990).

67) Bonventre J.V., Gronich J.H., Nemenoff R.A., J. Biol. Chem., 265, 4934-4938 (1990).

68) Six D.A., Dennis E.A., Biochim. Biophys. Acta, 1488, 1-19 (2000).

69) Murakami M., Shimbara S., Kambe T., Kuwata H., Winstead M.V, Tischfield J.A., Kudo L., J. Biol.
Chem., 273, 14411-14423 (1998).

70) Daniels I, Lindsay M.A., Keany C.L.C., Burden R.P, Fletcher J., Haynes A.P. Clin. Diagn. Lab. Immunol.,
5, 683-689 (1998).

71) Husain S. Abdel-Latif A A., ¢ 127-144 (1998).

72) Bartoli F,, Lin H.K., Ghomashchi F., Gelb M.H., Jain M.K., Apitz-Castro R., J. Biol. Chem., 269,
15625-15630 (1994).

73) Stanford N., Roth G.J., Shen T.Y., Majerus PW., Prostaglandins, 13, 669-675 (1977).

74) Roth G.J., Stanford N., Majerus PW., Proc. Nat. Acad. Sci. U.S.A., 72, 3073-3076 (1975).

75) Naito J., Komatsu H., Ujiie A., Hamano S., Kubota T., Tsuboshima M., Eur. J. Pharmacol., 91, 41-48
(1983).

76) Kondo K., Seo R., Omawari N., Imawaka H., Wakitani K., Kira H.,Okegawa T., Kawasaki A., Eur. J.
Pharmacol., 168, 193-200 (1989). |

— 93—~



