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THE ROLE OF MAPK AND PKC-d IN PHOSPHATIDIC ACID-MEDIATED
INTERCELLULAR ADHESION MOLECULE-1 EXPRESSION

Woo-Sung Cho, Hong Sik Yoon, Byung-Rho Chin, Suk-Hwan Baek*
Department of Dentistry and *Biochemistry & Molecular Biology,
College of Medicine, Yeungnam University, Daegu, Korea

Background: Phosphatidic acid (PA), an important second messenger, is involved in inflammation. Notably, cell-cell interactions via adhesion
molecules play a central role in inflammation. This thesis show that PA induces expression of intercellular adhesion molecule-1 (ICAM-1) on
macrophages and describe the signaling pathways.

Materials and methods: Macrophages were cultured in the presence of 10% FBS and assayed cell to cell adhesion using HUVEC. For the gene
and protein analysis, RT-PCR, Western blot and flow cytometry were performed. In addition, overexpressed cell lines for dominant negative PKC-8
mutant established and tested their effect on the promoter activity and expression of [ICAM-1 protein by PA.

Results: PA-activated macrophages significantly increased adhering to human umbilical vein endothelial cell and this adhesion was mediated by
ICAM-1. Pretreatment with rottlerin (PKC-¢ inhibitor) or expression of a dominant negative PKC-6 mutant, but not Go6976 (classical PKC-«
inhibitor) and myristoylated PKC-¢ inhibitor, attenuated PA-induced ICAM-1 expression. The p38 mitogen-activated protein kinase (MAPK)
inhibitor blocked PA-induced ICAM-1 expression in contrast, ERK upstream inhibitor didn’ t block ICAM-1.

Conclusion: These data suggest that PA-induced ICAM-1 expression and cell-cell adhesion in macrophages requires PKC-0' activation and that
PKC-9 activation is triggers to sequential activation of p38 MAPK.
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Fig. 1. Phosphatidic acid stimulates the adhesion of macrophages to human umbilical vein endothelial
cells. Macrophages were incubated with the indicated concentrations of PA for 12 h or were unstimulated
as negative control. Resting and PA-activated macrophages were allowed to adhere to a HUVEC
monolayer. After seeding and incubation, the attached cells were guantified by measuring hexosaminidase
and photographed. as described under “Materials and Methods”. The results shown are the mean = SD
of adhesion obtained in triplicate from three independent experiments. The photograph is a representative

of three separate experiments.
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Fig. 2. ICAM-1 protein and mRNA in macrophages are induced by PA. (A) Macrophages were cultured for
24 hin culture medium (contral) or in the presence of PA. After cell harvesting, ICAM-1 expressions were
studied by FACS analysis. (B) PCR products of RNA prepared from macrophages stimulated by 50 #M PA
for different times were deposited on a 2% agarose gel. The f-actin housekeeping gene was used as the
control. C, Macrophages were transiently transfected with 1 #g of the ICAM-1-luciferase plasmid and
exposed to increasing concentrations of PA for 8 h. The results shown are the mean = SD of luciferase
activity (relative fold to untreated cells) obtained in triplicate from four independent experiments.
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Fig. 3. Selective activation of PKCS regulates ICAM-1 expression. (A) Macrophages were treated for the
indicated times with PA (50 #M). Whole cell lysates were blotted for phospho- PKCe/B2 (Thr 638/641),
phospho-PKGCS (Thr 505) or phospho-PKCE/A. One of them was stripped and reprobed with anti-PKCa/82
antibody. (B) Macrophages were preincubated for 30 min with 1 #aM Go6976 (G), 2 mM rottlerin (Rot), or
10 #M myristoylated PKCE peptide inhibitor (§-1). For ICAM-1 expression, total RNA was extracted from
macrophages treated with or without PA (50 #M) for 3 h, and then reverse-transcribed and analyzed by
PCR. The B-actin housekeeping gene was used as the control. (C) Macrophages were transiently
transfected with ICAM-1-luciferase plasmid, preincubated for 30 min with 1 #M Go6976, 2 #M rottlerin, or
10 #M myristoylated PKCE peptide inhibitor, and then treated in the absence or presence of PA (50 #M).

The results shown are the mean * SD of luciferase activity obtained in triplicate from three independent
experiments.

T kel Tl el 2 PKC-a 34 & A3t Eldhgith Ta-5old AAE 308 5ok A AHesta Aoz
(Fig. 3A). oA 8t £7F 9] PKC £ 47 AR AA B4 # 2] 3k ¥, ICAM-1 mRNA 28 & &7 319 t}. Go6976-> PKC-
ICAM-1 AA 3 & 283871 AES] §l8t PKC 59 eg A3 3} 3L, rottlerin 5= 2 PKC-0E A 519, PKC-§ peptide

450



Phosphatidic acid0f] S8t interceliular adhesion molecule-1 281 =&

- PA -

0] ZH0{5H= MAPKS} PKC-d0f o8t

PKC?a

PA - PA

pMTH

o

PKC3 wt

PKCa-KR

o))
T

o
1

N
T

Luciferase activity (fold) W
o)

- PA

- PA - PA

pMTH

PKCs wt

PKC3-KR

Fig. 4. Overexpression of wild type PKC@ increases activity of ICAM-1 promoter. (A) Macrophages were
transiently cotransfected with ICAM-1 promoter and either wild type PKCS or mutant PKCO-KR and then

treated in the absence or presence of PA (50 u#M).

(B) Qverexpression of PKCO and PKCS-KR was

confirmed by western blot and promoter activities were measured. The results shown are the mean = SD
of luciferase activity obtained in triplicate from three independent experiments.
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Fig. 5. Phospahatidic acid-induced ICAM-1 expressions are regulated by p38 MAPK. (A) Macrophages
were treated for the indicated times with PA (50 #«M). Whole cell lysates were blotted for phospho-ERK or
phospho-p38 MAPK. One of them was stripped and reprobed with anti-p38 antibody. (B) Macrophages
were pretreated with 25 #M PD9805B9 (PD) or 10 #M SB203580 (SB) for 30 min before PA (50 #M)
stimulation. Total RNA was subjected to RT-PCR for ICAM-1. The f-actin housekeeping gene was used as
the control. (C) Macrophages were transiently transfected with ICAM-1-luciferase plasmid. After
transfection, cells were preincubated with specific MAPK inhibitors (PD88059 or 8B203580) for 30 min,
and then treated with 50 #M PA. The results shown are the mean & SD of luciferase activity obtained in
triplicate from three independent experiments.

1 mutant PKC8 S0 28 F 93 Al ol A A 24 A (6) QIX|ELE A ICAV-1 WO O|Xl= p38 MAPK
2= A3k 2 ol Hshed of 2uko] FIEEIL o) A2 25

HE FAF AL HlefM 23 ICAM] 22 E &

3ol A A vrebstth (Fig. 4B). AA A4t 2§ ICAM-1 3§ 27 3]+ ERKS} p38 MAPK
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