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ABSTRACT
Role of MAP kinases in chitinase induced IL-8 secretion

in human airway epithelial cells

Jung Yeon Hong

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Kyu-Earn Kim)

Chitinase i1s produced by a number of different chitin—coating
organisms. Several studies have suggested that acidic mammalian
chitinase (AMCase) is induced Th2-like airway inflammation. However,
little is known on the immune response of exogenous chitinase
frequently exposed daily life. IL-8 has been suggested to have a role
in the pathogenesis of the allergenic inflammation of bronchial asthma.
We examined whether Streptomyces griseus (S. griseus) chitinase
induced IL-8 effect on airway epithelium and identified the relation
between protein kinases and IL-8 production.

Cells were treated with S. griseus chitinase in different concentrations

and times. IL-8 levels were determined by specific human IL-8



enzyme-linked immunosorbent assay (ELISA) and reverse transcriptase
polymerase chain reaction (RT-PCR). And using a series of
pharmacological inhibitors, we examined the upstream signalling
pathway responsible for IL-8 expression in response to S. griseus
chitinase.

In H292 cells, treatment with S. griseus chitinase increased IL-8
protein production and mRNA expression level depending on time and
dose. Treatment with U0126 and SB202190, which blocks the activation
of extracellular signal-regulated kinase (ERK) 1/2 and p38 mitogen
activated protein kinase (MAPK), inhibited IL-8 expression
significantly. However c-Jun NH2-terminal kinase (JNK) inhibitor had
no effect. And we demonstrated that activation of Protein Kinase C
(PKC) isoform y was required of chitinase induced IL-8 expression by
treatment of calphostin C and Ro-31-8220. In addition, through
radicicol treatment, it was proven that Ras—Raf signalling regulated
chitinase—induced IL-8 expression.

We concluded that S. griseus chitinase-induced IL-8 expression was
regulated by activation of PKC, Ras-Raf, ERK and p38 MAPK in
human airway epithelial cells.

Key words: chitinase, airway epithelial cell, IL-8, ERK, p38, PKC



Role of MAP kinases in chitinase induced IL-8 secretion

in human airway epithelial cells

Jung Yeon Hong

Department of Medical Science
The Graduate School, Yonsei University
(Directed by Professor Kyu-Earn Kim)

I. INTRODUCTION

Chitinase 1s a chitin hydrolase which is used for defensing against
infection with chitin coating organisms (innate immunity response),
controling growth, molting and invading host in the life cycle of chitin
containing organisms."*” Recently, one study identified that acidic
mammalian chitinase (AMCase) is potently induced via a T helper-2
(Th 2) specific Interleukin-13 (IL-13) -mediated pathway. And
AMCase neutralization ameliorated Th 2 inflammation and airway
hyperresponsiveness by inhibiting IL-13 pathway activation and
chemokine induction. AMCase may thus be an important mediator of

IL.-13 induced response in Th Z2-dominated disorder such as asthma.”>*



However, little is known on the immune response of exogenous
chitinase from fungi, bacteria or parasites, frequently exposed daily life.
Environmental factors that may alter airway reactivity, including
allergens, cigarette smoke, air pollutants, viruses, fungi, bacteria and

56,7,89 . :
>>0%% have been demonstrated to increase IL-8 expression of

parasites,
airway epithelial cell. IL-8 is a member of the CXC chemokine family
that has been suggested to play a pivotal role as a most important
mediator in airway inflammatory disease.’ Increased level of IL-8 has
been found in the bronchoalveolar lavage fluid (BAL) of airway
inflammation disease patients, which demonstrated the role of IL-8 in
airway inflammation and innate immunity.! The mechanisms of
pathophysiologial responses and stimuli of IL-8 were well identified.
However, nothing is known about the role of exogenous chitinase
induced-IL-8 expression.

To date, accumulating evidence of intracellular signal pathway
indicates an important function of mitogen activated protein kinase
(MAPK) in bronchial epithelial cells. MAPKS, serine/threonine protein
kinases that are activated in response to various external stimuli,
mediate important regulatory signals in the cell. Three major groups of
MAPKs have been characterized in mammals: the p38, the extracellular
signal-regulated kinase (ERK), and the c-Jun NH2-terminal kinase
(JNK) MAPK."*® MAPKs have been demonstrated to play an
important role in the release and gene expression of IL-8 in response
to the stimulation by Mycoplasma jr:meurnoniae,9 German cockroach

extract'’ and respiratory syncytial virus (RSV)® in bronchial epithelial



cells.

The participation of protein kinase C (PKC) in MAPKs cascade
activation after stimulation has been reported in various cell types.
PKC is a serine/threonine protein kinase and well known important
signalling intermediates in chronic airway diseases like asthma and

). PKC consists of at

chronic obstructive pulmonary disease (COPD
least 11 isoforms. Activation of the classical isoforms(a, B 1,80 and y)
is dependent on Ca” and diacylglycerol (DAG). The novel PKCs
isoforms(§, ¢, n p and ©) lack the Ca® binding domain and are
activated by DAG not Ca”™'."™"

We hypothesized that exogenous chitinase of Streptomyce ,g,friseusl’”’18
(S. griseus) might also contribute to the airway inflammation. Thus,
in this study we evaluate whether S. griseus chitinase induces IL-8
protein production and investigate intracellular signalling pathway

which regulates chitinase-induced IL-8 expression in human airway

epithelial cells.



II. MATERIALS AND METHODS

1. Cell culture

Human epithelial lung carcinoma cell line, H292, (ATCC, MD, USA)
was grown in RPMI 1640 (Hyclone, Logan, UT, USA) supplemented
with 10% fetal bovine serum (FBS), 100 U/mL penicillin and
streptomycin  (GibcoBRL, NY, USA). Cells were maintained in
humidified incubator at 37C with 5% COs. The cells were replenished
with fresh media every 2-3 days. For each experiment, cells (3x10°

cells/mL) were plated in 6-well culture plate.

2. S. griseus chitinase and reagents

Chitinase from S. griseus were purchased from Sigma (St. Louis,
MO, USA). Chitinase was suspended by 1xPBS buffer (Hyclone,
Logan, UT, USA). BAPTA/AM (a intracellular Ca” chelator),”
Ro-31-8220 (a pan inhibitor of PKC),”" gottlerin6976 (Go6976) (a
specific inhibitor of Ca> dependent PKC-a/B), calphostin C (a specific
inhibitor of Ca® dependent PKC-y isoforrn),22 rottlerin (a specific
inhlbitor of Ca® independent PKC-6/ §), SB202190 (a inhibitor of p38
MAPK), radicicol (a inhibitor of Ras-Raf mediated signalling),®*!
U0126 (a inhibitor of MEK1/2) and JNK inhibitor I were purchased
from calbiochem (San Diego, CA, USA). Specific antibodies (Abs)
against phosphorylated (p)-p44/42, (p)-p38, (p)-JNK and control Abs
were purchased from cell signaling technology (New England Biolabs,

MA, USA).



3. Quantitation of Human IL-8 secretion

Cells were plated at 3x10° cells/mL in 6-well culture plates and
stimulated with chitinase (10 and 100 pg/mL) for 1, 2, 4 or 7hr. The
supernatants were harvested, and measured for IL-8 protein
determinations by human IL-8 ELISA kit (R&D system, MN, USA)

according to the manufacturer’s instructions.

4. Quantitative RT-PCR

Total RNA was isolated using TRIzol®reagent (Invitrogen, Charlsbad,
CA, USA) from H292 cells cultured with chitinase over specified
induction times. For synthesis of first strand ¢cDNA, RNA (2 pg) was
incubated with 10 mM dNTP, 0.1 M DTT, 1 puL random hexamer (1
pmole), first strand buffer (100 mM Tris-HCI, pH 84, 250 mM KCl)
and 1 pL superScript I (200 U/uL) (Invitrogen, Charlsbad, CA) at 4
2C for 60 min, and then 70C 10 min. The PCR conditions for human
IL-8 are 94C for 5 min and cycled 30 cycles at 94C for 30 sec, 56C
for 30 sec and 72C for 30 sec, after which an final extension step at
72°C for 5 min. Primer sequences were as follows: human IL-8:
5'-AGA TAT TGC ACG GGA GAA-3" (sense) and 5'-GAA ATA
AAG GAG AAA CCA-3' (antisense); GAPDH: 5'-ACC ACA GTC
CAT GCC ATC AC-3' (sense) and 5'-TCC ACC ACC CTG TTG
CTG TA-3' (antisense)



5. Western immunoblot analysis

Cells were stimulated with chitinase in 0.5% FBS RPMI 1640 for
specified induction times, and then were washed with cold PBS. The
detached cells were lysed for 40 min on ice with lysis buffer (50 mM
HEPES pH 7.5, 150 mM NaCl, 1 mM EDTA, 10% glycerol, and 0.5%
NP-40). Protein samples were mixed with 5xSDS-PAGE buffer
containing B-mercaptoethanol and heated at 95C for 5 min. Whole cell
lysates (30 pg) were separated by 10% SDS-PAGE, then electro
~transferred to nitro—cellulose membranes (Amersham International,
Buckingham -shire, UK). The membranes were blocked for lhr with
5% skim milk in TBST buffer (10 mM Tris-HCl, pH 7.5, 150 mM
NaCl and 0.2% Tween 20) and washed three times with TBST at
room temperature. The blots were incubated overnight with specific
antibody (1:1000) in 5% skim milk in TBST buffer at 4C. After
incubation with secondary antibody (1:2000), the signal was detected
by the enhanced chemiluminescence method (ECL) (Amersham

International, Buckinghamshire, UK).

6. Data analysis
The data were means +SEM of at least three individual experiments.
Statical analysis comparing between treatment and control groups was

assessed by Student ¢ test (p<0.05 was considered significant).



. RESULT

1. Chitinase induces IL-8 production in a time and dose
—dependent manner

To examine whether chitinase induce IL-8 protein production and
mRNA expression in human airway epithelial cells, cells were
stimulated with different concentrations of S. griseus chitinase (10 and
100 pg/mL). As shown in Fig. 1 A, the production of IL-8 by H292
cells following stimulation with S. griseus chitinase was increased
and showed maximal protein production at 4hr after stimulation. Based
on 100 pg/mL S. griseus chitinase concentrations, IL-8 production was
increased by 261.0 + 7.1, 4364 + 88, 12477 + 271, 11864 + 10.0
pg/mL.

Additionally, the level of IL-8 mRNA expression was also elevated
by S. griseus chitinase. However, the maximal mRNA expression was

at 2hr after stimulation (Fig. 1. B).

2. Role of MAPK in chitinase induced IL-8 production and
mRNA expression

To investigate the chitinase induced MAPK activation, MAPK
chemical inhibitors were treated and measured protein production and
mRNA expression. Preincubation with SB202190 (75 puM) or U0126
(100 uM) resulted in inhibition of chitinase induced IL-8 protein and
mRNA expression. However, JNK inhibitor I (100 pM) failed to

attenuate IL-8 production and mRNA expression (Fig. 2). In addition,



in the result of Western blot analysis, exposure to chitinase resulted in
a increase in phosphorylated p44/42 and p38 MAPK level in H292
cells. After 5 min exposure, phosphorylations of p44/42 and  p38
MAPK were detected. On the other hand, phospohorylation of JNK

was not activated by chitinase, as shown in Fig. 3. C.
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Fig. 1 The effect of chitinase on IL-8 production and mRNA
expression (A) Cells were stimulated with different concentrations of
S. griseus chitinase (10 and 100 pg/mL) at 37C. The supernatants
were collected and assayed for IL-8 by ELISA. *x p< 0.05 vs. control
alone. The data represent the meantSEM from four separate
experiments. (B) The RNAs from cells treated with S. griseus

chitinase were harvested and uesd for RT-PCR.

11



hiL-8 production {pg/mL)

1200

1000 -

800 -

600

400

200

Hl Fest

JMKC inhibitor 1| 50 i
I E 202190 75 uM
= U126 100 ph

Control Chitinase
A
Chitinase - + - - -
JNK 11 - - + - -
SB02190 - - - + -
uni26 - - - - +

hiL-8




Fig. 2 The effect of MAPK on S. griseus chitinase induced IL-8
production and mRNA expression. (A) Cells were preincubated with
indicated concentrations of SB202190, U0126 and JNK for lhr prior to
stimulation with 100 pg/mL S. griseus chitinase. The supernatants
were collected and evaluated for IL-8 production by ELISA. %
p<0.001 vs. chitinase alone, ** p<0.01 vs chitinase alone, * pP<0.05 vs
chitinase alone. The data represent the mean+SEM from four separate
experiments. (B) The RNAs from cells treated with MAPK inhibitors

and S. griseus chitinase were harvested and uesd for RT-PCR.

13
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Fig. 3 Phosphorylation assays of MAPK activities. (A) Cells treated
with chitinase were harvested at the indicated time points and then
lysed. The equal amounts of cell extracts were resolved on 10%
acrylamide gels and then subjected to western blot analysis. CI:

non-phosphorylated control, C2: phosphorylated control.
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3. Role of Ras-Raf in chitinase induced IL-8 production and
mRNA expression

To demonstrate the role of Ras-Raf in chitinase-induced IL-8
production, cells were preincubated with radicicol for 1lhr prior to
stimulation with chitinase. At a concentration of 20 uM, radicicol led to
a significant inhibition of chitinase induced IL-8 protein and mRNA

expression (Fig. 4).
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Fig. 4 Dose-dependent effect of Ras—-Raf inhibitor on S. griseus
chitinase induced IL-8 production and mRNA expression. (A) Cells
were preincubated with indicated concentrations of radicicol for 1lhr
prior to stimulation with 100 pg/mL S. griseus chitinase. The
supernatants were collected and evaluated for IL-8 presence. s##*
p<0.001 vs. chitinase alone, ** p<0.01 vs chitinase alone, * pP<0.05 vs
chitinase alone. The data represent the mean+SEM from four separate
experiments. (B) The RNAs from cells treated with radicicol and S.
griseus chitinase were harvested and uesd for RT-PCR.

To demonstrate the role of Ras-Raf in chitinase-induced IL-8
production, cells were preincubated with radicicol for 1lhr prior to
stimulation with chitinase. At a concentration of 20 pM, radicicol led to
a significant inhibition of chitinase induced IL-8 protein and mRNA

expression (Fig. 4).

16



4. Role of PKC in chitinase induced IL-8 production and mRNA
expression

To examine the role of PKCs in chitinase induced IL-8 production,
cells were treated with Ro-31-8220, Go6976, calphostin C or rottlerin
for lhr prior to stimulation with chitinase. As shown in Fig. 5, both
Ro-31-8220 (15 puM) and calphostin C (6 uM) reduced chitinase

induced IL-8 production completely and IL-8 mRNA expression.

5. Role of Ca* in chitinase induced IL-8 production and mRNA
expression

To evaluate the role of intracellular Ca” in chitinase induced IL-8
production, cells were preincubated with indicated concentrations of
BAPTA/AM, a intracellular Ca®"  chelator. As shown Fig. 6,
BAPTA/AM inhibited chitinase induced IL-8 production and IL-8

mRNA expression in dose-dependent manner.

17
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Fig. 5 The effect of PKC inhibitors on S. griseus chitinase induced
IL-8 production and mRNA expression. (A) Cells were preincubated
with indicated concentrations of Ro-31-8220, Go6976, calphostin C or
rottlerin for 1lhr prior to  stimulation with 100 pg/mL S. griseus
chitinase. The supernatants were collected and evaluated for IL-8
presence. **x p<(0.001 vs. chitinase alone, ** p<0.01 vs chitinase alone,
* p<0.05 vs chitinase alone. The data represent the meantSEM from
four separate experiments. (B) The RNAs from cells treated with PKC
inhibitors and S. griseus chitinase for the indicated concentrations

were harvested and uesd for RT-PCR.
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Fig. 6 Dose-dependent effect of intracellular Ca’ on S griseus
chitinase induced IL-8 release and mRNA expression. (A) Cells were
preincubated with indicated concentrations of BAPTA/AM for lhr prior
to stimulation with 100 pg/mL S. griseus chitinase. The supernatants
were collected and evaluated for IL-8 production. *** p<0.001 vs.
chitinase alone, ** p<0.01 vs chitinase alone, * p<0.05 vs chitinase
alone. The data represent the meantSEM from four separate
experiments. (B) The RNAs from cells treated with BAPTA/AM and

S. griseus chitinase were harvested and uesd for RT-PCR.
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IV. Discussion

The chitinase is produced by a variety of organims such as insect,

L% Even though we are exposed

parasite, fungus, bacteria, and human.
to them daily life, the mechanism of exogenous chitinase mediating
lung inflammatory responses has not fully understood. Among many
organisms with ability to produce exogenous chitinase, bacteria
secretes many known extracellular proteins like chitinase, lecithinase,
hemolysin and lipase. And these proteins can activate host
inflammatory responses.28 Streptomycetes species, mycelia— and spore
forming gram positive bacteria, has known to enrich anti—bacterial and
anti—fungal compounds like chitinase for hydrolysis of macromolecules
including chitin. Especially, S. griseus is easily collected from indoor
air and walls."""®

The pathogenesis of IL-8 in a variety of acute and chronic lung
diseases has been emphasized for a long time”” IL-8 is a potent
chemoattractant for neutrophils and plays a major role in lung
inflammatory diseases. In patients with asthma, IL-8 is increased in
BAL fluid® In this study, we investigated the effect of chitinase on
IL-8 expression in human bronchial epithelial cells. We found that
chitinase induced IL-8 protein secretion as well as mRNA expression.
The MAPK has been shown to regulate IL-8 expression in number of
cell types, including lung epithelial cell We demonstrated MAPK

activity related with chitinase induced IL-8 production. At first,

inhibition of the JNK signalling pathway by the pharmacological

22



inhibitor JNK inhibitor II failed to block chitinase induced IL-8
production. In contrast, U0126 (a inhibitor of ERK 1/2) and SB202190
(a inhibitor of p38 MAPK) prevented completely chitinase induced IL-8
production by ERK and p38 MAPK, suggesting a role for these two
MAPK in regulating its expression and secretion.

In addition, we demonstrated Ras-Raf mediated signalling pathway
which has been known to MAPK cascade upstream. Pretreatment with
radicicol is almost completely attenuated protein secretion and mRNA
expression of chitinase induced IL-8 in dose dependent manner.
Because radicicol has been known to be an inhibitor for Ras-Raf
mediating pathway by distabilizing Raf kinase.

Several cellular responses in IL-8 has been mediated via PKC signal
transduction.”’” We demonstrated that chitinase induced IL-8 production
1s also regulated by a PKC-dependent pathway. Chitinase induced IL-8
was completely suppressed by the pan-PKC inhibitor RO-31-8220.
Additionlly, we examined a requirement for the specific PKC isoforms
in chitinase induced IL-8 production. As a result, cells treated with
calphostin C, a PKC y specific inhibitor, showed a markedly reduced
chitinase induced IL-8 expression. In contrast, inhibition of PKC a, 3
and & by GO6976 and rottlerin had no effect on IL-8 protein secretion
and mRNA expression. These data show that the PKC y isoform takes
part in chitinase induced IL-8 production. Previous studies
demonstrated that activation of PKC vy induce IL-8 expression in
response to TPA and thrombin.”%

A number of studies have provided evidence that PKC affects Ca”'

23



levels in a number of cell types via induction of specific Ca™
channels."*® The present study also investigated whether intracellular
Ca®" contribute to chitinase induced IL-8 production by BAPT/AM, a
intracellular Ca®' chelator. As a result, BAPT/AM reduced completely
chitinase induced IL-8 production.

In conclusion, we have demonstrated the signalling pathway leading
to the up regulation of IL-8 in bronchial epithelial cell in response to
the inflammatory stimulus S. griseus chitinase. This work identified
Ca®’ dependent PKC y involved, confirmed the Ca®" contribution and
demonstrated the requirement for ERK and p38 MAPK activation.
Further studies are necessary to reveal the involvement of

transcription factors in S. griseus chitinase induced IL-8 production.

24



V. CONCLUSION

1. S. griseus chitinase incresed IL-8 in human airway epithelial cells.

2. Activation of ERK, p38 MAPK and Ras-Raf increased S. griseus
chitinase- induced IL-8

3. PKC isoform y involved in S. griseus chitinase-induced IL-8

production in human airway epithelial cells.

25
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ABSTRACT (InKorean)
1A 71&A A A EZ A chitinased] <3t Interleukin-8 & 4] ol A]
MAP kinase®] &3 9

ptes
s

Chitinasex TFoF3l chitin 28 F7|A 258 Ak H2

Aol A acidic mammalian chitinase (AMCase)”} Th2

o 2
ACA)

airway inflammationS F=A1ZItt B udta gy 28y
FHol A xF HA HE= €4 chitinased] ha HYwkS 77+
ezl Aol gtk Tk o] 7HA] Aol od W&o A+ cytokine

¢l IL-8& 7|3 29 allergic inflammation®] o] &S 3l

rlo

gz dHA A B AFoAM = Streptomyces griseus  (S.
griseus) 258 FE3 9§ chitinase’} 1P &5V YA E
IL-8 A4S F =34 protein kinase®te] TAZS T3to] ¥rs] At
sl AT

kst S&7] AIAEe uidst et Ao = S griseus
chitinaseE AH@ldlF3, IL-8 WA HFES enzyme-linked immuno
sorbent assay (ELISA)®} reverse transcriptase polymerase chain

reaction (RT-PCR)C.& =A3t9th w3t thekdt inhibitorE AF&3}F
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o] S. griseus chitinase®l 23 IL-8 & 7]2Fg 3] a2xF At}

H292 M 3ol S. griseus chitinaseE g8 FJ< u] IL-8 XA
3 mRNA @ddeo] Azt oo wel F7HE vk =3k ERK 1/29
p38 MAPK inhibitor?! U01263} SB202190= A &ld] %= = IL-8
o] Ado]l H292 AMzolA omJA s oy JNK inhibitorol]
ot Yud= FaAe Holx] #JYr. 1Elal Calphostin C 9
Ro-31-82202 A& &3l PKC o}3 yo €443}7} chitinased] ¢
g IL-8 Aol st AS e & AU EF Radicicol
o] A E T3] Ras-Raf signalling™ chitinase®] <3 IL-8 A&
4% F S & F AATh

AZH O 7R S griseus chitinase® A7t TE&7] T A ENA
PKC, Ras-Raf, ERK, p38 MAPK<e| &4 3l ol&] IL-8 o A=

FER 5 Je Aow ArHn

%= = chitinase, 25§ 7] A3 A ¥E, IL-8, ERK, p38 MAPK, PKC
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