IP-10 Decreases TNF- @ Induced MUC5AC Expression in Human
Airway Epithelial Cells: a Possible Relation with Little Sputum
Production in Idiopathic Pulmonary Fibrosis

Division of Pulmonology, Department of Internal Medicine, College of Medicine, The Catholic University of Korea, Seoul, Korea

Seung Joon Kim, M D, Chun Mi Kang, Moon Bin You, M.D,, Hyung Kyu Yoon, M.D,, Young Kyoon Kim,

M.D,, Kwan Hyoung Kim, M D, Hwa Sik Moon, M D, Sung Hak Park, MD, Jeong Sup Song, MDD,

IP-109)] &J3F 7I=ASME XS] TNF- &% MUCSACEE oA):
SHAART A 32 AEde] daXy

USE, &0, 92V, 2T, UBT, UnY, S5, us, SEY

THER S SIS L

Al SXAAEE RS k] AFA] S e nfEYe R Adde] A2 Rl tislA] o} A 71A]
ZH A A @t Interferon- 7 inducible protein-10 (IP-10)2 o8] 57|28} A== # Y= 958 YAl
7l T83F 9S it} B e ERAAERS SRlolr] AFe] He 71H oz 1P-100] AFAe] JE=He v
Simpci b=

gt 8 SUAAH RS SRS dPde R ZIRAIFEA A A 1P-109] FEE ELISAZ S7g3kSitt. 1P-100] 7% HAa
ol v JES I F o7 dolr ] 3 NCI-H292 A ZECIHRI RS 5 HEF) A 1P-10S HAA X8k o]F
tumor necrosis factor- @ (TNF- @) 2 Al=3te] AHAATE ZSsl¢ict. ojuf Hlk Wy} FAEE 7|12 epidermal
growth factor receptor-mitogen activated protein kinase (EGFR-MAPK)9] A& Ad A2 ZE Yol HT}

4 o 1p-109] 7EAHZAHA s SEAEERS AP 27 izl vlEl ol =8kt 1p-109] A A]
T NCI-H292 AEIA] TNF- @ % MUGSAC 4 W8S ZHAAFIET] o] wf EGFR-MAPK 215 dg 2o xjeht
A=t

Zd B SRS Sk A2 AE2 1p-109] ST lel i e 7hsAdo] lem, ol 1P-102] 2R8> MUCSAC
AN F77F o] HQ93 EGFR-MAPK As e Z=e] Aaa #ddd Zo=s AZAs}.  (Tuberc Respir Dis
2008,64:347-355)

Key Words: Idiopathic pulmonary fibrosis, MUC5AC, IP-10, Epidermal growth factor receptor, Mitogen-activated

protein kinase

Introduction

Idiopathic pulmonary fibrosis (IPF) is a progressive
and irreversible fibrosing lung disease with an estimated
incidence of 7 to 11 cases per 100,000 and an estimated
prevalence of 27 to 29 per 100,000'. The hallmark
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symptoms include dry cough and exertional dyspneaz.
Clinically, significant cough occurs in more than 80% of
IPF patients. Increased sensitivity to substance P and
capsaicin, along with increased sputum levels of nerve
growth factor and brain-derived neurotrophic factor sug-
gest a functional up-regulation of sensory neurons of
the lung in IPF patients’, However, the pathogenesis of
little sputum production, a characteristic symptom of
IPF patients, has not yet been elucidated.

Airway mucins are derived from either epithelial gob-
let cells or epithelial cells of the submucosal gland, At

least twenty mucin genes have been reported, four of
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these genes are known to encode gel-forming mucins
(MUC2, MUCSAC, MUCSB, MUC6). MUC2 and MUCSAC
expression are altered in inflamed airways and, there-
fore, may contribute to the pathogenesis of several res-
piratory diseases"”,

Mucin production in respiratory epithelial cells is
regulated primarily by the epidermal growth factor
(EGF) system®. The stimulation of epidermal growth fac-
tor receptor (EGFR) by its ligands, EGF and trans-
forming growth factor-@ (TGF-«), causes MUC5AC
mucin expression in airway epithelial cells*, and proin-
flammatory cytokines such as IL-1 2, IL-9, and TNF- @
can also regulate the expression of specific mucin genes
(MUC2, MUGC5AC, and MUCS) in airway epithelial cells
through a mechanism involving the ERK/MAPK path-
waylo'lz, a downstream of EGFR activation”""*

Interferon- 7 inducible protein-10 (IP-10), is a se-
creted polypeptide of 10 kDa that was first identified
as an early response gene induced after interferon- 7
treatment in a variety of cells; it was therefore named
interferon-inducible peptidels, IP-10 is a member of the
CXC group of chemokines that functions through bind-
ing to the receptor CXCR3 on leukocytes such as Thl
lymphocytes, natural killer cells, and macrophages.
IP-10 is crucial in leukocyte trafficking into the lung in
certain inflammatory diseases or under similar con-
ditions such as asthma, sarcoidosis, T-cell alveolitis,
chronic obstructive pulmonary disease, pulmonary fib-

2

rosis'®*, Previous reports showed IP-10 play an im-
portant role in inflammatory cell recruitment into the
lung in patients with idiopathic interstitial pneumo-
niaZl,ZZ

In this study, we investigated the potential role of
IP-10 in regulating mucin expression in the NCI-H292
cell line to begin to elucidate the mechanism of little

sputum production in IPF patients.

Materials and Methods

1. Measurement of the IP-10 concentration in bron-
choalveolar lavage fluid (BALF)

We enrolled 31 patients with IPF and 9 control sub-
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jects with normal radiological and functional data for a
total of 40 subjects. The characteristics of the patients
and control subjects are shown in Table 1. A histo-
logical diagnosis was obtained in 17 of the 31 patients
with TPF, whereas 14 patients received a diagnosis of
IPF without lung biopsy but were in accordance with
the diagnostic criteria of the American Thoracic Society
(ATS)/European Respiratory Society (ERS)”, Patients re-
ceiving immunosuppressive drugs and those with neo-
plastic or systemic infectious diseases at diagnosis were
excluded, This study conformed to the Declaration of
Helsinki and was approved by the Human FEthics
Review Committee of the Catholic University of Korea,
All patients underwent a pulmonary function test and
arterial blood gas analysis. The values of forced ex-
piratory volume in 1 s (FEVy), vital capacity (VC), total
lung capacity (TLC), and diffusing capacity (DLco) were
expressed as percentages of the predicted values,
With informed consent, bronchoalveolar lavage (BAL)

was performed using a flexible fiberoptic bronchoscope

Table 1, Characteristics of the normal control subjects and
IPF patients enrolled in the study

Characteristic Contr?r!:s;bjeots IPF(np:a;ints
Age, years 400+62 609+16
Sex ratio, M : F 8:1 21:10
FEV1, % predicted 96.2+2 1 73.8+37*
VC, % predicted 96.7+2.3 69.4+3 6"
TLC, % predicted 1028+24 69.0+2 8
DlLco, % predicted 96.7+29 465+36*
PO2, mm Hg 848+11 67.0+23"
PCO2, mm Hg 37104 347+08
BALF cell composition:

Total cells x10° 140408 192+40
Macrophages, % 869+32 733+66
Lymphocytes, % 10.1+£32 73+23
Neutrophils, % 23+09 14 4+4 47
Eosinophils, % 05+01 51+13"
IP-10 (pg/ml) 74+36 322+46"

Data are presented as means+SEM, *p <0.05 versus control,
"p<0.01 versus control, FEV1: forced expiratory volume in 1
s; VC: vital capacity; TLC: total lung capacity; DLco: diffusing
capacity; BALF: bronchoalveolar lavage fluid; IP-10: interferon-
7 inducible protein-10,
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wedged into one of the segmental or subsegmental
bronchi of the right middle lobe, Then, 30 ml of steri-
lized saline at body temperature were instilled and re-
trieved by gentle suction five times through the
bronchoscope. The cells were suspended in phos-
phate-buffered saline (PBS) and counted using a hemo-
cytometer, The supernatants were stored at —80°C until
use. The level of IP-10 in BALF samples that were con-
centrated tenfold was measured with a commercial im-
munoassay (R&D Systems, Minneapolis, MN) following

the manufacturer’s instructions,

2. Cell culture

NCI-H292 cells, a human pulmonary mucoepi-
dermoid carcinoma cell line, were grown in RPMI 1640
medium containing 10% fetal bovine serum, penicillin
(100 U/ml), streptomycin (100 1g/ml), and HEPES (25
mM), at 37°C and 5% CO; in a humidified, water-jack-
eted incubator, Tumor necrosis factor- @ (recombinant
human TNF- @, 50 ng/ml; R&D Systems) was used as
the stimulus because it was shown to have a potent ef-
fect on mucin synthesis in NCI-H292 cells™, For the in-
hibition studies, NCI-H292 cells were pretreated with
IP-10 (50 ng/ml; R&D Systems), a selective EGFR ty-
rosine kinase inhibitor (AG1478, 50 #M; Calbiochem,
Darmstadt, Germany), or a selective MEK inhibitor
(PD98059, 40 ££M; Sigma, St. Louis, MO) 30 min before

724,25

incubation with TNF- &
3. Immunoassay of MUC5AC protein

MUC5AC protein expression was measured by in-
direct ELISA method., NCI-H292 cell lysates were pre-
pared with lysis buffer, and 50 #] of each sample were
incubated with bicarbonate-carbonate buffer (50 1) at
44°C in a 96-well plate until dry. The plates were wash-
ed three times with PBS and blocked with 2% bovine
serum albumin for 1 hour at room temperature, The
plates were again washed three times with PBS, 50 xl
of mouse anti-human MUGC5AC (Neomarker, Fremont,
CA) diluted 1 : 100 with blocking solution were added
to each well, and the plates were incubated for 1 hour,

Then the plates were washed three times with PBS, 100

11 of HRP-conjugated goat anti-mouse IgG (1 : 2500)
was added to each well, and the plates were incubated
for 1 hour, After the plates were washed three times
with PBS, the color reaction was developed with perox-
idase substrate solution containing 3,3',5,5'-tetramethyl-
benzidine (Kirkegaard & Perry Laboratories, Gaither-
sburg, MD) and was stopped with 2 N H,SO;4, The ab-
sorbance was measured at 405 nm, Concentrations were
expressed as relative percentages of the control value
(100%).

4. Reverse transcriptase-polymerase chain reaction
(RT-PCR)

Total RNA was isolated from NCI-H292 cells using
TRIzol® reagent (Invitrogen, Carlsbad, CA), and cDNA
was synthesized from 4 ¢g of total RNA using random
hexamers as primers and reverse transcriptase. The
¢DNA was aliquoted into tubes that contained specific
primer pairs for the MUCSAC and S-actin genes, The
following primer pairs were used for PCR: MUC5AC
(accession No, AF015521), 5'-GTG GAA CCA CGA TGA
CAG CCT GC-3' (forward) and 5-AGA AGC AGC CGG
CCA CAC AGT GG-3' (reverse); and [-actin (accession
NO, NM001101), 5'-CAA GAG ATG GCC ACG GCT GCT
TCC-3' (forward) and 5-TCC TTC TGC ATC CIG TCG
GCA ATG-3' (reverse), PCR was performed in a thermo-
cycler with an initial denaturation step at 94°C for 5 min,
followed by 35 cycles of 1 min at 94°C, 1 min 30 s at
52°C, and 1 min at 72°C, with a final extension for 10
min at 72°C. The amplified PCR products were electro-
phoresed in a 1% agarose gel and visualized by ethi-

dium bromide staining.
5. Western blot for EGFR and ERK1/2

NCI-H292 cells grown in six-well culture plates were
serum-starved for 24 hour and then stimulated with
TNF-a (50 ng/ml), For the inhibition studies, TP-10 (50
ng/ml), an EGFR tyrosine kinase inhibitor (AG1478; 50
#M), or a MEK inhibitor (PD98059; 40 «M) was added
to the medium prior to the stimulation with TNF- @ for
15 min. The cells were then lysed on ice in protein lysis
buffer containing 20 mM Tris-HCl (pH 7.4), 137 mM
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NaCl, 1% Nonidet P-40, 0.25% sodium deoxycholate,
0.1% SDS, 1 mM EDTA, 10 1£g/ml aprotinin, 1 mM phe-
nylmethylsulfonyl fluoride (PMSF), 0.1 mM sodium va-
nadate, and 10 mM sodium fluoride. The cellular pro-
teins (50 1g) were mixed with sample buffer, denatured
with heating at 95°C for 10 min, and separated by
SDS-PAGE in a 10% polyacrylamide gel. After electro-
phoresis, the gel was equilibrated in transfer buffer
(15.6 mM Tris-base, 120 mM glycine, 20% methanol [pH
8.3]), and the proteins were electrophoretically trans-
ferred to polyvinylidene difluoride (PVDF) membranes
(Amersham Pharmacia Biotech, Piscataway, NJ). The
membranes were blocked with 5% skim milk in 10 mM
Tris-HCI, 150 mM NaCl, and 0.1% Tween 20 at pH 7.5
(TBST) for 1 hour at room temperature, After blocking,
the membranes were incubated overnight with primary
antibody (EGFR, 1 : 500; ERK1/2, 1 : 500, Santa Cruz,
Delaware, CA) in blocking solution, washed three times
with TBST, and incubated with HRP-conjugated an-
ti-rabbit IgG (1 : 2000) for 1 hour. After two additional
washes, the signal was developed with EcL™ reagent
(Amersham Pharmacia Biotech) and detected on X-ray

film,
6. Statistical analysis

All data are expressed as means+SEM using SPSS
10.0 for Windows, Statistical comparisons were made
using Student's t-test. A p-value of <0.05 denoted a

statistically significant difference.

Results

1. IP-10 concentration in BALF

Table 1 shows the characteristics of the IPF patients
and normal control subjects. The results of the pulmo-
nary function test, including FEV1, VC, TLC, DLCO, and
PO2, were significantly lower in IPF patients than in
control subjects (p<0.05). The BALF of patients with
IPF had a higher number of neutrophils and eosinophils
than that of the control subjects (p<0.05). The IP-10
concentration was elevated in the BALF of IPF patients
(32.2£4.6 pg/ml) compared to that of the control sub-
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Figure 1, Effect of IP-10 on MUC5AC mucin protein ex-
pression determined by ELISA assay in NCI-H292 cells,
NCI-H292 cells were pretreated with IP-10 (50 ng/ml) or
EGFR tyrosine kinase inhibitor (AG1478, 50 «M) or MEK
inhibitor (PD98059, 40 «M) for 30 min, followed by in-
cubation with TNF- @ (50 ng/ml) for 24 hour, MUC5AC
expression significantly increased after TNF- @ stimula-
tion, IP-10 or the signal transduction inhibitors AG1478
or PD98059 significantly suppressed the expression of
MUC5AC protein ("p<0.01, compared to control, 'p
<0.01, compared to TNF-a stimulation alone).

jects (7.4%3.6 pg/ml, p<0.01).
2. MUC5AC protein expression

An ELISA was used to measure MUC5AC protein in
NCI-H292 cells, MUCSAC expression significantly in-
creased after TNF-a stimulation (p<0,01), Pretreat-
ment with IP-10, or the signal transduction inhibitors of
EGFR tyrosine kinase (AG1478) or of MEK (PD98059)
significantly suppressed the expression of MUCSAC pro-
tein (Figure 1),

3. MUC5AC mRNA expression

The RT-PCR analysis of RNA from NCI-H292 cells re-
vealed that the expression of MUC5AC mRNA sig-
nificantly increased after TNF- @ stimulation, Pretreat-
ment with IP-10 or the signal transduction inhibitors
AG1478 or PD98059 significantly suppressed the ex-
pression of MUCSAC mRNA, The [B-actin gene was

used as a control (Figure 2).
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Figure 2, RT-PCR analysis of MUC5AC mRNA expression
in NCI-H292 cells, NCI-H292 cells were pretreated with
IP-10 (50 ng/ml) or EGFR tyrosine kinase inhibitor
(AG1478, 50 M) or MEK inhibitor (PD98059, 40 M) for
30 min, followed by incubation with TNF-a (50 ng/ml)
for 24 hour, The expression of MUC5AC mRNA sig-
nificantly increased after TNF- @ stimulation, IP-10 or the
signal transduction inhibitors AG1478 or PD98059 sig-
nificantly suppressed the expression of MUC5AC mRNA
(*p<0.01, compared to control, 'p<0.01, compared to
TNF-a stimulation alone),

4, EGFR and ERK1/2 phosphorylation

A Western blot analysis was performed to examine
the levels of EGFR, phosphorylated EGFR, ERK, and
phosphorylated ERK. The amount of phosphorylated
EGFR was significantly increased after TNF- @ stim-
ulation and was significantly decreased after pretreat-
ment with IP-10 or the EGFR tyrosine kinase inhibitor
AG1478 (Figure 3). Similarly, the amount of phosphory-
lated ERK1/2 was significantly increased after TNF- @
stimulation and was significantly decreased after pre-
treatment with IP-10 or the MEK inhibitor PD98059
(Figure 4),
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Figure 3, Effect of IP-10 on the phosphorylation of EGFR
in NCI-H292 cells. NCI-H292 cells were pretreated with
IP-10 (60 ng/ml) or EGFR tyrosine kinase inhibitor
(AG1478, 50 M) for 30 min, followed by incubation with
TNF- @ (50 ng/ml) for 15 min, EGFR phosphorylation sig-
nificantly increased after TNF- @ stimulation, IP-10 or the
signal transduction inhibitor AG1478 significantly sup-
pressed EGFR phosphorylation (*p<0.05, compared to
control, "p<0.05, compared to TNF-a stimulation
alone),

Discussion

In the present study, IPF patients showed significantly
increased IP-10 concentration in BALF compared to the
control subjects, and in NCI-H292 cells, IP-10 reduces
MUCSAC mRNA expression through the inhibition of the
EGFR-MAPK pathway which suggests little sputum pro-
ductions in IPF patients could be attributable to IP-10
overproduction, IPF is a progressive and irreversible fi-
brosing lung disease characterized by remodeling of the
lung parenchyma and collagen deposition. Currently,
the pathogenesis of the disease remains unknown,
Although this study did not evaluate mucin in BALF or
in tissue biopsy samples from IPF patients, we meas-

ured the increased MUCSAC expression using the hu-
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Figure 4, Effect of IP-10 on the phosphorylation of
ERK1/2 in NCI-H292 cells, NCI-H292 cells were pre-
treated with IP-10 (50 ng/ml) or MEK inhibitor (PD98059,
40 M) for 30 min, followed by incubation with TNF- @
(60 ng/ml) for 15 min, ERK1/2 phosphorylation sig-
nificantly increased after TNF-? stimulation, IP-10 or the
signal transduction inhibitor PD98059 significantly sup-
pressed ERK1/2 phosphorylation (*p <0.05, compared to
control, 'p<0.05, compared to TNF-a stimulation
alone),

man pulmonary mucoepidermoid carcinoma cell line
NCI-H292, after TNF- @ stimulation, This elevated tran-
scriptional activity as well as the increased signal trans-
duction responses of p-EGFR and p-ERK after TNF- @
stimulation were inhibited by pretreatment with IP-10
or the EGFR tyrosine kinase inhibitor AG1478 or the
MEK inhibitor PD98059.

Mucins are glycoproteins of high molecular weight
and are composed of 10 to 20% protein and 80 to 90%
complex carbohydrates. Mucin synthesis in airways is
regulated by the EGFR system, and the activation of
EGFR cascade leads to the synthesis of mucin at both
the mRNA and protein levels™, In this study, we used
TNF- @ to stimulate mucin production because previous
reports had established TNF- @ as a potent effector of
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major mucin synthesis™ .

EGFR is a member of the receptor tyrosine kinase su-
perfamily and is involved in the regulation of cellular
proliferation and differentiation, primarily in epithelial
cell types. MAPKs are a family of proline-targeted, ser-
ine?threonine kinases that transduce environmental
stimuli to the nucleus, Mammals express at least four
groups of MAPKs: extracellular signal-related kinases
(ERK)-1 and -2, p38 kinases, ERK-5, and c-Jun ami-
no-terminal kinases (JNK 1, 2, and 3)".

The activation of EGFR is followed by the stimulation
of several signaling pathways, including the MAPKs
p38, JNK, ERK1/2, and big MAPK (BMK, ERK5), which
subsequently results in the activation of various tran-
scription factors (e.g., activator protein-1 and nuclear
factor-kB) and gene transcription. Among the MAPKs,
the three interconnected, relatively well-described path-
ways are the JNK, ERK, and p38 pathways. Each cas-
cade is composed of at least three enzymes activated
in series. The ERK1/2 (p44 and p42) pathways are the
best characterized among the group. In the present
study, IP-10 and PD98059 inhibited the production of
phosphorylated ERK1/2. Takeyama et al® suggested
that EGFR cascade inhibitors could have potential roles
for hypersecretory airway diseases. In this study, for the
evaluation of mucin synthesis inhibition we used known
EGFR cascade inhibitors, AG1478 and PD98059, and
compared them with IP-10 which might have important
role in the pathogenesis of IPF.

Baughman et al.”’ demonstrated that the expression
of TGF-a and EGFR was elevated in the lung tissue
of patients with IPF, Thus, one may presume that mucin
production in IPF patients would increase as a result
of the overexpression of EGFR and its ligand, However,
one symptom of IPF is a dry cough rather than a pro-
ductive cough. Based on the results of the present
study, the overexpression of TGF-«@ and EGFR is not
likely to induce increased mucin production, These
findings suggest the existence of a blocking pathway
between EGFR and mucin production,

Interferon- 7 inducible protein-10 (IP-10), a potent

ELR-CXC chemokine, is induced in monocytes/macro-
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phages by interferon- 7 and causes chemotaxis of lym-

528D [ o

phocytes, preferentially activated Th1 cells
tain pulmonary diseases such as sarcoidosis, tuber-
culosis, HIV-associated T cell alveolitis, and chronic ob-
structive pulmonary disease, IP-10 is an important medi-
ator in the recruitment of activated lymphocytes into the
lungsﬂ-zo,

Mucous hypersecretion is one of the common fea-
tures in asthmatic airways. Some studies demonstrated
that TP-10 was up-regulated in the airways of asthmatics
and a mouse model of allergic pulmonary inflamma-

. 1630
tion

. These previous findings in asthmatic airways
that IP-10 overproduction could be associated with in-
creased mucous hypersecretion were inconsistent with
our results, This inconsistency could be explained that
the degree of relative expression of Thl and Th2 bal-
ance in the cytokine network of asthmatic airways might
be more important than the absolute concentration of
a cytokine, The role of IP-10 in asthmatic patients re-
mains to be known,

In this study, although the IPF patients had higher
ages than the control subjects, IP-10 in BALF of IPF pa-
tients showed increased concentration compared to the
control subjects, which was similar results of previous
studies””, However, in a study of the pathogenesis of
angiogenic (IL-8) and angiostatic (IP-10) CXC chemo-
kines in IPF, Keane et al.”" showed a decreased IP-10
level and increased IL-8 level in lung biopsy specimens
from IPF patients, This discrepancy of IP-10 level be-
tween BALF and lung tissue specimens would need fur-
ther studies, but could be attributed to potential com-
partmentalization between BALF and lung tissue of IPF
patients,

Shiraha et al.” indicated an association between
IP-10 and the EGFR signaling pathway, demonstrating
an inhibition by IP-10 of EGF-induced cell motility but
not proliferation, They suggested that this inhibition oc-
curred at a point beyond the EGF receptor in the cas-
cade because upstream EGFR signaling pathways were
not affected by IP-10. As few studies have been pub-
lished on the role of TIP-10 in the EGFR signaling path-

way during the pathogenesis of IPF, our results, which

clearly show that the EGFR-MAPK signal transduction
pathway is inhibited by IP-10 pretreatment, are
noteworthy.,

In conclusion, we suggested a role of IP-10 in the
pathogenesis of dry cough exhibited by IPF patients.
This might be the first report suggesting that little spu-
tum production in IPF patients could be attributable to
the decreased expression of mucin mediated by IP-10
through the inhibition of EGFR- and ERK-dependent
phosphorylation in mucin-secreting respiratory epithelial

cells,

Summary

Background: IPF is characterized by chronic, fibros-
ing inflammatory lung disease of unknown etiology.
Typical symptoms of IPF are exertional dyspnea with
nonproductive cough. Why patients with typical IPF
have dry cough rather than productive cough, is
unknown, IP-10 plays an important regulatory role in
leukocyte trafficking into the lung, The present study
investigated the effect of IP-10 in the pathogenesis of
dry cough rather than productive cough in IPF patients,

Methods: IP-10 concentration was measured by ELISA
from BALF of IPF patients, To evaluate the role of IP-10
in mucin expression, the expression of the MUCSAC
mucin gene was measured in NCI-H292 cells, a human
pulmonary mucoepidermoid carcinoma cell line, after
stimulation by TNF- @ with or without IP-10 pretreat-
ment, EGFR-MAPK expression was also examined as a
possible mechanism,

Results: IP-10 levels were significantly higher in the
BALF of IPF patients compared to healthy controls,
IP-10 pretreatment reduced TNF-a induced MUC5AC
mucin expression by inhibiting the EGFR-MAPK signal
transduction pathway in NCI-H292 cells.

Conclusion: These findings suggest that little mucus
production in TPF patients might be attributable to IP-10
overproduction, which inhibits the EGFR-MAPK signal
transduction pathway required for MUC5AC mucin gene

expression,
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