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Effect of Geonpye-fanglGPT) on Production and Gene Expression of Respiratory Mucin

Byeong-jin Jung, Ho Kim, Un-kyo Seo
Dept. of Oriental Internal Medicine, College of Oriental Medicine, Dong-Guk University

ABSTRACT

Objectives : In this study, the author tried to investigate whether Geonpye-tang(GPT) significantly affects PMA-, EGF-
or TNF-alpha-induced MUCSAC mucin production and gene expression from human airway epithelial cells.

Materials and Methods : Effects of the agent on PMA-, EGF- or TNF-alpha-induced MUC5AC mucin production and
gene expression from human airway epithelial cells (NCI-H292) were investigated. Confluent NCI-H292 cells were pretreated
for 30 min in the presence of GPT and treated with PMA (10ng/ml) or EGF (25ng/ml) or TNF-alpha (0.2nM), to assess
both effect of the agent on PMA- or EGF- or TNF-alpha-induced MUC5AC mucin production by enzyme-linked
immunosorbent assay (ELISA) and gene expression by reverse transcription-polymerase chain reaction (RT-PCR). Possible
cytotoxicity of the agent was assessed by examining the rate of survival and proliferation of NCI-H292 cells after treatment
with the agent over 72 hrs (SRB assay).

Results @ (1) GPT significantly inhibited PMA-induced and EGF-induced MUC5AC mucin production from NCI-H292
cells. However, GPT did not affect TNF-alpha-induced MUC5AC mucin production. (2) GPT significantly inhibited the
expression levels of PMA-, EGF- or TNF-alpha-induced MUC5AC genes in NCI-H292 cells (3) GPT did not show significant
cytotoxicity to NCI-H292 cells.

Conclusion : This result suggests that GPT can affect the production and gene expression of respiratory mucin observed
in diverse respiratory diseases accompanied by mucus hypersecretion. This can explain the traditional use of GPT in oriental
medicine. Effects of GPT with their components should be further investigated using animal experimental models that reflect
pathophysiology of airway diseases through future studies.

Key words : Airway mucin, Geonpye-tang, RTSE, NCI-H292
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A E AAQIAHEGF), phorbol ester(PMA)Z Z+
Z} 3&7] mucin® XA (production) E F-3A &
dS A5 AHeA, FE TF7] mucindd
MUCSACY] A4 2 2 73z wdlel it il
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NCI-H292 Al =4o] e & Sle A& &
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Table 1. The Composition & Dosage of Geonpye-tandGPT)

R 7 35 Aok 90)
4t B Zingiber officinale ROSC. Zingiberis Rizoma Recens 6
B Pueraria thunbergiana BENTH. Puerariae Radix 4
L Hordeum Vulgare L. Hordei Fructus Germiniatus 4
S Pinellia ternata Breit Pinelliae Rhizoma 4
FIERAY Poria cocos Wolf Poria 4
Mool Atractylodes macrocepha-la Koidz. Atractylodis Rhizoma Alba 4
iz B Cornus officinalis Sieb. et Zucc. Comni Fructus 4
(NER. Discorea japonica Thunb. Dioscoreae Rhizoma 4
R Taxillus chinensis Danser: Taxilli Ramulus 4
fir 3E Perilla frutescens var. acuta Kudo. Perilla Herba 4
TRT Schizandra chinensis Baill Schizandrae Fructus 4
T Peucedanum decursivum Maxim. Peucedani Radix 4
B Rz Citrus unshiu Markovich, Citri Pericarpium 4
& Atractylodes lancea DC. Atractylodis Rhizoma 4
& 1 Prunus mandshurica Koehne. Armeniacae Semen 4
5 K Magnolia officinalis Relhder et Wilson Magnoliae Cortes 4
oA Glyeyrrhiza uralensis FISCH. Glycyrrhizae Radix 3
(A Platycodon grandiflorum A. DC. Platycodi Radix 3
w (- Amomum villosum Lour. Amomi Fuctus 3
AN Citrus aurantium L. Aurantii Frutus Pericarpium 3

3%

~J
o

2) HNFAE

A 2E7) AIMEFA NCI-H292 AEe
American Type Culture Collection A} (Manassas,
VA, US.A)A Fdst5ieh

3) Al oF

Protease inhibitor cocktail-& RocheA} (Indianapolis,
IN, US.A)AA, diethylpyrocarbonate (DEPC),
3,3' 50" ~tetramethyl-benzidine peroxide solution
(TMB), sulforhodamine B (SRB), trypsin-EDTA,
Trizma base, trichloroacetic acid (TCA), NP-40,
EDTA, EGTA, Phorbol 12-Myristate 13-Acetate
(PMA), HEPES, dimethyl sulfoxide (DMSO),
Tween 20, bovine serum albumin (BSA), sodium
dodecyl! sulfate (SDS), tumor necrosis factor-alpha
(TNF-alpha), epidermal growth factor (EGF) 5

£ SigmarHSt. Louis, Mo., U.S.A.)9lA, penicillin-G,
streptomycin, fetal bovine serum (FBS), RPMI
16402 GIBCO-BRLA} (Grand Island, New York,
U.S.A)9) A, mouse anti-MUC5AC clone 45M1 %
HRP-Goat Anti-Mouse IgG Conjugate= NeoMarkers
AHFreemont, CA, US.A)dA, Easy-Blue RNA
extraction kit= INTRON hiotechnologyAF (Kyung-gi,
Korea)dl| A, Accuprep RT premix kit®} Accuprep
PCR premix kit® BioneerA} (Daejeon, Korea)ol
A, 718F AR A2 AFAIY 5 oldY A
5 75t AHEstdon, A AHEE B2

gol & 23} FHFoI YT,

o

X

CI-H292 A ujjok

2.

0.

1

~
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iS50l 5871 FAlol M4 3 FMA Lo oA=&
T7F F23] FASHL B% 371, 5%

frohe 37C 249 #jY7] el A HEPES
(25mM), penicillin G (100 U/ml), streptomycin
(100ug/ml ), FBS (10%, V/V)%°] 7}¥ RPMI
1640 WiFHS o]&dte] wjgE Ao, 15 23]
X2 subculturedt$th. MUCSAC mucin 4§73l
e HAY Ads AFs7] sk, 24 well
culture plateE 7122 well & 2.0 x 10"cells/well
ol Ax g AEE =¥t wjFatdict. AErt o
AHE FBS «] = %’ 02%Z ZHAaAZ] Bjgde
T 24 AR F

33l o] % serumS 718t
A e ek "—‘,‘( free medium) .2 A|¥XE
A3ttt oA FrlE Mo AAS 47t 5
- 0uAE el H A 200ulE well(24 well
plate 7]#)ekeh 7Fatar, 30iE0] A Al PMA
10ng/ml EGF 25ng/ml X+ TNF-alpha
0.2nME 7 wellvjt} £33 & 37Co| A 24475
ot wj st
2) MUC5AC mucin A% =7 (ELISA)
24 A7) wicke] FEE A ME &8&
A=H (20mM Tris, 05% NP-40, 250mM NaCl,
3mM EDTA, 3mM EGTA, protease inhibitor
cocktail)S 7}ste] Al o] &A)s= MUCSAC
£ FE F o|F9 A ARSI &, A
A ANE g8 2= (cell lysate)S PBSE 1/109)
x5 A" 2 sampled ELISA &9
96-well plateol] Z+zF 10002 EEAZ] & 42T
A @43 AZzE w714 incubationdtHTh 1 ¥
PBS—Tween 20 (0.05%, PBS-T) & 200ul/well
o], 72+ well B 33¥ A3ty A=A $
PBS—T°ﬂ 23 E 2% BSA €9 200ulE 7t wellF
7VskaL, oAl 1A17F B9t incubationd} T 1A17F
% PBS-T 2000 33] Al&sta, MUCSAC] o
3 monoclonal antibody?] mouse anti-MUC5AC
clone 45M1E, 2% BSA 1: 2009] HI&= 3|4
o ZF welld 100 7bska, 1A17F 59
incubationd}it}. 1417 & PBS-TE 33] A28},

[e]=
[e}
TUm-—
=t
o

-
, EE
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22} A9l Horse radish peroxidase (HRP)-Goat
Anti-Mouse IgG ConjugateE 2% BSA°| 1: 3,000
o] HI&Z 3N & 7} welld 100u0% H7lstar
1AIZE &< incubationstth. PBS-TZ ThA] 33]
AA & 33 55~ tetramethyl-benzidine peroxide

(TMB)& 100pE 2 welld] H7}ea, 58 %
IN HySO4 50ptE % 7}, WS-8 AR A AT 450nm
AAM 7t welld] FHEE SAHFOZA Y27 oF
B A 7 MUCBAC S Ik e
3) NCI-H292 A2 o EAJ3h= total RNAS]

2]

24 A7r9] wjokol AEE Y7E PBSE
23] AlFsAuch MEo trypsin-EDTA £9& A
glste] Wi &7 uig o2 RE FEeti, AEE
o] TES 15ml %2 microtubed] %74 Y4l
HEFOoZN AEET FASIIH. o], total
RNAS E#3l12x} INTRON biotechnologyAle]
Easy-Blue RNA extraction kit (total RNA isolation
reagent)Z ©]-&-3}(0.5ml/4x10” cells) MEZ lysis
Al713L, oA 523 AT 5% & A,
microtubed] chlorofromZE 7}, 1537} vortexings}
I e 2-387F WS & 4T, 13000 rpm
(Hanil centrifuge, MICRO 17 R)9llA 1087t 94l
Fste] A& AEd 400uE A microtubeo] %

A7ksted &

e

za5

O AL

S
il
ox
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2 Fl
2 r

Z2ko] isopropanol
A2 A 1087 WAE oAl 4T,
rpmol A 1027F YA 283t RNA HA
At o] AAEY diethylpyrocarbonate
(DEPC)7} &% 75% ethanols 7Fstal 4T,
10,000 rpmell A 1 %{ %u Eedez=n At
et -r7i51 RNA HHES 582 di7] FelA
AZANZ Z 2001 RNase free water2 H-fA]7)
11, spectrophotometer (Beckman, DU-650)5 A}&-
st 260 nm A FAEE SATOZH
RNA®] FE5 gohfjo] Afel ARE-aHATH (1.0Ax
=single strand RNA 40 pg/m)*.

4) PCR (Polymerase Chain Reaction)g 93t



primer Az

PCROll AH-¥ primere 7&% Az3) 101 A=l
(F7)(Daejeon, Korea)ol] T, $HAI3FMTE NCI-H292
A EZ A9 human MUCSAC F2AF A48 48]
AHE3F sense primer®] 9714 49-e 5-TGA TCA
TCC AGC AGC AGG GCT-3', antisense primer2]
A7IHEe 5-CCG AGC TCA GAG GAC ATA
TGG G-3'¢]H, °] primerd] ¢J3] &AE PCR A
E9 A7]= < 500 bpAth. Bractin FHA FAE
8l AFEEF sense primerd] G7)1MEE 5-TAC
AAC GAG CTG CGT GTG GCC-3 ” o1, antisense
primer= 5 -CAA CGG AAC CGC CTC GTT
GC-3’ ©o]9 ©] primer7} o2 3= DNA =
7] 500 bpth

5 RNA9] AHAL kg 9 F9a
(RT-PCR)

TAE total RNAE ©]&, JHAF ¥H3-RT)S

l“>

SELS

2 (DNAES 9E1, o2 &¢aAs dA49-2(PCR)
o2 FENFAY F, o total RNA 1pgs 7
5ColA 587 7143to 24 denaturationA] 7] i

5k

o] &5l ©7F ¥¥A1% ¥ RT premix kit9]
AREAL v Aol whel AL w-E-S ZISAI A
MUCBAC f# A} EHE?} PCRE, Z}Z9] YAA}
kS04 A& DNA AHE 2= PCR premix kit
of AR Al weh P AT FFSS
Y3te], PCRE 4038] AA(PCR thermal cycler;
Takara MP-300, Japan)3}$1.2.™, denaturatione
Tl A 30z, annealing-2 60°Coll A 30%, extension
& 2TCAAA 3027t 47 Algstanh. 7195
ofgt FHaEL AHE AHEe F< RNAY 9
AP RS H S EA Ao s FEH cDNA
MEES AV9EL o

Az FHHFARE BFGY & S3E
PCR 4HE 10ulE 10xgel loading buffer (0.25%
bromphenol blue, 0.25% xylene cyanol FF, 50%
glycero)®} 2 E33F b Tris-acetate-EDTA
buffer (40 mM Tris-acetate, 1 mM EDTA)&9
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2 Jpg/mle ethidium bromide’} EH 1.0%
agarose gelolA 7] GF3ATE Gel AollA ©)F
H Z+z+e] DNA bande A2]A FAL] (ultraviolet
transilluminator) & ©]&3to] #&As}a, AP
ESvi=g

6) Ao AE Y F2Ad X YA E
4)) =4 (SRB assay)

9% well platee] 7z} welle]l 2 x 107719 NCI-
H292 cell& g3l v 100w s 715k 37T,
5% CO° EA) sholA 2412 wjFalqek™™, 244)
ZFuj%F 3 AAL 02 - 2ul/200u ()] F
T2 1000 wjFAEZS] wellnht} 7pstar 72417t
¢ F7HE et H‘*O] 459 F 97

H 50% trichloroacetic acid (TC
o A3 s FAtk 1-1?:
Fad A 1AL BR %m‘:}“ AXES 3
(fixation)A] 71, o] &5
Sk AA A E‘%Q g F2Au
2009} ZFTE o4, 53] ol AAsH o) F
Al 8" M3, acetic aciddll &31F 0.4% SRB
L8 50ul/well S 718t ALo A 308 EoF S
a9, AR FAuE T 10060] 1% acetic acid
g o] &, 53] ol AHe F ANTES HUXRAFTL
ZF well F 100109] 10mM unbuffered Tris&H O 2
SRBE # Ak Lr_oqun z fJJ,H /\4 zx%z ]rmcroplate
reader) 2 540nmolA ZF welld] EF=E AN
‘:]_30'

o
Z
(@]
oo
[y
1o
ol o

il

7) EAA
R2E 24 A= MeantSEM.OE $4HH &
AN AT SHA= 2T F4A 9 s

2 Yelith. EA4138E unpaired Student’s #test
shom, p<0.05%! Aol FAHCZ 94
o] I Aoz FA3IYGTh

HU

. % R
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Effect of GPT on PMA-induced MUC5AC
mucin production from NCI-H292 cells.
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Fig. 1.

NCI-H292 cells were pretreated with GPT extract
5 = 20u/200ul media for 30 min and then stimulated
with PMA (10ng/ml) for following 24hrs. Cell
lysates were collected for quantitation of MUCSAC
mucin production by ELISA as described in
Materials and Methods. Each bar represents a
mean + SEM. of 4 culture wells.

* & significantly different from control (p<0.05).
+ ¢ significantly different from PMA only (p<0.05).
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A A A (Fig. 2).
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Fig. 2. Effect of GPT on EGF-induced MUC5AC
mucin production from NCI-H292 cells.
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NCI-H292 cells were pretreated with GPT
extract 5 - 20p1/200ul media for 30 min and
then stimulated with EGF (25ng/ml) for following
24hrs. Cell lysates were collected for quantitation
of MUCS5AC mucin production by ELISA as
described in Materials and Methods. Each bar
represents a mean = SEM. of 4 culture wells.
* & significantly different from control (p<0.05).
+ . significantly different from EGF only (p<0.05).

3. TNF-alphaZ A== mucindA Z7fsidkol O]

A= @
fiES € F55 5 - 20u/200ul PBSY &
o FEHYAA TNF-alpha® A=H mucindA
S7hl st Ae-S JEA| Rt ohFig. 3).
:O*ZOO
= TNF-induced
5150 . w *
£100
5 50
= 0
cont TNF 5 10 20
Treatment

Fig. 3. Effect of GPT on TNF-alpha-induced MUC5AC

mucin production from NCI-H292 cells.

NCI-H292 cells were pretreated with GPT extract
5 - 20ul/200u] media for 30 min and then stimulated
with TNF-alpha (0.2nM) for following 24hrs.
Cell lysates were collected for quantitation of
MUCSAC mucin production by ELISA as
described in Materials and Methods. Each bar
represents a mean + SEM. of 4 culture wells.
* & significantly different from control (p<0.05).
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0|X|l= gt
S HE 25 20u/200ul PBSY
T4 PMAE A=" mucinf-dA &3

2AN7lE S HAFUHFig. 4).

Fo
o
=

=



&
& &
MUCS5AC =
beta-actin =

Fig. 4. Effect of GPT on PMA-induced MUCBAC gene
expression in NCI-H292 cells.

NCI-H292 cells were pretreated with GPT extract
20u1/200ul media for 30 min and then stimulated
with PMA (10ng/ml) for following 24hrs. Total
RNA was isolated and MUCSAC mRNA levels
were analyzed by RT-PCR. The PCR products
were separated on 1.0% agarose gel and stained
with ethidium bromide as described in Materials
and Methods.

5. EGFZ XI=El mucin g
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Fig. 5. Effect of GPT on EGF-induced MUC5AC
gene expression in NCI-H292 cells.

NCI-H292 cells were pretreated with GPT
extract 20ul/200u] media for 30 min and then
stimulated with EGF (25ng/ml) for following
24hrs. Total RNA was isolated and MUC5AC
mRNA levels were analyzed by RT-PCR. The
PCR products were separated on 1.0% agarose
gel and stained with ethidium bromide as
described in Materials and Methods.
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Fig. 6.
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NS NCI-H292 Al 0 (®
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20ul/200u1 PBS9] Fo

A7le AES HAFAHFig. 6).

MUCSAC N
bota-actin [T

Effect of GPT on TNF-alpha-induced MUC5AC
gene expression in NCI-H292 cells.

NCI-H292 cells were pretreated with GPT extract
20p1/200p1 media for 30 min and then stimulated
with TNF-alpha (0.2nM) for following 24hrs.
Total RNA was isolated and MUCSAC mRNA
levels were analyzed by RT-PCR. The PCR
products were separated on 1.0% agarose gel and
stained with ethidium bromide as described in
Materials and Methods.
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Fig. 7.

Cellnumber (% control)
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SRB assay
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100 0 2 7
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0 B B
cont 2.0

Treatment

Effect of GPT on survival and proliferation
of NCI-H292 cells.

NCI-H292 cells were treated with 0.2ul GPT
extract/200ul media for 72 hrs. The number of
cells survived was counted as described in
Materials and Methods.
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olelgt B} AFAE9] Hid Azt &
e, Q7+ 387 AIAN ¥ NCI- H292 /‘ﬂ
ol {@hilivss BA Mstar 3070] Ad & 7Hzt
PMA, EGF, TNF-alphaE @3l dA&=E= 24
AIZE F% *ﬂEEl‘%Ei APEE mucin®] FE 34
sk A [l PMA v EGFE A58 387
mucin® AL Z.}i(ﬁg. 1, 2A1A2™, TNF-alpha
2 AF" 587] mucin® A M= 2
& dEs UeiA XS Al = JAck(Fig. 3).
aRuE, 22 2844 fillliigiel PMA, EGF,
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A Fgols ot JIFS WA= A SA 2
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