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Effect of High-Insulin on MUC4, MUC5AC, and
MUCS5B Expression in Airway Epithelial Cells
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Background and Objectives: Insulin is a peptide hormone that regulates the metabolism of carbohydrates and fats by
promoting the absorption of glucose from the blood to skeletal muscles. Insulin has been reported to be closely related to car-
diovascular, respiratory, and endocrine disease. However, the effect of insulin on production of major mucins in human airway
epithelial cells has not been reported. Therefore, this study investigated the relationship between high levels of insulin and mu-
cin in human airway epithelial cells.

Materials and Methods: This study analyzed the effect of high level of insulin on MUC4, MUC5AC, and MUCS5B expression
using reverse transcription-polymerase chain reaction and enzyme-linked immunosorbent assay in human airway epithelial cells.
Results: In human NCI-H292 airway epithelial cells, high level of insulin significant increased MUC4, MUCSAC, and
MUCS5B mRNA expression and glycoprotein production. In the primary cultures of normal nasal epithelial cells, high level of
insulin also increased MUC4, MUCSAC, and MUC5B expression.

Conclusion: These results suggest that insulin plays a role in control of mucus hypersecretion in human airway epithelial
cells.

KEY WORDS: Insulin - MUC4 - MUC5AC - MUCS5B - Human airway epithelial cell.

M B £ BUR 3FO0R §YHE o|BAL Y B 35
Aoz AAsL, 7|t #| 9] Fr=E AAsH FAA7=
4 71 AH(mucus) 97%2] B3 3%2] Fa(mucin), Ho9 Ghe i}, AT 7|

-|-‘

7 2 o @Eubgol, k=
HlR2g T, A, 223 o) Ao 2 mhEdebris) 7] )%, WA, w4 T Qe 2 557] Aol 4
o EYSHe DB FATC] YTk ol 71 Hol 1A Hwl Holo] Hulg AsH: Holg

o= ZZHmucin gene)
2 7= Fupo A AatElo] QIA £57] 712 ATE 9L gl & AFSHA Hof, Aol o EujE 1 gl ¥Ado] =

L
T

E2HLY: 2015 08 3 / S™ARYU: 2015 112 5 / MAIRIEY 2015 128 18Y
WAIKXE: A, 42415 T ZAN F7 tiES SI52 170 JEoistu oot op|Rle-FHLelustnd
Tel: +82-53-620-3781, Fax: +82-53-628-7884, E-mail: ydkim@med.yu.ac.kr

Copyright © 2016 Journal of Rhinology



J RHINOL 2016;23(1):17-23

obx] Hu|E2] 24l ujE o] o2 YAA| "t Q1A T8

ATl | aEof| A ol sk M FH2k= oF 20

A FR7F 2A8H, ol#gh Al gl W E=

O] thl A Lz BH|g A A(sectreted mucin)Ql MUC2,

MUC5AC, MUC5B, MUC8%} M 329] =84 93-S sk

WA 7 A~ (transmembrane mucin)Ql MUC1, MUC4, MUC11,

MUCI13, MUC15, MUC20& 7| 27}4] S| & vpect?
1Tl o]2ke] FAZTAA wERA ELof|A] Eou] o]

SHE A AlA 9] oY Ve R ke Al 0] A,
4L A, 1 5o AUl F8 7]se s 539,
g £of 2 2% =S E‘Xéﬁvﬂ FAA 7=t
2k A3e kY SR Qo] By oY tiAt
Ak 9 oS 25 =iz, 53 %—‘mg} W dg 5
o] W2 Agke] vy Aglo] Hry. #ut oby e} Hinh, ]

o, eFzstolo] 5 choket AEe] 4 2lo] Hef
shet Qladlol 587 7% Au] Alme) el

A b Hnlof ofm et L w1 A/ Ao A o}
71 3 i} glek, olo] 2 QoA 557 AAE
o 5w eladlo] ofFt HolgA was gl A4
off thal tolEo = s Mol Rujete] TA ] o
ot A} shic.

ERTRT

M=
ol & Sigma(St. Louis, MO, USA)oll A T35+

RPMI 1640 medium< Invitrogen(Carlsbad, CA, USA),
fetal bovine serum(FBS)-> Hyclone Laboratories(Logan,
UT, USA)llA] F+J8F%i Tk, MUCA4(35-4900) UAFHA|E In-
vitrogen(Carlsbad, CA, USA)o A F+1811 S, MUC4 anti~
rabbit horseradish peroxidase(HRP)-conjugated ©] A},
MUC5AC(SC-20118) &2}a412F MUC5AC HRP-conju-
gated ©]XF&H|, MUCSB(SC-23024) U=}3H412F MUCSB
HRP-conjugated ©]*}3A+= Santa Cruz Biotechnology
(Santa Cruz, CA, USA)A] F+el3koict

M= HHQF 21 XX

Abet # 9] HoAtTloF oF Al2ZS=(human pulmonary mu-
coepidermoid carcinoma cell line) Q1 NCI-H292 Al 3 (Amer-
ican Type Culture Collection, Manassas, VA, USA)E 6-well
plate®]] 1x10° cells/wellQ] SE2 AZ3 & 2 mM L-
glutamine, 100 U/mL penicillin, 100 ug/mL streptomycin

7} 10% FBS7} 23+l RPMI 1640 B RS ©]-8-3}9] 95%2]
Abas8f 5%9) ol Attt S5 wiFT|oA 37T &
=2 st £ & 70~80% A= g7t =W
AZZEZ 0.5% fetal calf serum®| Z&+E] RPMI 1640 B A 2
AT & 24A]17F Eot wjokstar, thA] FBS7 &= #] oF

2 RPMI 1640 B A| 2 N4 gt & Ao AHg-s13iTt.

Abeh 2 9) A2 A7) flaiA L2 7]o gt 7]
ARSI} 7FEE o] ¢lal, o] FRFAIE @} multiple simulta-
neous allergen test(MAST)]| /\1 SAHkgo] U2 102
o g o] sHHZ AAlaS Al W Fol WSk H
7 U &5l A o].u]ﬂyH 28 A9t} Axjufek
5171 sl s 2222 phosphate-buffered saline
(PBS)&= A 213t 3 90& 52 dispase(Boehringer Mannheim
Biochemica, Mannheim, Germany)®l] JAA]7]1L &|7-&
FaZS ARE-sto] sl Huke] S HAW, 1%
PBSE F7I3F ¥ meshs &dff o@tstict. o]dl A2 &
3 42 s Hduke] AR EES 24-well(2.5% 10°
cells/well) plate®ll 3t = EpiLife X2} keratinocyte
growth supplement(5 mL/500 mL of medium)ol|4] ek
sl

LEk Qledo] 7= A nx|= Foks dotr7]
A NCI-H292 A| 322} U3} v ket 3} Au A szof
0.01 pg/mLe}, 0.1 ug/mL, 1 ng/mL, 2 pg/mL 5
IS AAA] st MUC4, MUC5AC, MUC5B 3
AT chald AAE FEAALY QRIS F
59k v ol A NCT-H292 N} A=} wfjofet =2

ﬂie 7_|L71— 1:1—50 = HH okg].ochq.

*E%MW *P—‘—?ﬂ NCI-H292 Aﬂisz} 2} ufj ot FAut A}

Aldrich, St. Louis, MO, USA)JJr tﬂﬂl 3 o] &3t AlE g
g ¥} f- 75 elste] A5skAt)

Reverse transcription—polymerase chain reaction
(RT-PCR) £4

Gene Amp RNA PCR core kit2} PTC-200(MJ Research
Inc. Watertown, MA, USA) PCR machine& A3} A%
ALo] W 2 A|3)3l 4T PCROY| A% oligonucleotide
F7IA gl oJsff A&kl om, 7k vhg
o] Y& oFA th &+ (internal positive control)-< glyceralde-
hyde— 3-phosphate dehydrogenase(GAPDH)E A3}t

A of| AMEE primere] GA71H]E-& MUC42] 7% sense
= 5-TTC TAA GAA CCA CCA GAC TCA GAG C-3,

primer+ 818 2



Lt

0%k

=

oln

C2E7| duMzZoM s

antisenset= 5-GAG ACA CAC CTG GAG AGA ATG
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Fig. 1. Effects of high level of insulin on MUC4 expression in NCI-
H292 cells. NCI-H292 cells were pretfreated with various concen-
tfration of insulin for 4hrs. RT-PCR showed that insulin significantly
induced MUC4 mRNA expression in human NCI-H292 cells (A).
ELISA showed that insulin significantly increased MUC4 protein
production in NCI-H292 cells (B). Real-time PCR showed that the
insulin-induced MUC4 mRNA expression was increased at all
times and peaked at 4 h after freatment with insulin (C). The im-
ages are representative of three separate experiments per-
formed in friplicated. Bars indicate the mean£S.D. of three inde-
pendent experiments performed in friplicate. . p<0.05 compared
with zero value. RT-PCR: reverse transcription polymerase chain
reaction, ELISA: enzyme-linked immunosorbent assay.
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Fig. 2. Effects of high level of insulin on MUCS5AC expression in
NCI-H292 cells. NCI-H292 cells were pretreated with various con-
centration of insulin for 8hrs. RT-PCR showed that insulin signifi-
cantly induced MUCS5AC mRNA expression in human NCI-H292
cells (A). ELISA showed that insulin significantly increased MU-
C5AC protein production in NCI-H292 cells (B). Real-time PCR
showed that the insulin-induced MUCS5AC mRNA expression
was increased at all times and peaked at 8 h after treatment
with insulin (C). The images are representative of three separate
experiments performed in triplicated. Bars indicate the mean+
S.D. of three independent experiments performed in triplicate.
#. p<0.05 compared with zero value. RT-PCR: reverse transcrip-
fion polymerase chain reaction, ELISA: enzyme-linked immuno-
sorbent assay.
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Fig. 3. Effects of high level of insulin on MUCSB expression in NCI-
H292 cells. NCI-H292 cells were pretfreated with various concen-
fration of insulin for 8hrs. RT-PCR showed that insulin significantly
induced MUC5B mRNA expression in human NCI-H292 cells (A).
ELISA showed that insulin significantly increased MUCSB protein
production in NCI-H292 cells (B). Real-time PCR showed that the
insulin-induced MUCS5B mRNA expression was increased at all
times and peaked at 8 h after freatment with insulin (C). The im-
ages are representative of three separate experiments per-
formed in friplicated. Bars indicate the mean£S.D. of three inde-
pendent experiments performed in triplicate. #: p<0.05 compared
with zero value. RT-PCR: reverse transcription polymerase chain
reaction, ELISA: enzyme-linked immunosorbent assay.
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