Saak=EE(X|, The Journal of Applied Pharmacology, 9, 218-223(2001)

SE7| sidM=oiM Edlgol=d HEI=0| 25 ofr|=l=
FelRal oM e Sold Y

0}

&

A2 RAN S AT 72T

Specificity in the Inhibition of Mucin Release from Airway Goblet
Cells by Polycationic Peptides

Choong Jae Lee*
Lab of Basic Sciences, Department of Dental Hygiene, Sahmyook Nursing and Health College

(Received August 20, 2001; accepted September 22, 2001)

Abstract — In the present study, we intended to investigate whether polycationic peptides including poly-L-
lysine (PLL) and poly-L-arginine (PLA) specifically inhibit the mucin release and do not affect significantly
the release of the other releasable glycoproteins with less molecular weight than mucin's from cultured airway
goblet cells. Confluent primary hamster tracheal surface epithelial (HTSE) cells were metabolically radiola-
beled with 3H-glucosamine for 24 hr and chased for 30 min in the presence of varying concentrations of either -
poly-L-arginine (PLA) or poly-L-lysine (PLL) to assess the effects on 3H-mucin release and on the total elu-
tion profile of the treated culture medium. The results were as follows : (1) PLL 78,000, PLL 9,600 and PLA
8,900 inhibited mucin release in a dose-dependent manner; (2) These polycationic peptides did not inhibit the
release of the other releasable glycoproteins with less molecular weights than mucin's. We conclude that these
polycationic peptides ‘specifically’ inhibit mucin release from airway goblet cells. This finding suggests that
these polycationic peptides might be used as a specific airway mucin-regulating agent.

Key words [ Polycations, mucin, airway, epithelial, HTSE cells

A TE7] AE] AT o= IRRIA SR 3
A& EAQl A9 A-fi-(Antic and Macklem, 1976;
Wardaw er al., 1988; Gleich er al, 1988) % FAMIT
o5 AxA 7= ek ke gleiM s F838t o
g & ez AAR v ek (Frgas er al, 1981; Gleich,
1990). BAMI = A EA- 97 14€ Ve J3HS ¥
etz ¢len, 33 el major basic protein of
eosinophil(MBP), eosinophil peroxidase(EPO)%} 22 <
714 whlAle] &7 (Gleich, 1990)3FF. MBP} EPOE %
A4 (isoelectric point)e] Zkzh 10 ojAkol=la B 31(Gleich,
1990)=] 2lom, AT oo B3k gl EE]gel
24 HE| =Y, o= I T4 ofu| AT ofol2A] olu]
Abe] argininee]t} lysine residue ®Edo] &el(Wasmoen
et al., 1988; Gleich et al, 1992)510) e}, o]
A& MBPYF EPOY] 2jg-o] T BEAlAql ofol2A v
ozl Aol Zl, lysine®] homopolymerq] PLLZ} arginine
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2] homopolymerd] PLAS} 72 Zz|ofe]ea] e 5L of
4, olF B2 ZF7A gt 288 A7 Fek(Coyle
et al., 1993; Hammes and Singh, 1994; Singh et al., 1992;
Uchida et al., 1993). ©] SHHE2 TF7) A s 2l
Wh-(Coyle et al., 1993y E35l, 7| = ADM|ZL] 23
Ble] S+(Frigas et al, 1980; Frigas er al., 1981; Motogima
et al, 1989)°] A & op7|3h= R HiEe] ot
Z2Z, poly-L-lysine(PLL) 32 poly-L-arginine(PLA)Z Z-&
polycationic peptides7} 7] = wjAMA o H|EZA]-S v}EPY
A oM widd ERSE ] FAERIE HAlB,
2 oAA) @Ak ol=dt Eo] RSl gl viake] ok
sel] 7]Q)3cRe Y 2=y} BI1H9ek(Ko ef al., 1999).
olgjdt By 7)Ee] A7 Aol gt FA I vk
o] ANE eI 9lS ¥ ofE}, FE|okel 2 AHE
7} 2E7) FAlY 15 A, doee] 350) A
AN FEAF= 257 A AoieE 22T i
A B2 ALdTd LS AR 9l Aol of
ERog vige] 357 gl FEAEE A iy
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T shake) AAg V=R NE AAsks He 7
wo] 9l = qlot. AA|, E=lA uhyel o3t A e A
A, F F49) AxE ¥ 5 Fdsi= uhdel, 4
LB A AAE AT F ol FE Feloloth £
A ubi2 7= R 252 sl Whal|Ae 24
A 2a1E 3|8 ATl ®lot viE sjlA 23 vy
o] A=k )=, HoBe] A AL feedback mechanismS
Sl o] AR Buls vlSe] A= "ot 282
= E=)H uhe A Foia)E aAskE XA Sled
E82Q) W ohd Aoz Hrie 4 olet. =3t A7}
A, 3F7] Ao JA AAE dAL ¢ e oFES
7ol Hg R ¢igic). wel, £57] Ade ARAFE
Folohe T ALY FA1Y fRlER)DE dAET] 4
3 oFEeh A e sHAM 357) A BRiE
FAFl, 7)2A g xRl 7] gle] Fo7F Wake]
g ¢ oloh mebd, B delMe ookt 552 BRI
78,0002] PLL, B2l 0,600¢] PLL ¥ Exb% 8,9009]
PLAZ tjake 2, o|E Falo] dxpiof gi28] 7|#xH A
M EEZHE L] FAlfeld vAe GE Fadsl, <]F
g Falkfe] oA Galel Belide] Exjsks Ao -, F
olefdt Edo] BFY] wi P Tl A HH]HE BE FR
Fu)A iAol dis] vl5el= ] f2] JAAE-E Ed
=], Fo Fald g2 A o] fejeiut oA
242 gsl=AY HRE AFEN, o3 B £F
7] HARae)] gl Bolgt In] 2AEAR 24T 715A
o UEAIS ool Ix} Sy

=

HENE W Y

HEES

PPl 7| ER AAAEE 47] S8, 87 34
Golden Syrian ¥2BE AHFTE A5 2 FUGA 2
FAoM Tt SEe] AP =2 F 2-397F
AFA A w3, S| F QuAEE B,
A7e FEE ARSSlEh. A7 AL 1410 g
F2N7h A, el 25°C W2 FAEE B0
ARB o} ApE AR o] AHARS.
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Poly-L-lysine(PLL)(mw 78,000), poly-L-lysine(PLL)(mw
9,600), poly-L-arginine(PLA)Ymw 8,900), pronase(Type XIV),
insulin, transferrin, epidermal growth factor, hydrocortisone,
sodium selenite, testicular hyaluronidase(Type VI-S), trypsin-
EDTA, retinoic acid, gentamicin, sodium dodecyl sulfate
=2 Sigmar}(St. Louis, Mo., U.S.A)elA, penicillin-G,
streptomycin, Joklik-modified Minimal Essential Medium

(§-MEM), Dulbecco's Modified Eagle's Medium(DME),
fetal bovine serum(FBS), Medium 199(M199Y5-2- GIBCOA}
(Grand Island, New York, U.S.A)°l|A], Vitrogen 100
Celtrix Lab.(Santa Clara, CA, US.A)IA T3l e,
718} YubAEE reagent grade ©]4Fe] AESE T3l
ARgElgl e Ade| AMEE B dolL olAFFTE
W o ghel2a}e] AT

YAH J|EH HOMz=e 22| B e

PA1E 2] ZRTH AAE Bale)l wfokd] A4 A¥
HPL Kim 5¢) HPH(Kim ef al, 1985; Kim et al., 1989)
& Aealde). $IA 10739 54 Y2BlE olAkskaa
= AAAPIA, 71 FF Aol =&AL F BEE
Ze)o ¥ FH(PE tube)E AHI3let). PE wbeE- 53}
Ca**, Mg*™ free Minimum Essential Mediumel] 284|171
0.1% pronase® 7| #7} tol] F=43kaL, 4°Cell M 16717 &
oF wxsl ek 1682 F 719 HeES A B
S}3l, 10% fetal bovine serums Ei8l= MEMH el 4
200X g2 AAEE go 2y 713 HES 23] A
M2 = cell pellets= insulin(5 pg/ml), transferrin(3 pg/ml),
epidermal growth factor(12.5 ng/ml), hydrocortisone(0.1 pM),
sodium selenite(0.01 uM), retinoic acid(0.1 uM), fetal bovine
serum(5%, v/iv,), Penicillin  G(100 U/ml), streptomycin(100
ug/ml), Gentamicin(50 ug/ml) 5o H= Dulbecco's
Modified Eagle’s Medium(DME)®# M1999] 1:1 &3} )
okelle] AEet A}, vitrogen 1002 o431y F4|E +
7-8~ collagen gel(0.15 ml/em?)e] =%E 24 well plateed]
NEZE 10 celly/em?®] WER FIAF T AlEE, 527t
83 AR, 95% 71, 5% COS sk, 37°C
A ZefFz el s dem, 1347 wgE Sl
37°Ce| A 32°C 27122 W7gsled wij <kt wiodd WA
= ey A=A, 3, 5, 79 2 Al EiE

Fie| A AR EX]|

Kim 5(Kim et al., 1985)°] Whg$ o[-8sloid], vk
MEZL] FA1L, A%st wiobMZ (24 well plae, 5X10°
cells/well)el], 10 uCi/mle] [6-°H] glucosamine(39.2 Ci/mmol,
New England neuclear)d sk ehAlviofdg welld
200 ¥ 7Pl 32°Cel|A] 24X17F <k vl bk g WAt
Al FA] (metabolic radiolabeling)= 1=},

EC|gol2Yy BE|=e X

2477t Fke] tiAbE wiAld ER|7F AR F ookl
(pretreatment sample, o3} PT2 <F)E 78] Fivh
wjokM| Eeol] welld 0.5 ml2] Dulbecco's Cat, Mg*™ free
PBSE 7hslal AHshe 2748 28] IEgeRA W E
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2] AL 5& AAT H FHFE= 1uM L 10 uMYy
PLL =X PLAZ 33l= PBSE 7I8ka 32°CollA] 30%
Zb wpeFstadet. 30%2] wieke] Bt F ¥hedE 78,
treatment sample(®]3} T sample)® A &3t ¢78 =
E samples2- {AEE5le BRHAE 7]e) SRS A A
2, ¥ A @S S k] -70°Ce A s A
At oHKim er al., 1985).

Hyaluronidaseel] 2]s] F&=|#] ¢k°m, Sepharose CL-
4B column® ZHE] excludeF = IHAIE] glycoconjugateE-
Faez Ao vhKim er al, 1985). AR PL, T
samples 0.IM citric acid® HA pH 5022 FAsIA
100 unit/ml®] testicular hyaluronidase(Type VI-S)Z 73t
=] 37°Cel| 4] 164]17F 59} incubations}si}h. Incubation®]
b digestion mixtureE 0.2M NaOHZ F3A|7]1 =
Z5%7) 0.1%7F E=5 SDS £AL 71k 283t #l
T 12,000x g oA 5%2F AAEE e PTe] A4 <14
Fa)Fo] A5 50 uplel 150 ple] running buffer(50
mM NaAc, 0.1% SDS, pH 7.2), 2ul®] 10% SDS, 3
ul¥] 5M NaChs 7Haz, T2 74-%lx A< 100l ol
100 ul®] running buffer, 2ple] 10% SDS, 3pl¢] 5M
NaCte- 718k 5] 2A3] E3sledct, o|FA A" loading
sampleES running buffer® H% 3 Sepharose CL-4B
column(1X50 cm)el &4t columne 0.336 ml/min
9] fro 2 AFHAUL, 3 FHY £ 042 mE SIS
ok 6 mE-E9] viale] AE 2 FEe 32 mi¢ scin-
tillation cocktaitd 7}¥kT % 42 ¥ Liquid Scintillation
Counter(LKB Wallac)s o]-&-, HhAMERS- ZAsjadct. A4
BEZ void volume peak®] 4%-3e] vhapdsf £3S 1
sampleZ2] F419] ofo 2 Aelglgict. Z} culture wellZlol]
PE e Al ZIEAEE] Hel=E BAs] 3]
o, ™17 B+ f=1% F4le) kg PIVIZF B4t HEd
FAle] eke® 1ol oA v]EE ¥R (secretory
index)2 A28}, HZrs} oFEAe]ee] Fu|A5 Fo 3k
L BAEAHLE wnTo 2N, TR BA e o=
BAE AFslaA sl

Eo|20[2Y HE|Eo| RARE AMESUMel Sol4d
=5

ek EEe) FAle, &3 Wik E (24 well plate, 5
X 10° cellsfwell)l], 10 uCi/mi2] [6-°H] glucosamine(39.2 Ci/
mmol, New England neuclearys -f3she ebdufjekdls-
welled 200 Wi 748k 320Cl A 24417k Fot Wik =
A kA BAsI A, WA BA]7F HEE 5 spent
mediume =78 wE B Folvh. wjoH Ee] welld

0.5 mi®] PBSE 7|3} Al-she Zahg 23] uhEglo =x
Wk ES] AL 5 AAT H HAFFE 1 pM 32 10
puMe] PLL Ei= PLAE $i3l: PBSE 718k 32°Ce
A 3087E wjekstedel. 3088 wiske] Ed H HRSH(T
sampleYs 718193, 1% ZE samples UAE2s}
of B-FAHE 7e} e AABEL, 2Rl T samples
0.7X50 cm TF32] Sepharose CL-4B columne] H-£5}93
oh g B389 g8k 035 mlE ST Fale] £EHE
void volume®=r o} 2} included volumed} total bed
volumeo| 4-&% d74A] BEL FA3C 74 L3
scintillation cocktails 715t ¥ LSCE o]4, vl ERE
23190k, 2 Sample?} zH &9 Ayt 4l &
R} Ealgfo] Ak, EX|¥ ojefe] A Ee] A &
Z el A= odekE v 2ETHKim er al., 1985).

SAXE

RE 231 A= MeantS.EM SR AL F o953
Bl SR a2y SR ME-g2 vehlet 54
A2l unpaired Student's t-test® SH12H, p<0.05¢] 7
ol BAALE Aol sl ALE WAk

e

o g

At o nE

B2 AaiEe] Bt ofspd, vl WA 2 ¢
o] FejodeleA] BAEE 7= HARIRE(Coyle e al.,
1993, Gliech er al., 1988, Uchida et al, 1993, Wardaw et
al., 1988y& doF|Avk, M Eete] Fawg 27147
= S (Elferink, 1991, Hammes er al, 1994)2] Z8-2 1}
eldc}, o]2]8l HSe| FA s, Feldel 24 S Hf3t
= AL 7|E AUAEEREY TS ST
7S Vehd 703 FAEe] givh e, dxbeioF |
2H 713EH AN EMHTSEPIM, S8]ofe]AdE B
3= EPO2} MBPES] Wel4] #el=7) Filf=lE A%t
vh= B(Ko, 1995) W §YE d7zl=el 25t 222
BI(Ko er al., 1999¥=, HlelA g9 ARAAE &7
g A AE ok Baelglr). B A9 Al
=, 7128 RI(Ko er al, 1999 dX|3= A=, &,
PLL 78,000 1 uM FElA FA81E 90% 715 A
La(Fig. 1), PLL 9,6002 10 uM ¥=o)4 F452&
85% 715k A8 (Fig. 2), PLA 8,900% 10 uM 559
A FARRE 85% 7 SAlste AleE viepsteh(Fig.
3). PLL 78,000¢] PLL 9,600Rc} Ao FAl48lE
Al o], o5 EAe] HA3IL ol ke A
dekl BAL e AR FEd). &, ERjE) S
FE FAlfe] 949 FYE Svisie d4e #Edd o
e Aol
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Fig. 1. Effect of PLL 78,000 on mucin release from cultured
HTSE cells. Confluent HTSE cells were metabolically radiolabeled
with 3H-glucosamine for 24 hrs and chased for 30 min in the
presence of 0.01~1 uM of PLL 78,000 and the amount of 3H-
mucins in the spent media was measured. Each bar represents a
mean £ S.E.M. from 4 culture wells.

*significantly different from control (p<0.05).
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Fig. 2. Effect of PLL 9,600 on mucin release from cultured
HTSE cells. Confluent HTSE cells were metabolically radiolabeled
with 3H-glucosamine for 24 hrs and chased for 30 min in the
presence of 0.1~10 uM of PLL 9,600 and the amount of 3H-
mucins in the spent media was measured. Each bar represents a
mean = S.EM. from 4 culture wells.

*significantly different from control (p<0.05).

ey, oljgt BAlEe] Falal 22 Exlgk 4t
dalton®] At =gubl Expe] $2) & 2ulelnt 3k
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T A fEeE ¥]EelFel JAAE-S vehd
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Fig. 3. Effect of PLA 8,900 on mucin release from cultured
HTSE cells. Confluent HTSE cells were metabolically radiolabeled
with 3H-glucosamine for 24 hrs and chased for 30 min in the
presence of 0.1~10 pM of PLA 8,900 and the amount of 3H-
mucins in the spent media was measured. Each bar represents a
mean+ S.EM. from 4 culture wells.

*significantly different from control(p<0.05).

2 AR o832 rleide] FYHRE vl Zlelwth
olf] o], & @Tolr= Froeld Sel=r} A 3
el File] frelelnt BelH or aks nlXle A, &
=, FALES EAlgke] AT P2 ol ofefe] WM E
7| A Ee] felo® F2A = s wA= A,
gel filtration chromatography<ll 412} H A -8-Z<FA(total
elution profile) %41 A Ealgho =24, o83t 22E
o] frale] feElE EolH 2R AAs=AE Tyslaal 8t
et Gel filtration chromatographyollA13 resinel] loading®]
F EHER A AEES 1 BR 2EE R
e}, weir, A4 EFEE loadingd F void volmel 24
H total volumeZHA, & 2L EES 7 2 2709 B4
e, 71k 2R @re] BA7A £841A, o1 A7) £
=5 A% BAE AP 4 UHCheng er al,
1981). dapaeksl HTSEMZES| 3H-glucosamines o],
w7} AJaksle FAl H ofete] sputazlel), Ml
A3k F, 44 717 F9E NES wlokEhd, 3H-BA] by
HEo] wjekdFoZ FHchKim ef al,, 1985). o)1=, ¢]
wjoFol-g Sepharose CL-4B columnell loading &%, 3H-
FA Pzl ek et daltonel] sk AR
el FAle2HE, 7k =7]7F 22 3H-glucosamine7tA]
2E5Hx EAT $E elution profile)e] P Aol
o} wkek, A wioFe] A 4P vRoE, ZEY
ol qE|=E AYE o A SF(total elution
profile)?] EAF-2oll Wz} ARepw, 1 wishs 4 &
Areke] 3H-gehiA fejgke] WEE ou|sle Aol
PLL 78,000 1 uM *&]A], PLLZ void volume, &, F&
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Fig. 4. Effect of PLL 78,000 on total elution profile of treatment
sample through Sepharose CL-4B column. Confluent HTSE
cells were metabolically radiolabeled with 3H-glucosamine for
24 hrs and chased for 30 min in the presence of 1 uM of PLL
78,000 and total elution profiles of control spent media and
treatment sample through Sepharose CL-4B column were
analysed.
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Fig. 5. Effect of PLL 9,600 on total elution profile of treatment
sample through Sepharose CL-4B column.Confluent HTSE
cells were metabolically tadiolabeled with 3H-glucosamine for
24 hrs and chased for 30 min in the presence of 10 uM of PLL
9,600 and total elution profiles of control spent media and
treatment sample through Sepharose CL-4B column were
analysed.

10 20

FA9 w213 9A3H, included volumee|} total
volume, &, FA1¥T} Bxlapo] 2}o ojele] e
el e deE FA Ik AR veig
(Fig. 4). =3k, PLL 9,600 10 uM A=, F2 F4l
o) 218 A, FAlRe Rajeke] A2 Jefe] g
WAEe] felells FoA v dEE A B3l AR
veld T (Fig. 5), PLA 8900 10uM AejAje] =, PLL
9,600 73¢9} et kel FAHATHFig. 6). olHTL
A A7R B o, ZEjofoldA WEEL FE IR &
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Fig. 6. Effect of PLA 8,900 on total elution profile of treatment
sample through Sepharose CL-4B column. Confluent HTSE
cells were metabolically radiolabeled with 3H-glucosamine for
24 hrs and chased for 30 min in the presence of 10 uM of PLA
8.900 and total elution profiles of control spent media and
treatment sample through Sepharose CL-4B column were
analysed.
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