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Non-cytotoxic Effects of Cationic Polyamines on Cultured Hamster
Tracheal Surface Epithelial (HTSE) Cells
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Abstract—In the present study, we intended 1o investigate whether cationic polyamines including poly-L-
lysine (PLL) and poly-L-arginine (PLA) induce cytotoxicities to cultured hamster tracheal surface epithelial
(HTSE) cells. Confluent HTSE cells were chased for 30 min in the presence of PLL or PLA of different
molecular weights. Possible cytotoxicities of PLL or PLA were assessed by measuring both Lactate Dehy-
drogenase (LDH) release during treatment and the number of floating cells after treatment and by checking
the possible changes on the morphology of HTSE cells during treatment. The results were as follows: in the
case of treatment of PLL or PLA of which molecular weight is about 78,000 and 92,000, respectively, (1)
there was significant release of LDH during treatment, (2) the number of floating cells were significantly
increased after treatment and (3) there were significant changes on the morphology of cultured HTSE cells.
However, in the case of PLL or PLA of which molecular weight is under 10,000 (about 9,600 and 8,900,
respectively), no significant gigns of cytotoxicities mentioned above were detected. We found that cationic
polyamines might be non-toxic under specific range of molecular weights and suggest that the cytotoxicity of
cationic polyamine might depend on the molecular sizes of each cationic polyamine.

Keywords[ ] HTSE cells, PLL, PLA, Non-cytotoxicity
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Fig. 1. Effect of poly-L-lysine (PLL) 78,000 on LDH release
from cultured airway goblet cells. Confluent HTSE cells were
treated with varjous concentrations of PLL 78,000 for 30 min
and supernatants were collected for LDH activity assay at the
end of the treatment. Each bar represenis a mean+S.E. from 4
culture wells. *Significantly different from control(p<0.05).
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Fig. 2. Effect of poly-L-arginine (PLA) 92,000 on LDH
release from cultured airway goblet cells. Confluent HTSE
cells were treated with various concentrations of PLA. 92,000
for 30 min and supernatants were collected for LDH activity
assay at the end of the treatment. Each bar represents a mean
+8E. from 4 culture wells. *Significantly different from
control(p<0.05).
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Fig. 3. Effect of poly-L-lysine (PLL) 9,600 on LDH release
from cultured airway goblet cells. Confluent HTSE cells were
treated with various concentrations of PLL 9,600 for 30 min
and supernatanis were collected for LDH aclivity assay at the
end of the treaiment. Each bar represents a mean+S.E. from 3
or 4 culture wells.
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Fig. 4. Effect of poly-L-arginine (PLA) 8,900 on LDH rele-
ase from cultured airway goblet cells. Confluent HISE cells
were treated with various concentrations of PLA 8,900 for 30
min and supematants were collected for LDH activity assay at
the end of the treatment. Each bar represents a mean=+S.E.
from 3 or 4 culture wells.

2k 8,9002) PLA(Fig. 4)9= o&T3} ¥4 LDH -§<2]2 %
30 274A1717] sskeh. )2 @ A3k, Ak 80,000
-90,000 A =2] ofo]-24 Zglolwl e TE7] AX9 A=
ol g Fof AEY AP AT el 3
L, #AEFe] 10,000 AR 7} —wﬁ]"ﬂ aBF A EZEA L
it 7 o] 2AEE 9ulse Aol

el Eeolule] Wik FAAIA AL sl vl
d P ole 542 mrE A Z A, gol2A Eejol X
2] o]& 24X 7k Fake| culture matrix 2. 5-8] #le] =)o) ujok
d FHOF Kfrls AZSE SAY 5 gl o] AL
AA A AN D= Z| ez wteleh Ak
#Ak(Frigas et al., 1980; Frigas et al., 1981; Motogima et
al, 1989) 0.2 B2 olt} =z vl /)%
JEE SV 9o, o WAL, in vivos] ] 41
AzxZo] AAR A5 71%rE FEEA N 7e 3

o] vkgAle] EriEele o 74 3H(Gleich, 1990)0) 4 %
Helglt}. w3, o]#l gk Fejoko] A Eao] 7\ mAkH Al 2

ol 4] f2}sl= epithelial-derived constricting factorS £-2)
A 7] AL, relaxing factorE <A sbe] 712 2pa)uk-g-of] Fhof
ghel= B3(Brofman et al., 1989)% g} 2%k Hal=
3] AT o B A7t 438 A7) 27
= Ao} Fig. 5¢4] B gl AAY, 1M PLL
78,000 == PLA 92,000 'Z 10 M2} PLL 9,600 =+ PLA
8,900% # 2] 4], PLL 78,000 2} PLA 92,0002] 7. culture
matrix 238 2B Z{-H Er) 2T 11080 -1708)
AHEgA9E, PLL 9,600 2 PLA 8,9002) 790l dlzF
24 sl Ael7) HAd = #] $9ke}(Fig. 5 and Fig. 6).
o] A3} JA], matrixe]] F-2Heglo] wFo 715 il
ZF7] AlES Az]zbge] Exlgk 80,000-90,0008 =8 oF

i

~— 15000
[w]

=

S 12000
3

=

~ 9000 |-
@D

B
Q6000
Rl

o

@

& 3000 -
E

3

=z 0

cont PLL 78,000

Fig. 5. Effect of poly-L-lysine (PLL) 78,000 or poly-L-lysine
(PLL) 9,600 on the number of floating cells. Confluent HTSE
cells were treated with 10°M of PLL 78,000 or 10°M of
PLL 9,600 for 30 min. At the end of the treatment, cultures
were washed extensively with PBS and reincubated with fresh
complete medium for 24 hr. And then, the number of floating
cells in spent media was counted as described in Methods.
Each bar represents a mean£S.E. from 4 culture wells. *Sig-
nificantly different from control(p<0.05).
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Fig. 6. Effect of poly-L-arginine (PLA) 92,000 or poly-L-argi-

.nine {PLA) 8,900 on the number of floating cells. Conflucnt

HTSE cells were treated with 10°M of PLA 92,000 or 107
M of PLA 8,900 for 30 min. At the end of the treatment,
cultures were washed extensively with PBS and reincubated
with fresh complete medium for 24 hr. And then, the number
of floating cells in spent media was counted as described in
Methods. Each bar represents a mean+SE. from 4 culture
wells. *Significantly different from control(p<0.05).
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Fig. 7. Effect of poly-L-lysine (PLL) 78,000 or poly-L-lysine
(PLL) 9,600 on the morphology of cultured cells. Confluent
HTSE cells were treated with 10° M of PLL 78,000 or 10° M
of PLL 9,600 for 30 min. At the end of the treatment, cul-
tured cells were observed under light microscope. Significant
changes on the morphology of the cultured cells were de-
tected as described in Results and Discussions (A; Control, B;
PLL 78,000, C; PLL 9,600).
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Flg. 8 Effect of poly-L-argmme (PLA) 92 000 or poly-L-argl—
nine (PLA) 8,900 on the morphology of cultured cells. Con-
fluent HTSE cells were treated with 10° M of PLA 92,000 or
107 M of PLA 8,900 for 30 min. At the end of the treatment,
cultured cells were observed under light microscope. Signi-
ficant changes on the morphology of the cultured cells were
detected as described in Results and Discussions (A; Control,
B; PLA 92,000, C; PLA 8,900 ).

90,0008] o¥o]-&4 Zelolule] 5] Al L) FH F&
ol 8 oA 1 7selx de¢s & rhsAE AlAksk
= 7o)t} =, 10 uMe] PLL 9,600 m3¥ PLA 8,9002



Nan-cytotoxicity of cationic polyamines 19

A Aol s o F ZFellx e} vhE7A) 2, o2l oRA
shulsa) folgals Wy}t BREA w3kl

o]ate] Afellr], £X}2F 80,000-90,000% E=2] ko] 24
Felotnle dApuifn =T Ee] di= & i &
AZERE FETe BT 5 ot 7129
(Coyle et al., 1993; Frigas et al., 1980; Frigas et al., 1981,
Motogima et al,, 1989)01]/4 R%—“—'- o2 A, 7 Exlske] O]
A E o]she}F 10,000 o]shE Aol s Al EZHAdo]
7] -2 W7lsA El"*fr} o]2] 3t w72, EPOL} MBP
e Eelogol e BAo] A4 59 557 A o5
]

=3

o] ollz}, 7| E Felnke 2] HaldAhs o

7= 84le]

A S gelohs A0l AASHE WA 5 A o
84 272 94 9l Aol olegt
el AN AZGIA S0 TG FAee $5
Qg ABFI

L

Antic, R. and Macklem, P. T. (1976). The influence of clin-
ical factors on site of airway obstruction in asthma. Am.
Rev. Respir. Dis. 114, 851-859.

Ayars, G. H., Altman, L. C., Gleich, G. I, Loegering, D. A.
and Baker, C. B. (1985). Eosinophil- and eosinophil gran-
ule-mediated pneumocyte injury. J. Allergy Clin. Immunol.
76, 595-604.

Brofman, J. D., White, S. R., Blake, J. S., Munoz, N. M,
Gleich, G. J. and Leff, A. R. (1989). Epithclial augmen-
tation of trachealis contraction caused by major basic pro-
tein of eosinophils. J. Appl. Physiol. 66, 1867-1873.

Coyle, A. I., Ackerman, 8. I. and Irvin, C. G. (1993). Catio-
nic proteins induce airway hyperresponsiveness dependent
on charge interactions. Am. Rev. Respir. Dis. 147, 896-900.

Elferink, J. G. R. (1991). Changes of plasma membrane per-
meability in neutrophils treated with polycations. Inflamma-
tion 15(2), 103-115.

Ellis, E. F. (1985). Asthma in childhood. J. Allergy Clin. Im-
nmunol. T2(suppl), 526-539.

Freshny (1994). Measurement of viability and cytotoxicity. In,
Culture of animal cells (3rd edn), Willey-Liss, Inc., p. 288.

Frigas, E., Loegering, D. A. and Gleich, G. 1. (1980). Cy-
totoxic effects of the guinea pig eosinophil major basic pro-
tein on tracheal epithelium. Lab. Invest. 42, 35-43.

Frigas, E., Loegering, D. A., Solley, G. O., Farrow, G. M.
and Gleich, G. I. (1981). Elevated levels of the eosinophil
granule major basic protein in the sputum of patients with
bronchial asthma. Mayo Clin. Proc. 56, 345-353.

Gleich, G. J., Flavahan, N. A., Fugisawa, T. and Vanhouite, P.
M. (1988). The eosinophil as a mediator of damage to res-
piratory epithelium; a model for bronchial hyperreactivity.

J. Allergy Clin. Immunol. 81, 776-781.

Gleich, G. J. (1990). The eosinophil and bronchial asthma:
Current understanding. J. Allergy Clin. Immunol. 85, 422-
436.

Gleich, G. J., Adolphson, C. R. and Leiferman, K. M. (1992).
Eosinophils, In “Inflammation:Basic principles and clinical
correlates’ (2nd edn), Gallin, J. L, Goldstein, I. M. and
Snyderman, R., Raven press, Ltd., New York. p 663-700.

Hammes, M. and Singh, A. (1994). Effect of polycations on
permeability of glomerular epithelial cell monolayer to al-
bumin. J. Lab. Clin. Med. 123, 437-446.

Kim, K. C., Opaskar-Hincman, H. and Bhaskar, K. R. (1989).
Secretions from primary hamster tracheal surface epithelial
cells in culture: Mucin-like glycoproteins, proteoglycans,
and lipids. Exp. Lung Res. 15, 299-314.

Kim, K. C., Rearick, J. 1., Nettesheim, P. and Jetten, A. M.
(1985). Biochemical characterization of mucous glycopro-
teins synthesized and secreted by hamster tracheal epithe-
lial cells in primary culture. J. Biol. Chem. 260, 4021-4027.

Motogima, S., Frigas, E., Loegering, D. A. and Gleich, G. 1.
(1989). Toxicity of eosinophil cationic proteins for gunea
pig tracheal epithelium in vitro. Am. Rev. Respir. Dis. 139,
801-805.

Niles, R. M., Christensen, T. G., Breuer, R., Stone, P. J. and
Snider, G. L. (1986) Serine proteases stimulate mucous
glycoprotein release from hamster tracheal ring organ cul-
ture. J. Lab. Clin. Med. 108, 489-497.

Singh, A, K., Kaginath, B. S. and Lewis, E. J. (1992). In-
teraction of polycations with cell-surface negative charges
of epithelial cells. Biochimica et Biophysica Acta. 1120,
337-342.

Uchida, D. A., Ackerman, S. J., Coyle, A. J.,, Larsen, G. L.,
Weller, P. F., Freed, J. and Iivin, C. G. (1993). The effect
of human eosinophil granule major basic protein on airway
responsiveness in the rat in vivo. Am. Rev. Respir. Dis. 147,
982-988.

Wardaw, A. 1., Dunnette, 5., Gleich, G. J., Collins, J. V. and
Kay, A. B. (1988) Eosinophils and mast cells in bronchoa-
Iveolar lavage in sujects with mild asthma: relationship to
bronchial hyperreactivity. Am. Rev. Respir. Dis. 137, 62-69.

‘Wasano, K., Kim, K. C., Niles, R. M. and Brody, I. S. (1988).
Membrane differentiation markers of airway epithelial se-
cretory cells. J. Histochem. Cytochem. 36, 167-178.

Wasmoen, T. L., Bell, M. P., Roegering, D. A., Gleich, G. J,,
Prendergast, F. G. and McKean, D. I. (1988). Biochemical
and amino acid sequence analysis of human eosinophil
granule major basic protein. J. Biol Chem. 263(25), 12559-
12563.

Yu, X.-Y., Schofield, B. H., Croxton, T., Takahashi, N., Ga-
brielson, E. W. and Spannhake, E. W. (1994). Physiologic
modulation of bronchial epithelial cell barrier function by
polycationic exposure. Am. J. Respir. Cell Mol. Biol. 11,
188-198.



