i) 71 BAEE A A 139 A3
J. KAPRA Vol. 13, No. 3(1997) pp. 207~214
Journal of Korea Air Pollution Research Association

M3t YEXHe| 7|2 ¥ EE 0| WBF-3447F A x|AMxZ o
Gap Junctional Intercellular Communicationo]| oO|jx|= A&t

Effects of Airborne Samples Collected in Yeochun
on Gap Junctional Inter cellular Communication in
WBF~-344 Rat Liver Epithelial Cells

A B - LAY E) - B - ol
AgHsm S FFRANY
VA gt E o)A AP EERA
ooy s ol e Ao g

(199633 124 191 A 2=, 1997 64 202 ) &)

Jae—Man Yang, Jae—Hak Park’, Yoon-Shin Kim?, Yong-Soon Lee
Department of Public Health, Veterinary College, Seoul Natl. Univ.
UDepartment of Laboratory Animal Science, Veterinary College, Seoul Natl. Univ.
“Department of Medical Information & Management, College of Medicine, Hanyang Univ.

(Received 1 December 1996; accepted 20 June 1997)

Abstract

We collected airborne complex mixtures in a industrial area of Yeochun, and examined whether these complex
mixtures could affect gap junctional intercellular communication (GJIC) in a cultured WBF-344 rat liver epithelial
cells (LEC). Since the reduction of GJIC plays an important role in chemical carcinogenesis, measurement of
changes of GJIC is a meaningful method to screen carcinogenicity of these mixtures. High and low volume samples
were dissolved in dimethyl sulfoxide (DMSO) and tested. Blank filter extractions were also examined for exclud-ing
possible toxicity of filter itself, and TPA (12-O-tetradecanoylphorbol-13-acetate) and DMSO were used as
positive and negative control, respectively. When the cells were exposed to samples at concentration below that
required to maintain rather than 85% cell viability based on the result of neutral red uptake assay, maximal inhibi-
tion of GJIC was observed at lhr after treatment with both high and low volume samples by scrape-loading dye
transfer assay. In fluorescence recovery after photobleaching assay, recovery rates via gap junctions were 33%/min
in high volume sample and 62%/min in low volume sample. In together, airborne samples collected in Yeochun
inhibited GJIC in a cultured WBF-344 rat LEC. These results suggest airborne samples tested in this experiment

may attribute to cause a certain type and degree of cancers in in vivo when exposured for some periods.
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2 <A EI glel(Rall, 1990). 53], 1248t 79
N7t QAE Foted FYHNUS A5 NS
s gebd, d7]e) A7 HARR ol o1 A
+ ] A4 He 89S B HANES
3 3] 238 §-A) o] o} (Pershagen, 1990).
ole] 71 EBAE AAMl= WP R Salmonella

A= o] ¢+l o) (Crebellii ef al., 1995). 281}, o] = A}
43 39 el L HHE 4 lel=E 2 71A
Haledole v F3h, velrl Mol S Tt
Aol AR AZNTIE Aol ol U
Teg o, g o] Abge] o Hd 2
A3t Wb Foll= A=A ] wiekA E£2] gap junc-
tional intercellular communication (GJIC*)el} ®}X}&=
S HFsle] o B UIYAS #AE 9
#4S Hrbske whi el alek Mesnil et al., 1993).

Gap junctiono|Z}, Al £ E w6 &A5lE o F
X 2 (transmembrane channel) 2] 3}2A] F AE
e AZAE AR QAste] T Wb,
M ZE7F] AR o]} 4l EEA (signal molecules)
55 nagro g, AE] 44 9 23 84 (em-
bryogenesis) 24 ¢l o3t} (Zhang et al, 1994). 1
2] 1, gap junctiono] M EZ}e] A zAF FE HF
S 3 T 8 7HA &<le o8 2 V)5l o
&S utA "o} (Esinduy er al., 1995). B3] &2
GEAA Eo] GIICE AT A=A sl Al
FAA, E3hol Qlo] 1 7150 Fa4E dE F
32 9)v}h(Kang et al., 1996; Ruch er al., 1994).
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2.1 M Z uj .

WBF-344 s =7 A s] A £5= (1) Michigan F
Yo Sharel A 2ehS RPMI 16409471l 10% 32}
o} 3} 3} A (50 ng/ml penicillin, 50 ng/ml strep-
tomycin)& A 7isle] 5%CO, &7kl A wjokaly
o}

2.2 Al2e|

Alge] AFE 19969 49 23UARE 24U7HA]
AN FGen, LR 12.5°C, $EE 52%90}. o]
BHFABE fler7} 25%x20cml quartsfiltero] ™, 33
1.2 m¥mineo] 93, 2$E-FA 8+ filter7} 2|7 47
mme| 93 ferE F8F Sm¥mino|glon, £ ¥
Azre 24Azeldek olx 2 fe] 77 o
1,728 m?, 7,200 m’e] 5= ko] k.

2.3 RII1EHY F&

Zy A28 AFH3F fler A R Fed A (laboratory
blank filter) 2 A A& F, FZ8v]q) diethyle-
ther/cyclohexane (8/2, v/v)-& 10ml¥ 7}3), 2L
FE7)oA 20859 33 w8 &3t F&53
L7 EL QAL RE AFAZ F DMSOE 3mlz}t
dted HF EF 3mle] HEF 3k

2.4 A|REHY

Zt Al EA L FE5te] DMSOe]| §-3A)70 7ol
o ggfo] Hm, wiAle] Egsle] Ml Eo] HLA|
WA 2mlel] AJFEAE Sulvh FeiHEE HFHL
2 400w} A EA "ot et 008 F 553}
o ARE AAter & gr] el Az Aldle
AHEE e F| T g FEE0) 4000 3423 A
FE Al "ok A2 EAE AR’ TPA
(12- 0 -tetradecanoylphorbol - 13-acetate) = 7] &o]|
M EZAG0] detal o3l 2 10ng/mle] T2
A&l #8353t} (Asamoto et al., 1991). S| =
#9 DMSOE =& a3} o] Wiz 2mle] 5ul

& Fefsteich

*ok o] : GIIC, gap junctional intercellular communication; DMSO, dimethyl sulfoxide; TPA, 12-O-tetradecanoylphorbol - 13-acetate; SL/DT
assay, scrape—loading dye transfer assay; FRAP assay, fluorescence recovery after photobleaching assay.
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2. 5 Neutral Red Uptake Assay’ _

96-well Ak f7]e AES 1X10¥well)
FEZ 02mlY EF3ste] 37°ColA 24A13F whokat
%7 AQEAL ) X052 HAele] Arlar
Wizl 0.2mlwell®) &2 A 3}ch. chA] 244)7F Hl
o} ., u}5=3} phosphate buffered saline (PBS).2.2 3
WH AA 3}, wix] 1ml G neutral red 50 uge] =
7} B wlx] 02mlUwell2 A 54k 37°Col|A]
2~3A1zF wi<F ¥, neutral red F WA E HEL,
1% CaCl,/0.5% formaldehyde o © 2 4|33}k
1% acetic acid/50% ethanol §-¢) 0.2 ml/well®-& A
7hste] oA 10 BHA%F F shaker® F 270
w2A AEAZ e, S40mmel el FRE
T A 4 EAe Abgd 4 259 £
Eol dR BAe FHE) AXEL o43hel
85% o] 4e] BEEE FEALTFLR T3 o
o) Fu) 448 o2e) Alge] 4455 Doyle
et al., 1993).

2.6 Scrape-loading Dye Transfer (SL/DT)
Assay

35mm petri dishol] M EE 2F3led 90~100%
w24 vl ok (confluency) & o] FA & tl&, Ca*?
Mg*2-free PBSZ M|H 3 F 7+ A PEA S 73}
= A 2mlplate® 2.2 WA sk 27 10, 20,
30, 60, 904, 2, 4, 6 A1 7F wljoF Fef Ca*¥ Mg*2-free
PBSZ A& 3s}1, PBSY] %49 0.05% Lucifer Yellow
CH2mlH 22 HX3g Aelolr a4 g2
scrape lineg 3704 =wHEH = 2F3Fa}e] Ao A 3
F7F wkAs F Ca*YMg™-free PBSE of2] Wl A
2 3)}31, 1% glutaldehyde -2 2 A 3}e] blue fil-
ter#] 3316]7 (Olympus) 3ol o] Bshelct. w2
10012] ele] Aokl A HPIRE sk 9l
E AZe] 5% Ao} Aol dg HEE A
&}o3 o} (El-Fouly er al., 1987).

2.7 Fluorescence Recovery after Photoblea-
ching (FRAP) Assay
MEE 35mm petri dishel] EF38}e] 90~100%
afluency 2 ©]2 w7}A] wjekst F, Hank’s balanc-
ed solution (GibcoBRL) 2.2 2] ¥ H&s}eich. 7
APERS TR A 2miY ez 6087 A H|

3} % Hank’s balanced solution® oJ&] W )33l
¥ Hank’s balanced solutionel] 7 ug/ml =2 =<l
6-carboxyfluorescein diacetate (6-CFDA) 2 m1¥ 2 %]
A3 Adehd ALolA 1033 $A s
Hank’s balanced solution®. 2 oj2] W AH3 F
laser cytometry (ULTIMA, Meridian Instruments,
UsA)ez deje] N2E AAE Holdz Fxy
g F 3R 9F-Ft §AY IES A
o3}, Laser cytometer2] A}A] programel ULTIMA
oA A%R Ao Haled SRR BTt %
A 29 MRS AAg o} (Wade et al., 1986).

2. 8 Statistics

7 AP olFoR 28 o4 AAsg o,
£ AR5 44 A== ANOVAR #AI F
F7keol §<43 73-$- Dunnett’s t—testE A A]s}le]
o542 p<0.05elA AT,
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Fig. 1. Changes in percentage of cells with fluores-
cence according to incubation time.
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Fig. 2. Changes of gap junctional intercellular communication in WBF=344 cells treated with different samples
for 1 hour using scrape-loading dye transfer assay. (A) DMSO (B) TPA (C) Blank filter (D) Low
volume (E) High volume

B 9 v A3)dA MEFA] g Aoz 1 3.2 Scrape-loading Dye Transfer Assay
el 3le] P 2EF AR A4S ofFd 3l FdH2EA TPAL 10E|AF¥ gap junc-
of &5 Algel ol &stdeh(E D). tione] A H7] Alztste] 60EA ] A2 AA =
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Table 1. Percentage of viability from absorbances in neutral red assay for air pollutants.
Dilution Rate of Dilution of Sampies
Sample n20 27! 27 273 2-4 273 26 277 ~ 278 2-°
Low
Volume 105 104 104 106 107 94 105 101 93 98
High 106 12 109 97 95 108 9 100 102 105
Volume
Blank
Filter 94 93 97 96 95 94 101 111 92 108
TPA? 97
DMSO? 100
U It was used as 400 time - diluted samples.
2 Concetration of TPA was 10ng/ml.
3 DMSO 5 ul/2 ml media, i.e. 0.25%
Table 2. Recovery rate in FRAP assay of air pollutants.
Time % of Recovery (%/min)
DMSO TPA Low-Volume High-Volume Blank Filter
'h (n=4) (n=9) (n=20) (n=16) (n=4)
r
10.91+£2.93 0.00* 6.71 £2.00* 3.61+1.18* 9.89+2.40
(100 ©) (62) (33) ©n
Values were expressed as mean=+S.D.
n, sample size
Values in parentheses were percentage for control (DMSO).
* significantly different from control (DMSO) (p<0.05).
B9 97%), TdA= A AF 712-5L AL 9A
94 oot 0%l 14%2 HIAAES M AL 4, nH W AE

A ostie A FE 10% o3t AA1E epdigie

2l 2HEFARS ] EFARE 208
AMFE A A7) Al st 21%, 27%), 60FA o 3
a2 AAHAF@%, 57%). 22}, 2EFAE
7 Az 35S e s A wlste ste]EBEAR
= A WA AA A2l viste] felg A
a8 AR (T 1,2).

3. 3 Fluorescence Recovery after Photoblea-
ching Assay
A9 EZ DMSOS} T3] FEFE2 AAT
F 60% v At F A5 2F 9l ¥RE
71¢] 383k whd (1091, 9.89%/min), ¥ o) Z<1
TPA 4 E25-EFAIRS stelEHA8E 27 0.00,
6.71,3.61%/ming] 3}E-&& RYPH(F 2, 27 3).

Gap junctione] 2, 4| EutEmo] Zajske of
% 2 (transmembrane channel) 2] 3P}pEA] o] &0]
v} Bxb3F 1,000Da o] 3] EA-& F3A|Z] v} (Ben-
nett et al., 1991). ] gap junctiono]| 2 &oj= Az}3
v 7AEke] Hejshs A7, tight junctionel] H}E)
oF 2nme] 717 (gap)o] ZEAjErekstel Befzl A
2,1 7|8 FEL connexinel®t EE]$= i
2 o] FolA gld, B4 o] ©A X A7t B
o] hexamerE o}Fw WHEE (hemichannel)S A
gt 718 connexono]@} &re}(Dermietzel et al., 1990).
3 M| Z2| connexone] g1 MES] connexon}
AHoz zEsle] PAE 27} gap junction o2,
2 AEe) ATAL Yoz dAse 2o
e, A Z71e] H AR o] 41 354 (signal mo-
lecules) 52 RO TR, AL 4 B 3} 2
A (embryogenesis) Aol o] gt} (Zhang et al.,
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Fig. 3. Recovery rates of fluorescent dye after 9 minutes in WBF-344 cells treated with different agents for 1

hour using fluorescence recovery after photobleaching assay.

(D) High Volume

1994). Connexin-2 % (species)o]\} M E typeo]] u}t
A gefsid], A E5e] A= A AN E
connexin 430] W& = ubm, 7hM| X (hepatocyte)ol]
2] connexin 328} 260] F2 W3 M} (Kren et al,
1993). =3 22 7+ {3 UR|2t= hepatocyte7}
connexin 321} connexin 26& Wdsh= A= G
2], WB-F344 A £ 55 ¥]R3 729 9= 7
A=) A E ol A= connexin 430] WEFh e,
gap junctiono] AEZke] AsAHT T2 o9IL 3
Tt TF o8 7EA 24lel o8 2 7)Fel %S
WA o} (Esinduy et al., 1995). 53] w2 wetEA
AEol GIIC*E AIgR oA Qo] AZAA,
3ol gle] 1 7159 FAE A& F2 U

B3| B2 A 13 A3

(A) DMSO (B) TPA (C) Low Volume

(Kang et al., 1996; Ruch et al., 1994).

webA], GIICe| ¥W3lE #3sle A &=
 Hrkshs wbieE 388 4 ol & Al
A Q3 FIEA AN 71 EA S 2A 8l {7
42 F53 o 2 BEEEE grEdek

IH FAAHANA HFHs A7) eFEAE F7
Sul2 FE3 42 ABF FEY9] 40002 F
A3 =% 3 4307 3l WBF-34 9=
ZHA I A o] #1831 A3}, neutral red uptake = oj| A
FHygg7A] M EZA o] ¢ledeh =3 scrpe-load-
ing dye transfer (SL/DT) assay 4 3, 2-9-8-F3 3}o]
BFARE 605 wjokA| 7ol gap junctiono] Hiz
A== ¥hd, T A& gap junctione]] °J3fe] ¢l
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Aoz veh) Bae) ofske] EH filters] 23t
o] ofzt EAEA AA A} ot Flolge
A & At olol 6082 HT JA| Azt R
AdAste] FRAP assay S A3 A}, A4 A7
9] ¥FIEHo] SAHZZ 100% v]ste] 292
FAIR 62%, 3ho] BFAR 33%2 GIC7 EA4H
22 FosA JAHE AL o 47 s GIIC
2] A& SL/DT assays} zfo]7} 9li=dl o] A
g wle] &4 2% Aelgt & 4 gl o
A 922 ggen, 2BFARI} dlo|BF
Algin AAEHR7E Ho) F, dlo] BFA R
gap junctiong QA sl ezl o] o @
o] FRHel A o AHd AAEAL TR
o &S 2wlsle Aol

o) ike] ANE Fiste & o, 4 FAX )

w, e

}L

A A ) B2 BgEAS TR £)
FEE AdE X FolslelL o, gap junction
< AdAAZLH, o] A& Fo HEEo] gap

junction & “NAZ S A 7L ASAA 5
HE 9o 5 31ee dAFE Aol

|

]
Ho
rek

Asamoto M., M. Oyamada, A. El Aoumari, D. Gros, and H.
Yamasaki (1991) Molecular mechanisms of TPA-
mediated inhibition of gap-junctional intercellular
communication: Evidence for action on the assem-
bly or function but not the expression of conne-
xin43 in rat liver epithelial cells, Mol. Carcinoge-
nesis, 4, 322-327.

Bennett, M.V L., L..C. Barrio, T.A. Bargiello, D.C. Spray, E
Hertzberg, and J.C. Saez (1991) Gap junctions:
New tools, new answers, new question, Neuron, 6,
305-320.

Crebelli, R., S. Fuselli, T. Baldassarri, G. Ziemacki, A. Carere,
and Benigni, R.(1995) Genotoxicity of urban air
particulate matter: Correlations between muta-
genicity data, airborne micropollutants, and mete-
orological parameters, Int. J. Environ. Health Res.,
5(1), 19-34.

Dermietzel, R., T.K. Hwang, and D.S. Spray (1990) The gap
junction family: Structure, function, and chemistry,

Anat. Embryol., 182, 517-528.

Doyle, A., 1.B. Griffiths, D.G. Newell (1993) Cell & Tissue
Culture: Laboratory Procedures, John & Sons Ltd.
Salibury, UK.

Ei-Fouly, M.H., I.E. Trosko, and C.C. Chang (1987) Scrape -
loading and dye transfer, Exp. Cell Res., 168, 422~
430.

Esinduy, C.B., C.C. Chang, LE. Trosko, and R.J. Ruch (1995)
In vitro growth inhibition of neoplastically trans-
formed cells by non-transformed cells: Require-
ment for gap junctional intercellular communica-
tion, Carcinogenesis, 16(4), 915-921.

Kang, K.S., M.R. Wilson, T, Hayashi, C.C. Chang, and J.E.
Trosko (1996) Inhibition of gap junctional intercel-
lular communication in normal human breast
epithelial cells after treatment with pesticides,
PCBs, and PBBs, alone for in mixture, Environ-
mental Health Perspectives, 104(2), 192-200.

Kren, B.T., N.M. Kumar, S. Wang, N.B. Gilula, and C.J.
Steer (1993) Differential regulation of multiple gap
junction transcripts and proteins during rat liver
regeneration, J. Cell Biol., 123(3), 707-718.

Mesnil, M. and H. Yamasaki (1993) Cell-cell communication
and growth control of normal and cancer cells:
Evidence and hypothesis, Mol. Carcinogenesis, 7,
14-17.

Pershagen, G.(1990) Air pollution and cancer in Complex
Mixtures and Cancer Risk. Edited by H. vainio, M.
Sorsa, and A.J. McMichael, Oxford University
Press, New York, 240-251.

Rall, D.P.(1990): Carcinogens in Qur Environment in Com-
plex Mixtures and Cancer Risk. Edited by H.
vainio, M. Sorsa, and A.J. McMichael, Oxford
University Press, New York, 233-239.

Ruch, R.J., W.J. Bonney, K. Sigler, X. Guan, D. Matesic,
L.D. Schafer, E. Dupont, and J.E. Trosko (1994)
Loss of gap junctions from DDT-treated rat liver
epithelial cells, Carcinogenesis, 5(2), 301 -306.

Wade, M.H., J.E. Trosko, M. Schindler (1986) Fluorescence
photobleaching assay of gap junction-mediated
communication between human cells, Science, 232,
525-528.

Zhang, M. and S.S. Thorgeirsson (1994) Modulation of con-
nexins during differentiation of oval cells into he-

patocytes, Experimental Cell Res., 213, 37-42.

J. KAPRA Vol. 13, No. 3(1997)



214 okt -

B & 1. Number

A A -

of cells with fluorescence in scrape-loading dye transfer assay for air pollutants.

e]ed <

Duration of Treatment (min)
10 20 30 60 90 120 240 360
48.67 102.00 123.67 110.67 154.67 132.67 192.00 208.67
DMSO +11.24 +4.58 +8.33 +11.02 +1537 +551 +2551 +3.51
(100) (100) (100) (100) (100) (100) (100) (100)
9.67 5.67 333 3.67 733 31.33 60.67 202.33
TPA £1.53%  +2.08* +£1.53* +1.53% +5.13% +6.03%  +10.02* +£8.74
(18) ) 3 3) 5) (24 32) o7
Low 48.33 81.00 77.33 56.67 140.33 117.67 166.00 198.67
e +231 +£7.55% +473%  £1069%  +10.21 +5.13 +11.53 +751
(99) a9 63) 1) ©n (89) (86) (95)
Hish 52.67 74.00 65.00 4767 119.67 97.33 164.67 153.67
_Volime +12.74 +8.89%  +10.54* +9.07* £7.02%  +13.87% +6.43 +22.37%
(108) 73) (53) 3) an 13) (86) 74)
Blank 67.33 94.00 112.00 109.00 132.33 155.33 201.33 194.67
Fift’;r +13.43 +5.00 +3.61 +9.17 +5.86 +20.63 +8.50 +6.11
(138) ©2) ©1) 98) (86) (117) (105) (93)

Values were expressed as mean+S.D.

Values in parentheses were percentage for control in each time.

* significantly different from control (DMSO) (p<0.05)
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