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Abstract:

Receptor mediated phagocytosis in fiber and particle ingested macrophages is very
important to remove foreing materials and to confront infectious microorganisms in lung
environment. To study the effect of fibers and partilcls on the receptor mediated
phagocytosis, we developed in vitro culture system to test the effect of mineral fibersand
particles on Fc receptor (FcR) mediated phagocytosis in RAW macrophages. RAW
macrophages were exposed to respective fibers and particles for overnight, then the cells
were tested for their FcR mediated phagocytis using IgG coated sheep erythrocytes.
Numbers of associated erythrocyte per RAW cell were counted and express as bindig
index (BI). RAW macrophages treated with amosite and crocidolite showed more than
50% decreases of BI. RAW macrophages treated with Chrysotile and SiO2 showed less
than 30% decreases of BI. Interestingly, TiO2, previously known as less toxic, showed
more than 50% decrease of BI. Roles of interferon gamma in fiber ingested macrophages
were investigated. Although high concentration of interferon treatment was resulted in
somewhat toxic effect to control cells, FcR mediated phagocytosis in crocidolite ingested
RAW macrophages was recovered by treating with interferon gamma even in high
concentrations. Our results indicate that the decreased phagocytosis by exposing mineral
fibers and particles may be recovered by propertreatment using lymphkines such as

interferon gamma.
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Monocytes/macrophages= ¢ 2] 7}#| receptorE A X 9o F &t J+=d I Fol o
W receptorES AAZ <l EA (infectious materials)oly} B A A Al E&A (non-infectious
material)S AW A A 7% 7] 98l 2 28 (phagocytosis)S dF+ receptorstAl 3t} o] &
o] Fx & ov ¢ JdE FE2Y olE9 ligand 9 receptor®] 7wl wEt R/ A=
(Gordon et al., 1983) =LA 37k = 73 4 ot FA S} Fddo A EFAE &4 517]
9%t Fc receptor (FcR) mediated phagocytosisoll #AstE FcRS IA tA] A 3FF/H=
U= =d monocytes/macrophages®ll A b‘rE‘rUrﬂ =20 F3k4 (high affinity)S receptor
2 antibody dependent cellular cytotoxity (ADCC)¥FS-o #A 3= FcR 13 (Grazino &
Fanger), monocytes, platelets, neutrophils, B cellssol] &A3tx2 A 3AS 7}4A receptor®
neutrophil®ll 4] oxidative burst® lysosomal &4 59 8o #ASE FeR I (Willis et al.,
1988)3}, neutrophils, NK cells, 42 42| T cells, eosinophils, Tissue macrophagesol|&= <&
A3k monocyteo & WEFYA] &1 A9 E A (immune complex)?] A A Fojdttia &
7 FcR I (Clarkson et al., 1986)¢]

BA  (complement)el 3+ opsonization® HAEES 287193 complement
receptor (CR) (Wright et al, 1987)= =ZA 3F7FZ U= 958 CRIS C3bE ligand=
3}a )3 neutrophils, macrophages, B cells, follicular dendritic cells o &A3x2 Uy
ole] F7l5& C35 2Fst= HFAE] AA%E #ogitt. CR2+= C3d, C3dg, iC3bes <=
ligand® 3l o B cells, follicular dendritic cello] &£xj3tx2 2™ B cell activation®l
#ojsl™ Epstein Barr virus’F ©] receptor® ©] 83t B celld] HYst= AZZE o]g3st
gltl. CR3 = C3biZ ligand® 3tal ¢ e W, granulocytes, macrophages, natural Killer cells
(NK)eoll| &A13}ar 91 2™, integrin familyol &3t LFA-13 @A 7F A

Fog FAE METey AxHE 7t mAEES ©2387] 913 mannose-fucose
receptor (MFR) mediated phagocytosis®] #¢J3sli= MFR & d o 3}3}+= monocyted =
EAEHA] o, o] monocytes WEIF wigstW FETG i, = H9 macrophagesel
ELe $£F9o MFRe] &A1t} (Stahl & Gordon, 1982; Ezekowitz et al., 1981). MFR<
glycopeptides©l 4] terminal mannosett fucose”’] & ligand® 3t At} 18] 9] receptor?]
gA =7 Y= Ca+27F E 23t} (Lenartz, 1987).
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1 3t} Fiber glass® 4%<¢l JM code 1009 ®j$¢-7}= AHZ  Alvelor Macrophageol] %
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= W AANEE diEael vls] 40% 7haFe] @A FEo AaTE AAA N, Kevlard f
wollastoniteol] &= =9 ¥ AAMEIE de FFS x| Lokt g

el Aust HHES Aoy FEAFE AT AXAEY ME7sE S48
] A 7IA] YAES (serum opsonized zymosan, carbony iron particles) AF-&3}3 o
o] 52 AAANRES 22Eo] oW receptor AZRE EI JAHIZ A=A oW receptor’t
AA ] =Aeof i A JHE T3 YA K Ak A EAFAE AW
548 7lsAdem A48 fste] AWHES ®HAE AXMEANA T T3 receptor

(FcR, CR)9] 7]1%< in vitro #1%F3F Raw macrophage A ¥4 A3 3}t
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1. Az

RAW Al¥+= 100 mm ¥l ¥FH Aol RPMI-FBS HI (56 C, 30’ heat inactivated serum)
o] wjeFal oz 379 Co] wjk~)e Al ul%3tAt). Fiber toxicity Al 8-S 24 well 8] Fg A o] 12
mm glass coverslipoll A ¥ Al A SE welloll A E7F 10000 7 =7 S50 71A sFe] H)
Fotdar, AdEd Axs o o] fiberg AW ol Gt o 7tA] =744
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2. Fibers and particles

Chrysotile¥}, crocidolite, amositex= UICC standard reference sampleg A}-83F31 1L, o]
H AqEFel 28l Si0p, TiOxE SigmadlA T93HS A, glass woold glass fiber= AFY
Foll Al doj& AFEE pestleo] A HF 1 AlZF 59 sonication 3}t

3. Preparation of SRBC particles

Sheep erythcytes (SRBC)E= Komed(M-& FAl&)olA FU3tATh 18|31 Rabbit
anti-SRBC IgG fraction® IgM fraction= Accurate Chemical (NY, USA) 3%
SRBC coated with IgGE THE7] 98t A= Yu (1989)¢] WHS AF-&-39)th
1) 5% SRBC Preparation: W# SRBC 4ccE 50 ml cetrifuge tubeo] Y3 ice colddt
phosphate bufferd saline (PBS, without Ca+2, Mg+2)< 50 ml % 1500 rpm, 4 Cell A
1027 AR eSS A5dS el o] PBSE FHY dAFgst. 295 s ds
W23l 0.5 mle] SRBCE 15ml tubedl ¥ i 95 mle] PBSE Hatd 5% SRBC7} ¥t}
2) SRBC coated with IgG (EG): 1 ml® SRBC¢ 1 ml®] PBSE 15 ml conical tubeo] ¢ gk
% 10 ul 1 mg/ml IgG)9 Rabbit anti-SRBC IgG antibodyE © 3% 15 £5<¢t 37 C
waterbatholl ®J 33 1500 rpm, 4 ColA 10E37F GRS A5 HS WE il ice cold
PBS with Ca+2, Mg+2& thAl % 1500 rpm, 4 CollA 1023t AR 3}F, FCS7F gl
DMEM< ©lste] 10 mle] A st} o] A& 05% ElgGel strh. ElgGE 2 Y 53 4 C
o Al H#ate] AHEFE 4 St

3) SRBC coated with complement (EC): 1 ml®] SRBC¢ 1 mle] PBS= 15 ml conical tube



o 3% 10 ul (1 mg/ml IgG)2]l Rabbit anti-SRBC IgM antibodyE ©3+% 15 F5<F 37
C waterbathol ¥ %35, 1500 rpm, 4 ColA 10&E3F A EEISE A5 HS B8] 1L ice cold
PBS® thAl % 1500 rpm, 4 CellA 10%7F AA&& 5, 1 mlo] HA sk o] AL 05%
ElgMo|gtal 3ttt 1 mle] ElgMel| ©A] 1 mle] PBSE H 3F% freshly prepared 50 ul@]
human serums ©3d}e] 37 Col 1083 nj s} HH ko] Evizxt Lzt HEE ice cold PBS
with Ca+2, Mg+2%2 F¥ 1500 rpm, 4 ColA 10&7F YAE 3%, FCS7F 9+ DMEM=
tsle] 10 mle] A s} o] AS 05% ECelt ﬁhﬂr ECi 2 ¢ &< 4 C oA B3}
o] AR 4 Sl

4. Particle Binding Assay

RAW A EZE 12 mm glass coverslipo] S0l 24 well #] & 7] :6}5":‘?: Hl <F3} o
glass coverslipol RAW AM|X7} &5 A ok dAsk ko] (50 ug) Ao} dAF, AL
55 ¢3to] sy w3 Zhzte] glass coverslipg PBSE Rl ojWo] glass coverslipol
B Mioly AA HAEFSS gdF 100 ule ElgG (for FcR function test), EIgM
(for CR function test), SRBC (for control)& ©3}e] 15 &3+ 37 Coll w3t & RAWZF F
25 coverslipS ©A| PBS®E ThA] 99 A2 & 4% formaldehyde in PBS®E 124 3}o], 71d)
2}7} 42 Nikon phase contrast microscopeo] A 400 v = #2319t} Coated SRBCE &
2Py AY SRBC7F AF  (binding)® RAW AHAEXE F2H3A (random counting in
continuous fields) 1007§¢o]% Ao} BI (binding index)= number of RBC/cell®Z e AT}
= Bl AE30F 2719 coated SRBC7F H-2EH Q=7 wél= Aot}

5. Interferon gamma mediated particle binding assay

Interferon gamma (murine recombinant, 100000 u/ml)-> GIBCO9IA T3l th. Interferon
gamma mediated particle binding assay:= RAW A¥Z 12 mm glass coverslipe] £
= 24 well w8 7)o aF9 vjoksle] glass coverslipell RAW A £7} 3254 33 dA
3k F (20 ug)? crocidoliteE T3}z, 1, 10, 50, 100, 200 unit/ml 9| interferon gammaS T
55 NS wikstar Zhzbe] glass coverslipg PBSE o] o] glass coverslipell %
H crocidolite 113 100 ul®] ElgG (for FcR function test) © &}l 15 #2F 37 Coll ujks3h
Z RAWZ} &34 coverslipe tAl PBSE thA] 9 A& & 49 formaldehyde in PBS&
aAste], 7hvlgzt &% Nikon phase contrast microscopedl A 400 i 2 #2391t}
A= SfelM et FdsA BIE BAET
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1. Particle binding assay to RAW cell

WA ElgG, EC, E (SRBC)E RAWAIZ S} 15837 v Fate] RAWA|E7L o] 58 ©2%
AE AR

<
T A=

Table 1. Binding of ElgG, EC, E to RAW cells.



BI*

E 0
ElgG 3.0
EC 0.03

* indicates binding index

Table 1. ®&=nke} o] RAW cell E (SRBCO)9t= 3] AgstA & k. o+ 15&85<t
control particle?] SRBC7} A3 RAW cello] 9&) &al5)m A ¢ttls AL g4 A =
A E 7] e A= Oﬁﬂ £ 43k receptor mediated phagocytosis 425 AA o st AL
&= 9tk RAW Al X EIgGQ]rE 3ol#t= BIE X951 EC9E 00308t BIE HolF
It o= & RAW/H] = Fc recptors E&A A8t 9oy dFEE9 mouse®
AXAA LA JEL}E EAJC e £29 complement receptor (CR) F&& HolF1 ¢
=3

2. Particle binding assay to fiber exposed RAW cells.

RAW cell& 5, 10, 20 50 ug®  SiO2, TiO. Chrysotile, crocidolite, amosite, glass
wool, glass fiber® %W %= AZF ElgG particle |83kl o9 Fe receptor
mediated phagocytopsis 7155 =433

Table II. Particle binding assay to fiber exposed RAW cells.

5 ug 10 ug 20 ug 50 ug
control 1 1 1 1
S102 0.86 0.72 0.76 1
TiO2 0.43 0.47 0.39 0.07
Crocidolite 0.45 0.36 0.33 0.23
Amosite 0.38 0.40 0.31 0.14
Chrysotile 0.86 0.62 0.84 0.68
Glass wool 0.61 0.68 0.48 0.97
Glass fiber 0.48 0.79 0.58 1

* Values are indicated as BI of fiber/BI of control.

Tabel oA HiE=nlel 2ol Si029) chrysotilee 7} A2 Bl #AS BoFa i, v
o &2 glass wool, glass fiber7} BI2] ZAE HolF3 Ut} Figure 1o14 HEnrpel 7o)
glass fiber(Fig 1. G)Y} glass wool (Fig 1. H)2 94 AH9 =77} A7) W&o AXAE



of ofa ®AE77F A=Al A7l AXMEAA FEFS AA wAA K A Ao £9 2
2 A7) glass wool®lY} glass fiber?] A4to] H @3k A ). o]9k w2 Si02+% Figure
1Boll A BE=ntel o] SiO25 B3 AlX+= @33 Fc receptor mediated phagocytosis=
BolFa gtk 50 uge® Agste] SiO20] ZZH RAW AFoles v$y F71d AL &
F7F =l o Si027F ol & & st A7 Ae £9 AT 28k A 2o agla MTT
assayY tryphan blue exclusion WHel 23] o}F e 548 HoAFAW TiO2+= RAWA
X9 50 ug TE°NA Fc receptor mediated phagocytosis & 443 JA|3tar At} Figure
1IEo A Hol= upe} zFo]) SiO2¢h= el ofF A2 9 ElgG7t AlXe] AFARS & +
9t 18] chrysotile2 crocidoliteld amosite®] inhibition Bt} AR A A Fc receptorol
4&E 71X gvh Figure 1F ol A% chrysotiled B43 Al¥E 21dG R ElgGet A gst
3l oy amosite (Figure 1D)Y crocidolite (Figure 1C)E 23 M EAM+= 7A3
ElgG¢ 23S ®HolFa th o] AxE Ads]el $8 9 in vitro toxicity teste] Az} A
o dAetar i dukAow 4zl FzEo] WA W o](chrysotile) ™ (amosite) o]t 7 A1

W (crocidolite) H.t} FAJo] v+ HS & A

&

Figure 1. Fc receptor meidated phgocyte in fiber and partilcle ingested RAW

macrophages.

RAW cells were incubated with respective fibers and particles for overnight and
allowed to bind with IgG coated erhthrocytes (ElgG) for 15 min at 37 C as described in
materials and methods. The cells were fixed with 4% formaldehyde in PBS and observed
in a phase contrast microscope.

A, control; B, SiO2; C, crocidolite; D, amosite; E, TiO2; F, chrysotile; G, Glass wool, H,
Glass fiber. Small round cells are ElgG.



3. Effect of interferon gamma on FcR mediated phagocytosis in Crocidolite exposed RAW

cells.

FcR mediated phagocytosis® 9GAIstE 20 ug® crocidolited] Z=Z%¥ RAW
macrophages©l| 41 2] FcR mediated phagocytosisE 3] &53}7] ¢33t interferon gamma®] #|
g7t ol IETE F JEAE FAEAC. WA RAW AEZE 10000 HAEE glaSS
coverslipe] £9¢] U= 24 well ¥lEFE7]o] 59 715, 20 ug?l crocidolite®} 0131
interferons A glsle] &% o wiFstA k. 28] coverslipS PBSE A2 ¥ 100 ul—%
ElgGE coverslipel ©g & 1583F 37 C Al wjY3tA Tt coverslipe tHA| PBSZ @Ol
Aol ME A A &S ElgGE glof i, 4% formaldehyde in PBSE 1A slo] & w7 o
A BEE T

Table III. Effect of IFN-gamma on crocidolite exposed RAW cells.

Units of IFN IFN-gamma IFN-gamma + crocidolite*
4.6+0.6# 2.0+0.6
1 19 +7.0 11.1+2.9
50 17.2+0 15.3+2.7
100 11.1+1.4 19.0+5.0
200 8.3+1.0 7.2+0.2

* 20 ug of crocidolite were used.
# Values are indicated as BIL

Table IIoA Hol= Hle} 7o) crocidolite™ 56% ©]%4+2] FcR mediated phagocytosis
= A3 JAA W, interferon gamma # 2] ¢} 7 FcR mediated binding< 100 unit7}#]
771712 9t} Interferon gamma®tS A &3k oA+ interferon gamma®l %7} 50
unit 7HA & F7F A4S Bolthrt 100 units WolWA FAE HoFa Yu oy IFE
o] interferon®] nitric oxideZ HA S FE3dto] A X Faidt JIFS 7% 7] wjiolgtn B
tf. & A e 15529 interferon gamma (100, 200 unit)e A&7l AEXE=AHS yE
ol diFwe] ME7t 2 Aes #AFE 5 AN, 2FE9 interferon gammax 2] 7t
crocidolited] F =¥ A LA = ofFd 545 YERWA 283 FcR mediated phagocytosis&
Z7MA 7= AL Ho]FEA}t (Figure 2C and D). o] A& oA %= 100unit ©]%2] interferon®]
FcR mediated phagocytosis® 7FAAl7]H, crocidoliteZ 2 ¥ RAW cellol A&  interferon
gamma & A2 100 unit7hA = S7HE R 51 200 unitdl A= F4aE RAFA

Interferon gamma”} A ™ol 2J3 SAS 45 Advh= AL & LA AA & 1
Z} o] Aol AAstE AL interferon gammas FHo]%E FcRE FA3A 7= IS 3}
a1, ol &3t 82 crocidolites} 22 HAo] =2 MW A X interferon gamma ¢ #

9% FeRel #4€ 88445 ke Aolth o= e oferx NuSAel o doju}



i #d = interferon gamma?] = 3] &3t



Figure 2. The effect of interferon gamma on crocidolite ingested RAW macrophages.
RAW cells were incubated with 20 ug of crocidolite and several concentrations of

interferon gamm for for overnight and allowed to bind with IgG coated erythrocytes

(EIgG) for 15 min at 37 C as described in materials and methods. The cells were fixed

with 4% formaldehyde in PBS and observed in a phase contrast microscope.

A, contol; B, cells treated with crocidolite only; C, cells treated with crocidolite and 100

units of interferon gamma; D, cells treated with crocidolite and 200 units of interferon

gamma. Small round cells are ElgG.
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macrophages®] A%, A o)A
23} phagocytosis®] 2H-&

ol AT FoAAE *ézﬂ A el st A 9l Aol A ﬁ‘?ﬂ% &2 gk phagocytesﬂ O%‘H 7]
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o}, HEE9 murine macrophages”’t ol¥l S Ho]FolA gog Ao ZzF
macrophages®| 4] complement receptor?] 9IS FAH37] HsA= 2 cell systemsS 4
faflof & Aot} o]¢ TR FZAME ALZO monocytel}t monocyteE BRSSOl tissue
macrophage®} FAFS 7158 7FA 22 & monocyte derived macrophagesE ©]-&3fjoF & #A
ot} ofy™ WA H o 7= A9 granulocytess S ol &3 = vl 18y granulocyted)
T AEwEA ofF F7] Wil (12 ARH) o] A% Rdie= e AIdYARls Aok
g Aol

ol A= MHs B3k Aol el MFRel ¢8 phagocytosisoll gk 4
bl o}, ko FFito] AFrt Hojof & Folth 53 MHAY FIF AU
THoF bacterial infection ©]1} fungal infectiono] A 7| Al HttdA o]E°] AAE ¢34+ FcR,
CR, & MFRe] Atz #&sfjoF & Z ol

%
filo

FcR2 %8 FolA ol&de] 5o oz 4o thsh A7 233 immune complex
of AAAN 7HE T83 4TS ek ATl Kol nkel o], amosite ¢ crocidolite™
FcR mediated phagocytosisE I A5aL ot o] 59 24 mechanisme o}% 89184 91X
er A5k interferon gamma 2|3l 3]

By 4 9= Ho 2 Hol interferon gamma’l FcRe g
de Feke 9dS u, AET integrityE SUFekE A, T AlXY £3E A
gt 98-S vl B ¢ vk @ wolglaA ) 3 AlxESYd 545 7H Interferon
lymphocytest), NK cells, macrophages® AEZZAZA<e FAHE A=+ major
histocompatibity complex (MHC)E &3ttt v} (Stewart, 1979; Baron & Dianzani,
1977). ZFANA % interferon gammae= T cells oA APdAETT ¢ A A3 peripheral
mononuclear cells, spleen cells, NK cellsell ¢]3] AT = IL-29] &3] AAke] f =< 4+
t} (Kasahara et al, 1983). 28] i interferon gammat A E2] £ A zgo] glon o
= TNF betast o] AH&3tAIEA B celld] #£3& F33ta, NK cell 843 ADCCE 57}
A ZItyar 3tk (Catanola et al, 1981; Ratliff, et al, 1981). ¥y ¥ %2 interferon
gamma®] 54 crocidolite?] Z=Zo 23] A D7t v AX o} A of 3 I}
Al A Aok, 8] SiO2E FcR receptor mediated phagocytosisol] Al B2 H &S 7] XA
e Ao Holu T dn AN A FH X Si028 ©4 3%k A E A= macrophage’} o}
Wol] dAslE BES HoF3 Arh Chrysotile oJ:=AH%X FcR receptor mediated
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phagocytosisoll Al 43S FA W amositet}t crocidolites 3 22 FAFS FA = A o
Holn wabx o]o] EAE AAH o2 amositet} crocidolite E U= o AMzbEc E

71% APEES, =Ado] ofF wrogeta AW TiO27F ofF AleH
FcR receptor mediated phagocytosisell &S 71X At} TiO2+= A WFafe] MTT assaytt
tryphan blue exclusion®] 23 SAIA M E olF e =AS HAFYA|TF FH FcR
receptor mediated phagocytosisoll A= 50% o] JAE BT ). o= kA =4
Aoz FEA &1 545 47 faAE AxY Ve AHRolor strps IHA o}
T 5718 Atgoleta & 4 it}

a8 87 e Glass woolelw glass fibers Z7)7F Z7] oo AT <3|
G277 ofdrkar Az Ew, o] 5o] inhalable particleo] o] #Hol FFE7|= ofF oY
o AZEY. kst inhalable particlee] H 71984+ Aolx Zo]7F 10 um ©]3}e] of
sy, 9-2]7F AAESE glass woolelY glass fiber= Zol7F Ht 50 umeldo] 7] wj&Fol
FE717F oJdv . A7 ™, macrophageol o8] ©4 =7 ofHurial AztErh vtk A
A &5 AT o AxzEo /A £o] e EFS B F7F A, dom Fy v
Algk fiber AAHS 9] A2 Wi o] Y Eojof & Folt}

=
A5
sk
=

FEATY FEAAE A AXAEY] MExV]s WHstE wdE Axer g
(phagocytosis)oll A3 receptors ol F338F= ligand coated particles & TS0 o]o] 3
AEE 3 AU RAW  macrophageso] A+  complement receptor mediated
phagocytosis (Complement coated sheep erythrocyte binding assay): o}F @& 5% H
o] FQ o Fc receptor mediated phagocytosis (IgG coated sheep erythrocyte binding
assay) A% £ HFT Amosite, crocidolited] # =¥ RAW macrophages® 60%
o]’¢2] binding index (BI)®] #4AE Ho]59] Fc receptor mediated phagocytosisol 22
g5 7Xe ASE & IR, Si02, chrysotile> 30% ©]ste] BI #HAE Ho|FolA Fe
receptor meidated phagocytosisell A& &S 713 AL & 5 ot 22 E4o] o}
F YUty Bad TiO2= o]d %23 RAW macrophages °A 50% ©¢]/9] BI® Ias
% )\}\ }\}\q—

Interferon gamma”} Ao Z2 % M XA AS ZASH7] ¢33 crocidoliteo] =
23 RAW macrophageol A Fc mediated pharocytosis 7]5& ZAFsA Y. Interferon
gammats WET Al FAA LFE (100-200 unit) A& AFXSAHS HIAW Ao
Fc receptor mediated phagocytoms-a— =771 985 393, crocidolited] 2% RAW
macrophage©| 4] interferon gamma®] >8] crocidolited] 2%+ Fc receptor mediated
phagocytosisE 3| &3l FT7HA17] & 9&S st

BEAFY FEYR st A2 M E] phagocytosist AFS WAFH =Y 53] Fe
receptor mediated phagocytosis crocidolite, amosite®}, TiO29] 2o]&] F&FS A 3A LA T
al, SiO24 chrysotile2 A& 93-S 71Xt} Crocidolited] ¢]%+ Fc receptor mediated
phagocytosis 7152 4+  interferon gammad] 23 322 4 A}
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