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ABSTRACT: This study was carried out to investigate the
immunopathological effects of 7,12-Dimethylbenz[aJanthra-
cene(DMBA) on spleen in mice. DMBA was administered su-
bcutaneously to BALB/C mice by interscapular single injec-
tion of 50 or 100 ug/g of body weight. Each DMBA treatment
group and additional corn oil control group of mice were stu-
died on day 1, 3, 7, 14 and 21 following the injection of
DMBA. DMBA treatment resulted in marked decrease in wei-
ghts and cellularity of spleen. Spleen weights showed the
greatest decrease at 14 days after 50 ug/g DMBA treatment,
and at 21 days after 100 ug/g DMBA treatment. Spleen cel-
lularity was similarly deceased in comparison with spleen
weights. Spleen showed morphologically no typical changes
throughout the experiment after 50 ug/g DMBA treatment.
Following the treatment of 100 ug/g DMBA the spleen sho-
wed severe fibrosis, hemosiderin precipitation, and megakar-
yocytes decrease in red pulp at 14 days, while hemopoietic
function was partly restored in addition to the appearance
of a few megakaryocytes at 21 days. In spleen sections trea-
ted with antibodies to IgM or Thyl.2, lymphocytes strongly
stained with IgM antibody were infiltrated around the central
artery within the white pulp, and T-lymphocytes of periarte-
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rial lymphatic sheath (PALS) were diminished and destructed
in sections treated with Thyl.2 antibody, at 14 days after
the treatment of 100 ug/g DMBA. By the electron microscopy
phagocytic epithelial cells or macrophages were remarkably
increased in spleen at 14 and 21 days following the treat-
ment of 100 ug/g DMBA.

Key Words: 7,12-Dimethylbenz[alanthracene, monoclo-
nal antibody, spleen, BALB/C mouse, immunofluorescence
stain.
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298735 BUAA A 0] Qom FHF w3t 7H5AL 7HA T 31 polycyclic aro-
matic hydrocarbon(PAH)ol| 43} 7,12-Dimethylbenz[a]anthracene(DMBA)&= Al 24 W<
= A Her)5e] oA Fa3 IS v =d(Wojdani & Alfred., 1984; Dean ef
al., 1985, 1986; Ward ef al., 1986; House et al., 1987; Halliday ef al., 1988; Thurmond et al.,
1988; house et al., 1989; Halliday et al., 1990; Burchiel ef al., 1990), ]2t W= 1)
Qubride) T wy 2323 W3, 2) Qo2 22 g NP7 25 5L A Al
FE9 A 2 FHus] 3) ERAEHNESAY) Ee 2EAE(FEE THE ®e A TAE)
7159 &4 4) 2EAA e o] dF: g N 1Ay T o2 yehd ¢ dthDean
et al., 1985). DMBA 100 ug/ge B6C3F1 n}-$-29) vl 245 AL ole MEE A3
Ao FAE Feld W) giglen (Ward et al, 1984), DMBA®) 9j3) 34 €
Fo] AR AR v Mg 95 D old ME zolH A DMBAY HHAE} ¢
=
o ™M

985 A2 el A EckFohlmeister ef al., 1982). ©=3 DMBA] &3 W54, F2
Hz THES &Y AAA M Ee] &L AAgo =z "7t 2dE + Jdov(Ya-
mashita & Hamaoka, 1982), DMBA+&= B(@)PHE t} 73 Ao z4-S 3111, FH Y3 BAE
o Ajeagt o} 2} PYB6 Sarcoma$} Bacterium Listeria Monocytogenes®l| o) 3 529 7H4-4-&
e Z7}A 7| (Ward ef al., 1984; Deal ef al., 1986), DMBAY] 23t AXEA TH X759
A= 24 Interleukin-2E X224 385 7] wlFol, DMBAY) 23 AX4 HA <
EAANEE gz THEAL ¢ 4 AdHHouse ef al., 1987). o] 7 DMBA2| "I Aol st
in vitrool 9] A7 i3] o]Fojxa glon), olAx DMBAS] MEZAJHEY H= ARA
Ao o] Aol thEt Fek 71 e wrE A A ko, 53] e Qo] dig 7= A
Ho] 9lA] g}l B dFoMe $H §Hed EAF9 3l DMBAZE W 7131 H Ao
o)X e 228 S 73k} nh$-20] DMBAES A 23 & A3 7|IHE 2 v)g-s
A&l el dd 2 SEAHS AZste] E4-FAn AAYEFINE HAAstgeH, A
A n) AL ARR-Ete] v Mtz sE A h ‘

Mz R ey

AysE

A3 Fetdras] AYEE $FL0 YUE AF 20~255 6~8732) $4 SPF
BALB/C v}~ Robiol 494 179 Sbe) #aE Salod 9)3% ABstekn AFNE
whgagk 2 Ao clgaidon, AU/ o FoARE HYEERE ARFIYADE
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ofE W AHAA

7,12-Dimethylbenz[ a Janthracene(Sigma Chemical Company, USA, Lot 19F-404)2 corn oil
(Sigma Chemical Company, USA, Lot 37F-0555)of -&8|A1A AF2 50 ug/g £+ 100 ug/gs
0.1 m/=A 3t 5% ALE Atold] 13] 13} FARIELH, EFS FF9] corn oiltHE:
Fo3tgth F 16579 vh-§-2F corn oil3HE T3 g &7, A F T 50 ug/g = 100 pg/go
DMBAE 7% 3702 FE3tH o, A7te] Ao whE HEE ##3l7] 98t DMBA
Fo ¥ 19, 3Y, 7Y, 144 2 21Y0) ehter2 vk A7 ThE EA4Ete] AP0 o] &3 ch
ojlmj thEw¥ 100 wg/gel DMBA T2 7z} 7|7bEE 1244 sfAstgow, 50 ug/gol
DMBARH & 7 7|7t 2 954 FA3t 3 ch

HI&2| MZE2|

Ether2 v AA TAG vh¢-2olX v A4S HE3te FAE ZSAsA, AHH v
247} 10% %83 o] H7¥ Hank’'s balanced salt solution(HBSS, pH 7.4)°] Eo] U+ FiF
wj o Aloll 2o the, it syringe?t needle (21 gauge)S AHESH] MEE FHYAATH X
Ff4E nylon mesh(60 ym)= AA HH2H Qo AAAN F dAEIAHH,
9" Ag3E 8717 93l 0.83% NH.ClZ 2.06% Tristhydroxymethyl) aminome-
thane] E8HH[7}9: 12 NS AEE A A7) Al el Ho 2 33 F A2 X 577
Wz sle] A4 E2](300 g 5@)EHA L, A Wil Ad] Mg oy AR
FAEFE ALt

st 3 MXHo|E oE

v A2 22 bouinil G Aol 6~8A17 AT v GFAAH S AA XS o,
4~6 pm F7) &) 22 HA-E &) hematoxylin-eosin(H & E) G243} 5= 421 Perls’ Prus-
sian blue reaction, Masson’s trichrome &4 2 Gomori's reticulin 48 3G 3, v+ %
W3l HES YalAe 1 mm 549 842 2)S 4T ol A 1% glutaraldehyde-paraformaldehyde
AR M AR F 3 2% osmium tetroxide(0sQ,) &40l T2 3t ethanol™ acetone .2
ek4=3} 12, Epon812-araldite mixtureol] 32w 3t 60T oA £3HA| Zch Lol = &2 Ultramicro-
tome(Reichert-Jung Ultracut E®)2.2 70 nme| ¥4 & 2¥dH-& 9+E th-2 uranyl acetate 2}
lead citrate 2 o]Z=@ M3l T3} A=} v A (Zeiss EM109) 0.2 #3814t

HA s S

B g o]&3 1&8d+= anti-Thyl.2(ServaAl), anti-IgM(BiotechAh o], anti-Thyl.2+
up$- 2o A FZ 9 324 R-phycoerytherin conjugate® - AFg-3lg o™, anti-IgMS
goatol| A ZE ¥ 3l 2 ALga k. Thyl 23415 1: 20, [gM& A= 1: 1000.2 3] A8l o,
3o R E 9+ FITC-conjugated F(ab')2 (BiotechAhE 1:400. 2 3]Alsted AL&3)
A, A3 22e =A4-dHE o) 4¢] OCT compound(Lab-Tek products. Lot: 0560108,
Miles Inc. USA)e| Zuljdl & ZA] 24 A[7 on, W54 H7|(Reichert Histostat, Scientific Ins-
truments, USA)E AF&-3le] 4~6 umT7A 2 A& TAHEAE e o, Fato]= F&d1 0.1
% poly-L-lysine (Sigma, Lot: 51H-4366, USA)2 %28l f2]&elo|=d mountingdte] A2
o Al FH8] HZR~4ADHA AT dxE 222 YiEAlZ) acetone(—20C )0l 1025t 2L
A3 5 A oA 283 AZAZ o1, wet chambert]oll ] phosphate buffer saline(°]&} PBS)
S 10859 A 2)gk ob3- PBSE AlAsIaL, v 5olA dhdol g Hduh-g-& wxstr] #15}e]
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normal horse serumol] 108%¢F ¥k A A 2% & 1184 E 37C ol A] 1A)17F vk A 71
% PBSZ 587 33 A% t}2, Thyl2 g2 #H&EAS i o] GAloA Gel/Mount
(Biomeda*h) % wet mounting3t 2™, IgMaA] 2] &3-S 93 FITC-conjugated F(ab')2
2 37T o)A 308E<r WhS Al T o]ojA] PBSZ 587 33 M8 b, Gel/Mount® wet
mounting&}] exiter filter(485 nm)$} barrier filter (515 nm)& #x] 3t &332 (Olympus,
PM-10ADS)o. 2 THE % BAZEE9 ¥ 2 W3E Bdsiyrh

2

HIES 24 A SHES H3l

HZe] 5= DMBA o5 790l 50 ug/g T3 100 ug/gFado] tizaol ofsho
742} 12.8%, 42.7%2) FA&E JehoH, 14dole 212t 474%, 66.7%2) A &S B
21dollE ZH7} 39.1%, 69.7%9] ZA&S B YGriTable 1).

H]7e] FAE4+ DMBA £330 50 ug/g Folitat 100 ug/g Fofwro] =Tt
i ZasRen, 7dod e dlzTel vlste] 742t 224%, 43.8%9] TAES R, 14Yd=
747} 46.6%, 65.1%7} 7Astg o, 21dolE 247} 39.3%, 68.0%9 7488 UERYtHTable
).

"]

W =X EHE H5}

Prussian blue reaction, Masson’s trichrome$4] 2 Gomori’s reticulin@-g 3tg< uj
Uehd ¥H8-2 Table 39} 2t} 50 ug/ge] DMBAR-olt 9] v 42 AF 7|78 F3ho] 3¢
Fefsta WslE HolA &gron, 100 ug/ge] DMBAFAFAAE 147 3Yo] tj=a
Agk gelE Belon), 4ol AMFol $Hm, Aol thel T el @xsigon,
A frob wddfrt ti2F(Fig 1 and 2)ol| B|ste @A 8] F718t%5L(Fig. 3 and 4), ¥
HAE FAS AMEZE 588 5715 JEIRtHFig. 5 and 6). 21Y9 % 1493 FAMSH
FeE el o, &g AYTEEY A 28750l 5 IJEEHUG

Table 1. Spleen weights of mice following DMBA treatment (Unit: mg, Meant S.D.)
Days after DMBA treatment
Groups
1 3 7 14 21
Control 1034+ 4.1 1118+ 134 1067+t74 1054+ 63 1083+124

DMBA(50 ug/a) 1115+ 86 973+ 137 930t59 554+ 135* 660Lt15.7*
DMBA(100 wug/qg) 87.8+ 8.8 89.2+9.1 61.1+8.6* 35.1+94*  328+104*

* Significantly different from controls at p<0.05.

Table 2. Spleen cellularity of mice following DMBA treatment (Unit: Number, Meant S.D))
Days after DMBA treatment
Groups
1 3 7 14 21
Control 148+0.04*  158+0.15 1.53+0.11 146012 150+ 0.16

DMBA(50 ug/q) 1.56+0.11 1.39+£0.17 1.25+0.08 0.78+0.19* 091=%0.24*
DMBA(100 ug/g) 1.24%0.15 127+012 086+x0.12* 051+£015* 048+0.16*

2 Spleen cellularity(X 10%) is expressed as mononuclear cells per spleen.
* Significantly different from controls at p<0.05.
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Figure 1. Spleen tissue from a control mouse. Gomori's reticulin stain. %X 100.

Figure 2. Spleen tissue from a control mouse. Masson’s trichrome stain. X 100.

Figure 3. Spleen tissue at 14 days after treatment of 100 pg/g DMBA. Note the prominent develop-
ment of reticulin fiber. Gomori's reticulin stain. X100. .

Figure 4. Spleen tissue at 14 days after treatment of 100 ua/a DMBA. Note the remarkable develop-
ment of collagen fiber. Masson'’s trichrome stain. X100. - i

Figure 5. Spleen tissue from a control mouse. Perls' Prussian blue reaction. X 100.

Figure 6. Spleen tissue at 14 days after treatment of 100 ug/g DMBA. Note the prominent precipita-
tion of hemosiderin in the red pulp. Perls’ Prussian blue reaction. X200.
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Table 3. Relative expression of histochemical reactions in the spleen following DMBA treatment.

Days after DMBA treatment

G tai
TOupsS stamns 1 3 7 1a 21

PB +

Control MT +
GR +
PB + + + ++ +

DMBA(50 ug/g) MT + + + ++ ++
GR + + + ++ ++
PB £ + ++ +++ T++

DMBA(100 pg/q) MT + + ++ +++ +++
GR + + ++ 4+ +++

Relative expression in the spleen is indicated by an arbitrary scale{t to + + +)}, which correlates
with the stained intensity of the different slides.
PB: Prussian blue reaction, MT: Masson's trichrome stain, GR: Gomori's reticulin stain.

Figure 7. Electron micrograph of the control spleen.

Figure 8. Electron micrograph of the spleen at 7 days after treatment of 100 ug/g DMBA. A macro-
phage contains two lymphocytes in its cytoplasm.

Figure 9. Electron micrograph of the spleen at 14 days after treatment of 100 ug/g DMBA. Note
the phagosomes in their cytoplasm of the two phagocytic cells.
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Table 4. Distribution of megakaryocytes in spleen following DMBA treatment
(Unit: Number, Meant S.D.)

Days after DMBA treatment

G

roups 1 3 7 14 21
Control 30.7+047 289+ 0.67 325+ 097 2751045 29.7+0.85
DMBA(50 ua/g) 30.0+4.08 46.0+4.24* 14.0+9.27* 7.7+ 1.89* 237+£1.89

DMBA(100 ug/q) 23.7£3.30 547+ 741* 7.0+ 3.74* 23+047* 7.3+4.49*

Megakaryocytes were counted for all areas of cross sectioned spleen in each 5 mice in a group.

* Significantly different from controls at p<0.05.

Figure 10. Immunofluorescence staining of control mouse spleen with IgM monoclonal antibody.
Some cells in red pulp show bright membrane staining. X 200.

Figure 11. Immunofluorescence staining of spleen with IgM monoclonal antibody at 14 days after
treatment of 100 pg/g DMBA. Note the infiltration of IgM positive cells around the central artery.
X 400.

Figure 12. Immunofluorescence staining of control spleen with Thy1.2 monoclonal antibody. X 200.
Figure 13. Immunofluorescence staining of spleen with Thyl.2 monoclonal antibody at 14 days
after treatment of 100 ug/g DMBA. Note the destruction of T cells around the central artery. X 200.

-

A v Zz Ay ANAE BFA ) 50 ug/ge] DMBAF-of 12 3Y¢]
Sola A ZrtEg o, 743 1499+ A3 Zarstg o 21d00= thA]



186

Z7tE e, 100 pg/gel DMBAR Ao M & 3U o= th 2o v]3te &3] Z7tE9oH,
1490 Hjz A& rkTable 4).

50 wg/g®l DMBARo-o] v]-2 Fegn|doz AASAS o 49 A7Is §3hd
ZAsrA Wsbrt FEshA] ko g A #ae A ¥tk 100 ug/ge] DMBA
Fol o 3Uo) W] Q5 2 E(Fig. 1) FAFE el 2 Jehiou Asdda e
HAZES Hole 449 tAAE7E BAHYeH, TH AFddAe B FP 5]
FAHFL o] FAT AN EE FFs] SR H(Fig. 8), 14Ul W9 thrg
AdstrEe] A g AAEHJL, Aede] AETEE Ut fgEen olad HEE
S A E7} A3 F7HH AcHFig. 9). 2199 1497 FA18 FEjE Vet

100 ug/gel DMBAY- T2 thET(Fig. 10)0 H|ste] 3Uell HFfol M IgME Ao 4§

Hol= AMEEol 27U, Uddde THAEZE 748 sHUFAYIFEH
IgMFE-E-& Hole AEEo] FAFHU=, 53] SHTHFH oA 49 IgMIPP-3-&
Hole AEFo] ¥AHUKFiE 11). FH FHFY da72E 748 sle Thyl2 44
A EEL 100 pg/gel DMBAF o & 193 390l HxT(Fig 12)3 /A JeiE Z3lo,
7dole FHFAYATEE A5 e JuTET HATY AEE0] ¥ FIH Ao
gAEA e, 1447 21Yde FHFAA AT WY B THEEC] 3 H o] B4t HE ¢
el 2 Wyl e ni(Fig. 13), B-cell dependent areato] Thyl.2 %A EEo] A{H Ao
#EEH Ak

==

—

o #

PAH7}E-tl| benzolalpyrene DMBAoI o3l fsw HelEA o] Asletd 7|d3 13
AEE 93]7] 3 & A7} o] F o4 o m(Stjernsward, 1966; Ball, 1970; Bigger et al.,
1980; Ehlich ef al., 1983; Ward ef al., 1984; White et al., 1985), Benzo[ aJpyreneo] AL &
FEHF Qa7 A A Zel A28 JFE vl A= vl (Lyte & Bick, 1986), DMBA 2] H &5 4|
ot EAAES] 254e ve A ersho. L Burchiel ef al, 1990), M E TAIE F2.3
B %2 ) Fth(House ef al., 1987, 1989). DMBA®] 9§ Ao} A A= B2 4 £ BAIE 9}
WAAME AAE Q3] " 4 J=u(Yamashita & Hamaoka, 1982), A AL gt
AHA FF o) 7R =3 HEA G B0l M= BHEA &k dgr|Hd 25
(Fohlmeister et al., 1982), €21(Burchiel et al., 1988), ¥]Z(Ward ef al., 1986; House et al.,
1987), ¥ 3}&(Halliday et al., 1990; Burchiel ef al., 1990), peyer's patch(Burchiel et al., 1990)
ol #]X]= DMBA<9] 3ol gt B2 A7 = QAT QG717 " x2 5184 9 )
AlTad dAde oFojAA gx v AAolth B HdZAdge ostd u|Fe] FA-
DMBA<] Fojgka} A7t o) wel 24 ZA4stged, ¥)3e A= 50 ug/gel DMBA %
ool 79, 149 E 21 2ol B3k 247t 12.8%, 47.4% 2 39.1%7}F AR, 100
ug/gel DMBAR-o] 3 7, 1493 21¥l= 7242} 42.7%, 66.7% 2 69.7%<] 7HA&& et
wown, v MExyn AetA st ed], o] 3 Wl DMBAS HAM 27 E59
b5 2Y7HA| Eol7) wjF o] Ak(Fohlmeister ef al., 1982, 1986), DMBA] X|&# <l HY
oA 2--2(Ehrlich et al., 1983; Dean et al., 1985; Ward et al., 1986; Burchiel ef al., 1988)w) F-of
ZH= AozA B AF 47 Burchiel 5(1988)9] A7 48 &24S Jep o,
DMBAZ} v749] FA, vl 2 59 AEAL A5 iAo AT 2§49 FAY
A EAol= FFg m) XA kthal 3 Ward 5(1984)2] Buole thE ZAE Kol g,
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1= Ward %] DMBAR o & 5% oo} B 717hfof A3 S
aow, metA DMBA2] &0l HRAQ Wokgd-s Y3t
e ZA AAE Hart v AlsEd.

50 pg/gel DMBAF-o 9] v Y H7|HE Bt
ororol 100 ug/ge) DMBARA] £ 14U Ao
AAstg o, Ao Ay} 3 28 2Hg-o] AEHA JA
Fo 33 7t 9 FHpe) v B HpujoAe] Ao wddfe @A &
A Y duTEE FASL ' vl THES] A=, 21U« 459 A
47t BEFYo, 2¥ALE REHoz IEEk Leeot Lee(1992)= 100 ug/ge
DMBAFo # 1490l =49 A3 FAF-A3} $A4 T2 A 1= Howell-Jolly bodies<}
basophilic stipplingE %3 T t A 7o A3 7 2 Agh iy a5S #F
e, ¥ ATAT 100 ug/gel DMBASTA F 140 H]Ze) 287]%50] 7} 4l8kA o
A A v, DMBAE 287|138 74381 Qs AlEEC gt 43 AX=4L Uelie
Ao Atadrh gH, Ball(1970)2 60 uge] DMBAS 7t glojd npg-2o 13] £oigto 24
FAATES 2 B A AAA FA vk G A I 2P E vhE B(a)P$t
MCA+ HIAAE AlF1A EFuha 39951, Yamashita®t Hamaoka(1982)= DMBA7} =%
TAIZ e} FAAAIA o) 2 o] G- Al8HA A A7 v, BA Z &= W9 A7t Doju}x|
oFskria s en, Ehrlich 5(1983)2] At d3}o] 2}3lW DMBA~} vl o) M E4=9} NK
Aol &8 H3A A A=, ol# 3 oA F_-S DMBAS NK A% =& NK precur-
sorsoll thet 242 F& W Eo| AL, o] HEES &4ATE HHH A8, e NK A9
e wakel vAle G xald 7 o, MEEe FEHAY £ UAS FE9
WAL ZALE 4~57) sk vl A EAdo] Ao g 3|Eo] i whHo|, 3L
DMBA(6 mg)& T3t W vlge] MEAo] M Bz of=rla slged, 2
A= 100 pg/gel DMBASFS $- 14U Aol vlgz 2o 2 AF2b Alntad fol
ARs7t dAskdeh HAv|as J4 s AEEY BE 2 deistz 548 9
A HAxZASIE WS o] /3 W AT} o]folxa glon, HZole f4
A7 o]t an HAMEE MESH Wes ue=d 24 ©8ol Ha ok

71 PAHS] DMBA®9] 9713 wlx]= AAEA L 93] 7] 93] B A7} o] Foix]
AT, 2 AF-Eo] FZ in vitro el A FEo] gkom HATES A3 =
HAMEE g Hdx28leH3] At A3 5ol YA e dFoltt wab, B ¢A7ko)
A= DMBAS] £4 2 uge] nR= HY5HS v3]7] &), Thyl2 A9 IgMBA &
oj-g38te] MY FAMZ HAIBHATE 100 pg/ge] DMBAY-o] & v Aol M= 140 S99
Az TAZE thert 55, W] S45WF9ol 7243 [gM FAduks-S
Hole A go] #FEeH, UM IgMaA o] FANESS Hole HEEo] Th
3tk o] el A Aol olshd DMBAE THZo] 7248 A E5AS Jeh) BHEE ¢
Al Ao AzbEc) 9, ZEs Wosyg 88 7 9l e ¥z DMBAo)
gt B2 A/t o] o HARE AEA v Aol v A= DMBAS] Gl g v A Tz2e3
AT AEE 7} glok B A7 AT el 9)FhH v o) M= 100 ug/ge] DMBASR A & 70
Apol A S HEF5S 43 AR Erherlon, 14dds= W o] thaee]
FaEo] i B AAHAT, AUl HES gy dAsgen, o3 Iy HEE
A g AN R S BAE A 210w 1493 FAEE AAS JERTE B
AT A, M5z DMBAGO ug/g)= vz 2o i3l 313t etz Wale dojx &
%ot 3% & 9] DMBA(100 pg/g)w= ¥ A2 AU 28752 4%k 4|, T 372} d#gk 7Ha
AT w8 e dRsht AH =, oled FAHEel AYA
W o 2 A ojuj gt AFE A E ¢V sl e Gkl 13 Aelo) Hasittn Alg dch

O

of BT 2AAH Wehrt B2
] 3 2

2 K
Mol ok

ol

1
|

X
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