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FAE (amyloid) & WA dHelM & 4 AUs
dZ 9 Wl EARM A o8 23 e 7|He
AEE Alolo] Z A o] F%E-Z (amyloidosis) &
ok7)8le] thokdl AL AE B Eop. FARF
9 Age P4l FolatA] oo} W E 5
22 $AEL B Fgo AU 715, FA R
A By {gFen AL uy L &
Ae AL g FEA F& (FYoR W,
%232 0 2 hematoxylin-eosin M jMw F88
9] ZAA ZAAR AE] FAPEEL B 5 A}
T3 Congo red B8 A8l £F4 e AN
o 2 ¥aln] 53] 9340 7 (polarizing microscope)
< B84 Baeld 54 824 (green birefringence)
£ Jehe 540 gl fAEe 1 gl g
A9 Matel} A4 7iAe) wel st BF
o7 F2 AA(amyloid-associated) ¥ # AL(amy-
loid light chain)d 2.2 gy, ALYL HWag
2EYL Pu)Ee YPAZ LT REAH E3
oA F528 X33k B-A XA (B-cell dyscra-
sigyo A #FE} AAY L NYZREY Hejrt o}
H ExligFe] 8500 dalton® & 76 ofwjlcsdl A7 E
A gl g A ey ozl FHEFAM, B3] T
Ny HEgde} FrlEol: BEY §F WY 9458
AR A% 7HE #EEs dE93onn ofr)A Y
_/Y: ?\lc}lﬂv]‘”.

d¥HogE gANE 7149 (casein) EE A
(AgNO;) & A}g-3te] Aol H3lz BEFAIGS
A FHREAE FEAE F UARPEY, § 1B
e 271 A e 3] SRR W)
dolur o PP AYLE FEHL
2 AztgEdn BEasoel Qohy?, aglm A3

4o 2 FARSTS LD F % 2 ¥R
AR fHE A4 B3 deshE A7 Edd
&ty fAEAA gk 27EslEA Ay
B8R FEAAM ol ARy nA¥EHe &
ol 2l& AS &Aoo BEg FHE 3
zo] o] A Yojdol HREHQ, e} §HE
HAo zrictAlol g 2u P ety At ol
M Be Hiuvt Hodx gern fAE v

F7F gdstn 1 gAdrinel Az goldte #
Ao WAz Aol tisixc 7B wgh g
5]__:‘15‘:‘1 9,1% é‘}%]o]qw‘lﬁ,w,)&l.‘)).

Aze 471 R AAEL V2 std 4
dHo g HFHE AL oA 7E BEYU 7 #
HP u A Eoff &AM e she W E 4 (endotoxin)
g Aol Fstz vbe Fabste] AA 4 R(AA fib-
ride] 48 g3tk aela 27] HRAA A
AEaA 2 AFAX RN ofw Hefstd Haist
dojuh=rt g #8 9 AAHv|H oz gastar, o
9% AAFEA B8] ferritin® india inkE AH2- 81
EAgre Yo glojr gayer ¥ §&%
o FARYEA A E vAE T FAY AL BE
Hesta 7)He dolr ] A B AEL A
3tk
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)& A ANdF 05mIS v 2 stz o] WY 13
A 437 wrEEAs T AP A dEF
o #(40v+2]) 7 7HA) )W) 5 42 (casein-endotoxin) F
o E(4ore) e g Ui FhAQl FoTe A<
g 05mlE, FHAA-WEL FoFde Fhade
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B4 LY 05miE v Rtz mid 134
FAbskg e, 242 2%, 37, 45 2 65U AlY
3l cH(Table 1).

Table 1. Protocol for induction of casein-induced amy-
loidosis in mice

Group No. of animal Soln.(g) Weeks
Controtl 5 saline 4
Experimental

Casein(GI) (40)

Ia 10 casein, 0.05 2
Ib 10 casein, 0.05 3
Ic 10 casein, 0.05 4
Id 10 casein, 0.05 6
Ca-ET(GID) (40)
Ila 10 casein, 0.05 2
1Ib 10 casein, 0.05 3
Ilc 10 casein, 0.05 4
IId 10 casein, 0.05 6

Soln. (g): dosage of injected solution, Ca-ET: casein-
endotoxin, GI: group I, GII: group 11

2)aEuy

FHAIQ) &Ae] A= 10g9] 7HA $1(Casein, Ald-
rich Chemical Co., USA)ll 90ml9} 5§ < 10ml2]
05N NaOHE &Eq3sdrh FhAl- WS a8 A
Z2€ oju] & Fh&He) hEA(E. coli
026: B6, Bacto-lipopolysaccharide, Difco, USA) & &
3 HF §48 15ug/mlE HEAC

(1) 2 8AY in sitwFY: oYz P39
FEAES AR 4T B0l dertE golr ]
28 ferritin® india inkE AHE3d in situF YL
AArstch. AFE Nembutal2 o} F §72
2 B} d3 FA HAHUAHZ heparin 150 unitE
FQsln FRhEH o] 20-gauge polyethylene can-
nulag ¥-& ¥ 5% ferritin(horse spleen ferritin, Si-
gma Chemical Co., USA) 2.5ml& cannulaE T8
#9353t} India ink(Pelikan AG, Hanover, West
Germary) 2] F¢2 sjsl A+ 05ml9) india ink 9
2 F3 d599 cannulaE F5 M3 FU8)
|4 7he) AW 74Abe] ofl india ink7} €3] 74
Hdo] G B E W 1 F4-& FASA . Ferri-
tin® india inkF L& 2t vk F A v S A
HellM BE3 § FeAnF A B@a AAH0 A A
#Fg AT Alag AFsigch

(2) B8Em A 84 &5 g v 235
10% FHAE= D nAsln @538 F JEHHL
AA et EolE HAG ¥ 4ume) wAAL
£} hematoxylin-eosin@4 2 irong4& PR
Congo redga& MAlste] HPHu| R0 2 HA3}
At

(3) ¥z st B3 749 wHEFRAR ¥
A8 FAE Y7 AA 94 /YE F937] 98
AAY) DHF GLEFEA A (Dako-Amyloid A)E A
43t Wz ey AAL MY, 2=
4y §foz nAET gy Fujd 7 F v
24& qumTAR g2} gefolso) RAso Y
S ¥ AHE AN F 03% H0.9 EFF
) &2 (Merck, W. Germany)©] @3 Coplin jaroll

U

F

Zele] =g 308t B0 Hiedld Fasta sl s
HH8-8 AEAIFI T 0.01IM U4k fEgAolA 10
B A3 A vl A (Vector ABC ki o2

2087 A A WAAZ F olE YL A A S 15
‘%‘*ﬂé amyloid A component (Dako Amyloid A), 1 :

08 AF&-sted 37°Col A 3083 HF-#3F ). Anti-
mouse IgG, 1:200& AMHE-3led AF-2olA] 3087 2
A7l 3 ABC EFHE 3087 A2 w3
DABZ 245} 31 Mayer hematoxylin® 2 thu] 3 4 -&
¢ F PR Bk

() FRRAENAH B2 FRAAE0F L2
2 AP T 2 A2 46 Imm’Y 278
Al A sted 25% glutaraldehyde-£9 (0.1M phosphate
buffer, pH 7.4) 2.2 1~4°Coll A 2217 A AL 3faL
0.1M <13t ghEgoloa AHF F 1% 0sO8
Aol 2412 FuAL HASL B SFEHoR
HHE 3l AQeg Sz d+-E AP, Propy-
lene oxideZ A& F Lufty?d] 2]3 eponE
FE7 Eufsled 37°CollA 12A]3L, 45°Cof 124]3L,
60°Coll 48A17HEQ WAste dF3ES AR X
ME 23S lumSFA 2 vty toluidine blued
A-g dto] FA BYE AR v 24E L Sorvall
MT 50008 %32 7)0) Dupont diamond Z& 3
3hd WA (40~60nm) 2] HH AL YEeile 24}
HHE dolA gridd] ¥2}3}o] Watson®™ %L Reyno-
Ids¥H?0 ol 2] uranyl acetatet lead citrate 2 ©]
FAAYNE 4A s Hitachi H-600%8 FaAd
nFde g #A#EYch

(5) FAIAAEN AR #d I A¥EY Al F
Pl 242k 2rlE) A toj R MdEEte] Yo R
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LA ¥ FEHY FFHE g2} HEFG F F
H o9 9 cannulag F3 A2 H4E FUshaN
FAdre Al P AL AAS F &4
05% glutaraldehyde®} 0.5% paraformaldehyde&
TS aydoz AHed PN F, FAAA
Ho|F Loz AFE T ¥ v A A 1X1X4
mmAE A7|E AEIT F DMSO(dimethyl sulfo-
xide) B (cracking)& g ABAH DAL A
SR, Gud BFS sl A 23819
0.5% glutaraldehyde €93} 0.5% paraformaldehyde
$9& EHS nAdd o AT ¥ 1% 0sO, 8
Ao g 2A17HE¢ TS B 0.IM U4 @3
gdoz AHE o 25% DMSO) 30¥3, 50%
DMSO°) 3083t &< thg dAMNdLz FHE ¥
ZA & o ¥ddE 238 50% DMSOS
o HojA e SF N AHI F 2% dito
122417 AFAIZ] o2 fF8d0 e AR ¥ 1%
0sO, 8002 2A1HEQG A g M8 HAST A
S 2 G5 E, isoamyl acetateEZH A EE A)FH
Hitachi HCP-2¥ <UAJTZ7I2N olitslet4rE
AHE-Et] JAHAZRE HAEHOY. Az Aag
A B Hol 233 ¥ Eiko 3AHA) 1B-3% ion-coater 2
Pt-PdE AMg-sted Z2H8F ¥ Hitachi S-5208 FA}
AAFu) F o2 ParstAct

8

1. AHHO|HH oA

FHANE 27 BA§ oM IR e B
HEgE FHoz AFMEY HARNYD HHF
AXoe A AALAE Byt v R g5
(white pulp)2} A4(red pulp)ol &Y} 439
287 @FHAoY AU ELE BTN e
FAE 3ol "l XA (perifollicular area) ol A
REHo 2 vehtr] ARSI

AA91E 37N Bof FoMe xFe B9
Hee) oty G5 E] HEH @A #fH¥ol ¥
Y g ¥F FH9 FYEA FEHoE A
HAth v Ao e W RG] MFUA LAY
Te o FAEHAY vvdes HASHEAM Hy
2 Ridoz #35UHFig3, 4). ojdf f-H o]
g 29 AdFsAAM EI) gAAMES guy
A A Eo] A=A

457 RPN 9FHXY Ado gAY
I FHE AFe Bo FASHA oA §3d
F4EEs g vty oz GFHAD vFgAE
Az FFEed dayzy FEE o T3
Atk (Fig 5, 6).

6570 FATZNME AR Hao] 437 b8
ZzANMEe gaHNen F2 BUF9e ¥d
9 EYYA] REHo 2 FFEo} H A
M FAE F3bo] A&l

FHAIJI- W EALE B4F FollMe= 49 e5%
oo Hld F¥4e] @ HANAL, FAEE
B @o] HAH AT (Table 2). Ferritin} india
inkE FHHTHE T FAHF F T 9 9FS
VA E o FAA-WESR FATAME FHAL
@5 FolFe] v P@uor §&H ferritin® in-
dia inkYAHE <] o E£313Aqri(Fig 7). 281 ¥
oA gL o F 7I7EE WEEHYE o 2F
Toll A ferritin ¥ india inkYAE0] FAFoA Bol
BEHAoY 3F R 4FTo2 AFE HJA P2
=21tk (Fig 8). Congo red@™2 3o HPHWH
o2 AAHYE 9 277 R IFFAN F2 UF
FHelx fdde welx A3 54 B2HE
VeI o v ZeMe B XA YRS
2 et 457 2 6FTeAe B2 §YF
dgoz, v e FHfd vitgdoz Jeintt
(Fig 9).

2. HAYZZSeY oA

ARG T F 2F 7oA DisseZdoll Q% A
zo] Axug ue}l AAY fHRo] A d4s
A FURe Yuuods RAE A WS
ATNA o £1% 4448 B9 3F 2 4FT
e HxE Buum Az FYEP o
qog A4 v 52 ME2(round nests) £ 1}
gon 65FdME TS REdoz 44
o] AMsUch(Fig 10a). H AN 25FdA
WA FhHo2 A A43E Hyed
FHARI WS4 FdAMe o FH39 3F ¥ 45
AN E ArEo g e a8 {18 B4
E F Udslen 63 FAME Hgo] uuigdoz 3
2A5E 13cH(Fig 10b).

3. RUXXIMOIAY oA

AL E 253 FAE FolA 29 Dissed
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Table 2. Light microscopic findings

of casein-induced amyloidosis in mice

m&o”" la Ila Ib Iib Ic Iic Id I1d*
Liver
Inflammatory infiltration
Portal ++ 4+ + ++ + ++ ++  +++
Parenchymal + +/++ + + + + + + +
Degeneration of hepatocytes
Swelling - =/+ I+ + —/+ + - —/+
Nuclear atypia —/+ + —/+ + + + 4+ + ++
Hemorrhage - + — ++ — + — 4+
* Kupffer cells - + 4+ +/++ ++ 4+ + ++
Amyloid deposits
Portal-periportal vessels —/+ + +  +/++ ++ ++ +/++ ++
Sinusoids —=/+ —-/+ +F ++F ++D +++D +F ++F
Spleen
Congestion & hemorrhage + ++ +/++ ++ + ++ ++ ++
1 Macrophages —/+ + + /4 44 ++ ++
Amyloid deposits
White pulps - — - - + + + +
Arterioles - + + o/t + ++ ++ ++ 44+
Perifollicular + +F +/++ ++ ++ 44+ ++  +++
Red pulps - =/+ +F  ++F ++F ++D +++D +++D

*see table 1, F: focal deposit, D: diffuse deposit

—: absent, +: mild, + +: moderate, ++ +: severe, ?

2 §48 94871 424 AFHAT Kupffer
AEJNE ARz Feae giadd chodt
FHE 7HAE nAAdze HgPEe] #EAHUTG
(Fig 11, 12). X3! india inkE FY3+HE 9 india
ink Y50 AR Z FEES B 7 UATh
HZo M= BAEEA A3 2Xd fxio] 3
A=) 7] A &REt Yo ZAE A WIFAE HH M
&3] E(gap)e] FZHAG. YAH XY HE A=
i) 2] AEH g JHE He 1AL R
5ol FHA FHUHEL BTl
A Exdle] AR YHFE FAHIT A=
2x wjE = A} Q] Fo 3FToNA FEF
A& DisseZUl e} 2AEAH} FFH A FHE
A Ho Fzte] F7tsth HEE {FHEL ¥R
A4 9% (nonbranching fibril) FelE Bl v
Aol e A E W) ZH W) E A Y (rough en-
doplasmic reticulum)® &% E3#)7} 2 W of
Qom A4 2lhdo] £ BAEI olet Y
s

gtef e AR YHFo AL 94

: increase in number

F7F B} o] FEET ofH M E= 2H
WE DA e 433 SAHAM F5EY AAY
=g 7HAe Edol AdA ARt shd Fo 4
FEAM THMEE §EE uel fAE Edo] A
Az HEE S HYor] R el ANHeR
ERFHs L dyoiME 245A 0 (Fig 13). X
Woll A= gladd vl YARAHEES @
28 & YUtk FAJWEL FolAMe AU
MES] &4e] FgistuA] A E HEY Fol
wWolxn g dto g Fiel FAHEA 717
o8 & #abE X)) gkt (Fig 14). 1313 €% Kupf-
fer XM E HAE AX A7BE 223
A5 FHHHAG B BN H5e FUHEAY S
wheh o] Hasy mAgds hAAE A
ole] FAE YARTE AFsdon Ay L
FAFo] A2 22 FYHAR(Fig 15). FHAQ
2o 63 TolA ZHA L9 Kupfferd £ 2 thalME
M= FRE A 4 wgd Ax UEo] b
7

23t d AN EWel= Bl BdS o 23
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93 g% F X (autophagic vacuole) o= W
AE tlad P2 AE 27188 TEsIEck(Table
3, Fig 16). ¥ 49X AR o) S48 3=e
Al7lel) FEHo g BRY LB 2 AAE, Kupf-
ferd ¥ 2 ulate] oA Fo) & wgdE Fuy
FAAY v 22 B wEAA tg9
diE APSE £ 7 AR olEL T3 B
Y == A5 dy A 244 A F
FE9 AAL=E 7HEMFig 17). D43 ¥y
DANDEE 7H2 AP Elels E3] AHRAE
Z7F VERIL olE2 fd¥ d4dfe ¥eE 12
oA ME2 wEEHAUHFig 1, 18).

4. FAHXIHOIAY 22

FHHY B 3FFOA HANe FIFEBRL
MM on BAEo] Yo Kupffer A ¥ 47}
F7tso] A TFYE o iAol Y& g g
Aehe FAE Bdo)l FolYE o) A BFHUAL
Fareon gadye Rzxoz BF3 A v
F5U4cHFig 19). viZd e AEd 2 SY¥d
o] EA A vF5]o] flon XA dat of
dz HEE%og FAHY] FolaEs vEY A3
Atk FHAIQl Feo] 47 oM Fe] "o fA
Fol dolejdelz st om(Fig 20), 2439

Table 3. Transmission electron microscopic findings of casein-induced amyloidosis in mice

M’“’“p Ia Iia b 113 Ic e Id it
Common(liver & spleen)
Degeneration(CEC)
Widening of CEC gap + + + ++ + 4+ + +4+ 4 ++ + ++
Swelling + + + ++ ++  +++ + ++
Loss of basement membrane + + + ++ 4+ 44+ +4+ 4+
Extravasation of Fe and In
particles +4+ 4+, + ++ —/+ + - -
Liver
t Primary lysosome** + + ++ +++ ++ ++ + 4+ 4
* Secondary lysosome** -~ - - - - + + ++
Excretion of amyloid fibrils** + + + ++ +++  +++ +++ ++ ++
Amyloid deposits
Space of Disse + + ++ ++/+++ S+ 4+ ++ ++
Sinusoid - —~/+ + ++  +++ 4+t ++ +++
Portal vessel wall + + ++ ++  +++ +++ + 4 ++
Spleen
t Primary lysosome** + + + ++ +++ ++ 4+ + ++
t Secondary lysosome** - - - - - + + ++
Dense fibrillar inclusion** - + ++ +++ ++ 4+ + + 4 + 4
Excretion of amyloid fibrils** + ++ ++ +++ ++  +++ ++ ++
Amyloid deposits
White pulp - =/t —/+ +F +F +F - -
Arteriolar wall —/+ + + ++ ++ 4 ++ 4+ 4+
Sinusoidal wall
Perifollicular - +F + +4+ +++  H+++ FH++ A+ +
Red pulp - —/+ + ++F 44D +++D +++D +++D

*see table 1, F: focal deposit, D: diffuse deposit, Fe: ferritin, In: india ink,

CEC: capillary endothelial cell, —:

absent, +: mild, -+ +: moderate, + + +: severe,

*: increase in number, **: present in hepatocytes and Kupffer cells,

**. present in splenic macrophages
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Fig 1. Schematic representation of the process in intracellular formation of amyloid associated fibrils.
1: primary lysosomes, 2: elongated electron dense inclusions, 3: membrane bounded fibrillar inclusions,

4: AA fibrils.

Chronic inflammation

Activated inflammatory cell
{Macrophage)

.I SA synthesizing cell

. Hepatocyte, Kupffer cell
Macrophage

SAA

RE cell : ‘/

Fig 2. Schematic representation of the mechanism involved in casein-induced amyloid formation.
IL-1: interleukin-1, SAA: serum amyloid associated, AA: amyloid associated, LP: lipoprotein, RE: reticuloendo

thelial, ET: endotoxin.
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FYYRL U BFAN 79 (global &) F3
2o) A%s) % iz SYYBNE Agstn AU
(Fig 21). ¥l3el Aol v ez fagol
olz) ¥H2 AHHUD YHUE WHo 2 v T E
BATh(Fig 22). 65 79] Bz AAE FAE A%
Bol T FAHAY e 5 290
#AE PHTo) AW B

n %

4PHo2 RAEFE V= A4S BIFHE F
AE A48 H= amyloid A(AAEAN I AFEEL
A AATH(SAA) o B SAAS] FAL F& T
A EoA o) FojAThE Ab4de] o] AYH AFE
28t wE P, Yeista dF 2 Shirahama
2 Cohen™# Takahashig™o] W EL 883 W
WE o] &% AR AF ATFE 3 SAAvt ¢
Axe] ZRWEANYTY A B wrEo]
AD Y{FE 8 Bugdn Rusgd. o 7}
Mol oz Q3] ¥ &4o] op7ign &4 B
AE B3 dPgo] BRYE H2H= e ¥
Well x38 SAA7F Huelz wAUst fHE H
g Y & Arh. FHd 2o @yl AIdsle
R& FE AFHA 2AHPNN WA AR"En
ol ¥l Hedrd walyl Futsln galo] @
HE FEHEoZN XANEW®. Ferritin® india
inkYAHE AHg-8le] 28 9 AAFEo) 3o g
89 ferritin ¥ india inkY AHE o] BN B 5
Qe Bk olyd HHLd AR AP By
M= eI 188 Kol #A f&o] #A
o A4 4T @A i8S RAFe &7
o2 AZGEHY B Ao 7 2 A FHEo]
AZHE H9e F2 BY YA Es 2459
Y, Dissed ¥ FUE ol e ferritin £+ india
ink® FYHUS o Yool HEF e A H
2HH.9l 9 F oA ferritin B+ india inkYgAHE B&T
F AU ol YBEWIH X AERNE B3l
Hyel ¥ 2HEA (macromolecules) o] daAuo
2 MUz Aoz Y & Aok

FEPu Y de HeeH Hsle F851
gotot ARAERAF LA QT HE
WS tjio] J|Hde] BEYE A LM
AR Aze] ¥ FE3HA Yehie 33 ¥ 43
Tl e xF A 9 ) o4 X 89} DisseZ ) o

e FHEo] FFEENA PYPAA &35
o ojmf ¥ YA Foe F3F WAL
FRET WA G JTAge BEHA gt
vl e FHE] PR E 2Vlde ditFos
W2 A AlFE AT A ES]
ABE RN M= £ Eo| BRHTS¥, njae) W
A¥ Ao ME F28 A R F A
Faolm F2 MENA ZAYHEAS i o
7lel A HRh-go] dojut ¥R A X £43&
ZustA B,

£ AYelA stAd S WEFQ A% &
AE FRA=E WaPe o FEAAY Bz
NME 25T AFHE &9 E7Y 7o
L 3FTRE EYRAE FHoz HFHE)
Yo ARsEAN FYEHNE REH g
BRI 45T M 9 2 FFYol njnyos
IR AR Rgoen 6FTINME FHE A
o] i Fad AAE A viFdME 25F
ANAM WA ZA A REHQ FAR FAHo) FRE
230 fUR 3F B 4F TN F3E YA
Aol W XX At Hpol N FASHA Pojdon
6FTAME FHE Ao Oi 74 24
Atk v F M e 27T oA W EX G| REAHQ
FAHE Yoo FaF Lo fT 3IF L 4F
Tl FHE ¥4 Ao YHEXNGA} HSf
A FABA dolwkor 6FFANANE AR 3
o] FUAEA £EE 20 A9 e A
280 A E A FIHUFA 2FFAAREH
fFrAE 4AR7E @38 wEojAHEAM dHYwa ¥
ol JAF BNz AAHUD DM E, Kupflerdl £
2 HZe WHHEYE AihEHAYE] o &
FHHEA AXYAM THEAN FAR JHFE F2
MEopo) A XAl HA=Y L) THel e
T EetE metd fHE dHR7T AEE e
Hm ol& Y4 FE DisseZd Vo) AAEr} ol e
AL FAE A dF AUFEAY GHE AHEEA
Bz AL dAAME dASAY. F
#HE 849 E7HAHAME XL Ao
FYEEE g vingd oz AA diF a4l
AsA G2 vEdS B 4 A AR S
3FTH 4F T Me e =AY o] g
stgen UAE, Kupffer X © w49 s
A BAA&AYT TUF dele nHAYUE HY
E7 RHE f4R7 AZdAAM gy BFEHUAD
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A2 ez AL 632TAME o8 7
AZRel] FAHE fM% T4 o wgdy
ARE sy AEAYoE £3 WYY A
27NBEE TEF o)A DA & TRES0) £3
BAHAG. 23 6FTAA I L HFEH A
FHE FFo] g2 ¥ AL DA, Kupffer A E 2
HHHEE0] FAE AT B GAr5E &
HHIE EIUPD. Aoz B AY AAN
india ink& I FUF F A HAHE A=
& o 257 vl 35 2 4F PN ¥R ¥
B9 F&0) A FAHHEAN 632X india ink
AAES] Fade) F20] A AR 942L Hol
49 a9 fZo] gado §HE AR 7
28 2¥Ytuz B S AoV was B 49
AAE 2AR $3F 49 AL AWEY 5}

=
AAFS 239 33 FANE FHE FAHS §23)
FE38k= A 7)(induction stage)o]™ 43 Fo| = &

AE FARE AE9 A 2Ho) LA sA Dl
A17](deposition stage) 2. EAX& 4 UL 6320
Me AEE GRR Y F471 dojuks A7) (resorp-
tion stage)E Aald & 9ich

FRE A4 BAMEe ASAA Bge A7
AANHRAL 2L AAE] 250 o AL
B49 A& 1A daME o Jx $As F
HEo] oA ok o)A e FHE] WA EAo)
Tkt 3 1 HA71Ae] v Aol wE
ojtpHEI Mg oz wE FHEEE A o
A3 FHEZ dolM FRR) FAHE 7Ae
WAZ 022 o] Rige] AP, & w9
249 37t AYHAAY dFo] A&He AL
HAAMES 71 Z7bE 0] o 44 E o A] interleukin-
WIL-DE Evstn IL-1e F2 X o
SAAS] FAE FAAZICH FAHH SAAE TN T
¥ serine & 4 (monocyte-associated serine enz-
yme)ol o)&} Ba=lo) 71 &4 FAEE dAls &
W A2 &2 (processing enzyme) 2] 27} 9 AL}
08 45 8 AR} H3) Zaw B84
FTAER AAVE A ET AT E Q] SAA A
ARG 9l g AAR HB3E Bolo] 8
F AEE stevtol g A oA ojze] 2oL} Sme-
tana® 7} YA A E7} BT F4E oy
o] A7EC) Kupfferdl 271 1 E 945 34
o AoiM F a2 AEL S Basygn? shael
WHEFAR FAE 7 F H)Fe] {AEFME Ku

c

pffer A|X &} A MNE7} 7 4L e Aoz o
23] AP o) BHE AT ZA Gueft ¥ Ghidoni®®
= AFHE gdozd dd3 A7 2AT Y
A FHE dH9FE A B2 Shirahama
4 Cohen'& A9 JagHUolr AR
ZTAE dollid. B Ao e e oy
Holl FHge] HAS Fi AFs YHAEY
T AQAEsE £3) B2READ BAAE] A
EAYe FHE HFE 3 B F Ut o
AL dAAZe MNEIdn HdE T os)
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lusions) & #7 FHE AHFY 28 B 5 9
Ak ey oje} BAlOl A EFS4 2 E(pinocyto-
tic vesicles)'t 9REHS & FxE 52 &
AEo] &3s] YAEE 25 2 3FoA =315
BEEA skt W& o) o) & AT Y SAAS
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Hol g3 TP SAAE FHFY F2HE
A Zoll 4] wolEo] o] F M XA AA HHH
£ Hr} go] 7tEo] Az oz wE37] o
Fog #Xd 4 ok, 8 U5 EXiE 3}
Sog A X7 BA3LE o] ol A Xej 93]
AH SAAE 43t o]B ARE fAE H4HRE
o go) 91Ee] Yo EN® JUF FrRe] YA
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oA FAE Hae v A 98 g AR
"},

ol4e] M3} olnf Rug VA AN 2§
d dgEoes A wERES £ olr|He &

_?[_1‘

HEF F471HE a3 #Zol 43E 5 vk
= AL v R3S o 3 F w2
WAl AFE Zdda @§HE A A XA
IL-1& £y)8n IL-12 2 BN EZ stodw SAAE
BEo] HUE B¥EES FAAG B
FE g SAAE JhdRle g QI Houkge] Ay

o

48 g8 HIAEE 53 R FE5d
o FHol EA% Gl A Ee] o3 25 o]
HE X (partial degradation)”} o]Folx HHHE
a9z vy AXs g W M- NES
Edo e WELd o3 88 &40 o 43ty
g@elg F&5E SAAY Yol Hr) ooz A
FAE o] ¢ dojd Feog Y4dAd. FHE
Bie w g 7Ae2ME IL-19 AT 93
ZHH X, Kupfferdl X 2 u]o] A M XA HH
SAAE THEA ®r} ¢HEol 2 SAAE ElAEHYHEY
de 2 g AFHUAN ndADEe] 44K
Hog ofHo] FAE AHFTHHE X W)
250 4718 FoiAe 42E BHA KAl
Axe HAzA g Aoz AL EH(Fig 2).

2 o
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FEHAoE v M e HFR nyhdoz §
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A3 E W EY 39 FEAEE FHAUE
& FolA o e ¥4 89 e
AR 34T A 28-S ¢ ¥ AU Congo
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S8 dREe = FFPE YU AA 9
FEA AE A3l A3y HAe F
A AAE fAEo]l AA¥EYS & F AN
EfAAEN AR g FHE] HFE R4
vl2 Q1 st nAEF WA EgM = ¥ B &
E F AU sHee BB M3 §3
& HEALYER FHE HoldM dugoly
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A EWele &3] oo AEAYES B F
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An Ultrastructural Study on the Mechanism of Casein-Induced
Amyloidosis in Mice

Kun Young Kwon, MD; Seung Jo Baik, MD; Eun Sock Chang, MD

Department of Pathology, Keimyung University
School of Medicine, Taegu, Korea

This study was carried out to investigate the mechanism of experimentally induced amyloidosis in mice
treated with casein. Eighty-five ICR mice, maintained on a stock diet, weighing 20-30 g, were divided into
a control group and two experimental groups.

Group 1. Control group (5 mice). Daily subcutaneous injection of normal saline for 4 weeks.

Group 2. Casein group (40 mice). Daily subcutaneous injection of a casein solution.

Group 3. Casein-endotoxin group (40 mice). Daily subcutaneous injection of a casein-endotoxin solution.

Ten mice were sequentially sacrificed each at 2, 3, 4 and 6 weeks after casein and casein-endotoxin injections.

The liver and the spleen of sacrificed animals were processed and observed by light microscope, polarizing
microscope, and transmission and scanning electron microscopes. Also some of the animals were given intravas-
cular injection of a ferritin and an india ink solution.

The results were as follows:

On light microscopy, depasits of the amyloid protein were clearly demonstrated in the portal-periportal
areas of the liver and the perifollicular regions of the spleen after 3 weeks, and by 4 weeks and 6 weeks
the deposits were far more wide-spread to hepatic sinusoids and splenic red pulps. The amyloid deposits
were similar but more striking findings were seen in the casein-endotoxin group. This group revealed a
more prominent extravascular influx of plasma including ferritin or india ink particles than in the casein
group. The amyloid fibrils were stained positively with Congo red and they showed green birefringence when
viewed under a polarizing microscope.

On immunochistochemistry, amyloid protein associated fibrils were identified.

On electron microscopy (TEM and SEM), damaged blood vessels near the amyloid deposits revealed multiple
endothelial gaps, a loss of identifiable basement membrane and variable degree of endothelial degeneration.
Amyloid deposits were made up of nodular masses of randomly arranged nonbranching fibrils and seen mainly
in extracellular areas. Closely connected with the amyloid deposits, hepatocytes, Kupffer cells and splenic
macrophages contained numerous lysosomal dense bodies, elongated dense inclusions and membrane bound
fibrillar structure. In a later stage (6 weeks), irregular shaped phagosomes were found in the cytoplasm of
amyloid forming cells.

It can be concluded that:

The vascular injury appeared to be caused by an immunologic reaction to casein. An addition of the endotoxin
caused vascular damage and promoted amyloid depostion. The hepatocytes, Kupffer cells and splenic macropha-
ges were thought to play an important role in casein-induced amyloid formation. From this study, it is suggested
that amyloid associated (AA) fibrils are polymerized in the cytoplasm of the amyloid producing cells by the
proteolytic clevage of previcusly synthesized or serum derived amyloid A precursor protein.

Key Words: Amyloidosis, Amyloid associated (AA) fibril, Casein, Ultrastructural study
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LEGENDS

Three weeks after daily casein injection. Initial amyloid deposits(arrows) are present in the portal vascular
wall and some sinusoids. Inflammatory cells are infiltrated in the portal area (H & E, X100).

Three weeks after daily casein-endotoxin injection. The amyloid deposits are found in perifollicular area
and extended to focal red pulp areas(arrows) (H & E, X100).

Four weeks after daily casein injection. The amyloid deposits(arrows) are far more spread to hepatic sinusoids
H & E, X100).

Four weeks after daily casein injection. The red pulp area reveals diffuse amyloid deposition(arrows) and
some macrophages(open arrows) (H & E, X100).

Two weeks after daily casein (A) and casein-endotoxin (B) injection, respectively. More extensive leakage
of the injected india ink particles into extrasinusoidal areas is seen in the casein-endotoxin group (H &
E, X100).

Comparison of extravascular leakage of india ink two-week group (A) with four-week group (B). More extensive
perifollicular leakage of india ink particles(*) is seen in the two-week group (H & E, X100).

Green birefringences of the amyloid deposits in portal vascular wall and sinusoids of liver (A) and red
pulp areas of spleen (B) and observed under polarizing microscope(Congo red, X200).
Immunohistochemical stains using monoclonal AA antibody show diffusely strong positive reactions in the
sinusoids of liver (A) and red pulp areas of spleen (B) (PAP, A: X100, B: X200).

Two weeks after daily casein-endotoxin injection. Trace amounts of amyloid fibrils in the space of Disse
are present (TEM, X21,600).

Numerous electron dense lysosomal bodies with variable size and shape are seen in the cytoplasm of
Kupffer cell. A focus of formation of electron dense materials(arrows) is noted (TEM, X18,000).

Four weeks after daily casein injection. The amyloid fibrils which are excreted from a liver cell reveal
delicate nonbranching fibrils. Also some fibrillar materials(arrows) are found in the cytoplasm of hepatocyte
(TEM, X25,500).

Four weeks after daily casein-endotoxin injection. A capillary adjacent to amyloid deposits reveals markedly
swelling(*) of endothelial cell and loss of basement membrane. The extracellular amyloid fibrils are closely
connected to the Kupffer cell processes(arrows) (TEM, X17,000).

An amyloid deposit is found around the capillary wall. A splenic macrophage adjacent to the amyloid deposit
is noted (TEM, X25,500).

Autophagic vacuoles(*) with degenerating cell organelles and lysosomal bodies are found. Also abundant
collagen bundles are present (TEM, X20,400),

The splenic macrophage reveals numerous lysosomal dense bodies with round or elongated shape(arrow
heads) among the abundant rough endoplasmic reticulum(>X32,300). Inset: A well -developed Golgi complex
producing lysosomal bodies with electron dense materials(*) (TEM, X22,700).

Lysosomal dense bodies are arised from the distended rough endoplasmic reticulum. Some of the lysosomal
bodies show oval or long fusiform inclusions with fibrillar structure(*) which is comparable to amyloid
fibrils. A conglomerated electron dense inclusion (open arrows) containing fibrillar materials(arrow heads)
is seen. Extracellular amyloid fibrils are well identified (TEM, X25,500).

Three weeks after daily casein-endotoxin injection. The portal vascular wall shows irregular thickening
with deposition of electron dense materials(arrows). Also some lymphoid cells(*) are infiltrated around
the vessel(SEM, X2,300).

Four weeks after daily casein injection. Some lumps of amyloid deposits(*) are found around the portal
vessel (SEM, X5,000).

The hepatic parenchyma shows activated Kupffer cells and two lumps of radiating amyloid fibrils(*) within
the dilated sinusoids (SEM, X2,800).

A lump of amyloid fibrils is located adjacent to the sinusoidal wall. A splenic macrophage is migrated between
the sinusoid and area of amyloid deposit(arrows). Asterisks: radiating amyloid fibrils (SEM, X11,500).
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