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Studies on the Local Immune Mechanism in the Hepatobiliary Tract of the Rat;
Immunological Analysis of the Liver and Bile after Retrograde Injection
of HRP into the Common Bile Duct

Fumio SAkKAuUCHI, Yutaka YOSHIDA and Atsuo HATTORI
Department of Pathology (Section 2) Sapporo Medical College
(Chief : Prof. M. Movi)

ABSTRACT A new experimental model was developed in rats to investigate the local immune
mechanism in the hepatobiliary tract. Animals were initially sensitized with subcutaneous injection of
horseradish peroxidase(HRP) in the hind foot pads followed by retrograde boosting with the same
antigen through the common bile duct 8 weeks after the initial sensitization(ID-rat). Rats which were
boosted intravenously with HRP(IV-rat), which recieved HRP into the common bile duct without initial
sensitization(S-rat), and normal rats served as control.

The number of anti-HRP antibody forming cells increasd significantly in the portal triad of the
liver in the ID-rats. These cells were shown to be positive for IgA by double immunohistochemistry for
HRP and IgA. The amount of IgA in the bile also increased in the ID-rats. Immunoblotting after
PAGE of the bile revealed the presence of anti-HRP antibody activity. The specific anti-HRP antibody
activity in the bile corresponded with secretory lgA. These results indicated that the hepatobiliary
system responds to antigenic stimulus by producing specific lgA antibody, and the lymphoid cells local-
ized in the portal triad might serve as the hepatobiliary tract-associated lymphoid tissue, the same as
GALT and BALT. (Received May 6, 1988 and accepted July 25, 1988)
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Horseradish peroxidase (HRP, Type 1I, Sigma
H) 200ug %, HEREKOu CHEMREL, SEO
Freund 52£&7 < = A~ ¥ (Difco #) LA, HEH
250 g © Wistar Ri5 v + (SPF) oFEER, &7
TR THH L. RBORRER, T XTCosT=
vV FARBET, K @SHWMF, #)=vz
LVEERD) wHEHBIE L THE L.

BAEE 2 BE I, BE Y v S #i% M L, periodate-
lysine-paraformaldehyde (PLP, 4%paraformalde-
hyde /) EER CEE®R, =%/ -1 RFICHK,
ERtE~T 74 v (52C) w@BL. 3um YA %
EBLL, Fom—ATH-T 71 v, 0.6%H,0, #
27— VIR 30 HREREL TAHRES VA F o & —
EiEMEAFEZE L, 0.01 M phosphate-buffered saline,
pH7.2(BUF PBS)IZT 5 4 3 B #+#%, HRP 1mg
% PBS 10m/ v LI-BK:, BETIRBERGE
# 7. PBSTL04M 3 E$%EE 0.02% 3,3-
diaminobenzidine (DAB), 0.01% H,0,, 0.05M
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Tris-HCIZ &%, pH76 7o B ER I ¥, #T
HRP fifrEAMizxBE L. 1% 2 F 17 ) -V T
BRERT -k, BiK, &%, HALK.
2:1-2 BiERE

MERFE % 2 BT, 185 AVED T,
PIERLIEEE 8B Bz, HRP 200 ug % PBS0.2m!/ i@
WL, KEEEFIRX 0EA LA, 285K ADEO %
pentobarbital sodium (kv 7% —n, £AFHE» b
) BT BEEL, +=#B i 5 mm YAl %
mz, 275 - ERIRETHEA, BREACIVEL
ME&D HRP BT cEA L. FIEREEL T
4z, HRP 200 ug &% PBS 0.1ml %, SE®
Freund 5847 2 = -3 v b LREE& L CTRIEICHE T
CEAL-BYE, IERAT L FRERE SF) &L
fe.
2-2 BB+ R U IR OERER

WIERER CHERAT 1 EIRME 2 8%, Br+
v - ARREE T L, BEEHR 0.8 mm D
AV =FrvFa—7(Nob 41¥7vERTE Y
AL, BH# 1ml 2R L. B CEMO MK ZERIR
L, MEXDBEL. ZToftl, BLBIEES » + 4T
LR ECMEERFER L. ZhboRehg,
R0 CHREFLBABREET . faks, 2:1-2 R
V22 DEAER, #9020 R OB AT - .
2:3 HEBIEAOERRURERE

MR, XEHoE%L PLP BEER cMkns
EREEL, —3Bi1x10% sucrose fn PBS, 15% su-
crose J PBS, 209 sucrose i PBS DIEIZ 8 IFEIRE
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AAZy P EACEBIA 2ER L. B OFRT
R, B, B, BEE 2l ledNtX s
PLP EEH, 27 74 VEABEREERL, Lok
Bt U,
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EELi.
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R &%, PBST54M3EEGEEE, 50EHFR
fluorescein isothiocyanate (FITC) conjugated rabbit
Ig to goat Ig (DAKO #) & =R T 30 #HERE 2,
WOLEEMEECEE L. T, G, IgM FEDRDIC
i3, 10%IE% 77 mE & RIGI TR, 1REEL
T, FhFERH T v + 1gG vy FimlE, A5 » b IgM
v FIMEE, 2 kL LT FITC conjugated swine
Ig to rabbit Ig (DAKO #) # v, EiROBIERTT -
7o,
2.4 MERN HRP HAOKRIT RUREREEET
&S0 05 AORE

KEEFY IFE LM & HRP 0.1 mg/m! PBS
¥¥i#%, Ouchterlony &V, HRIGERIEETT -
o LT, WEEIE LR BYREOEOWT
1T, HEAEBRKEEEZT, HRP LRIGT5%
Brmes Y v s 7 AOREERT- .
2-5 BEAHOEARU IgA DEE

REBHE OCLENER L ) BERL BT ORES
E%, Lowry BXAWVWTHIREL, FhFhoBREE
3mg/ml =o%, %D 1 ul % Phast System &EXkE)
18 (Pharmacia ) © SDS PAGE (polyacrylamido
gel electrophoresis) L, &\ T Western blotting %
Fv, BohiegAv Eodmnb, IgAHHE (o 80
ESCie—%&3T 5V %, PAPECRE L. T
%, Phast gel,gradient 10-15 (Pharmacia #) kT
FRkES, ImmobilonIPVH (A& YV #7) &
AV FOBEAYESHINCBEIE, 0.05% Tween 20 0
PBS (Tween-PBS) TR HE L, 5%AF A Iy
in PBS Az 1 BRI ER, 1 kiifke LT 2-4-2 TH
WieHL T v b IgA Hilkofl, 200 EEFRNT v + SIgA
¥ FME Miles #) %, overnight KIGE €. 2&
PRI 100 £275 %R rabbit Ig to goat Ig (DAKO #),
WAST 500 581 goat PAP (DAKO #) #\Fhi=E
BTl RERIGEE, Z0% DAB TS, ik
£ G T#, Immobilon % Tween-PBS ¢ 10 7
B, SEEEGE L. Fio, YAIRKEBIELRarins
L, Bohi£-3v ¥ % Densitometer Model OZ-
802(Asuka #H)TAF+ v L, DK LY, Digiplan
TEBYHEHL, £EEBREIgA o, EENBERECHT
B ERD I
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35BN 205 ADORAE

2:6-1 H HRP Hii&iEEDRE

ZERBEOEN 1yl =t ruie — AEZREX
2, 1% bovine serum albumin ¢ 1 &7 = » 7 L.
Zo#%, HRP 1mg/10 m! PBS &, 4°C overnight X
JEx &, Tween-PBS THS V%%, DABBE TR
X%, H HRP /S OME LT - 2.

2:6:2 RFE/OT) O SAORAE

15% 7 V2w —, 0.001% bromophenol blue & &
LAEBRBEORN 10 4l %, » v +F EXXEEDPE-
110 R O'PAG 7 v — 1 4/15 (B—1{e%) AW T,
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fo. E7oH IgA Bk, #1SIgA ¥k, #TleG ik,
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EEREOAVFORES 2 7YV 7 5 AOREERT-
To. 7ot UHL IgG Hufk, #11gM k%, 1 &kkLL
TEHEALCEEE, 2 RPUKC swine Ig to rabbit Ig
(DAKO #), #k\~T rabbit PAP (DAKO #) % Fv-
7.
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subcutaneous primary immunization with HRP
into hind foot pads.

Anti-HRP antibody forming cells are demon-
strated by treatment with HRP. 100 x.

Fig. 3

Double staining of the intrahepatic bile duct
from the ID-rat. Anti-HRP forming cells are
demonstrated by treatment with HRP (left),
whereas IgA forming cells are demonstrated by
immunofluorescence staining with anti-IgA

antiboby (right). Most, if not all, of the
anti-HRP antibody forming cells are positive
for IgA.100 X.
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Fig. 2 A cross section of the intrahepatic bile duct
from an ID-rat, 2 weeks after retrograde boost-
ing with HRP into the common bile duct. Anti-
HRP forming cells are demonstrated by treat-
ment with HRP. 200 x.

Table 1 The number of anti-HRP antibody forming
cells in the liver.

S-rat IV-rat ID-rat
(n=3)* (n=3) (n=3)
&
0°+0 5.8+1.7° 25.2+12.6

a) The number in parentheses indicates the number of
rats examined.

b) Mean+S.D./cm?

c) p<0.05
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Fig. 4 Ouchterlony double immunodiffusion of serum from different experimental groups against HRP. The center
well contains HRP solution (0.1 mg/m/ PBS) and the surrounding wells contain serum (1; S-rat, 2; IV-
rat, 3; ID-rat). Precipitation lines are observed in the IV-and ID-rat, but not in the S-rat. The number

in parentheses indicates the number of rats examined.

anti—|gG :
Iv-rat serum | Kd
94— b
HRP
| - 67—
anti-14G el
ID-rat serum
30—
HR g
201—
Fig. 5 Immunoelectrophoresis of serum from the IV- 1a4—

and ID-rat against HRP. Both sera reacted
with both HRP and anti-IgG. Anti-IgG ; anti-
rat IgG rabbit Ig. HRP ; HRP solution 1
mg/m! PBS.

3.5 RE7HhoH HRP fkEMORERUNGEENLE 5
BTa%E/0Y 05 ANDAE

REERBEORRTIZOWT, AAy FEEIRE > TH HRP

HATEM 2 E Lok R, K8 wwRT&%hT, ID

Bl 2B A Ay P 2AEE & . PAGE, West-

ern blotting 12 X 2#%& T4, Mo HRP JiiklE

M ID HEORICRD bR, ROFICIIAD LI -

7. Thboi HRP HUAENEEZET5 3 FiL, #T

IgA Fifk, #1SIgA HilETRBINBE AV FE—HL

(K19). L»L, Western blotting TIFE# & 7z #i

HRP HiAIEME IS TEEh - DT, H1 HRP Fifksr

BRIt EET B & & A BERT B7oic, MBI E HRP /

%, in vitro CTRJS X+, HRP - i HRP #ifkE &k

- -
L i
1 2 3 4 5 6

6 SDS-PAGE analysis (Lanes 1-4) of biliary
proteins. Lane 1; bile from normal rat, Lane
2: S-rat, Lane 3; IV-rat, Lane 4; ID-rat.
Lanes 5 and 6 show immunoperoxidase staining
of biliary proteins immunoblotted with anti-
bodies against IgA heavy chain (a chain)
(Lane 5) and anti-SIgA (Lane 6). Arrow
heads indicate « chain in Lane 5 and Lane 6.

IgA

|
A

PR L7, = 0@ 4 k% PAGE, Western blotting Fig. 7 Densitometory scan of SDS-PAGE shown in

CrXoTHRLILED A RiEHIDFIIOELIN-

Fig. 6, Lane 1. Arrow indicates IgA heavy
chain (a chain).
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Table 2 Concentration of protein in bile
Normal rat S-rat IV-rat ID-rat
(m=4)* (n=3) (n=3) (n=5)
Total protein concentration in bile 3.7° 4.1° 3.7° 4.3°
Ratio of IgA in bile to normal rat = 1.2° 1.2° 1.6°

a) The number in parentheses indicates the number of rats examined
b) Mean value

1 2 3 4
Fig. 8 Treatment of bile spotted on nitrocellulose with
HRP. 1 is bile from normal rat; 2, S-rat; 3,

IV-rat; 4, ID-rat. Only the bile from ID rat
shows anti-HRP antibody activity.

67 —am

1 2 3 4

Fig. 9 Immunoblotting of the bile from ID-rat (Lanes
2-4). Lane 1 shows PAGE analysis of the bile
(Coomassie Blue). Lane 2, HRP; Lane 3,
anti-« chain; Lane 4, anti-SIgA. Arrow
heads indicate anti-HRP antibody activity
weakly observed in Lane 2, @ chain in Lane 3,
and « chain and SC in Lane 4.

mobilon fE_EizHt HRP JiikiESARO BN B T & o
b, Bz st HRP UGS HFAET 5 2 LoD b
7o, ¥R, ZoHAEs [gA itk TR S hie
(X 10).

4 % =
HEREIAR»SE 2 OPRFIBEZ 5. A

1 2 3

Fig. 10 PAGE analysis (Lane 1) (Coomasie Blue)
and immunoblotting (Lanes 2 and 3) of the
bile from ID rat incubated with HRP solution in
vitro. Lane 2, HRP; Lane 3, anti-a chain.
Arrow heads indicate anti-HRP antibody activ-
ity in Lane 2 and « chain in Lane 3.
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R EsoEE LT, BALT B+ 5EBRTIE 1

ElOFRBIHES X0 b, HHPLRECHAR 2 PIEE

fEL, RWTHELZSKENCRS UHBIRRIFT 50759
2, HLHVWHBERTWS, T TtHad, BERTRR
FFHERBEZ T, k- CHERTCHIBRIEY &
2 BHERE -7 Lal, IgA EABREO BRI
1Y, GALT #ic -1 =R <, KRBV vzl
Pl & BRETONB HOT, FEIREELY GALT
2T, SEOER BTS2 EBBREND L
Y
4.2 Kig2ToH HRP HisELEimian HER
PR EREE 2 BE OBE V v/, 80
i HRP AL MR HR L. CoERE, chE
TOWESY T—K L Tw5b. T, Sordat ef al.
13, <~y ADOREIHRP #EHL, 2-3BH%OBEY
v, %o HRP HisEAMBEYRED I L H
&9 Ltwb, Zhii, HRP %25 v | BECRIELT,
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5 SRR LA TR LT, U v BT A
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%, IBECRIT R 5 252X, B
Wiz & o HRP HifkE AR BE I hiZ L,
7Yy VEBIEHET AV v BRo—E, BEDY v
AEICERT B IEEERBEL T 5.

+ 3B AT IR R L S, Y
v RO RIIERD by - e, £ 0 HRP
Pk MBS, BISDIOEBRFE L BROEY -
<, 7Yy VBOBBRBICHELL. Zhbodik
B rEETIRE S v 7 ) VD4, HRP &
IgA OBRAIC L - T, IgATHH T MBI 1
7o, LLEo#ERM S, HRP OMTHEMEIC Y - T,
FFEER O BATC, #i HRP-IgA HiAnEE I T
LB ENHILBZENT:, BETE, ToXo7tigA
PR EE A B OBE R+~ =T RO FFELH
BRTWAP 2, A FEO~A-—T HHilassE
T AanEDy, ¥FRBECl, FURERERTLE
FThDH MBRANEET A2 A, ChiEkomEd
T A RECEET H0ENL, SROWERE
ThB.

4-3 fEitsh~oii HRP HikEEEIFORES DT
COHE

ChETOHEETE, v FEHTROBELRE L,
3-5mg/mi®3) L I TW5B., SEOERTY, &5
DEATPOERARE, COHEENTH-2, IDIF
POTHRLBELR L. SbiIDETE, Bi$o
[gA EXMBOB L v &<, BHFhoBEAEDCHEIND
—iir, IgA BB X B LARB IR, i
ID # i, ¥ HRP fifaiEE Rt cmZizn, %
DHETEME, SIgA b b Z LIS LIk

bRz, FHEERCK T, ARHEIZ
W B RS EEL, 7Y v VBBKEET S
)V SEREERIA, BETY v B LTEL L, &
O, FREROBITEECHESTRES =7 ) VD
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Tk, HE, KE ARREOBE LA IgA
THBZEFRLTA. L HRP HiikiE - 2#> SIgA
o, B~ HEREKEAL T, FFHER S,
R AR AL Cr Y v VERICELE T SR
MifgcEE (K110 1D, KRTHES R IgA ik
DEEIRR 1L 0 2), PiEESMROSWTS IgA
ZEGH, Sy FMEOERECEETS SC LA
L (Hllo3), FHEAZHXEIN, BMAEEC
SIgA 2 LCHWEhs (11 0 D &5 BF e
ENBHB, 7y vEATEL IR [gA B, EERE
LRERCHTPESWB I BRI OWTY, Bk
T8N DB LEBbRD.

Hepatocyte

Sinusoid

)
)
( } ) Bile canaliculus
0

Bile duct

1 Anti-HRP antibody

forming cell
HRP

Fig. 11 Schematic representation of putative local
immune system in the hepatobiliary tract.
The numbers indicate the suspected sequence
by which locally formed IgA is secreted into
bile.
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—H L.
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