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Hypersensitivity pneumonitis is pathologically characterized by noncaseating

granulomas. For its pathogenesis, it seems to be a general agreement that both

humoral and cellular immunities are at work in the process.

Much remains to

be clarified, however, as to exactly how these immune mechanisms give rise to

granuloma formation in the lung.

In an effort to investigate this problem further, the author performed several

experiments using guinea pigs and mouse.

First, the model for the study was pro-

duced by getting guinea pigs through a series of procedures (Experiment 1). Then,
the lung was taken out at intervals and examined microscopically (Experiment 2).

In the process, emphasis of the study was placed on the behavior of the reticulin

fibers (Experiment 3), immune complex deposits as related to the serum antibody
levels (Experiment 4), and T and B lymphocytes (Experiment 5) within the
lesions. By the time bronchial provacation was induced, both humoral and cel-

lular immune systems had been stimulated through repeated percutaneous sensiti-

zation.

This was reflected in the increasing B and T lymphocytes within the

lung and elevated anti-BaA antibody in the serum. Nonspecific acute reaction

began at about 6 hours after the provocation and the immune complex deposits

became recognizable along the alveolar septa at about 24 hours after the provo-

cation. The latter reached its maximal point at the stage of alveolitis and con-
tinued to be present untill the granulomatous stage set in. In view of the presence

of immune complex deposits, the involvement of Type III allergy in the develop-

ment of alveolitis seenfed likely. Granuloma formation appeared about 2 weeks

after the provocation, when alveolitis had already been in the process of healing.

This time lag presumably represented the processing of the antigen by macrophage

and the activation of T-lymphocytes in the lung.
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ung at 24 hours after the first provocation.

Peribronchiolar infiltration of neutrophils and macrophage are seen. (H.E. stain,

original x100)
B: The lung at the 6th day.

Macrophages are conspicuous in the alveoli. (H. E. stain, original x400)




Fig. 1-C:
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The lung at the 14th day.

Alveolar septa are infiltrated by lymphocytes and plasma cells. (H.E. stain,
original x200)

The lung at the 18th day.

The alveolar septa are diffusely thickened with dense lymphocytic and plasma
cell infiltrates. (H. E. stain, original x200)

The lung at the 21th day.

Granuloma-like area is formed consisting of lymphocytes, histiocytes and plasma
cells. The remaining lung shows alveolitis. (H. E. stain, original x400)

The lung at the 28th day.

The granulomatous are has become smaller and the alveolitis in the surrounding
area has subsided. (H. E. stain, original x400)

G: The lung at the 56th day.

No granuloma or alveolitis is recognizable. (H. E. stain, original x50)
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Fig. 2. Schematic presentation of the changes in reticulin fiber arrangement at
various stage.
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BET ORI E OB I, JERR R e RIEIC
M3 2210 T, AHFEECH BN S ITFEHHED
ECSN L Rabm AT AT R TR & I - T SRR HEAE
DAFEMRIC X 5BHiHBEEL bR, FH
PRMED B MDA B is < T - T KIFR AT B
i, FHEROBEIABDREK-TW5HEH
X, HFROBA & EaRIE LR E o S eh
STe—HTHZZ EHTBEL T 5. WHFEEN
B Ly F-X7c\C LI BIL T, Bowerst
bk, FHLSARIR T L BERMEOBEN
EW D, HELIc=27r7 > -2 OFGH
Bl itk L ABEOKRE M Inh -
TFEEE L T 5. KERTLHFERO
AL, BbERLI S LATRAEORT
BH, BEOHMN L LB, RINSDEL T
HHDEEZBRD.

BRI O KB BRI BT 5 ) v
~Fk subpopulation @ # 3R T suppressor
T-cell MM HBIWTH 5 LET 5 REDLD
5, RERT L IRAR ST FERCR
STV VASEPRERERLSTETD., ZDY
v kA, suppressor T-cell & 3iif, B-cell
X3 5 IEIEY 7l & &R ER DA T s
ALHOBEERL, X HLIITHHERCEIL
VCERYHATAILLTES. SHBILCHK

I =
N

(H10% #1%5 1984)
i, HREETHLEELD.

EER4 BRI S B MEREEOL
iz O UChERGSSFHRTRID-®

BEMAERRE L, B OBBERIEORA
X -TRIFSh, HIFRCHEREL CBCE
FTHMD 7vaF -t KEEREKE THD.
DFRAEBFICL T, #RMER XU MR RE
DRIEAHERIZRTW52, BEOEZ A, %
RHEEHEZE LT, T@ENEORCHES
LT B2 T OB S,

AREBRDOHIE, SHEHHLEBEREL VD
h B RFEREC R 2 BRI ARREREN E D
I 5RBEL T B 0%, METGHMOLES &
peroxidase-antiperoxidase (PAP) gk & U /-
BRI AORE L EDHEIOERETH T
iz L.

D MH&IUVEE

= ARICEALE, FOMBIE, EH1T
B 7= SR T D FiiAE AR ER AR IS 45028 2> BRI
LMExED . Hhr v 236 1 X 5 il
BREREE BUS C O 2 kb 7.

PAP (i CoRfiffu, EB1 Tkt E
EACHO=w R, ELEy OO T 7 4
vk % B\, PAP gk, Sternbergert”
2 Tayler*® 5D FETHD L 51277 - 7.
<A D —®yifk & L T, Anti-mouse IgG
(rabbit, antimouse IgG, heavy & light chain,
Lot, # 160523, Cappel #£) #H\>, =A%y b
O — kA1, anti-guinea pig IgG (rabbit,
anti-guinea pig IgG, code No. 403 MBL %),
anti-guinea pig IgM (anti-guinea pig IgM,
serum, Lyo., code No. 64—322, Lot. No. 10,
control No. R043, Miles #1-), anti-guinea pig
IgA (anti-guinea pig IgA, serum, Lyo, code
No. 64—323, Lot, No. 10, control No. R015,
Miles #), anti-guinea pig C, (rabbit, anti
guinea pig C;, code No. 405, MBL #) # A\
7o, R, 3, ¥-diamino benzidine (Sigma
H) 2RV,
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Fig. 3. Serum antibody levels at varying days after the

bronchial provocation.
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Fig. 4 TR+ X 31, IgG, IgM, IgA, C; »
Vs, WK MhRGE,
;— UK, AHEREREPR, IR IRE
B IOHWEMRCOTTRELE. ThEhoO
E O BEY diffuse, severe (), diffuse,

MmEEHE, <787

moderate (+), focal,

slight (+), negative (—),
EEB L. PIEIRER 6
BefE B ik, hiaEE,
su 75— R IgG D
&N & bh, Thbid
focal it AL, SMERIE
Mz —F L THbhi.

24FifEIH, 6 HAR Teh &
IgG DILEL, KEEDILK
LIRRIEN Y, TOWED
RE, MifakE, <zsm7
F—VRICIVHEFEL
T&bhi.. 14HH, 18
HBECKS LRBEGEY R

-

T 6hours 24hours 6days 14days 15days 21days 28days
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deposit IgG IgM IgA Cs| IgG IgM IgA | IgG IgM IgA | IgG IgM IgA Cs|IgG IgM IgA [ IgG IgM IgA | IgG IgM IgA
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Fig. 4. Distribution of antibodies within the lung by PAP method.
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Fig. 5. IgG deposits are remarakable along
the alveolar wall (arrow).
(PAP method, original x800)

3 FHRREEC 1R - THRR 3 T O Rk 1gG @
WENERE 7o -7 (Fig. 5). LaL, iflg
BEICIIIEE XA b ish o7, 21H B ORHF
BEFRE T, < b BERCAFERE
FICin - T IgG 0 Ik 2 A bhichs, WEHE
AL, Bt ChboiBERER
HUBoOBETLRETH - 1.

IgA & IgM D&, £F8%8U Tl
BER JOAFBERCIEE XA ONRT, bTo
I IgA 2E il Zbhici2iTh ot
Cs DIbAE X, 6BMEE 4 HERCOWTHE
Lic gl Ttdh - 7.

3) ERIDTLDGIVER

K2 T HBoh i HEEH Lo R E,
PAP @& o IgG DB S % HE L T4
5 &, AL R ATEBO ClRWE IRk L
Tahbh, Vv BRErEHkeETsRMEAREZT
LiciBrhE LT, =2 r7 >~ ENNRE
B > TIAEIZERHCRD b, 20T L
X, B B Rabm R BIIC 2) 5 REH3, iR
HHERIGC X > TOERZ IR DT, JE
OB KA, ©F v EEMRERES 5
BEEECHD LEX DD, BEPEFEMC
(%, subendothelial ¥ X ¢F subepithelial 1
electrondense deposit #iFBH L7 & 35 &
BB BB, Thbbt—HToMRLEELDN
5. MEREMOEE > A TL, BEEK 6 R
B4 Tie¥inl Tk b, I BEEREMERN

(510% ®#1%5 1984)

RLT3~4BEFTRHREL TS, ZDOZ
b, BEMRKERIERTE, T TIHEK
STk L BB X W IIR~EA IR
HE & o immune complex BT b
h, BERGHOERZIRCEBRINS.
L L, RafRskEndiicitE»ERWTH B
bahbbd, AFEREE T 8T,
IgG oI ENRA LT, FEARCHT L,
LbBERCA DR 5 ERL, WETMLLA
FEMRIA & OMCITRBERERNC, BHE
DAL EERRBL TS, 5T, B
HEBR OB, TR7 v —~Lstok
Fa £z 5% Bicw. — B WFBERRIC
i1, HLoBse, MAT7LVAF—-L)IIVET
VAF~PBELTWAEELDRTED, 2
DBE LIRS LT, REREREC X 5RIG
& &b I ifatE R b BB I e TR E R
FEHhEL ST B ERHRAIZES.

Cs DIWEF T Th Ol BT, 0%
&, ARELEY BBRTS BN MEC s &
Fx bhi. FTihbb, C 3 TR immune
complex IZ ff & L, HFHRC L-TEHEIFE
LDRICETHAS EBRTE & TESDh
LTH5. FHE ZOX5BEY LHEET
5.

LlEDz &b, RICAFEBEHELLIZ T-cell
BEDE ST b T bEnyBETILE
nhBHEEZ LRI ‘

RERS BEMMEXICHITIMAY Z/BRO
BESIUEZOLEH”

BEMERRA OFETIT, REFHRIGOR
ERELZORTEY, SHRE L immune
complex DOWHEIC X HEEHEFEDOEEEY, 1§
HRECIAEBBHR A S - Lis bl
HREOBENHER I h TV 5. FEHL, ER
1, 8k 2 TEMBEMEAFERE 7 AR, 2%
BADIFRER % £ 5 BEBR AT IS A2
FE BRI B 5 R IR RIS B 1T IR G ORI
DTN, EE 3T, 2L SEERICE]
BRGACIFTRABRELABREYRL TEY, %
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DEEINEE, WHFEEHRICY v R HD
BEx LT AagEE R IRl . S bIcBRE
4Cix, AMHOZELS, BRABREC XA
CEASKhPRE, TTRBRIA T
K & 3 faRES & L C immune complex
YR L, BAREABETEL TS5 LW bh
L. ‘
T, fMlatkaEoBS Y RT A —RE
LT, #EilckdsHEY v ROEE %,
T, B-cell DEMAGHERTHI L E LT

D ME&EvHEE

Hartley R L%, b+, {KE200~300g K
6IEAEHFERHLK.

FEr L, Frl TRRAFEC I s 7.
PV v <ER o B ek, T, B-cell ©
BHHEETLOBD TH 5.

D RS DY v ER D B H

& 100g H7ch =V b E g~ 0.3ml
(50 mg/ml) #REREPES LR Z 1T/ - 7.
B, MExBEE, ALENLDI=2—VE
L~ VINEBRAEK T OERZITL -
7%, BiE R DR B L. BRI >+
—vohT, KX, MY v fliriETL,
PBS #% 2ml &z~ 3 THIYILic. M

cell
numbers

X108
20

{ control
154 L total

cell counts

10

control

BWIL H—E, FArY Ay¥a (Ry¥Va
150, 270) THA;@EL, A¥ix 2000rpm 10 73f
A 3 EfT RV IkE SRR Y, PBS¥EK SmlT
BEREEIE. BEREERC1%, BBV Y
A¥ 1ml &z, 37°C, 30 pI KB L. &
FNE o D HEEER 4Bk, Separate L (WE
1.077+0.001, REE(L2) AW CHlatbERE
Tfric o 7.

ii) T % X 0¥ B-Cell it

SH LD HED —HHEL, ER LOEAC
v¥y MERETR -7, BRATELT, =
£y MERE LIL DD 5 biRkImER 4 EU_EA
ETHL0ORBEEL, inbELh Mg
B, EEEEEB ), TRTERCLS
WIEME & B L, ZRKREL VT EXHEREL
7z.

2 # B

R MBI EER 2 I RN B D TH
5. EERBEEONY v BROEENL Fig. 6,7
AL 7c.

E#EErEy MiisD 16 x10° EO BEIRH
Boh, FO5H30+£5%2 ) vgkT, T-
cell (1.52.6+ 6%, Bcell119.5+2%TH -
7z,

total
cell counts

T-cell counts

* T-cell counts
L D ¢
p 1 1
t:ontrol B-cell cgunts ! I 1 B-cell counts
T T r
1 6 14 21 28 day

Fig. 6. Lymphocytes harvasted at each stage.
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Fig. 7. Percentage of T and B-cells at each stage.

24 BRI B, BEEERIL 20x108ET, D5
B Y vAIBRIT 3B YE G, T-cell 2871.4+10
9%, B-cell 7319.8+ 3% TH o1

6 HEX, BEEERIZ16X10C@ET, £05%
Y v BRIz 41 B b, T-cell 7378.6+4.5%,
B-cell 7318.44+ 2 %THh -7

14 A, BEZEFRT18X108M@ET, D 5%
Vv SERIL45% B b, T-cell 2880+ 6%,
B-cell 7819.5+ 4% Th o7

21 BB, BRI 18X16°ET, zo5bH
YV v oBRIT AT % B, T-cell 2370.4+5%,
B-cell 322.244.6 % Th 7.

28 HEX, BEEITIZXI00ET, T05b
Y VBRI 40 % b, T-cell 2360.4+ 4%,
B-cell 7124.8+ 8 % TH 7.

3) EEBSDFTLHELUER

BB A AT U, REEMRBRICKT
BEIEBEHNTD Y v BROBEY T~ BT
i, Lavb AMEMEL BipERBROVTH
L, SEXZMEERAD Y v EROBEY T~
BILEEESTEY, AEROD X 5 CEERH
DEEEY v BRY B LT HRBLICANL D
[

) VASERROBEEMEROREEI O—DIL, %
DBRRTERR T, LrbBREIDOE G O

KWETHSH. 40, BFALKCE EACr¥y
N R D, %L b T-cell, B-cell #1F
LEBxTWBEIRT VWD, ThE &R
kT sz B LIcHE, Pindsd
Fh oo, T, B-cell oBRyREEY KKk
TH51ODEE LTAHABI LT TES. L
TF, T-cell B-cell & R2EEHT 22, Xhid,
HiREHHBRELD IS THDOFRTH -
T, BBETIL, FRIIERBIVUEAC =+, b
TR O A HHERI L 7cic 3 g\,
(a5 7c EBEFL, Bernardo'™ b DR
LIIFRETH 7. ERELE, MTIE,
W ROEIAT b EEC AT Y v BRI
mLTEH, Fhix T-cell, Bcell (E r¥y
b, EAC = £, b R AR OO B
X5 (p<0.05, Fig. 6, 7). L2 L, B-cell ®
BWINE WFhoBTy —ELTkh, Kb
B 2 BEZELRD I 57 ($2>0.05).
T-cell DT 1 ~ 2 BETE — 7 1EL, 3
BRI HERER, 4BETIEIREFEDEL
Ty MERY vAREO VS EFTRAL T
5. WLz dul, B-celli & #& e (booster)
BRI T TREML, FPIREOMITEE]
FRIZ—ELTWw5%. —F T-cell ILEKRIFE
TTIHEIREBIC D 54, I Hiinl 2 A
TE— I ICET5.
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i B-cell DHEIRAEE, B4 ToO MF
OREEs e 7Y v (Ig) OEE, o0 Ig Ok
HIRFE L & BB L TA % &, B-cell R
ORI ER FEDTEFHTH Y, BERFITIX
TTRERINT, RRHKERETE, £D
R~ OFBULH I, TTRBERS
Wbtk e, BB X > TEAIRLIR
& DE]C¢immune complex A EZTEZ X
hiztE2bhb.

ThIZ KL T, T-cell Rffi~o Flk, Ktk
T-cell DHINL, HEFEBHEHRD LK
&, T-cell DRIGEFATREBCIHRI N TE
fekExLbhD. EB3 T, RELMARY A
AT 31 5 IFhER D B ZE BT AL
BTN EL, Vv gk, =2r7r—URRE
S>TRbbIhBZ LEEHL, ORMICHET
BY VAN A B DR LT\ BT RE
wEz . SEOWET, HEY v Eko%<
X T-cell THAHSZ & LT LA, &
ROSETREME & L CH T AFERRCEET 5
BIER 7 L — T-cell 7emps, B-cell D
JEEZ % 5 T-cell icdhw BHMNMCTEET
CESTigl. iR 4 OE L HEBL T
& B L~~~ T-cell DEJGDAREMEIL BE
BTH5.

Do, Bk g o BEC 2w T
X, B B O iRk D ERH H A\
3, AR, L AIEMI A T-cell & B-
cell DHEMEA X AR L L CHRFR, [
BHENELIREEL L B0 EEL bR,

6. 2ROBFELOLVICER

BEMEMER ORAERF LR LNCT DD
DEEBR ORIV el BIFHE, Hl
FREBHRIC oW TR EHRE TEI AR DR,
¥ BB TR OMRPEC OV T L B AR
x T %. Olenckock™ DF 5K, Bty
ERCHE& G, BRED 5 ILEFHURS
ELITHBT AREBRIGE - TL AOIEMART
H5. AOBEMEMEEOREL, HEDORE
SHEHBRANEBELBREALZEL W5, BHE
BRoOBEL, BREENBRAR X5 HRREID
75 & B RIED D DHFERIHFFTIILETH
5. FEERFEE LT, BIEZREKENCITL
5 % DR, HEFIRKIETE 5 hE L L TRE,
BEIRIIRER TR o o, RIEDDDOHR
BELRIEHCTR>b0LHD. T, 5T
FERZBECLTCLEaBHOREXRSEMNT, 1
BT ORAERITL 5 BE L, BUHNREY AL
5B TREBRAZI TR SDENDH 5.

AWETIL, L HEERBREREEEL D
AR BRI E R AT e b BB g 2 D18
IRETH AAFBEOHRLYBETHENT,
BERVEREBIRERAC LSO RRRE
L THW.

ZORBIC L > TR S hICRER, BT
4 ¥ TABFITHRE ST BREHERGREED
BCELIILTWS. BB X O, AD
B ITE D F A HUR DR K EHTA &\
5ﬁ%ﬁ§¥f@5ﬁ,%hm%$ﬁ@ﬁﬁﬂ
BMCOWTRFBALE VX DD TH T, BT
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Fig. 8. Speculated pathogenesis of hypersensitivity pneumonitis.
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L, BRIEBCLELDDTHDIENICOL
T STV, SEEERRIAEBFINIC
FOEEHTUIDOLRBSDTH S &THIT,
FRIIAKC T BRIEVREHTHD LD
FEEENE LN BB TH S0 Lhit.
WFhic® L, SEORBRERNDHEIND
KB, RERRIEIRERC 1) 5 RRIERI
FEC X % BEME MEACBELTRTvw22d
DT HHIEEBAL T BT febis
V.

EEE2 MHERS FTOERICI - THLR
THER DD, BEEE A DFEARE & R DR
CHEET L ENTE XS (Fig. 8).

B0 LTS o IR ERIFIC X b, ik
HiER, MaEREROES B E &, &5
DY v ERRAKR TR S, BRAZETER
HBE ¥ cicik, o B-cell, T-cell 3
AT DH -7 (FBS5). B, fnERNL S
BT, MBI BaA k35 ¥tk (3 BaA
Bk SVFEFEL T ie (BB 4). HURBA 6 By
DRI S A bR AR (KBS
3, HIEVARGE IV ERINCIDEND
X b, AT IR R SIERIGD AT Rt
2, FHRERC 31 » TR - 7o PURIUERS
i3, immune complex & LTHEEL, DIk
FL 24 BB DD ML R0 1AD, FRATER
Wiz & E 7eh, AFERERIIC 2T
%. o gt immune complex DBj5
BHHZEmb, MEA7UAF—-EHEZTI
ThHA5. MRAHKITIC TR LIS
L, VB, MEMRTEZHRLILhDE
wich, N THFEMBINCE, A3k e
> Thbd (FB2RIVCER3). Z0BR
ik, —HT~x7Rr 7y —UOHRLEENL
TORERL V ¥ <BRFR TD T-cell DG
Flhsbh Tkl EEBETS L, MAY v
BN, AFEMR E T 2 BEEE ORI
Bl (EBR2) &5 ELHATHILNTES
(EE:5). FfRAN X ) 2 BHE
Eiz, MREEREREY AMLTONE 7viF
—RER B s dDE EZBRS HITTH

(F10% 15 1984)
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IR IERIT, FRETHERIIIDE
DIFBRFMEOBEINT, HFPIROFIHERICT LD
e, FBREREBELEZOE RIS,
fo (EB4). —F, BRIh T FRERKE
LHFBEERC L >3l EbEbh, £FLI
~7m7 =, HBHRCL - THELEIRID
ERHERII NS,

LasL, BAE FTO ABETE, WL
T-cell 2% W EMBUC B3 2 BER 7 v+
— T-cell (Tp-cell) 7edh, Ig DEAE, 2F
h B-cell DBSfER M B % 7V v — T-cell
(Ts-cell) 7eDOhx HLMNCTHETICEST
U7eLs, Maish!® B0 £L€ .y b TOEBRT
migration inhibitor factor yF#ED _EF A &
bhi- &, ANEHITY v7 5y »4 = che-
motactic factor OHPWMNIMATH B EWD
Hunninghake*®, Schuyler®® D&% ZREiC
Ahn & To-cell OB§EL 7o ATEEMEIIRE L.
fiiPy B-cell oBpfE, Ms Ig 0, lg DA
WWEDOREER B L TE 2 5 & Moore? LD
W 5 ~ v 2— T-cell (Ta-cell) o B5D
FHEHIRERNTH S D.

Do, BEITOERBRBERYEEGL
TE2 DL, BEEMBREOFAER, FEER
FEds X OB itk S o By H D R R BRI X
LM, MBEFHELLLTEbR TS
LDEEL B ENTESL., LL, T-eell &
B-cell o EDIERILE 7 HEIE ROV T,
FEBHTE T, 4 H, Y VAEROBRER
X, £/ 7 rF A X BHE, BREIER
RiILE, HLOFBEEFIATSI LNTE DR
i »T\Wb. 41, T- 3 X0 B-cell DA
e B, 4w, T-cell ©oWT subset THD
Tp-cell, gifafEsEd: T-cell 2380 BRERES L
T\ By, %P Tu-cell, Ts-cell 7 E DK
B-cell 1ZBiE L TV B EHREL Tu < LEH
HHEEZD.

AHXOEFL, WBSTET A, 517 B A KK
BEFS PENENS S, FEM58410 A, H33ME
AT vAF-EoRaTRRLL.
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