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EFFECT OF GLUCOCORTICOID ON LUNG TISSUE AND BRONCHUS-ASSOCIATED
LYMPHOID TISSUE OF EXPERIMENTAL GRANULOMATOUS LUNG

Hitoshi GEMMA * and Atsuhiko SATO
(Received for publication November 21, 1988)

The effect of glucocorticoid on the immunological response in the delayed type
hypersensitivity reaction of granulomatous disorders was investigated in order to elucidate
the mechanism of glucocorticoid on the suppressive course of the reaction.

Experimental pulmonary granuloma model in rats was induced by an intravenous
injection of heat killed BCG, and the effects of methylprednisolone (MPSL) on the
granulomatous lung tissue, bronchus associated lymphoid tissue (BALT) and the population
of cells from bronchoalveolar lavage fluid (BALF) and peripheral blood were examined by
the cytological and immunohistochemical methods.

The pulmonary granulomatous reaction was reduced effectively by the administration
of MPSL. A remarkable reduction of the number of Ia antigen positive alveolar
macrophages (Ia"A * M¢) and T lymphocytes in the granulomatous lung tissue and BALF
was observed. T helper cells to non—helper cells (TH/TNH) ratio in BALF decreased
remarkably. Furthermore, a reduction of Ia antigen positive macrophages (Ia* Me@) and
T cells was noted in the parafollicular area of BALT. These findings suggest that
glucocorticoid may suppress the immunological activity of M¢ and T cell through its
inhibitory effect on the differentiation of Ia* M ¢ and activated T cells, which may result
in the diminishment of pulmonary granulomatous reaction through the disorder of M ¢ —T
cell interaction.

On the other hand, lymphocytopenia with decreased TH/TNH ratios in peripheral blood
was observed simultaneously with the reduction of the pulmonary granulomatous reaction.
Thus, the mechanism of reduced pulmonary granulomatous reaction after MPSL
administration may be not only due to local immunosuppression, but also to impaired
systemic immune response.

In addition, the disappearance of the germinal center and the reduction of surface [gM—
positive cells in the follicular area of BALT occured with the reduction of pulmonary
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granulomtous reaction.
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These results suggest that glucocorticoid also suppress the

humoral immune responses in BALT during the course of delayed type hypersensitivity

reaction.
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Fig. 1. Effect of glucocorticoid—treatment on

the pulmonary granulomatous reaction in the
BCG-—sensitized rats. The degree of the reaction
is expressed as a ratio of the lung weight to the
body weight. There was a gradual increment of
the ratio untill day 35 in the group without
MPSL—treatment (Z — Z), and in the group
once MPSL—treated (A—+—A) little change was
seen in the ratio. Whereas, in the group twice
MPSL—~treated (®---—-@®) and thrice MPSL-—
treated (M- W), the ratios were suppressed
on the early phase after MPSL-treatment.
** p<0. 05
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KW ETOITNOEEER -7, ZHucxil, MPSL
VERETIE, 23 H (WUE 1 H%B) o) v 5ER 3.8 %,
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Fig. 2. Changes in the number of total cells
and alveolar macrophages in BALF of the BCG
_sensitized rats given the glucocorticoid—treat-
ment, and their differential cell populations.
(A) The number of total cells and alveolar macro-
phages in the group with MPSL—treatment were
significantly reduced on day 23 and day 26,
compared with those in the group without MPSL
—treatment on day 21. O —— O : number of total
cells, A——/\ : number of alveolar macrophages, each solid
symbol refers to those after MPSL—treatment. * p<0. 05,

#% 5<0.01. (B The percents of lymphocytes and
neutrophil leukocytes of BALF cells increased in
MPSL—treatment (upper
those proportions

the group without
column). On the contrary,
were reduced on the early phase after MPSL-
treatment, and showed a gradual recovery on
the later phase (lower column).
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Fig. 3. Changes in the percentage and the number of Ia antigen positive alveolar
macrophages (Ia” A*M¢) and lymphocyte subsets in BALF of the BCG-sensitized
rats given the glucocorticoid—treatment. O —— O : percentage of positive cells, A——/\ : number
of positive cells, each solid symbol refers to those after MPSL—treatment.

(A) Changes of Ia™ A*M¢. la” A+*M¢ showed a marked increase in both the number
and the proportion after BCG sensitization. Whereas, there was a notable decrease in
the both of Ia” A+M¢ on the early phase after MPSL—treatment. (Bl Changes of Ia
antigen positive lymphocytes (Ia” Ly). There was little change in the percentage of
Ia™ Ly after BCG sensitization, but a remarkable increase in the number was observed.
MPSL~treatment resulted in a significant decrease of the number of Ia* Ly on the early
phase. (© Changes of W3/25 positive lymphocytes (helper T cells : Tu). T showed a
remarkable increase in the number after BCG sensitization, and a significant decrease
on the early phase after MPSL—treatment. (D) Changes of OX8 positive lymphocytes
(non-helper T cells : Tnu). After MPSL—treatment, TnH showed an upward trend in
the proportion, but a notable decrease in the number on the early phase after MPSL—
treatment. (E) Changes in the TH/TNH ratio. A significant decrease was observed on the
early phase after MPSL—treatment. *p<(0.05, **p<{0.01
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Changes in the percentage and the number of lymphocyte subsets in

peripheral blood from the BCG-sensitized rats given the glucocorticoid—treatment.

©O—0, A—D, 0-——-0, A—A:

see fig. 3.)

(A) Changes of Ia antigen positive lymphocytes (Ia* Ly), Ia* Ly showed a significant

decrease in both the proportion and the number after MPSL—treatment.
of W3/25 positive lymphocytes (helper T cells :
in both the proportion and the number after MPSL~—treatment.
positive lymphocytes (non—helper T cells :

proportion after MPSL-—treatment,

(B) Changes
TH). T showed a significant decrease
(©) Changes of 0OX8
Tnu). TN showed an upward trend in the

but was significantly reduced in the number.

(D) Changes in the Tu/TNH ratio. A significant decrease was presented on the early

phase after MPSL—treatment. *p<(0.05,

** p<0. 01
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Fig. 5. Pathological findings of the epithelioid cell granulomas in the lung and
the bronchus—associated lymphoid tissue (BALT) of the BCG-sensitized rats
given the glucocorticoid—treatment.

(A The group without MPSL—treatment on day 21. Note the mature epithelioid
cell granuloma—formation and a massive lymphocyte—infiltration around the
granulomas and within the alveolar septa. (B) The group with MPSL—treated on
day 26. There was a rapid reduction of epithelioid cell granuloma—formation and
lymphocyte—infiltration. (€ Note the enlarged BALT with well developed
germinal center (GC) in follicular area and granulomas (arrow) in parafollicular
area on day 21. (D The group with MPSL—treatment on day 26. There was a
marked reduction of the size of BALT composing of scarce of lymphocytes and

germinal center. HE, (A and (B) x 50, (C) and D) x 25.

512 —IB (30 %LIT) I 3MiMEiEd 5 M ¢ D(EAE
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DFEA LMD TOMIEMS E bITHEiNg 3 2 E2REL
TWBY, FhHraf F—vyREEG0E b OEMHER
AEMESREICB VTS, A Mg MifiNbEEdT 52 &
PEEIhTVWEY,

— K, EWEaLF a4 FORRITHOVTIE, EE<Y
ZIZBWTHREERINA K oa—F v SRR IMBER
DERE S-S L, & SITHNEA & RATEhE % i L
TBALF thd A « M¢ Db 4 2HE* ®, invitro
TOHEKD S Mo ~O/MLAEFEE 3 v F 3 4 FH4H

T 52 &%, M@ @ migration inhibitory factor i<
T ARIUABT I E LW BERREEA T
B. L1zh-T, AEERICBLWTAONIZA Mg O
W, BEILF a4 FOMATFEERIECBVLTS
MiEBEERDOIHN~DFHEA, Mo ~DsLH & O
JEOLEF NI L THIIHFNSER LcfERTH A S &
RN 5,

S5l EYHEG®R, MASFRRCSIEES T 5i1con
Tla"A*Mg¢ ODERIED SN (Fig. 3—A), Ia”
M¢ 2#FH$ 2KTELTE, BCGE2E5LKEDORIAK
RyR Y vEAA YHBHSNTWS™, &, Snyder
S BEEHaILFIA FMinvitroTY vHA4 VI
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Fig. 6. Distributions of la antigen positive (Ia”) cells in the granuloma of the
lungs and BALT of the BCG-sensitized rats given the glucocorticoid—treatment.
(A} Accumulation of Ia® lymphocytes and la” alveolar macrophages into the
periphery of granulomas was seen in the group without MPSL~—treatment on day
21. (B Infiltration of Ia* lymphocytes and Ia” alveolar macrophages surrounding
granulomas decreased in number in the group with MPSL—treatment on day 23.
(© Follicular area (FA) of BALT mainly consisted of Ia” lymphocyte, and a
massive infiltration of Ia” cells were seen within enlarged parafollicular area
(PFA) on day 21. (D High magnification view of PFA on day 21 reveals that la*
cells are composed of la” macrophages (arrow) and Ia® Iymphocytes. (E) Degree
of Ia* cell—infiltration decreased in both FA and PFA after MPSL—treatment on
day 23.
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Methylgreen. (A and B) x 100, (O x 50, (D) x 250, (&) x 25.
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NEMEERT T EAHE L 72, Takizawa 510 12, =
v 2D BCG MiEE F VKT B4 202K v
A BB OEBRED S, EFICX 5 Ta OFERRD(E
Hic &k b AIFEFEAME s 5 &H#HERAIL TW3, Moore
5z, EULL <Yz BCG MAFEEFLICBLT,
DEOIA 707+ 27 7 <4 FHEBICASFRERIEO
AREbICOST I EEREL, KEE OEFILRIRKIC

Methylgreen. (A) and (B) x 50, (C) and (D) x 25.

Fig. 7. Distribution of W3/25 positive lymphocytes (helper T cells

: TH) in the

granuloma of the lungs and BALT of the BCG—sensitized rats given the glucocor-
ticoid—treatment. (A) Numerous TH surrounding granulomas and within alveolar

septa were seen on day 21. (B) Decreased TH surrounding diminuted granulomas
were seen after MPSL—treatment on day 23. (C) T were distributed mainly in
PFA of BALT which seen diffusely in FA on day 21. O T in both FA and PFA
were reduced after MPSL—treatment on day 23.
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Methylgreen, (A) and (B) x 50, (C) and (D) x 25.

Fig. 8.

Distribution of OX8 positive lymphocytes (non—helper T cells

: TnNH).
(A) A large number of TNH surrounding granulomas and within alveolar septa

were seen on day 21. (B) Decreased TnH surrounding diminuted granulomas were

seen after MPSL—treatment on day 23.

(©) TnH were almost distributed in PFA of

BALT and were scarcely scattered in FA on day 21. (D) TnH in both FA and PFA
were reduced after MPSL—treatment on day 23.

Tna 20414 3 & &I & » TRFERIGA®ILE i
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A oh, hoOEROEEINE LA RS I EARES
hTtuwa?, Lhl, #EEmEICE VTR, BALF
o Tu/Tna A8 LOLIFOIER AT LAEHE
TLBY®, EESLHEM S OREIER%IC S BALF
L oD [l Fe s {1 A 22 71 3 38 M i 289 B o £ AE 2 RS L

- 29)
- o

ClFEoTE<, BEFrics0T, Ta HitREFE
ORI e, Tna ASIHINICRE S E A 5
N3 EREHEEICHE LT, £ MTBOLTE, RIFET
MR OREIC BT HEOER I T KHSA TN, &
[ O PGS <13, MPSL $¢5.45 Tu/TNH D &2 5

I THAEOHTHOERE IS LIl EnD,
RFIFIEEGRRRIC B 1 2lfHOER I DL TEE AL
29, CORERASHROBETH Z, EHavFaAF
Ik 5 THIREORDOKFE LT, EM b T Hika
KBB4 vy —oqFy 2 EELEAFIDIHGT S C
L0 x5t lat A Mg A T fla0BEE RIS %
TEW M, AERTRENLLSICIAT A Mg D
WLk EDafenEZL SN B,

CNSOFRAS, BWHEILF 34 FIFHEE-M¢ @
il AT~ omA, b, HEICEERE L, la P
Btk Mg D43bZ &I L T % Ol KT
Zbico L, &5 THIEDEEMEIc SHNHIE I (E
ML, Z0E Ta & M¢ Itk > TEREZ&aN DTH
MISZRE S 3IcWics b RSN B,

fifi k4 D HAE 2L 2 & 5 &, MPSL ALER{#IC
BV TAIFEEREEERRICEET S Y v KRS Ta”
A+ Mg (&, BALF il b & 33— L 1 HR
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Table Immunohistochemical Changes in Immunocytes and Accessory Cells in BALT,
Alveolar Septa and Periphery of Granuloma
BALT Lung granuloma
Treatment PFA FA (alveolar septa and periphery)
latM¢ Ia* Ly Tu Twu JatLy Tu Tyu la* N ¢ Ia* Ly T Tyu
Before BCG | +* + - 4 = - * + +
After BCG i m o o m m - - on - -
day 21 ‘ ) - )
After MPSL
day 1 + * + + - + — - + + +
day 4 + + - i i + + + - + +
day 8 + + + +H i + =+ + H + ++
day 15 + + -+ + - + + + + + +H-
% : Degree of immunohistochemical change, — : absent, — : slightly positive, + : mildly positive, — : moderately

positive, — : highly positive

Ia" Mg :la antigen positive macrophage, Ia~ Ly :Ia antigen positive lvmphocyte, TH : helper/inducer (W3/25

positive) T lvmphocyte,

AR L, BALF »SHfi#l#sk T OfEAELE £ R4 3 T &
DR S N,

BALT It W T3, MPSL L@E%FELIC PFA D
IO & Ia* M@, TH, TNH QR/DHED S,
NS DZE L BALF 8 X UM OH#ERS & 1313 —F
LTWi, ZOHEER, Mo DTHKIEDHEE—L
T PFA O E S 5 Mg & T ffad & biczil
52 &% RLTEY, BALT R OMiar oz
BAICECHS LTV EO RS 25 oicimifid
BHTHEEZEAZON S,

X512 BALT® FARNOZE{LE LT3, MPSL AL
BREHICRPLOEEAS a7 Ly ORDHEA SN
FAMN® Ia” Ly & LT3, @D Ta & Tna D4 44H
la" Ly icltxTOMTH b, EEBICZHD slgM™ Ly
DBEH SN EnS, BilaXZksRdbDEEL
Snb, THS™ 3, FRMAFMIEE T VicEWT
FA O R ¥ %t & BALF hoffEs o7 ) VEH
% RT T & A2HE L, BALT @itadnicsi 2%
Ero7) vELXOHEEOETHA D LHERILI, I
SOFTRMSEZSE, WEaLF a4 FEMEATICE
U BHMESR IR LT b IEIRNICEH T 5 SRS
N5,

KB T2 v NEROEE %5 5 &, HRZFEEX
GO HB EFITL T, THlZORDE Ta/Ta O
ThEgant (Fig. 3. TOMWFELTE, MR
B35 THEOEAKT, Kighk ) v s~ ofrd
Yoy NSRS B AIEREREENEZL SN B,
Slade 5% 12, & bITH VT prednisone 40 mg D
BRI Y v N EROBDE Ta/Tra LOE T % & 72
ST EEREL, BRANOHEEEOENEEF LR

TNH : non-helper (OX8 positive) T lymphocyte

BLTW3,

HWEaLF a4 Ficxfd 2 v SBROESZMEICE, &
WWE>TEHELVWERSEFEELTBY, v b2y 2k
BZWENF O £ b EERNIEFE TS 2% L ubh
TW3, SlEOBETld, MPSL MLE % 501 IR A
FNLBEEN S, KM v i~ o ) v SERiFY
KL CTREEN TS 5, [HIRHHIC KRB E D 2 0538
doNF I EnS, WRICE T ZEEADKTHAMBIMD
IhooZftE b LEERRRNEEL OGNS, L
DT, WHE I VF a4 Fiok BIMAFERZ OMES,
RO A5, [Mpy v EREROZfLE LTH &
5 A 5N 5 HEEESIcd 5 2B HIEIRIRICE - T
broo I N AlREWA R S N,

¥ & 8

BALT #4144 % BCG MiRFMHEE F L5 v b
2% L MPSL OGRS 217 L, M2 IEA AR
BALT, BALF B K UAMBIMOEEH#EL, o
DTH K2 81 2 AR H & BALT OfEnkiiaic &
FHE LT a4 FHIOEEERET L7

7 ofEE, MPSL#51c &y, MAZFMEEEEOD la”
AsM¢ & THIFOERITIZFHITL THEBL
BALF tho#fanzs (k& LT Tu/Tru DK T % #
5 THIKLE Ta* A Mg O, MM EMEROZE
LLTIRY vooBkomDE Ta/Ta LOE T ZNE
NEE s N7z, %51, BALT OHIBRFHIRE T,
PFAR® la* M¢ & THilEOTERAED ol T
NODHEENS, WHEaLF 34 NIRRT M¢

DM Ic B A TIF LT la Mg O/ {EAEIHIL,
X LSO & 5 F 2SI T #iao s (ki il
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FHZ{EH L, ZO#E DTH RILDOHREFET 5 &
MRIE S iz,

X 51, BALT ® FA N KR AHEAEL, Ta" Ly
DD T B S, AFNIHEATIC B T 5 il REG
Fioxt LT MBI ER T 5 £ B X 5N,

E:l [

BIBIT D 7 0 HIFEE SRR A D £ LB AR
SRR, B RIS T RS RS L T,
% BT OMHEE A TE W 72 8 TR T HA BB,
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