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Bronchus—associated lymphoid tissue (BALT) is considered to play an important role
for the local immune response of the lung. We have been studying the function of BALT in
delayed—type hypersensitive reaction of the lung. Our previous report showed that BALT of
rabbits was histologically divisible into four different areas : lymphoepithelial layer (LE),
dome area (DA), follicular area (FA), and parafollicular area (PFA), and that the
structure of BALT changed in rabbits sensitized with heat—killed bacillus Calmette Guérin
(BCG). In the present study we researched the distribution of immunoglobulin (Ig) (IgG,
IgA, and IgM)—positive cells and T cells in the lungs and BALT in both normal rabbits and
rabbits with pulmonary granulomas induced by primary and secondary intravenous sensiti-
zation with heat—killed BCG. We detected Ig positive cells by the direct immunoperoxidase
technique, using horseradish peroxidase (HRP)—labeled anti rabbit IgG—, anti rabbit Ig
A—, and anti rabbit IgM—-IgG antibody. Also we detected T cells by the indirect immunoper-
oxidase technique, using M—108 monoclonal antibody specific for rabbit T cells.

The following results have been obtained.

1) In the normal rabbit—BALT the distribution of the cells was as follows : LE ; This
area was consisted mainly of IgG—positive cells, IgA—positive cells and T cells. IgM—
positive cells were scarce. DA ; IgG—positive cells, [gM—positive cells and T cells could be
seen in this area.FA ; A center of FA is distributed by a number of surfaces IgM—positive
cells. A slight degree of infiltration of IgG—positive cells and T cells was found in this
area. PFA ; This area was consisted mainly of T cells. There were also a number of Ig
G-positive cells and IgA-—positive cells and small number of IgM—positive cells.

2) In normal rabbits a number of IgG—positive cells and IgA—positive cells were seen
within bronchial walls, and a few of these cells were found in bronchiolar walls and
alveolar septa. IgM—positive cells distributed sparsely in the bronchial walls. The number
of the Ig—positive cells distributing in the bronchial walls was closely ralated to the degree
of the development of BALT.

3) A marked infiltration of IgG—positive cells and IgA—positive cells was seen in the
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peripheral regions of the epithelioid cell granulomas from one day after the secondary
BCG—sensitization, and then the number of these cells increased gradually. The number of
the cells in the granulomas reached the peak three weeks after the sensitization, and

% 25

subsequently decreased.

4) The number of sIgM—positive cells in FA markedly increased from four days after

the secondary sensitization, and the findings could be recognized continuously for the

subsequent five weeks.

The above results suggest that BALT may control the production of immunoglobulins

of the lung, which may modify the delayed—type hypersensitive reaction in the lung.
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Fig. 1. Localization of immunoglobulin—positive cells in bronchial walls and BALT from a
normal rabbit. These cells were detected by the direct method of immunoperoxidase technique.

a) BALT labeled with anti IgG antibody. Note the presence of a number of IgG—positive ce-
lls in lymphoepithelial layer (LE) and parafollicular area (PFA) of the BALT and also in the
surrounding connective tissue. A slight degree of infiltratration of these cells can be seen in
follicular area (FA) and dome area (DA). Methylgreen, x25.

b) A bronchial wall labeled with anti IgA antibody. A massive infiltration of IgA —positive
cells can be seen diffusely in lamina propria mucosa of a bronchial wall. Methylgreen, X10.

¢) High magnification view of b). A number of IgA—positive cells are found in LE and PFA
of the BALT and the surrounding connective tissue, but rarely in DA and FA. Methylgreen,
x 25.

d) BALT labeled with anti IgM antibody. Note a massive accumulation of surface IgM—posi-
tive cells in FA of the BALT. Methylgreen, X25.
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Fig. 2. Distribution of anti M—108—positive
(T) cells in a normal rabbit—BALT. T cells
were detected by the indirect method of the
immunoperoxidase technique.

a) PFA and interfollicular (IFA) is consist-
ed mainly of T cells. Methylgreen, x20.

b) High magnification view of a). T cells

are seen in DA and infiltrate into the lower
part of LE. Methylgreen, x132. L : Bronchial
lumen.

HAH9H (Fig. 1-d). INSOMIAIE C o = viFtkod~
KB vov3FRkE L THIES N bDTH 5%, slgMEg
PR O HIFRIZ Bl LD BRI A 5 59 TEhD,
BALT A TOD IgGrE M a L Ig A BBYEMRIE~D difu
HPHRES NS, HILEREE ) v o418 (Gut—associ-
ated lymphoid tissue: GALT!9) @ 1 2 Th b v v
Z Peyer #2 Tld sIgMES AR S sIg A Bt f R ~D #ixz
BV & F e, BRI sTgM BRI S sIgG
PSRRI D Lt (€9 switch T cell BEFEET A T &
DRBSNTOS I, BALT & GALT DFF BE#91f T
REMVRMIME D I SHEES 5 &, BALT ThslgM B 4#m
fa © slg ARG PERIRIN D ik &, switch T cell @
FEDPTRNICTFREING, HiC, Kl Milatasic
BOTIgGRBHAIA g ABHEMIEL D PPE L BD S
072 (Table D) S BIDMKENPSEZLSE, FRDBA
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Do
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PET MR, IgGREMEMIE, [cAB ML X UKD
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) VoNETR AR E AT THIRED 59 5 RIGE» -7z,
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Fig. 3. Shematic distribution—pattern of lymphocytes sub-
sets and antibody forming cells in normal rabbit—BALT.
LE : This area is consisted mainly of IgG—positve cells, IgA
—positive cells and anti M—108 (T) cells. IgM—positive cells are

scarce.

DA : IgG—positive cells, IgM—positve cells and T cells can be

seen in this area.

FA : A center of FA is distributed by a number of surface
IgM—positive cells. A slight degree of infiltration of IgG—pos-
itive cells and T cells are found in this area.

PFA : This area is consisted mainly of T cells. There are al-
so number of IgG—positive cells and IgA—positive cells and
small number of IgM—positive cells.

x : IgG—positive cells
o : IgA—positive cells

e : IgM—positive cells

A anti M—108—positive T cells

B C GHEED&IRMEZS (ZREME) Itk bERRL«
RFEERUGIC S W T, Ry o7 YEAIR K S Bk
SRR IGE DY b B RAPI 2 R T Ak D S EMRE A B 7 T
BEMEIC DO T BHICHREE L7290, Alalid, [ERRDERR
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bz e c iR Uiz, BYE 1 B B o RFED I
CIgG Ml & Ig A B MO A A O, TDR
wescHEmL, 3EE%E -2 & LTR%ED L (Fi-
g.6)o TH &Y (FFASFEIERR TORE X Mk
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LTRicHET 3 E0bh, LiLofRid, E#iReic
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Fig. 4 Fluorescence histogram from EPICS analysis of
normal rabbit lymphocytes labeled with antibodies against
T cells and immunoglobulin (Ig). Two dimensional light s-
catter of peripheral blood lymphocytes (PBL) is shown in up-
per margin of the figure. The antibodies used and cells tested
are on the figure. Positive profiles are for million cells and
expressed as cells with more fluorescence than the marker
position shown.

The cells tested were : a) thymocytes, b) lymph node cells
(LN), ¢) peripheral blood lymphocytes (PBL), d) bronchial
(BALT) lymphocytes labeled with anti T cell monoclonal
antibody (M—108), e) BALT lymphocytes labeled with anti
Ig antibody,f) BALT lymphocytes labeled with anti IgG anti-
body.Note a marked heterogeneity of the fluorescent intensi-
ty in both Ig—positive cells and IgG—positive cells obtained
from BALT.
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Table 1. The Distribution of Immunoglobulin (Ig)-and the Class-Positive
Cells in the Wall of Airway and Alveoli

Mean No. of cells/Cross section Number of

Mean No. of Ig* cells

Site examined /Cross section

IgG+

IgA+ lgM* examined

Large bronchi® 612.4+416.7 309.1+242.9 286.7+160.1 25.6+21.3 7
Small bronchi2) 41.7%20.6 25.7%x12.7 15.3%7.2 0.7%+1.2 3
Non-respiratory 4.941.2 3.4+4.8 1.3£1.4  0.2+0.8 2%
bronchioles

Respiratory 2.040.4 1.0+1.0 0.9%1.0  0.1+0.4 2
bronchioles

Alveoli®) 3.040.6 1.740.1 1.240.1  0.1+0.1 200

a) Bronchi which are over or less than 1 mm. in the diameter of lumen were arbitrarily classified as

“large type” or “small type”, respectively.

b) Number of immunoglobulin- and the class-positive cells in the alveolar region is expressed as the

number of the positive cells per 10 alveoli.

Table 2. Relationship between the development of BALT and the distribution
of immunoglobulin (Ig) -and the class-positive cells in the wall  of

large bronchi

Experimental Diameter of No. of BALT

Number of Ig* cells

Mean number of cells
per cross section( 5 mm)?

number bronchi(mm) recognized s(:eré,:zn scer::Zn (5am)?  1gG* A+ M+
1 1.9%3.5 4 1,264 744 403 306 35
2 1.0x2.5 3 1,144 1,040 547 463 30
3 2.0%X2.9 2 578 385 203 152 31
4 2.0%x2.8 2 403 269 17 147 5
5 1.5X2.0 1 336 305 154 140 20
6 2.8x3.3 1 443 233 104 55 4
7 2.0%3.0 0 182 114 20 91 3

a) Number of immunoglobulin- and the subclss-positive cells is expressed as the relative number of

the cells found in each 5 mm. -length of the lamina propria mucosa of bronchial walls.

% a7 B0 —EIE, ZIRBYEHRICFAT
SLHERE U 72 sIgM BBtEmiaic k4 3 boTid <,
SO BHIAOMIERIGIC L 35D TH BT EWRESH
%,

1, PEFEE T S Hiicid, TomiakkezEo
M54 2EMEY » 54T, THEAEEh S E T
INBH, REHTIEHM-108F8 1 T MR TX

oty TOEEAELT, M—1085L &3 75 ML T 40
A& 3O RIEE RISV ENEZLONS,

BEER 9 O E» S, BALTWHHMiBRTICET %
GiE s 0 7Y VEEE DRI A N U C IR ZEE IR
RS LTV AB T EMRBEN/D, KHTIIDOBAL
T OSULEERE, AR L ErE Akic kD, B
WCEHRICIRT T 2 T &M T o, Lp L, MRIFERIG
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Fig. 5. Representaative findings of distribution of IgG—positive cells :nd IgA—positive cells
in the pulmonary granulomas induced by the secondary sensitization with heat—killed BCG.

a) IgG—positive cells, and b) IgA-positive cells two weeks after the sensitization. Note a
massive infiltration of IgG—positive cells and IgA—positive cells into the peripheral regions
of the epithelioid cell granulomas. a) and b), Methylgreen, x25.
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Fig. 6. Changes in the number of immunoglobulin cla-
ss—positive cells distributing into the pulmonary granulomas.
Number of the positive cells is expressed as relative num-
ber of the cells found in one mm?. of granulomatous region.
The number of IgG—positive cells gradually increased, reach-
ing the peak three weeks after the sensitization, and then de-
creased. The number of IgA—positive cells and IgM— positive
cells decreased in early phase, and subsequently increased,
reaching the peak three weeks after the sensitization,and then

decreased.
S1= Primary sensitization three weeks before secondary
sensitization. S2 = Secondary sensitization.

o—— o : lgG—positive cells
O rrrrrnenns o : IgA-—positive cells
O—-—0 : IgM-positive cells
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Fig. 7. Distribution—pattern of lymphocytes
subsets in the BALT from a rabbit with gran-
ulomatous lung. a) BALT five weeks after the
sensitization. Marked increase of surface IgM-
positive cells can be seen in FA. b) BALT tow
weeks after the sensitization. Note intense ac-
cumulation of anti M—108—positive T cells in
PFA (arrow). a) and b), Methylgreen, x33.
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