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To investigate the role of bronchus-associated lymphoid tissue (BALT) in delayed-type
hypersensitive reaction of the lung, we examined light microscopic findings of the lung and
BALT in both normal rabbits and rabbits sensitized intravenously (IV), subcutaneously
(SC), and intratracheally (IT) with heat-killed bacillus Calmette-Guérin (BCG).

The rabbits were divided into 5 groups according to the route of sensitization as follows :
nonsensitized control group, primary immune response group (IV group), and secondary
immune response groups (SC — IV, IV =1V, IV — IT group).

The following results were obtained.

1) BALT in normal rabbits was seen along the air way from main bronchus to bronchioles.
BALT was divisible into 4 different areas: lymphoepithelial layer (LE), dome area (DA),
follicular area (FA), and parafollicular area (PFA). LE was nonciliated epithelia, and
devoid of mucous goblet cells. Massive infiltration of small lymphocytes could be seen, and
there was also a slight degree of infiltration of macrophages and plasma cells in LE. FA had
characteristics of B cell zone, and postcapillary venules with high endothelium could be
found in PFA.

2) Alveolitis and epithelioid cell granulomas were seen in the lungs of all BCG-sensitized
groups. The rabbits of IV — IV group developed most extensive granulomatous response
in the lungs. There was marked accumulation of pyroninophilic lymphocytes and plasma
cells around the granulomas and within the alveolar septa.

3) In the BALT of the secondarily IT sensitized group (IV — IT group), 2 days after
secondary sensitization an acid fast organism could be found within a large sized mono-
nuclear cell of LE. In the BALT of the IV sensitized groups (IV, SC — IV, IV — 1V group),
acid fast organisms could not be seen, but epithelioid cell granulomas could be found.

4) In the course of granulomatous response in the lungs induced by the BCG-sensitization,
the number of BALT with FA decreased 2-4 days after secondary IV or IT sensitization
in the secondary immune response groups and after primary 1V sensitization in the primary
immune response group, and then recovered gradually. In LE and DA the number of
pyroninophilic lymphocytes and plasma cells increased.

The above results suggest that BALT may induce the local immune response in the lung
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by uptake of antigen and control the production of immunoglobulins in FA, which may
modify the delayed-type hypersensitive reaction in the lung.
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Table 1-(D. Histologic Changes of the Rabbit Lungs in the Group Primarily
Intravenously Sensitized with Heat Killed BCG

. . Days after IV itizati
Histologic changesa) ys after sensitization
1 2 4 7 14 21 28
Neutrophilic infiltration + + + + - - -
Alveolitis + # + + - +# +
Degree of . NGb) NG + + + + +
central necrosis
Epithelioid cell
Degree of
fusion NG NG - + + # +
granuloma
Degree of
maturityc) NG NG G G2 G: Gs G

Table 1-®. Histologic Changes of the Rabbit Lungs in the Groups Primarily
and Secondarily Sensitized with Heat Killed BCG

3weeks after Days after secondary sensitization
Histologic changes? Group primary

sensitization 1 2 4q 7 14 21 28
SC— IV - H#~% H#~% H# + + +* -
Neutrophilic infiltration IV— IV + + + + + + * -
IV—IT + NDY # ND # + * ND
SC— IV - + +# + + + + +
Alveolitis IV—> IV + + #+ + + + + +
IV—=IT + ND + ND + + + ND
SC— IV NG® NG + + o+ o+ #

Degree of
IV— IV - + + o+ o+ o+ o -
central necrosis W IT _ ND _ ND + + _ ND
Epithelioid cell Degree of SC— 1V NG NG -— + + + + +
V= IV - - - - + + + -
granuloma fusion Vo IT - ND + ND 4 4+ * ND
SC— IV NG NG G G2 G2 G3 G3 Gs

Degree of
) IV— IV G3 G2 G2 G2 G3 Gs Gs Gu

4 ,C
maturity™ |y T Gs ND G ND G Gi Gs ND
a) Histologic changes were graded as follows : —, not detected ; +, mild

changes ; ++, moderate changes; ++, severe changes. b) NG: No
granuloma. ¢) Degree of maturity of the epithelioid cell granuloma was as
follows : G,, immature ; G, and G;, mature ; G,, atrophic. d) ND: Not
done.
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Fig. 1. Light microscopic characteristics of the BALT in a normal rabbit. a :
Low magnification view of the BALT. BALT shows histologically a typical
structure of secondary nodule with germinal center. LE : layer of lymphoe-
pithelia, DA : dome area, FA : follicular area, PFA ! parafollicular area.
HE, x50. b : Note the absence of mucous goblet cells in LE. Periodic acid
Schiff and Alcian Blue, X100. c : High magnification view of LE and DA.
Massive infiltration of small lymphocytes can be seen in LE. There is also a
slight degree of infiltration of macrophages and plasma cells. HE, X100. d:
Bundles of elastic fiber (arrow) which are separating LE and DA ,are almost
interrupted around the upper pole of lymph follicle. Elastica Van Gieson, X50.
e . Note the presence of postcapillary venule (arrow) with high endothelium in

PFA. HE, X200.
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Fig. 2. Changes of the degree of pulmonary reaction (PR) and granuloma
formation (GF) in the BCG-sensitized rabbits. Primary sensitization was
carried out by injection intravenously (IV, IV — IV, IV - IT group), or sub-
cutaneously (SC — IV group). Secondary sensitization was carried out 3 weeks
after the primary sensitization by injection intravenously (SC — IV, IV — IV
group), or intratracheally (IV — IT group). The degree of PR is expressed as
a ratio of lung weight (LW ; g) to body weight (BW ; Kg) in all groups. GF is
expressed as total area occupied by granulomatous changes which are seen in
a certain level transversal section of each of the left lungs of IV and IV — IV

group.

N =nonsensitized control group, S;=primary sensitization, S,=secondary

sensitization.
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Fig. 3. A representative finding of alveolitis and epithelioid cell granuloma in
the lung of BCG-sensitized rabbits.
a . Neutrophilic alveolitis seen in the rabbit lung 1 day after primary IV
sensitization (IV group). HE, X100. b : Epithelioid cell granulomas seen in
the rabbit lung 2 weeks after secondary sensitization (IV — IV group). There
is marked accumulation of pyroninophilic lymphocytes and plasma cells
around the granulomas and within the alveolar septa. Methyl green pyronin, X

100.

to total number of BALT (%)
3
—o

0t I\

Mean percent of BALT with FA

[ .
60 |- o T [
} bl u[\ <

L

Nt 21 112
S, S;or S,

Days after sensitization

Fig. 4. Changes of the BALT with FA in the BCG-sensitized groups. After
sensitization, number of BALT with FA decreased in early phase, and then

recovered gradually. @ ——@
Kz o X

for N, S,, and S,.

IV —IVgroup, o ——o0o [ IV

IV group, G- O :SC—1IV group,
— IT group. See explanation of Fig. 2.
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Fig. 5. Light microscopic findings of the BALT in secondarily IT sensitized

group (IV —IT).

a . Note the disappearance of FA in the BALT 2 days after

secondary sensitization. There is accumulation of small lymphocytes, large
pyroninophilic lymphocytes and plasma cells among PFA. Methyl green
pyronin, X100. b : Two weeks after the secondary sensitization, BALT with
FA appeared. Methyl green pyronin, X100. ¢ : An acid fast organism (arrow)
could be found within a large sized mononuclear cell of LE 2 days after
secondary sensitization. L . Bronchial lumen. Ziehl Neelsen, X500.
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