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ANALYSIS OF DELAYED TYPE HYPERSENSITIVITY REACTION
OF THE EXPERIMENTAL GRANULOMATOUS LUNG

——Changes of T—cell and B—cell Subpopulations in the

Bronchus—Associated Lymphoid Tissue—
Akihiko OKANO * and Atsuhiko SATO
(Received for publication October 21, 1987)

To clarify the role of bronchus—associated lymphoid tissue (BALT) in the delayed—type
hypersensitivity (DTH) reaction in the lung, we examined immunohistochemically the
dynamic changes of the cell type structure of BALT in rats with DTH reaction induced by
secondary injection of BCG.

The lymphocyte subpopulations of BALT were determined with the indirect immuno-
peroxidase technique, using monoclonal antibodies and antirat immunoglobulin subclass—
antibodies reacting with T—cell subpopulations and each surface Ig subclass B—cell.

The structure of the normal rat—-BALT was similar to that of the rabbit or Peyer’s
patch of the rat, except that the development of germinal centers in the follicular area was
not found in most of the BALT.

The induction of DTH reaction increased both the size of BALT and the number of
germinal centers in follicular area in the early stage of the reaction, and subsequently
resulted in granuloma formation in the parafollicular area in association with the
development of granulomatous changes within the lungs. In the BALT, the ratio of
W3/25—positive T—cells (T helper) to OX8-positive T—cells (T nonhelper) increased by 2.6
in the early stage of the reaction but decreased by 0.5 in the late stage (five weeks). On
the other hand, in the early stage, the surface (s) IgM—positive B—cells and slgA—positive
B—cells increased in most compartments of BALT and within parafollicular area, in
particular in the surrounding regions of highendothelial venules.

Therefore, the numbers of OX6—positive cells (Ia—positive cells) markedly increased in
all area of BALT in the early stage. These increases suggest the involvement of not only
B—cells but also activated T—cells and activated macrophages in BALT.

* From the Second Department of Internal Medicine, Hamamatsu University School of
Medicine, 3600, Handa—cho, Hamamatsu, 431—31 Japan.
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In addition, the fluctulation of immunoglobulin levels in bronchoalveolar lavage fluid

was greater than that in serum.

These findings indicate that the changes of T—cell and B—cell subpopulations in BALT
are closely associated with DTH reaction, and BALT modify the local immune response in

the lung by cell-mediated immunity as well as humoral immunity.

Key words : Bronchus—associated lymphoid
tissue, Experimental granulomatous lung,
T—cell subpopulation, B-cell subpopulation,

Immunohistochemical method
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Fig. 1. Light Microscopic Findings and Distribution of Lymphocyte Subpopulations

in BALT of Normal Rat.

a) BALT had histologicaly a typical four areas as well as other mucosa—associated lymphoid tissue. LE :
layer of lymphoepithelia. DA : dome area. FA : follicular area. PFA : parafollicular area. HE, x25.

b) PFA was consisted mainly of T—cells (W3/13—positive T—cells). Methylgreen, x33.

c) Helper T—cells (W3/25—positive T—cells) were distributed mainly in PFA and diffusely in FA.

d) Nonhelper T—cells (OX8-positive T—cells) were distributed diffusely in PFA.

e) la—positive T—cells (OX6—positive cells) were distributed in FA.

f) BALT labeled with anti-rat IgM antibody. Note a massive accumlation of surfase (s) IgM—positive
cells in FA. Methylgreen c), d), e) x25, f) x33.
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Fig. 2. Light Microscopic Findings in BALT during the Course of Pulmonary

Immune Responses.

a) FA with germinal centers appeared in BALT and granulomas could be seen in PFA two weeks

after the secondary sensitization. HE, x13.2.

b) There were massive accumlation of lymphocytes in lymphatics (LN) and in highendothelial

venule (HEV) of PFA. HE, x132."

oL, Ta#kE 14 HE & 21 HEHOREATENL 7225,
TnH A G FIC A L, 14 BLIBRG 2 it L 7«
(Fig. 5, EBY. slgM'B#fai, BCG BfElic &k 24l
BEIGOVWTFNOBHICBEVL TS FAOEHFEEEDHT
WS, hEIcBEORDERL 1, slgA” B #ifaid 4
HE& ML, slgG" B#aiE 21 B BIcBE DN
%m;xL7 (Fig. 5, FBO.

—%, PFA T3, thiflic FA ofiKIc & 3 [a* 4l
DEEINAERY, T3P 2ERSEA SN,
T #IE 21 HHE CEMEAER L, 280 BRI #E L,
Z R, T #KEE Tna fMEOHAS, FHHICREL,
B IMEL 1 5 72 (Fig. 6, LB, slgM™ B #ifaid,
SEFF ML, 21 HEICRH 50 %l THEL 72,
slgA"Bffifas 1 HE kv 28 HEH E THIML 7245,
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a) W3/13—positive T—cells were seen predominantly both
in PFA and inter—follicular area (IFA) two weeks
after the secondary sensitization. Methylgreen, x25.

b) Helper T—cells (W3/25—positive T—cells) were distri-
buted mainly in PFA while seen diffusely in FA.
Methylgreen, x25.

c¢) Nonhelper T—cells (OX8-—positive T—cells) in PFA
became relatively more prominent after three weeks of
the secondary sensitization. Methylgreen, x25.

Fig. 3. Distributions of T—cell Subpopulations Observed in BALT
during the Course of Pulmonary Granulomatous Responses.

slgG* Bffifaomiz\Mcd - 2 (Fig. 6, FEB.
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a) la—positive cells were distributed throughout BALT seven
days after the secondary sensitization.

b) The slgM-—positive cells showed a marked increase in number
through BALT on seventh day.

¢) slgM—positive cells could be seen in the pulmonary regions
juxtaposed to BALT three weeks after the secondary sensiti-
zation.

d) The increase of slgA—positive cells were recognized in both
DA and PFA two weeks after the secondary sensitization.

e) The increase of slgG—positive cells were seen in PFA two
weeks after the secondary sensitization.
a) ~ e) Methylgreen, x25.

Fig. 4. Localization of Ia—positive Cells (OX6-positive cells) and B
cell Subpopulations in BALT during the Course of Pulmonary

Granulomatous Responses.
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Fig. 5. Changes of Lymphocyte Subpopulations
in FA of the BALT during the Course of Delayed
Type Hypersensitivity Reaction of the Lungs.la—
positive cells (x—x) increased remarkably in
number at early stage and decreased gradually
at late stage. The percentage of helper T-cells
(e—o) surpassed that of nonhelper T-cells
(*—+) until four weeks after the secondary
sensitization (upper panel). The percentage of
slgM-positive cells (a—a) slightly decrease at
middle stage, but with high percentage ranging
over fourty five percent. On the other hand, sIgA
—positive cells (4 — 4) slightly increased at the
middle stage (lower panel). » — ® : slgG-posi-

tive cells. ™ P<0.05, **P<0.01
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BALT DA DKM ) v flfic 81 3 T ffindEaE
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Fig. 6. Changes of Lymphocyte Subpopulations
in PFA of the BALT during the Course of DTH
Reaction of the Lungs. There were gradual
increase of la—positive cells (x—=x) until three
weeks after the secondary sensitization. Nonhel-
per T—cells (*—+*) increased more than helper
T—cells (°—°) at late stage (upper panel). slgM
—positive cells (A — a) showed a remarkable
incease and slgA—positive cells ( 4— a) showed
the gradual increase until three and four weeks
after the secondary sensitization, respectively

(lower panel). w—m: sIG—positive cells.

*P<0.05 **P<0.01
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Fig. 7. Changes of the Ratio of Lymphocyte
Subpopulations through the Whole Area of
BALT with Granulomatous Lungs. The signifi-
cant increase in number of la—positive cells
(x—x) were observed at early stage.The percent-
age of helper T—cells (°—°) exceeded that of
nonhelper T—cells (*—*) at early stage, but the
ratio was inverted at late stage (upper panel).
slgM—positive cells (a—4A) and slgA—positive
cells (4 — a) maintained their high percentages
until late stage while the increase of slgG-
positive cells (®— ®) was mild (lower panel).
*P<0.05, **P<0.01
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Fig. 8. Quantitative Analysis of Immunoglobuline Levels in Bronchoalveolar

Lavage Fluid and Serum by Single Radial Immunodiffusion.

a) Increase of immunoglobuline levels in BALF were more than b) those in serum.

** p<0.01

IgG, o — o :IgA, m—m : IgM, *P<0.05,
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