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MECHANISM OF TUBERCULIN REACTION*

Tatsuichiro HASHIMOTO

(Received for publication November 30, 1972)

The tuberculin reaction, ¢lassical form of delayed type hypersensitivity, is defined as an
immunologically determined inflammatory response characterized mainly by delayed onset
of the reaction and by a mononuclear cell infiltration at the reaction site. These two
characteristics are analysed in this review in relation to the mechanism of manifestation of
the tuberculin skin reaction.

Many evidences in the passive transfer of tuberculin sensitivity showed that the passive
sensitization could be established without lag by injecting intravenously the mononuclear
cells from sensitized animals to normal in the absence of demonstrable serum antibody and
that the immunologically competent cells would be sensitized lymphocytes transformed
from thymus-dependent lymphocytes. After leaving the regional lymph nodes where they
were produced, the sensitized cells start to circulate through the whole body to establish
the over-all sensitization to tuberculin.

Further experiments in which passive transfer was combined with desensitization or
with labelling of donor or recipient demonstrated that the circulating sensitized cells
interacted directly with the tuberculin injected intradermally and remained there at the
contact site, reaching in several hours (within 6 hours) the necessary numbers for
elicitation of the skin reaction. This immunologically specific process hardly manifests a
visible reaction. The majority of the infiltrating cells at the reaction site consists of
non-specific mononuclear cells, with a small portion of specifically sensitized cells, even
when the reaction reaches the maximal intensity. The non-specific cells play a major role
for the visible expression of the reaction, coming almost entirely from an actively dividing
cell population through the blood stream. Thus the tuberculin reaction consists of 2 steps,
specific and non-specific.

During the first, specific step of the reaction, the sensitized cells synthesize in several
hours (about 6 hours) a chemical mediator of the skin reaction after the direct contact
with tuberculin and released it extracellularly. This mediator, a proteinous substance with
molecular weight of 35,000 to 55,000 which is able to inhibit the macrophage migration in
vitro as MIF (migration inhibitory factor), may cause the second, non-specific step of the
reaction. When MIF is injected intradermally to the normal animal, the skin reaction
similar to the tuberculin reaction grossly and histologically appears in 3 hours reaching a
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peak 6 to 9 hours later. MIF acts independently from the antigen, causing the skin reaction
beyond the animal species that shows predominant mononuclear cells in the cellular
infiltrate of the upper and middle areas of the dermis.

The most non-specific mononuclear cells in the second step appear to be macrophages
and the experiments in which whole-body irradiated animals restored with the normal
bone marrow were examined with various techniques of cell labeling have established that
the non-specific macrophages come directly to the skin reaction site from the rapidly
proliferating precursors in the bone marrow by way of the bloodstream. Thus the tuber-
culin reaction is initiated by thymus-dependent sensitized lymphocytes, taking a prolonged
time course due to the overlapping of each reaction step of several hours, and visibly ex-
pressed by bone marrow dependent non-specific macrophages.
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Table 1.
Sensitized to Normal Guinea Pigs

Passive Transfer of Tuberculin Sensitivity from
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Table 2. Radioactivity and Percentage of Labeled Cells at the Site of Passive Tuberculin
Skin Reaction 7 and 24 Hours after Intravenous Injection with Tritiated-thymidine
Labeled Cells of Tuberculin Sensitive Donors to DNCB-sensitized
Recipient Guinea Pigs

. Changes at the site of skin reaction
Tixr%ela_aa;fst?é'rcell A%gff;dgﬁrenilfor . . Autoradiographic examination
Injection Cfl’al\?if/léllga;ggvs‘li?n Labeled cells Percentage of Gross findings
per total cells labeling
None 60 3/1,018 0.3% —
7 hours DNCB 70 6/1, 001 0.6% -
PPD 1, 630 28/1, 018 2.8% -
None 70 1/1,019 0.1% —
24 hours DNCB 120 11/1, 032 1.1% + (Redness)

PPD 260 14/1, 003 1.4% +(Redness-+induration)

Note. DNCB : Dinitrochlorobenzene PPD : Purified protein derivative (Tuberculin)
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Fig. 1. Skin Reaction of Various Normal Animals
3, 6 and 24 Hours after Intradermal Injection
with MIF Purified from Sensitized Guinea
Pig Cell Cultures Incubated
with or without PPD
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Fig. 2. Time Course of the Skin Reaction in
Normal Guinea Pigs after Intradermal
Injection with MIF from Sensitized
Cell Cultures Incubated with
or without PPD
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