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T-clones specific for purified protein derivative of tuberculin are derived from mice with
genetically different sensitivity to tuberculosis. The absolute majority of resultant T-clones
express the T-helper phenotype and are restricted for the class II H-2 gene products. T-
clones exert different effects on the bacteriostatic activity of syngeneic macrophages. A
relationship between the described characteristics of T-clones and the allele composition

of their H-2 is hypothesized.
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The leading role of specific immune reactions of T-
cells in protection of the host organism from tuber-
culosis infection and in the formation of immunity
after BCG vaccination is universally acknowledged
[9,10]. The allele composition of H-2 complex (main
histocompatibility complex of mice) is known to
determine the sensitivity of mice to infection with
Mycobacterium tuberculosis H37Rv and the level of
antimycobacterial immune response {3-5]. Infected
mice belonging to H-2 congeneic strains differ in the
terms of survival, severity of pathological granulo-
matous changes in the lungs, and, less so, by the rate
of isolation of mycobacteria from the organs. In
addition, the efficacy of BCG vaccination from sub-
sequent infection with virulent mycobacteria de-
pends, besides other genes [1], on the H-2 complex
haplotype [3]. The relationship between the efficacy
of antituberculosis immune response and the H-2
complex may be as follows: the response to certain
mycobacterial antigens is determined by the allele
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composition of this complex, because H-2 gene pro-
ducts, first, present the antigens to T-cells [7] and,
second, determine the selection of the T-receptor
repertoire in the thymus [2]. Moreover, the type of
the forming T-cell response, namely, the predo-
minant activation of types 1 or 2 T-helpers, may be
related to the structure of H-2 [8]. We can answer
these questions only after investigating the reactions
to mycobacterial antigens at the level of different T-
cell clones derived from mice with different H-2-
determined sensitivity to the agent. This report char-
acterizes the T-clones derived from mice resistant to
infection (strains B10.D2 and B10.A) and strain
B10.M with impaired efficacy of BCG vaccination.

MATERIALS AND METHODS

B10.D2 (H-29), B10.A (H-2%), B10.M (H-2", B10.MBR
(H-2%), and B10.A(4R) (H-2") mouse strains were
used. All strains were bred at the vivarium of Central
Research Institute of Tuberculosis. Purified protein
derivative of tuberculin (PPD, Statens Serum In-
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Fig. 1. Relationship between the leve! of expression of ab and CD4
markers with A1G10 T-clone and the time elapsed after restimulation
of the clone.
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Fig. 2. Relationship between the level of proliferative response of
T-clones B1C6, B1F8, B1D1, and B2G7 and the concentration of
PPD in test medium.
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stitute, Denmark) was used as antigen. In some
experiments, M. tuberculosis H37Rv from the col-
lection of the Institute of Tuberculosis was used.
Mycobacteria grown in Dubos medium and washed
in normal saline were resuspended in normal saline
with 0.1% bovine serum albumin and 0.05% Tween-
20 in a concentration of 1 mg/ml, which corresponds
to 5x10® CFU/ml in B10.D2, B10.A, and B10.M
mice were immunized subcutaneously in the paw
with PPD in incomplete Freund’s adjuvant in a dose
of 50 pg of PPD per animal. Ten-fourteen days after
immunization, the popliteal lymph nodes were col-
lected under aseptic conditions, lymphocytes were
isolated using a metal mesh, washed in Eagle’s me-
dium with 5% inactivated calf serum and antibiotics
(washing medium), and resuspended (4-5x10%/ml) in
RPMI-1640 containing 10% fetal calf serum, 5000
U/ml penicillin, 5000 pg/ml streptomycin, 8 pg/ml
tylosin, 10 mM HEPES, 4 mM glutamine, 5x107
M 2-mercaptoethanol, 1 mM pyruvate, vitamins,
essential amino acids (culture medium), and 10 ug/ml
of PPD. All media and additives were from HyClone
Laboratories. Lymphocytes were incubated at 37°C,
95% humidity, and 5% CO, for 3 days. Then blast
cells were isolated by centrifuging in a Cedarlane
Lympholite M gradient and, after three sedimenta-
tions in washing medium, cloned by limiting dilu-
tions (3 to 10 cells per well} in culture medium with
10 pg/ml PPD, 10-15% interleukin-2-containing
conditioned medium, and 2.5%10% syngeneic irra-
diated feeder cells per ml. The growing clones were
restimulated in the same medium at 14-day intervals
and, as the cell mass increased, used for tests. For
the proliferative test cloned T-lymphocytes were
purified from dead feeder cells in a Lympholite M
density gradient no earlier than 7 days after the last
restimulation and, after washing, resuspended in
RPMI-1640 gradient with 2 mM of rL-glutamine,
5x10- M mercaptoethanol, antibiotics, pyruvate, and
5% fetal calf serum (medium for tests). Cells of T-
clone (3x10%) and 3%x10° cells of exposed feeder were
transferred to 96-well plates. Antigen in various con-
centrations was added to experimental wells. Cells
were incubated at 37°C, 95% humidity, and 5% CO,
for 48 h. The intensity of T-clone proliferation was
assessed from incorporation of H-thymidine during
the last 16 h of culturing.

The effect of T-clones on the bacteriostatic ac-
tivity of macrophages was assessed by culturing purified
peritoneal macrophages in vitro in medium for tests
without antibiotics, loading them with live H37Rv
bacteria for 2 h in various macrophage/mycobacte-
rium ratios, intense washing from microorganisms
which failed to be phagocytosed, and culturing for
72 h with or without syngeneic T-clones in the T-
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Fig. 3. Bacteriostatic activity of macrophages of haplotypes H-2¢ (a) and H-2' (b) with or without syngeneic T-clone cells.

clone/macrophage ratios of 0.5:1 or 1:1. The activity
of proliferation of mycobacteria was assessed from
incorporation of *H-uracil during 16 h of culturing.

T-clones were phenotyped by direct immuno-
fluorescence with monoclonal antibodies to CD3,
CD4, CD8, and a,3-TcR markers labeled with phyco-
erythrin or fluorescein isothiocyanate (Pharmingen).
Washed cells (1x10%) were resuspended in 10 pl
phosphate buffer with 0.5% bovine serum albumin;
monoclonal antibodies were added in amounts re-
commended by the manufacturer, and then incubated
for 30 min on ice, after which the cells were three
times washed in phosphate buffer with bovine serum
albumin and fixed in 1% paraformaldehyde. Cells not
treated with monoclonal antibodies served as the
control. The fluorescence of stained cells was analyzed
using a Coulter Electronics EPICS “ELITE” laser
flow cytoflucrometer. The particles differing in size
and granularity from live cells were disregarded; for
this purpose logical limitations were introduced in
histograms of particle distribution by the small-angle
and 90° light diffusion; the results were statistically
processed using a Multigraph software.

RESULTS

We have characterized 10 resultant T-clones. Seven
of them (B1F8, B1C6, B2G7, B3A2, B1DI, B3B3,
and B1D12) belong to H-2¢ haplotype, one to H-2°
haplotype (A1G10), and two to H-2f haplotype
(M2HS5 and M1F3). Flow cytofluorometry showed that
all the clones express CD3 marker, i. e., carry T-

receptor and are T-lymphocytes. The phenotype of
the overwhelming majority of T-clones is CD3",
CD4*, CD8~, and «f*. The only exception is clone
B1D12, which has phenotype CD3*, CD4-, CD8",
and «ffi~. We suppose that its antigen-recognizing
receptor includes the y and & chains.

The expression of T-cell markers directly de-
pends on the activation of T-clone. Analysis of the
expression of markers aff and CD4 by clone A1G10
clearly demonstraies a weaker fluorescence of cells
obtained 7 days after restimulation of the clone with
the antigen and interleukin-2 in comparison with
cells isolated 2 days after restimulation (Fig. 1).

All the resultant T-clones except B1DI12 are
restricted for class 11 H-2 gene products (clone A1G10
is restricted for Ia*) and are antigen (PPD)-specific.
Figure 2 shows the titration curves for some clones
indicating that clone B1F8 specifically responds to
very low concentrations of PPD. We failed to detect
antigenic specificity of clone B1D12 T-receptor; it
probably recognizes an autologous determinant con-
stitutively expressed by murine cells of H-2¢ and
H-2° haplotypes, because B1D12 proliferates in the
presence of presenting cells of these haplotypes and
does not proliferate on cells of haplotypes H-2", H-
2%l and H-2f, no matter whether PPD is present or
not in the culture. Hence, the restriction of B1D12
for allele d of complex H-2 D-terminal, common for
haplotypes H-2¢ and H-2°, appears to be the most
probable.

The results of one experiment studying the ef-
fects of T-clones on the bacteriostatic activity of
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macrophages of H-2¢ and H-2f haplotypes are shown
in Fig. 3. M. wberculosis H37Rv rapidly multiplies
in test medium without antibiotics, incorporating *H-
uracil proportionally to the initial number of bacteria
in a well. After the addition of H37Rv to 6x10?
peritoneal macrophages in 1:1, 2:1, or 5:1 ratio, the
incorporation of the label with phagocytized myco-
bacteria is also proportional to their initial number.
The B10.M macrophages (Fig. 3, b) are characterized
by slightly higher bactericidal activity compared with
that of B10.D2 macrophages (Fig. 3, a). Macro-
phages of both genotypes completely suppress the
proliferation of mycobacteria at 0.5:1 ratio of H37Rv
to macrophage (data not shown). The addition of
recombinant murine y-interferon in a dose of 10 TU/
m! increased bacteriostatic activity of macrophages
and completely suppressed the growth of mycobac-
teria irrespective of the H37Rv to macrophage ratio,
which agrees with results of others [6].

Figure 3, a shows that the presence of T-clones
B1F8 and B1D1 in cell culture at 1:1 ratio of T-
clones and macrophages results in suppression of
mycobacteria growth. On the other hand, clones
B1C6 and B2G7 exert no effects of this kind, and
the addition of H-2 haplotype T-clones M1F3 and
M2HS3, the only two clones we have today, even de-
creases the bactericidal effect of macrophages (Fig. 3, 5).
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The described characteristics of PPD-specific T-
clones from mice with genetically different sensitivity
to tuberculous infection are obviously regulated by
the allele composition of H-2 complex. These data
can be confirmed after studies on a panel of T-clones
including T-clones derived from C57Bl/6 mouse
strain sensitive to M. tuberculosis infection and in-
vestigation of their fine antigenic specificity and the
spectrum of lymphokins produced by them.

This study was partially supported by the WHO
and INTAS program (grant No. 94-1996).
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