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Interactions between hormone-mediated and vaccine-mediated immunotherapy for
pulmonary tuberculosis in BALB/c mice
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SUMMARY

Problems of logistics, compliance and drug resistance point to an urgent need for immunother-
apeutic strategies capable of shortening the current 6-month chemotherapy regimens used to treat
tuberculosis, or of supplementing ineffective therapy. In this study we sought to define the
mechanism of action of two immunotherapies, both of which have previously been shown to
prolong survival. Secondly, we wished to identify any clinically useful synergy between these
therapies. In BALB/c mice infected via the trachea with Mycobacterium tuberculosis H37Rv there is
an initial phase of partial resistance dominated by type 1 cytokines plus tumour necrosis factor-o
(TNF-o) and interleukin-1 (IL-1), followed by a phase of progressive disease. This progressive phase
is accompanied by increasing expression of IL-4, and diminished expression of IL-1 and TNF-a.
Animals in this late progressive phase of the disease (day 60) were treated with two injections (day
60 and day 90) of 0-1 or 1-0 mg of heat-killed Mycobacterium vaccae, or with 3B,17B-androstenediol
(AED; 25 ng subcutaneously three times/week), or with both therapies. We show here using four
techniques in parallel (morphometry, immunohistochemistry with automated cell counting,
semiquantitative reverse transcription—polymerase chain reaction and enzyme-linked immunosor-
bent assays of cytokines in lung extracts) that treatment with M. vaccae causes a switch back
towards a type 1 cytokine profile, restoration of expression of IL-1a and TNF-a, and a switch from
pneumonia to granuloma. This is very similar to the changes previously seen after treatment with

AED. However, there was no evidence for synergy between M. vaccae and AED.

INTRODUCTION

The current treatment for tuberculosis requires 6 months of
chemotherapy so there are problems with logistics and
compliance. There has therefore been interest in the possibility
that bacterial clearance and cure might be accelerated by
therapeutic vaccination, or by other manipulations of the
immune system. A plausible approach is promotion of the type
1 response and the suppression of type 2 cytokine production,
because immunity to Mycobacterium tuberculosis requires a T
helper type 1 (Th1) pattern of cytokine release, accompanied by
expression of tumour necrosis factor-o. (TNF-ar),'™ and fails if
there is a marked Th2 component.’ Pulmonary infection of the
BALB/c mouse provides a suitable model because an initial
phase of T-cell infiltration that is dominated by Thl
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lymphocytes, and accompanied by high levels of TNF-a and
interleukin-1o (IL-1a) is followed, after 3 weeks, by an increase
in T cells expressing IL-4.%7 At the same time, there is a
decrease in cells expressing 1L-2, TNF-o, or IL-10a, a decrease
in granuloma formation and an increase in the proportion of
the lung affected by pneumonia. This pattern of pathology
persists until death.

Mycobacterium vaccae is a potent inducer of Thl responses
to cross-reactive mycobacterial antigens and also induces
CD8™" cytotoxic T cells.®? It is an effective preventive vaccine
against tuberculosis in mice and Cynomolgous monkeys>*!
and can non-specifically down-regulate pre-existing Th2
responses in man and mice.'""'> Moreover, we have reported
increased survival following administration of a heat-killed
preparation of M. vaccae 60 days after intratracheal infection
of BALB/c mice with M. tuberculosis H37Rv, although the
mechanism of the effect was not investigated.' In the present
study we have tested the hypothesis that the therapeutic effect
of M. vaccae administered on day 60 in the late Th2-biased
phase of tuberculosis in BALB/c mice is accompanied by a
reversal of the switch to Th2, and increased production of IL-1
and TNF.
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In parallel, we have investigated whether M. vaccae can
synergize with the immunoregulatory steroid hormone that was
recently shown to be therapeutically active in this BALB/c
model.'"*!> The hormone therapy was devised because the
switch to Th2 in tuberculous BALB/c mice described above
coincides with a striking activation of the hypothalamo-
pituitary—adrenal axis,'"*'® and appears to be partly attribu-
table to the ability of glucocorticoids (cortisol in man,
corticosterone in mice) to deviate newly recruited T cells
towards a Th2 cytokine profile.'”™"® This represents a
physiological feedback pathway that modulates Th1-mediated
inflammatory sites.?’ The antiglucocorticoid steroids dehy-
droepiandrosterone (DHEA) and 3f,17B-androstenediol
(AED) can delay the switch to Th2 if given from the start of
infection,'* and can partially reverse an already established
switch to Th2 if given from day 60."°

We show here, using three different methods in parallel
[automated counting of immunohistochemically stained cells
using an image analysis system, enzyme-linked immunosorbent
assay (ELISA) on extracted proteins, and semiquantitative
reverse transcription—polymerase chain reaction (RT-PCR)],
that a single injection of M. vaccae caused a partial reversal of
the Thl — Th2 switch, and increased expression of IL-1a and
TNF-a. AED had similar effects but there was no convincing
evidence for synergistic or additive effects between M. vaccae
and AED. We discuss the applicability of these findings to the
human disease, where there is a continuing need for novel
therapeutic strategies to shorten treatment times and combat
multiresistant organisms.

MATERIALS AND METHODS

Experimental model of tuberculosis infection in mice

All animal work was performed in conformity with the Home
Office regulations in the UK, or the Local Ethical Committee
for Experimentation in Animals in Mexico. The tuberculosis
model has been described in detail elsewhere.®’ Briefly, male
BALB/c mice were used at 6-8 weeks of age. Virulent M.
tuberculosis H37Rv was cultured in Youman’s modification of
the medium of Proskauer and Beck. After 4 weeks of culture
the colonies were supended in phosphate-buffered saline (PBS)
containing 0-05% Tween-80 by shaking for 10 min with glass
beads. The suspension was centrifuged for 1 min at 350 g to
remove large clumps of bacilli. Then a preliminary bacterial
count was achieved by smearing the supernatant at a known
ratio of volume to area, and counting 10 random fields after
staining by the Ziehl-Neelsen technique. The suspension was
finally diluted to 1x10° bacteria in 100 ul of PBS and
aliquoted at —70°. Before use bacteria were recounted and
viability was checked as described.®’

To achieve intratracheal infection, mice were anaesthetized
with 18 pl of intraperitoneal pentothal, equivalent to a dose of
56 mg/kg. The trachea was exposed via a small midline incision,
and 1 x 10° viable bacteria were injected in 100 ul of PBS. The
incision was then sutured with sterile silk, and the mice were
maintained vertical until the effects of the anaesthetic had worn
off. Infected animals were maintained in groups of five in cages
fitted with microisolators. At 60 days, surviving mice were
randomly allotted to the required experimental groups, as
described below. They were therefore a relatively healthier
subset of mice than the average, so there are minor differences

between the findings in this study, and those in previous ones
where animals were treated from the day of infection so that the
results included those that died before 60 days. Mice were
exsanguinated at 1, 3, 7, 14, 21, 28 and 60 and (for some
parameters only) 120 days after starting steroid treatment or
receiving the first vaccination. Data are plotted as days since
infection (i.e. days 61, 63, 67, 74, 81, 88, 120 and 180).

Treatment with AED and corticosterone

Both steroids were obtained from Sigma (Poole, Dorset, UK).
The selection of appropriate doses is decribed in detail
elsewhere.'*!> AED was dissolved in ultrapure olive oil
(Sigma) and 25 pg were administered subcutaneously three
times/week in 0-1 ml. This dose regimen was started on day 60,
and continued until the animals were killed.

Corticosterone was dissolved in drinking water at 3 pug/ml.
This concentration has been shown to result in corticosterone
levels in adrenalectomized animals that are within the
physiological range.?! Moreover, administration in this way
also mimics the correct rodent diurnal rhythm.?! This
replacement dose of a low physiological level of corticosterone
is essential when mice with late-stage tuberculosis are given
AED, because the marked adrenal atrophy seen at this time
results in adrenal insufficiency and rapid death when
antiglucocorticoid hormones are given without glucocorticoid
supplements.!>1°

Treatment with autoclaved M. vaccae

Mycobacterium vaccae NCTC11659 was from a batch manu-
factured to Good Manufacturing Practice at the Centre for
Applied Microbiological Research, Porton Down, UK (Batch
MVO001). The manufacturing process involved culture on
Sauton’s medium solidified with 1-5% (w/v) agar. This medium
contains no antigenic substances. Organisms were suspended in
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Figure 1. CFU from the lungs of BALB/c mice that had been infected
via the trachea with M. tuberculosis on day 0, and then entered into the
experiment on day 60. ((J) control infected mice; (A) mice treated day
60 and day 90 with M. vaccae 0-1 mg (P <0-005 on day 74); (O) mice
treated day 60 and day 90 with M. vaccae 1-0 mg (P <0-005 from day
67); (W) mice treated from day 60, three times per week with AED +
corticosterone; (A) mice given AED + corticosterone and 0-01 mg M.
vaccae (P <0-005 from day 61); (@) mice given AED + corticosterone
and 1-0 mg M. vaccae (P <0-005 from day 81). (The symbols remain
the same in all other figures.) Error bars not shown on the log scale.
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Figure 2. Morphometric analysis of the area of granuloma in um? and the percentage of the lung affected by pneumonia in BALB/c
mice infected via the trachea with M. tuberculosis on day 0, and then entered into the experiment on day 60. ((J) control infected mice;
(A) mice treated day 60 and day 90 with M. vaccae 0-1 mg; (O) mice treated day 60 and day 90 with M. vaccae 1-0 mg; (M) mice
treated from day 60, three times per week with AED + corticosterone; (A) mice given AED + corticosterone and 0-01 mg M. vaccae;
(@) mice given AED + corticosterone and 1-0 mg M. vaccae. Error bars are SD, and where not apparent, are too small to plot.

*P <0-005, #P <0-025, relative to controls.

borate-buffered saline, pH 80 at 10 mg/ml (equivalent to
approximately 1x10'" organisms/ml), and autoclaved at
1:05 N m~2 for 15 min, before storage in glass vials at 4°.
Mice were immunized 60 days and 90 days after intratracheal
infection with M. tuberculosis. They received a subcutaneous
injection at the base of the tail containing either 0-01 mg or
1 mg of autoclaved M. vaccae in 100 ul of pyrogen-free normal
saline. Controls received saline only.

Assessment of colony-forming units in infected lungs

Half of each right and half of each left lung was used for colony
counting, while the other halves were used for studying other
parameters. Lungs were disrupted in a Polytron homogenizer
(Kinematica, Luzern, Switzerland) in sterile 50 ml tubes
containing 3 ml of isotonic saline. Four dilutions of each
homogenate were spread onto duplicate plates containing
Bacto Middlebrook 7H10 agar (Difco Lab code 0627-17-4)
enriched with OADC also from Difco code 07-22-64-0). The
time for incubation was 21 days. Two animals were killed at
each time-point, in two different experiments, so the data
points are the means of four animals.

Preparation of tissue for histology, morphometry and
immunohistochemistry

For histological study, the lungs were perfused via the trachea
with 100% ethanol and immersed for 24 hr in the same fixative.

© 2000 Blackwell Science Ltd, Immunology, 100, 391-398

Parasaggital sections were taken through the hilus, and these
were dehydrated and embedded in paraffin, sectioned at 5 um
and stained with haematoxylin and eosin. The following five
parameters were then measured in pm? with a Zidas Zeiss
image analysis system; area of peribronchial infiltration; area
of perivascular infiltration; area of granuloma; area of
interstitial inflammation; % of lung affected by pneumonia.
Measurements were made blind, and data are expressed as the
mean of four to six animals + SD.

For immunohistochemistry, lung sections were mounted on
silane-coated slides, deparaffinized and the endogenous
peroxidase was quenched with 0-03% H,O, in absolute
methanol. Lung sections were incubated overnight at 4° with
biotin-labelled polyclonal goat antibodies against IL-2 or IL-4
(R & D Systems, Minneapolis, MI), or with polyclonal rabbit
antibodies to TNF-a or IL-lae (Genzyme, Cambridge MA)
diluted 1/50 in PBS. Bound antibodies were detected with
avidin-biotin peroxidase (Vector, Burlinghame, CA) and were
counterstained with haematoxylin. Immunohistochemistry was
quantified blind. In previous studies the stained cells were
evaluated and counted manually.®*? In the studies reported
here the counting of stained cells was automated using the
Leica QWin system, as recommended by the manufacturer
(Leica, Milton Keynes, UK). Three random fields of each
pulmonary compartment were evaluated at x 400 magnifica-
tion in four to six mice and expressed as mean + SD. Thus each
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Figure 3. Automated immunocytochemical analysis of cells positive for IL-2 (a and b) and IL-4 (c and d) in the areas of granuloma (a
and c) and pneumonia (b and d) of the lungs of BALB/c mice infected with M. tuberculosis H37Rv, and treated with the indicated
regimen from day 60. Data are means of 12-18 random fields (three fields from each of four to six mice). Both immunotherapeutic
regimens (and the combined regimen) caused an increase in IL-2-positive cells, and a decrease in IL-4-positive cells. ((J) control
infected mice; (O) mice treated day 60 and day 90 with M. vaccae 1-0 mg; (B) mice treated from day 60, three times per week with
AED + corticosterone; (@) AED + corticosterone and 1-0 mg M. vaccae. Error bars on the control points are SD. They are omitted
from the test groups for the sake of clarity, but are of similar size in these groups. All test groups are significantly different from
controls from day 88 (i.e. from 28 days after initiating immunotherapy (P <0-01).

point is based on 1218 fields. Immunohistochemically positive
and negative cells located in the alveolar—capillary interstitium,
perivascular and peribronchial inflammation, granulomas and
pneumonic areas were counted and the number of positive cells
was expressed as a percentage of the total number of cells
present.

Measurement of delayed hypersensitivity (DTH)

Culture filtrate was harvested from M. tuberculosis H37Rv
grown as described above for 5-6 weeks. Then culture filtrate
antigens were precipitated with 45% (w/v) ammonium sulphate,
washed and redissolved in PBS. For evaluation of DTH each
mouse received an injection of 20 pg of antigen in 40 ul of PBS
into the hind foot-pad. In order to achieve very low non-
specific background swelling, the needle perforated the skin
near the ‘heel’. Then the needle travelled under the skin so that
antigen was injected over the ‘palm’, where the readings of
swelling were also made. We have found that ensuring the
absence of a skin puncture wound at the site where the DTH is
read reduces background and variability. The swelling at the
‘palm’ was measured with an engineer’s micrometer before and
24 hr after the injection. Subsequently 1 pug of recombinant
TNF-a (Genzyme, Boston, MA) was injected into the same
site, which was read again 20 hr later (i.e. 44 hr after the
original antigen challenge). This provides a measure of the
TNF-sensitivity of the skin-test site.??

RT-PCR analysis of cytokines in lung homogenates

After the mice were killed, the lungs were removed, hilar lymph
nodes and thymus were eliminated, and the tissue was
immediately frozen by immersion in liquid nitrogen. RNA
was isolated using the reagent Trizol as described previously,
cDNA was synthesized using murine Moloney leukaemia virus
(M-MLV) reverse transcriptase (Gibco BRL, Gaithersburgh,
MD) and oligo-dT priming. The mRNA of the cytokines IL-la,
IL-2 and TNF-o were analysed by PCR essentially as
described.®”. The PCR products were electrophoresed on 6%
polyacrylamide gels and analysed by an image densitometer
(Bio-Rad, Hercules, CA) coupled to a computer program
(MOLECULAR ANALYST, 1-4). The primer sequences to detect these
cytokines have been reported previously.”* Glyceraldehyde
3-phosphate dehydrogenase was used as control for RNA
content and integrity.

Quantification of cytokines in lung homogenates by ELISA

The lung homogenates used for RNA purification were also
used to quantify cytokines by ELISA. After homogenization
and centrifugation, the protein phase was extensively dialysed
in sodium dodecylsulphate (SDS), and quantified with
Bradford reagent (Bio-Rad) using a standard curve with
bovine serum albumin (BSA). The ELISA method used for
TNF-o and IL-1a was described previously.” To quantify IL-2
and IL-4, 96-well plates were coated with 0-5 pg/ml of

© 2000 Blackwell Science Ltd, Immunology, 100, 391-398



Immunotherapy of tuberculosis

395

350 @ (b)
= 300
£
& 2504
4]
g 200+
3
> 150
c
=]
c 1004
5
= 50 -
0
£
2 104
2
8
3
2 5
=
£
i
=
0 T T 17
50 75 100 125 50

75

T 7~ T T
100 125 50 75 100

Time since intratracheal infection with M. tuberculosis (days)

Figure 4. ELISA anaysis of IL-4 (a—c) and IL-1 (d—f) in the lungs of BALB/c mice infected with M. tuberculosis H37Rv, and treated
with the indicated regimen from day 60. The higher dose of M. vaccae or AED caused decreased 1L-4 content, in agreement with the
immunohistochemical data. There was also increased expression of IL-1, particularly in the combined therapy group. (CJ) control
infected mice; (A) mice treated day 60 and day 90 with M. vaccae 0-1 mg; (O) mice treated day 60 and day 90 with M. vaccae 1-0 mg;
(M) mice treated from day 60, three times per week with AED + corticosterone; (A) AED + corticosterone and 0-01 mg M. vaccae;
(@) AED + corticosterone and 1-0 mg M. vaccae. Error bars are SD. *P <0-005, #P <0-025, relative to controls. The trough on days

63, 67 and 74 is unexplained.

monoclonal rat anti-mouse IL-2 or IL-4 dissolved in 100 ul of
0-05 ™ carbonate buffer, pH 9-5, overnight at 4°. After washing
with PBS-Tween 0:05%, wells were blocked with 1% BSA in
PBS-Tween-20 for 2 hr at room temperature. Lung homo-
genate proteins at 0-5 mg/ml concentration suspended in 100 pl
PBS were incubated for 3 hr at 37°. After washing, biotinylated
polyclonal rabbit anti-mouse IL-2 or IL-4 at 1 ug/ml in PBS—
Tween were incubated for 3 hr at 37°. After rinsing, plates were
incubated with streptavidin—peroxidase diluted 1/1000 in PBS—
Tween for 1 hr at room temperature. To reveal the peroxidase,
orthophenylenediamine and H,O, were used.

Statistical analysis

Student’s ¢-test, two-tailed, for unpaired data was used to
compare morphometric, immunohistochemical and delayed
hypersensitivity data. The non-parametric Mann—Whitney U-
test was used for other parameters. The P-values are indicated
by symbols on the graphs, explained in the legends.

RESULTS
Colony-forming units (CFU)

Treatment with 0-01 mg heat-killed M. vaccae on day 60
resulted in a transient reduction in CFU of less than 1 log,
which did not recur following the second injection on day 90
(Fig. 1). The larger dose of 1:-0 mg M. vaccae caused a larger
fall, which was sustained and possibly boosted by the second

© 2000 Blackwell Science Ltd, Immunology, 100, 391-398

injection. Treatment with AED + corticosterone had no effect
on CFU, and there was no convincing synergy with M. vaccae,
although the reduction of CFU following combined treatment
with 0-01 mg M. vaccae and AED + corticosterone was
>1 log 3 and 7 days after the first injection.

Morphometric analysis of pneumonia and granuloma

In this model granulomas form during the early phase of
resistance, and the appearance of pneumonia correlates with
increased expression of IL-4 and disease progression.>®
Morphometric analysis of the area of granuloma showed that
the larger dose of M. vaccae or AED + corticosterone both
caused striking increases in the area of granuloma (Fig. 2a,b),
as did the combination of either M. vaccae dose plus the
hormones (Fig. 2c). There was a corresponding decrease in the
percentage of the lung affected by pneumonia. In the absence of
the hormones the effect of M. vaccae was dose-related.

Cytokine expression

We showed previously using manual counting that at this late
stage of pulmonary tuberculosis in BALB/c mice the percen-
tage of cells in the lesions expressing 1L-4 was greater than the
percentage of cells expressing IL-2. Immunohistochemical
analysis with automated counting (Leica QWin system) of
the percentage of cells staining positive for IL-4 and IL-2 in the
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Figure 5. Immunocytochemical analysis of cells positive for IL-1a (a and b) and TNF-a (c and d) in the areas of granuloma (a and c)
and pneumonia (b and d) of the lungs of BALB/c mice infected with M. tuberculosis H37Rv, and treated with the indicated regimen
from day 60. Data are means + SD of 12-18 random fields (three fields from each of four to six mice). ((J) control infected mice; (O)
mice treated day 60 and day 90 with M. vaccae 1-0 mg; (M) mice treated from day 60, three times per week with AED +
corticosterone; (@) AED + corticosterone and 1-0 mg M. vaccae. Error bars are SD. *P <0-005, #P <0-025, + P <0-05 relative to

controls.

areas of granuloma and pneumonia in the present study
confirmed this, and showed that both the hormone treatment
and treatment with 1 mg of M. vaccae caused a reversal of this
balance (Fig. 3) (the immunohistochemical analysis was not
performed in the recipients of the low-dose M. vaccae). This
was reflected in similar changes in the quantity of IL-2 (data
not shown) and IL-4 detected by ELISA (Fig. 4a,b,c) in lung
extracts. Similarly, RT-PCR confirmed that all the treatments
decreased expression of IL-4 (Fig. 6b), and AED + corticos-
terone or AED + corticosterone + M. vaccae increased
expression of IFN-y (Fig. 6a).

The percentage of cells staining for IL-1a or for TNF-o was
also increased in recipients of M. vaccae, AED + corticoster-
one or both (Fig. 5), and the ELISA assays (Fig. 4,d,e,f) and
RT-PCR (Fig. 6¢,d) confirmed this.

DTH to soluble antigens of M. tuberculosis

Treatment with 0-01 mg M. vaccae had no significant effect on
DTH responses or on the sensitivity of the DTH site to a local
injection of TNF-o, whereas treatment with 1-0 mg caused
striking restoration of the DTH response. Treatment with
AED + corticosterone caused modest increases in DTH
responsiveness relative to untreated controls only on day 180 of
infection (Fig. 7).

DISCUSSION

The long duration of conventional therapy for tuberculosis
causes problems of compliance. This fact, together with the
increasing incidence of drug-resistant strains, points to a need
for additional immunotherapeutic regimens. Several previous
studies have shown immunotherapeutic effects in murine
tuberculosis, using M. vaccae,"> or AED,'* or DNA
vaccines.” These effects are important because they are seen
in the total absence of chemotherapy, and may therefore be
relevant to eventual treatments for multidrug-resistant tuber-
culosis.

Using survival as the end-point it was shown previously
that autoclaved M. vaccae is an effective immunotherapeutic in
the BALB/c model of pulmonary tuberculosis when adminis-
tered at 60 days.!> However, at that time no attempt was made
to study the underlying immunological changes. Meanwhile, in
view of the striking activation of the hypothalamo—pituitary—
adrenal axis in murine tuberculosis,'>'® a hormone-based
therapy was also devised.'® This exploited the antiglucocorti-
coid effects of AED and DHEA to prevent the glucocorticoid-
dependent components of the switch to a type 2 cytokine
profile,'” " and the switch towards diminished macrophage
function?® and diminished IL-1 and TNF production. Since the
mechanism of action of AED is radically different from the
mechanism of action of M. vaccae, which evokes a Thl

© 2000 Blackwell Science Ltd, Immunology, 100, 391-398
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Figure 6. Semiquantitative RT-PCR for IFN-y (a), IL-4 (b), IL-1 (c) and TNF-a (d) in the lungs of BALB/c mice infected with M.
tuberculosis H37Rv, and treated with the indicated regimen from day 60. There were not sufficient duplicates for error bars or
statistics. However, the findings help to confirm the ELISA and immunohistochemical data. ((J) control infected mice; (O) mice
treated day 60 and day 90 with M. vaccae 1-0 mg; (M) mice treated from day 60, three times per week with AED + corticosterone; (@)

AED + corticosterone and 1:0 mg M. vaccae.

response to common antigens,” primes cytotoxic T cells® and
non-specifically down-regulates Th2,'" it was anticipated that
there would be synergy between the two types of therapy. The
results of this study show that the overall effect of M. vaccae is
rather similar to the previously demonstrated effect of AED,"
Thus M. vaccae caused a switch back towards a type 1 cytokine
profile, increased expression of IL-1oe and TNF-a, and a return
to the development of granuloma rather than pneumonia.

However, despite the different underlying ways in which M.
vaccae and AED achieve these changes, no synergy was seen.

This study also confirmed the findings in the previous study
with AED, this time using automated image analysis and cell
counting, rather than a human observer.

The role of Th1 to Th2 deviation in human tuberculosis has
been controversial, but this has been largely for technical
reasons, and the presence of specific immunoglobulin E (IgE)
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Figure 7. Delayed hypersensitivity responses (DTH) to soluble antigens of M. tuberculosis in tuberculous mice. Treatment groups are indicated on
the graphs, and by the symbols used which are as on the earlier Figs. Swelling was measured 24 hr after challenge (lower curves). Then 1 pg
recombinant TNF-a was injected into the same site, and a second reading was taken 20 hr later (i.e. 44 hr after challenge) (upper curves, with dotted
lines). Treatment with AED + corticosterone from day 60 enhanced DTH responses at day 180. Treatment with 1-0 mg M. vaccae markedly
enhanced the DTH response between day 63 and day 120 (i.e. day 63-120 of the infection). For DTH without addition of TNF-a, *P <0-005,
#P <0-025, relative to untreated controls [lower curve, dashed lines, (a)].
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antibody constitutes powerful evidence.?” A recent study using
a sensitive quantitative RT-PCR and unstimulated fresh
peripheral blood mononuclear cells has revealed that although
mRNA copy numbers for IFN-y always remain higher than the
mRNA copy numbers for IL-4 or IL-13 in the peripheral blood
of tuberculosis patients in the UK, there is nevertheless an
increase in mRNA copy number for IL-4 and IL-13 of 1-2 logs,
relative to that seen in cells from normal donors,?®?° whereas
expression of IFN-y falls about two-fold.?®? Thus the major
change in cytokine expression in human tuberculosis is a very
large increase in Th2 mRNA copy number, which correlates
significantly with serum levels of IgE and soluble CD30.%%%
Immunotherapeutic strategies, such as those described here, are
therefore likely to be of benefit in the human disease, although
proof will require testing in multidrug-resistant disease.
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