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Potential for immunotherapy with heat-killed

Mycobacterium vaccae in respiratory medicine

Immunotherapy with Mycobacterium vaccae has been shown to be beneficial as part of the treatment for
a wide range of diseases. In the respiratory system, the late airway response in bronchial asthma is modified
by a single dose and bronchial aspects of hayfever are reduced allowing a major reduction in the use of
bronchial dilators. In studies of advanced adenocarcinoma of the lung survival is increased by an average
of 4 months when up to five doses of M. vaccae are added to the course of chemotherapy. The quality of
life of cancer patients receiving immunotherapy with M. vaccae is improved, even if survival is not increased.
It is suggested that the mechanism of action of immunotherapy with heat-killed, borate-buffered
M. vaccae is likely to be very similar in all these diseases for which human pulmonary tuberculosis provides
a model. In this study, additional immunological data are reported from material stored from an earlier
study of immunotherapy for pulmonary tuberculosis to help complete the information on the way that
treatment with three monthly injections of heat-killed, borate-buffered M. vaccae (SRL172) may act.
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The history of attempts to treat disease by
enhancing or modifying immune responses has
been long, complex and variably successful. The
variability is attributable to a lack of understand-
ing of the many patterns of immune reactions,
some beneficial and some harmful, that occur in
response to any challenge, and to a lack of tech-
nical methods to define beneficial responses and
to determine the nature of responses induced
by putative therapeutic agents. The situation is
changing and this is illustrated by the history of
the development of immunotherapy with heat-
killed Mycobacterium vaccae. Thus, the literature
contains a number of reports of the successful
use of this agent in its borate-buffered formula-
tion (SRL172) in the treatment of pulmonary
tuberculosis [1-7], leprosy (8], bronchial asthma
(91, hayfever [10], atopic dermatitis in childhood
(11], psoriasis [12] and adenocarcinoma of the lung
(13]. A phosphate-buffered preparation has been
much less successful [14,15].

Although negative findings have been
reported with the borate-buffered reagent in
tuberculosis, these have been studies employing
single doses of the agent in regions where envi-
ronmental factors appear to oppose its efficacy
(16.17). A meta-analysis of the reported data on
the use of single doses of SRL172 in tuberculosis
(18] showed no effect, chiefly owing to the large
size of the South African trial and the inclu-
sion of HIV-seropositive patients from a study
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in Zambia and Malawi [19].

Several preclinical studies of tuberculosis,
bronchospasm, leishmaniasis and cancer have
been carried out in mice, demonstrating the ben-
eficial effects of this type of treatment [20-23].
With similar reagents prepared from other mem-
bers of the Actinomycetales, studies have been
performed in the rat model of Chagas™ disease
(Trypanosoma cruzi infection) [24] and several
others are in progress. The most extensive clini-
cal and immunological investigations of events
during successful immunotherapy in humans
have been in pulmonary tuberculosis [5.7].

In view of the widening scope for the potential
application of this treatment to other respira-
tory disorders and, indeed, in other branches of
medicine, we have expanded our investigations
of immune mechanisms in the human pulmo-
nary tuberculosis model. We have further ana-
lyzed the samples of cells and cell supernatants
obtained from a previous study (7).

In addition to the picture already established
of downregulation of Th2 mechanisms and an
increase in Th1 mechanisms, we have now inves-
tigated a number of other relevant factors. These
include the expression of receptors for TNF-a
and IL-8 on the surfaces of mononuclear (MN)
and polymorphonuclear (PMN) leukocytes, and
the determination of nitrite production. The cyto-
kines TNF-a, IFN-y, IL-2, IL-12 and TGF-3

have been measured in cell culture supernatants.
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A picture emerges of a very potent, long-
acting, immune modulator with considerable
beneficial effects on the profile of cytokines and
chemokines secreted by immune cells through-
out the treatment of tuberculosis. These changes
are also likely to underlie the beneficial effects
seen in asthma and adenocarcinoma.

Using a quite different soluble preparation of
the type strain of M. vaccae, Chinese researchers
have reported a whole series of successful trials
of their reagent in human tuberculosis [25-27] as
well as in preclinical models [28,29].

Materials & methods
Patients

The specimens investigated were those obtained
from adult patients with moderate or severe pul-
monary tuberculosis from an earlier clinical study
(71, who had given written consent that the sam-
ples could be subjected to immunological inves-
tigation. All patients received directly observed
short-course chemotherapy with 2 months of
daily rifampicin, isoniazid, ethambutol and
pyrazinamide followed by 4 months of daily
rifampicin and isoniazid (2RHEZ/4RH). They
were randomized to receive three injections, at
monthly intervals, of the immunotherapeutic
agent (12 patients) or of buffered saline as placebo
(10 patients). Permission to carry out the study
was obtained from the Ethics Committees of the
Universidad Nacional de Rosario and of Carrasco
Hospital, Argentina (10 October 2001).

Immunotherapeutic agent & placebo
The immunotherapeutic agent was a preparation
of M. vaccae NCTC11659 suspended in M/15
borate-buffered physiological saline at a pH of
8.0, heatkilled by autoclaving and known as
SRL172. The reagent provided contained 10 mg
wet-weight of bacilli per ml, of which the dose was
1 mg in 0.1 ml (approximately 1,000,000,000
killed bacilli), given by intradermal injection over
the upper arm. The placebo consisted of injections
of the borate buffer alone. Both immunothera-
peutic and placebo, prepared to the standards of
good manufacturing practice, were provided by
SR Pharma PLC, UK, to whom we are grateful.

Injections were given to the randomized
patients on the first day of treatment with
short-course chemotherapy, and 1 month and
2 months later [7].

Samples available
These were separated from peripheral blood MN
and PMN leukocytes collected from venous
blood. Samples were collected at the beginning
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of treatment (MO), just before each successive
monthly injection of M. vaccae or placebo (M1
and M2), and 1 month after the third injection
(M4). Also available were stored supernatants
of 20-h cultures of these cells in RPMI 1640
medium enriched with r-glutamine, in some
cases stimulated by the addition of heat-inacti-
vated M. ruberculosis strain H37Rv. These super-
natants had been stored at minus 70°C since the
earlier investigation (7].

In addition, samples were obtained from
11 healthy volunteers to provide baselines for
some of the studies on cell-surface expression
and culture supernatants with which the results
from patients could be compared.

Isolation & culture of MN &

PMN cells

For isolation of MN and PMN cells, heparinized
venous blood samples obtained from the patients
and healthy controls were diluted with an equal
volume of phosphate-buffered saline (PBS) and
layered over a Ficoll-Hypaque gradient (Density
1077) in polypropylene tubes. These were centri-
fuged at 400 x g for 30 min at room temperature
(19-22°C). The following three fractions were
obtained after centrifugation:

Plasma
Plasma—Ficoll interface

Pellet

Mononuclear cells, comprising lympho-
cytes and monocytes, were recovered from the
interface and PMN cells were obtained from
the pellet after red blood cells had been lysed
by treatment with ammonium chloride. Cells
were washed three times in PBS by centrifug-
ing at 400 x g for 10 min and resuspended in
RPMI 1640 (Sigma Aldrich) containing stan-
dard concentrations of L-glutamine. Cells were
counted and their concentration was adjusted
to 5 x 10° cells/ml with RPMI 1640. These cell
suspensions were distributed in 250-pl volumes
into 6-ml polypropylene tubes. Duplicate tubes
were either left unstimulated, or stimulated
with 5 pl of heatkilled M. tuberculosis H37Rv
1.8 x 10® bacilli per ml. These tubes were incu-
bated for 20 h at 37°C.

Following incubation, culture supernatants
were collected and stored at minus 70°C for
assessment of nitrites and cytokines. The cell
pellets were washed three-times with PBS, resus-
pended to their original volume in the same buf-
fer and stored at minus 70°C. These cells were
examined for TNF-a and IL-8 receptors.
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Expression of TNF-a & IL-8 receptors
on fresh MN & PMN cell surfaces
The expression of IL-8 and TNF-a receptors
(IL-8RB [CXCR-2] and TNFRI respectively),
on the surface of the previously washed, and
resuspended PMN and MN cells was deter-
mined with receptor-specific monoclonal anti-
bodies by flow cytometry. This was carried out
when the cells were fresh, but the data have not
been presented until now. Expression of the
receptors on each cell type was recorded as the
percentages of fluorescing (positive) cells and
their mean fluorescence intensity.

Determination of nitrite levels on

cultured cells

The nitric oxide (NO) produced by cultured
fresh MN and PMN cells was measured by
means of the Griess reaction in culture superna-
tants. The Griess reagent was prepared by mix-
ing equal volumes of 1% sulfanilamide in 2.5%
H,PO, and 0.1% naphthylethylene diamine
dihydrochloride in 2.5% H,PO, and incubating
for 10 min at room temperature. The reaction
was carried out in 96-well plates (NUNCLON,
NUNC Brand Products) with duplicate 100-pl
volumes of stimulated or unstimulated superna-
tants incubated for 5 min with the Griess reagent
in the dark at room temperature. Absorbance
was measured at 540 nm (corrected to 650 nm)
in an ELISA reader (Microwell System Reader,
Organon Teknika). Nitrite concentration was
measured against a standard curve produced
using various NaNO, concentrations in culture
medium and data were expressed in pM.

Assessment of cytokines in stored

supernatants of cultured cells

Levels of TNF-a, IL-2, IL-12, IFN-y and
TGE-B in the stored culture supernatants of the
MN and PMN cells were determined by ELISA,
using commercial kits and following the manu-
facturers’ instructions (R&D Systems, MN,
USA). Samples were assayed in duplicate and
results were expressed as the average of two read-
ings in an ELISA reader at 450 nm. Cytokines
were quantified with reference to standard
curves generated using a human recombinant
cytokine. The sensitivities of the assays were for
TNF-a: 15.6, for [IFN-y: 15.6, for IL-2: 7.0, for
IL-12: 5.0 and for TGF-B: 31.2 pg ml™.

Statistical analyses
Comparisons among groups were made by
the Kruskall-Wallis and Mann-Whitney tests.
Within group results were analysed by the
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Friedman analysis of variance followed by the
Wilcoxon signed rank test when applicable.
Student’s t test was applied to some individ-
ual results. Data were considered statistically
significant if p < 0.05.

Results

TNF-a & IL-8 receptors on fresh MN
& PMN cell surfaces
Ficures 1, 18, 24 anp 28 show the percentages of cells
expressing the receptors TNFR1 and CXCR2
respectively. Expression of both receptors on both
MN and PMN cells increased with time in both
treatment groups. At the beginning of treatment,
the percentages of patients’ cells expressing either
receptor were lower than that of healthy individu-
als, especially in the case of PMN cells.

Immunotherapy resulted in a significant
increase in expression of TNFR1 and CXCR2
on MN cells in comparison with those of pla-
cebo recipients, so that by month 4, expression
in the immunotherapy recipients exceeded the
healthy control value.

On PMN cells of both treatment groups
there were similar and steady increases of
expression of TNFR1, in neither case reaching
that of the healthy controls even at month 4.
Expression of CXCR2 also increased with
time, slightly more so in cells from immuno-
therapy recipients, in which the expression by
month 4 almost equaled that of healthy control
individuals.

Nitrite production of cultured cells
Tasie 1 shows the results for nitrite production in
stored supernatants of unstimulated and H37Rv-
stimulated MN and PMN cells. Production of
nitrite from both unstimulated and stimulated
cell types showed little change throughout the
period of the study in placebo recipients. By con-
trast, supernatants of unstimulated cells of both
types from M. vaccae recipients showed a signifi-
cant (p < 0.01) reduction by the end of the first
month, increasing in significance after the third
month (p <0.001). Similar reductions in nitrite
production were found in stimulated cells of
immunotherapy patients, not quite reaching sta-
tistical significance in PMN cells. In comparison
with placebo recipients, MN cells of the M. vac-
cae group produced significantly less nitrite at
months 1 to 4 (p < 0.006), and PMN cells of
the M. vaccae group produced significantly less
nitrite at months 2 and 4 (p < 0.0007).

In both MN and PMN cell supernatants, the
values found in healthy controls differed little
from the MO values for both groups of patients.
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Figure 1. Percentages of (A) MN and (B) PMN cells expressing receptors for
TNF-a (TNFRI) at the beginning of the treatment (MO0) and after 1, 2 and

4 months of treatment (M1, 2 and 4). Data are presented as means and
standard deviations. Light grey columns show results for the placebo recipient
patients and dark grey columns show those for immunotherapy recipients. The
mid-grey columns at MO are the values obtained in healthy volunteers.

MN: Mononuclear; PMN: Polymorphonuclear.

Cytokines in stored supernatants of

cultured cells

The results for IL-2 in stored supernatants of
unstimulated MN and PMN cells are shown in
Tasie 2. In those of MN cells there is an increase
with time, but with no significant differences
between the treatment groups. The results in
healthy control individuals were slightly less
than the month 0 values for both patient groups.
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PMN supernatants from both patient groups
showed a steadily increasing production of IL-2
with time. This was greatest in immunotherapy
recipients whose month 4 level of 6.19 £ 2.51
approached that of the healthy controls, which
was 10.66 £ 2.68. Stimulation with H37Rv
slightly increased levels of IL-2, but without
significantly changing the picture (data not
shown).

Taste 3 shows the levels of IFN-y in both
unstimulated and stimulated supernatants of
the two cell types. Supernatants of unstimulated
MN and PMN cells showed increasing levels of
IFN-y with time, somewhat greater in M. vaccae
recipients, particularly in MN. These differences
were considerably enhanced by stimulation with
H37Rv. Healthy control individuals had levels
of IFN-y less than those of the patients in both
groups at all time points; however, their value
increased after stimulation with H37Rv.

Results for IL-12 in MN and PMN cells are
shown in Taee 4. In MN supernatants, 1L-12
increased steeply (p < 0.02) following the first
injection in M. vaccae recipients and remained
raised (p < 0.005). The level hardly changed at
all in MN cells of placebo recipients. Stimulation
of cultures with heatkilled H37Rv in both
groups of patients raised the baseline value, but
did not alter the picture of increase in the immu-
notherapy recipients (data not shown). The
healthy control value for MN cells was twice that
of the placebo recipients at all time points, but
only so for the M. vaccae recipients at month 0.
Thereafter at months 1, 2 and 4, the values for
the immunotherapy group exceeded that of the
healthy control individuals.

In supernatants of non-stimulated PMN cells,
IL-12 increased with time in both treatment
groups. The increase was gradual in placebo
recipients, reaching significance by month 4
(p <0.01), whereas most of the increase observed
in recipients of M. vaccae was in the first month
(p < 0.05) and was greatest after 4 months
(p < 0.005), at which time it did not differ sig-
nificantly from that of healthy control individu-
als. As with MN cells, H37Rv-stimulation of
PMN cells raised the IL-12 levels at each time
point without altering the patterns observed in
nonstimulated cells (data not shown).

Levels of TGF-B in MN and PMN super-
natants from the two treatment groups are
shown in Tases. Those of unstimulated MN
cells showed a significant increase in TGF-B
in both treatment groups at months 1 and 2.
Thereafter, there was a small fall by month 4 in
placebo recipients and a fall to the baseline level
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in M. vaccae recipients (p < 0.01). The super-
natants of PMN cells showed a significant fall
(p < 0.005) by month 4 in M. vaccae recipients,
not seen, even as a trend, in placebo recipients.
In supernatants of H37Rv-stimulated MN cells
there was a steady increase in TGF-B in both
patient groups (p < 0.001), greatest in those from
M. vaccae recipients. Whereas levels of TGF-f3
steadily increased in stimulated supernatants of
both cell types from placebo recipients, there was
a fall after month 1 in the supernatants of PMN
cells in the immunotherapy group (p < 0.05).
Levels of TGF-B in supernatants of both MN
and PMN cells of healthy control individuals
were less than those of patients at all time points.

Discussion of results

Each of the studies we have carried out on
tuberculosis patients in Rosario have shown bet-
ter clinical improvement among those receiv-
ing M. vaccae as part of their treatment than
among those receiving chemotherapy alone. The
first two studies, of single-dose immunotherapy,
which were published together [s], were carried
out before the introduction of directly observed
chemotherapy (DOTS) and when it was the
practice at Carrasco hospital for cases to be
treated for the first 2 or 3 months as in-patients.
Pyrexia and cough both resolved a few days faster
in immunotherapy recipients and on the basis of
their clinical status these patients left hospital
after 45 + 20 days, whereas those receiving che-
motherapy alone left hospital after 60 £ 15 days.
In the study of three doses of immunotherapy
(71, of which this is a part, DOTS had been fully
implemented and ambulant treatment was the
rule. A clinical scoring system was used, which
showed that much the fastest improvement
occurred in M. vaccae recipients (p < 0.001),
notably in the severity of cough.

The clinical improvements just described
associated with faster disappearance of acid-
fast bacilli from the sputum, better recovery of
bodyweight, better radiological clearance and a
more rapid fall in erythrocyte sedimentation rate
(ESR) [7]. These were accompanied by a return
towards normal values for plasma TNF-a and
IL-4, an increased oxidative index in both MN
and PMN cells and increased expression of
CD11b on cell surfaces.

Upon recognition of tubercle bacilli by
phagocytic cells, rapid production of pro- and
anti-inflammatory cytokines and chemokines
ensues, resulting in recruitment of inflamma-
tory cells (T cells, neutrophils and NK cells)

into areas of infection. A successful outcome
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to a mycobacterial infection depends upon the
cytokine networks established and maintained
by macrophages and T cells.

To expand the data shown in the earlier
paper [7], we have now demonstrated that clini-

cal improvement is accompanied by increases
in expression of the receptors for TNF-a and
IL-8 on the cell surface of botch MN and PMN
cells. This increase tended to be greatest in

Figure 2. percentages of (A) MN and (B) PMN cells expressing receptors for
IL-8 (CXCR2) at the beginning of the treatment (MO0) and after 1, 2 and

4 months of treatment (M1, 2 and 4). Data are presented as means and
standard deviations. Light grey columns show results for the placebo recipient
patients and dark grey columns show those for immunotherapy recipients. The
mid-grey columns at MO are the values obtained in healthy volunteers.

MN: Mononuclear; PMN: Polymorphonuclear.
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Table 1. Nitrite concentrations in supernatants of mononuclear and polymorphonuclear cells from placebo and

Mycobacterium vaccae recipient patients (mean + standard deviation).

Unstimulated mononuclear cells
MO
M1
M2
M4

Healthy controls

Unstimulated polymorphonuclear cells
MO

M1

M2

M4

Healthy controls

H37Rv-stimulated mononuclear cells
MO

M1

M2

M4

H37Rv-stimulated polymorphonuclear cells
MO
M1
M2
M4

*Comparisons within groups at different time points.
NS: Not significant.

Placebo

5.87 £ 1.46
5.22+1.29
598 + 1.66
6.28 £2.16
NS*

570£146n=9

5 5 S5 O
[ | |
~N o v o

6.03£212n=7
6.18+3.21n=6
6.19+164n=9
598+1.60n=38
NS*

6.80+2.06n=8

850+5.01 n=9
692+338 n=8
6.86+2.80 n=8
577+£228 n=7
NS*

881+335 n=7
1294+2.83 n=6
744+£095 n=7
718+245 n=5
NS*

Difference Mycobacerium vaccae
NS 570 + 250 n=9
p < 0.006 313+166 n=1
p <0.0004 291+£124 n=9
p < 0.002 236104 n=7
p < 0.0002*
NS. 587+264 n=10
NS 356160 n=10
p <0.0003 296+062 n=8
p < 0.0007 283£043 n=5
p <0.001*
NS 7.01+£3.36 n=9
p <0.05 426+191 n=1
p <0.05 419+115 n=7
p <0.05 270150 n=4
p < 0.002*
NS 956+£4.12 n=10
p < 0.01 730+£3.45 n=8
NS 6.17+3.48 n=5
NS 440+1.44 n=5
ns

The cells were collected at the beginning of treatment (MO0), after 1 month (M1), 2 months (M2) and 4 months of treatment (M4).

immunotherapy recipients, especially on MN
cells. These changes began after the first dose
of M. vaccae and continued after the subsequent
doses. IL-8 is a chemokine produced by phago-
cytic cells and tissue cells after stimulation with
tubercle bacilli or their products [30,31]. Increased
levels of 1L-8 are found in the bronchoalveolar
lavage fluid of patients with pulmonary tubercu-
losis, and higher levels of IL-8 may be associated
with increased mortality [32,33].

TNF-a is a prototypic proinflammatory cyto-
kine produced by monocytes and macrophages
exposed to certain microbial products including
those derived from M. tuberculosis. In synergy
with IFN-y, TNF-a activates macrophages to
produce inducible NO synthase (iNOS), allow-
ing the macrophage to kill intracellularly rep-
licating tubercle bacilli in murine experiments
(34-36]. The high incidence of reactivation tuber-
culosis in patients being treated for rheumatoid
arthritis with monoclonal antibodies against

TNEF-a [37) suggests that this cytokine plays a
role in preventing the development or reacti-
vation of tuberculosis. On the other hand, in
established postprimary tuberculosis, TNF-a
is considered a major factor in host-mediated
lung damage (38,39] when it is accompanied by
type 2 cytokines such as IL-4 and IL-5 [40-42].
Furthermore, in progressive disease, TNF-a
is associated with both fever and wasting [43]
and levels correlate with disease activity and
immunopathology [44.45].

The observed reduction in nitrite production in
the culture supernatants of both cell types follow-
ing immunotherapy was somewhat unexpected,
but may be a result of increased breakdown of
nitrites, associated with enhanced metabolic pro-
cesses against tubercle bacilli. Adding heat-killed
H37Rv to the cultures from M. vaccae recipients
generally raised the level of nitrite at the begin-
ning of treatment (M0) but made little difference
to values later in treatment (Tasie 1).

Immunotherapy (2009) 1(6)
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Several reports indicate that alveolar mac-
rophages from tuberculosis patients produce
increased amounts of NO compared with
healthy control subjects [46-48]. Wang ez al. [49]
demonstrated that the increased NO exhala-
tion in patients with tuberculosis was due to
the up-regulation of the NO synthase-2A
gene (IVOS2A) in alveolar macrophages. The
role of NO in killing or limiting the growth
of tubercle bacilli in humans is, in contrast
to murine models of tuberculosis, controver-
sial. It has, however, been proposed that NO
produced by M. tuberculosis-infected human
macrophages and by epithelial cells inhibits or
kills M. tuberculosis (50,51]. In an earlier study
we have demonstrated that NO production by
peripheral blood MN cells from tuberculosis
patients increases as the disease becomes more
severe, suggesting that this molecule may also
play a detrimental role in disease pathogenesis
(52]. The fall in NO levels observed with time
in immunotherapy recipients to levels less than
those found in healthy control individuals may
relate to improvement in disease status.

Levels of the type 1 cytokines IFN-y and IL-2
increased with time in cell culture supernatants
from the immunotherapy recipients, in line with
the observed increase in IL-12. These changes
were seen to a lesser degree in supernatants of
cells obtained from placebo recipients. Quite
why increases with time in IFN-y were seen in
unstimulated cultures is uncertain, but probably

reflects carry over of stimulus from the blood
stream with the cells. Stimulation of cells with
H37Rv markedly increased levels of IFN-y espe-
cially in MN cells of immunotherapy patients.

IFN-y, the prototypic cytokine of the Th1 cell
response, is essential for the effective control of
M. tuberculosis in the host. It is produced by
CD4 and CD8 T cells, and NK cells, as well
as by PMN cells under certain conditions [53,54]
and it stimulates a mycobactericidal response in
macrophages characterised by the induction of
iNOS [55,56].

IL-12 is mainly secreted by phagocytic cells
(monocytes, macrophages and neutrophils) and
dendritic cells. It promotes T-cell differentia-
tion into Thl cells and production of IFN-y
(57], thereby establishing a potent Th1 response
to intracellular pathogens such as M. ruber-
culosis. The role of IL-12 in disease has been
confirmed by the occurrence of patients with
uncommon polymorphisms or mutations caus-
ing functional defects in this cytokine that pre-
dispose to severe disseminated mycobacterial
infection [58].

TGE-B is a cytokine produced especially by
Th3 cells, a class of T cells involved in induc-
tion of immune tolerance and suppression of
Th1 functions. This cytokine appears to deac-
tivate macrophages, thereby enhancing intra-
cellular growth of bacilli in human monocytes
(59.60] and downregulating IFN-y production
(61]. Levels of this cytokine rose in supernatants
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Table 2. Levels of IL-2 measured in the stored (-70°C) supernatants of cultured mononuclear and

polymorphonuclear cells from patients with moderate or severe pulmonary tuberculosis receiving
Mycobacterium vaccae or placebo together with short-course chemotherapy (mean + standard deviation).

p < 0.05*
Healthy controls 6.45+218;n=7

Polymorphonuclear cells

MO 1.92+108;,n=9

M1 272+140;,n=9

M2 3.52+2.05;n=9

M4 3.62+257,n=8
NS*

Healthy controls 10.66+ 2.68

*Comparisons within groups at different time points.
NS: Not significant.

Placebo
Mononuclear cells
MO 837+4.17,n=10
M1 12.23+£7.82;n=10
M2 1590+ 724;,n=8
M4 17.44+760;n=9

Difference Mycobacterium vaccae
NS 899+788;,n=10
NS 14.22+2.82;n=10
NS 1542 +5.28,n=7
NS 22.55+17.09;n=9
p < 0.05*
NS 194+0.77,n=9
NS 475+4.00;,n=9
NS 534+432;n=9
NS 6.19+£251;,n=9
p < 0.001*

n=7

The cells were collected at the beginning of treatment (MO0), after 1 month (M1), 2 months (M2) and 4 months of treatment (M4). Stimulation with H37Rv slightly
increased levels without changing the pattern of responses (data not shown).

future science group
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Table 3. Levels of IFN-y measured in the stored (-70°C) supernatants of cultured mononuclear and

polymorphonuclear cells from patients with moderate or severe pulmonary tuberculosis receiving
Mycobacterium vaccae or placebo together with short-course chemotherapy (mean + standard deviation).

MO
M1

M2
M4

Healthy controls

MO
M1

M2
M4

Healthy controls

MO
M1

M2
M4

Healthy controls

MO
M1

M2
M4

Healthy controls

NS: Not significant.

Unstimulated mononuclear cells

Unstimulated polymorphonuclear cells

h37Rv-stimulated mononuclear cells

h37Rv-stimulated polymorphonuclear cells

Placebo Difference Mycobacterium vaccae
121.05+52.67;,n=9 NS 138.61+£76.12;n=9
139.02 £80.32; n =10 NS 262.39+£200.93; n =10
320.24 +161.06; n =9 NS 299.08 £ 151.33; n=9
250.46 £ 110.57;n=8 NS 34116 £ 139.30; n =8
p < 0.05* p < 0.05*
56.1 £3.42
4166 +8.11;, n=10 NS 39.11+£14.46;,n=6
4898 +26.31; n=10 NS 61.45+3095;n=6
47.24 +£25.37,n=10 NS 7294 +£27.88,n=10
69.65+42.39;n=9 NS 100.25+61.63; n=9
NS* p < 0.05*
36.89 +2.45
157.30+42.10;n=9 p < 0.01 24560 +65.21;n=9
188.30£84.21; n=10 p < 0.001 488.51 £65.23; n=10
401.39+65.28;,n=9 p < 0.001 645.36 £85.26; n=9
478.65+46.89;n=8 p <0.001 749.29 £ 87.65;n=8
p <0.001* p <0.001*
93.56 +6.29
59.52 £11.85;n=10 NS 5565+ 1517, n=6
68.92+£9.64;n=10 NS 84.57+2195;n=6
71.54+14.21;,n=10 NS 92.32+£29.46;n=10
96.64 +21.45;n=9 NS 118.64+£41.54,n=9
NS* p <0.01*
46.2 +£3.45

The cells were collected at the beginning of treatment (MO0), after 1 month (M1), 2 months (M2) and 4 months of treatment (M4).

*Comparisons within groups at different time points.

of stimulated cultures of both cell types in both
treatment groups over the first 2 months, but
then by the fourth month levels fell signifi-
cantly in immunotherapy recipients, reflecting
the expected enhancement of Thl and down-
regulation of Th2. During active tuberculosis,
the monocytes of patients have been reported
to exhibit enhanced production of TGF-B,
(62). (IL-4 also deactivates macrophages and
potently downregulates iNOS [63]). As well as
exerting immunosuppressive effects, TGF-p
appears to play a role in the generation and
functioning of regulatory T cells [64-66]. These
cells are central to the regulation of the anti-
infectious response, restraining immune-medi-
ated damage but also suppressing protective
responses [67.68]. In humans, TGF-f influences
the induction of Th17 cells, perhaps increasing

immune regulation through T-regulatory cells
(69]. The fact that IFN-y production in M. vac-
cae recipients remained increased despite their
augmented TGF-P production is more compat-
ible with an immunoregulatory role than with
an immunosuppressant action of this cyto-
kine and perhaps also on nitrite production in
patients receiving treatment with M. vaccae.
The immunological responses of patients
with a disease — in this case, pulmonary tuber-
culosis — to three injections of heat-killed
M. vaccae SRL172, are clearly shown in this and
our earlier reports [5.7]. Small studies in healthy
volunteers of single doses of SRL172 have failed
to show significant changes except for a fleeting
increase in IL-10, and it seems that the changes
in cell receptor expression and cytokine induc-
tion are only seen when this immunotherapy

Immunotherapy (2009) 1(6)
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is applied in a disease situation. In general,
our findings support and further confirm that
clinical benefit resulting from multidose immu-
notherapy with M. vaccae is accompanied by
a progressive switch from Th2 towards Thl.
This fits with the paradigm that Thl responses

are beneficial in the recovery from tuberculosis.

General discussion

There is increasing evidence that a wide range
of human diseases are associated, at least to
some extent, with disorders in the regulation
of immune responses and an increase in Th2
predominance. It is, therefore, highly likely that
correction of such dysregulation by treatment
with borate-buffered, heat-killed M. vaccae or
related forms of immunotherapy will be benefi-
cial. Thus a reduction in the late airway response
of patients with bronchial asthma [9] and a reduc-
tion in bronchial aspects of hayfever [10] could
be expected as a result of similar immunological
changes leading to reduced levels of IgE and a
reduction in autoimmune responses to airway
tissue damage [9). Immune regulation is also
likely to have played a role in the prolongation
of life in patients with adenocarcinoma of the
lung receiving M. vaccae immunotherapy [13],
although it is probably too early in our inves-
tigations to speculate on how this is achieved.
Several human cancers are associated with a

“Th2 drift’ [70], thus removal of colon cancer is
accompanied by a switch towards Thl [71] and
improvement in malignant melanoma has also
been associated with such a switch [72].

There can be little doubt that many of the
immunological changes observed in the response
of tuberculosis patients to immunotherapy with
M. vaccae are due to the immunotherapy itself
and it would seem reasonable to assume that these
changes would accompany such treatment when
applied to other conditions, and may constitute
the mechanism of its action. However, part of
the changes observed in tuberculosis patients
are likely to be driven by antigens released from
tubercle bacilli themselves, as illustrated in the
effects of stimulating cells with the preparation
of H37Rv. This latter effect is going to be dif-
ferent during the treatment of noninfectious
conditions, such as bronchial asthma [9,10] and
myointimal hyperplasia 73], where tissue stress
proteins may be the predominant antigens that
are increased. In neoplastic disease stress pro-
teins are increased together with release of can-
cer related antigens, and bacteriomimetic sugars,
which lack the terminal N-acetyl glucosamine of
normal mammalian sugars and accompany rapid
cell division [71]. Such unusual antigens may be
both a driving force promoting Th2 mecha-
nisms and act as targets for Thl mechanisms
promoted by the immunotherapeutic. Despite
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Table 4. Levels of IL-12 measured in the stored (-70°C) supernatants of cultured mononuclear and

polymorphonuclear cells from patients with moderate or severe pulmonary tuberculosis receiving
Mycobacterium vaccae or placebo together with short-course chemotherapy (mean + standard deviation).

Mononuclear cells

Mycobacterium vaccae

MO

M1
M2
M4

Healthy controls
Polymorphonuclear cells
MO

M1
M2
M4

Healthy controls

NS: Not significant.

Placebo Difference

40+ 262;n=7 NS 3.77+£356;n=7.
NS p < 0.02*
451+233;n=7 p <0.05 13.87+9.07,n=7
400+£192;n=7 p < 0.01 14.39+£540;,n=7
477 +£2.29, n=7 p < 0.01 12.83+586;,n=7
NS* p < 0.005*
896+4.73

543+342;n=7 NS 472+433;,n=7
NS p < 0.05
9.60+589;n=7 NS 1298+8.17;n=7
9.82+362;,n=7 NS 1487+591;,n=7
11.37+£3.83;n=7 NS 14.00£521;,n=7

p <0.01*
18.71 £5.86

p < 0.005*

Stimulation of cells with H37Rv produced slightly higher values, but did not alter the picture of responses (data not shown). The cells were collected at the beginning
of treatment (MO0), after 1 month (M1), 2 months (M2) and 4 months of treatment (M4).
*Comparisons within groups at different time points.

future science group

www.futuremedicine.com




RESEARCH ARTICLE Stanford, Stanford, Dlugovitzky ez al.

Table 5. Levels of TGF-B measured in the stored (-70°C) supernatants of cultured mononuclear and

polymorphonuclear cells from patients with moderate or severe pulmonary tuberculosis receiving
Mycobacterium vaccae or placebo together with short-course chemotherapy (mean + standard deviation).

Placebo Difference Mycobacterium vaccae
Unstimulated mononuclear cells
MO 91.00£2497;,n=10 NS 98.60+51.84; n=10

p <0.005 p <0.02
M1 142.30+46.57;, n =10 NS 163.30+59.20; n=10
M2 143.50+40.77; n =10 NS 155.70+49.01; n=10
M4 12490+ 42.59; n =10 NS 101.20+17.57;n=10
MO to M4 p <0.05 NS
M1 to M4 NS p <0.01
Healthy controls 7511 +22.78
Unstimulated polymorphonuclear cells
MO 104.80+43.7,n=10 NS 110.70 £ 32.04; n =10
M1 108.50 £ 19.99; n =10 NS 105.50+23.86; n=10
M2 121.90+48.80; n=10 NS 87.00+£28.85;n=10
M4 109.00 £ 18.10; n=10 p < 0.001 65.20£20.31; n=10
MO to M4 NS p < 0.005
Healthy controls 36.18 £ 5.64
h37Rv-stimulated mononuclear cells
MO 118.60 £ 32.45; n =10 NS 134.70 £ 46.50; n =10
M1 169.89 +23.00;n=9 p <0.05 236.80+82.81;n = 10
M2 176.21 £ 21.87;n=10 p <0.05 29290+ 157.20; n=10
M4 185.32 + 16.54; n =10 p < 0.01 341.80 £ 144.95; n=10
MO to M4 p < 0.001 p < 0.001
Healthy controls 93.56 + 12.54
h37Rv-stimulated polymorphonuclear cells
MO 11790+ 29.67,n=10 NS 134.70 £ 46.50; n =10
M1 135.32£87.59; n=10 NS 167.45+32.85;n=10
M2 176.90 £84.95; n =10 p <0.05 102.23 £24.65;n=10
M4 199.34 +£45.87,n =10 p < 0.001 98.65+22.12;n=10
MO to M4 p < 0.001 p < 0.05
Healthy controls 47.38 + 13.66
The cells were collected at the beginning of treatment (MO0), after 1 month (M1), 2 months (M2) and 4 months of treatment (M4).
NS: Not significant.

these differences, the tuberculosis model dem-
onstrates the mechanisms that may be brought
to bear on other diseases with the application of
M. vaccae immunotherapy [74].

As seen in lung cancer patients (13,7576,
improvement in quality of life has been noted in
tuberculosis patients in Nigeria 4] and Vietnam
with those receiving immunotherapy with
M. vaccae returning to work earlier than those
receiving placebo. Recent studies in a preclini-
cal model [77) suggest direct actions of M. vaccae
that might partly explain improved quality of
life, and it is known that depressive psychosis,
such as that associated with a cancer diagnosis, is
accompanied by a Th2 preponderance [78].

The passage of adsorbed oxygen into the blood

system and its distribution through the heart are

just as much parts of the physiology of respiration
as are the airways and lungs. In any consideration
of the place of immunotherapy in respiratory
disease, the effects that it may have on circula-
tory physiology must also be taken into account.
Preclinical studies in a rat model have shown that
treatment with M. vaccae has significant beneficial
effects reducing myointimal hyperplasia, the basis
of large vessel atheroma deposition [7379]. The
parallels between immune changes constricting
airways, those constricting the passage of blood
and the alleviation of both by treatment with
M. vaccae help complete the picture.

It would be very unlikely if beneficial
immune-modulating properties were restricted
to M. vaccae alone amongst the numerous spe-
cies of adjuvantrich mycobacteria and related
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genera of aerobic Actinomycetales, or that an
identical pattern of activity is required for the
correction of immune dysregulation in a broad
range of diseases. For this reason, a range of
other preparations of heat-killed bacteria,
including Mycobacterium obuense, a species very
similar to M. vaccae, and species of the genera
Gordonia, Rhodococcus and Tsukamurella are cur-
rently being investigated in preclinical models of
human disease [24], and in naturally occurring
diseases of veterinary importance.

To this point in our discourse, consideration
has only taken into account published studies.
However, hitherto unpublished anecdotal obser-
vations also merit consideration. Many patients
receiving treatment with borate-buffered, heat-
killed M. vaccae have observed an increased
resistance to acute respiratory infections of viral
origin, such as colds and influenza, presum-
ably operative through Thl responses to stress
proteins expressed on virally infected cells [74].
Other major respiratory diseases include sarcoid-
osis, on which we have no anecdotal data, and
chronic obstructive pulmonary disease (COPD),
on which we have some information.

In studies using a borate-buffered, heat-killed
preparation of Tsukamurella inchonensis for the
treatment of sweet-itch, a serious seasonal allergy
to midge bites in horses, a few animals coin-
cidently had respiratory airways obstruction,
the equine equivalent of COPD in humans.
Without exception, these few animals showed
marked alleviation of their respiratory distress.
Taken together with the few anecdotes that we
have of patients with COPD receiving M. vaccae
for other conditions, showing an improvement
in respiratory symptoms, there would seem to be
a need for a formal trial of this immunotherapy
in patients with COPD.

The apparent success of immunotherapy with
M. vaccae in the treatment of adenocarcinoma
of the lung brings into question the reasons
that this immunotherapy showed no extension
of survival in those with squamous carcinoma
of the lung, despite their improved quality of
life (13.75.76]. Subsequent anecdotal data suggest
that M. vaccae can be effective against squamous
tumors, but many more doses are required to
achieve success.

The reason for this difference in responsive-
ness for these two tumor types probably lies in
the differences in antigens that they express or
release. Adenocarcinomas release mucins and
carbohydrates that may mimic to some degree
those of bacteria, thus providing additional tar-
gets cross-reactive with bacteria to which the

future science group

modulated immune response can be directed.
In addition, just as antigens released by tubercle
bacilli during immunotherapy for tuberculo-
sis may exert immunomodifying effects, both
beneficial and deleterious, antigens released by
tumor cells stressed by the immunotherapeu-
tic response, may counteract those of M. vac-
cae, thus requiring repeated doses. Besides these
differences in response to M. vaccae in the two
major divisions of non-small-cell lung cancer,
early studies of small-cell disease suggest that
the application of additional, and perhaps more
frequent, doses would also be effective [76].

Other cancer-related antigens that could be
targets for bacterial immunotherapy are viruses,
notably human endogenous retroviruses.
Expression of a short amino-acid chain length
believed to originate from such a virus has been
associated with malignant melanoma, and in one
patient development of cytolytic T lymphocytes
to this resulted in long-term remission. This short
chain has also been shown to cross-react with
M. tuberculosis bacillus of Calmette and Guerin
(BCG) [80].

Other than the local reaction to intradermal
injections, similar to those following BCG vacci-
nation and similarly resulting in a small scar, use
of M. vaccae has few side effects. However, with
the repeated injections at short intervals needed
for the treatment of cancer, some patients have
difficulties with compliance. Giving injections
at sites other than the upper arm, for example
on the thigh, tends to give larger reactions.
In our past studies, mixing a low dose of new
tuberculin with the M. vaccae reduced the scar
size without reducing efficacy in tuberculosis
and leprosy [81.82], although producing such a
combined reagent would be very difficult under
today’s drug regulatory restrictions.

The future of immunomodulation with prod-
ucts such of the M. vaccae type may well lie in
oral dosage and this is under active investigation.

Conclusion

New information is presented on the immunolog-
ical changes following three monthly intradermal
doses of borate-buffered, heat-killed M. vaccae
(SRL172) added to short-course chemotherapy
(2RHEZ/4RH) for pulmonary tuberculosis. It is
suggested that this new data, much of it obtained
from stored cell culture supernatants, when added
to those already published, illustrates the changes
that would be induced when the same immuno-
therapy is applied to other nonmycobacterial
diseases and that tuberculosis provides a suitable
model for these effects.

www.futuremedicine.com
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The data published so far on noninfectious
diseases of the respiratory system are reviewed in
relation to the data obtained from the tuberculosis
model and unpublished anecdotal information on
such diseases are discussed.

Future perspective

The information already available on immuno-
therapy with M. vaccae (SRL172) and similar
preparations of other aerobic Actinomycetales
indicate that this form of bacterial immune
modulation is going to play a major role in
future medicine. The broad spectrum of dis-
eases that could benefit from such treatment,
and the apparent nonspecificity of the approach
flies in the face of concepts of modern vaccinol-
ogy. Applicable in human, veterinary and agri-
cultural medicine, at potentially low cost and
with few adverse effects, widespread introduc-
tion of this treatment will have both significant

effects on mortality from disease and contribute
significantly to food supply.

The development of effective oral prepara-
tions is in progress and early data show that it
will have similar effects in the same range of
applications.
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Executive summary

Introduction
= The scene is set and previously available data are presented.

= The availability of clinical samples from an earlier study is explained.
Materials & methods
= Treatment of the patients is described and the samples available are delineated.
= The investigation of cultured cells and their culture supernatants is explained.
Results
= These include the results for TNF-a. and IL-8-receptor expression on cells and their ability to produce nitrite.
= The levels of cytokines (IL-2, IFN-y, IL-12 and TGF-B) in culture supernatants are shown in a series of tables.
Discussion

A summary of the findings in tuberculosis and their significance is discussed.

It is proposed that pulmonary tuberculosis provides a suitable model for immunotherapy with Mycobacterium vaccae applicable to

other diseases.

These other conditions include bronchospasm and non-small-cell lung cancer.
The difference in response of adenocarcinoma and squamous carcinoma is discussed.

The possibilities for treating chronic obstructive pulmonary disease and myointimal hyperplasia of arteries are considered and discussed.
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