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Immunotherapeutical Potential of Mycobacterium Vaccae on M.

Tuberculosis Infection in Mice

Lijun Xu"?, Yanyan Wangz, Xiaodong Zhengz, Xiangdong Gui’, Lifeng Tao® and Haiming Wei*

Tuberculosis remains the worldwide infectious disease. To identify the therapeutic potential of M. vaccae in
treating tuberculosis, M. vaccae was injected into Mycobacterium tuberculosis (M. tuberculosis) infected mice. The
optimal dose of M. vaccae (22.5 pg/mouse) treated mice showed lower pathological change index, spleen weight
index, lung weight index and vital M. tuberculosis count than those of the untreated group. Treatment with M.
vaccae enhanced the percentages of CD3" and CD4" T cells, IFN-y'CD4" T cells, innate immune cells including NK
cells, NK1.1" T cells and y8 T cells, and reduced the percentage of IL-4'CD4" T cells. Therefore, M. vaccae could
protect the mice from M. fuberculosis infection and improved mouse innate and adaptive cell-mediated immunity,
suggesting that M. vaccae is a potential immunotherapeutic agent in pulmonary tuberculosis. Cellular & Molecular

Immunology. 2009;6(1):67-72.
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Introduction

Tuberculosis, caused by Mycobacterium tuberculosis (M.
tuberculosis), is a major public health problem in China, with
about 130,000 deaths occurring annually and 550 million
new cases of tuberculosis developing per year, in which
approximately 50 million tuberculosis high-risk persons with
strong positive tuberculin reaction have high tuberculosis
incidence rate of 5%-10% (1). Therefore, preventive therapy
in the high risk persons is the key point for tuberculosis
control.

Mycobacterium vaccae for injection (M. vaccae, with the
items of Wei-Ka) is an immunoregulatory agent as a
heat-killed preparation of M. tuberculosis. In recent years, M.
vaccae has been used as an adjuvant immunotherapy to

'Department of Respiratory Medicine, The First Hospital of Jilin University,
Changchun, Jilin 130021, China;

“Institute of Immunology, School of Life Sciences, University of Science &
Technology of China, Hefei, Anhui 230027, China;

*Anhui Longcome Biological Pharmacy Co. Ltd, Hefei, Anhui 230088,
China;

*Correspondence to: Dr. Lijun Xu, Department of Respiratory Medicine, The
First Hospital of Jilin University, Changchun 130021, China. Tel: +86-431-
561-2443, E-mail: Ixdnl@163.com; or Dr. Haiming Wei, Institute of
Immunology, School of Life Sciences, University of Science & Technology
of China, 443 Huangshan Road, Hefei, Anhui 230027, China. Tel:
+86-551-360-7379, Fax: +86-551-360-6783, E-mail: ustctwhm@ustc.edu.cn

Received Nov 18, 2008. Accepted Jan 9, 2009.

Copyright © 2009 by The Chinese Society of Immunology

Volume 6 Number 1

chemotherapy for the treatment of tuberculosis and its
efficacy has been observed (2-4). In addition, M. vaccae is
very safe and has fewer side effects. Studies performed in
mice and humans showed that M. vaccae could enhance M.
tuberculosis antigen-specific cellular immunity and anti-virus/
bacteria ability obviously (5-9). However, the mechanism by
which M. vaccae influences the immune response to M.
tuberculosis infection is unclear yet.

In this study, we developed mouse model of M.
tuberculosis infection and treated the infected mice with
different doses of M. vaccae to observe its effect on
tuberculosis preventive treatment and immune system. Our
results suggested that M. vaccae is an effective immuno-
therapeutic reagent for tuberculosis treatment.

Materials and Methods

Reagents

M. vaccae (batch number: 20041201) was provided by Anhui
Longcome Biopharmaceutical Co. Ltd. Isoniazid (INH, batch
number: 040304) was purchased from Shanghai Xinpasi
Pharmaceutical Co., Ltd. The mAbs used in this study
including FITC-conjugated anti-NK1.1, CD4, PE-conjugated
anti-yd TCR, IFN-y, IL-4 and PE-Cy5-conjugated anti-CD3e,
were purchased form BD PharMingen.

Mouse model of M. tuberculosis infection
C57BL/6 mice weighing 18-20 g were purchased from the
Shanghai SIPPR/BK Experimental Animal Co., Ltd.

H37Rv M. tuberculosis (Beijing Institute of Tuberculosis
and Thoracic Tumor) were grown in modified Lowenstein-
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Table 1. M. vaccae treatment ameliorated tuberculosis pathological change of M. tuberculosis infected mice (n = 20)

M. vaccae
Normal Infection INH
11.25 ng 22.5ug 45.0 ug
Pathological change index - 65.00+14.9  52.25+9.52%* 4850+ 11.4*%* 51.00+ 11.5%* 16.75+£2.45%*
Spleen weight index 0.346 £0.084**  0.973+£0.246 0.951 +£0.255 0.783 £0.251* 0.832+0.263  0.337 +£(0.053**
Lung weight index 0.812+£0.094*%* 2853 +0.930 2.578+0.629 2.361 £0.338*% 2.323+0.623* 0.713 +£0.080**
Liver weight index 3.985+0.364%* 5448 £0.736 5.431+0.693 5.171+0.501 5306+0.741 4.325+0.597**

*p <0.05, **p < 0.01, compared with infection model group.

Jenson egg medium for 3-4 weeks. The culture was harvested
and vigorously agitated with agate mortar. The viability of
the bacteria in suspension was evaluated using 0.05% Tween
80/PBS at the concentration of 2 mg/ml. Mice were injected
i.v. with 200 pl of 5 x 10° CFU (colony forming units)/ml
bacilli (about 1 x 10° CFU/mouse).

Experimental design

M. tuberculosis infected mice were randomly divided into 6
groups (30 mice/group, male:female = 1:1): (1) infection
model group: i.m. injection at the inner thigh of 0.5 ml PBS
each mouse on days 3, 10 and 17 after M. tuberculosis
injection; (2) positive INH control group: intragastric
administration of 5 mg/kg/d INH from day 1 of M.
tuberculosis injection until 3 days before sacrifice; (3-5) high
dose, medium dose or low dose of M. vaccae group: i.m.
injection at the inner thigh of 45.0 ug, 22.5 ug, or 11.25 pg
M. vaccae in 0.5 ml PBS each mouse on days 3, 10 and 17
after M. tuberculosis injection, respectively; and (6) normal
control group: i.m. injection at the inner thigh of 0.5 ml of
PBS each mouse on days 3, 10 and 17 after M. tuberculosis
injection. After 8 weeks post-injection, the mice were
sacrificed for further study.

Assessment of organ pathological change

At the end of week 8 after injection, 20 mice of each group
were sacrificed to observe tuberculosis pathological changes
of lungs, spleens and livers and calculate the weight index of
each organ.

Quantitative lung viable bacterial counts

Randomly selected 20 mice in each group were sacrificed.
The lungs were removed and homogenized with 4x vol.
physiological saline. The homogenates were mixed with 5X
vol. 4% H,SO, for 15 min and diluted serially in physio-
logical saline. Then 0.1 ml aliquots of 10-fold, 100-fold, and
1,000-fold serial dilutions of homogenates were plated on
modified Lowenstein-Jenson egg medium at 37°C for 4
weeks to determine the CFU per gram of lung tissue.

Histopathological assessments

Ten mice of each group were randomly selected for
histopathological analyses. The lung, spleen and liver tissues
were fixed with 10% formalin in PBS, and embedded in
paraffin for sectioning. The tissue sections were stained with
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hematoxylin & eosin and Ziehl-Neelsen acid-fast, and then
evaluated by light microscope. Tuberculosis tubercles were
divided into proliferative granuloma (mostly epithelial
tubercle or tuberculosis granulomas), lymphoid granuloma
(mostly lymphocytes) and necrotic granuloma (necrotic
period of tuberculosis pathological changes).

Isolation of splenocytes

The splenocytes of 6 mice in each group were obtained by
forcing tissues through stainless steel mesh. Before use, the
erythrocytes were removed from the cell suspension by
lysing solution (155 mM NH,CI, 10 mM KHCO;, 1 mM
EDTA, and 170 mM Tris, pH 7.3).

Flow cytometric analysis

The cells were blocked and incubated with saturating amount
of indicated fluorescence labeled mAbs in the darkness at
4°C for 30 min. After washed twice, the stained cells were
analyzed by FACSCalibur (Becton Dickinson) and the data
were analyzed by WinMDI 2.8 software.

Intracellular IFN-y and IL-4 detection

For intracellular cytokine staining, cells were stimulated with
PMA (30 ng/ml, Sigma), ionomycin (1 pg/ml, Sigma) and
monensin (1.7 pg/ml, Sigma) at 37°C and 5% CO, for 4 h.
Then the cells were stained with FITC-conjugated anti-
NKI1.1 mAb and PE-Cy5-conjugated anti-CD3e mAb. After
fixation and permeabilization, intracellular cytokine staining
was performed using PE-conjugated anti-IFN-y or anti-IL-4
mAbs. After washed twice with permeabilization buffer,
samples were analyzed by flow cytometry.

Statistical analysis

Data were expressed as mean £ SD. By using SPSS 10.0, the
statistical analysis was performed by ANOVA. And q test
was adopted to compare the differences among every group
and the difference between the groups was considered
statistically significant when p value was less than 0.05.

Results

M. vaccae treatment ameliorated tuberculosis pathological
change of M. tuberculosis infected mice
Mice were randomly divided into 6 groups, injected with M.
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Figure 1. M. vaccae treatment decreased the number of lung
viable bacteria of M. tuberculosis infected mice. Mice were
injected i.v. with about 1 x 10® CFU M. tuberculosis per mouse and
received different treatments as described in Materials and Methods.
After 8 weeks, randomly selected 20 mice of each group were
sacrificed. The lungs were removed and the numbers of lung viable
bacteria were analyzed. Data were expressed as mean + SD.
Statistical analysis was performed using q test. *p < 0.05, **p <
0.01, compared with infection model group.

tuberculosis and received different treatments. The organ
pathological change index and weight index were observed
after 8 weeks. The results showed that the organ pathological
change indexes of three doses of M. vaccae- and INH-treated
mice were significantly lower than that of infection model
group. The weight indexes of mouse spleen, lung and liver
were increased after M. tuberculosis infection and
significantly decreased after INH treatment. The medium
doses of M. vaccae treatment significantly improved the
spleen weight index, and treatment with high and medium
dose of M. vaccae obviously decreased the lung weight index,
compared with infection model group mice. But the liver
weight index of M. vaccae group was not different from that
of infection model group (Table 1).

Treatment with M. vaccae decreased the number of lung
viable bacteria in M. tuberculosis infected mice

Quantitative viable bacterial counts showed that the numbers
of viable bacteria in the lungs of high dose, medium dose and
low dose of M. vaccae-treated mice were lower than that of
infection model group. The CFU of INH treatment group,
high dose and medium dose of M. vaccae groups were 0.07 +
0.03 x 10°, 8.85+2.14 x 10° and 7.90 + 2.54 x 10°, respectively,
significantly lower than that of infection model group (16.55
+6.44 x 10°, p < 0.05, Figure 1).

M. vaccae treatment improved the histopathology of M.
tuberculosis infected mice

The histopathological analyses showed that the histological
structure of the spleens and livers of all the mice in this
experiment was similar to those of normal mice (data not
shown). As to the lung tissue, as shown in Figure 2, necrotic
granuloma and proliferative granuloma were found in the
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Figure 2. M. vaccae treatment improved the histopathology of
M. tuberculosis infected mice. Mice were injected i.v. with about 1
x 10° CFU M. tuberculosis per mouse and received different
treatments as described in Materials and Methods. After 8 weeks, 10
mice of each group were sacrificed. The lung tissues of normal
control (A), infection model group (B), low dose of M. vaccae
group (C), medium dose of M. vaccae group (D), high dose of M.
vaccae group (E), and INH control (F) mice were fixed and stained
for histopathological analyses.

infection model group mice, while proliferative granuloma
was the mainly pathological change in M. vaccae- and
INH-treated mice. And no lymphoid granuloma and necrotic
anuloma was found in medium dose of M. vaccae group
(Figure 2).

%

Treatment with M. vaccae enhanced the percentages of
CD3" and CD4" T cells

Cellular immune response, especially T cell-mediated
immunity, was important to tuberculosis pathology and CD4"
T cells had an essential role in the host immune response to
M. tuberculosis (10, 11). To further study the effect of M.
vaccae on T cells and their subpopulations, we examined the
percentages of total T cells and CD4" T cells in each group of
mice. The results showed that the percentages of CD3" and
CD4" T cells of infected mice were significantly lower than
those of normal control mice (p < 0.01, Figure 3), but
increased obviously when treated with INH (p < 0.01) and M.
vaccae (p < 0.05). And we got better treatment effect in low
dose and medium dose of M. vaccae groups than high dose of
M. vaccae group (Figure 3).
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Figure 3. M. vaccae treatment upregulated the percentages of
CD3" and CD4" T cells. Mice were injected 7.v. with about 1 x 10°
CFU M. tuberculosis per mouse and received different treatments as
described in Materials and Methods. After 8 weeks, 6 mice from
each group were sacrificed to examine the percentages of CD3" and
CD4" T cells. Data were expressed as mean + SD. Statistical
analysis was performed using q test. *p < 0.05, **p <0.01,
compared with infection model group; p < 0.01, compared with
normal control group.

M. vaccae treatment regulated Th1/Th2 ratio
It was reported that M. vaccae could induce type | response
to M. tuberculosis antigens (12). So we examined and
compared the expressions of IFN-y and IL-4 in CD4" T cells
of the infected and treated mice. Compared with normal
control mice, the percentage of IFN-y'CD4" T cells was
significantly increased in infection model mice (p < 0.001,
Figure 4). Treatment with INH significantly decreased the
expression of IFN-y" by CD4" T cells in M. tuberculosis-
infected mice (p < 0.01) to the similar level of normal control
mice. But when the infected mice were treated with M.
vaccae, the expression of IFN-y was not downregulated and
still parallel to that of infection model mice (Figure 4).

There was no difference in the secretion of IL-4 by CD4"
T cells between M. tuberculosis infected and normal control
mice. And treatment with INH did not influence the
expression of IL-4 by CD4" T cells either. But low dose and
medium dose of M. vaccae treatment decreased the
percentages of IL-4'CD4" T cells greatly in comparison with
infection model mice (p < 0.05, Figure 4). And the
percentage of IL-4'CD4" T cells in medium dose of M.
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Figure 4. M. vaccae treatment regulated the ratio of Th1/Th2.
Mice were injected i.v. with about 1 x 10° CFU M. tuberculosis per
mouse and received different treatments as described in Materials
and Methods. After 8 weeks, randomly selected 6 mice from each
group were sacrificed and the expression of IFN-y and IL-4 in CD4"
T cells were examined. Data were expressed as mean = SD.
Statistical analysis was performed using q test. *p < 0.05, **p <
0.01, compared with infection model group; *p < 0.01, #p < 0.01,
compared with normal control group.

vaccae-treated mice was even lower than that of normal
control mice (p < 0.05, Figure 4).

M. vaccae effectively enhanced innate immunity in
comparison with INH

Innate immunity also played important roles in tuberculosis
due to the participation of NK cells, NKT cells and y5 T cells
(13-18). The results demonstrated that the percentage of y6 T
cells was significantly increased in low dose and medium
dose of M. vaccae-treated mice (p < 0.01, Table 2) and
unchanged in INH group. M. tuberculosis infection did not
affect the percentage of NK1.1" T cells. After INH treatment,
it was decreased significantly (p < 0.01, Table 2). However,
the percentage of NKI1.1" T cells was not altered when
treated with M. vaccae. The percentages of NK cells was
downregulated after mice were infected with M. tuberculosis
(p <0.05). Treatments with high dose of M. vaccae and INH
could not reverse the reduction of NK cells. But low dose,
especially medium dose of M. vaccae treatment upregulated
the percentage of NK cells significantly compared with
infection model mice (p < 0.05, Table 2). So, compared with

Table 2. M. vaccae effectively enhanced innate immunity in comparison with INH (n = 6)

Normal Infection M. vaccae INH
11.25 pg 22.5 ug 45.0 ug
v8 T 0.13+0.02 0.12+0.04 0.27 + 0.05%* 0.28 + 0.03%* 0.05+0.01 0.13+0.03
NKI.1°T 0.77+0.15 0.72+0.24 0.90 +0.33 0.69 +0.22 0.78 +0.32 0.34 £ 0.05%* #
NK 3.54+1.04 2.46+031" 2.82+0.74 3.84 +1.17* 2.54 + 0.80" 2.04 + 0.39

*p < 0.05, **p < 0.01, compared with infection model group; “p < 0.05, “p < 0.01, compared with normal control group.
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INH, treatment with M. vaccae could effectively enhance the
innate immunity of M. tuberculosis infected mice.

Discussion

Tuberculosis remains a heavy burden of worldwide
healthcare system. The emergence of multidrug resistant
tubercle bacilli makes tuberculosis treatment more
troublesome. So it is a key point to explore effective
prevention and treatment means. It has been shown that M.
vaccae was a potential immunotherapeutic agent for the
treatment of tuberculosis (3, 19-21). In this study, we applied
three doses of M. vaccae to treat M. tuberculosis infected
mice, and analyzed their effects on tuberculosis development
and immune systems.

The treatment with high dose and medium dose of M.
vaccae decreased the organ pathological change index, and
improved splenomegalia was also found in medium dose of
M. vaccae-treated mice. The enlargement of lung and viable
bacteria in the lungs of high dose and medium dose of M.
vaccae-treated mice were significantly alleviated than those
of infection model group. All above results indicated that M.
vaccae had a protective effect on M. tuberculosis-infected
mice. Different from necrotic and proliferative granulomas in
the infection model group mice, the pathological change in M.
vaccae-treated mice was mainly proliferative granuloma, and
no lymphoid granuloma and necrotic granuloma was found in
medium dose of M. vaccae group. So it suggested that the
high-risk persons could be prevented from tuberculosis
development if they received preventive treatment with
appropriate dose of M. vaccae.

M. tuberculosis is an intracellular pathogen. So the
promotion of Th1l response and suppression of the production
of Th2 type cytokines are the effective approaches for
protection against M. tuberculosis infection (22). Our results
showed that INH, the medicine mainly used in clinic for
tuberculosis  treatment, significantly decreased IFN-y
expression in CD4" T cells of M. tuberculosis infected mice.
However, M. vaccae treatment did not downregulate IFN-y
secretion. Meanwhile, treatment with low dose and medium
dose of M. vaccae could decrease the percentage of
IL-4"CD4" T cells obviously. Therefore, the maintaining of
Thl response and suppression of Th2 cytokine production
made M. vaccae a potential agent in clinic for tuberculosis
treatment.

The immune response against tuberculosis is mainly cell
mediated. So we examined the status of adaptive and innate
immune system of M. vaccae treated mice. It showed that the
percentages of CD3" and CD4" T cells of infected mice were
significantly decreased after 8 week-M. tuberculosis infection,
indicating the lower cellular immunity in tuberculosis mice.
M. vaccae treatment, especially low and medium doses of M.
vaccae, could upregulate the percentages of CD3" and CD4"
T cells significantly and enhance the adaptive immunity. This
result was similar with previous report that M. vaccae could
upregulate CD3" and CD4" T cells, the ratio of CD4"/CD8" T
cells and promoted the recovery of tuberculosis (6, 23).
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NKT cells played a role in antimycobacterial immunity
and activated NKT cells could enhance immunity to
tuberculosis, even though their absence does not impair
resistance to tuberculosis (14, 18, 24, 25). The percentage of
NK1.1" T cells was significantly decreased with INH treatment,
but not affected by M. vaccae, demonstrating the advantage
of M. vaccae in clinic. It was reported the impared NK cell
activity and reduced yd T cells in patients with active
pulmonary tuberculosis (26, 27). Zhang et al. also indicated
that human NK cells positively regulated yd T cells in the
immune response to M. tuberculosis by cell-cell contact and
by soluble factors TNF-a, GM-CSF, and IL-12 (17). Our
results showed that the percentages of y6 T cells were
significantly increased in low and medium doses of M.
vaccae-treated mice and medium dose of M. vaccae could
reverse the reduction of low NK cell percentage. Thus, the
innate immunity could be better stabilized by M. vaccae.

INH is one of the standard antituberculosis therapy
medicines. But long-term usage could result in severe side
effects, including hepatotoxicity, exanthema, and arthralgia,
etc. (28). M. vaccae is an effective and safe preventive
vaccine against tuberculosis (29). Its efficacy was observed
in drug-sensitive, multidrug-resistant tuberculosis when used
together with chemotherapy (30, 31). In this study, we
demonstrated that although the treatment effect of M. vaccae
was inferior to INH, the pathological change of M.
tuberculosis-infected mice was greatly improved when
treated with M. vaccae and M. vaccae had a protective effect
on tuberculosis. Furthermore, in comparison with INH, M.
vaccae could promote the immune response against M.
tuberculosis infection much more through upregulating the
ratio of Th1/Th2 and enhancing the innate immunity. Thus,
this study provided some clues for the usage of M. vaccae in
tuberculosis treatment and preventive treatment.

References

1. Borgdorff MW, Floyd K, Broekmans JF. Interventions to reduce
tuberculosis mortality and transmission in low- and middle-
income countries. Bull World Health Organ. 2002;80:217-227.

2. Stanford JL, Bahr GM, Rook GA, et al. Immunotherapy with
Mpycobacterium vaccae as an adjunct to chemotherapy in the
treatment of pulmonary tuberculosis. Tubercle. 1990;71:87-93.

3. Onyebujoh PC, Abdulmumini T, Robinson S, Rook GA,
Stanford JL. Immunotherapy with Mycobacterium vaccae as an
addition to chemotherapy for the treatment of pulmonary
tuberculosis under difficult conditions in Africa. Respir Med.
1995;89:199-207.

4. Prior JG, Khan AA, Cartwright KA, Jenkins PA, Stanford JL.
Immunotherapy with Mycobacterium vaccae combined with
second line chemotherapy in drug-resistant abdominal
tuberculosis. J Infect. 1995;31:59-61.

5. Skinner MA, Yuan S, Prestidge R, Chuk D, Watson JD, Tan PL.
Immunization with  heat-killed Mycobacterium  vaccae
stimulates CD8" cytotoxic T cells specific for macrophages
infected with Mycobacterium tuberculosis. Infect Immun.
1997,65:4525-4530.

6. Dlugovitzky D, Fiorenza G, Farroni M, Bogue C, Stanford C,
Stanford J. Immunological consequences of three doses of

February 2009



72

10.

11.

12.

13.

14.

15.

16.

17.

18.

heat-killed Mycobacterium vaccae in the immunotherapy of
tuberculosis. Respir Med. 2006;100:1079-1087.

. Stanford JL, Stanford CA. Immunotherapy with Mycobacterium
vaccae and the treatment of tuberculosis. Soc Appl Bacteriol
Symp Ser. 1996;25:81S-86S.

. Vuola JM, Ristola MA, Cole B, et al. Immunogenicity of an
inactivated mycobacterial vaccine for the prevention of HIV-
associated tuberculosis: a randomized, controlled trial. AIDS.
2003;17:2351-2355.

. Mwinga A, Nunn A, Ngwira B, et al. Mycobacterium vaccae

(SRL172) immunotherapy as an adjunct to standard anti-

tuberculosis treatment in HIV-infected adults with pulmonary

tuberculosis: a randomised placebo-controlled trial. Lancet.
2002;360:1050-1055.

Boom WH, Canaday DH, Fulton SA, Gehring AJ, Rojas RE,

Torres M. Human immunity to M. tuberculosis: T cell subsets

and antigen processing. Tuberculosis (Edinb). 2003;83:98-106.

Deveci F, Akbulut HH, Celik I, Muz MH, Ilhan F. Lymphocyte

subpopulations in pulmonary tuberculosis patients. Mediators

Inflamm. 2006;2006:89070.

bou-Zeid C, Gares MP, Inwald J, et al. Induction of a type 1

immune response to a recombinant antigen from Mycobacterium

tuberculosis expressed in Mycobacterium vaccae. Infect Immun.
1997;65:1856-1862.

Raja A. Immunology of tuberculosis. Indian J Med Res. 2004;

120:213-232.

Chackerian A, Alt J, Perera V, Behar SM. Activation of NKT

cells protects mice from tuberculosis. Infect Immun. 2002;70:

6302-6309.

yd T lymphocytes in human tuberculosis. J Infect Dis. 1992;165:
506-512.

Yoshida N. Role of yd T-cells in the peripheral blood of patients
with pulmonary tuberculosis. Kurume Med J. 2001;48:175-181.
Zhang R, Zheng X, Li B, Wei H, Tian Z. Human NK cells
positively regulate y3 T cells in response to Mycobacterium
tuberculosis. J Immunol. 2006;176:2610-2616.

Montoya CJ, Catano JC, Ramirez Z, Rugeles MT, Wilson SB,
Landay AL. Invariant NKT cells from HIV-1 or Mycobacterium
tuberculosis-infected patients express an activated phenotype.
Clin Immunol. 2008;127:1-6.

Volume 6 Number 1

Barnes PF, Grisso CL, Abrams JS, Band H, Rea TH, Modlin RL.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Effect of M. Vaccae on M. Tuberculosis Infection

Etemadi A, Farid R, Stanford JL. Immunotherapy for drug-
resistant tuberculosis. Lancet. 1992;340:1360-1361.

Stanford JL, Stanford CA, Grange JM, Lan NN, Etemadi A.
Does immunotherapy with heat-killed Mycobacterium vaccae
offer hope for the treatment of multi-drug-resistant pulmonary
tuberculosis? Respir Med. 2001;95:444-447.

Stanford JL, Stanford CA. Immunotherapy of tuberculosis with
Mycobacterium vaccae NCTC 11659. Immunobiology. 1994;
191:555-563.

North RJ, Jung YJ. Immunity to tuberculosis. Annu Rev
Immunol. 2004;22:599-623.

Luo Y. The immunotherapeutic effect of Mycobacterium vaccae
vaccine on initially treated pulmonary tuberculosis. Zhonghua
Jie He He Hu Xi Za Zhi. 2001;24:43-47.

Naoe M, Ogawa Y, Takeshita K, et al. Bacillus Calmette-
Guerin-pulsed dendritic cells stimulate natural killer T cells and
vd T cells. Int J Urol. 2007;14:532-538.

Behar SM, Dascher CC, Grusby MJ, Wang CR, Brenner MB.
Susceptibility of mice deficient in CD1D or TAP1 to infection
with Mycobacterium tuberculosis. J Exp Med. 1999;189:1973-
1980.

Yildiz P, Kadakal F, Tutuncu Y, et al. Natural killer cell activity
in multidrug-resistant pulmonary tuberculosis. Respiration.
2001;68:590-594.

Li B, Rossman MD, Imir T, et al. Disease-specific changes in yd
T cell repertoire and function in patients with pulmonary
tuberculosis. J Immunol. 1996;157:4222-4229.

Schaberg T, Rebhan K, Lode H. Risk factors for side-effects of
isoniazid, rifampin and pyrazinamide in patients hospitalized for
pulmonary tuberculosis. Eur Respir J. 1996;9:2026-2030.
Hernandez-Pando R, Pavon L, Arriaga K, Orozco H, Madrid-
Marina V, Rook G. Pathogenesis of tuberculosis in mice exposed
to low and high doses of an environmental mycobacterial
saprophyte before infection. Infect Immun. 1997;65:3317-3327.
Corlan E, Marica C, Macavei C, Stanford JL, Stanford CA.
Immunotherapy with Mycobacterium vaccae in the treatment of
tuberculosis in Romania. 1. Newly-diagnosed pulmonary disease.
Respir Med. 1997;91:13-19.

.LuoY, Lu S, Guo S. Immunotherapeutic effect of Mycobacterium

vaccae on multi-drug resistant pulmonary tuberculosis.

Zhonghua Jie He He Hu Xi Za Zhi. 2000;23:85-88.

February 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


