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Apoptosis is a physiological programmed cell death process. Tubercle bacilli inhibit apoptosis of alveolar macrophages 
and phagolysosome fusion. We investigated whether the Bcl-2 family anti-apoptotic member, Bfl-1/A1, plays an 
important role in the anti-apoptotic process during mycobacterial infection. PMA-treated human monocytoid THP-1 
cells were infected with mycobacteria (H37Rv, BCG, and K-strain) at a multiplicity of infection (MOI) of 10 for 0, 1.5, 
3, 6, 9, 12, 18, 24, 48, or 72 h. In addition, PMA-treated THP-1 cells were pretreated with specific inhibitors for 45 min 
before stimulation with mycobacteria at an MOI of 10 for 4 h. After the indicated time, the cells were subject to reverse 
transcription-polymerase chain reaction (RT-PCR) analysis, and a Bfl-1/A1-specific Western blot was performed. In 
PMA-differentiated THP-1 cells, the expression level of Bfl-1/A1 mRNA was increased by Mycobacterium tuberculosis 
(MTB) H37Rv infection. The mRNA level of Bfl-1/A1 peaked 3 h after MTB infection, then declined gradually until 9 
h. However, Bfl-1/A1 mRNA induction gradually re-increased from 24 h to 72 h after MTB infection. No difference in 
Bfl-1/A1 expression was detected following infection with MTB H37Rv, K-strain, or M. bovis BCG. These results were 
not dependent on mycobacterial virulence. Moreover, mRNA levels of other anti-apoptotic molecules (Mcl-1, Bcl-2, 
and Bcl-xL) were not increased after MTB H37Rv or K-strain infection. These results suggest that mycobacteria induce 
the innate immune host defense mechanisms that utilize Bfl-1/A1 molecules at early time points, regardless of virulence. 
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INTRODUCTION 

 

Tuberculosis is a globally important infectious disease. 

Currently, approximately one third of the world population 

is infected with Mycobacterium tuberculosis (MTB), and an 

estimated 2.5 million people die from tuberculosis annually 

(Dye et al., 1999; Dye et al., 2005). MTB infects alveolar 

macrophages, which are the first host cells encountered 

by inhaled MTB deep in the lung. The macrophages 

phagocytose MTB, and MTB was shown to exist within 

phagosomes (Armstrong and Hart 1971; Clemens and 

Horwitz 1995). In addition, MTB inhibits the maturation of 

phagosomes, preventing their progression to bactericidal 

phagolysosomes and the apoptosis of macrophages. 

Apoptosis is a physiological process of programmed cell 

death, and plays an important role in the innate immune 

response against infectious pathogens (Clemens and Horwitz 

1995; Perskvist et al., 2002; Spira et al., 2003). To-date, a 

number of intracellular pathogens, including mycobacteria, 

that modulate the apoptosis of target cells have been 

identified (Bocchino et al., 2005). 

The Bcl-2 family of proteins is comprised of anti-

apoptotic members (Bcl-2, Bcl-xL, and Mcl-1) and pro-

apoptotic members (Bad, Bid, Bax, and Bak). Pro-apoptotic 
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Bcl-2 proteins located in the cytosol act as sensors of 

cellular stress and damage (Opferman and Korsmeyer 2003). 

Mycobacteria interfere with host apoptosis by modifying 

the expression of Bcl-2 proteins (Sly et al., 2003; Zhang et 

al., 2005). In addition, it was demonstrated that virulent 

MTB repressed apoptosis by upregulation of Bcl-2 and 

Mcl-1 and deactivation of Bad and Bax. A few studies have 

suggested that, under some conditions, MTB inhibits host 

cell apoptosis. This enabled MTB to survive, infect other 

macrophages and disseminate to other sites in the lung 

(Keane et al., 2000; Oddo et al., 1998). 

Apoptosis usually regulates the balance of pro-apoptotic 

and anti-apoptotic molecules. Previous studies established 

that Bfl-1/A1 mRNA level was significantly increased in 

THP-1 cells after 48 h of H37Rv infection, in contrast to 

other anti-apoptotic molecules (Dhiman et al., 2008; Dhiman 

et al., 2007). Bfl-1/A1 is a transcriptional target of nuclear 

factor-κB (NF-κB) that is over-expressed in many human 

tumors and is a means by which NF-κB inhibits apoptosis. 

In addition, it was demonstrated that Bfl-1/A1 indirectly 

blocks tumor necrosis factor-α (TNF-α)-induced activation 

of Bax (Simmons et al., 2008). Here, we found that the 

Bcl-2 family anti-apoptotic member, Bfl-1/A1, plays an 

important role in the anti-apoptotic process during the early 

phase of mycobacterial infection. 

A national survey of the prevalence of tuberculosis in 

Korea in 1995 revealed that the K-strain was the MTB 

strain isolated most commonly from high school students 

with pulmonary tuberculosis. Genomic typing using IS6110 

restriction fragment length polymorphism analysis indicated 

that the K-strain belongs to the Beijing family (Kim et al., 

2001; Kremer et al., 2004; Kurepina et al., 1998). How the 

K-strain interacts with components of the host immune 

system, such as macrophages, is poorly understood. In this 

study, we compared induction of Bfl-1/A1 molecules after 

MTB H37Rv or K-strain infection in PMA-differentiated 

THP-1 cells. We demonstrated that no matter the virulence, 

Bfl-1/A1 induction in response to mycobacterial infection 

increased in early time points. 

 

MATERIALS AND METHODS 

Preparation of mycobacteria 

M. tuberculosis H37Rv (ATCC 27294), M. bovis BCG 

(ATCC 35748), and a clinically-isolated MTB strain of the 

Beijing family (K-strain) obtained at Yonsei University 

College of Medicine in Seoul were grown for about four 

weeks at 37℃ as surface pellicles on Sauton medium 

enriched with 0.4% sodium glutamate and 3.0% glycerol. 

The surface pellicles were collected and disrupted by 

gentle vortexing with 6-mm glass beads. After clumps had 

settled, the upper suspension was collected and aliquots 

were stored at -80℃. Before infection, aliquots were thawed 

and quantified for viable colony-forming units (CFU) on 

Middlebrook 7H10 agar (Difco, Franklin Lakes, NJ, USA). 

Inhibitors 

Specific inhibitors of MEK1 (PD98059), PI3-K (Ly- 

294002), p38 MAPK (SB202190), classic PKC (Ro-31-

8425), and JNK (SP600125) were purchased from 

Calbiochem (Darmstadt, Germany). A specific inhibitor of 

phospholipase C (U73122) was purchased from Cayman 

(Ann Arbor, Michigan, USA). Dimethyl sulfoxide (DMSO) 

was obtained from Sigma-Aldrich (St Louis, MO, USA). 

Cell culture and infection with mycobacteria 

The human monocytic cell line THP-1 was maintained in 

RPMI 1640 medium supplemented with 2 mM glutamine, 

10% fetal bovine serum (FBS), 100 U/mL penicillin, and 

100 μg/mL streptomycin (Gibco-BRL, Grand Island, NY, 

USA) at 37℃ under 5% CO2. THP-1 cells were seeded in 

six-well plates and treated with 50 nM phorbol-12-myristate-

13-acetate (PMA; Sigma) for 48 h to induce differentiation 

into macrophage-like cells. The cells were then washed 

three times with antibiotic-free RPMI 1640 medium. Before 

infection, differentiated THP-1 cells were reconstituted in 

antibiotic-free RPMI 1640 medium with 5% FBS. Cells 

were incubated with MTB, M. bovis BCG, or K-strain at a 

multiplicity of infection (MOI) of 10 for 0, 1, 1.5, 3, 6, 9, 

12, 18, 24, 48, or 72 h. PMA-differentiated THP-1 cells 

were pretreated with inhibitors for 45 min before stimulation 
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with MTB H37Rv for 4 h at an MOI of 10. 

RNA extraction and semi-quantitative reverse 

transcriptase-polymerase chain reaction (RT-PCR) 

After removing nonphagocytosed bacilli, total RNA 

was extracted from cultured cells using TRIzol reagent 

(Invitrogen, Grand Island, NY, USA), according to the 

manufacturer's instructions. cDNA was synthesized by 

reverse transcription with 2 μg total RNA, 0.25 μg random 

hexamers (Invitrogen), and 200 U Murine Molony Leu- 

kemia Virus Reverse Transcriptase (MMLV-RT; Invitrogen) 

for 10 min at 25℃, followed by 50 min at 37℃ and 15 

min at 70℃. Diluted reverse-transcribed cDNA was used 

in subsequent 25-μL PCR amplifications. PCR amplifi- 

cation using 0.2 U G-Taq polymerase (Cosmo Genetech, 

Daejeon, Korea) was performed in a thermocycler (Applied 

Biosystems, Grand Island, NY, USA) for 27~35 cycles 

using anti-apoptotic primers for Bfl-1/A1, Bcl-2, Mcl-1, or 

Bcl-xL (Bfl-1/A1, 5'-TACAGGCTGGCTCAGGACTATC- 

3' and 5'-GGTATCCACATCCGGGGCAAT-3'; Bcl-2, 5'- 

CATTTCCACGTCAACAGAATTG-3' and 5'-AGCAC- 

AGGATTGGATATTCCAT-3'; Mcl-1, 5'-TGGGTTTGT- 

GGAGTTCTTCCA-3' and 5'-ACACCTGCAAAAGCC- 

AGCA-3'; Bcl-xL, 5'-TTGGACAATGGACTGGTTGA-3' 

and 5'-GTAGAGTGGATGGTCAGTG-3'). The levels of 

gene expression were normalized to that of GAPDH. PCR 

products were electrophoresed on 1.8% (w/v) agarose gels 

containing 0.5 μg/mL ethidium bromide, and the sizes of 

the products were determined by comparison to a 100-bp 

DNA ladder marker (Bioneer, Daejeon, Korea). The in- 

tensity of each band amplified by RT-PCR was analyzed 

using Gel Doc EQ Quantity One (version 4.5; Bio-Rad, 

Hercules, CA, USA) and normalized to GAPDH expression 

in corresponding samples. 

Western blot analysis 

PMA-differentiated THP-1 cells were grown in six-well 

plates and infected with Mycobacteria for 4, 8, 12, 24, or 

48 h. Whole cell lysates from MTB H37Rv-infected THP-1 

cells were prepared for detection of Bfl-1/A1. In brief, at 

the indicated time points, infected or control cells were 

harvested, washed twice with cold PBS and lysed in 250 μL 

RIPA buffer (Pierce, Rockford, IL, USA). Protein (40 μg) 

from each sample was electrophoresed on 12% sodium 

dodecyl sulfate (SDS)-polyacrylamide gels, blocked in 5% 

skim milk, probed with anti-Bfl-1/A1 antibody (Santa Cruz 

Biotechnology, Santa Cruz, CA, USA) or anti-β actin 

(Sigma) overnight at 4℃ and incubated for 60 min with 

secondary antibody (Jackson Immunoresearch, West Grove, 

PA, USA). Protein bands were visualized using an enhanced 

chemiluminescence kit (Pierce) as per the manufacturer's 

instructions. 

Statistics 

Values are shown as means ± standard deviations (SD). 

When a significant difference was detected, further analysis 

was performed using a Student's t-test. A p value less than 

0.05 was considered significant. 

 

RESULTS 

Infection with MTB H37Rv increases mRNA expression 

of Bfl-1/A1 at early time points 

Bfl-1/A1, an anti-apoptotic molecule, is known to be 

up-regulated in mycobacterial infection. It was recently 

reported that MTB H37Rv-infected THP-1 cells up-

regulated Bfl-1/A1 via the NF-κB signaling pathway, and 

K-strain-infected THP-1 cells had greater expression of 

anti-apoptotic molecules, including Bcl-2, mcl-1, Bfl-1/A1, 

and bcl-xL, than MTB H37Rv after 48 h of infection. We 

investigated whether the Bcl-2 family anti-apoptotic member 

Bfl-1/A1 plays an important role in the anti-apoptotic 

process during mycobacterial infection. THP-1 cells were 

treated with PMA for 48 h and incubated with MTB H37Rv 

for various times. As shown in Fig. 1, Bfl-1/A1 mRNA 

expression levels were increased by MTB H37Rv infection. 

The level of Bfl-1/A1 mRNA induction peaked at 3 h after 

MTB H37Rv infection and then declined gradually by 9 h. 

However, Bfl-1/A1 mRNA induction gradually rose again 

from 24 to 72 h after MTB H37Rv infection. MTB H37Rv 

increased Bfl-1/A1 gene expression to levels about 3-fold 

greater than control uninfected cells by 3 h. 
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Induction of Bfl-1/A1 mRNA after infection with 

different mycobacterial strains 

It was reported that virulent MTB strains grew more 

rapidly than avirulent or attenuated strains within human 

macrophages (Kawamura 2008). To compare their virulence, 

we infected PMA-treated THP-1 cells with the MTB 

H37Rv, K-strain, and M. bovis BCG mycobacterial strains. 

Expression of Bfl-1/A1 mRNA was unaffected by infection 

with MTB H37Rv, K-strain, or M. bovis BCG at early time 

points. It is likely that mycobacterial infection, regardless of 

virulence, induces innate immune host defense mechanisms. 

However, 48 h after K-strain infection, the expression of 

Bfl-1/A1 mRNA was higher than that in cells infected with 

other strains (Fig. 2). Therefore, it is likely that the up-

regulation of the Bfl-1/A1 gene in response to infection with 

K-strain partly contributed to the decreased apoptosis in 

macrophages. 

 

 

 
 

 

Bfl-1/A1 protein expression in MTB H37Rv-infected 

THP-1 cells 

We evaluated Bfl-1/A1 protein expression by Western 

Fig. 2. Induction of the Bfl-1/A1 mRNA after infection with 
differential mycobacterial strains is not different. THP-1 cells 
were differentiated for 48 h and incubated in the presence of MTB 
H37Rv, BCG, K-strain for the indicated times (0, 1.5, 3, 6, 9, 12, 
18, 24, 48 or 72 h). cDNA prepared from total RNA of infected 
cells was subjected to PCR to amplify Bfl-1/A1. The PCR products
were analyzed by 1.8% agarose gel (upper panel) to detect Bfl-1/A1
expression. GAPDH was used as an internal control. Densitometric
analysis was performed (lower panel). Data are expressed as the 
mean ± SD, and are presented as the expression levels of Bfl-1/A1
mRNA relative to GAPDH mRNA (The level of Bfl-1/A1 relative 
to GAPDH without infection by MTB was set to 1.0). The data
represent results from five independent experiments. Statistical 
analysis was performed by Student's t-test. A p value of less than 
0.05 was considered significant. (*P<0.05 relative to uninfected 
control). 

Fig. 3. MTB induces a time-dependent increase in Bfl-1/A1
protein expression. Differentiated THP-1 cells were infected 
with MTB (10 MOI) for the indicated times (0, 4, 8, 12, 24 or 48 
h) before cell lysates were prepared, resolved on 12% SDS-
polyacrylamide gels and transferred to nitrocellulose membranes. 
Western blotting was done to see Bfl-1/A1 expression. 

β-actin

Fig. 1. MTB H37Rv induces a time-dependent increase in 
Bfl-1/A1 mRNA. THP-1 cells were differentiated for 48 h and
incubated in the presence of MTB H37Rv for the indicated times
(0, 1.5, 3, 6, 9, 12, 18, 24, 48 or 72 h). cDNA prepared from total
RNA of infected cells was subjected to PCR to amplify Bfl-1/A1. 
The PCR products were analyzed by 1.8% agarose gel (upper
panel) to detect Bfl-1/A1 expression. GAPDH was used as an
internal control. Densitometric analysis was performed (lower
panel). Data are expressed as the mean ± SD, and are presented
as the expression levels of Bfl-1/A1 mRNA relative to GAPDH
mRNA (The level of Bfl-1/A1 relative to GAPDH without infection
by MTB was set to 1.0). The data represent results from five
independent experiments. Statistical analysis was performed by
Student's t-test. A p value of less than 0.05 was considered
significant (*P<0.05, **P<0.01 relative to uninfected control). 
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blot analysis. Uninfected THP-1 cells did not express Bfl-1/ 

A1 protein. However, Bfl-1/A1 protein levels peaked at 8 h 

in MTB H37Rv-infected THP-1 cells, which retained only 

a small amount of Bfl-1/A1 protein at 48 h (Fig. 3). 

Comparison of mRNA levels of anti-apoptotic genes 

after Mycobacterium infection 

To determine whether MTB H37Rv regulates the 

expression of Bcl-2 anti-apoptotic family genes in infected 

macrophages, we investigated the mRNA expression of 

Bfl-1/A1, Bcl-xL, Bcl-2, and Mcl-1 in THP-1 cells infected 

with an MOI of 10 of K-strain or MTB H37Rv using 

RT-PCR analysis. Expression of only Bfl-1/A1 mRNA was 

up-regulated in cells infected with MTB H37Rv, compared 

to other anti-apoptotic related genes (data not shown). In 

addition, the expression of only Bfl-1/A1 mRNA was 

increased in K-strain-infected THP1 cells (Fig. 4). The 

expression of Bfl-1/A1 mRNA was increased about 4-fold 

compared to control cells after K-strain infection at 3 h. In 

contrast, other anti-apoptotic related genes (Bcl-2, Mcl-1, 

Fig. 4. Expression of anti-apoptotic molecules in THP-1 cells infected with K strain. THP-1 cells were differentiated for 48 h and 
incubated in the presence of K-strain for the indicated times (0, 1.5, 3, 6, 9, 12, 18, 24, 48 or 72 h). cDNA prepared from total RNA of 
infected cells was subjected to PCR to amplify Bfl-1/A1, Bcl-xL, Bcl-2 or Mcl-1. The PCR products were analyzed by 1.8% agarose gel 
(upper panel) to detect Bfl-1/A1, Bcl-xL, Bcl-2 or Mcl-1 expression. GAPDH was used as an internal control. Densitometric analysis was 
performed (lower panel). Data are expressed as the mean ± SD, and are presented as the expression levels of Bfl-1/A1, Bcl-xL, Bcl-2 or 
Mcl-1 mRNA relative to GAPDH mRNA (The level of Bfl-1/A1, Bcl-xL, Bcl-2 or Mcl-1 relative to GAPDH without infection by K-strain 
was set to 1.0). The data represent results from five independent experiments. Statistical analysis was performed by Student's t-test. A p
value of less than 0.05 was considered significant (*P<0.05, **P<0.01 relative to uninfected control). 
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and Bcl-xL) were not significantly increased. Expression of 

these anti-apoptotic genes did not exceed about 2-fold 

higher than that of controls (Fig. 4). 

Signaling pathway of Bfl-1/A1 induction after MTB 

H37Rv infection 

It was recently demonstrated that NF-κB plays an 

important role in controlling apoptosis of mycobacteria-

infected macrophages (Dhiman et al., 2007). To reveal the 

signaling pathway of expression of Bfl-1/A1 mRNA in 

MTB H37Rv-infected THP-1 cells, we monitored the Bfl-1/ 

A1 mRNA level using specific inhibitors. THP-1 cells were 

pre-incubated with inhibitors of specific signal molecule 

for 45 min before MTB H37Rv infection for 4 h. As shown 

in Fig. 5, treatment with SB202190 (an inhibitor of p38 

MAPK), PD98059 (an inhibitor of MEK1), Ro-31-8425 

(an inhibitor of classic PKC), Ly294002 (an inhibitor of 

PI3-K), U73122 (an inhibitor of PLC), and SP600125 (an 

inhibitor of JNK) did not affect expression of Bfl-1/A1 

mRNA. In addition, PD98059, SB202190, and SP600125 

did not inhibit Bfl-1/A1 mRNA induction in a dose-

dependent manner. This demonstrated that Bfl-1/A1 mRNA 

induction was not mediated through these signaling 

pathways. Therefore, more research is needed to determine 

the signaling pathway that is involved in Bfl-1/A1 expression 

during mycobacterial infection of macrophages. 

 

DISCUSSION 

 

Human macrophages play an important role in host 

defense mechanisms against MTB due to their involvement 

in the activation of both innate and acquired immune 

responses. Macrophages recognize MTB via several re- 

ceptors, including Toll-like receptors, NOD-like receptors, 

and TNF-α receptors (Chan et al., 1992; Liu et al., 2006; 

MacMicking et al., 1997). MTB-infected macrophages did 

not induce maturation of phagolysosomes (Riendeau and 

Kornfeld 2003). It was previously demonstrated that MTB 

inhibited the maturation of phagosomes into phagolysosomes 

and proliferation in vacuoles with early endosomal char- 

acteristics. A previous study was undertaken to understand 

the significance of differential expression of Bfl-1/A1 in 

MTB-infected cells (Dhiman et al., 2008; Dhiman et al., 

2007). We report here that Bfl-1/A1 mRNA expression, of 

the Bcl-2 anti-apoptotic family of molecules, is induced at 

two different time points during mycobacterial infection. 

We show that expression of Bfl-1/A1 mRNA increased 

in macrophages infected with MTB at early time points, 

after which it declined gradually. However, Bfl-1/A1 mRNA 

levels recovered and gradually increased by 72 h post-

infection. Expression of Bfl-1/A1 mRNA began to increase 

1.5 h after infection and peaked by 3 h. The protein 

expression of Bfl-1/A1 peaked 8 h after MTB infection. 

Both more (K-strain) and less (BCG) virulent strains 

expressed similar levels of Bfl-1/A1 mRNA. In addition, 

Mycobacterium smegmatis-infected macrophages expressed 

very similar levels of Bfl-1/A1 mRNA as seen with MTB 

H37Rv, BCG, and K-strain infection (data not shown). 

Therefore, mycobacterial virulence does not affect Bfl-1/A1 

mRNA expression at early time points. We hypothesized 

Fig. 5. MTB H37Rv-induced expression of Bfl-1/A1 is not 
mediated by the common signaling pathway. (A) PMA-treated 
THP-1 cells were pre-incubated with the inhibitors SB202190 (20
μM), PD98059 (50 μM), Ro-31-8425 (50 nM), Ly294002 (10 μM),
U73122 (50 ng/ml), SP600125 (10 μM) for 45 min, followed by
MTB infection (10 MOI) for 4 h. (B) Differentiated THP-1 cells 
were pre-treated with PD98059, SB202190, SP600125 for 45 min
with indicated concentration, followed by MTB infection (10 MOI)
for 4 h. cDNA was prepared from total RNA extracted from treated
cells. PCR analysis was performed using Bfl-1/A1 specific primers. 
PCR products were analyzed by 1.8% agarose gel to detect Bfl-1/A1
expression. GAPDH was used as an internal control. 
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that the expression of Bfl-1/A1 mRNA at early time points 

was due to the human innate immune response of 

Mycobacterium-infected macrophages. 

As mentioned above, apoptosis during mycobacterial 

infection has been shown to be an innate host defense 

mechanism that prevents spread of the infection by seques- 

tering pathogens within apoptotic bodies, thus protecting 

the surrounding tissue from their harmful effects (Dockrell 

2001). The Bcl-2 family is a well-known group of anti-

apoptotic molecules. This family includes Bfl-1/A1, Mcl-1, 

Bcl-2, and Bcl-xL. However, in the current study, Bfl-1/A1 

had only a minimal effect on the anti-apoptotic mechanism 

of MTB-infected macrophages. 

Previous studies showed that the expression of Bfl-1/A1 

was mediated via NF-κB in MTB H37Rv-infected macro- 

phages (Dhiman et al., 2007). However, we were unable to 

identify a signaling pathway that was directly involved in 

mRNA expression of Bfl-1/A1. In addition, we demonstrated 

using specific inhibitors that Bfl-1/A1 expression was not 

mediated by way of the PI3K/Akt, classic PLC, MEK1, 

p38, or JNK signaling pathways. Therefore, the signal 

transduction pathway that mediates Bfl-1/A1 expression 

warrants further study. 

The role of Bfl-1/A1 in MTB-infected macrophages 

remains to be elucidated. Bfl-1/A1 inhibits phagolysosome 

fusion directly (Dhiman et al., 2008; Ge et al., 2005; Gross 

et al., 2000). One hypothesis is that Bfl-1/A1, which is 

expressed at early time points, is part of the human innate 

immune response, but MTB regulates the mRNA expression 

of Bfl-1/A1 for its own intracellular survival. Another 

possibility is that MTB-mediated regulation of the NF-κB 

pathway in infected macrophages is part of the innate 

immune response (Gutierrez et al., 2008). Consequently, the 

level of Bfl-1/A1 mRNA is up-regulated in Mycobacterium-

infected macrophages at early time points. 

In this study, we for the first time demonstrated that 

Bfl-1/A1 is induced by mycobacterial infection at early 

time points and that its expression subsequently decreased, 

followed by recovery at later time points. We also showed 

that early induction of this gene was not associated with 

mycobacterial virulence. Bfl-1/A1 expression was not medi- 

ated by a particular signal transduction pathway, except for 

some NF-κB pathway involvement. Further studies are 

required to determine the pathway of Bfl-1/A1 expression 

and its role in mycobacterial infection. It was previously 

demonstrated that Man-LAM, derived from a virulent strain 

of MTB, promoted the phosphorylation of the pro-apoptotic 

factor Bad following Akt activation, leading to the release 

of Bcl-2 and anti-apoptotic effects in infected cells (Maiti 

et al., 2001). 

The K-strain was recently reported to significantly 

increase the expression of anti-apoptotic genes in macro- 

phages compared to H37Rv infection. It is likely that the 

up-regulation of anti-apoptotic genes in response to infection 

with K-strain partly contributed to the decreased apoptosis 

of macrophages. Autophagic pathways in macrophages 

assist maturation of mycobacterial phagosomes into 

phagolysosomes, leading to inhibition of M. bovis BCG 

and MTB survival in infected macrophages, and autophagy 

has recently been recognized as part of both innate and 

adaptive immune defenses against intracellular pathogens 

(Deretic et al., 2006; Gutierrez et al., 2004; Vergne et al., 

2006). 

The correlation between autophagy as a defense 

mechanism inhibiting MTB survival and Bfl-1/A1 ex- 

pression represents an exciting question for future studies. 

Previous studies have demonstrated that infected macro- 

phages undergo apoptosis after apoptotic stimuli-enhanced 

phagosome-lysosome fusion, which might be the cause of 

mycobacterial death. Further investigations are required to 

understand the molecular mechanism underlying Bfl-1/A1 

expression in Mycobacterium-infected macrophages. 
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