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Immunogenicity and efficacy of a 
tuberculosis DNA vaccine encoding the 
components of the secreted antigen 85 
complex 
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Donna L. Montgomery?, Anne M. Yawman?, Paul Vandenbussche*, 
Jean-Paul Van VoorenS, Annie Drowart$, Jeffrey B. Ulmer”f and 
Margaret A. Liut 

BALBIc and C57BLl6 mice were injected intramuscularly with plasmid DNA encoding 
the three components of the immunodominunt 30-32 kDa antigen 85 complex (Ag85A, 
Ag85B, and Ag85C) f rom Mycobacterium tuberculosis culture filtrate, in order to 
investigate the utility of nucleic acid vaccination for induction of immune responses against 
mycobacterial antigens. Ag85A and Ag85B encoding plasmids induced a robust Thl-like 
response towards native Ag85, characterized by elevated levels of interleukin (IL)-2, 
interferon-y, and TNF-a. Levels of IL-4, IL-6, and IL-IO were low or undetectable. 
Plasmid encoding Ag85C was not eflective. Cytotoxic T cell activity was also generated in 
in vitro restimulated splenocyte cultures from Ag85A and Ag85B DNA vaccinated mice. 
Finally, Ag85A and Ag85B DNA vaccination conferred significant protection against 
mycobacterial replication in lungs from B6 mice, subsequently challenged. Therefore, this 
technique may be useful for the definition of protective antigens of M. tuberculosis and the 
development of a more eflective tuberculosis vaccine. 0 1997 Elsevier Science Ltd. 
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Tuberculosis remains a major health problem, affecting 
millions of people worldwide. It is estimated that each 
year, 8 million new cases develop and that 3 million 
people die of the disease’. The attenuated Myco- 
bacterium bovis BCG vaccine continues to be widely 
administered, but its efficacy remains controversial’. It is 
clear that a more efficient vaccine would be the most 
definitive way of controlling this disease. Experimental 
vaccination with mycobacterial culture filtrates (CF) has 
demonstrated that secreted, extracellular proteins are 
essential for protection”, but the precise CF antigens are 
not completely defined at present. The three components 
of the Ag85 complex, a 30-32 kDa family of proteins 
(Ag85A. Ag85B, and Ag85C) constitute a major 
portion of the secreted proteins in such CF4. We have 
previously shown that the Ag85 complex induces strong 
T cell proliferation and interferon-y (IFN-7) secretion 
in PBMC cultures from healthy individuals with a 
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primary infection with Mycobacterium tuberculosis/ 
Mycobacterium leprae5 and in spleen cell cultures from 
mice vaccinated with live M. bovis BCG6. Sensitization 
against Ag85 occurs very early in mycobacterial infec- 
tion. Hence, recognition of this antigen may be an 
effective strategy of the host to control initial bacterial 
replication, thereby making the proteins of the Ag85 
complex reasonable vaccine candidates. Here we 
show that vaccination of mice with Ag85A DNA and 
Ag85B DNA induces a strong T helper 1 type and 
cytotoxic T cell response as measured after in vitro 
restimulation, and confers protection against subsequent 
mycobacterial challenge. 

MATERIALS AND METHODS 

Plasmids 

Genes encoding the mature Ag85A, Ag85B, and 
Ag85C from M. tuberculosis were PCR amplified, BglII 
digested and inserted in either the VlJnstPA vector (in 
which the mycobacterial genes are preceeded by the 
signal sequence for human tissue plasminogen activator, 
resulting in a secreted form), or in the VlJns vector 
(without tPA signal, resulting in a mature form)‘. 
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Figure 1 Mean IL-2 (a) and IFN-11 (b) levels in 24 h and 72 h culture supernatants of spleen cells from DNA vaccinated BALB/c and B6 mice, 
stimulated in vitro with purified Ag85 (mean+S.D. of three mice in each group, tested separately) 

DNA vaccination 

BALB/c and C57BW6 (B6) mice were vaccinated 
intramuscularly (i.m.) three times at 3 week intervals 
with 1OOpg of cesium chloride/ethidium bromide puri- 
fied plasmid DNA. As a control for BCG-vaccination, a 
separate group of mice was infected intravenously (i.v.) 
with 2 x lo6 c.f.u. of surface-grown pellicle M. bovis 
BCG, simultaneously with the first DNA vaccination. 

Antigens 

Native Ag85 (30-32 kDa) was purified from M. bovis 
BCG CF by sequential chromatography on Phenyl- 
Sepharose, DEAE-Sephacel and Sephadex G75’. 

Cytokine production and analysis 

Three weeks after the third DNA injection, mice were 
killed and spleen cells (4 x lo6 ml - ‘) were stimulated 
in vitro with purified Ag85 (5 ,ug ml- ‘). Three mice were 
analyzed separately in each group. Culture supernatants 
were harvested after 24 h [interleukin (IL)-2 and TNF-a] 
and 72 h (IFN-y, IL-4. IL-6, IL-IO). Cytokines were 
measured using ELISA or bio-assay as reported before’. 
Briefly, IL-2 activity was meaured using a thymidine 
uptake of IL-2 dependent CTLL-2 cells (detection limit 
10 pg ml- ‘, 10000 c.p.m. equals about 1000 pg ml- ‘) 
and IFN-), activity was measured using a cytopathic 
effect reduction assay of vesicular stomatitis virus on 
mouse L929 cells (detection limit 150 pg ml- ‘, 1 log2 
equals 220 pg). 

CTL activity 

Spleen cells from Ag85 DNA vaccinated B6 mice were 
amplified with BCG CF for 7 days and CTL activity was 
determined using a neutral red dye uptake of 
thioglycollate-induced syngeneic peritoneal exudate cells 
pulsed in vitro with purified Ag85 and cultured in the 
presence of amplified effector cells at ratios up to lo:1 

Table 1 Cytokine secretion following vaccination with AG85 DNA 

IL-4 IL-6 IL-10 TNF-u 

BALB/c 
Control DNA <15= 47 cl00 23 
85A DNA <15 101 tlO0 162 
858 DNA 115 20 cl00 32 
8% DNA <15 15 CtlOO <5 

C57BU6 
Control <15 19 <loo 6 
85A DNA <15 10 <loo 370 
858 DNA <15 

: 
cl00 203 

85C DNA <15 <loo c5 

aMean cytokine levels (pg ml-‘) in spleen cell culture supernatant 
from DNA vaccinated mice stimulated in vitro with purified Ag85 
(5pg ml-‘) (mean of three mice analyzed in each group) 

for 16 h. Neutral red was released by acetic acid/ 
ethanol and the O.D. was measured in a microELISA 
autoreader at 540 nm. 

BCG challenge 

DNA vaccinated B6 mice were challenged iv. with 
2 x 10’c.f.u. of BCG. The number of CFU in lungs 
was determined by plating appropriate dilutions of cell 
suspensions on Middlebrook 7Hll Bacto Agar. 

RESULTS 

Cytokine production by splenocytes from Ag85 DNA 
vaccinated mice 

As shown in Figure 1, elevated levels of IL-2 
(1000 pg ml-‘) and IFN-7 (4000 pg ml- ‘) could be 
measured in spleen cell culture supernatants from 
BALB/c and C57BW6 mice vaccinated with plasmid 
encoding a secreted form of Ag85A and restimulated 
in vitro with native Ag85 purifed from M. bovis BCG 
CF. Ag85B encoding plasmid was also effective in B6 
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Figure 2 Number of CFU in lungs from B6 mice, vaccinated with Ag85A DNA (A) or Ag85B and Ag85C DNA (B). Mice were challenged i.v. at 
day -9 with 2~10~ c.f.u. of M. bovis BCG. c.f.u. values are compared to mice vaccinated with control Vl J-tPA DNA, mice vaccinated with BCG 
and untreated mice (mean loglO&.D. of at least five mice in each group, tested separatedly) 

mice but not in BALB/c, whereas plasmid DNA encod- 
ing the Ag85C component was not active in either strain. 
Significant Thl-type cytokine production by splenocytes 
was also found in response to stimulation with PPD and 
CF but not with whole BCG bacilli or BCG cytoplasmic 
extract (data not shown). IL-4 and IL-10 levels were 
undetectable in these Ag85 stimulated cultures. IL-6 
production was also very low, although some activity 
was measured in splenocytes from BALB/c mice vacci- 
nated with Ag85A DNA. Production of TNF-a finally, 
was significantly increased in spleen cells from mice 
vaccinated with Ag85A DNA (BALB/c and B6) and 
Ag85B DNA (B6) (Table 1). 

Generation of cytotoxic T lymphocytes by splenocytes 
from Ag85 DNA vaccinated mice 

B6 mice vaccinated with plasmids encoding a mature 
form of Ag85A or Ag85B demonstrated significant CTL 
activity against Ag85 pulsed peritoneal exudate cells, 
whereas mice vaccinated with plasmid encoding mature 
Ag85C did not (Table 2). Significant CTL activity was 
also induced in restimulated splenocytes from BALB/c 
mice vaccinated with DNA encoding the mature form of 
Ag85A (data not shown). 

Vaccination with Ag85 encoding plasmids protects 
against mycobacterial replication 

As shown in Figure 2, vaccination with DNA encod- 
ing a secreted form of Ag85A (Figure 2A) or Ag85B, but 
not of Ag85C (Figure 2B), conferred significant protec- 
tion against mycobacterial replication in the lungs from 
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Table 2 CTL activity following vaccination with AG85 DNA 

Effector:target 2.5:1 5:l 1O:l 

Control DNA Oa 0 16.6zt4.5 
85A DNA 

: 
29.4*9.1 80.2zt9.8 

856 DNA 48.1k12.6 101.4*1.9 
85C DNA 0 0 39.4zt6.3 

“% specific lysis (mean&D. of three mice analyzed separately) as 
measured in a neutral red dye uptake of H-2b peritoneal exudate 
cells pulsed with Ag85 and using CF amplified spleen cells from DNA 
vaccinated 66 mice as effecters 

B6 mice following a subsequent challenge, with a reduc- 
tion level comparable to the one observed with the BCG 
vaccine. 

DISCUSSION 

Protective immunity against mycobacterial infection is 
mediated by interactions between specifically sensitized 
CD4+ and CD8+ T lymphocytes and activated macro- 
phage effector cells harboring the intracellular pathogen. 
IFN-y, a potent activator of macrophages which is 
produced by both CD4+ and CD8+ T cells plays a 
pivotal role in anti-mycobacterial protection, as demon- 
strated in knock-out mice, genetically deleted for IFN-y 
or IFN-), receptor”. Here we have shown that DNA 
vaccination with plasmids encoding mycobacterial 
extracellular proteins is a potent method for the 
generation of specific helper responses with a Thl-like 
phenotype, characterized by splenocytes which upon 
antigen-specific stimulation secrete elevated levels of 
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IL-2 and IFN-)I and minimal levels of IL-4. Further- 
more, significant CDS-mediated CTL responses were 
also induced by Ag85 DNA vaccination and most 
importantly, this vaccination generated a protective 
immune response, as demonstrated by reduced 
mycobacterial replication in the lungs of Ag85 DNA 
vaccinated mice comparable to reductions observed in 
BCG-vaccinated mice following BCG challenge. 

Plasmid encoding the Ag85A component was consist- 
ently found to be the most effective plasmid, whereas 
DNA encoding Ag85C was not active, when considering 
Thl cytokine production, CTL activity or protection. 
On the other hand, all Ag85 constructs were capable of 
inducing substantial humoral immune responses (Ulmer 
et al. ‘I), suggesting that each plasmid was expressed 
in viva but that induction of T-cell responses against 
Ag85C was impaired. 

Protective antigens for tuberculosis (and leprosy) are 
ill-defined at present. because effective vaccination meth- 
ods and specific adjuvants for the generation of strong 
cellular immunity are not readily available, and also 
because classical purification of mycobacterial proteins 
is time-consuming and difficult. DNA vaccination may 
provide a simple way to overcome some of these prob- 
lems and may prove to be a powerful tool for screening 
as yet unidentified mycobacterial antigens for protective 
efficacy. This technology may open new horizons for 
effective vaccination against tuberculosis, because strong 
cell-mediated immune responses, including CTL and 
Thl-type cytokines can be induced. 
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