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A BCG viva atenuada ¢ a atual vacina con-
tra a tuberculose (TB). Embora venha sen-
do usada h4 mais de 80 anos, esta vacina
nao ¢ eficaz na prote¢ao contra a TB pulmo-
nar no adulto, sendo necessarias novas vaci-
nas e novas estratégias de vacinagio que ofe-
recam melhor protegio contra esta doenca
do que a vacina BCG existente. As vacinas
vivas atenuadas estio entre as mais eficazes
contra doencas infecciosas humanas devido
a resposta imune alargada e de longa dura-
¢ao por elas induzida.

Na ultima década verificou-se um ressurgi-
mento global de tuberculose, e as estratégias
pioneiras para o desenvolvimento de vaci-
nas mais eficazes levaram a descoberta de
subunidades de vacinas que provaram nio
oferecer melhor prote¢io do que a BCG em
varios modelos animais, mas melhoravam a
eficicia da BCG quando usadas numa estra-
tégia de vacinagdo prime-boost. Formas dife-
rentes de BCG prime e boost com estratégias
de subunidades estao a ser utilizadas em en-
saios clinicos, com o objetivo de melhorar a
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Uma nova vacina viva contra a tuberculose com base na
inativagcao do phoP
e
A new live tuberculosis vaccine based on phoP inactivation

The attenuated live BCG is the current vac-
cine against tuberculosis (TB). It has been
used for more than 80 years but is ineffec-
tive at providing protection against adult
pulmonary TB. New tuberculosis vaccine
candidates and TB vaccination strategies
conferring better protection against pulmo-
nary tuberculosis than the current vaccine
BCG are needed. Live attenuated vaccines
are among the most effective vaccines
against human infectious disease due to the
broad and long-lived immune response they
induce.

In the recent decade, a global pipeline of
novel TB candidates has emerged. Pioneer-
ing strategies for the development of more
effective vaccines today have lead to the dis-
covery of subunit vaccines, which have
proved ineffective at providing better pro-
tection than BCG in various animal mo
dels, but could improve the efficacy of BCG
used in a prime-boost strategy. Different
heterologous prime BCG and boost with
subunit strategies are in clinical trials with
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eficicia da BCG. Mais recentemente,
iniciaram-se ensaios clinicos com vacinas
BCG recombinantes, com o intuito de en-
contrar candidatas para serem usadas como
vacinas prime preventivas. Outra estratégia
inovadora, as vacinas vivas baseadas no Ay-
cobacterium tuberculosis racionalmente ate-
nuado, sao candidatas promissoras (algumas
delas no fim da investigagdo pré-clinica),
um novo instrumento substituto da BCG,
com melhor eficicia protetora contra as for-
mas pulmonares de TB.

Com base na observagao de que a codifica-
cao pelo gene phoP do fator de transcri¢ao
PhoP ¢ essencial para a viruléncia do M. ru-
berculosis (Perez et al., 2001), atenudmos ra-
cionalmente o bacilo da TB por inativacio
do phoP. O mutante demonstrou forte ate-
nuagio em modelos celular e animal e resul-
tou mais atenuado do que a BCG em rati-
nhos SCID imunocomprometidos (Martin
et al., 20006). A vacina candidata protegeu
porquinhos-da-india e primatas nao huma-
nos contra a infecao tuberculosa (Martin et
al., 2006, Verreck et al., 2009).

Estudos moleculares recentes (Gonzalo Asen-
sio et al., 2008) demonstraram que o fator de
transcricao phoP controla a expressao de apro-
ximadamente 80 genes (muitos dos quais im-
plicados na viruléncia do M. ruberculosis),
responsdvel por cerca de 2% da open reading
frame (ORF) no genoma do M. tuberculosis.
Com base nestes estudos, pode pensar-se que
o fenétipo atenuado e a imunidade protetora
conferida pelo mutante phoP podem ser ex-
plicados pelo mecanismo de agio alterado do
fator de transcrigao phoP, conforme descrito e
resumido na Fig. 1.

O mutante phoP diminui a regulacio da
biossintese dos complexos lipidos da parede
celular micobacteriana, incluindo a diacil-

the aim to improve efficacy of BCG. More
recently, clinical trials with recombinant
BCG vaccines have started with the aim to
find candidates to be used as prime, preven-
tive vaccines. Another innovative strategy,
live vaccines based on rationally attenuated
Mycobacterium  tuberculosis are promising
candidates (some of which in late preclini-
cal investigation), is a promising new BCG-
replacement tool with better protective ef-
ficacy against pulmonary forms of TB.
Based upon the observation that the phoP
gene coding for the transcription factor
phoP is essential for M. tuberculosis virulence
(Perez et al., 2001), we rationally attenuated
the tubercle bacillus by inactivating phoP.
The mutant demonstrated strong attenua-
tion in cellular and animal models and re-
sulted more attenuated than BCG in im-
munocompromised SCID mice (Martin e#
al., 2006). The vaccine candidate protected
guinea pigs and non-human primates
against tuberculosis infection (Martin ez al.,
2006, Verreck et al., 2009).

Recent molecular studies (Gonzalo Asensio
et al., 2008) have demonstrated that phoP
transcription factor controls the expression
of approximately 80 genes (many of which
implicated in M. tuberculosis virulence), ac-
counting for about 2% of the open reading
frame (ORF) in M. mberculosis genome.
Based on these studies it could be deduced
that the attenuated phenotype and the pro-
tective immunity conferred by the phoP
mutant can be explained by the altered
mechanism of action of the transcription
factor phoP, as described below and summa-
rized in Fig. 1.

The phoP mutant decreases byosinthesis
regulation of complex mycobacterial cell-

wall lipids, including diacyltrehalose (DAT)
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~2% ORF no genoma do M. tuberculosis sob controlo do phoP / ~2% ORFs in the M. tuberculosis genome under phoP control
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Fig. 1 — Estudos moleculares de vacina baseada em phoP (Gonzalo-Asensio, et al., 2008)

Fig. 1 — Molecular studies of phoP-based vaccine (Gonzalo-Asensio et al., 2008)

trealose (DAT) e poliaciltrealose (PAT) im-
plicadas na imunomodula¢io do sistema
imunolégico hospedeiro (Saavedra R ez 4.
2005), ndo expressos pelo mutante phoP
(Gonzalo Asensio ez al. 20006).

Também se observou desregulacio dos genes
na regido da diferenca 1 (RD1) (Gonzalo
Asensio et al., 2008) necessdria a viruléncia e 2
secrecdo de ESAT-6 no mutante phoR quando
comparado com a estirpe do tipo selvagem
(Friguie er al., 2008). A RD1 restringe-se as
estirpes virulentas do complexo M. ruberculosis
(CMTB) e perde-se por todas as subestirpes de
BCG (Behr ez al., 1999, Pym ez al., 2003).
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and polyacyltrehalose (PAT) implicated in
immunomodulation of the host immune
system (Saavedra R ez a/ 2005), which are
not expressed by the phoP mutant (Gonzalo
Asensio et 2/ 20006).

Down regulation of genes within the region
of difference 1 (RD1) (Gonzalo-Asensio ez
al., 2008) required for virulence and ESAT-
6 secretion were also observed in the phoP
mutant when compared to wild-type strain
(Friguie ez a/ 2008). RD1 is restricted to
virulent M. tuberculosis complex (MTBC)
strains and is lost by all BCG substrains
(Behr ez al., 1999, Pym ez al., 2003).
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O mutante phoP evidenciou regulagio altera-
da e controlo de outras fungées-chave neces-
sdrias a sobrevivéncia dos microrganismos na
célula hospedeira. Como se mostra na Fig. 1,
estas funcdes incluem respostas hipdxicas
precoces e duradouras, respiragio aerdbica e
anaerdbica, respostas ao szress e ao choque tér-
mico, metabolismo lipidico (normalmente
desregulado na estirpe avirulenta H37Ra) e
expressao do fator de persisténcia ICL, im-
portante para a persisténcia intracelular do
M. tuberculosis durante a infecio (Gonzalo
Asensio ez al., 2008). O ICL é regulado posi-
tivamente no mutante phoP e esta caracters-
tica poderia explicar o adequado estado de
persisténcia, importante para a apresentagao
melhorada do antigénio pelo mutante duran-
te a vacinacio.

Estas observagoes foram usadas para construir
uma nova geragao duma vacina viva baseada na
inativagao do phoP com uma segunda mutagio
adicional que afecta a sintese duma nova fami-
lia de lipidos associada a viruléncia da M. tuber-
culosis depois do consenso de Genebra sobre os
passos essenciais para o desenvolvimento clini-
co de novas vacinas micobacterianas vivas ate-
nuadas (Kamath ez 4/, 2005). O elemento fi-
nal é a primeira candidata a vacina viva
atenuada desenvolvida de acordo com o con-
senso e recomendagoes de Genebra para vaci-
nas micobacterianas vivas, com o objectivo de
a apresentar ao Millennium Development Goal
no combate a TB. Ensaios pré-clinicos rigoro-
sos feitos até a data com o protétipo da vacina
viva baseada no phoP demonstraram a sua ade-
quada atenuagio, seguranca, imunogenicidade
e eficicia na protegdo contra as formas respira-
térias de TB em modelos animais (Perez et 4.,
2001, Williams et af, 2005, Martin et al.,
2006, Aguilar et al., 2007, Cardona et al.,
2009, Verreck ez al., 2009).

The phoP mutant showed altered regula-
tion and control of other key functions re-
quired for successful survival of the micro-
organism within the host cell. As illustrated
in Figure 1, these functions include early
and enduring hypoxic responses, aerobic
and anaerobic respiration, stress and heat-
shock responses, lipid metabolism (normal-
ly down regulated in the avirulent strain
H37Ra), and expression of the persistence
factor ICL, important for intracellular per-
sistence of M. tuberculosis during infection
(Gonzalo-Asensio er a/ 2008). ICL is posi-
tively regulated in the phoP mutant and
this characteristic could explain the ade-
quate persistence state important for im-
proved antigen presentation by the mutant
during vaccination.

These observations were used to construct a
new generation of a live vaccine based on
phoP inactivation carrying a second addi-
tional mutation which affects the synthesis
of a new family of lipids associated with M.
tuberculosis virulence following the Geneva
consensus on essential steps towards clinical
development of new live attenuated
mycobacterial vaccines (Kamath ez al,
2005). The final construct is the first live
attenuated candidate vaccine developed
according with and fulfilling the Geneva
consensus  requirements  for live
mycobacterial vaccines with the aim to
deliver on the Millennium Development
Goal to combat TB. Rigorous preclinical
studies to date with the live phoP-based
vaccine prototype have demonstrated proof
of principle for adequate attenuation, safety,
immunogenicity, and protective efficacy
against respiratory forms of TB in stringent
animal models (Perez ez al., 2001, Williams
et al., 2005, Martin et al., 2006, Aguilar ez
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Os estudos moleculares com o mutante
phoP ajudaram na compreensio do comple-
xo puzzle por detrds do mecanismo de agio
do fator de transcri¢ao do phoP necessério a
viruléncia, persisténcia e sobrevivéncia in-
tracelular da estirpe do tipo selvagem du-
rante a infegdo, e cuja expressio alterada ¢é
provavelmente responsivel pela adequada
atenuagio do fenétipo do protdtipo da vaci-
na. Além disso, a eliminagio dos lipidos
imunomoduladores extraiveis da parede ce-
lular (DAT e PAT) resultante da inativagao
do gene phoP e a deficiente sintese da com-
plexa determinante da viruléncia e dos lipi-
dos da parede celular PDIM (Camacho er
al., 1999, Cox et al., 1999), devido a segun-
da mutagio geneticamente conseguida no
protétipo da vacina baseada no phoP tam-
bém contribuem para o fenétipo atenuado
desta nova candidata.

Investigacio atual de qualidade proporciona
forte apoio cientifico a esta vacina de nova
geragao em franco progresso e em vias de ser
clinicamente avaliada quanto a seguranca e
eficicia em seres humanos. Tendo em conta
a falta de correlativos imunolégicos de pro-
tegdo, ¢ indispensdvel realizar ensaios clini-
cos de fase 3 para conhecermos o valor real
de qualquer nova vacina usada profilatica-
mente contra a IB.

A parceria Stop TB estima que pelo menos
20 vacinas candidatas deveriam iniciar os
ensaios de seguranca de fase I antes de 2015,
com o propésito de conseguir o licencia-
mento para uma vacina eficaz contra a TB
(Young, Dye, 2006). A descoberta e utiliza-
¢do de uma nova vacina contra a TB que
ofereca melhor protegao contra as formas
pulmonares da doenca do que a atual BCG
¢ crucial para alcancar o objetivo de erradi-
car a tuberculose até 2050.
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al., 2007, Cardona et al., 2009, Verreck et
al., 2009).

The molecular studies with the phoP mutant
have helped begin to understand the intricate
puzzle behind the mechanism of action of the
PhoP transcription factor required for
virulence, persistence and intracellular survival
of the wild-type strain during infection and
whose altered expression probably accounts
for the adequate attenuation phenotype of the
prototype vaccine. Moreover, elimination of
the extractable immunomodulatory cell-wall
lipids (DAT and PAT) asa result of the targeted
inactivation of the phoP gene, and the impaired
synthesis of the complex virulence determinant
and cell-wall lipid PDIM (Camacho ez al,
1999, Cox et al, 1999) due to the second
genetically engineered mutation in the
prototype  phoP-based  vaccine  further
contribute to the attenuated phenotype of this
novel candidate.

Strong to date research provides robust
scientific support adducing this new
generation vaccine well-advanced to progress
from research to development and be
clinically evaluated for vaccine safety and
efficacy for the first time in human. Moreover,
considering the lack of immunological
correlates of protection, Phase 3 clinical trials
are indispensible to tell us the real value of
any new vaccine used as a prophylactic tool
against TB.

Stop TB partnership estimate that at least
20 vaccine candidates should enter phase I
safety trials before 2015 with the goal to
reach an effective licensed vaccine against
TB (Young and Dye, 2006). The discovery
and use of a new TB vaccine that confers
improved protection against pulmonary
forms of TB than the current BCG is key to
reach the 2050 objective of TB eradication.
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