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SHORT COMMUNICATION

Flow Cytometry as a Tool to Identify Mycobacterium
tuberculosis Interaction with the Immune System and
Drug Susceptibility
Maria da Gloria Bonecini-Almeida

Laboratdrio de Imunologia Celular, Departamento de Microbiologia e Imunologia, Centro de Pesquisa Hospital
Evandro Chagas, Fundagdo Oswaldo Cruz, Av. Brasil 4365, 21045-900 Rio de Janeiro, RJ, Brasil

Flow cytometric analysis is a useful and widely employed tool to identify immunological alterations
caused by different microorganisms, includMygcobacterium tuberculosislowever, this tool can be
used for several others analysis. We will discuss some applications for flow cytometry to thelgtudy of
tuberculosismainly on cell surface antigens, mycobacterial secreted proteins, their interaction with
the immune system using inflammatory cells recovered from peripheral blood, alveolar and pleura
spaces and the influence ®. tuberculosioon apoptosis, and finally the rapid determination of drug
susceptibility. All of these examples highlight the usefulness of flow cytometry in the Stidylmdr-
culosisinfection.
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Mycobacterium tuberculosighe etiologic interaction with the whole bacilli would help to
agent of tuberculosis, is responsible for more deatl®prove our understanding of the physiopathology
each year than any other single pathogen (Murraf tuberculosis. In this paper we will show the util-
et al. 1990). The World Health Organization ha#ty and basic uses of a modern tool — flow cytometric
established that there are about 10 million newnalysis and identify the possible role of these
cases of tuberculosis each year and thamethods irM. tuberculosisnfection.
tuberculosis is responsible for at least 3 million Cytometric detection of mycobacterial surface
deaths annually (Bloom et al. 1992, Kaufmann &ntigens- The physical arrangement of cell
van Embden 1993). Pathogenic mycobacteria, wittnvelope components leads to the exposure of
the possible exception of the leprosy bacillus, argelected structural motifs which in turn influence
facultative intracellular parasites that are capableost-parasite interactions. To gain insight into the
of surviving and multiplying in phagocytes. Thisexposed epitopes, several authors have studied the
success is most likely inherent in the unusualecreted proteins fdvl. tuberculosisusing flow
properties of the mycobacterial cell envelope taytometric methods designed to define molecules
interact with host cells and infect and activate thenon dispersed mycobacteria. One of the most
The efficacy of the live attenuated straitfvbfbovis  interesting methods is labeling with a hydrophobic
BCG, which is presently the only availablefluorophoreN-hexadecanoyl aminofluorescein
tuberculosis vaccine, varies considerably from on@HEDAF, y emission 520 nm) a probe that could be
population to another. This may explain the efforinserted into the mycobacterial cell envelope, which
invested by many groups in identifying newis rich in lipids. The labeled single cell population
antigens that may be used to stimulate an effectimibsequently can be coated with specific
immune defense response agaMstuberculosis monoclonal antibodies (MAbs). These MAbs can
infection. Further characterization of cell envelopde reveled using biotinylated anti-mouse
antigens and the mycobacteria-macrophagmntibodies, with in turn are reacted with another
fluorescent probe, fluorochrome coupled
streptavidin (tricolory emission 667 nm). Bacteria
were first gated in a well defined morphological
region in which cells stained by HEDAF were
Corresponding author. Fax:+55-21-590.9988. E-maiS€lected with FL1. The HEDAF-labeled bacteria
galmeida@gene.dbbm.fiocruz.br were then analyzed for the presence of the MAb
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mannosylated compounds dbérabinan-contain- adherence and/or ingestion Mf tuberculosidy
ing substances of different strains of tubercle b&rtuman macrophages. Phagocytosis of fluorescent
cillus (Ozanne et al. 1996). Using this strategy othaoated (inert) particles by phagocytic cells can be
cell wall constituents can be identified on the surapidly enumerated by flow cytometry. Interestingly,
face of mycobacteria. Differences in the location of. tuberculosisbacilli are easily coated by fluo-
individual proteins in relation to the mycobacteriakescein, Lucifer yellow and phycoerythrin, and
cell are expected to be closely correlated to theihese fluorochromes do not interfere with bacilli
functional properties and to exert an influence upowiability, intracellular growth or with ability of mac-
the interaction between multiplying bacilli and therophages to phagocytose coaMdtuberculosis
infected host cells. To achive this aim a MAbmaking them a efficient tool with which to study
against MPB83 protein, a highly homologous promycobacteria/macrophages interaction by
tein in theM. tuberculosiccomplex, was used to cytometry (Drevets et al. 1995).
labelM. bovisbacteria and could easily be reveled Lymphocyte and lymphocyte subset number in
with fluorescein isothiocyanate-labeled MAb toblood, alveolus and pleura from tuberculosis
mouse immunoglobulin G when run in a flowpatients The pulmonary manifestation Bf. tuber-
cytometry assay (Harboe et al. 1998). All sera antllosisinfection leads to a migration and accumula-
antibody solutions, should be sterile to avoid antion of immune cells into the lungs and pleura space.
particulate other than bacilli. The isolation of these inflammatory cells from the
Interaction of M. tuberculosis with macroph-site of bacteria growth may help us to examine the
ages- During primary infection of the host, the first cell-bacilli interaction and the cellularimmune acti-
professional phagocytes encountered/byuber- vation. The cells recovered from these fluids can be
culosisare the alveolar macrophages (AM).tu- identified and used, as easily as, peripheral cells by
berculosisenters and survives in the AM, subseflow cytometry. However, the size of activated lym-
guently, the bacilli disseminate from the lung angbhocytes and particularly alveolar or pleural mac-
are phagocyted by a heterogeneous group of timsphages should be analyzed with attention. The
sue macrophages. Indeed, phenotypic analysis wdiriable manifestations and the natural history of
alveolar macrophages showed immature macrophiberculosis are determined by bacterial and host
ages in the lung from active tuberculosis patient&actors, including cell mediated immunity. The im-
(Lapa-Silva et al. 1996). Little is known of the earlymune response th¥l. tuberculosisinvolves sub-
interactions of microbes and the immune cells thatopulations of specifically sensitized Cbénd
results in either restricted infection or dissemina€D8' T lymphocytes. Most reports of human disease
tion and disease. Although inductioniafvitro  are based on findings in blood or pleural fluid. In
murine macrophage artf- tuberculosisactivity = advanced or disseminated tuberculosis circulating
has been observed, human macrophages cagells, especially CD4cells, are reduced in number
achieve antM. tuberculosisctivity only in a par- and CD8 increased relatively (Ainsle et al. 1992).
ticular way, by inducing IFNtproduction byM. We have compared lymphocyte numbers and
tuberculosisspecific CD4 T lymphocyte (Bonecini- subsets in the lungs and blood from patients with
Almeida et al. 1998a). The interaction between thactive pulmonary tuberculosis co-infected or not
macrophage anlll. tuberculosiss mediated by a with HIV-1 (Bonecini-Almeida et al. 1998b,c), marking
variety of macrophage membrane-associated prthiese fluid derived and peripheral cells with
teins, such as, mannose receptors. It can be ewenoclonal antibodies against CD3, CD4, CD8, CD19,
pected that cell-wall mannosylated glycoconjugate€D16/CD56. HLA-DR, IL-2R, transferrin-R, CD83,
(ManLAM) mediate the binding of mycobacteriaCD86, CD1a and CD45R0O was allow them to be used
to macrophages. In an attempt to study this binds cell activation markers and to distinguish different
ing by flow cytometry, Venisse et al. (1995) reportegbrofiles of lymphocytes, as well as, monocytes/
that ManLAM could be covalently coupled tomacrophages in peripheral blood, lung and/or pleural
biotinamidohexanoyl, followed by incubation with infection byM. tuberculosigCeyhan 1996, Esin et
streptavidin coupled to a fluorochrome which alal. 1996, Howard et al. 1998). The expression of
lowed its detection at the macrophage cell surfaceytokine receptors on inflammatory cells may be
Moreover other receptors are also being investeasily assayed by flow cytometry (Meddows-Taylor
gated. The complement receptors on macrophageal. 1998).
are responsible for mycobacteria adhesion. Re-  Apoptosis- Cells die by one of two known
cently, Zabaleta et al. (1998) enumerated these m@echanisms, necrosis or apoptosis (Vaux 1993). Lysis
ceptors on the surface of macrophages from tubest the host cell is predominantly through a necrotic
culosis patients using monoclonal antibodies (CRIhechanism based on morphological criteria, and did
CD35 and CR3/CD11b/CD18), trying to correlatenot affectM. bovisBCG viability (Molloy et al. 1994).
the expression of complement receptors and the addition, perforin, a cytotoxic molecule which
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mediates cell necrosis, is not required for the earthe basis of their incorporation of FDA. Two pa-
control of BCG in mice (Laochumroonvoropong erameters were evaluated: events per minute (num-
al. 1997). Apoptosis plays an essential role in thieer of labeled mycobacteria) and the mean channel
development and homeostasis of multi-cellulafluorescence (intensity of fluorescence-labeled
organisms. Some infectious agents interfere with thimycobacteria). Other nontuberculosis mycobacte-
programmed cell death to their own benefit. There iga, includingM. avium, M. fortuitum, M. gordonae
a growing awareness that apoptosis can be inducedM. marinumwere tested using the same meth-
or inhibited in certain host cell-pathogen interactioneds, and demonstrated that the flow cytometry
(Zychlinsky 1993). Killing of macrophages by assay is simple, reproducible and rapid (Bownds
apoptosis may allow microorganisms, suchvas 1996). Although the feasibility of using flow
bovis(Molloy 1994),M. avium(Gan 1995)M. tu-  cytometry and FDA staining for susceptibility test-
berculosigKeane 19970 escape from the intracel- ing of M. tuberculosisvas demonstrated, the re-
lular microenvironment and to thereby disseminatsults were obtained with an attenuated stra.of
to other cells or tissues. Mechanisms which woultlberculosisor nontuberculosis bacilli. Fur-
reduce the potential for macrophages to serve #rmore, comparing the conventional agar test and
protected sanctuaries for tuberculosis might be dibw analysis, now using clinical isolatesMf tu-
significant benefit to the host. Conversely, efficienberculosisstained with FDA, Kirk et al. (1998) dem-
killing of alveolar macrophages could favor the myonstrated an agreement between these two meth-
cobacteria by reducing the numbers of phagocytesls yet, there are several concerns regarding the
and possibly interfering with the induction of celluse of flow cytometry for susceptibility testing of
mediated immunity. M. tuberculosisBiosafety is frequently considered

Drug susceptibility- In the past decade, the most important. Although the test is rapid, ac-
antimicrobial agent-resistant infections haveurate, and reproducible, many laboratories do not
become rampant worldwide, increasing théave the facilities to safely perform the procedure.
morbidity, mortality, and cost associated within the past months, however, a biologically safe
disease (Cohen 1992). Modern clinical applicationfiow cytometry method was described. The clinical
of cytometry include the determination of the mosisolates ofM. tuberculosisvere exposure to drug
powerful drug susceptibility tests, describedree or antimycobacterial agent-containing medium
recently for several microorganisms, such aand FDA, and subsequently inactivated by
rickettsia (Kelly et al. 1995), fungi (Wenisch et al.paraformaldehyde before analysis with a flow
1997),Escherichia coliWalberg et al. 1997), cy- cytometry. Agreement between the results from the
tomegalovirus (Lipson et al. 1997 hlamydia two methods was 98% (Moore et al. 1999). Now, it
(Dessus-Babus 1998) or even testing a computeill be necessary to validate this rapid drug
software for malaria drug susceptibility (Reindersusceptibility method comparing clinical isolates
1995). Antimicrobial susceptibility testing for tu- obtained from patients in routine laboratories
berculosis takes weeks and delayed therapy maprldwide.
compromise the patients hgaalf[h, increase the dis- REEERENCES
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