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Mycobacterium tuberculosignfection in Complement Receptor
3-Deficient Mice'

Chenggang Hu,* Tanya Mayadas-Norton' Katie Tanaka,* John Chan® and Padmini Salgamé*

Complement receptor type 3 (CR3) present on macrophages is used Mycobacterium tuberculosiss one of its major phagocytic
receptors. In this study, we examined the in vivo significance of CR3-mediated phagocytosis on the pathogenesis of disease caused
by M. tuberculosis The outcome of tuberculous infection in mice deficient in the CD11b subunit of CR3 (CR3™) on a mixed
129SV and C57BL background and control wild-type counterparts was comparable with respect to survival, bacterial burden,
granulomatous lesion development, and cytokine expression in the spleen and lund. tuberculosisinfection was also examined

in CR3™'~ mice on C57BL/6 and BALB/c backgrounds and was found to be similar. In conclusion, our results suggest that in the
absence of CR3M. tuberculosisis able to gain entry into host cells via alternative phagocytic receptors and establish infection. The
data also indicate that absence of CR3 does not alter disease course in either the relatively resistant C57BL/6 or the relatively
susceptible BALB/c strains of mice. The Journal of Immunology,2000, 165: 2596-2602.
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uberculosis remains a leading cause of mortality world-to form a C3 convertase and produce opsonic C3b (12). Thug

wide, accounting for three million annual deaths (1, 2). M. tuberculosishas contrived several mechanisms for macrophag&f

Mycobacterium tuberculosithe causative agent of tuber- invasion that exploit the host CRs. In addition to the two opsonicz
culosis, is a facultative intracellular pathogen, which uses macromodes of interactions dfl. tuberculosiswith the CR3 receptor,
phages as its primary host cell. Therefore, invasion of macrothe tubercle bacillus also binds nonopsonically to CR3. The cap
phages by the tubercle bacillus is critical in the establishment okular polysaccharides . tuberculosican interact with 8-glu-
tuberculous infection; consequentM,. tuberculosishas evolved  can binding site on CR3 that is distinct from the C3bi binding site
several strategies to parasitize its host cell. Multiple distinct mac{13, 14).
rophage receptors have the potential to recognize andMirtd- In vitro studies suggest that CR3 is a predominant receptor fo2
berculosisin vitro (reviewed in Ref. 3); these include complement pnagocytosis oM. tuberculosisby macrophages. A combination
receptors (CRS)1, 3, and 4; mannose receptor (4-6) CD14 (7), of two mAbs against CR3 significantly inhibited adherencéviof
surfactant protein A receptors (8), and scavenger receptors.  yperculosisto monocytes (up to 82%) (11), suggesting that CR3 3

Two structurally different forms of CRs are present on macro-is he preferential phagocytic receptor for the tubercle bacillus.g

phages. CR1 is a monovalent transmembrane protein (9), and CRgjh the availability of mutant mice lacking a functional CR3, one

and CR4.are heterodimeric proteins that belong tp the integrin.,, now examine the in vivo significance of CR3-mediated phagog
superfaml!y. B.Ot.h CR3 a_nd CR4 share a comnfechain (CD18) cytosis on the pathogenesis of tuberculosis. In this study, we ass
and contain distinci-chains (CD11b and CD11c) (1. tuber- ¢
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. ; . essed tuberculous infection in CR3 mice and compared itto  §
culosiscan actl\_/ate th_e alternatlve_ pathway of the complement an$ eir wild-type littermates. The results show that absence of CRf
Esrioprlne?noeastocnclﬁ&vrzg:t(?; (?LT)j I_cl_:sg”g]:n(;zgé%ia;gg %gguﬁi Yid not alter disease pattern in either the relatively resistanté
the bacteria to be recognized by CR1 and CR3/CR4, respectively: 57BL/6 or the relatively susceptible BALB/c strain of mice. é
M. tuberculosisand other pathogenic mycobacteria use yet another s
mechanism, a property that is not shared by other intramacrophage . >
pathogens, for obtaining opsonic C3 peptides. A cell wall compoﬁ\/l_aterlals and Methods %
nent of mycobacteria can associate with complement fragment coice S

CR3 null mice (CR3'™) generated by disrupting the gene that encodes the
CD11b subunit of CR3, and their littermate wild-type controls (CR3
*Department of Microbiology and Immunology, Temple University School of Med- (15) were bred and maintained at the Longwood Medical Research Center
icine, Philadelphia, PA 19140Department of Pathology, Harvard Medical School, of the Harvard Medical School (Boston, MA). For this study, mice were
Boston, MA 02115; and Departments#fathology andMedicine, Montefiore Med-  transferred to the Rodent Barrier Facility at Temple University School of
ical Center, Bronx, NY 10461 Medicine (Philadelphia, PA). Throughout the study period, the mice were
Received for publication March 16, 2000. Accepted for publication June 7, 2000. maintained under pathogen-free conditions, and the state of health was

The costs of publication of this article were defrayed in part by the payment of page2Ssessed k_’y routine screening of sentinels for mouse pathOQGn_S- Sex-
charges. This article must therefore be hereby maddrtisemenin accordance ~ matched mice between 8 and 12 wk of age were used for all experiments

with 18 U.S.C. Section 1734 solely to indicate this fact. described. IFNy '~ mice were obtained from The Jackson Laboratory
1 This work was supported by National Institutes of Health Grant HL55972 from the (Bar Harbor, ME)_- Th_e course (M-_ tubercu_losmnfect_lon in the abser_lce
National Heart, Lung, and Blood Institute. of CR3 was studied in three strains of mice. The first set of experiments

2 Address correspondence and reprint requests to Dr. Padmini Salgame, Temple Ui}tl\[as‘performe_d with CR3 "~ mice and their wild-type littermates that were
versity School of Medicine, Department of Microbiology and Immunology, 3400 & Mixed strain of 129SV and C57BL/6 (CR"S’_.lZQSV/C_S?BL/6); the
North Broad Street, Kresge Room 501, Philadelphia, PA 19140. E-mail addresssecond set of experiments was performed in CR3mice that had
salgame@astro.ocis.temple.edu been backcrossed onto the C57BL/6 background for eight generations
3 Abbreviations used in this paper: CR, complement receptor; H&E, hematoxylin andCR3”/ ~.C57BL/6); and the third set of experiments was performed in
eosin; RPA, RNase protection assay; MOI, multiplicity of infection; m.s.t., mean cONgenic BALB/c CR3’" (eight backcrosses; CR3.BALB/c) and
survival time; E-C3bi, C3bi-coated SRBC. wild-type strains. All mice included in the study were CR3-genotyped.

Copyright © 2000 by The American Association of Immunologists 0022-1767/00/$02.00
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Association of complement opsonized erythrocytes with'€R3  were harvested 72 h later, and IFNlevels were measured by sandwich

and CR3’~ macrophages enzyme immunoassay using an appropriate pair of capture Abs and bio-
tinylated detecting Abs (PharMingen).

Complement-opsonized erythrocytes were prepared as previously de-

scribed (16). Briefly, SRBC were incubated with anti-SRBC IgM/k Abs Statistical analysis

(supernatant of hybridoma S-S.3 obtained from American Type Culture = L

Collection, Manassas, VA) at nonagglutinating titers for 40 min at room Statistical significance was assessed by Studeénést.

temperature. The IgM-opsonized erythrocytes were washed and resus-

pended in HBSS containing 10% murine serum that was deficient in C5Results

Following a 15-min incubation at 37°C, the C3bi-coated SRBC (E-C3bi) Phagocytosis

were washed twice and resuspended at 40° cells/ml. CR3”~ or wild-

type bone marrow-derived macrophages<(1.0°) prepared as previously Monolayer cultures of CR3™ and CR3’* macrophages were

described (16) were culturedrfd h inchamber slides (Becton Dickinson, infected withM. tuberculosisfor 2 h atmultiplicities of infection

Franklin Lakes, NJ). E-C3bi (% 10°) were added to the macrophage (MOls) of either 1:2, 1:10, or 1:30 to determine whether the lack
monolayers. After 15 or 30 min of incubation at 37°C, the monolayers were fCR3i . h tosis of the tubercle bacillus. Th
washed three times with PBS, fixed with 4% paraformaldehyde (in PBS),O impairs p. agocy O,S'S of the tubercle bactllus. e.re was a
and stained. Two hundred macrophages were counted in each monolay&l@se-dependent increase in the phagocytodis. déiberculosisy

and the percentage of E-C3bi-associated macrophages was calculated. macrophages from both wild-type and CR3 macrophages (Fig.

Phagocytosis oM. tuberculosishy CR3”/* and CR3"~ 1A). At all MOIs examined, a significantly lower number of
macrophages ' CR3 '~ macrophages phagocytized. tuberculosiscompared
with wild type (p < 0.05). However, the difference in the percent-

Bone marrow-derived macrophagesX110°) from CR3™~ or wild-type  age of infected macrophages between the two groups decreas
mice were cultured fio4 h inchamber slides. The macrophage monolayers

were infected with X 10° M. tuberculosisand incubated for an additional

2 h, or in some cases for 4 h. All infections were performed in the presence
of 2% mouse serum. At the end of the infection period, the monolayers A
were washed three times with PBS, fixed with 4% paraformaldehyde, and 100
Ziehl-Neelsen stained for acid-fast bacilli. To assess the efficiency of W
phagocytosis by CR3* and CR3’~ macrophages, 200 macrophages
were examined in each monolayer for the presence of acid-fast bacilli.
Using a similar infection protocol, we have previously demonstrated by
electron microscopic examination that the macrophage-associated tubercl
bacilli after washing were virtually all internalized (17). The data are pre-
sented as a percentageMf tuberculosisinfected macrophages.
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The virulentM. tuberculosisErdman strain (Trudeau Institute, Saranac
Lake, NY) obtained after mouse passage was grown in culture, titered, and

stored in aliquots at-70°C as previously described (18). Before infection, [ 129SV/IC57BL/6
aliquots were thawed, resuspended in PBS with 0.05% Tween 80 to th XY CR3-/-e129SVIC57BL/6
appropriate concentrations, and briefly sonicated. Viable CFUMd.df- 100 -

berculosis(2 X 10°) were then delivered i.v. in a volume of 10 via the w

ages

lateral tail vein. Animal protocols used in the studies described have been
approved by the Institutional Animal Care and Use Committee.

Quantitation of viable mycobacteria in tissues

% of Macroph
infected with TB
o
2

At different time points after infection, lungs, spleens, and livers were _ £ 25- §
harvested. For CFU quantitation, tissues were homogenized aseptically ifi \

PBS with 0.05% Tween 80, and the number of viable mycobacteria per \\\

o

organ was determined by plating onto 7H10 agar plates in serial dilutions 2 4

(18). Because each organ was partitioned for various studies, tissue por- Incubation Time (hours)

tions were harvested for particular study based on their anatomical loca-

tion. The left lobe of the lungs and livers and the middle quarter of the C C11298V/C57BL/6

spleens were used for determining CFUSs. 772 CR3-1-8129SVIC57BLI6

1004
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Histology
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At appropriate times after infection, mice were sacrificed and the livers

spleen, and lungs were removed aseptically. Parts of the organs were p
cured for histopathologic studies as previously described (18). Tissue
were fixed in 10% buffered formalin for 24 h before paraffin embedment.
Hematoxylin and eosin (H&E) and Ziehl-Neelsen acid-fast staining of
5-um sections from paraffin blocks were used in the histological exami-

nation to access granuloma and mycobacterial load. 0 20@ — v

Cytokine assays Time (minutes)

% of Maétohages with
SRBC
3

N
3
1

A portion of the lungs and spleen was homogenized in RNAzol B (Biotex FIGURE 1. Phagocytosis oM. tuberculosisby CR3”~ macrophages
Laboratories, Houston, TX), frozen quickly, and stored-at0°C. Total and association of E-C3bi by CR3 macrophages. Bone marrow-derived
RNA was extracted according to the manufacturer’s protocol. The RNasgnacrophages from CRS" and CR3'~ mice were compared for their
protection assay (RPA) was performed using RPA kit and mouse cytokingjity to associate witiM. tuberculosis The data are presented as percent

multiprobe set mCK2b (RiboQuant; PharMingen, San Diego, CA). Pro- : ) : :
tected P2P]JUTP-labeled probes were resolved on a 6% polyacrylamide gephagocyt03|sA, Percent phagocytosis M. tuberculosisvas measured in

and analyzed by autoradiography. The expression of specific genes Wé{glld-type and CR3"™ macrophages ?t MOIs of 1:2, :‘L.10, and 1:30 in 2%
quantitated by phosphorimaging relative to the abundance of housekeepirfzﬁouse serumB, Percent phagocytosis bf. tuberculosisvas measured at
genes GAPDH or L32. For IFN-ELISAs, 2 X 10° spleen cells were and 4 h after infection in wild-type and CR3" macrophages in 2%
washed and stimulated in 24-well tissue culture plates in the presence of a@nouse serumC, Association of E-C3bi particles in media containing 2%
equal number oM. tuberculosis Supernatants from the stimulated cells mouse serum. Data are the average of three experiments.
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FIGURE 2. Similar course ofM. tuberculosisinfection in CR3-suffi-
cient and -deficient mice of mixed background. CR3129SV X
C57BL/6 mice and wild-type controls were infected i.v. with>2 10°
virulent Erdman strain oM. tuberculosis and disease progression was
monitored. Fig. 2 is representative of one of two experiments with similar
results. Each experiment contained six mice per group.

markedly, albeit still statistically significantly, as the MOI in-
creased: at an MOI of 30, 96 and 90% of CR3 and wild-type
macrophages, respectively, were infected. Similarly, lengthening
the time of infection also diminished the difference in the percent-
age of infected macrophages obtained from CR3-deficient and

CR3 IN MYCOBACTERIAL INFECTION
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FIGURE 3. Bacterial burdenin CR3~.129SVx C57BL/6 and control
wild-type mice infected wittM. tuberculosisCR3~~.129SV X C57BL/6
mice and littermate wild-type control mice were infected with tuber-
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FIGURE 4. Granuloma formation in CR3~.129SV X C57BL/6 and
wild-type control mice. Staining of liver and lung revealed no differences
between CR3'~ and wild-type mice infected witiV. tuberculosis See
tions represent tissues obtained from mice 2 wk postinfection. The firs
three rows of panels are H&E staining; the fourth row of panels is Zhiel-
Neelson staining for acid-fast bacilli.
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wild-type mice. At an MOI of 10, increasing the infection period
from 2 to 4 h resulted in a decrease in the difference of phagocy-
tosis from 27 to 5% (Fig. B). By contrast, in studies using E-C3bi
particles, the time of incubation did not alter the marked deficiency
of the CR3’~ macrophages in associating with the coated red
cells (p < 0.001, Fig. ©). Together, these results indicate that in
this in vitro model, 1) CR3 contributes to the uptakeMbftuber-
culosisby macrophages; and 2) the defect in the phagocytosis of
tubercle bacilli by CR3’~ macrophages can be overcome by in
creasing the MOI or the time of contact between the phagocyte and
the bacteria.

Course ofM. tuberculosisinfection in 129SV/C57BL/6.CR3"

culosis and bacte.rial Io_ad in lung, spleen, gnd liver was determine_d 14, 2_8mice and control littermates

and 70 days postinfection. Three to four mice were included per time point o ] ]

for each group, and data are presented from one of two individual exper] © ”90"0US|¥ test the significance of the defect in phagocytosis of
iments. Between 12 and 16 h postinfection, two mice from each group weréubercle bacilli by CR3'~ macrophages, disease outcomevin

harvested for determining baseline tissue bacillary burden.

tuberculosisinfected CR3’~ mice was examined. Results in Fig.
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FIGURE 5. Cytokine productionA, In vivo ex-
pression of IL-12 and IFNy. Total RNA was iso-
lated from spleen and lungs of 2-wk-infected ani-
mals, analyzed for mRNA expression levels for
IL-12p40 and IFNy by RPA using the mck2b probe
kit (PharMingen), and quantitated by phosphorim- 0
aging B). B, Representative autoradiogram of gel;

A, quantification of mMRNA shown iB. C, Ag-spe- | La2
cific in vitro IFN-y production by splenocytes. |
Splenocytes were obtained from CR3 and wild- |-GADPH

type mice 2 and 4 wk postinfection and stimulated in
vitro with viable M. tuberculosis Supernatants were
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harvested 72 h later, and the presence of {Fpietein C 1000 O Wildtype
was measured by sandwich ELISA. Data are presented CR3-/-eC57BL/6
as picograms per milliliter of secreted IFN- = 7504
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2 indicated that there was no difference in the susceptibility ofdifference ( > 0.5) between the two groups at both time points
CR3/~ and wild-type litermates td/. tuberculosisinfection as  (Fig. 5C).

assessed by mortality rate. The mean survival time (m.s.t.) for the . ) )

CR3~~ mice was 123+ 7 days, and that for the wild types was Survn/_al of CR3 .CS?_B.L/6 mice and control littermates

130 = 9 days ( > 0.05). Mice in both groups begin to succumb following M. tuberculosisinfection

to the infection at~80 days postinfection. By 160 days after in- Because the experiments described above were performed usi
oculation of M. tuberculosis there was 100% mortality in both mice with a mixed SV129 and C57BL/6 genetic background, thes
groups. In agreement with these results, assessment of bacterggbparent lack of modulation d@fl. tuberculosisinfection by CR3
burdens in the lungs, liver, and spleen revealed no significant difmight be the result of factors independent of the CR. Conse«
ference between the two groups (Fig. (8;> 0.05). Similarly,  quently, the significance of CR3 in murine tuberculosis was ex-&
examination of H&E-stained tissue sections by light microscopyamined using CR3~ mice that are the progeny of eight back
revealed no difference in histopathology between the wild-type and@rosses with the C57BL/6 strain. Survival rates following
CR3 '~ mice examined at 2, 4, and 10 wk after infection wih M. tuberculosisnfection in these CR3'~ mice and the C57BL/6
tuberculosis The granulomatous response, characterized by wellwild type were first compared. Mice from both groups were ob-
demarcated conspicuous lymphoid aggregates (which have a mserved for 150 days, and no mortality was observed (Fj. Bhe

nor monocytic component) among areas of consolidation resultingFN-y—/~ mice on the C57BL/6 background, included as a control
from a diffuse interstitial infiltration of lymphocytes and histocytic for the virulence of theM. tuberculosisErdman stock used, all
cells, was comparable in the lungs of the two groups of micesuccumbed to the infection by 18 days postinfection. Bacterial
There was also no apparent difference in the distribution of tissu@urden in the spleen, lungs, and liver at 2 and 4 wk postinfection
bacilli; virtually all acid-fast organisms were intragranulomatouswere also compared and found to be similar in the two
(Fig. 4). In sum, these results suggest that CR3 does not play groups (Fig. 8). Histological examination of these organs from
significant role in modulating the cause of tuberculous infectionsboth the CR3’~.C57BL/6 and the wild type revealed similar
in mice. granulomatous response (FigC)6 These data strongly suggest
that CR3 does not play a significant role in affecting disease out-
come in the relatively resistant C57BL/6 strain of mice.
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Cytokine expression iN. tuberculosisinfected CR3’~ mice

Expression of mRNA for IFNy and IL-12 in the lungs and spleens
from 2-wk-infected mice was examined by RPA. No significan s °
differences in the expression of cytokine mRNA was observedV!- tuberculosisinfection

(Fig. 5, A andB). Spleen cells were obtained at 2 and 4 wk after C57BL/6 mice are relatively resistant M. tuberculosis There-
infection from both wild-type and CR3™ mice and stimulated in  fore, the possibility exists that this relative resistance could have
vitro with live M. tuberculosig5 X 10° bacteria/ml). Supernatants masked the influence of CR3 on the progression of tuberculous
were tested for IFNy protein levels, and there was no statistical infection. Consequently, we tested the effect of CR3 deficiency in

tSusceptibility of CR3~.BALB/c mice and control littermates to
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FIGURE 6. Similar course oM. tuberculosisnfection in CR3-sufficient and -deficient mice on pure C57BL/6 background. CR857BL/6 mice and
their respective wild-type littermate controls and IRNeficient mice were infected i.v. with’:2 10° virulent Erdman strain dfl. tuberculosisand disease
progression was monitored, Mortality rate;B, bacterial load in liver, spleen, and lung of CR3.C57BL/6 mice at 2 wk after infectiorC, Granuloma
formation in CR3”/~.C57BL/6 and wild-type control mice. Staining of lung revealed no differences between’ CR37BL/6 and wild-type mice infected
with M. tuberculosis Sections represent tissues obtained from mice 2 wk postinfection.

BALB/c mice, a strain that is relatively susceptible to tuberculosis.105+ 22 and 110t 12 days, respectivelyp(> 0.05), with groups
Conversely, based on previous reports that ligation of CR3 cameaching 100% mortality by 145 days postinfection.
down-regulate IL-12 production from macrophages (16, 19, 20), it

is possible that the absence of CR3 in the relatively susceptibl®iscussion

BALB/c mice may render them more resistantMo tuberculosis

In this study, we demonstrate that macrophages lacking CR3, com-

infection. Data presented in Fig. 7 demonstrate that even in theared with cells from wild-type mice, are deficient in phagocytiz-
absence of CR3 the survival of BALB/c mice was not prolonged.ing M. tuberculosisn vitro. Results derived from the in vivo stud-

The m.s.t. for the wild-type and the CR3.BALB/c mice were

ies using a murine tuberculosis model that used CR3mice
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—— BALB/c whether phagocytosis occurred in the presence or absence of Abs
1004 —0~ CR3-/-sBALB/c to CR3 (22). Finally, a recent report examining the role of CRs in
Mycobacterium aviunnfection (23) supports our present findings.
M. aviuminfection in CD18-deficient mice was comparable to the
control wild types, implicating that, in vivo, this mycobacterium
uses receptors other than CR3 and CR4 to gain entry into tissue
25 macrophages (23). Indeed, intracellularly grown avium (de-
rived from macrophages) use noncomplement-mediated mecha-
T a0 & 8 100 130 1ae 1e0 nisms for subsequent infection into fresh macrophages (24).
Days post infection Several studies have speculated that routing into macrophages
o o o ) via CR3 may be advantageous to the pathogen. Interaction of CR3
F_IGURE 7. _Sl_mllar course ofM. tuberculosisinfection in CR3-sgff|- with its ligand does not trigger a respiratory burst (25), and thus
clent an.d 'denc'e.m mice on BALB/C baCkgmu.nd' CR?‘.BALB./ ¢ mice entry via this receptor may be less toxic to the pathogen. In addi-
and their respective wild-type controls were infected i.v. with<210° . | h d dth . i h h CR3
virulent Erdman strain oM. tuberculosisand m.s.t. was determined. tion, several groups have .emonstrate that signaling throug
suppresses IL-12 production by macrophages (16, 19, 20), a cy-
tokine that drives naive T cells to differentiate into Thl-type cells
suggested that lack of this receptor did not alter the course of26), the latter required for host defense against a number of in-
tuberculosis infection in the mouse, as assessed by tissue bactertedcellular pathogens. In this study, we show that the production OE
load, mortality, granulomatous response, and the production ofFN-y and IL-12, the cytokines critical in engendering protective g
IFN-y and IL-12, the two cytokines critical in imparting protective immunity in tuberculosis, are similar in the two groups of mice. &
immunity in tuberculosis. These results strongly suggested that effective antimycobacteri
With respect to the use of CR3 by the tubercle bacillus to enteimmune responses can be elicited from macrophages and T ceg
macrophages, results obtained from the in vitro macrophage sysadependent of the CR3-mediated route of entry. This is further;é
tem is in agreement with that reported previously, which showedsupported by the fact that the lack of CR3 did not influence the§

754
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Survival rate

that in the presence of Abs to CR3, uptakeMbftuberculosisby course of tuberculous infection. 3
human monocytes is substantially impaired (11). However, this Worthy of note is our in vivo finding that the lack of modulation 5
latter study did not address the effects of MOI or the length ofof the progression oM. tuberculosisinfection by CR3 can be g
infection time on the uptake d¥l. tuberculosisby CR3-blocked observed in three different strains of mice (SV129, C57BL/6, and3
macrophages. Results reported in this study demonstrate that tlBALB/c) lacking CR3. Of the three studied, C57BL/6 is relatively §
apparent deficiency iM. tuberculosisphagocytosis by CR3™ resistant taVl. tuberculosisnfection compared with the more sus- &
macrophages appears to be largely reversible with increased MQ@leptible BALB/c, as attested by the shorter m.s.t. of the latter strair§'

and the time of contact between macrophages and bacteria. Thisompare Fig. 8 and 7). Thus, even in the genetic background of g

=

latter observation suggests that in the absence of GR3uber-  the relatively susceptible BALB/c strain, a role for CR3 in influ- 3
culosiscan gain entry into macrophages via alternative receptorsencing disease outcome and the immune response of the host coulil
albeit with less efficiency. Apparently, the phagocytosis via thesenot be appreciated. These results strongly suggest that in the ml;”g
less efficient alternative receptors can approach the efficiency afine experimental tuberculosis model used, CR3 does not play &
that mediated by CR3 with increased MOI or increased contactajor role in affecting the course of tuberculous infection. How- &
time between the phagocytes and the bacilli. In support of thiever, data derived from mice with gene disruption must be inter-
notion, it has been well documented that the tubercle bacillus capreted with caution. A major caveat is the possibility that CR3
be internalized by macrophage/monocytes through interactionmice might have developed compensatbtytuberculosisuptake
with multiple receptors (3, 21). mechanisms that are qualitatively and/or quantitatively differente

Extrapolating these in vitro observations to situations in vivo, from those used by wild-type animals. Caveat notwithstanding, the:é
one can expect two possible scenarios regarding the initial phase dfta we present and those reported by Bermudez and coworkers
M. tuberculosisinfection in CR3”~ animals: 1) due to the defi  (23) should prompt a re-examination of the role of CRs as portalqiE>

ciency in internalizingM. tuberculosisby macrophages in the ab- of entry for M. tuberculosisnto tissue macrophages in vivo. Fu- 8
sence of CR3, a portion of the inoculum will remain extracellular; ture studies using mice lacking CR4, CD18, and the third compo-R
and 2) given adequate time for the bacillus to interact with thenent of complement, as well as those involving in vivo blocking of
phagocytes, compensatory non-CR3 receptors will be able to in€R3 in wild-type tuberculous mice, will further our understanding
ternalizeM. tuberculosisat levels comparable to that of wild-type of the role of complement and its receptors in establishihg
cells. It is likely that in the first scenario, the outcome of the in- tuberculosisinfection in vivo.
fection will depend on the fate of extracellular organisms, an area
that has not been weII.defined. We fgvor. the seqond scenario b%cknowledgments
Cause. the results O_bFamed from. the _'n Vivo stu_dl_es qemor!s”ate\g/e thank David Mosser for critical reading of the manuscript and Margaret
that virtually all bacilli observed in acid-fast bacilli-stained tissue \jentinck-Kane for help with the E-C3bi experiments.
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