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Abstract
Background: Humoral and cellular immune responses are associated with protection
against extracellular and intracellular pathogens, respectively. In the present study, we evaluated
the effect of receiving human secretory immunoglobulin A (hsIgA) on the histopathology of the lungs
of mice challenged with virulent Mycobacterium tuberculosis.
Methods: The hsIgA was purified from human colostrum and administered to Balb/c mice by
the intranasal route prior to infection with M. tuberculosis or in a pre-incubated formulation with
mycobacteria, with the principal aim to study its effect on qualitative pulmonary histopathology.
Results: The intranasal administration of hsIgA and the pre-incubation of mycobacteria with
this preparation was associated with the presence of organised granulomas with signs of immune
activation and histological features related to efficient disease control. This effect was highly evident
during the late stage of infection (60 days), as demonstrated by numerous organised granulomas
with numerous activated macrophages in the lungs of treated mice.
Conclusion: The administration of hsIgA to mice before intratracheal infection with
M. tuberculosis or the pre-incubation of the bacteria with the antibody formulation induced the
formation of well-organised granulomas and inflammatory lesions in lungs compared with nontreated animals which correlates with the protective effect already demonstrated by these antibody
formulations.
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Introduction
It is known that humoral immunity is
associated with protection against extracellular
pathogens, whereas cellular immune responses
are primarily associated with protection against
intracellular pathogens (1). Thus, in the case
of tuberculosis (TB), in both man and mouse,
protective immunity is mediated by activated
macrophages and Th1 lymphocytes (2). These
cells are the most important constituents of
granulomas, which are essential elements in
the confinement and control the bacilli growth.
These structures are produced by mice and
humans with some differences (2). However, it is

currently thought that humoral and cell-mediated
immune responses collaborate in the protection
against intracellular microbial pathogens (1,3–
5). Most vaccines that are licensed and used
against bacterial infections in humans are aimed
at inducing a protective antibody response that
allows the elimination of the microorganisms,
including intracellular pathogens such as
Salmonella typhi (6). Antibodies have the ability
to control intracellular pathogens. Indeed, the
prevalence of antibody susceptibility in the
extracellular phase has been documented for
certain categories of microbes (7,8). Secretory
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antibodies trap exogenous antigens and exclude
immune complexes with the assistance of a variety
of innate mucosal defence mechanisms (9). SIgA
is a highly stable antibody that can preserve its
activity for prolonged periods of time even in
hostile environments such as the gut lumen (10)
and oral cavity (11). In particular, the function of
sIgA is most likely enhanced by its high level of
cross-reactive activity and its presence in human
secretions (12). SIgA is not only present in external
secretions but also has antimicrobial properties
in epithelial cells during its transport across the
epithelium. SIgA is the primary immunoglobulin
type found in external secretions at a welldefined quantity, which provides specific immune
protection for all mucosal surfaces by blocking the
penetration of pathogens into the body (13).
Additional work is needed to understand
the molecular mechanisms behind the IgAmediated inhibition of pulmonary infection
caused by M. tuberculosis. Reljic et al. proposed
that the principal mechanism is the enhancement
of the bactericidal functions of IgA on infected
macrophages (14,15). IgA may lead to activationdependent apoptosis causing bacterial death,
or the blockage of bacterial interaction with the
phagosomal membrane mediated by IgA/Gal3, which is required for the inhibition of phagolysosome fusion (15,16). In a previous work, the
protective effect of hsIgA administered to mice,
including significant decreases in pneumonic
areas by morphometric evaluation, was
demonstrated (17). To complement these previous
results, we present a morphometric evaluation of
granuloma areas and perivenular infiltrates as
well as a detailed qualitative histopathological
study of the effect of hsIgA on tissue damage in
the lungs of Balb/c mice challenged with virulent
M. tuberculosis.

Materials and Methods
HsIgA purification
HsIgA was purified from human colostrum
donated by healthy mothers 3 to 5 days after
delivery. The purification was performed by
anion exchange chromatography and subsequent
gel filtration, using DEAE Sepharose Fast Flow
and preparative-grade Superose 6 (Pharmacia,
Sweden), respectively. The presence of IgA in the
chromatographic fractions was identified by dot
blot analysis and the purity of hsIgA was verified
by 12.5% sodium dodecylsulfate-polyacrylamide
gel electrophoresis sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS-PAGE)
under reducing conditions. The purity of hsIgA
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was confirmed by the detection of only IgA
heavy and light chains with a migration pattern
corresponding to their molecular weights (18).
After purification, the reactivity of hsIgA with M.
tuberculosis antigens was demonstrated (17).
Mycobecterium tuberculosis culture
M. tuberculosis H37Rv (ATCC 27294) was
grown to early mid-log phase in Middlebrook
7H9 medium (Difco, Detroit, MI) supplemented
with albumin-dextrose-catalase (BBL,
Cockeysville, MD) and 0.05% Tween 80 (Sigma
Chemical Co., St. Louis, MO). Cultures were
incubated at 37 °C with 5% CO2 and shaken
continuously for 28 days. The bacteria were
harvested by centrifugation at 5000 × g for
15 minutes, resuspended in saline solution,
dispensed in aliquots containing 106 bacteria/mL,
and stored at −70 °C until use.
Inoculation and infection schedule
Three groups (n = 15 in each group) of
male Balb/c mice of eight weeks of age were
used as follows for inoculation and infection:
the non-treated (NT) group, consisting of mice
that were intratracheally infected with 2.5 ×
105 CFU of M. tuberculosis in 100 μL of saline
solution; the HsIgA-treated group, consisting of
mice intranasally inoculated with purified hsIgA
(1 mg of hsIgA in 50 μL of saline solution, 25 μL
in each nostril) and intratracheally challenged
with 2.5 × 105 CFU of M. tuberculosis 2 h after
inoculation with the antibody; and the preincubated hsIgA group (Preinc), consisting of
mice challenged intratracheally with 2.5 × 105
CFU M. tuberculosis previously incubated
with 1 mg of the purified hsIgA for 4 h at room
temperature. Five mice from each group were
sacrificed on days 1, 7 and 60 after M. tuberculosis
challenge and lungs were perfused with 10%
formaldehyde dissolved in Phospahate Buffer
Saline (PBS) and extracted for histopathological
analysis. Infected mice were housed in individual
micro-isolator cages in a Biosafety Level 3 (BL3)
animal facility. All experimental procedures
with animals were performed in a laminar flow
cabinet in the BL3 facility, under anaesthesia
and according to the guidelines approved by the
Animal Ethics Committee of the National Institute
of Medical Sciences and Nutrition, Mexico.
Tissue preparation, morphometric evaluation,
and lung histopathology
The right lungs of each mouse were fixed
with 10% formaldehyde dissolved in PBS solution,
dehydrated in alcohol, cleared with xylol, and
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embedded in paraffin. Lung tissues were sectioned
at 3 µm and stained with hematoxylin and eosin
using standard techniques. All lung tissues were
mounted in the same orientation and sagittal
sections.
For quantitative purpose, three sections with
100 µm of distance separating them were obtained
from each mouse. Granulomas were defined as
well-delimited nodular structures constituted
by lymphocytes and macrophages. Well-formed
granulomas were those lesions that included both
cellular types, with the latter activated, as defined
by the presence of large cells with large and
compact cytoplasms and peripheral nuclei with
finely dispersed chromatin. In each section, all the
granulomas were measured with a determination
of their surface area in square microns at 200×
magnification using automated morphometry
equipment (Leica Microsystems Imaging Solutions
LTD, Cambridge, UK). Regarding blood vessels,
all venules in transversal sections from 80–100
µm of diameter in each section were considered,
with the area occupied by the inflammatory
cells around these blood vessels measure in
square microns. The data were analysed using
one-way ANOVA and a post hoc Tukey multiple
comparison procedure. P values under 0.05 were
considered statistically significant. All data were
analysed using GraphPad Prism 4 software.

Results
Histopathological analysis revealed no
qualitative differences in the lungs of mice
from the different groups at days 1 and 7 after
infection. Sixty days after infection, however,
there were pneumonic areas constituted by
abundant
macrophages
with
cytoplasmic
vacuoles (foamy macrophages) and lymphocytes
that occupied the alveolar lumen, with some areas
of focal necrosis and large perivascular cuffs of
lymphocytes in the non-treated group (Figure
1). At this time point, IgA treatment resulted
in fewer lung areas affected by pneumonia,
and lesions that consisted of predominantly
abundant large activated macrophages (Figure
1). More organised granulomas in the Preinc
and hsIgA groups were observed, with these
lesions constituted by activated macrophages
with large and compact cytoplasms and large
nuclei with disperse chromatin; these cells were
surrounded by numerous lymphocytes (Figure
1). In comparison, the control group showed
smaller granulomas constituted predominantly
by lymphocytes and activated macrophages. Both
groups treated with IgA showed granulomas

Figure 1: Representative histopathology of the
lungs of mice treated with hsIgA
in comparison with control nontreated tuberculous mice at day 60 of
infection. (a) Low power micrograph
shows extensive areas of pneumonia
(asterisk) and focal necrosis (arrow)
in the lung of a control mouse. (b)
A high-power micrograph of these
pneumonic areas reveals numerous
vacuolated macrophages (inset).
(c) A granuloma from the lung of a
control mouse comprises small
activated macrophages (inset). (d)
In contrast, reduced pneumonic
areas (arrow) are seen after 60
days of infection in mouse treated
with hsIgA. (e) High power of this
pneumonic area shows numerous
activated macrophages with compact
cytoplasms and large nuclei (inset).
(f) Granuloma from the lung of mouse
treated with hsIgA show numerous
activated macrophages and abundant
lymphocytes (low power micrograph
25× magnification, high power
micrograph 200× magnification,
inset 1000× magnification).
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with similar cellular constitution and reduced
perivascular inflammation from a qualitative
point of view, but from the statistical point of view,
the morphometry of perivascular inflammation
and the total area occupied by granulomas were
not significantly different (Figure 2).

Discussion
The qualitative histopathological study
showed marked differences in the morphology
and cellular composition of pulmonary
granulomas between the control non-treated and
treated mice with hsIgA. In mice treated with IgA
monoclonal antibodies against 16 kDa protein
of M. tuberculosis, more organised granulomas
were reported in the treated group than in the
non-treated control group or animals receiving
a non related monoclonal antibody (18). Mice
challenged with M. tuberculosis coated with
an IgM monoclonal antibody against mycolylarabinogalactan-peptidoglycan complex also
showed more organised granulomas than nontreated mice (19). At the same time, bacteria were
present only in granulomatous lesions in treated
animals compared with controls which showed
a random presence of the bacteria in lung tissue
(19). In a previous study with hsIgA there was
correlation between the decrease bacterial load in
lungs and the pneumonic area 60 days after the

administration of hsIgA and M. tuberculosis preincubated with the same antibody formulation
compared with non-treated animals (16). These
results were confirmed and extended in the
present study by the demonstration of different
cellular composition in IgA treated animals that
showed predominant activated macrophages
in the pneumonic areas and granulomas, while
in control animals the predominant cells in
pneumonia were vacuolated macrophages. Foamy
or vacuolated macrophages contain numerous
bacilli and they show little immunostaining for
the immunoprotective factors tumor necrosis
factor alpha (TNF-a) and the induced isoform
of nitric oxide synthase (iNOS); but strong
immunoreactivity to the immunosuppressive
cytokine transforming growth factor beta (TGF)
(20,21). Thus, foamy macrophages are related to
disease worsening, while activated macrophages
show the inverse immunostaining cytokine profile
and are associated to efficient bacilli growth
control. In comparison with control mice, animals
treated with IgA showed also bigger granulomas.
In this mice model large granulomas are related to
protection (22), and lesser inflammation around
airways and blood vessels is also related to efficient
bacilli growth control. Thus, IgA treatment well
correlated with histological features related with
efficient disease control.
It has been suggested that there are

Figure 2: Determination of the granuloma (a) and perivenular inflammation (b) area in the lungs of
both non-treated mice and mice treated with hsIgA 1, 7 and 60 days after inoculation with M.
tuberculosis. NT: non-treated group; hsIgA: mice receiving human secretory IgA intranasally
and intratracheally challenged with M. tuberculosis; Preinc: mice intratracheally receiving
hsIgA preincubated with M. tuberculosis. Granulomas and perivenular infiltrate areas were
measured, and the data were analysed using one-way ANOVA and a post-hoc Tukey multiple
comparison procedure. P < 0.05 were considered statistically significant. No significant
results between the groups.
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essentially two mechanisms by which antibodies
mediate protection against M. tuberculosis
infection: the first is the opsonisation of
mycobacteria which improves the processes
of phagocytosis and intracellular killing by
neutrophils and macrophages, and the second
is the activation induced by immunoglobulins
in antigen-presenting cells that can enhance the
response of specific T cells against mycobacteria
(24). Secretory IgA antibodies (sIgA) can operate
by other protective mechanisms, such as the
inhibition of bacterial or antigen adherence to
mucosal surfaces by the properties conferred by
the secretory component (25). Other additional
mechanisms include the acceleration of immune
complex elimination through respiratory ciliary
movement and intestinal peristalsis, antibodydependent cellular cytotoxicity (26), and the
stimulation of antigen presenting cells for
activation of T cells (27). Indeed, IgA protects
the mucosal epithelial barrier through different
mechanisms (28). sIgA antibodies interact with
antigens at the stromal side of the epithelium, and
immune complexes are engulfed and eliminated
by phagocytic cells or are incorporated into the
vascular system or passed through the epithelium
associated with the polymeric immunoglobulin
receptor (pIgR) (29,30). This latter process is
called sIgA immune exclusion and is able to react
to various antigens, including those expressed
by bacteria, blocking adherence and microbial
penetration of the epithelium and thereby
providing an effective means of protection
(28). sIgA also prevents mucosal infections by
inhibiting the initial pathogen colonisation and
eliminating epithelial cells without tissue damage
during its transit to the lumen mediated by pIgR
(31). In contrast to IgG, IgA is considered an
anti-inflammatory element in secretions due to
its minimal activating effect on the complement
system (31).
The protective effect of IgA in experimental
tuberculosis has been previously demonstrated by
the intranasal inoculation of monoclonal TBA61
IgA antibodies against the α-crystallin (acr1)
antigen of M. tuberculosis (32,33). However,
it offered only a short duration of protection,
which could be prolonged by the administration
of IFN-γ three days before infection and further
administration of IgA at 2 h before and two
and seven days after aerosol infection with M.
tuberculosis H37Rv (32). Rodriguez et al showed
that IgA-deficient mice immunised with the
mycobacterium cell surface antigen PstS-1 were
more susceptible to intranasal infection with BCG
than wildtype non-targeted littermate controls

(34). Recently, it was shown that the combined
intranasal administration of a novel human IgA
monoclonal antibody (2E9IgA1) and recombinant
mouse IFN-γ significantly reduced lung infection
induced by M. tuberculosis H37Rv in CD89
transgenic mice but not in CD89-negative controls,
indicating that 2E9IgA1-mediated protection
largely depends on its interaction with CD89
(35). Our results on the qualitative evaluation of
histopathological lesions after the administration
of hsIgA correlate with other reports of the
association between granuloma organisation and
the presence of activated macrophages with the
protective capacity of other antibody formulations
(1,15,19).

Conclusion
Human secretory IgA antibodies purified
from colostrum can interact with antigens and
inhibit the adherence of diverse microrganisms
to mucosal surfaces. In comparison with control
non-treated mice, the protective role of hsIgA is
notable due to the formation and consolidation
of well-constituted granulomas with numerous
activated macrophages in the lungs of infected
mice pre-treated with purified hsIgA or infected
with M. tuberculosis preincubated with purified
hsIgA.
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