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Inhibition of Complement Activity in Murine Leprosy'
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The kidney in the mouse with murine
leprosy is an almost spared organ. Macro-
scopically, the kidneys in severely infected
animals show, at the most, a moderate in-
crease in size and a variable degree of pale-
ness and edema. When lepromas are found,
they are limited to the outer fatty membrane
(12, I4s .) In the most advanced cases, bacilli
can be found isolated, in small clumps, and
even in macrophages grouped into discrete
granulomas (''). Renal involvement, how-
ever, does not reach the dimensions ob-
served in target organs such as the liver,
spleen, lymph nodes and skin. Apart from
this, little is known of the renal pathology
in murine leprosy. From the immunopath-
ological point of view, in a previous com-
munication we reported that the histologi-
cal examination of kidneys from mice with
advanced murine leprosy showed no im-
portant alterations. No polymorphonuclear
(PMN) infiltration in the renal interstitium
nor destructive tissue damage was ever ob-
served despite the fact that histochemically
several Mycobacterium lepraemurium
(MLM)-infected animals showed a marked
glomerular deposition of both IgG and IgM
immunogobulins. No complement (C3, C3b,
or C3c) deposition was observed ("). The
absence of complement deposition, of PMN
infiltration, and of tissue damage indicated
that the kidney lesions in murine leprosy
evolved with little participation (if any) of
complement. This nonparticipation of
complement was considered to be due pos-
sibly to one or several of the following caus-
es: a) the involvement of noncomplement-
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fixing immunoglobulins, b) complement
consumption by circulating immune com-
plexes, c) inhibition of the synthesis of a key
complement component (C1 or C2), or d)
inhibition of complement activity by fac-
tors present in the scrum of the MLM-in-
fected animals.

In this paper we present evidence in sup-
port of the last possibility as the most prob-
able explanation of the findings reported
above.

MATERIALS AND METHODS
Infection of mice with MLM. Two-

month-old, white, female NIH mice were
inoculated, intravenously (i.v.) or intraper-
itoneally (i.p.), with 10 7 MLM Hawaiian
strain, and maintained under standard
housing conditions until completion of the
study. Bacilli were isolated from infected
tissue according to Prabhakaran, et al. ( 8).

Four, six, and eight months postinocula-
tion, groups of animals were anesthetized
with chloroform, bled by cardiac puncture,
and examined to assess the degree of infec-
tion. At that time, the kidneys were excised,
transversally cut in half, embedded in OCT
compound (Miles Laboratories, Naperville,
Illinois, U.S.A.), frozen on dry ice, and sec-
tioned to 6-8 tm in a microtome cryostat
(Tissue-Tek II; Miles). The kidney sections
were processed to look for evidence of tissue
damage and glomerular deposition of im-
munoglobulins (IgG and IgM) and comple-
ment (C3, C3b and C3c). The results of this
immunohistochemical study have already
been published ("). Blood from MLM-in-
fected and control animals was allowed to
coagulate, and the sera recovered were used
to quantitate the activity of complement as
described below.

Titration of hemolytic complement
through the classical pathway (CPW-com-
plement). The methods of Rosenberg and
Tachibana ( 13) were followed: all reagents
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used were made up in triethanolamine buff-
er solution (TBS) with calcium and mag-
nesium (triethanolamine 2.8 ml, NaCI 7.5
g, MgC1 2 0.1 g, CaCI, 0.22 g, distilled wa-
ter 800 ml, 1 N HC1, enough to bring the
pH to 7.4 and distilled water to 1000 ml).

Twenty-five Al of each serum and 75 1.11
of TBS were mixed with 50 Al of 1% sheep
red blood cells (SRBC) sensitized with rab-
bit hemolysin to SRBC. To sensitize SRBC,
one volume of hemolysin diluted 1:10 was
mixed with one volume of a 2% SRBS sus-
pension. Higher dilutions of hemolysin (e.g.,
1:128, a subagglutinating dose) were inef-
fective in the hemolytic assay. To avoid ag-
glutination of erythrocytes, the hemolysin-
coated SRBC were maintained in an ice bath
and used within 10 min of preparation. The
reaction mixtures contained in 10 x 75-mm
test tubes were incubated in a water bath at
37°C for 30 min with periodic gentle shak-
ing. The reaction was then stopped by trans-
ferring the tubes to a bath of melting ice.
After the addition of 1 ml of chilled TBS to
each tube, they were briefly swirled and cen-
trifuged at 2000 rpm in the cold for 5 min.
The variably colored supernates were re-
moved. The pelleted erythrocytes were
washed once with TBS by spinning, as be-
fore, and the supernate-free remaining
erythrocytes lysed with 1.0 ml water. Since
most mouse sera were obtained with vari-
able degrees of hemolysis and this interferes
with the measurement of hemoglobin re-
leased by activated complement, the he-
molytic activity of the sera was determined
by reading the absorbance (OD 550 nm) of
the hemoglobin released from the remain-
ing erythrocytes after their lysis with water.
When additives such as zymosan or bacteria
had to be tested, they were added in 50 Al
volumes, substituting TBS. The results were
expressed as percent values after correction
by appropriate controls.

Titration of complement through the al-
ternative pathway (APW-complement). This
was done following the method of Riches
and Stanworth (9) with modifications. Brief-
ly, 50 Al of serum containing added EGTA
and MgCI, at final concentrations of 10 mM
and 7 mM, respectively, were mixed in 10
x 75-mm test tubes with 50 /21 of calcium-
free TBS (with 7 mM MgC1 2) and 50 Al of
1% unsensitized rabbit red blood cells

(RRBC). The tubes were incubated for 30
min at 37°C, and the reaction was stopped
by adding 15 pi of 0.2 M EDTA to each
tube. Blanks contained 50 Al of 1% RRBC
and 200 Al of calcium-free TBS. As before,
readings of the hemoglobin released after
lysis of the remaining erythrocytes were used
to calculate the hemolytic activity of the
sera.

Complement consumption by MLM. Ali-
quots of pools made of fresh normal mouse
sera were preincubated for 30 min at 37°C
with 1.5 x 10 5 to 1.5 x 10' MLM cells
properly washed and suspended to assess
the MLM capability to consume comple-
ment. The remaining complement was
measured both through the classical and the
alternative pathways.

Circulating immune complexes (CIC).
Soluble immune complexes were looked for
in the sera of normal or MLM-infected mice
by their reaction with Clq. Mouse Clq was
isolated from a pool of fresh normal sera
according to the method proposed by Yone-
masu and Stroud ( 16) for human serum. The
reactivity between Clq and the sera was
assayed by immunodiffusion in gel as de-
scribed by Agnello, et al. (I); heat-aggregated
mouse gammaglobulin was used as a posi-
tive, C 1 q reactive control (7 ).

Complement inhibitory activity. To mea-
sure the complement inhibitory activity of
sera from MLM-infected mice, a pool was
made of fresh normal murine sera that in-
dividually showed high complement activ-
ity. Twenty-five Al of individual sera from
MLM-infected animals (25 Al of TBS or 25
Al of normal sera in the control tubes) was
added to 25 Al of pooled normal sera and,
after a 30-min preincubation at 37°C, the
complement activity was determined as de-
scribed above for the CPW-complement.

Urinalysis. Since the amount of urine
collectable at any time from normal and
MLM-infected animals is in the order of
tenths of a ml, the protein content in indi-
vidual samples of urine was measured by
means of reactive sticks for urinalysis ob-
tained from Miles Laboratories, Mexico.

Analysis of results. The results were an-
alyzed by the Mann-Whitney U test to as-
sess their statistical significance. In addi-
tion, and just to give a graphical idea of the
range of variation within groups, the means
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FIG. I. Complement activity (classical and alter-
native pathways) in sera of control (N) and MLM-
infected (L) mice. Results (mean ± I S.D.) from three
series of experiments, each with 10 N and 10 L animals,
are illustrated; p values (N) were calculated by the
Mann-Whitney U test.

± 1 standard deviation (S.D.) are also
shown.

RESULTS
Complement levels in normal vs MLM-

infected mice. Several lots of animals with
well-established murine leprosy were stud-
ied to assess their complement levels both
by the classical (CPW-complement) and by
the alternative (APW-complement) path-
ways. As expected, complement alterations
were more frequent and evident at the more
advanced times of infection. Figure 1 shows
the levels of CPW- and APW-complement
found in three separate experiments with
mice having from 4 to 6 months of infection
(a total of 30 animals) and 30 corresponding
normal counterparts. Compared to the con-
trol animals, in all of the experiments the
infected mice showed the lowest levels (per-
cent values) of CPW-complement but sim-
ilar levels of APW-complement. Five out
of the 30 MLM-infected animals (and none
in the control group) showed a total absence
of CPW-complement. None of the differ-
ences in APW-complement levels was sta-
tistically significant.

An experiment to compare the levels of
CPW-complement with those of APW-
complement in individual animals is illus-
trated in Figure 2. It can be seen that 15 out
of 18 MLM-infected animals had levels of
C 1 -complement well below one standard
deviation under the mean value found in
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FIG. 2. Complement activity (classical and alter-
native pathways) in individual sera of 18 MLM-in-
fected mice (•) compared with average complement
activity found in a similar group of healthy animals
for which corresponding means and standard devia-
tions (X ± 1 S.D.) are shown.

the control group (59.2 ± 37.2). Twelve out
of the same 18 MLM-infected animals,
however, showed levels of APW-comple-
ment within the normal range (41.9 ± 17.8).
The remaining six animals also exhibited
diminished levels of APW-complement. It
seems that those animals infected with MLM
show a more significant diminution in their
levels of CPW-complement than in their
levels of APW-complement.

CPW- and APW-complement consump-
tion by MLM. When a pool of fresh normal
mouse serum was preincubated with differ-
ent amounts of purified MLM (see Mate-
rials and Methods), up to 1.5 million bacilli
did not significantly modify the serum CPW-
and APW-complement levels. Beyond this
number of bacilli, there was a proportional
and comparable diminution in the levels of
CPW- and APW-complement (Fig. 3). In a
series of three experiments to assess the ca-
pability of intact and delipidized 1 x 10'
MLM to consume CPW-complement, it was
found that delipidized MLM were more an-
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FIG. 4. Complement consumption by 1 x 10' in-
tact (LIP+) or delipidized (LIP—) MLM. Residual
complement activity was measured through the clas-
sical pathway. Values are shown normalized in refer-
ence to hemolytic activity (taken as 100%) found in a
pool of normal mouse sera (NMS).

Log N° BACILLI (MLM)

FIG. 3. Consumption of murine complement by
variable amounts of purified intact M. lepraenmum.

Remaining complement activity was measured through
both the classical and alternative pathways. Results are
normalized in relation to the lysis found in the pool of
normal sera free of bacilli (100% lysis).

ticomplementary than intact bacteria (Fig.
4).

Effect of MLM infected sera on comple-
ment activity of normal serum. Sera from
mice with advanced MLM infection are able
to inactive the CPW-complement of normal
mouse serum. Figure 5 illustrates the av-
erage complement activity found in a group
of 10 normal (N) versus 10 MLM-infected
mice.

Figure 6 shows that, in general terms, the
lower the titer of CPW-complement in the
individual MLM-mouse sera, the stronger
their CPW-complement inhibitory capabil-
ity (e.g., mice L3, L5, and L9 showed the
lowest levels of CPW-complement and the
strongest CPW-complement inhibitory ca-
pability; mice L8 and L4, with higher CPW-
complement levels, were less inhibitory).

Circulating immune complexes. By using
the combined methods of Yonemasu and
Stroud ( 16) and Agnello, et al. ('), we could
not demonstrate the presence of CIC in the
serum of any of the MLM-infected animals.
However, a neat precipitation band ap-
peared when the mouse C 1 q preparation

interacted with heat-aggregated mouse
gammaglobulin. Although our negative re-
sults are probably due to the low sensitivity
of the method used, it is interesting that
other authors have also had problems in
demonstrating the presence of CIC in the
sera of mice infected with MLM, despite
the higher sensitivity of the (radioactive)
method used (IS). Previous attempts to
demonstrate CIC in the sera of MLM-in-
fected mice by the polyethylene glycol pre-
cipitation-complement consumption test (3)
were also unsuccessful. (This test, however,

N MLM NP NP*NP NP+MLM

FIG. 5. Average complement activity (classical
pathway) in a group of 10 normal (N) and 10 MLM-
infected (MLM) mice studied individually. Hemolytic
activities of: a) the pool of N sera alone (NP), b) the
pool added of pooled normal sera (NP + NP), and c)
the pool added of MLM sera (NP + MLM) are il-
lustrated on the right. Mean values and S.D. and the
p values calculated by the Mann-Whtney U test are
also shown.
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FIG. 6. Normalized (to 100%) individual values of
complement activity (classical pathway) in 10 normal
sera (NS) and 10 MLM-infected (L I -L I 0) mouse sera
(LS) (left panel). Right panel shows effect of adding
TBS (complement buffer), a pool of NS, or individual
LS (L3-L9) to the pool of normal sera. There was not
enough serum from mice LI, L2, L7, and L I 0 to eval-
uate their complement-inhibitory activity.

has been successfully applied to human tu-
berculosis in our laboratory'°.)

Proteinuria. Mice with a 4-month infec-
tion with MLM showed no proteinuria be-
yond the levels found in their normal coun-
terparts (Fig. 7). At 8 months, however, most
of the infected animals showed marked in-
creases in their urinary levels of protein.
The lack of PMN infiltration (and tissue
destruction) continued to be a remarkable
characteristic of the renal pathology in the
MLM-infected mouse, even at this ad-
vanced time of infection. Other urinary pa-
rameters (pH, glucose, ketone, bilirubin,
urobilinogen, and blood) were always with-
in normal limits.

DISCUSSION
As in other mycobacterial diseases, the

kidneys in murine leprosy show great resis-
tance to the infection; the reasons for this
are ill understood. Once it was thought that
the kidneys were particularly resistant to
mycobacterial infection because of the high
levels of spermine in this organ. This tetra-

N
^
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FIG. 7. Average amount of urinary protein found
in a group of 30 mice bearing a 4-month infection with
MLM and again at 8 months postinfection (MLM).
Proteinuria in control animals (N) is also shown. p
Values were calculated according to the Mann-Whitney
U test.

amine isolated from bovine kidney by
Hirsch and Dubos in 1952 (6), in the pres-
ence of a specific amine oxidase (a serum
alphaglobulin), completely inhibited the
growth of M. tuberculosis in low concentra-
tions in vitro (4 . 5 ). Since this system was not
studied further, its participation in the host
resistance to pathogenic mycobacteria is, at
present, difficult to assess. We favor the idea
that kidneys owe their resistance to their
lack of a significant amount of reticuloen-
dothelial system.

Murine leprosy is a chronic disease in
which large amounts of bacilli co-exist with
high levels of antimycobacterial antibodies,
so that immune complexes are very likely
to be formed (IS). Accordingly, the immu-
nohistochemical study of the kidney shows
a heavy glomerular deposition of IgG and
IgM immunoglobulins but, surprisingly,
negligible deposition (if any) of complement
(C3). Histologically, kidneys in MLM-in-
fected mice do not show evidence of major
tissue damage; this correlates well with the
lack of glomerular PMN infiltration ("). The
lack of complement participation in the re-
nal pathology of MLM-infected mice was
considered to be due to one or more of the
following causes: a) deposition of noncom-
plement-fixing immunoglobulins; b) sup-
pression of the synthesis of complement
components (at least of a key component,
such as Cl or C3); c) complement con-
sumption by microbial components; and d)
generation of complement-inhibitory fac-
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tors. The first possibility is very unlikely
since the immunoglobulins deposited in
glomeruli belong to the IgG and IgM iso-
types.

To explore the other possibilities, we mea-
sured the levels of' complement activated
through both the classical (CPW-comple-
ment) and the alternative (APW-comple-
ment) pathways. Despite the variations
within the groups, the CPW-complement
activity in the several experiments per-
formed was always low or absent in the
MLM-infected animals. On the other hand,
the activity of APW-complement in the in-
fected animals was not very different from
that found in the controls. Since C3 is the
first complement component activated in
the alternative route, and this route is not
significantly altered in the infected animals,
the possibility of a defect in the synthesis
of C3 or the subsequent complement com-
ponents (C5-C9) can be reasonably ruled
out. The possibility remains, however, of a
defect in the synthesis of any of the first
three components (Cl, C4, C2) since this
could explain the low levels of CPW-com-
plement found in the infected animals.

The proposition that complement might
be consumed by microbial componen6 was
tested by measuring the activity of CPW-
and APW-complement before and after
preincubation of normal mouse serum with
several amounts of purified bacilli. The nor-
malized results from these experiments (Fig.
3) indicate that MLM modify in a similar
fashion the activity of CPW- and APW-
complement. However, because the anti-
complementary effect of MLM is observed
in both the CPW-complement (in the ab-
sence of anti-MLM antibody) and the APW-
complement routes, and only in the pres-
ence of very large numbers of bacilli, this
anticomplementary effect of MLM does not
seem to be relevant in vivo. In addition, the
fact that the infected animals exhibit a re-
markable specific diminution in their levels
of CPW- (but not of APW-) complement
makes very improbable that such a dimi-
nution might be due to a "physiological"
consumption of complement by the micro-
organism. In situ consumption of comple-
ment by the highly bacilliferous granulomas
is also unlikely since PMN, although at-
tracted to the lesion sites, maintain a pe-
ripheral distribution, and the necrosis that

eventually occurs starts at the center of the
granulomas. This central necrosis (in tu-
berculosis) has been proposed to be due to
the infarction of the blood vessels around
the granulomas that lead to anoxia of the
lesion ( 2).

Another interesting result was the mod-
erate, yet reproducible, increment in the ca-
pability of delipidized-MLM over intact-
MLM to consume complement, suggesting
that the lipidic coat might play a certain
protective role in vivo for this and other
mycobacteria (for instance, M. tuberculosis
and M. leprae) since intact, extracellular
(spreading) bacilli would be rather resistant
to the potentially harmful effects of com-
plement. However, since the lipids were ex-
tracted under rather drastic conditions
(shaking the bacterial suspension with a
mixture of acetone:methanol [1:1] for 24
hr), this finding deserves further investiga-
tion.

Finally, the possibility that factors able to
inhibit the activity of complement might be
generated as a result of the infection with
MLM was analyzed, measuring the levels
of CPW-complement in a pool or normal
sera incubated in the presence or absence
of sera from normal or MLM-infected mice.
As shown in Figures 5 and 6, this seemed
to be the case. While the addition of a buffer
or normal sera did not inhibit the CPW-
complement activity of the pool of normal
sera, the addition of sera from MLM-in-
fected animals caused a diminution of its
hemolytic activity proportional to the level
of CPW-complement found in the individ-
ual sera. The lower the level of CPW-com-
plement in the sera of MLM-infected ani-
mals, the stronger their inhibitory capability.

Thus, the presence of complement inhib-
itory factors in the serum of MLM-infected
mice seems to explain best the low (in some
cases, absent) levels of CPW-complement,
the lack of significant glomerular comple-
ment deposition, the absence of glomerular
PMN infiltration, and the lack of tissue
damage in those animals. The nature of such
inhibitory factors is currently under inves-
tigation in our laboratory.

SUMMARY
NIH mice infected with Mycobacterium

lepraemurium (MLM) show a marked de-
pression in their levels of hemolytic com-
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plement that is proportional to the degree
of infection. The defect affects more the ac-
tivation of complement through the clas-
sical pathway (CPW) than the activation of
complement through the alternative path-
way. Although this low activity of CPW-
complement may be due to different causes
(complement consumption by the infecting
microorganism, lack of biosynthesis of
complement components, or the presence
of complement inhibitory factors), our re-
sults seem to support the last possibility.
The generation of factors in the infected an-
imals that inhibit the autologous activity of
complement as the infection goes on reduc-
es the risk of complement-mediated tissue
damage and prolongs the survival time of
the host, a wise strategy on the part of the
MLM to assure its own survival as a par-
asite.

RESUMEN
Los ratones NIH infectados con el Mycobacterium

lepraenutrizon, desarrollan un defect° en sus niveles
de complemento hemolitico que es proportional al gra-
do de infecciOn. El defecto afecta principalmente la via
clasica de activation del complemento y menos mar-
cadamente Ia via alterna. Aunque Ia baja, en algunos
casos ausente, actividad de complemento hemolitico
podria ohbedecer a diversas causas: consumo de com-
plemento por el microorganismo in fectante, falla en Ia
biosintesis de algUn componente del complemento, o
inhibiciOn de Ia actividad de complemento por factores
sericos, nuestros resultados sugieren que esta Ultima
posibildad, la generaciO de factores sericos inhibitorios
como consecuencia de la infecciOn, explica mejor el
hallazgo de bajos niveles de complemento hemolitico
en los animates infectados. La inactivation de la ac-
tividad de complemento mientras transcurre la infec-
tion, disminuyc Ia posibilidad del datio mediado por
complemento y prolonga la vida del huesped murino;
esta es, sin duda, una eficiente estrategia del microor-
ganism° para prolongar tambien su supervivencia.

RESUME
Des souris NIH infectees par Mycobacterium le-

Praemurium (MLM) montrent une diminution mar-
quee de leur taux de complement hêmolytique, et cette
diminution est proportionnelle au degre d'infection. Ce
defaut affecte plus l'activation du complement par la
voie classique (CPW) que par la voie alternative. Bien
que cette faible activite du complement par la voie
classique puisse etre due a differentes causes (consom-
mation du complement par le microorganisme infec-
tant, insuffisance de biosynthese de composants du
complement, ou presence de facteurs inhibiteurs du

complement), nos resultats semblent supporter cette
derniere possibilite. La production, chcz Its animaux
infectes, de facteurs qui inhibent ractivite autologue
du complement lorsque l'infection se poursuit diminue
le risque de lesion tissulaire par l'intermédiaire du
complement et prolonge Ia survie de l'hOte. Ccci est
une sage strategic de la part du MLM pour assurer sa
propre survie en tant que parasite.
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