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Abstract

The present report explores the role of nitric oxide into the immune response against Neisseria meningitidis serogroup B.
Here we show that NO mediates the KTNF increase induced by N. meningitidis derived lipopolysaccharides (LPS), at the same
time that participates in the bactericidal activity of resting or QIFN activated macrophages and plays a role in the specific DTH
and IgG response induced by a commercial anti-meningococcal vaccine. Our findings suggest a positive role for NO at the final
effector mechanisms and in the early events driving the immunity against N. meningitidis, suggesting also an insight into its role
in endotoxic shock. ß 1999 Federation of European Microbiological Societies. Published by Elsevier Science B.V. All rights
reserved.

Keywords: Nitric oxide; Neisseria meningitidis ; Immune response

1. Introduction

Neisseria meningitidis (Nm) is one of the major
causes of meningococcal disease in children [1].
High mortality commonly associated with meningitis
is closely related with the establishment of endotoxic
shock [2].

Outer membrane derived lipopolysaccharides
(LPS) from Gram-negative bacteria are longly recog-
nised as principal inducers of endotoxic shock [3]. In
the same way, KTNF is widely accepted as one of the

¢rst signals driving the occurrence of death due to
endotoxemia [4]. KTNF-induced severe hypotension
and death was actually due to nitric oxide (NO) in-
duction [5]. However, it should be noted as well that
NO plays a crucial role in the antimicrobial response
against a broad spectrum of pathogens [6]. There-
fore, reasonable therapeutic strategies in this ¢eld
are still requiring further understanding in the bal-
ance of all actions of NO in sepsis and endotoxic
shock.

Generation of new e¡ective vaccines, designed on
the basis of the appropriate immune response ac-
cording to each pathogen, are still in course. For
many years vaccines came from screening procedures
looking for antibodies. Today it is perfectly known
that there exist two major types of immune response
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[7], and in some cases, to induce humoral response is
not only ine¡ective, but deleterious [8].

Here the role of NO at di¡erent steps of the anti-
Nm immune response was studied. First, its role was
explored, not as a ¢nal e¡ector molecule, but as an
early mediator of LPS-induced KTNF induction.
Next, as well its participation in the anti-Nm bacter-
icidal activity of murine macrophages was tested.
Finally, its participation in the primary events driv-
ing the establishment of anti-Nm speci¢c humoral
and cellular immune response induced by the com-
mercial anti-meningococcal vaccine, VA-MENGOC-
BC0 was also studied.

2. Materials and methods

The N. meningitidis serogroup B (strain No. 385-
83), its outer membrane derived proteoliposome, its
puri¢ed LPS and the anti-meningococcal vaccine
(VA-MENGOC BC0), were all obtained at the Fin-
lay Institute, Havana, Cuba. NG-monomethyl-L-argi-
nine was kindly supplied by Dr. S. Moncada. All
other reagents, unless speci¢ed, were purchased
from Sigma.

2.1. Induction of KTNF

Induction of KTNF was studied on a described in
vitro model of human whole blood culture [9]. Blood
samples (5 ml) from three voluntary donors were
separately diluted 1 in 5 with RPMI 1640 to be
treated with Nm derived LPS (1 Wg ml31) in presence
(500 WM) or absence of LNMMA. KTNF induction
was also studied in mice pre-treated or not with
LNMMA (20 mg kg31, i.p.), and challenged with
Nm derived LPS (50 Wg kg31, i.v.). Cell culture
supernatant and blood samples were respectively col-
lected at di¡erent times and tested for KTNF levels
by the reported L929 bioassay [10].

2.2. Induction of DTH and speci¢c IgG levels

Induction of DTH and speci¢c IgG levels were
studied on 18^20 g and 7 weeks old Balb/c mice
randomised in three groups of ten animals each.
The ¢rst group was not immunised, the second was
inoculated at day 0 and 35 with VA-MENGOC BC0

(250 Wg, i.m.), meanwhile the third group was also
immunised as scheduled for group 2 but 30 min be-
fore each immunisation the mice received a single
dose of LNMMA (10 mg kg31, i.p.). Finally,
56 days after the ¢rst immunisation, DTH was eval-
uated by speci¢c food-pad swelling [11] 48 h after the
injection of Nm derived proteoliposome (50 Wg). At
this point, samples of blood were obtained to eval-
uate the serum speci¢c anti-proteoliposome IgG re-
sponse by ELISA.

2.3. Coculture assay

Coculture assay was carried out on 96 £at well
plates, using 4% (w/v) thioglycolate elicited murine
peritoneal macrophages [12] plated at 2U105 cells/
well in the presence of 2U103 bacteria. Two h before
the addition of the suspension of bacteria, macro-
phages were pre-treated with LNMMA (500 WM)
and/or QIFN (10 WU ml31), or left untreated as con-
trols. Aliquots of cell culture supernatant £uid, after
24 h of coculture at 37³C and 5% CO2, were sequen-
tially diluted and plated (10 Wl) on Franz-Agar me-
dium in order to ¢nally calculate the total number of
colony forming units �13�.

The study of the in vitro stimulatory action of the
N. meningitidis derived proteoliposome on NO pro-
duction was also carried on 4% thioglycolate elicited
murine peritoneal macrophages. Cells were plated at
106 cells ml31 and incubated, for 24 h at 37³C under
5% CO2, with QIFN (1 WU ml31) in the presence of
Nm derived proteoliposome. The Griess reaction [14]
was used to quantify nitrites as an index of NO
production.

The data presented represent the mean and stand-
ard errors of at least triplicate samples from three
separate experiments. Student's t-test statistical dif-
ference was accepted for *P6 0.05 or **P6 0.01.

3. Results

In the ¢rst case (Fig. 1), inhibition of the NO
pathway with LNMMA in the in vitro model of
human whole blood culture leads to a signi¢cant
diminution in the time-curve pro¢le of Nm derived
LPS-induced increase in KTNF levels. Consistently,
even more drastic inhibition was observed (Fig. 2) in
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the in vivo murine model of KTNF induction after
1 h of Nm derived LPS challenge.

Competitive inhibition of NO production with
LNMMA produced a signi¢cant increase in the

number of colony forming units after 24 h of N.
meningitidis coculture with either resting or QIFN
activated macrophages (Fig. 3).

Additionally, murine in vivo inhibition of the NO
pathway during the ¢rst hours of immunisation
with an e¡ective vaccine against N. meningitidis
(VA-MENGOC-BC0) [13,17], leads to a signi¢cant
decrease in both; the speci¢c anti-Nm DTH response
and the anti-Nm IgG level (Fig. 4).

Finally (Fig. 5), the Nm outer membrane derived
proteoliposome, which constitute the essential anti-
genic component of VA-MENGOC-BC0, was able
to potentiate the in vitro production of nitrites from
murine peritoneal macrophages.

4. Discussion

As mentioned above, LPS-induced endotoxic
shock has been related to a very early and transient
increase in KTNF levels [4], which in turn leads to a
sustained high output production of NO as a ¢nal
mediator of severe hypotension and death [5]. How-
ever, the present evidence (Figs. 1 and 2), in agree-
ment with previous reports [10,15], con¢rms that NO
might play also a role in the signal transduction

Fig. 1. E¡ect of LNMMA (500 WM) on LPS (1 Wg ml31) induced
KTNF increase in human whole blood at di¡erent times of cul-
ture (open square). For comparison, control groups of non-
treated (open circles) and LPS-treated without LNMMA (closed
circles) were also assayed. Shown data represent mean and stand-
ard error from three di¡erent experiments. Student's t-test statis-
tical di¡erence was accepted for **P6 0.01.

Fig. 2. E¡ect of LNMMA (20 mg kg31) on serum KTNF in-
crease in mice after 1 h with challenge LPS (50 Wg kg31). Shown
data represent mean and standard error from 10 animals in three
di¡erent experiments. Student's t-test statistical di¡erence was ac-
cepted for **P6 0.01.

Fig. 3. E¡ect of LNMMA (500 WM) on the number of N. menin-
gitidis colony forming units after 24 h of coculture with resting
(open circles, for the left axis) or QIFN (10 WU ml31) activated
murine peritoneal macrophages (closed circles, for the right axis).
Shown data represent mean and standard error from three di¡er-
ent experiments. Student's t-test statistical di¡erence was accepted
for **P6 0.01.
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mechanisms for KTNF induction in response to Nm
derived LPS.

NO is an e¡ector molecule from the innate im-
munity with a broad spectrum of action against bac-
teria, viruses, tumours and fungus [6]. However, all
microorganisms are not equally a¡ected [16]. In the
case of N. meningitidis serogroup B, present results
(Fig. 3) suggest that NO is indeed an important ¢nal
e¡ector mechanism from resting or QIFN activated
macrophages.

Contrary to the general agreement in regard to the
role of NO as a ¢nal e¡ector mechanism of the im-
mune system [18], much less is known about its role
in the early steps driving the development of the two
principal types of immune response. NO induction
by di¡erent experimental adjuvants correlates with a
preferential induction of the TH1 cellular immune
response [19]. However, high NO production, re-
sulted from the TH1 response, might function as a
negative feedback mechanism for switching the im-
mune system toward the TH2 antibody production
[20]. In this study, inhibition of NO pathway during
the early steps of anti-Nm immunisation may pro-
duce a signi¢cant decrease of both the cellular and

the humoral response (Fig. 4). Taken together with
previous reports, it would be possible to speculate
that inhibition of NO might block the ¢nal mecha-
nisms involved in a DTH response at the same time
that suppresses the switching mechanism leading to a
TH2 response.

Results from Fig. 5 are not only in accordance
with previous results, but also might give new ap-
proach to the mechanisms of adjuvancy of
VA-MENGOC-BC0. Further studies would be re-
quired, but absence of correlation observed years
ago between serum antibodies and protective e¤cacy
[21], might be explained by more recent ¢nding [22]
which, in agreement with our present study, might
suggest a concomitant and perhaps more appropriate
development of a TH1 immune response.

The present report illustrates some of the complex
roles of NO in the immune response against N.
meningitidis.

In the ¢rst place it is shown that NO might play a
deleterious role on the induction of KTNF due to
Nm derived LPS, which in turn is known to initiate
the establishment of endotoxic shock. However, at
the same time, it is also shown that NO may play
a bene¢cial role for macrophages anti-Nm bacterici-
dal activity, so that a potential therapeutic manipu-
lation of the NO pathway during sepsis and/or en-

Fig. 5. E¡ect of N. meningitidis derived proteoliposome on nitrite
production from murine peritoneal macrophages in presence of
QIFN (1 WU ml31). Shown data represent mean and standard er-
ror from three separated experiments.

Fig. 4. E¡ect of LNMMA (10 mg kg31), administered 30 min
before each immunisation with VA-MENGOC-BC0 (250 Wg) at
day 0 and 35, on speci¢c anti-N. meningitidis DTH (open circle,
for the left axe) and IgG response (closed circles, for the right
axe). Shown data represent mean and standard error from 10 an-
imals. Student's t-test statistical di¡erence was accepted for
*P6 0.05.
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dotoxic shock should keep in account those very
close and controversial roles. Depending on the pre-
cise momentum, level and compartment, NO might
play a protective or a pathological role. Recent re-
ports suggest that also in humans NO may be play-
ing a signi¢cant role in the bacterial meningococcal
disease [23]. However, to understand the complexity
of all actions of NO in this regard further studies
would be required.

In the second place, here it is suggested that ma-
nipulation of NO pathway might be also important
at the early steps of the immunisation against N.
meningitidis. In this sense, new strategies for the
screening of potential new adjuvants, and for accu-
rate evaluation index of e¤cacy should be explored.
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