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Heat-killed Neisseria meningitidis was found to be a potent mitogen for mouse
splenic lymphocytes. Results obtained with different cell separation techniques
indicated that the bacteria acted to selectively induce proliferation of B lympho-
cytes. First, partial or total depletion of T lymphocytes by treatment with various
anti-T-cell antisera plus complement did not affect the ability of the remaining
spleen cells to proliferate in response to N. meningitidis. Second, T lymphocytes
purified by affinity chromatography through an immunoglobulin-antiimmunoglo-
bulin-coated glass bead column were unresponsive to meningococcal stimulation,
even when provided with a source of macrophages (irradiated or mitomycin C-
treated spleen cells). Finally, treatment of spleen cells with soy bean agglutinin
showed that, whereas the soy bean agglutinin-positive population (B-enriched
lymphocytes) was highly responsive to stimulation by N. meningitidis, the soy
bean agglutinin-negative population (T-enriched lymphocytes) displayed only a
background level of proliferation when exposed to the bacteria. Isolated meningo-
coccal surface antigens such as lipopolysaccharide (LPS) and outer membranes
also possessed mitogenic activity and induced proliferation of B lymphocytes in a
dose-dependent manner. Both LPS and non-LPS components contributed to the
mitogenicity of outer membranes since the addition of outer membrane prepara-
tions to spleen cells from the low LPS responder C3H/HeJ mouse strain gave rise

to a high level of proliferative activity.

The immune response to Neisseria meningiti-
dis has been studied mostly in terms of the
nature and duration of the antibody response
induced by various polysaccharide (2, 3, 6, 7, 9,
10, 16, 22-24, 27, 33, 43, 46, 58) and protein
vaccines (8, 12, 17-19, 35, 47, 59). Extensive
studies have revealed that bactericidal antibod-
ies elicited by these various antigen preparations
can offer protection against disease (12, 17, 19, 22,
43, 46, 47, 59) and may also help prevent oro-
pharyngeal carriage of the organism (4, 28).
Bactericidal activity is associated with immuno-
globulin M (IgM) and IgG complement-fixing
antibodies, whereas non-complement-fixing IgA
antibodies are reported to block the lytic activity
of IgG and IgM (25, 32, 34, 36).

The cellular component of the immune re-
sponse is not as well documented as the humoral
response. Lowell et al. have described antibody-
dependent antimeningococcal activity mediated
by K lymphocytes and monocytes (40, 41). Two
independent groups of workers have also shown
that lymphocyte transformation induced by con-
ventional mitogens and by various isolated mi-
crobial antigens is depressed during the acute
phase of meningococcal meningitis (1, 29).

In this study, the proliferative response of
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murine B and T lymphocytes to whole meningo-
cocci and to isolated surface antigens was exam-
ined. Meningococcal stimulation was found to
give rise to B lymphocyte proliferation, whereas
T lymphocytes remained unresponsive. Both
lipopolysaccharide (LPS) and non-LPS outer
membrane (OM) components contributed to the
mitogenicity of N. meningitidis.

MATERIALS AND METHODS

Animals. Adult male CBA/J and C3H/HeJ mice (6 to
8 weeks old) were obtained from the Jackson Labora-
tory, Bar Harbor, Maine.

Preparation of meningococcal antigens. Three menin-
gococcal antigens were used: whole bacteria, purified
LPS, and isolated OM.

N. meningitidis group B, strain SD1C, was grown at
37°C in Mueller-Hinton broth (Difco Laboratories,
Detroit, Mich.) until the late-logarithmic phase of
growth. The cells were harvested by centrifugation
(8,000 x g for 10 min), suspended in saline, and heat
killed by a 10-min incubation at 80°C. The bacteria
were then washed three times in saline and adjusted to
a working suspension of 1.5 X 10° cells per ml.

Meningococcal LPS was extracted from whole cells
by the phenol-water procedure described by DeVoe
and Gilchrist (14), and OM were isolated as previously
described (53). The protein content of OM prepara-
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tions was determined by the method of Lowry et al.
(42), with bovine serum albumin as a standard.

Lymphocyte separation techniques. A purified T cell
fraction was obtained from spleen cells by affinity
chromatography by the method of Wigzell (57). Brief-
ly, spleen cells (20 x 10° to 30 X 10° per ml) were
applied to a mouse immunoglobulin-rabbit anti-mouse
immunoglobulin-coated glass bead column for the se-
lective removal of cells bearing surface immunoglob-
ulin. T cells not retained by the column were eluted
with phosphate-buffered saline (PBS) and washed ex-
tensively.

A purified B cell population was also obtained from
spleen by selective cytolysis of T lymphocytes with
antiserum plus complement. The following antisera
were used: anti-mouse brain diluted 1/10 (Cedarlane
Laboratories Ltd., Hornby, Ontario, Canada), the
monoclonal antisera anti-Thy 1.2, anti-LyT 1.1, and
anti-LyT 2.1, each diluted 1/1,000 (New England Nu-
clear Corp., Boston, Mass.), and a mixture of anti-
LyT 1.1 and anti-LyT 2.1 diluted 1/500. Spleen cells
were incubated with an appropriate dilution of antiser-
um for 30 min at 37°C. The cells were then pelleted by
centrifugation, suspended in 1 ml of rabbit serum
diluted 1/10 (Low-Tox rabbit complement; Cedarlane),
and incubated for an additional 45 min at 37°C. The
remaining viable lymphocytes were washed three
times in culture medium.

Soy bean agglutination (SBA) was used to obtain
purified B and T cell populations. The procedure used
was a modification of the method of Reisner et al. (49).
Spleen cells were suspended in PBS (4 x 108 cells per
ml), mixed with an equal volume of SBA (2 mg/ml;
Vector Laboratories, Inc., Burlingame, Calif.), and
incubated at room temperature for 15 min. The cells
were then layered on 50% fetal calf serum and left at
room temperature for 20 to 30 min. until the agglutinat-
ed B cells (SBA™) settled to the bottom of the tube. T
cells (SBA™) remaining on top were collected with a
Pasteur pipette. The SBA™ and SBA ™ fractions were
washed three times in 0.2 M galactose and then twice
in PBS.

The purity of the B and T cell fractions obtained by
the various separation techniques was assessed by
mitogenic stimulation of the cells with known B and T
cell mitogens. The T cell mitogens phytohemagglutinin
(PHA) (Wellcome Research Laboratories, Becken-
ham, England) and concanavalin A (ConA) (Pharma-
cia Fine Chemicals, Dorval, Quebec, Canada) were
used at an optimal concentration of 0.5 pg/ml, and
LPS from Escherichia coli serotype O55:B5, a B cell
mitogen (Sigma Chemical Co., St. Louis, Mo.), was
used at a final concentration of 12.5 pg/ml.

Irradiated and mitomycin C-treated spleen cells
were used as a source of macrophages. Spleen cell
suspensions were irradiated in plastic tubes with a
cobalt-60 source (1,512 R). For mitomycin C treat-
ment, 100 X 10° to 300 x 10° spleen cells were
resuspended in S ml of 25 pg of mitomycin C (Sigma
Chemical Co.) per ml and incubated at 37°C for 30 min.
The cells were then pelleted by centrifugation, resus-
pended in 5 ml of PBS and incubated at 37°C for an
additional 10 min. After this step, the cells were
washed four times in PBS and adjusted to the desired
concentration in culture medium.

Lymphocyte stimulation. Mitogens, heat-killed me-
ningococci, isolated OM, meningococcal LPS, or sa-
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line (control) were added to fractionated or unfraction-
ated spleen cells (2 x 10° cells) in the wells of round-
bottom microtiter plates (Flow Laboratories,
Mississauga, Ontario, Canada). The cells were then
cultured in serum-free (unless otherwise specified)
RPMI 1640 medium (Flow Laboratories) supplement-
ed with 20 mM HEPES N-2-hydroxyethylpiperazine-
N'-2-ethanesulfonic acid), 5 x 10~° M 2-mercaptoeth-
anol, 4 mM L-glutamine, 100 U of penicillin per ml,
and 100 pg of streptomycin per ml. Cultures were
maintained at 37°C in a humidified atmosphere of 95%
air-5% CO, for lengths of time ranging from 12 to 96 h.
Six hours before harvesting, the cultures were pulsed
with 1.0 pCi of tritiated thymidine (specific activity 56
Ci/mmol; New England Nuclear). The cells were har-
vested onto glass fiber filters with a multiple sample
harvester (Skatron; Flow Laboratories), and total
[*H]thymidine incorporation was measured by stan-
dard liquid scintillation procedures. Results are ex-
pressed as mean counts per minute + standard error of
the mean (SEM) of triplicate or quadruplicate cultures.

RESULTS

Dose and time dependence of meningococcus-
induced spleen cell proliferation. Figure 1 shows
the results obtained when 2 X 10° unfractionated
CBA/J mouse spleen cells were incubated with
various numbers of heat-killed meningococci.
The bacteria induced spleen cell proliferation in
a dose-dependent manner, and maximum stimu-
lation was obtained with 10° bacteria. A 1-log
increase or decrease in the number of stimulat-
ing bacteria resulted in significantly lower levels
of proliferation.

Spleen cells incubated with an optimal num-
ber of meningococci responded with a [*H]thy-
midine uptake 38-fold higher than the uptake of
control cultures receiving saline instead of bac-
teria. This response was of the same magnitude
as the stimulation obtained with the convention-
al mitogens LPS, PHA, and ConA (Fig. 1).

The kinetics of the proliferative response are
shown in Fig. 2. Spleen cells were incubated
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FIG. 1. Dose dependence of meningococcus-in-
duced spleen cell proliferation. CBA/J spleen cells (2
% 10°) were incubated in serum-free RPMI 1640 medi-
um for 48 h with 10° to 10° heat-killed meningococci or
an equivalent volume of saline. Cultures containing
the mitogens PHA (0.5 pg/ml), ConA (0.5 pg/ml), or
LPS from E. coli (12.5 pg/ml) are also included. Data
are expressed as mean counts per minute + SEM of
quadruplicate cultures.
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FIG. 2. Time dependence of meningococcus-in-
duced spleen cell proliferation. 2 x 10° CBA/J spleen
cells were cultured in the presence (@) or absence (O)
of 10® heat-killed meningococci for various lengths of
time, and [*H]thymidine incorporation measured.
Data shown are the means of triplicate determinations.

with 108 heat-killed meningococci for lengths of
time ranging from 12 to 96 h. Measurement of
[*Hlthymidine incorporation at various time
points showed that peak stimulation occurred
after 48 h of incubation.

Effect of serum on spleen cell proliferation. The
effect of serum addition to the culture medium
was investigated. The proliferative response of
splenocytes incubated with meningococci in cul-
ture medium supplemented with either mouse
serum (MS), human serum (HS), or fetal calf
serum (FCS) was compared to the response
obtained in serum-free medium. As shown in
Table 1, serum from all sources tested possessed
intrinsic mitogenic activity, giving rise to sub-
stantially higher background proliferation,
whereas bacteria-induced proliferation was only
slightly enhanced or, in some instances, even
suppressed (0.5 to 1% MS). Consequently, the
stimulation index was considerably reduced in
the presence of serum. Therefore, serum-free
conditions were used throughout the study.

Characterization of transformed lymphocytes.
To determine whether a particular lymphocyte
subpopulation was being selectively stimulated
by the bacteria, spleen cells were separated by
various techniques into purified B and T cell
populations that were tested for mitogenic re-
sponsiveness to N. meningitidis.

First, a purified B-enriched lymphocyte popu-
lation was obtained from spleen cells by deple-
tion of T lymphocytes with antiserum plus com-
plement as described above. Of the antisera
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used, anti-mouse brain and anti-Thy 1.2 react
with all splenic T cells, whereas anti-LyT 1.1
and anti-LyT 2.1 react specifically with T helper
and T suppressor cells, respectively. As shown
in Fig. 3, partial (anti-LyT 1.1, anti-LyT 2.1) or
total depletion (anti-Thy 1.2, anti-mouse brain,
anti-LyT 1.1 plus anti-LyT 2.1) of T lympho-
cytes from the spleen does not diminish the
mitogenic response triggered by N. meningitidis,
indicating that the remaining non-T lymphocytes
are solely responsible for the proliferative activi-
ty observed.

To support further this finding, T lymphocytes
were purified by affinity chromatography
through an immunoglobulin-antiimmunoglobulin
affinity column by the method of Wigzell (57).
As shown in Table 2, T lymphocytes (T.o)
obtained by this procedure were metabolically
active and proliferated in response to ConA, but
did not repond to stimulation by N. meningitidis.
This T cell unresponsiveness could have been
due to the loss of accessory macrophages re-
tained by the column by virtue of their F.
receptors. However, this did not seem to be the
case, since providing the T, population with a
source of macrophages (irradiated or mitomycin
C-treated spleen cells) failed to restore prolifera-
tive activity in response to N. meningitidis (Ta-
ble 2). The functional integrity of the macro-
phages added was demonstrated by their ability

TABLE 1. Effect of serum on spleen cell

proliferation
[*H]thymidine . .
afl‘:lﬁlig‘n Meningococci  incorporation® S"{:\‘:E::;on
(cpm = SEM)

None + 139,465 = 4,055 - 34.4
- 6,794 + 1,436

0, 25% MS + 141,472 = 5,183 8.6
- 16,463 * 2,799

0, 5% MS + 116,375 * 4,527 10
- 11,694 + 1,343

1% MS + 64,185 = 655 6.9
- 9,282 = 740

1% FCS + 145,492 * 1,662 2.6
- 55,724 = 2,779

5% FCS + 169,689 + 12,573 3.8
- 44,764 + 3,945

10% FCS + 147,732 + 5,287 4
- 36,338 = 959

0.5% HS + 170,221 = 2,060 4.4
- 38,554 = 4,247

1% HS + 169,473 * 3,644 5.3
- 32,029 + 5,592

5% HS + 132,008 = 1,194 13.5

9,746 + 533

¢ Triplicate cultures.
® Stimulation index =

cpm test (meningococci added)

cpm control (without added meningococci)’
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FIG. 3. Stimulation of whole spleen cells and T lymphocyte-depleted spleen cells with heat-killed N.
meningitidis. Equal numbers of CBA/J spleen cells were treated with various anti-T lymphocyte antisera plus
complement (C’), complement alone, or RPMI 1640 medium (untreated) by the procedure described in the text.
Control complement-treated and untreated cells were then resuspended at the desired concentration in RPMI
1640 medium, and the same volume of medium was added to antiserum-treated cells. 2 X 10° control cells or an
equivalent volume from the antiserum-treated cell suspensions were then cultured in quadruplicate for 48 h in the
presence of heat-killed meningococci (10%), E. coli LPS (12.5 ug/ml), PHA (0.5 pg/ml), or ConA (0.5 pg/ml).

to enhance the proliferative response of Ty
lymphocytes to ConA (Table 2). Therefore, it
appeared that the target cell for the mitogenic
action of the meningococcus was a non-T cell.

For further confirmation, a different separa-
tion technique, SBA, was used to obtain purified
B and T cell populations (see above). As shown
in Fig. 4, B cells (SBA™) obtained by this
method were essentially free of T cell contami-
nation, as demonstrated by their lack of reactiv-
ity to PHA and ConA, and were highly respon-
sive to stimulation by N. meningitidis. In
contrast, T cells (SBA™) showed only a back-
ground level of proliferation when exposed to
the bacteria. The addition of SBA* cells to
SBA™ cells restored proliferative activity in
response to meningococcal stimulation. These
results indicate that the mitogenic stimulus of N.
meningitidis is specific for murine B lympho-
cytes.

Mitogenic activity of isolated meningococcal
surface antigens. To define the bacterial compo-
nents responsible for the mitogenic property of
meningococci, purified LPS and OM prepara-
tions were tested for mitogenicity.

Different dilutions of LPS or OM were added
to unfractionated spleen cells and to B-enriched
lymphocyte preparations obtained from anti-
sera-treated spleen cells. Table 3 shows the
results obtained with anti-Thy 1.2 treatment;
similar results were obtained with anti-mouse
brain or anti-LyT 1.1 plus anti-LyT 2.1 treat-
ment. As can be seen, meningococcal LPS and
OM were both highly mitogenic for whole spleen
cells as well as for T lymphocyte-depleted
spleen cells. The magnitude of the proliferative

response obtained was dependent on the dose of
antigen. The optimal concentration of meningo-
coccal LPS was found to be 25 pg/ml, with
higher or lower doses giving rise to reduced
levels of proliferation. In the case of OM, the
lowest concentration tested (37.5 pg of protein
per ml) produced maximal stimulation of the
cells.

Since LPS is an integral component of the OM
of gram-negative bacteria, we next investigated
whether LPS could entirely account for the
blastogenic effect of OM preparations or wheth-
er other membrane components were also in-
volved.

To answer this question, we used C3H/Hel
mice. Because of a genetic defect, these mice
are low responders to the mitogenic properties
of LPS (21, S5S5). C3H/HelJ spleen cells were
incubated with meningococcal LPS, isolated
OM, and whole organisms. [*H]thymidine up-
take was measured after 48 h and compared to
the response obtained with spleen cells from
LPS responder CBA/J] mice. As expected,
spleen cells from the C3H/HelJ strain demon-
strated only a weak proliferative response when
incubated with either meningococcal LPS or
LPS from E. coli (Table 4).

In contrast, C3H/HeJ splenocytes responded
vigorously when stimulated with isolated OM or
whole meningococci, indicating that a compo-
nent(s) other than LPS was stimulating the cells.
CBA/J splenocytes, which can respond to LPS,
attained even higher levels of proliferation when
incubated with these antigen preparations.
Therefore, it appears that LPS does contribute
to the mitogenicity of the meningococcus but
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that other component(s) present in the organ-
ism’s OM are also involved.
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DISCUSSION

The results of this study indicate that N.
meningitidis is a potent mitogen for nonsensi-
tized murine B lymphocytes and that LPS and
non-LPS OM components contribute to the mi-
togenicity of the organism.

Initial experiments with unfractionated spleen
cells showed that meningococcus-induced pro-
liferation was time and dose dependent, with
peak stimulation occurring after 48 h of incuba-
tion with 10® bacteria. The increase in [*H]thy-
midine ihcorporation was best observed under
serum-free conditions, since the addition of MS,
HS, or FCS to the culture medium substantially
increased background proliferation without sig-
nificantly enhancing meningococcus-induced
proliferation (Table 1). MS (0.5 to 1.0%) even
inhibited the response to N. meningitidis. This
effect was not further investigated but could
possibly be due to the presence of cross-reacting
antibodies directed against meningococcal sur-
face antigens (38, 50). Results obtained with
three different cell separation techniques, i.e.,
negative selection with anti-T cell antisera plus
complement, T cell purification through an
immunoglobulin-antiimmunoglobulin  coated
glass bead column, and SBA, indicated that B
lymphocytes were the target cell for the mito-
genic action of the meningococcus. Separate
experiments also showed that thymocytes incu-
bated with meningococci do not demonstrate
any increase in [*H]thymidine incorporation (re-
sult not shown).

Isolated meningococcal surface antigens such
as LPS and OM were shown to be highly mito-
genic for unfractionated as well as T lympho-
cyte-depleted spleen cells (Table 3). The magni-
tude of the proliferative response was dependent
on the dose of antigen. Therefore, it appears that
surface components alone can induce a prolifer-
ative response and that whole organisms are not
required for B cell activation. This observation
is of particular interest, since it has been shown
by DeVoe and Gilchrist (14) that during active
growth of the meningococcus in vitro, OM is
released into the milieu in the form of bleblike
structures, as a result of oversynthesis by the
organism. The occurrence of this phenomenom
in vivo would result in the continuous release of
mitogenically active material and might have a
profound effect on the nature and regulation of
the immune response. Even though this eventu-
ality is proposed on the basis of results obtained
in the murine system, the same possibility exists
in the human system, since whole meningococci
as well as membranous blebs were found to be
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MITOGEN REACTIVITY OF CELL POPULATIONS
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FIG. 4. Stimulation of unfractionated spleen cells and SBA™ and SBA~ lymphocytes with N. meningitidis.
CBA/J spleen cells were treated with SBA by the procedure described in the text. 2 X 10° unfractionated spleen
cells, SBA* cells, SBA™ cells, or SBA™ plus SBA~ cells (1:1 mixture) were then incubated in quadruplicate for
48 h with 10® heat-killed meningococci (sx) or an equivalent volume saline (@), and [*H]thymidine incorporation
measured. *, Background cpm values were subtracted. Standard error was less than 10% for all values shown,
with the exception of PHA-stimulated SBA™ cells (SEM = 17%).

mitogenic for human peripheral blood lympho-
cytes (J. Melancon, unpublished observation).
The nature of the mitogenic components pre-
sent in the meningococcus OM was further
investigated. Advantage was taken of genetical-
ly deficient C3H/HeJ mice, known to be low

responders to the mitogenic property of LPS.
Thus, stimulation of C3H/HeJ splenocytes with
either meningococcal LPS or LPS from E. coli
generated only a weak proliferative response
(Table 4). It is interesting to note that this result
contradicts the proposition of Pier et al. who, on

TABLE 3. Mitogenic effect of isolated meningococcal surface antigens on whole spleen cells and T
lymphocyte-depleted spleen cells

Meningococcal antigen

[PH]thymidine incorporation (cpm * SEM)“

. D
or mitogen ose Untreated Complement alone Anti-Thy 1.2
None 5,632 + 875 3,024 = 578 4,970 + 636
oM 300? 42,674 = 1,434 32,956 + 4,072 19,163 * 2,184
150 71,764 + 5,754 56,675 * 1,269 47,613 + 7,888
75 87,469 * 1,607 79,505 * 7,186 72,939 * 5,345
37.5 89,632 * 5,114 97,389 + 3,346 85,883 = 1,417
N. meningitidis LPS 100 33,553 + 3,259 23,471 * 4,375 27,754 * 2,342
50 58,537 + 1,052 40,672 = 2,508 50,217 = 2,850
25 82,942 + 3,829 73,539 + 6,168 66,495 * 2,404
12.5 76,642 *+ 3,294 70,124 * 7,750 56,668 + 7,749
6.25 71,752 * 4,191 67,159 + 2,989 56,180 + 2,599
E. coli LPS 12.5¢ 68,057 = 1,750 59,608 + 1,505 61,i18 * 2,447
PHA 0.5¢ 141,706 = 9,619 114,030 = 8,815 5,546 + 868
ConA 0.5¢ 134,505 + 4,131 145,063 + 11,791 9,450 *+ 519

< Triplicate cultures.

 Micrograms of protein per milliliter.

¢ Micrograms per milliliter.
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TABLE 4. Mitogenicity of meningococcal surface
antigens for spleen cells from LPS high (CBA/J) and
low (C3H/HeJ) responder mouse strains

[*H]thymidine incorporation

Addition (cpm = SEM)*
CBA/J C3H/He)
None 2,666 + 163 5,279 + 522

Whole menin-
gococci (10%)

OM (37.5 ng
of protein
per ml)

N. meningiti-
dis LPS (25
ng/ml)

E. coli LPS
(12.5 pg/ml)

PHA (0.5
ug/ml)

ConA (0.5
pg/ml)

“ Quadruplicate cultures.

162,496 = 10,949 92,036 + 3,184

118,816 *+ 6,489 51,237 = 3,318

138,603 + 4,522 19,105 = 1,546

107,423 + 4,388 19,584 * 746

99,105 + 3,921 110,091 + 8,803

135,865 + 2,111 136,942 * 6,094

the basis of their work with Pseudomonas aeru-
ginosa LPS, suggested that the refractivity of
C3H/HeJ mice to the biological effects of gram-
negative endotoxins may be limited to entero-
bacterial LPS (48).

When C3H/HeJ splenocytes were incubated
with whole meningococci or isolated OM, con-
siderable proliferative activity was observed
(Table 4), indicating that a component(s) other
than LPS was activating the cells. CBA/J splen-
ocytes, which can respond to LPS, attained an
even greater level of proliferation when incubat-
ed with these antigen preparations. It was there-
fore concluded that both LPS and non-LPS
constituents contributed to the mitogenicity of
OM and whole meningococci. A similar result
was obtained by Rosenthal and Moller (51)
working with Neisseria gonorrhoeae and Neis-
seria pharyngis. This mitogenically active non-
LPS OM component has not been further char-
acterized but most likely is protein or
carbohydrate in nature. Envelope proteins of N.
gonorrhoeae (11), endotoxin protein (26), and
the lipoprotein of the OM of E. coli (44) have all
been reported to possess lymphocyte-transform-
ing activity. Capsular polysaccharides could
also possibly be involved in the mitogenicity of
N. meningitidis.

The significance of the mitogenic property of
the meningococcus as it relates to pathogenesis
remains to be determined. However, polyclonal
activation by B cell mitogens, such as peptido-
glycan and LPS, has been reported to give rise
to the formation of autoantibodies (15, 37). If it
occurs in the host, the generation of autoantibo-
dies by meningococci and their surface antigens
could conceivably play a role in the etiology of
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arthritis caused by N. meningitidis. Arthritis, as
a complication of meningococcemia, occurs in 2
to 11% of patients (52) and is also seen in chronic
meningococcemia (5, 52). Antibiotic therapy
does not appear to influence the course of the
arthritis, and symptoms often do not appear
until after successful control of the meningococ-
cal disease (52, 56). Fluid from the affected
joints usually contains polymorphonuclear and
mononuclear cells but rarely demonstrates the
presence of microorganisms (52, 56). The ab-
sence of meningococci at the site of inflamma-
tion has led to the suggestion that meningococ-
cal arthritis, like rheumatoid arthritis, has an
immunological basis. A role for immune com-
plexes has been proposed, but the presence of
meningococcal antigen-antibody complexes in
serum and/or synovial fluid has been reported in
only a few cases (13, 30, 31, 39). The involve-
ment of autoantibodies in the pathogenesis of
meningococcal arthritis is a possibility that de-
serves further consideration.

It is also interesting that B cell mitogenicity in
other bacteria, e.g., Mycobacterium bovis (54),
Listeria monocytogenes (45), and P. aeruginosa
(20), has been associated with impaired immun-
oregulation leading to immunosuppression in
injected animals. Further investigation will be
required to determine the effect of the meningo-
coccus on the immune system of the host.

ACKNOWLEDGMENTS

This work was supported by Medical Research Council of
Canada grants MT-5878 and MA-6470. J.M. is the recipient of
a studentship from the Medical Research Council of Canada.

LITERATURE CITED

1. Andersen, V., N. E. Hansen, H. Karle, I. Lind, N. Hiby,
and B. Weeke. 1976. Sequential studies of lymphocyte
responsiveness and antibody formation in acute bacterial
meningitis. Clin. Exp. Immunol. 26:469-477.

2. Artenstein, M. S. 1971. Meningococcal infections. 5. Du-
ration of polysaccharide-vaccine-induced antibody. Bull.
W. H. O. 45:291-293.

3. Artenstein, M. S., W. C. Branche Jr., J. G. Zimmerly,
R. L. Cohen, E. C. Tramont, D. L. Kasper, and C. Har-
kins. 1971. Meningococcal infections. 3. Studies of group
A polysaccharide vaccines. Bull. W. H. O. 45:283-286.

4. Artenstein, M. S., R. Gold, J. G. Zimmerly, F. A. Wyle,
H. Schneider, and C. Harkins. 1970. Prevention of menin-
gococcal disease by group C polysaccharide vaccine. N.
Engl. J. Med. 282:417-420.

S. Benoit, F. L. 1963. Chronic meningococcemia. Case re-
port and review of the literature. Am. J. Med. 35:103-112.

6. Beuvery, E. C., A. B. Leussink, R. W. Van Delft, R. H.
Tiesjema, and J. Nagel. 1982. Immunoglobulin M and G
antibody responses and persistence of these antibodies in
adults after vaccination with a combined meningococcal
group A and group C polysaccharide vaccine. Infect.
Immun. 37:579-585.

7. Beuvery, E. C., F. van Rossum, and J. Nagel. 1982.
Comparison of the induction of immunoglobulin M and G
antibodies in mice with purified pneumococcal type 3 and
meningococcal group C polysaccharides and their protein
conjugates. Infect. Immun. 37:15-22.

8. Bisaillon, J. G., G. McSween, V. Portelance, D. Kluepfel,



478

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

MELANCON, MURGITA, AND DEVOE

and V. V. Micusan. 1982. Evaluation of the immunogenic-
ity of a CaCl, extract from Neisseria meningitidis group
Y. Can. J. Microbiol. 28:1022-1031.

. Brandt, B. L., and M. S. Artenstein. 1975. Duration of

antibody responses after vaccination with group C Neis-
seria meningitidis polysaccharide. J. Infect. Dis. 131:569—
s72.

Brandt, B. L., M. S. Artenstein, and C. D. Smith. 1973.
Antibody responses to meningococcal polysaccharide
vaccines. Infect. Immun. 8:590-596.

Brodeur, B. R., W. M. Johnson, B. B. Diena, L. P.
Visentin, and K. G. Johnson. 1977. Mitogenic activity of
Neisseria gonorrhoeae surface antigens in mouse splenic
lymphocyte culture. Can. J. Microbiol. 23:1154-1160.
Craven, D. E., and C. E. Frasch. 1979. Protection against
group B meningococcal disease: evaluation of serotype 2
protein vaccines in a mouse bacteremia model. Infect.
Immun. 26:110-117.

Davis, J. A. S., N. Peters, I. Mohammed, G. A. C. Major,
and E. J. Holborow. 1976. Circulating immune complexes
in a patient with meningococcal disease. Br. Med. J.
1:1445-1446.

DeVoe, 1. W., and J. E. Gilchrist. 1973. Release of
endotoxin in the form of cell wall blebs during in vitro
growth of Neissera meningitidis. J. Exp. Med. 138:1156—
1167.

Dziarski, R. 1982. Preferential induction of autoantibody
secretion in polyclonal activation by peptidoglycan and
lipopolysaccharide. II. In vivo studies. J. Immunol.
128:1026-1030.

Farquhar, J. D., W. A. Hankins, A. N. DeSanctis, J. L.
DeMeio, and D. P. Metzgar. 1977. Clinical and serological
evaluation of purified polysaccharide vaccines prepared
from Neisseria meningitidis group Y (39828). Proc. Soc.
Exp. Biol. Med. 155:453-455.

Frasch, C. E. 1977. Role of protein serotype antigens in
protection against disease due to Neisseria meningitidis.
J. Infect. Dis. 136:s81-s90.

Frasch, C. E., and M. S. Peppler. 1982. Protection against
group B Neisseria meningitidis disease: preparation of
soluble protein and protein-polysaccharide immunogens.
Infect. Immun. 37:271-280.

Frasch, C. E., and J. D. Robbins. 1978. Protection against
group B meningococcal disease. III. Immunogenicity of
serotype 2 vaccines and specificity of protection in a
guinea pig model. J. Exp. Med. 147:629-644.

Garzelli, C., V. Colizzi, M. Campa, L. Bozzi, and G.
Falcone. 1979. Depression of the antibody response in
Pseudomonas aeruginosa-injected mice. Infect. Immun.
24:32-38.

Glode, L. M., and D. L. Rosenstreich. 1976. Genetic
control of B cell activation by bacterial lipopolysaccharide
is mediated by multiple distinct genes or alleles. J. Im-
munol. 117:2061-2066.

Gold, R., and M. S. Artenstein. 1971. Meningococcal
infections. 2. Field trial of group C meningococcal poly-
saccharide vaccine in 1969-70. Bull. W. H. O. 45:279-
282.

Gold, R., M. L. Lepow, I. Goldschneider, T. F. Draper,
and E. C. Gotschlich. 1978. Antibody responses of human
infants to three doses of group A Neisseria meningitidis
polysaccharide vaccine administered at two, four, and six
months of age. J. Infect. Dis. 138:731-735.

Gold, R., M. L. Lepow, I. Goldschneider, and E. C.
Gotschlich. 1977. Immune response of human infants to
polysaccharide vaccines of groups A and C Neisseria
meningitidis. J. Infect. Dis. 136:s31-s35.

Goldschneider, 1., E. C. Gotschlich, and M. S. Artenstein.
1969. Human immunity to the meningococcus. I. The role
of humoral antibodies. J. Exp. Med. 129:1307-1326.
Goodman, G. W., and B. M. Sultzer. 1979. Endotoxin
protein is a mitogen and polyclonal activator of human B
lymphocytes. J. Exp. Med. 149:713-723.

Gotschlich, E. C., 1. Goldschneider, and M. S. Artenstein.
1969. Human immunity to the meningococcus. IV. Immu-

28.

29.

30.

31.

32

33.

34.

3s.

36.

37.

38.

39.

41.

42.

43.

45.

INFECT. IMMUN.

nogenicity of group A and group C meningococcal poly-
saccharides in human volunteers. J. Exp. Med. 129:1367-
1384.

Gotschlich, E. C., 1. Goldschneider, and M. S. Artenstein.
1969. Human immunity to the meningococcus. V. The
effect of immunization with meningococcal group C poly-
saccharide on the carrier state. J. Exp. Med. 129:1385-
1395.

Greenwood, B. M., A. J. Oduloju, and M. A. Ade-Serrano.
1979. Cellular immunity in patients with meningococcal
disease and in vaccinated subjects. Clin. Exp. Immunol.
38:9-15.

Greenwood, B. M., 1. I. Onyewotu, and H. C. Whittle.
1976. Complement and meningococcal infection. Br.
Med. J. 1:797-799.

Greenwood, B. M., H. C. Whittle, and A. D. M. Bryceson.
1973. Allergic complications of meningococcal disease. II.
Immunological investigations. Br. Med. J. 2:737-740.
Griffiss, J. M., and M. A. Bertram. 1977. Immunoepide-
miology of meningococcal disease in military recruits. II.
Blocking of serum bactericidal activity by circulating IgA
early in the course of invasive disease. J. Infect. Dis.
136:733-739.

Griffiss, J. M., B. L. Brandt, and D. D. Broud. 1982.
Human immune response to various doses of group Y and
W135 meningococcal polysaccharide vaccines. Infect. Im-
mun. 37:205-208.

Griffiss, J. M., D. D. Broud, and M. A. Bertram. 1975.
Bactericidal activity of meningococcal antisera. Blocking
by IgA of lytic antibody in human convalescent sera. J.
Immunol. 114:1779-1784.

Hill, J. C., and E. Weiss. 1974. Protein fraction with
immunogenic potential and low toxicity isolated from the
cell wall of Neisseria meningitidis group B. Infect. Im-
mun. 10:605-615.

Hobbs, J. R., R. D. G. Milner, and P. J. Watt. 1967.
Gamma-M deficiency predisposing to meningococcal sep-
ticemia. Br. Med. J. 4:583-586.

Izui, S., N. M. Zaldivar, I. Scher, and P. H. Lambert.
1977. Mechanism for induction of anti-DNA antibodies by
bacterial lipopolysaccharides in mice. I. Anti-DNA induc-
tion by LPS without significant release of DNA in circu-
lating blood. J. Immunol. 119:2151-2156.

Kasper, D. L., J. L. Winkelhake, W. D. Zollinger, B. L.
Brandt, and M. S. Artenstein. 1973. Immunochemical
similarity between polysaccharide antigens of Escherichia
coli 07:K1(L):NM and group B Neisseria meningitidis. J.
Immunol. 110:262-268.

Larson, H. E., K. G. Nicholson, G. Loewi, D. A. J.
Tyrrell, and J. Posner. 1977. Arthritis after meningococcal
meningitis. Br. Med. J. 1:618.

. Lowell, G. H., L. F. Smith, M. S. Artenstein, G. S. Nash,

and R. P. MacDermott, Jr. 1979. Antibody-dependent
cell-mediated antibacterial activity of human mononuclear
cells. I. K lymphocytes and monocytes are effective
against meningococci in cooperation with human immune
sera. J. Exp. Med. 150:127-137.

Lowell, G. H., L. F. Smith, J. M. Griffiss, B. L. Brandt,
and R. P. MacDermott. 1980. Antibody-dependent mono-
nuclear cell-mediated antimeningococcal activity: com-
parison of the effects of convalescent and postimmuniza-
tion immunoglobulins G, M, and A. J. Clin. Invest.
66:260-267.

Lowry, O. H., N. J. Roseborough, A. L. Farr, and R. J.
Randall. 1951. Protein measurement with the Folin phenol
reagent. J. Biol. Chem. 193:265-275.

Miikeld, P. H., H. Peltola, H. Kiiyhty, H. Jousimies, O.
Pettay, E. Ruoslahti, A. Sivonen, and O.-V. Renkonen.
1977. Polysaccharide vaccines of group A Neisseria men-
ingitidis and Haemophilus influenzae type b: a field trial in
Finland. J. Infect. Dis. 136:543-s50.

. Melchers, F., V. Braun, and C. Galanes. 1975. The lipo-

protein of the outer membrane of Escherichia coli: a B-
lymphocyte mitogen. J. Exp. Med. 142:473-482.
Otokunefor, T. V., and S. B. Galsworthy. 1982. Immuno-



VoL. 42, 1983

47.

48.

49.

50.

51.

suppression, nonspecific B-cell activation, and mitogenic
activity associated with a high molecular weight compo-
nent from Listeria monocytogenes. Can. J. Microbiol.
28:1373-1381.

. Peltola, H., P. H. Mikeld, H. Kiyhty, H. Jousimies, E.

Herva, K. Hallstrom, A. Sivonen, O.-V. Renkonen, O.
Pettay, V. Karanko, P. Ahvonen, and S. Sarna. 1977.
Clinical efficacy of meningococcus group A capsular
polysaccharide vaccine in children three months to five
years of age. N. Engl. J. Med. 297:686-691.

Peppler, M. S., and C. E. Frasch. 1982. Protection against
group B Neisseria meningitidis disease: effect of sero-
group B polysaccharide and polymyxin B on immunoge-
nicity of serotype protein preparations. Infect. Immun.
37:264-270.

Pier, G. B., R. B. Markham, and D. Eardley. 1981.
Correlation of the biologic responses of C3H/HeJ mice to
endotoxin with the chemical and structural properties of
the lipopolysaccharides from Pseudomonas aeruginosa
and Escherichia coli. J. Immunol. 127:184-191.

Reisner, Y., A. Ravid, and N. Sharon. 1976. Use of
soybean agglutinin for the separation of mouse B and T
lymphocytes. Biochem. Biophys. Res. Commun.
72:1585-1591.

Robbins, J. B., R. Schneerson, T. Y. Liu, M. S. Schiffer,
G. Schiffman, R. L. Myerowitz, G. H. McCracken, Jr., 1.
Orskov, and F. Orskov. 1974. Cross-reacting bacterial
antigens and immunity to disease caused by encapsulated
bacteria. p. 218-241. In E. Neter and F. Milgram (ed.),
The immune system and infectious diseases. S. Karger,
Basel.

Rosenthal, L., and E. Moller. 1978. Specific and non-

B LYMPHOCYTE ACTIVATION BY N. MENINGITIDIS

52.
53.

54.

55.

56.

57.

58.

59.

479

specific activation of human and mouse lymphocytes in
vitro by pathogenic and apathogenic Neisseria strains.
Scand. J. Immunol. 7:321-329.

Schaad, U. B. 1980. Arthritis in disease due to Neisseria
meningitidis. Rev. Infect. Dis. 2:880—888.

Simonson, C., T. Trivett, and I. W. DeVoe. 1981. Energy-
independent uptake of iron from citrate by isolated outer
membranes of Neisseria meningitidis. Infect. Immun.
31:547-553.

Sultzer, B. M. 1978. Infection with Bacillus Calmette-
Guerin activates murine thymus-independent (B) lympho-
cytes. J. Immunol. 120:254-261.

Watson, J., K. Kelly, M. Largen, and B. A. Taylor. 1978.
The genetic mapping of a defective LPS response gene in
C3H/HeJ mice. J. Immunol. 12:422-424.

Whittle, H. C., M. T. Abdullahi, F. A. Fakunle, B. M.
Greenwood, A. D. M. Bryceson, E. H. O. Parry,and J. L.
Turk. 1973. Allergic complications of meningococcal dis-
ease. I. Clinical aspects. Br. Med. J. 2:733-737.

Wigzell, H. 1976. Specific affinity fractionation of lympho-
cytes using glass or plastic bead columns. Scand. J.
Immunol. 5(Suppl. 5):23-30.

Wyle, F. A., M. S. Artenstein, B. L. Brandt, E. C. Tra-
mont, D. L. Kasper, P. L. Altieri, S. L. Berman, and J. P.
Lowenthal. 1972. Immunologic response of man to group
B meningococcal polysaccharide vaccines. J. Infect. Dis.
126:514-522.

Zollinger, W. D., R. E. Mandrell, P. Altieri, S. Berman, J.
Lowenthal, and M. S. Artenstein. 1978. Safety and immu-
nogenicity of a Neisseria meningitidis type 2 protein
vaccine in animals and humans. J. Infect. Dis. 137:728-
739.



