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Abstract

Neutrophils are often seen first at sites of granulomatous in-
flammation but their contribution to monocyte recruitment and
granuloma formation is unknown. Wetested the hypothesis that
neutrophils release chemotaxins which attract monocytes. We
found that rapid accumulations of fluid and influxes of neutrophils
followed by monocytes occurred in bacillus Calmette-Guerin
(BCG)-sensitized rabbits given BCGintrapleurally but did not
occur in nitrogen mustard-treated (neutropenic) BCG-sensitized
rabbits given BCGintrapleurally-unless the rabbits were also
given intrapleural injections of neutrophils. We also found
monocyte chemotaxins in pleural spaces of control and neutro-
phil-reconstituted neutropenic but not in neutropenic rabbits
given BCG intrapleurally. Moreover, pleural fluid monocyte
chemotaxins had molecular weights (12,000-15,000 and 1,000)
that were similar to molecular weights of monocyte chemotaxins
present in supernatants from mixtures of neutrophils and BCG
in vitro. In addition, intrapleural injection of neutrophils and
BCGor supernatants from in vitro mixtures of neutrophils and
BCG(but not neutrophils or BCGalone) increased the numbers
of monocytes and 3H cell pellet activity in pleural fluids from
untreated neutropenic rabbits or neutropenic rabbits previously
injected intravenously with 3[H]methyl thymidine-labeled mono-
cytes. Furthermore, fewer BCGwere recovered from pleural
fluids of BCG-sensitized control compared to neutropenic rabbits
given BCG, and at autopsy 10 d after instillation of BCG, control
but not neutropenic rabbits had well-defined granulomas without
adhesions on their pleural surfaces. Our results suggest that
BCGstimulates neutrophils to release chemotaxins that recruit
monocytes, and that these responses might contribute to gran-
uloma formation in tuberculous pleurisy.

Introduction

Macrophages are characteristically seen in granulomas in tu-
berculosis and other chronic inflammatory diseases. These mac-
rophages probably originate from circulating blood monocytes
(1, 2), but the mechanisms responsible for their recruitment re-
main poorly defined (3). For example, although several inves-
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tigations have implicated T lymphocyte-derived chemotactic
factors in attracting and localizing monocytes to foci of tuber-
culous infection (4), a dissociation exists between macrophage
accumulation and lymphocyte-derived chemotactic activity in
granulomatous inflammatory sites (5). Furthermore, in many
other types of granulomatous inflammation, such as that pro-
duced by beryllium, development of delayed hypersensitivity
does not appear necessary for production of granulomas. Because
neutrophils are the first cells to appear in tuberculous exudates
(6) and because neutrophils can release potent inflammatory
mediators, we hypothesized that neutrophils might initiate in-
flammatory responses to tubercle bacilli by releasing chemotaxins
which attract monocytes. Our results supported this premise.
Briefly, we found that intrapleural instillation of bacillus Cal-
mette-Guerin (BCG) caused an influx of monocytes into pleural
fluids of control and neutrophil-reconstituted neutropenic but
not into pleural fluids of neutropenic BCG-sensitized rabbits.
In addition, after stimulation with BCG, neutrophils released
chemotaxins for monocytes in vitro that had molecular weights
that were similar to monocyte chemotaxins recovered from
pleural spaces of control but not neutropenic BCG-sensitized
rabbits given BCGintrapleurally. Finally, intrapleural injection
of neutrophils and BCGor supernatants from mixtures of neu-
trophils and BCGin vitro caused accumulations of monocytes
or increased cell pellet 3H activity in pleural fluids from untreated
neutropenic rabbits or neutropenic rabbits previously injected
intravenously with 3[H]thymidine-labeled monocytes.

Methods

Purchase and care of rabbits. Healthy, New Zealand white rabbits (2.5
kg) were purchased from a private rabbit supplier, fed standard rabbit
laboratory diet and water ad lib, and kept in special quarters to avoid
infection.

Recovery and purification of rabbit and human neutrophils. Blood
for isolation of neutrophils was collected by arterial bleeding of rabbits
or venipuncture of healthy, drug-free human subjects, placed in hepa-
rinized plastic syringes, and sedimented with dextran. Neutrophils were
then purified by differential centrifugation on Ficoll-Hypaque (7, 8).
Contaminating erythrocytes were removed by brief exposure to hypo-
tonicity. Leukocyte pellets were then washed twice. This procedure yielded
neutrophil-rich (>95%) preparations that contained few lymphocytes
(4%) or monocytes (1%) (7, 8).

Recovery and purification of rabbit and human monocytes. Heparin-
ized peripheral venous blood was centrifuged on Ficoll-Hypaque (9).
The procedure yielded triply washed preparations that contained >95%
mononuclear cells.

Preparation of serum. Serum was obtained by venipuncture from
rabbits or human donors, allowed to clot, rimmed, recovered by cen-
trifugation, pooled, and frozen at -70° for no more than I mo (10).

3[HJmethyl thymidine labeling of rabbit monocytes. Mononuclear
cells were separated from the peripheral venous blood of BCG-sensitized
rabbits. Monocytes were separated from lymphocytes by adherence to a
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glass petri dish for 1 h. Monocytes (nonspecific esterase staining) were
then incubated for 2.5 h at 370C with 3[H]methyl thymidine (New En-
gland Nuclear, Boston, MA) at a concentration of 200 ,Ci/106 mono-
nuclear cells. Unincorporated methyl thymidine was removed by diluting
the sample with 10 ml of Hanks' balanced salt solution (HBSS) at 4VC
and centrifuging at 1,000 g at 4VC. This wash cycle was repeated four
times. A final concentration of 1 X 10 cells/ml of buffer was made.

Preparation of BCG. BCG(Glaxo, Inc., Research Triangle Park, NC)
were obtained from the Trudeau Collection and plated fresh for each
experiment on Middlebrook 7-H- 1 medium (Difco Laboratories, Inc.,
Detroit, MI). For most studies, BCGwere harvested and suspended in
0.9% saline at a concentration of 1 X 106 BCGcolony-forming units
(CFU)' per ml.

Sensitization of rabbits with BCG. New Zealand white rabbits are
resistant to Mycobacterium tuberculosis but are susceptible and react to
bovine forms of tubercle bacilli with responses characteristically seen in
human infection with M. tuberculosis (I 1, 12). Rabbits were sensitized
by injection of BCG(I X 106 CFU) intradermally on the left leg. Im-
munized rabbits developed 0.4-1-mm ulcerating lesions at injection sites
within 1-12 d. Sensitization to BCGwas confirmed 3 wk later by the
finding of indurations of 10 mmor greater 48 h after administration of
a challenge of 0.1 ml of protein-purified derivative on the shaved skin
of the right leg.

Production of BCGpleurisy in rabbits. Under aseptic conditions and
local anesthesia with xylocaine, an 18-gauge catheter, capped with a rub-
ber stopper to prevent air entry, was briefly placed percutaneously into
the eighth intercostal space and BCG(4 X 106 CFUJ suspended in 4 ml
of saline) were instilled into the pleural space (13, 14).

Analysis of pleuralfluids. Thoracenteses were done percutaneously
on the same rabbit for each determination (15). Aliquots of pleural fluid
were spun at 2,500 g, filtered through a nalgene filter (0.2 Am), and then
frozen at -70'C for assay of chemotactic activity or analysis of 3H activity.
Differential cell counts on samples of pleural fluid were done by analyses
of slides stained by modified Papanicolaou technique. Pleural fluid cells
were characterized by using the following criteria (16). Neutrophils were
identified by their typical multilobed nucleus and their coarse cytoplasmic
pseudoeosinophilic granules. Monocytes were similar to peripheral blood
monocytes. They measured 10-15 Am in diameter, had nuclear cyto-
plasmic ratios of 1:2, were greyish-green, had cytoplasms without any
inclusions, and were stainable with a-napthyl acetate esterase. Macro-
phages were distinguishable from monocytes by being larger and having
foamy vacuolated cytoplasms. Lymphocytes measured 8-10 tlm, had
sharply demarcated margins, large nuclear-cytoplasmic ratios, and were
not stainable with a-napthyl acetate esterase.

Treatment of rabbits with nitrogen mustard. Neutropenia was induced
in rabbits by pretreatment with a single dose of nitrogen mustard (0.75
mg/kg, Merck, Sharp & Dohme Laboratories, West Point, PA) 60 h
before intrapleural injection of BCG(4 X 106 CFU) (17). After treatment,
neutrophil counts decreased to <100/mm3 by 60 h and usually remained
<200/mm3 for the next 72 h. In reconstitution experiments, normal
neutrophils (4 X 106 in 4 ml of saline) from control rabbits or supernatants
(4 ml) from mixtures of BCGand/or neutrophils in vitro were injected
into pleural spaces of BCG-sensitized neutropenic rabbits.

Injection of rabbits with 3I[H]methyl thymidine-labeled rabbit mono-
cytes and measurements ofpleuralfluid cell pellet 3Hactivity. Immediately
after intrapleural instillation of BCGand neutrophils, supernatants from
mixtures of BCG, and neutrophils in vitro, BCG-sensitized rabbits were
given intravenous injections of 2 X 107 rabbit monocytes which had
been previously labeled with 30,000 counts of 3[Hjmethyl thymidine.
Pleural fluid was then obtained by serial thoracenteses and centrifuged
at 1,000 g for 10 min at 40C. The supernatant was then aspirated, the
cell pellet was resuspended in HBSS, and the sample was centrifuged at
1,000 g. This cycle was repeated four times. Afterwards, the pleural fluid
cell pellet was finally resuspended in 0.01 MKPO4, pH 7.5, containing
1%Triton X-100. This sample was added to 10 ml of 3a70 scintillation
fluid (Research Products International Corp., Mount Prospect, IL) and

1. Abbreviation used in this paper: CFU, colony-forming unit.

counted in a Beckman Instruments LF 9800 scintillation counter (Palo
Alto, CA) (60% efficiency).

Incubation of BCGand neutrophils in vitro. Washed purified human
or rabbit neutrophils were suspended in 0.9% saline and incubated with
optimal numbers of BCG(1:50 ratios) for optimal durations (4 h) at
370C. In some experiments, washed BCGthat had been preopsonized
by incubation in 50%serum for 0.5 h were used (18). To evaluate whether
protein synthesis was necessary for chemotaxin production, cyclohexi-
mide (20 Ag/ml) was added to mixtures of neurophils and BCGbefore
or after the 4-h incubation (19). In some experiments, rabbit peripheral
blood neutrophils were disrupted by repeated freeze thawing and fractions
were extracted by ultracentrifugation. These fractions were evaluated for
their chemotactic activity for monocytes.

Measurement of chemotactic activity. Chemotactic activity for
monocytes was assessed using modified Boyden chambers equipped with
Millipore filters (8 Mmpore size, Millipore Corp., Chicago, IL). Briefly,
supernatants from pleural fluids, mixtures from neutrophils, and BCG
in vitro or their controls were added to lower compartments of the
chambers. Standard suspensions of 1.5 X 1O6 monocytes/ml were then
introduced into the upper compartments. The chambers were then in-
cubated at 370C in humidified air for 3 h. After incubation, the filters
were removed, fixed, and treated with a-napthyl acetate esterase in order
to identify monocytes (Sigma Chemical Co. Technical Bulletin No. 90,
St. Louis, MO). After staining, filters were placed on glass cover slips,
air dried, and mounted on glass slides. Chemotaxis was quantitated by
counting the total number of monocytes in 10 high power oil immersion
fields in 10 locations on each of three filters from separate experiments
performed in triplicate. Chemotactic activity was expressed as the number
of monocytes per oil immersion field reaching the lower surface of the
filters. To determine whether migration of monocytes across the filters
in response to supernatants was due to directed migration (chemotaxis)
and/or increased random migration (chemokinesis), a checkerboard
analysis was done by adding chemotactic fractions from supernatants to
upper and lower compartments (20).

Characterization of chemotaxins for monocytes. Supernatants from
pleural fluids, mixtures of BCG, and neutrophils in vitro or their controls
were applied to Sephadex G-50 columns calibrated with ovalbumin
(45,000 mol wt, Sigma Chemical Co.), cytochrome c (12,500 mol wt
Sigma), and Bacitracin (1,450 mol wt, Pharmacia Fine Chemicals, Pis-
cataway, NJ) and eluted with HBSS. Eluted fractions were tested- for
their chemotactic activity for monocytes as a function of their molecular
weights as described above. In some experiments, eluted fractions from
supernatants from pleural fluids or in vitro mixtures of BCGand neu-
trophils were incubated for 24 h with trypsin (Sigma Chemical Co., 1
mg/ml), treated with Streptomyces griseus protease (Sigma Chemical
Co., final concentration of 200 Ag/ml), or heated at 56°C for 30 min
before assay for their chemotactic activity for monocytes. In some ex-
periments, soybean trypsin inhibitor was added to inactivate trypsin prior
to assay for chemotaxis.

Statistical analysis. Statistical analysis was done using analysis of
variance and two-tailed Student's t tests.

Results

Accumulation offluid and inflammatory cells in pleural spaces
of BCG-sensitized rabbits given intrapleural BCG. Intrapleural
injection of BCGrapidly increased the volumes of fluid recovered
from pleural spaces of BCG-sensitized rabbits. For example,
4.0±0.4, 5.9±0.6, 2.4±0.3, 2.0±0.3, or 1.8±0.4 ml of fluid were
recovered 4, 24, 48, 72, or 120 h, respectively, from pleural
spaces of BCG-sensitized rabbits injected intrapleurally with
BCG. In contrast, throughout the 120-h experiment, significantly
(P < 0.05) smaller volumes of pleural fluid were obtained from
BCG-sensitized rabbits that received intrapleural saline
(<1.0±0.4 ml), unsensitized rabbits that received intrapleural
BCG(<1.0±0.4 ml), or rabbits that received saline (<0.4±0.2
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Figure 1. Accumulation of neutrophils and macrophages
spaces of BCG-sensitized rabbits given BCGintrapleurall
pleural instillation of BCG, neutrophils (o) accounted for
total cells recovered from pleural spaces of BCG-sensitize
the first 24 h; by 72 h after injection of BCG, macrophag
tuted >60% of the cells. Each point is the mean± 1 SE of
more individual determinations.
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Figure 3. Monocyte chemotactic activity of supernatants from pleural
fluids from BCG-sensitized rabbits given BCGintrapleurally. After in-
trapleural instillation of BCG, pleural fluid chemotactic activity for
monocytes was greater (P < 0.05) in supernatants from BCG-sensi-
tized control rabbits ( -a) and BCG-sensitized neutropenic rabbits
with pleural spaces reconstituted with neutrophils (A- - - A) than in su-
pernatants from nonreconstituted BCG-sensitized neutropenic rabbits

---). Each point is the mean± I SE of eight or more individual
determinations. HPF, high power field.

cycloheximide decreased (P < 0.05) production of chemotaxins
for monocytes (Fig. 6). However, addition of cycloheximide after
incubation of BCGand neutrophils in vitro did not decrease
the chemotactic activity for monocytes of these supernatants.
The latter suggests that cycloheximide does not directly interfere
with already formed chemotaxins for monocytes (Fig. 6).

Chemotaxins for monocytes in supernatants from pleural
fluids (in vivo) or mixtures of neutrophils and BCGin vitro had
similar molecular weights (Fig. 7). In both cases, two areas of
chemotactic activity for monocytes were prominent. One was a
relatively small molecule of < 1,000 mol wt; the other was be-
tween 12,000 and 15,000 mol wt. Addition of cycloheximide-
inhibited production ofboth fractions and chemotactic activity.
Whendiluted by 50%, eluted in vivo and in vitro fractions had
significantly (P < 0.05) more chemotactic activity for monocytes
(respectively, 63±1% and 62±5% of chemotactic responses pro-
duced by zymosan-activated serum) than for neutrophils (14±6%
and 9±3%, respectively). When diluted to 5%, fractions from

so F-
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Table L Migration of Rabbit Blood Monocytes In Vitro toward
Chemotactic Fractions from Supernatants of Pleural
Fluids from BCG-sensitized Rabbits Given Intrapleural BCG*

Concentration of Concentration of supernatant above filter (%)
supernatant
below filter 0 25 50 75 100

% migrated cells/10 HPF

0 12±6 19±4 18±6 16±8 17±6

25 42 ±5 27+2 24±7 21±5

50 61±3 44± 28 25±4 20±3

75 74±8 66±5 53±3

100 88±7 75±6 58±7 496 384

HPF, high power field.
* The diagonal column represents migration of monocytes in the ab-
sence of a chemoattractant gradient (chemokinesis). The values below
the diagonal represent migration in the presence of a positive gradient
(chemotaxis).
t Values given± 1 SEM.

pleural fluids or in vitro mixtures still had less chemotactic ac-
tivity for neutrophils (5±3% or 2±1%, respectively) whereas
chemotactic activity for monocytes remained at 45±7% or
49±8%, respectively. Supernatants from sonicated neutrophils
from control or BCG-sensitized rabbits did not contain signifi-
cant chemotactic activity (14±3%) for monocytes compared to
supernatants from mixtures of neutrophils and BCGin vitro
(65±12%). More macrophages were recovered from pleural fluids
from neutropenic rabbits injected intrapleurally with supernates
from mixtures of BCGand neutrophils in vitro than from rabbits
injected with supernatants from in vitro mixtures of heat-killed
neutrophils and BCG, neutrophils or BCG(Fig. 8). Eluted frac-

CHEMOTACTICINDEX
(MONOCYTES/10HPF)

RI

SUPERNATANT8 BCC AND
FROM: NEUTROPHLS

NEUTROPHILS ncc

Figure 4. Relationship between monocyte chemotactic activity and
numbers of neutrophils in pleural fluids from BCG-sensitized rabbits
given BCGintrapleurally. Pleural fluid chemotactic activity for mono-
cytes correlated (P < 0.001, r = 0.960) with the absolute numbers of
neutrophils recovered from pleural spaces of BCG-sensitized rabbits
given intrapleural BCG. Each point is the mean± I SE of eight or
more individual determinations. HPF, high power field.

Figure 5. Monocyte chemotactic activity in supernatants from mix-
tures of neutrophils and BCGin vitro. Supernatants diluted 50% in
HBSSfrom in vitro mixtures of BCGand neutrophils in vitro had sig-
nificantly more (P < 0.01) chemotactic activity for monocytes than
supernatants from mixtures of BCGor neutrophils alone. Each point
is the mean±SE of six to eight individual determinations. HPF, high
power field.
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Table II. Migration of Rabbit Blood Monocytes In Vitro
toward Chemotactic Fractions Eluted from Suipernatants
of Mixtures of BCGand Neutrophils In Vitro*

Concentration of Concentration of supernatant above filter
supernatant
below filter 0 25 50 75 100

9% migrated cells/1O HPF

0 ±3 14+5 16±3 16±7 13±6

25 37±7 23±4\ 24±6 20±3 19±5

50 59±6 39±3330±231±4 24±3

75 73±4 64±5 51+4\28± 23±4

100 80±7 77±8 62±7 536 29±3

HPF, high power field.
* The diagonal column represents migration of monocytes in the ab-
sence of a chemoattractant gradient (chemokinesis). The values below
the diagonal represent migration in the presence of a positive gradient
(chemotaxis).
t Values given± 1 SEM.

tions from supernatants from pleural fluids or in vitro mixtures
of BCGand neutrophils that were subsequently incubated for
24 h with trypsin, treated with proteases from Streptomyces
griseus, or heated at 56°C for 30 min did not have chemotactic
activity for monocytes.

Accumulation of 3H in cell pellets from pleural fluids from
BCG-sensitized neutropenic and control rabbits previously in-
jected with 3H-labeled blood monocytes. After intravenous in-
jection of 3H-labeled monocytes, higher (P < 0.05) 3H counts
were found in cell pellets recovered from pleural fluids of BCG-
sensitized control rabbits given intrapleural BCG than from
neutropenic rabbits given intrapleural BCGor control rabbits
given intrapleural saline (Fig. 9). In parallel, neutropenic rabbits
with pleural spaces reconstituted with neutrophils and BCGor
with supernatates from mixtures of neutrophils and BCG in
vitro had pleural fluid 3H counts that equaled those seen in
control rabbits given intrapleural BCG(Fig. 9).
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BCG clearance, granuloma, and adhesion formation in
pleural spaces of rabbits given BCG intrapleurally. More
(P < 0.05) BCGwere recovered from pleural fluids of neutro-
penic than from control BCG-sensitized rabbits injected intra-
pleurally with BCG. For example, samples of pleural fluids from
BCG-sensitized neutropenic rabbits, grew 40±8, 50±6, 56±4,
59±7, or 64± 10 BCGcolonies/ml of pleural fluid 4, 24, 48, 72,
or 120 h, respectively, after injection of BCGintrapleurally. In
contrast, samples of pleural fluid from BCG-sensitized conrol
rabbits grew 44±5, 37±1, 34±3, 31±2, or 30±3 BCGcolonies/
ml of pleural fluid at 4, 24, 48, 72 or 120 h, respectively, after
injection of BCGintrapleurally. In addition, at autopsy 10 d
after intrapleural injection of BCG, control rabbits had well-
defined granulomas but no adhesions on their visceral and pa-
rietal pleura. In contrast, neutropenic rabbits given BCGdid
not have well-formed granulomas but had pleural surfaces that
were covered by a fibrinous exudate and many adhesions. Mi-
croscopic examination confirmed these findings showing gran-
ulomas on pleural surfaces of control but not neutropenic BCG-
sensitized rabbits given BCG. Unsensitized rabbits given BCG,
BCG-sensitized rabbits given saline, or unsensitized rabbits given
saline did not have granulomas on their pleural surfaces or
pleural adhesions.

Discussion

This study evaluated the contribution of neutrophils to monocyte
recruitment and granulomatous inflammation seen in tuber-
culous pleurisy. Specifically, we tested the premise that exposure
to BCGstimulates neutrophils to release chemotaxins that recruit
monocytes and that these responses participate in granuloma
formation. Considerable evidence was obtained to support this
hypothesis. Large influxes of neutrophils preceded influxes of
monocytes into pleural spaces of BCG-sensitized rabbits given
BCGintrapleurally but did not occur in nitrogen mustard-pre-
treated (neutropenic) rabbits injected intrapleurally with BCG.
The observed decreased influx of monocyte in neutropenic rab-
bits was not a direct effect of nitrogen mustard on monocytes
in that after direct reconstitution of pleural spaces with neutro-
phils, monocyte accumulation occurred normally in neutropenic
rabbits. In addition, monocytes treated with nitrogen mustard

Figure 6. Effect of cycloheximide on monocyte che-
motactic activity in supernatants from mixtures of
neutrophils and BCGin vitro. Less (P < 0.05) chemo-
tactic activity for monocytes was detected in superna-
tants from in vitro mixtures of BCGand neutrophils
that were incubated in the presence of nontoxic con-
centrations of 20 gg/ml of cycloheximide. However,
addition of cycloheximide (20 ;g/ml) at the end of a
4-h incubation of BCGand neutrophils did not alter
the chemotactic activity present in supernatants from

D NEUToPHL8: mixtures of BCGand neutrophils in vitro. Each point-EXIVE (20pg/mO is the mean± I SE of eight or more individual determi-FTr WATMON nations. HPF, high power field.
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Figure 7. Molecular weights of monocyte chemotaxins in mixtures of
neutrophils and BCGin vitro. Chemotaxins for monocytes from mix-
tures of BCGand neutrophils in vitro had molecular weights that were
similar to chemotaxins for monocytes eluted from supernatants from
pleural fluids of BCG-sensitized rabbits given intrapleural BCG. HPF,
high power field.

in vitro responded normally to chemotactic stimuli in vitro.
Therefore, because only neutrophils were injected into pleural
spaces of neutropenic rabbits and because injection of neutrophils
was followed by the appearance of monocytes, it appeared that
neutrophils were the key component involved in recruitment of
monocytes. This impression was substantiated by the following
observations. First, increased chemotactic activity for monocytes
was found in pleural fluids from normal and neutrophil-recon-

PLEURAL FLUID
MACROPHAGES

(% OF TOTAL CELLS)

TSILLATION

Figure 8. Accumulation of macrophages in pleural spaces of neutro-
penic BCG-sensitized rabbits injected intrapleurally with supernatants
from mixtures of neutrophils and BCGin vitro. More (P < 0.05) mac-
rophages were recovered from pleural fluids from neutropenic rabbits
injected intrapleurally with supernatants from mixtures of BCGand
neutrophils in vitro (u -*) than from rabbits injected with superna-
tants from mixtures of heat-killed neutrophils and BCG(n --- -), neu-
trophils (o --- o), or BCG(o - o) alone in vitro. Each point is the
mean± 1 SE of eight or more individual determinations.

Figure 9. Pleural fluid cell pellet 3H activity in BCG-sensitized rabbits
previously injected intravenously with 3H-labeled monocytes (2 X 107
rabbit monocytes with 30,000 counts). 3H counts were greater
(P < 0.05) in cell pellets from pleural fluids from rabbits given intra-
pleural BCG(A- A), neutropenic rabbits given intrapleural neutro-
phils, and BCG(A- - - A) or neutropenic rabbits given supernatants
from mixtures of neutrophils and BCGin vitro (u -*) than from
neutropenic rabbits given BCG(o - - - o) or rabbits given saline
(A - --A). Each point is the mean± I SE of six to eight individual de-
terminations.

stituted neutropenic but not neutropenic rabbits given intra-
pleural BCG. Second, supernatants from mixtures of neutrophils
and BCGin vitro contained chemotaxins for monocytes whose
molecular weight resembled chemotaxins found in pleural fluids.
Third, accumulation of monocytes occurred in pleural spaces
of neutropenic rabbits injected with supernatants from in vitro
mixtures of BCGand neutrophils but neither alone. Fourth, in
experiments involving intravenous injection of tritiated thy-
midine-labeled monocytes, intrapleural injection of neutrophils
and BCGor supernatants from mixtures of neutrophils and BCG
was associated with an increase in pleural fluid cell pellet 3H
activity. These latter findings suggest that monocytes are being
recruited from the peripheral blood and are consistent with other
investigations using radiolabeling techniques which have shown
that the pulmonary macrophage is recruited from the circulating
pool of peripheral blood monocytes (21, 22). In aggregate, these
investigations indicate that neutrophil-derived chemotaxins
contribute to the recruitment of peripheral blood monocytes to
pleural spaces of rabbits given BCGintrapleurally.

Previous studies have suggested that neutrophils might par-
ticipate in recruitment of monocytes and the development of
granuloma (23). For example, in sensitized hosts, influxes of
neutrophils usually precede influxes of monocytes in tuberculous
infection (24) and are often associated with a rapid resolution
of infection (25). In contrast, in unsensitized hosts, decreased
neutrophil responses are seen, granuloma formation is delayed
and dissemination of infection is greater (26). Monocyte infil-
tration also occurs in control but not neutropenic rabbits given
immune complexes (27). In addition, intratracheal injection of
neutrophils causes accumulation of monocytes in the lung and
immune complex-stimulated neutrophils generate chemotaxins
for monocytes in vitro (28). Furthermore, decreased migration
of mononuclear cells into Rebuck skin windows occurs when
circulating neutrophils are decreased (29-31).

Neutrophils can produce factors in vitro that are selectively
chemotactic for monocytes (32-36). One of these may be a low
molecular weight factor present in neutrophil granules. In ad-
dition, in patients with specific granule deficiency, there appears
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to be an absence of neutrophil granule constituents that produce
chemotactically active fragments of C5 (C5a and C5a des arg).
It is presumed that this abnormality is responsible for the de-
fective monocyte accumulation seen in these patients (37). Others
have shown that a monocyte chemokinetic factor may be pack-
aged in neutrophil-specific granules (38). In addition, it appears
that active synthetic processes may also be involved in that in-
hibition of protein synthesis with cycloheximide reduced neu-
trophil production of chemotactic activity for monocytes. The
latter is consistent with prior observations that neutrophils can
synthesize proteins which are chemotactic for neutrophils (39).
The 12,000-1 5,000-mol wt portion of the neutrophil-derived
chemotaxin for monocytes appears different from C5a. First,
cobra venom factor-treated, BCG-sensitized rabbits that sub-
sequently received intrapleural BCGshowed no decreases in
pleural fluid volumes, cell counts, or chemotactic activities for
monocytes in vitro. Second, addition of monospecific rabbit anti-
C5a serum did not inhibit monocyte chemotactic activities of
supernatants from in vitro mixtures of neutrophils and BCG
whereas addition of the same amounts of anti-C5a-treated serum
inhibited monocyte (or neutrophil) chemotaxis toward human
C5a or zymosan-activated serum in vitro. Third, the neutrophil-
derived monocyte chemotactic factor activity is also abolished
by heating at 56°C for 30 min while C5a activity is stable. Fourth,
the neutrophil-derived monocyte chemotactic factor activity for
neutrophils but not monocytes is decreased by serial dilution
whereas serial dilutions of C5a maintain their chemotactic ac-
tivity for both neutrophils and monocytes. Finally, the neutro-
phil-derived monocyte chemotactic factor elutes at - 12,000-
13,000 mol wt whereas while rabbit C5a has a mol wt of

15,000.
The 12,000-15,000 mol wt neutrophil-derived monocyte

chemotactic factor also does not appear to be crystal-induced
chemotactic factor (39). First, the neutrophil-derived monocyte
chemotactic factor is inactivated by heating at 56°C for 30 min
whereas while crystal-induced chemotactic factor is stable when
heated at 56°C for 30 min. Second, the neutrophil-derived
monocyte chemotactic factor is more active, even when diluted,
for monocytes than neutrophils, whereas diluted crystal-induced
chemotactic factor shows a greater degree of chemotactic activity
for neutrophils than for monocytes. Finally, the larger portion
of the neutrophil-derived monocyte chemotactic factor has a
mol wt of 12,000-15,000 (-50% activity) and 1,000 (50% ac-
tivity) whereas crystal-induced chemotactic factor has a mol
weight of 8,400.

Our findings suggest a role for neutrophils in the recruitment
of monocytes and the development of tuberculous granuloma.
The mechanisms responsible for the initial recruitment of neu-
trophils were not investigated but may involve chemotaxins
produced by interactions of BCGwith serum or cells in pleural
spaces. The final step in this cellular cascade may be engulfment
and degradation of neutrophils by macrophages in that neutro-
phils containing BCGwere seen within macrophages recovered
from pleural spaces of BCG-sensitized rabbits given BCGintra-
pleurally (40).
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