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Human neutrophils (PMN) degranulated in response to soluble human im-
mune complexes and to myeloma proteins, including subclasses of immunoglob-
ulin G (IgG),, IgG2, IgG3, and IgG4 coated on 1.09-,um latex beads. Immunochem-
ical measurement of lactoferrin (LF) from specific granules and myeloperoxidase
(MPO) from azurophil granules showed that both classes of granule degranu-
lated. Beads with soluble complexes of human anti-pigeon IgG-normal pigeon
IgG, prepared from serum of a patient with pigeon breeders disease, induced
significantly greater degranulation than did pigeon IgG-coated beads. Up to 40%
of LF in the PMN degranulated during phagocytic challenge and 86% of that
entered the extracellular fluid. Twenty to 30% of the MPO degranulated, but
less than 50% of that entered the extracellular fluid. The degranulated LF and
MPO which remained in the PMN were recovered from phagocytic vacuoles.
Beads coated with purified human myeloma proteins (12 different ones, three of
each subclass) induced degranulation in the order IgG3 > IgG, > IgG2 > IgG4;
however, these differences were found to be a function of the amount of latex
ingested. Thus, the amount ofdegranulation was dependent more on the opsoniz-
ing capacity of the immunoglobulins rather than on their intrinsic capacities for
inducing degranulation. Degranulation of both LF and MPO in response to IgG
subclasses followed patterns similar to those caused by soluble immune com-

plexes, and IgG3 coated on beads caused degranulation equal to that caused by
human complex-coated beads. Degranulation to IgG3 and IgG4 was uninfluenced
by fresh compared with heat-inactivated human AB serum. This was true
although IgG3 beads fixed greater than sixfold more complement than did IgG4
beads. Evidently human IgG subclasses enhance phagocytosis and degranula-
tion of human PMN. The overwhelmingly extracellular degranulation of LF in
response to various bead coatings suggest that it subserves a major portion of its
role outside PMN.

in our earlier studies on degranulation
of human polymorphonuclear granulocytes
(PMN), rabbit immune complexes on beads in-
duced both specific and azurophil granules to
degranulate (20). The lactoferrin (LF) of specific
granules (28) degranulated more extensively
than the myeloperoxidase (MPO) of the azuro-
phils (3, 28). Surprisingly, more than 90% of the
degranulated specific granule contents ap-
peared extracellularly. Only 50% of the degran-
ulated azurophil MPO left the PMN (20; M. S.
Leffell and J. K. Spitznagel, Fed. Proc. 32:291,
1973). The present experiments were intended
to ask if human immune complexes produce
similar effects and to determine whether differ-
ent immunoglobulin subclasses influence de-

granulation in different ways. PMN may me-
diate tissue damage in several clinical and ex-
perimental inflammatory conditions. The dam-
age presumably is due to immune complexes
that trigger a sequence of events attracting
PMN and causing them to release extracellu-
larly hydrolytic enzymes and inflammatory
agents (7, 8) from PMN cytoplasmic granules.
PMN are especially liable to release granule
enzymes after adherence to immune complexes
bound to surfaces too large to be phagocytized
(16).
The outcome of such studies has been taken

to support the relevance ofPMN degranulation
for immune tissue damage; however, degranu-
lation is also clearly related to intraleukocytic
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killing of bacteria (see 26 for review). Both
functions evidently relate to interactions be-
tween antibody complexed to antigen and acti-
vated complement components (9, 13, 23, 26).
Yet, immune tissue damage is destructive; anti-
microbial phagocytosis is usually conservative.
Most studies of degranulation with PMN tend
to focus on either immune tissue damage or on
phagocytosis of microbe-size particles, and re-
sults are obtained as measurements of f3-glucu-
ronidase, lysozyme, or peroxidase, which are
solely or largely associated with azurophil gran-
ules (2, 28). Either loss of enzymes from the
cells or their retention in phagocytic vacuoles,
but not both, are emphasized. We have pro-
posed that additional insight into PMN func-
tion might be obtained if degranulation of spe-
cific and azurophil granules, both intra- and
extracellularly, were studied and have reported
methods for doing this (20; Leffell and Spitzna-
gel, Fed. Proc. 32:291, 1973). It is our hope that
studies of this kind will illuminate the inter-
play between specific and azurophil granule
components and help clarify some relationships
between anti-microbial phagocytosis and in-
flammation.

MATERIALS AND METHODS
Isolation of PMN. PMN were separated from hu-

man peripheral blood by dextran sedimentation and
erythrocytes were removed by hypotonic lysis as
previously described (20). Cells were washed and
resuspended in TC-199 medium (Grand Island Bio-
logical Co., Grand Island, N. Y.) with 5 U of heparin
per ml and 10% AB+ normal serum. The human
serum had been stored in -70 C to ensure preserva-
tion of complement (C'). Cell suspensions consisted
of 85 to 90% PMN and were adjusted to 3 x 107 to
5 x 107 cells/ml.

Incubations of PMN with latex beads. Polysty-
rene latex beads of uniform 1.09-,um diameter were
otained from Dow Chemical Co., Indianapolis, Ind.
Cells were incubated with polystyrene latex beads
which had been coated with various purified immu-
noglobulins or immune complexes (see below). Latex
was added to a final concentraton of 2 mg/ml. Incuba-
tion was for 1 h at 37 C with gentle shaking.

Adsorption of immunoglobulins and immune
complexes to latex beads. The immune globulins
and complexes were adsorbed to the latex beads
according to van Oss and Singer (25). Beads were
mixed with various proteins and were incubated for
1 h at 37 C, washed free of nonadsorbed protein by
five washes with Krebs Ringer phosphate buffer, pH
7.4, and then resuspended in the same buffer to a
10% suspension. Twelve purified myeloma proteins
of subclasses of immunoglobulin G (IgG),, IgG2,
IgG3, and IgG4 (three of each subclass) were gener-
ously donated by W. Yount, Department of Medi-
cine, University of North Carolina Medical School,
Chapel Hill; the mean milligrams of protein ad-
sorbed per milligram of latex beads (assayed by the

Lowry method [21]) were 0.015, 0.019, 0.027, and
0.011, respectively, for IgG, through IgG4.
Human anti-pigeon IgG-pigeon IgG complexes.

Serum from a patient with pigeon breeders disease
with a high titer of precipitating antibody to pigeon
IgG was kindly supplied by R. Wistar of the Na-
tional Naval Medical Center, Bethesda, Md.; quanti-
tative precipitation of this serum with the pigeon
IgG allowed the preparation of precipitates at equiv-
alence. After thorough washing, these precipitates
were dissolved by addition of excess antigen. Single
radial immunodiffusion analysis (22) of the prepared
complexes showed the human antibodies to pigeon
IgG were primarily of the IgG class, and that the
molar antibody/antigen ratio was 0.5. Beads coated
with complexes carried 0.0095 mg of protein/mg of
latex. Beads coated with pigeon IgG-human anti-
body complexes carried 0.01 mg of protein/mg of
latex.

Isolation of extracellular fluid. After the PMN
were offered a phagocytic challenge and had been
incubated for the desired time, we centrifuged the
suspension at 126 x g for 10 min and removed the
supernatant fluid which contained uningested
beads. The cell button was then washed. Experi-
ment showed that negligible PMN granule markers
and negligible (lactate dehydrogenase) appeared in
the washings. The supernatant extracellular fluid
was cleared of beads and assayed for granule
markers and for LDH. The results were computed in
absolute terms, i.e., micrograms of granule sub-
stance excreted per milligram of latex ingested.
They were also calculated as percentage excretion of
the substance present in the original cell suspension
with which the experiment was begun (see Fig. 1
and 2). The cell pellet was used for the isolation of
phagocytic vacuoles.

Isolation of phagocytic vacuoles. Vacuoles
formed about latex beads in PMN were separated
from cell homogenates on discontinuous sucrose gra-
dients. Washed cell pellets with ingested latex were
homogenized in 30% (net/vol) sucrose by 24 to 30
passes in a chilled Dounce homogenizer with a tight
pestle. The cell homogenates were brought to 50%
sucrose by the addition of concentrated sucrose. Dis-
continuous gradients were formed by overlaying 5
ml of the cell homogenate in 50% sucrose with 5 ml
of 40% and 7 ml of 30% sucrose solutions. Resolution
of the gradients in a SW27.1 rotor at 100,000 x g for
1 h in a Beckman Spinco L2-65B centrifuge resulted
in the flotation of the latex bead-filled vacuoles to
the top of the gradient, while cellular debris and
soluble proteins remained at the tube bottom in the
loading zone. We have shown that the isolated bead
fractions are membrane rich (20; Leffell and Spitzna-
gel, Fed. Proc. 32:291, 1973). Samples of the original
cell suspension before phagocytosis and aliquots of
the incubation mixtures were saved and analyzed
with all gradient fractions. To determine the degree
ofdegranulation into phagocytic vesicles, the quanti-
ties of the granule marker proteins, LF and MPO,
associated with the vesicles were compared with the
amounts originally in the cell suspension. Granule
protein released into the medium during phagocyto-
sis was compared with the proteins in the original
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cell suspension. Total recoveries of LF, MPO, and
LDH were calculated as follows: for sucrose density
gradients, the sum of LF or MPO in gradient frac-
tions/LF or MPO in cell homogenate applied to gra-
dient x100; for cells and incubation medium after
separation from each other, the sum of LF, MPO, or
LDH in medium and in cell button from medium/LF,
MPO, or LDH in incubation mixture x 100.
Immunochemical determinations of LF and

MPO. LF and MPO were used, respectively, as
markers for the specific and azurophil granule
classes. With specific antisera and purified LF and
MPO as standards, these two marker proteins could
be quantitated in PMN subcellular fractions by sin-
gle, radial immunodiffusion (16, 18, 20, 28) as de-
scribed by Mancini et al. (22). To obtain full recovery
of both proteins, Mancini plates were prepared in
0.01 M phosphate buffer, pH 8.6, with 1 M NaCl. All
PMN vacuole and subcellular fractions were ex-
tracted in 0.1% cetyl trimethylammonium bromide
in the same phosphate buffer. This was necessary
because the granule components in the cell homoge-
nates were latent, i.e., undetectable without deter-
gent extraction and therefore membrane bound. Ali-
quots of the incubation medium freed of cells were
concentrated twofold and were tested without cetyl
trimethylammonium bromide extraction. Prelimi-
nary experiments showed that granule components
in incubation medium were not latent. All determi-
nations were done in duplicate.

Enzymatic and chemical determinations.p-Diox-
ane extraction of latex from PMN fractions, as de-
scribed by Werb and Cohn (32), were used to quanti-
tate phagocytosis. LDH, assayed according to Berg-
meyer et al. (4), was used as the criterion forjudging
loss of enzymes that could have occurred by cell
lysis. Allowance was made for LDH contributed by
the human serum. Latex turbidity was cleared from
samples before spectrophotometric readings by fil-
tration through 0.8-,um membrane filters (Millipore
Corp.). The ability of the myeloma protein-coated
beads to fix C' was determined using guinea pig C'
in a standard sheep erythrocyte hemolysin proce-
dure (6).

RESULTS
The results of four experiments in which

beads coated with soluble complexes of human,
anti-pigeon IgG-pigeon IgG were compared
with those coated only with antigen are summa-
rized in Fig. 1. In response to both kinds of
coating, the bulk of the degranulated LF en-
tered the extracellular space. Of the LF ini-
tially in the specific granules, 43% degranu-
lated in response to complexes and of that 86%
left the cells; 14% remained in the phagocytic
vacuoles. Of the MPO initially in the azurophil
granules, 32% degranulated and 45% of that
left the cells with 54% remaining the vacuoles.
Complexes compared with antigen increased
overall degranulation ofLF about 50% whereas
they increased that of MPO 60%.

Complexes caused greater increases in de-
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FIG. 1. Transfer ofPMNgranule components into

phagocytic vacuoles and extracellular medium in-
duced by latex beads coated with human anti-pigeon
IgG-pigeon IgG complexes or uncomplexed pigeon
IgG. Percentage recovered is the proportion of sub-
stance recovered in phagocytic vacuoles or in extracel-
lular medium expressed as percentage of the sub-
stance present in the PMN suspension before phago-
cytic challenge. Histograms represent mean percent-
ages with standard error of the mean indicated by
brackets for four experiments. Overall recoveries were
calculated as shown. Sucrose density gradients =

sum of LF or MPO recovered from sucrose density
gradient fractions/LF or MPO applied to gradients in
cell homogenate xlOO. Extracellular medium plus
cell button = sum of LF, MPO, or LDH in medium
and cell button both separated from reaction mix-
turelLF, MPO, or LDH in reaction mixture prior to
separation. Sucrose density gradients: LF, 96.6 ±
1.3, 90.6 + 2.3; MPO, 91.3 + 0.7, 90.5 ± 2.7. Extra-
cellular medium plus cell button: LF, 83.2 ± 2.3,
85.4 + 1.6; MPO, 84.3 + 2.1, 93.0 + 7.9; LDH, 103.2
+ 2.3, 94.4 + 4.4.

granulation of LF into extracellular fluid and
ofMPO into vacuoles than any other coating on
beads. LF which degranulated and remained in
phagocytic vacuoles, and MPO which entered
extracellular fluid were increased only slightly
by complexes compared with antigen. Loss of
LDH from cells was less than 5% and indicated
that LF and MPO losses were not caused by
cytotoxicity.
Upon microscopic examination of the PMN

after phagocytosis, it appeared that the PMN
took up more of the complex-coated beads than
they did of the antigen-coated beads; spectro-
photometric measurements of latex uptake con-
firmed this. Therefore, we attempted to corre-
late phagocytic uptake with the subsequently
induced degranulation. The latex taken up by
the cells was quantitated by p-dioxane extrac-
tion of cell homogenates. The total micrograms
of LF and MPO released into both vacuoles and
medium were then expressed in terms of the
milligrams of latex ingested (Table 1). The com-
plexes induced greater releases of LF per milli-
gram of ingested latex. Complex-coated beads
induced 18% increase in degranulation of LF
into phagocytic vacuoles and a 40% increase in
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816 LEFFELL AND SPITZNAGEL

TABLE 1. Phagocytic uptake with degranulation stimulated by human IgG.pigeon IgG complex-coated beads
compared with pigeon IgG-coated beadsa

Phagocytic Vacuoles MediumPhagocytic
Latex uptake

LF MPO LF MPOb

Human IgG:pigeon 0.8 ± 0.01r 3.3 ± 0.ld 10.3 ± .58 33.4 ± 0.8 11.8 ± 0.5
IgG complexes

Pigeon IgG 0.6 ± 0.04 2.8 ± 0.1 8.7 + .58 23.2 ± 1.2 11.4 ± 0.5

a Mean t standard error of the mean for four experiments are given.
b LDH in medium <2% total in PMN.
r Figures are for milligrams of latex ingested/107 cells.
d Values were calculated by the formula: (total micrograms of LF or MPO released/107 cells)/(total

milligrams of latex ingested/107 cells).

degranulation of LF into the extracellular
space compared with that caused by uncom-
plexed antigen on beads. Degranulation of
MPO into phagocytic vacuoles was increased by
18%.
Beads with human myeloma IgG proteins

of different subclasses. To investigate the ef-
fects of IgG subclasses in stimulating granule
enzyme release, we coated latex beads with
purified myeloma proteins of different IgG sub-
classes. Singer has shown that the binding of
these subclasses to polystyrene latex confers
upon them properties of aggregated immuno-
globulins (see reference 17 in 25). As aggregated
immunoglobulins fix complement (1), we de-
cided first to determine the C' binding ability of
the coated beads as a measure of their biologi-
cal activity. The results of the C' fixation titra-
tion are shown in Table 2. Twelve different
myeloma proteins, three of each subclass, were
tested. It can be seen that they did bind C'.
Interestingly, the ability to bind C' was depend-
ent upon IgG subclass, with C' binding decreas-
ing in the order IgG3 > IgG, > IgG2 > IgG4. The
order of subclass C' binding agreed with that
reported by Augener et al. (1) for monomeric
immunoglobulins.

Figure 2 demonstrates the percentages of LF
and MPO degranulation stimulated by the im-
munoglobulin-coated beads. As a general obser-
vation, it appeared that the myeloma proteins
stimulated degranulation in the same order
that they bound complement. IgG3 generally
induced only slightly greater percentages of re-
lease than IgG, or IgG2, but obviously greater
release than IgG4.

Further analysis, however, showed that the
degree of degranulation correlated with phago-
cytic uptake. Table 3 shows these results in
terms of latex ingested per 107 PMN. It can be
seen that PMN tended to take up the myeloma
protein-coated beads in the order in which the
beads fixed C', i.e., IgG3> IgG, > IgG2 > IgG4.
However, the differences induced in degranula-

TABLE 2. C' fixation by latex bead-adsorbed
myeloma proteins of different IgG subclasses

Subclass

IgG, IgG2 IgG3 IgG4

421.7a 322.3 >939 133.8
633.0 301.5 >750 105.2
581.6 313.2 >600 121.7

a Results expressed as 50% units of C'
fixed/milligrams of protein.

tion per milligram of ingested latex were rela-
tively insignificant. Once latex was phagocy-
tized, the quantity ingested may have been the
principal determinant for the degree ofdegranu-
lation. The IgG subclass appeared to influence
the uptake of latex.

Effects of fresh serum. Since beads coated
with different IgG subclasses fixed different
amounts of complement, we wished to see if the
fresh serum was essential to the system. In
Table 4 the uptake of and degranulating effects
of IgG3-coated and IgG4-coated beads were com-
pared in the presence of fresh and heated se-
rum. Fresh compared with heat-inactivated se-
rum appeared to have no systematic influence
on degranulation.

DISCUSSION
The points of principal interest in this, as

well as in our earlier paper (20), are the predom-
inately extracellular degranulation of LF and
the way this contrasts with degranulation of
MPO of human PMN. That nearly 90% of the
degranulated LF leaves the cell whereas less
than 50% of degranulated MPO leaves suggests
these are independent events (20). In the same
context it is notable that, even with vigorous
stimulus, overall degranulation of LF may
achieve 60% whereas degranulation of MPO
seldom exceeds 30%. Since homogenization
may rupture some phagocytic vesicles the 60
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and 30%, respectively, may represent minimal
estimates. Nevertheless the results are in agree-
ment with morphological studies in which elec-
tron micrographs show rabbit PMN azurophils
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FIG. 2. Transfer ofPMN granule components into
phagocytic vacuoles and extracellular medium in-
duced by latex beads coated with human myeloma
proteins of different IgG subclasses. Percentage re-

covered in phagocytic vacuoles and percentage re-

covered in extracellular medium are calculated as in
Fig. 1. Histogram as for Fig. 1. Overall recoveries
from sucrose density gradients and overall recovery
from extracellular medium plus cell buttons are cal-
culated as for Fig. 1. Sucrose density gradients: LF,
91.5 + 3.6, 91.5 + 2.7, 93.2 1.3, 86.5 3.6; MPO,
88.8 3.1, 92.5 2.8, 92.2 2.3, 83.5 + 1.9.
Extracellular medium plus cell button: LF, 87.7
3.6, 91.0 ±2.4, 94.2 + 2.8, 89.0 +3.0;MPO,85.5 +
4.9,88.5 +2.7,96.8 +2.9,87.7 7.7; LDH, 86.3 _
2.0, 87.5 _ 2.0, 91.5 ±4.6, 84.8 3.3.

TABLE 4. Effects offresh human serum compared
with heat-inactivated serum on phagocytosis oflatex

beads coated with IgG3 and IgG4

Protein releasedb
Reaction Latex
mixture in- Phagosomes Mediumcgesteda

LF MPO LF MPO

IgG3+CId 0.45 2.9 7.8 59.6 11.6
IgG3+AC'e 0.38 2.9 6.6 59.5 12.9
IgG4+C' 0.29 3.4 7.9 53.4 14.1
IgG4+AC' 0.39 2.6 6.2 44.4 12.1

a Milligrams of latex/107 PMN.
b Micrograms of protein released per milligram of

ingested latex.
c LDH in medium <2% total in PMN in all tubes.
d C', Fresh human AB serum 10%.
e AC', Fresh human serum heated at 56 C for 20

min, 10%.

degranulate to a lesser extent (2) than specifics.
In any event underestimation of the granule
components in phagolysosomes would not vi-
tiate the fact that considerable amounts of LF
and substantially less MPO may leave the cell
during phagocytosis of coccus-sized spheres.

Evidently LF, which is packaged in specific
granules as an apoprotein with strong iron and
copper complexing capacities, could mediate
some important function outside PMN either in
extracellular space or even in another cell. LF
released from PMN could, according to Van
Snick et al. (31), account for the hypoferremia
of acute inflammation. They have shown, more-
over, that iron bound to LF is taken up by
macrophages. Thus it is conceivable LF could
mediate antimicrobial or other actions in cells
other than PMN. Our results do not necessarily
supercede but may extend the earlier concept
that LF performs intraleukocytic killing. This
earlier concept arose in relation to the discov-
ery of LF in PMN cytoplasmic granules (dis-
cussed in references 19, 20, 26, and 38) and was

TABLE 3.- Comparison ofphagocytic uptake and degranulation stimulated by latex beads coated with
myeloma proteins of different IgG subclassesa

Vacuoles Medium'
Subclass Latex uptake

LF MPO LF MPO

IgG, 0.37 + 0.05C 3.4 ± 0.6d 13.3 ± 2.4 53.1 ± 7.0 17.0 ± 1.7
IgG2 0.33 ± 0.04 3.4 ± 0.4 11.1 ± 0.5 60.5 ± 2.5 22.1 ± 2.0
IgG3 0.40 ± 0.07 4.5 ± 1.0 14.1 ± 2.8 65.2 ± 9.7 22.2 ± 2.0
IgG4 0.22 + 0.03 3.5 ± 0.7 11.9 + 2.7 52.4 ± 13.4 19.9 ± 2.8

a Mean + standard error of the mean for four experiments are given.
bLDH in medium <5% of total in PMN in all tubes.
c Figures are for milligrams of latex ingested/107 cells.
d Values were calculated by the formula: (total micrograms of LF or MPO released/107 cells)/(total

milligrams of latex ingested/107 cells).
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supported by observations on a patient with
absence of LF and specific granules from his
PMN. His PMN phagocytized adequately but
had reduced intraleukocytic killing capacity for
gram-negative rods and enterococci (J. K. Spitz-
nagel, M. R. Cooper, C. E. McCall, L. R. De-
Chatelet, and I. R. Welch, Proc. Am. Soc. Clin.
Invest., Abstr. 93a, 1972). It should be empha-
sized that, since PMN retain definite amounts
of LF in their phagolysosomes, intraleukocytic
as well as extraleukocytic roles are possible for
this protein. Unfortunately much remains to be
learned about the antimicrobial action of LF
and inferences concerning its locus of action
cannot be drawn from its mechanism of action.

LF, according to Masson (references in 20 and
28), may possess primary antimicrobial activ-
ity. Gladstone (10) has stated its primary anti-
microbial capacity is relatively weak but he
suggested that LF could bind iron and protect
antimicrobial action of PMN from inhibition
by this metal. In a recent abstract it has been
suggested that iron complexed to LF is an effec-
tive peroxidase which could function as a mi-
crobicide (R. S. Dobrin, A. F. Michael, J. Hare-
man and B. Holmes, Fed. Proc. 34:4680, 1975).

Actually it is possible that any of these ac-
tions could occur extra- as well as intracellu-
larly. For example it has been emphasized that
H202 is excreted by PMN (R. K. Root, N. Os-
huno, and B. Chance, Clin. Res. 21:970, 1973).
Thus an extracellular peroxidatic mechanism
could be supported as discussed below. Experi-
ments are needed to identify more precisely the
nature and locus of action of various antimicro-
bial substances of PMN.

Since the antimicrobial action of MPO ap-
pears to reside in its enzymatic enhancement of
H202 in the presence of Cl- (reference in 26),
the fact that a smaller proportion of MPO than
of LF degranulates during phagocytosis in no
way detracts from the postulated role of MPO
in intraleukocytic killing. The amounts depos-
ited in phagocytic vesicles would probably be
sufficient to promote antimicrobial action.
Moreover, some of the MPO leaves the cell and
H202 is present outside the cell (Root, Oshuno,
and Chance, Clin. Res. 21:970, 1973); hence, it
could be that a zone of antimicrobial action is
set up in the vicinity of the PMN.
The present work showed that, within 60 min

after phagocytosis is initiated, LF is degranu-
lated to a greater extent than MPO. Remarka-
bly, 86% of the LF which degranulated left the
cell and was exocytosed. That this exocytosis
occurred in response to human immune com-
plexes or to human IgG subclasses coated on
1.09-Am latex beads satisfied a goal of this
work. We had previously shown that this pat-

tern of degranulation occurred among human
PMN in response to rabbit immune complexes
(20) and wished to know ifhuman immunoglob-
ulin would have like action.
These experiments revealed for the first time

with biochemical methods the fate of human
PMN LF and specific granules in response to
human immunoglobulin. As we discussed previ-
ously (20), Bainton's studies of ultrastructure
(2) clearly showed that degranulation of specific
granules in rabbit PMN precedes that of azuro-
phil PMN. However, biochemical studies done
by others on degranulation of specific granules
in human PMN are difficult to interpret be-
cause alkaline phosphatase and lysozyme were
the only markers used that might have indi-
cated degranulation of specifics (9). Unfortu-
nately alkaline phosphatase provides no
marker for specific granules in human PMN
(19, 28), and lysozyme is an ambiguous marker
for specific granules in human PMN, for it is
distributed 50:50 between them and azurophil
granules.

If our quantitative results with degranula-
tion of azurophil granules are compared with
results ofothers, it is clear that there are consid-
erable similarities. Both immune complexes
(12-15, 30, 32) and myeloma proteins of sub-
classes IgG,, IgG2, IgG3, and IgG4 coated on
surfaces (15) stimulate exocytosis of MPO from
azurophil granules. We found degranulation to
immune complexes exceeded that to antigen
alone. In fact only antigen-coated beads in-
duced less degranulation than did complexes.
In our previous work rabbit antibody was used
with bovine serum albumin as antigen and nei-
ther antibody nor antigen alone induced as
much or as rapid degranulation as the com-
plexes. In the present work a patient with pi-
geon breeders disease furnished the antibody.
Normal pigeon IgG comprised the antigen.
Thus it seems that human IgG coated on beads
has biological properties for human PMN
which is not possessed by heterologous immuno-
globulins except when they are complexed to
antigen.

In our experiments, degranulation stimu-
lated by human immune complexes and IgG3
appeared to surpass that due to pigeon IgG or
human myeloma proteins other than IgG3. How-
ever, when the degranulation was normalized
by calculating the amount of MPO degranu-
lated per milligram of latex ingested, none of
the beads coated with myel6ma proteins en-
joyed a substantial advantage over each other.
Azurophil degranulation appeared heavily in-
fluenced by the load of latex picked up by the
cells. This was different from our results with
human or rabbit immune complexes where de-
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granulation 60 min after initiation ofphagocyto-
sis seemed more related to the presence of com-
plexes on the beads. Insofar as our results can
be compared with those of Henson (13, 14), they
are similar and can be interpreted to show that
different IgG subclasses differed little or not at
all in their degranulating effects on human
PMN.
The present experiments were designed, as

were our earlier ones, to maximize phagocyto-
sis and degranulation (20) by insuring that the
amounts of latex beads offered to the PMN
never could be limiting for phagocytosis. Beads
were always present in excess. The amounts of
latex apparently ingested by the cells seemed
large, possibly amounting to 60 beads/cell in
some instances. Others have reported compara-
ble particle uptake with latex beads of this size
and PMN in suspension (17, 27) as well as with
starch particles and PMN in monolayers (24).
Although we seem to have achieved a maximal
phagocytic stimulus, our results still fell short
of complete degranulation. As we discussed
above, homogenization could have disrupted
some phagocytic vesicles and a few vesicles
could have been trapped with the cell debris.
This would have caused us to underestimate
the degranulation into the vesicles and in that
way to underestimate the overall degranula-
tion. However, our failure to achieve total de-
granulation is not entirely artifact. It reflects
the results of morphological studies of others.
Moreover our experiments were limited to 60
min. It is entirely possible that longer periods
of phagocytic stimulus would have resulted in
more nearly complete degranulation.

Because phagocytosis was so massive in
these experiments, it might be wondered if
much degranulation to the extracellular com-
partment occurred just because many beads
could not be completely engulfed. In other
words, were the results in part caused by effects
comparable to those seen with completely non-
phagocytosable surface (13-15). Perhaps some
such effect was present; however, the substan-
tial differences between degranulation of spe-
cific compared with azurophil granules sug-
gests that closure of substantial numbers of
vacuoles took place. Moreover, in our earlier
work (20), kinetic studies showed that such dif-
ferences developed as early as 15 min after
phagocytosis was begun, a time at which maxi-
mal phagocytosis was not yet achieved. It
should be noted that work from several labora-
tories implies that substances can escape from
nascent vesicles (2, 20; Root et al., Clin. Res.
21:970, 1973) and channels for this have been
shown (5). Finally the minimal losses of LDH
from cells showed that exocytosis and not cell

damage was likely responsible for the loss ofLF
and MPO from the cells.

It has been suggested, based on experiments
in which cytochalasin B-poisoned PMN were
stimulated with C5a, that complement compo-
nents are involved in degranulation (11). In
experiments where we intentionally sought to
reduce degranulation by leaving out comple-
ment no significant change was noted. This was
in agreement with the results of Henson et al.
with myeloma protein (15). This does not mean
C' would be unnecessary in other models of
phagocytosis. In fact, from results of others, it
seems likely that in certain systems not just
IgG (23) but C' components (13, 18, 26, 29) influ-
ence rates of phagocytosis. Whether they are
directly involved in degranulation remains to
be seen.
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