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CROSS-REACTION OF A RAT-ANTI-MOUSE PHAGOCYTE-SPECIFIC MONOCLONAL
ANTIBODY (ANTI-Mac-1) WITH HUMAN MONOCYTES AND NATURAL KILLER CELLS'
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A monoclonal antibody produced by a hybridoma cell
line that has previously been shown to recognize an
antigen present on murine macropbhages and granulo-
cytes (Mac-1) has now been shown to bind to human
monocytes and polymorphonuclear leukocytes. Human
monocytes bind about 40,000 M1 /70 (anti-Mac-1) F(ab‘),
or IgG molecules per cell in saturating conditions. In
addition, M1/70 antibody recognizes a small population
(less than 10%) of human blood lymphocytes. These cells
express approximately 3-fold fewer Mac-1 antigenic de-
terminants than monocytes. Separation of this lympho-
cyte subset on a fluorescence-activated cell sorter has
shown that all the natural killing activity in human blood
can be found among these cells. Similarly, separation of
the natural Killer cells by an independent method based
on their surface Fc receptor has shown that nearly all of
them can be labeled by the hybridoma antibody. The
same results are obtained when an F(ab’), fragment of
the M1/70 hybridoma antibody is used. The anti-Mac-1
antibody does not interfere with binding to the Fc recep-
tor, nor does it interfere with either natural Killing or
antibody-dependent cellular cytotoxicity mediated by
these cells. We conclude that there is a similar antigenic
structure on the surface of murine and human monocytes
and granulocytes and that this structure is also found on
human naturat killer cells.

A hybridoma rat anti-mouse cell surface antibody (M1/70)3
recognizing the phagocyte-specific antigenic determinant Mac-1
has previously been described (1, 2). M1/70 is a stable, subcloned
hybrid cell line derived by fusion between immune rat spleen cells
and the mouse NSI myeloma line. Grown in tissue culture, the line
vields about 100 ug of rat IgG2b/ml of culture medium (3). This
line secretes a truly monoclonal antibody containing only specific
H and L chains, apparently having lost myeloma kappa chain
secretion at an early stage (1). The Mac-1 antigenic determinant
defined by M1/70 antibody is expressed in large quantities on
thioglycollate-induced peritoneal exudate macrophages and in
lesser amounts on neutrophilic granulocytes, blood monocytes,
8% of spleen cells, 44% of bone marrow celis, and less than 0.3%
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of thymus cells. The monocional antibody to Mac-1 precipitates 2
polypeptides of 180,000 and 105,000 daltons from peritoneal
exudate celis and the same polypeptides in much lesser amounts
from spleen cells. Because of the possibility that such a molecule
might be shared on phagocytic cells of other species, we have
investigated the binding of the antibody to human blood cells and
have found that it labels human monocytes and polymorphonuclear
leukocytes. The number of antibodies binding to human monocytes
has been quantitated.

In the course of these studies it was noted that a small population
of human lymphocytes was also labeled by the antibody. Studies
of these lymphocytes show they are the same as those previously
described as having an avid Fc receptor (4-10) and that they are
capable of carrying out both natural killing (NK) and antibody-
dependent cellular cytotoxicity (ADCC).

MATERIALS AND METHODS

Monocional antibodies. The M1,/70.15.1 HL (M1/70) subcloned line (1)
was grown to maximal density in Dulbecco’s modified Eagle's medium
(DMEM) containing 5% fetal calf serum (FCS). This line may be obtained
from the Cell Distribution Center, Salk Institute, P.O. Box 1809, San Diego,
CA. The yield was 110 ug of rat IgG per ml as determined by Mancini single
radial immunodiffusion (11) against rabbit anti-rat Fab. Uniess otherwise
specified, this spent culture supernatant was used in labeling experiments.
As a control, normal rat IgG at the same final concentration was added to
nonsecretor NSI spent culture supernatants. To purify M1/70 IgG, solid
(NH,).S0, was added to culture supernatants to 2.2 M. The precipitate was
dialyzed vs 0.1 M Tris-HCI, pH 7.8, and applied at 8 mg protein per mi bed
vol to a DEAE cellulose column (DE-52, Whatman), equilibrated with the
same buffer, and immediately eluted with 8 column vol of 0.1 M Tris-HCI,
pH 7.8, containing a linear gradient of 0 to 0.05 M NaCl. Fractions enriched
for M1/70 igG were pooled, concentrated using an Amicon PM-10 mem-
brane, and applied to a 4 x 120 cm Sephadex G-200 column (Pharmacia,
Piscataway, NJ). Purification was monitored by Mancini diffusion against
rabbit anti-rat Fab. The G-200 pool was homogenous as shown by SDS-
PAGE (Fig. 3) and by the rat IgG concentration estimated according to
Mancini (11), which was very close to the protein estimated spectrophoto-
metrically (a value of E280, 1% = 14.6, was taken as standard; 12). F(ab‘),
fragments were prepared by pepsin digestion in 0.1 M acetate buffer, pH
4.0, and separated from peptides by gel filtration (13).

Site number estimation. Purified M1/70 IgG or F(ab’), were iodinated
using 1,3,4,6-tetrachioro-3a,6a-diphenyiglycouril to 0.5 to 1 mole carrier-
free 2% per mole protein as described by Fraker and Speck (14), except
the reaction was stopped by transfer to fresh tubes and addition of 0.4 mg/
mit L-tyrosine to avoid reduction of F(ab’),. Cells (2 x 107/ml, in 20 w) in
DMEM-HEPES,? 10% FCS, and 4 mg/mi human IgG were mixed with
varying concentrations of '**] antibody in 80 i of 8 mg/m! human IgG, 100
mg/mi BSA, 0.01 M Tris-HCI, pH 7.4, 0.14 M NaCl in microtiter plates and
shaken t hr at 4°C. Ceits were washed 3 times with ice-cold 1% BSA in
0.01 M Tris-HCI, pH 7.4, 0.14 M NaCl and gamma-counted.

Preparation of human blood cell populations. Blood from normal donors
was defibrinated. In experiments requiring depletion ot monocytes, the
blood was then incubated for 1 hr at 37° with 1/5 voiume of lymphocyte
separator reagent (Technicon Instruments, Tarrytown, NY). The erythro-
cytes were then sedimented in 1.5% dextran (Pharmacia Fine Chemicals,
Piscataway, NJ), and the leukocyte-rich supernatant was centrifuged over
a Ficoll-Hypaque cushion (15). In some experiments T cells were depleted
by forming rosettes with norma! sheep erythrocytes and centrituging again
over a Ficoll-Hypaque cushion (16).

Labeling of cells. 5 x 10° cells were incubated with 50 ul of various
dilutions of the anti-Mac-1 or control supernatants for 1/2 hr at 0°C. They
were then washed 4 times at 4°C and incubated with 50 ui of 3 mg/mi
fluoresceinated F(ab‘), fragment of rabbit anti-rat globulin IgG (F-
Fab,RaRG) (Cappel Laboratories, Cochranville PA) for 1/2 hr at 0°C. The
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cells were then washed twice at 4°C and, if not being used in functional
studies, they were fixed in 1% paraformaldehyde.

The specificity of the anti-rat globulin was confirmed by its inability to
react in agar double diffusion with human globulins. In addition, absorption
of the antibody by glutaraldehyde-gelled normal human globulin (17) did
not affect the labeling.

Labeling of lymphocytes binding non-aggregated IgG was done exactly
as described previously (4). Briefly, the cells were incubated first in fresh
human serum, washed extensively in the cold, and then labeled with
fluoresceinated F(ab’), fragment of rabbit anti-human IgG immunoglobulin
(F-Fab,RaHulgG).

Cell sorting. A Becton-Dickinson (Mountainview, CA) FACS Il cell sorter
was used to analyze and separate the labeled cell populations. Analysis
could be done by recording the distribution of fluorescence intensity on
large cells (monocytes) or by limiting the analysis to small cells (lympho-
cytes). Thus, by combining size restriction with monocyte depletion, it was
possible to exclude contaminating monocytes from the analysis. The rec-
ognition of monocytes by size criteria on the FACS is justified by extensive
experience in our laboratory showing that phagocytic cells of monocyte
morphology fall into a distinctly larger size range when analyzed on the
FACS (16).

Cell separation was done by the FACS. In each case the labeled cells
were separated from the unlabeled cells, and about 10% of the cells of
intermediate fluorescence were discarded to reduce cross-contamination.

Measurement of NK and ADCC activity. Natural killing (NK) was measured
by a standard 6-hr *'Cr release assay using the cell line K-562 as target.
ADCC was evaluated either by measuring enhanced killing of K-562 after
the addition of a rabbit anti-K-562 antiserum prepared in our laboratory, or
by measuring the killing of the murine cell line P-815 in the presence of a
rabbit anti-P-815 antiserum kindly supplied by Dr. Kirk Ziegler (Harvard
Medical School). The anti-sera were used at an optimal dilution of 1:1000.
The results are expressed as percent specific release as described previ-
ously (5).

RESULTS

Mac-1 antibody cross-reacts with human monocytes and gran-
ulocytes. Binding of the rat anti-mouse M1/70 antibody to human
blood cells was examined using an indirect FITC-rabbit F(ab’),
anti-rat 1gG reagent and the fluorescence-activated cell sorter
(FACS). Two-dimensional plots of cell size (light scatter) vs cell
fluorescence demonstrated clear labeling of cells in the size region
previously shown to contain the monocytes (4) (Fig. 1). In prepa-
rations of whole blood mononuclear cells that had not been mon-
ocyte depleted there was also less intense labeling of a population
of cells in the size range of lymphocytes (Fig. 1).

Fluorescence Intensity

Cell Size (Light Scatter)

Figure 1. M1/70 Labeling of human monocytes and a lymphocyte subpop-
ulation. Two-dimensional dot-plot analyses of Mac-1 labeling are shown. Each
cell is represented by a dot whose position on the horizontal axis is determined
by the size of the cell and whose position on the vertical axis is determined by
the degree of fluorescence. Each panel contains data from 40,000 cells. Panel
A is an analysis of whole blood mononuclear cells labeled with M1/70 (10 ug per
ml) and shows labeling of large cells corresponding to monocytes. Panel B is the
same cells labeled with 10 ug per ml normal rat IgG as a control. Panel C is an
analysis of blood lymphocytes after depletion of monocytes and T cells. In this
panel, a population of small lymphocytes is labeled by the M1/70 antibody. The
corresponding control is shown in Panel D.
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Figure 2. Morphology of sorted Mac-2-positive and -negative ceils. Views of
the cells obtained by sorting the large Mac-1-positive cell population. Wright-
Giemsa staining shows monocytes and polymorphonuclear leukocyte morphol-
ogy. A. low-power view of Mac-1-positive cells; B, high-power view of Mac-1-
positive cells; C, Mac-1-negative cells.

When the large, brightly labeled cells were purified by sorting
on the FACS, Wright-Giemsa staining showed them to consist of
monocytes and polymorphonuclear leukocytes. Sorting of the neg-
ative cells showed them to consist predominantly of lymphocytes
(Fig. 2).

In some studies done on blood cells that were not depleted of
polymorphonuclear leukocytes by the Ficoll-Hypaque technique,
we have also seen labeling of granulocytes in addition to mono-
cytes (data not shown).

Labeling by either M1/ 70 IgG or F(ab'). is equally effective. The
above experiments strongly suggested that M1 /70 antibody bound
in a specific fashion to human monocytes. Also in the mouse, M1/
70 binding to macrophages appeared completely specific, since it
was not inhibitable by heat-aggregated or normal IgG (2), and
[*H]M1 /70 antibody bound to mouse but not rat peritoneal exudate
cells (1). However, to definitely test the possibility that the Fc
portion of M1 /70 could mediate binding to human cells, the F(ab’).
fragment was prepared. M1/70 antibody secreted into tissue
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culture medium containing 5% FCS was purified and pepsin
cleaved as described in Methods. SDS-PAGE under nonreducing
conditions of purified M1/70 IgG and its F(ab’), fragment (Fig. 3)
revealed that the preparations were homogeneous and that diges-
tion to the 105,000 dalton F(ab’), fragment was complete. SDS-
PAGE after reduction of IgG or F(ab’), revealed a single H or
H(Fab’) chain band, respectively, and a single light chain band.
This is consistent with other data showing that M1/70 secretes
specific heavy and light chains in the absence of any myeloma
chain components (1).

The purified M1 /70 F(ab’), fragments, M1/70 IgG in spent
culture supernatants, and purified M1/70 IgG (data not shown)
were equally active on a molar basis in labeling human monocytes
(Fig. 4). Labeling by both antibodies was maximal at 0.3 pmole /50
ul, corresponding to a 100-fold dilution of spent culture superna-
tant, and fell off below this concentration. The fluorescence pla-
teaued at a higher level for the M1 /70 IgG than F(ab’),, suggesting
that fewer sites are available for binding of FITC anti-rat IgG on the
digested antibody.

In all subsequent studies, saturating doses of anti-Mac-1 and
F(ab’), anti-Mac-1 were used for labeling.
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Figure 3. Analysis of M1/70 IgG and F(ab’),. SDS-PAGE of purified M1/70
IgG, before and after pepsin digestion. A, nonreduced: 1, M1 /70 IgG (20 ng); 2,
M1/70 (F(ab’), (20 ug). B, reduced: 3, M1/70 IgG (10 pg); 4, M1/70 F(ab’), (8
ug). Samples were prepared in SDS sample buffer containing 50 mM iodoacet-
amide (nonreduced) or 5% 2-mercaptoethanol (reduced), subjected to SDS 5 to
15% PAGE (13), and stained with Coomassie Blue. The 2 gels in A and B were
run on separate occasions. The positions of calibration proteins established the
identity of bands noted in the figure.
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Figure 4. Saturable binding of M1/70 to human monocytes. Human mono-
nuclear cells were labeled with either intact M1/70 IgG or F(ab’), fragments, by
using the indicated amount of antibody in a volume of 0.1 ml for labeling 1 x 10°
cells. This was followed by 50 ug of fluoresceinated F(ab’), fragment of rabbit-
anti-rat IgG. The fluorescence distribution of the monocytes was measured on
the FACS. The weighted average channel number is plotted.
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Figure 5. Saturation binding of '*’I-M1/70 F(ab’), and Fab’ to human blood
mononuclear cells and murine peritoneal exudate cells. Saturation binding of '*I-
M1/70 F(ab’), or the same preparation after reduction and alkylation ('“°I-M1/
70 Fab’) was carried out on 2.3 X 10° fresh human peripheral blood mononuclear
cells (HPBM) or 2 x 10° glutaraldehyde-fixed murine thioglycollate-induced
peritoneal exudate cells (MPEC) as described in Materials and Methods. Sym-
bols: F(ab’), on MPEC, A; Fab’ on MPEC, A; F(ab’), on HPBM, @; Fab’ on HPBM,
O. Monocytes constituted 25% of the mononuclear cell preparation as determined
by nonspecific esterase staining.
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Site number estimation. The question of how many Mac-1 anti-
genic sites are expressed per human monocyte was addressed
using saturation binding of '*°l labeled M1 /70 I1gG (not shown) and
M1/70 F(ab’), and Fab' fragments to human blood mononuclear
cells (Fig. 5). Site numbers were determined by extrapolation to
the ordinate of the amount of '2°I bound in saturation. In 3 different
experiments using 2 different mononuclear cell preparations (25%
monocytes), the number of M1 /70 antibodies bound per monocyte
was 36,000 ('*°I-lgG), 31,000 and 48,000 ('?°I-F9ab’),). It was
concluded that blood monocytes bind 40,000 + 20,000 molecules
of M1/70 IgG or F(ab’), per cell. Since M1/70 positive lympho-
cytes constitute a smaller population and bear less antigen per cell
then monocytes, the contribution by these cells to the site number
calculations was considered negligible. While M1/70 (F(ab’),
bound both to human mononuclear cells and to mouse peritoneal
exudate cells, it was noteworthy that M1/70 Fab’ gave saturable
binding only to mouse peritoneal exudate cells (Fig. 5). This
suggests that the affinity of the antibody is lower for the cross-
reacting human antigen. Glutaraldehyde-fixed mouse peritoneal
exudate cells bind about 5-fold more M1 /70 F(ab’), antibody than
human monocytes (Fig. 5), whereas fresh mouse peritoneal exu-
date cells bind about 10-fold more (M.-K. Ho, unpublished obser-
vations).

Labeling of Human Lymphocytes by anti-Mac-1. As suggested
above, there was some low-level labeling of small lymphocytes
with anti-Mac-1. Generally the labeling was about 2- to 5-fold less
bright than that of monocytes. After monocyte depletion a well-
defined population of small lymphocytes could be labeled. Deple-
tion of T lymphocytes by rosetting with normal sheep erythrocytes
further enriched for the Mac-1 positive lymphocyte subpopulation.
In such preparations as many as 30 to 50% of the cells could be
so labeled (Fig. 1). Use of the F(ab’), anti-Mac-1 gave less intense
labeling of the same proportion of cells.

Sorting of Mac-1 positive lymphocytes for NK activity. Prelimi-
nary experiments were done to test for any effect of the Mac-1
labeling procedure on the ability of lymphocytes to mediate NK and
ADCC. When effector cells were pretreated with anti-Mac-1 or
control supernatant followed by F-Fab,RaRG there was no differ-
ence in their ability to mediate either NK or ADCC as compared
with untreated cells (data not shown).

The Mac-1 positive lymphocyte population was purified using
the FACS. Beginning with monocyte and T cell-depleted lympho-
cytes, the cells were labeled with anti-Mac-1 and sorted. Three cell
populations (labeled but not sorted, Mac-1 positive, and Mac-1
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negative) were compared in NK and ADCC assays. Essentially all
of the NK activity and most of the ADCC activity was found in the
Mac-1 positive population (Fig. 6). The same result was obtained
in 2 experiments using intact anti-Mac-1 and in 3 experiments
using F(ab’), fragment of anti-Mac-1. A total of 4 different individ-
uals were tested (Table 1). ADCC activity of the sorted cells was
tested twice after sorting with intact antibody and twice after
sorting with F(ab’), antibody. This involved 3 individuals. There
was always some residual ADCC activity in the Mac-1 negative
population in these experiments (Table 2).

Relationship between the Mac-1 positive lymphocytes and the
IgG binding lymphocytes. Previous work (4-10) had shown that a
population of lymphocytes that could be labeled by treatment with
fresh human serum followed by F-Fab,RaHulgG (i.e., labeling of
the Fc receptor) also contained all of the NK and ADCC activity in
human blood. In order to determine the relationship between these
2 cell populations, we labeled with 1 marker, sorted for positive
cells, then relabeled for the second marker and analyzed. Such
relabeling after sorting was possible because both the serum-anti-
IgG labeling and the anti-Mac-1 labeling were almost completely
lost after incubation for 1 hr at 37°C. In these experiments,
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Figure 6. Natural and antibody-dependent killing by sorted human blood
lymphocyte populations. Natural killing and antibody-dependent killing of K-562
target cells by sorted cell populations: labeled but not sorted (@——@®); Mac-1-
positive (O——0); and Mac-1-negative ((—-)). In this experiment, monocytes
and T cell-depleted lymphocytes were labeled with whole anti-Mac-1 and sorted
40% positive, 50% negative, with the intermediate 10% discarded. Other exper-
iments using F(ab’), anti-Mac-1 gave the same results.

TABLE |
Summary of sorting data for NK activity®
Lytic Units per 107 Cells

Experiment i
Unsorted cells Macl-positive cells Macl-negative cells
| 0.2 41.0 <0.001
] 1.7 87.0 <0.001
1 22.0 55.0 0.003
v 0.2 5.1 <0.001

“ Data from 4 experiments with 4 individuals showing recovery of all NK
activity in the Macl-positive population. Lytic units are defined as the reciprocal
of the number of effector cells required to achieve 30% lysis of the K-562 target
cells. The data are calculated from at least 3 effector-to-target ratios. The labeling
and sorting were done as described in Figure 6. Experiment | was done by using
intact antibody; the other 3 experiments used F(ab’), fragments of anti-Macl.

TABLE 1
Summary of sorting data for ADCC activity

Lytic Units per 10’ Cells”

Experiment i
Unsorted cells Macl-positive cells Maclér;ﬁggahve
| 33 91 13
] 29 53 18
1] 170 200 33

? Data from 3 experiments with 3 individuals showing recovery of most ADCC
activity in the Macl-positive population. The experiment numbers are the same as
those used in Table I. In Experiments | and I, the ADCC target cells were K-562,
and these results were calculated after subtraction of the NK activity. In Experi-
ment lll, the target was P815 which has no background NK activity.
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Figure 7. Lack of interaction between Mac-1 and Fc receptor sites and
human lymphocytes. Each curve is a fluorescence distribution analysis of 50,000
cells. Fluorescence intensity is plotted on the horizontal axis, and the number of
cells having any given degree of fluorescence is plotted on the vertical scale.
The analysis was done on lymphocytes depleted of both monocytes and T cells.
A, lymphocytes labeled with serum, followed by F-Fab,RaHulgG (bright curve) or
with F-Fab,RaHulgG alone (dim curve). B, as above, but with lymphocytes were
pretreated with a saturating dose of anti-Mac-1 antibody. C, lymphocytes labeled
with anti-Mac-1 and F-Fab,RaRg (bright curve) or with control supernatant and
F-Fab,RaRg (dim curve). D, as above, but the lymphocytes were pretreated with
fresh serum.

therefore, the sorted cells were held at 37°C for 1 hr before
relabeling, and the per cent positive cells was determined by FACS
analysis as compared with the same cells not relabeled.

When lymphocytes were first incubated with F(ab’), anti-Mac-1
and then labeled by the serum anti-IgG technique for Fc receptors,
there was no difference in either the proportion of cells labeled or
the intensity of labeling as compared to cells pretreated with
control supernatant or not pretreated. This experiment was ex-
tended to doses of F(ab’), anti-Mac-1 as high as 100 times the
saturating dose with no dimunition of the number of cells subse-
quently labeled by serum and F-Fab,RaHulgG. Conversely, when
cells were first incubated with human serum followed by labeling
with anti-Mac-1 and F-F(ab’),RaRG, there was no difference as
compared to cells not incubated in serum (Fig. 7). Thus, under the
conditions employed here, there was no interaction between the
Mac-1 antigenic site and the Fc receptor on these cells.

When the IgG binding cells were sorted as described previously
(4) and the resulting positive cells were labeled by F(ab’), anti-
Mac-1, 90% could be labeled. Conversely, sorting of the Mac-1
positive lymphocytes (using F(ab’), anti-Mac-1) followed by label-
ing by the serum anti-IgG technique showed that 76% of the Mac-
1 positive cells could be labeled. Thus, there was extensive overlap
between the populations labeled by these 2 independent methods.

DISCUSSION

The myeloma hybrid technique has revolutionized our ability to
analyze complex antigenic systems, such as cell surfaces, by
resolving polyspecific immune responses into series of cloned lines
secreting single antibody species (3, 18). This technique was used
to obtain an antibody to Mac-1, a murine phagocyte-specific anti-
gen expressed on granulocytes and macrophages. More recently,
antigens of 32,000 daltons (Mac-2) and 110,000 daltons (Mac-3)
were identified, which are expressed on macrophages but not on
granulocytes or lymphocytes (3). Because of their restricted
expression, these have been called “‘lineage’’ differentiation anti-
gens. The highly restricted nature of expression of these *‘lineage”
differentiation antigens suggests them to be important in the unique
functions of the cells on which they are expressed (3). However,
the function of Mac-1 remains unknown at present.

These studies showed that M1/70 rat anti-mouse antibody
cross-reacts with an antigenic determinant in humans with a very
similar tissue distribution. In both humans and mice the antigen is
present on granulocytes and blood monocytes but absent from
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erythrocytes and B and T lymphocytes. In the present studies,
labeling of a human lymphocyte subpopulation containing natural
killer and antibody-dependent killer activity was also observed.
Labeling of a small percentage of blood lymphocytes was not
noticed in the previous murine studies, but labeling of the mono-
cytes was weak and therefore the even weaker labeling of lympho-
cytes could have been undetectable. Also, with human blood
mononuclear cell preparations, labeling of the lymphocyte subpop-
ulation is difficult to detect without monocyte and T cell depletion
(Fig. 1). Studies to determine whether M1 /70 labels murine natural
killer cells suggest that this is the case (L. Holmberg, and K. Ault,
unpublished observations).

Monocytes bind 40,000 = 20,000 molecules of M1 /70 IgG or
F(ab’), per cell, while the fluorescence data suggest that natural
killer cells bind about 3-fold less. Murine peritoneal exudate mac-
rophages bind considerably more M1/70 antibody than murine
blood monocytes (2) and also bind 5- to 10-fold more M1/70
antibody than human monocytes. Murine peritoneal exudate cells
bind monovalent M1/70 Fab’ fragments, whereas human mono-
cytes do not. This suggests that the affinity of M1 /70 for the cross-
reacting human antigen is lower than for the homologous antigen
and that the muitiplication of affinities brought about by bivalent
binding to human cells compensates for the lowered monovalent
affinity. This also suggests that the number of antigen sites is twice
the number of antibodies bound, i.e., about 80,000 per monocyte.
Several attempts to immunoprecipitate the human monocyte anti-
gen after '2°| labeling have failed, whereas the murine antigen is
readily precipitated (2). We believe this also reflects the require-
ment of a bivalent interaction for stable binding to the human
antigen, since the detergent-solubilized antigen is probably mon-
ovalent.

The subsets of human lymphocytes mediating NK and ADCC as
defined now by the presence of Mac-1 and as defined previously
by the presence of a particularly avid Fc receptor for IgG (4-10)
appear to be the same. Our relabeling experiments suggest that
there is extensive overlap between these 2 populations and
strengthen, but do not prove, this possibility that NK and ADCC
are mediated by the same cells. Our results suggest that there are
non-Mac-1 bearing cells capable of ADCC activity. Others have
described ADCC activity by activated T cells (19), and this may
explain the residual ADCC activity in the Mac-1 negative popula-
tion. The enrichment of NK activity in the Mac-1 positive population
is frequently higher than would be expected on the basis of cell
numbers. Our data do not rule out cellular interactions regulating
NK activity that might explain this observation.

The presence of an avid Fc receptor for IgG on the NK cell
makes it necessary to exercise extreme caution in labeling the
celis with antibody. We have shown that these cells can be labeled
by very low concentrations (1 ug/mi) of M1 /70 IgG antibody. One-
hundred-fold higher concentrations of normal rat IgG give no
labeling. We have also obtained the pepsin digested fragment
(F(ab’),) of the anti-Mac-1 antibody and have shown that the cells
are equally well labeled by it. Because all the cells so far described
as bearing Mac-1 also have a prominent Fc receptor for IgG, we
carefully examined the possibility that the Mac-1 determinant was
the same as, or associated with, the Fc receptor. We found no
reduction of Fc receptor labeling of the NK cells when they were
pretreated with up to 100 times the saturating dose of F(ab’), anti-
Mac-1, and conversely we found no diminution of Mac-1 labeling
when the cells were treated with human serum under conditions
that brightly label the Fc receptors. We conclude that Mac-1 is
distinct from the Fc receptor and that these 2 markers constitute
2 independent labels for the same population of cells.

In addition to providing a useful and well-defined marker for the
human NK cell, the presence of Mac-1 raises important questions
concerning the origin of this cell. The lineage of the human NK cell
has been the subject of considerable debate for some time. There
are three possibilities at present: 1) they may represent an inde-
pendent cell line arising in the bone marrow; 2) they may be
immature T cells; or 3) they may be immature cells of the monocyte-
macrophage series. There is evidence in favor of each of these 3
possibilities. The majority of the work done to characterize the NK
cell has been done in mice and in man. Numerous workers have
contributed to the definition of this cell as a small lymphocyte
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lacking intrinsic surface immunoglobulin that has a very avid Fc
receptor for IgG. In general, there is good agreement in both
svystems that the cell is not a typical B cell nor a typicai T cell, that
it is nonadherent, nonphagocytic, and has the morphology of a
lymphocyte (4-10). Although it is clearly distinct from the mono-
cyte, it has recently been proposed that the cell may be a ""pro-
monocyte’’ (20, 21). In addition, recent reports of cross-reaction
of another monoclonat anti-monocyte antibody with human non-B,
non-T lymphocytes having Fc receptors for IgG (22) support both
our results and the suggestion that these cells are indeed members
of the monocyte-macrophage lineage. It has also been suggested
that human NK cells may be in the T lymphocyte lineage because
of the observation that under certain conditions they can be made
to rosette with specially treated sheep erythrocytes (10). in the
mouse they have weak reactivity with anti-Thy-1 antisera (23), and
recently they have been shown to react with alloantisera prepared
against T cells (24, 25). However, Thy-1 antigen is also expressed
on brain and epithelial cells and is therefore not a reliable marker
of ontogenetic relatedness. The fact that NK activity can be ablated
by ®°strontium irradiation of the bone marrow (26) strongly sug-
gests that the cell arises from a precursor that may ultimately be
shared by other lymphoid cells.

The studies reported here demonstrate an antigen on NK cells
that is strongly associated with the granulocyte-monocyte cell
lineage. We believe that sharing of antigens with highly restricted
distributions such as Mac-1 is more suggestive of ontogenetic
relatedness than sharing of antigens such as Thy-1, which are
expressed on disparate tissues such as brain and thymus (reviewed
in 3). However, the sharing of a single surface antigenic determi-
nant between different cells does not necessarily imply that they
are developmentally related. |deally, several independent highly
restricted shared markers should be demonstrated before conclu-
sions are drawn. Further studies of this type will be necessary to
resolve the question of the NK cell lineage satisfactorily.
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