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CD16+  Monocytes  in  Patients  With  Cancer:  Spontaneous  Elevation  and 
Pharmacologic  Induction  by  Recombinant  Human  Macrophage 

Colony-Stimulating  Factor 
By Mansoor N. Saleh, Samuel J. Goldman, Albert F. LoBuglio, Arthur C. Beall, Hernan Sabio, Melissa C. McCord, 

Lori Minasian, R. Katherine  Alpaugh,  Louis M. Weiner, and  David H. Munn 

The small subset of  circulating  monocytes that express the 
maturation-associated CD16 antigen has recently been re- 
ported to  be elevated in patients with bacterial sepsis.  We 
now  show  that  this novel CD16+ monocyte  population  is 
also spontaneously expanded in patients  with cancer. We 
studied  14  patients with metastatic  gastrointestinal carci- 
noma  enrolled in a clinical trial  of recombinant human mac- 
rophage colony-stimulating factor (rhMCSF) plus  mono- 
clonal antibody D612. We found  that before any cytokine 
treatment, 12 of 14 patients  constitutively displayed signifi- 
cant  elevations in both  the percentage and the absolute 
number of CD16+ monocytes, as compared with both  normal 
subjects and ill patients with elevated monocyte  counts but 
without malignancy. CD16’ monocytes accounted for 46% 
? 22% of total monocytes in the  patients  with cancer versus 
5% 5 3% for  controls (P < . O I L  The increase was not  attribut- 
able to  infection or intercurrent  illness  and appeared to be 
associated with  the  underlying malignancy  itself. A similar 

HE CD16  ANTIGEN  is  the low-affinity IgG receptor, 
FcyRIII, originally described on  natural  killer (NK) 

cells  and granulocytes.” In the  monocytic  lineage, CD16 
was initially  believed to  be restricted to a  subset of mature 
 macrophage^,'.^ where it  apparently  plays  an  important role 
in phagocyto~is.~” Recently, however,  CD16 has also been 
found  on a small subset  of  circulating  monocytes,  represent- 
ing less than 10% of total  monocytes, or approximately 1 % 
of white blood cells.’.’ The  functional significance of this 
small CD16+ population is unknown. The only  clinical set- 
ting  in  which CD16’ monocytes have  been shown  to be 
elevated is  that  of  bacterial  sepsis,”’ and  even  under these 
conditions,  the  elevation  was  found  to  be transient. 

We  have previously  reported that administration of 
recombinant human macrophage  colony-stimulating  factor 
(rhMCSF)  to  cynomolgus  monkeys  causes a marked in- 
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spontaneous elevation  of CD16+ monocytes  was observed 
in 35 of 44 additional  patients diagnosed with a variety of 
other solid tumors. When patients with gastrointestinal car- 
cinoma were  treated with rhMCSF, there  was a marked fur- 
ther increase in the percentage of CD16+ monocytes (to 83% 
C 11%0), as well as in the absolute  number of CD16’ cells 
and  the level  of CD16 antigen expression. In every case, the 
patients with cancer showed a greater CD16+ monocyte  re- 
sponse than  the  maximal response obtained in normal vol- 
unteer subjects treated with a similar  regimen  of rhMCSF 
(n = 5, P < .001), suggesting that  the presence of malignancy 
primed  patients  for enhanced responsiveness t o  rhMCSF. 
We hypothesize that spontaneous expansion of the CD16+ 
monocyte  population  may represent a novel biologic marker 
for a widespread and previously unsuspected host  immune 
response t o  malignancy. 
Q 1995 by The  American  Society of Hematology. 

crease in the  number of CD16’  monocytes, to the  point 
that this phenotype may come  to constitute  the  majority of 
monocytes in circulation.’’ In this  report, we  extend  these 
observations to human subjects. We examined  the expression 
of CD16  on  monocytes taken from normal  subjects and  from 
patients  with cancer,  and  compared the constitutive level  of 
CD16 expression  in  these two  groups  and the  response of 
each  to treatment  with rhMCSF. 

MATERIALS AND METHODS 

Patients and rhMCSF regimens. Five healthy adult subjects 
were treated with rhMCSF (Genetics Institute, Cambridge, MA), 
100 pg/kg/d continuous intravenous (iv) infusion for 14 days, under 
an Institutional Review Board-approved protocol after appropriate 
informed consent. Fourteen patients with metastatic gastric, colon, 
and rectal carcinoma were enrolled in  an Institutional Review Board- 
approved phase I1 clinical trial of rhMCSF (80 pg/kg/d continuous 
iv infusion for 14 days) plus monoclonal antibody (MoAb) D612” 
administered on days 4, 7, and 11 of rhMCSF treatment.I3 All  pa- 
tients had a Karnofsky performance status greater than 70, were free 
of infection or other intercurrent illness, and were greater than 30 
days past their last exposure to chemotherapy, radiation, or immuno- 
suppressive drugs. All patients had baseline monocyte immunophe- 
notype analysis performed; 12 of 14 had repeat analysis on day 1 1 of 
rhMCSF treatment (two patients were not assessable due to technical 
difficulties). 

The doses of rhMCSF used  in these two studies produced similar 
hematologic changes and  were  treated  as comparable for purposes 
of this report. In phase I trials, D612 has not  been observed to 
display any hematologic toxicities,“ and the on-therapy immunophe- 
notyping sample was obtained 72 hours after the preceding dose of 
antibody, so we considered the observed hematologic changes to  be 
a result of rhMCSF rather  than MoAb. 

Forty-four patients were studied at two additional centers (14 at 
the Medical College of Georgia, Augusta, CA, and 30 drawn from 
a study of rhMCSF plus y-interferon conducted at  Fox Chase Cancer 
Center, Philadelphia, PA” to assess the incidence of spontaneous 
CD16 expression in patients with malignancy. These patients had a 
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variety of solid tumors including breast, lung, colon, and renal cell 
carcinomas, lymphoma, melanoma, and soft-tissue sarcomas. All 
were studied before initiation of treatment (either with newly diag- 
nosed disease or relapsed off therapy for greater than 1 month). 

Normal values for CD16 expression were established based on 
14 samples with normal complete blood counts (CBCs) and differen- 
tial cell counts and without known malignancy. Mean CD16 expres- 
sion in this group was 5% 2 3% of total monocytes; the upper limit 
of normal was considered 15% (+3 SD), which agrees with pub- 
lished values.' For comparison, samples were also obtained from 
patients with monocytosis (greater than 15% monocytes on CBC or 
an absolute monocyte count greater than l,OOO/pL) due  to systemic 
illnesses other than cancer (infection, rheumatologic disorders, mul- 
tiple trauma, and others). 

Flow cytometry. Monocytes were identified based on the criteria 
of forward and right-angle light scatter as previously described." 
This is an accepted approach that has been used  in other investiga- 
tions to study CD16+ monocytes.8.10 The reliability of these gates in 
our study was shown by the fact that the cells falling in the putative 
monocyte gate expressed FcRI (87% t 13%). CD1 Ib (95% 2 6%), 
CD14 (81% -C 12%), and HLA-DR (78% ? ]l%), unambiguously 
identifying them as monocytes (data from 22 patient samples). Cells 
were always analyzed before any adherence step, as we found that 
adherence could cause unpredictable downmodulation of CD16 and 
other antigens (R.K.A., L.M.W., and D.H.M., unpublished observa- 
tions, November 1994). 

In the normal volunteer study, two-color direct immunofluorescent 
staining was performed by standard whole-blood lysis technique 
(FACS-Lyse, Becton-Dickinson, Mountain View, CA). CD14 was 
used in one color to identify monocytes,'6 and in the second color, 
antibodies against CD16 (Leullc, clone B73.1,"), CDllaLFA-I, 
CDIlblMacl,  CDllc, HLA-DR, FcyRI (Medarex, West Lebanon, 
NH), FcyRII (Medarex), CD2, CD19, CD56, and isotype-matched 
controls were used.  All antibodies were from Becton Dickinson 
unless otherwise noted. 

To directly confirm the identity of the CD16' cells as monocytes, 
other samples were analyzed by three-color staining using CD14 
versus CD16 plus the panel of antibodies listed above in the third 
color. Based on our experience with these techniques, in the gastroin- 
testinal carcinoma trial, we used  a simplified approach using single- 
color staining with antibodies against CD16 and HLA-DR.  Mono- 
cytes were identified based on light-scatter criteria as above, and 
HLA-DR expression was used to confirm that CD16' cells in the 
monocyte gate were not contaminating granulocytes. 

We emphasized the percentage of  CD16' monocytes as an out- 
come measure rather than the absolute number of  CD16' cells. 
Although we present data to show that rhMCSF affected both of 
these variables, derivation of absolute values requires that the num- 
ber of monocytes in peripheral blood be accurately known. We have 
recently found that routine CBCs (such as those used  in our studies) 
may  not identify up to 75% of monocytes in patients treated with 
rhMCSF, as compared with detection by  flow c~ tomet ry . '~~  

Cytotoxicity and rumor cell-binding studies. Antibody-depen- 
dent cytotoxicity (ADCC) was measured by indium release assay. 
Monocytes were purified by adherence to gelatidplasma-coated 
plastic flasksI8 and tested at an effector:target ratio of 5: 1 against the 
colon carcinoma cell line SW948 [American Type Culture Collection 
(ATCC), Rockville, MD] with and without opsonizing antibody (17- 
1A, 5 pg/mL), essentially as described." Antibody-independent cy- 
totoxicity was measured by thymidine release assay. The entire 
mononuclear cell fraction was prepared by Ficoll-Hypaque centrifu- 
gation" and tested against the NK cell-resistant leukemia line ARH- 
77 (ATCC) as described.*' For tumor cell-binding studies, mono- 
layers of SW948 were prepared in tissue culture plates. Adherence- 

isolated monocytes were labeled with I5'Crl-chromate (Amersham, 
Arlington Heights, L) and allowed to adhere to the monolayers for 
1 hour at 37T ,  and nonadherent monocytes were removed by wash- 
ing. The percentage of monocytes adhering to tumor cells was calcu- 
lated as the fraction of total radioactivity bound to the monolayer 
after washing. 

Monocyte culture. Human monocytes were isolated by Percoll 
gradient centrifugation and plastic adherence and then cultured in 
200 U/mL rhMCSF as previously described." Differentiating macro- 
phages (ME%) were tested at intervals for development of cytotoxicity 
(ADCC against SK-MEL-31 in the presence of MoAb 3F8) by en- 
zyme-linked immunoassay, as described?' Mature cells (day 7) were 
harvested with 2 mmoVL EDTA and stained for expression of FcyR 
as described above. 

Statistical analysis. Means of the two groups were compared by 
r-test. Because we did not  know whether CD16 expression was 
normally distributed, we also compared these data nonparametrically 
by Wilcoxon paired-rank test (for pre- v post-rhh4CSF samples) or 
Wilcoxon rank-sum tests with a Bonferroni adjustment for multiple 
comparisons (patient groups v control groups). 

RESULTS 

Preferential expansion of the CD16' monocyte population 
by rhMCSF  in normal subjects. Treatment of normal sub- 
jects with rhMCSF induced a significant increase in the over- 
all number of circulating monocytes, from 542 ? 313/pL 
on day 0 to 2,370 ? 1,16O/pL on day 14 ( P  < .01). Most 
of this increase was attributable to a greater than 20-fold 
expansion of the CD16+ monocyte population, from 45 2 
42/pL to 1,100 770/pL ( P  < .W]), as shown in Fig 1. 
By day 14, CD16+ monocytes comprised 29% to 57% of 
total monocytes. Most CD16+ monocytes also expressed re- 
duced levels of the CD14 antigen (CD14&"'), a feature that 
has been identified as characteristic of these cells.8 

To define the immunophenotype of the CD16' monocytes, 
we examined a panel of additional antigens using three-color 
flow cytometry. Monocytes were identified by light-scatter 
gates as described and then further gated into the CD16"V 
CD14b"gh' (conventional monocyte) and CD16+/CD14di"' 
populations shown in Fig 1. As shown in Fig 2, both subpop- 
ulations expressed each of the monocyte markers tested (thus 
confirming their monocytic origin), but the CD16+ cells 
showed a reproducible pattern of quantitative differences 
compared with conventional monocytes. This included in- 
creased expression of HLA-DR, CDlla, and CDllc, with 
decreased levels of CDl lb  and FcRI. (In addition to the 
markers shown, both populations were negative for CD2, 
CD19, and CD56.) 
CD16' monocytes are spontaneously elevated in patients 

with  metastatic carcinoma. We next examined samples 
from 14 patients with metastatic gastrointestinal carcinoma 
enrolled in a phase I1 trial of rhMCSF plus MoAb D612. 
Unexpectedly, we found that the majority (12 of 14) of these 
patients had significantly elevated levels of circulating 
CD16' monocytes present at baseline. As shown in Fig 3, the 
percentage of CD16' monocytes expressed spontaneously by 
the patients with cancer was comparable with the maximum 
levels induced by prolonged rhMCSF administration in nor- 
mal subjects. Although patients with cancer and normal sub- 
jects had similar numbers of circulating monocytes at base- 
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CD1 6 CD1 6 
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CD1 6 
Fig 1. Progressive emergence of  the CD16' monocyte  phenotype in subjects treated with rhMCSF. Normal  volunteer subjects were  treated 

with rhMCSF as described in Materials  and Methods, and peripheral  blood  was  obtained  for  immunophenotyping  on  the days indicated. The 
dot  plots  show monocytes, identified  by  light-scatter criteria, stained  for expression of the CD14 and CD16 antigens. Representative of five 
subjects. 

line (418 ? 129/pL v 540 t- 420/pL, respectively), the 
patient group had four times as many  CD16' monocytes 
(240 ? 137/pL v 45 ? 42/pL, P < .01). 

The CD16' monocyte population is firrther increased by 
administration of rhMCSF. Figure 3 also shows that the 
administration of rhMCSF to the patients with cancer in- 
duced a marked further increase in the percentage of CD 16' 
monocytes, from 45% 5 23% to 83% 5 I I % ,  which  was 
significantly higher than the on-therapy mean for the  normal 
subjects (43% t- 1 1 7 6 ,  P < ,001). Even the two patients 

whose baseline CD16' percentages were  initially in the  nor- 
mal range  showed dramatic increases, from 9% to 8 I % and 
14% to 70% respectively. In addition  to  the percentagc of 
CD16'  monocytes.  the absolute number of CD16' cells also 
increased, from a mean 240 t- 137/pL (range, 107/pL to 
630/pL) to  S82 ? 346/pL (range, ISO/pL  to 1,3S7/pL, P < 
.o 1 ). 

We  next compared the level of CD16 expression on indi- 
vidual monocytes before and after rhMCSF treatment, as- 
sessed as changes in the relative proportion of  CD16""" and 

.FA1 , -, HLA-DR 

l00 10' 100 10' 

E l  CD1 I C  

LOG FLUORESCENCE LOG FLUORESCENCE 

Fig 2. lmmunophenotype of 
the CD16' monocyte population. 
The rhMCSF-induced CD16+ 
monocytes  were analyzed by 
three-color flow  cytometry using 
CD14,  CD16, and a panel of third 
color antibodies. The histograms 
compare the  third color staining 
of the CD14+/CD16"*B (conven- 
tional  monocyte)  subpopulation 
and  the CD14d'm/CD16' novel 
population  (marked  with an 
arrow)  from  the same  sample. 
Negative control antibodies 
have been omitted  for clarity; 
the upper limit (980/0) of negative 
is  shown as a vertical  tic  on  the 
horizontal axis. Identical pheno- 
types  were  obtained in eight of 
eight subjects tested  on days 8 
through 14 of rhMCSF adminis- 
tration. 
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(n = 33) from patients with  malignancy at various times 
before therapy, during treatment, and  in remission. Mononu- 
clear cells from these samples were simultaneously assayed 
for monocyte CD16 expression and for cytotoxicity by thy- 
midine release assay against the NK cell-resistant cell line 
ARH-77, as described in Materials and Methods. (In these 
experiments, the entire mononuclear cell fraction was  used 
to ensure detection of cytotoxicity, whether in the adherent 
or nonadherent population.) As expected, we found little 
detectable cytotoxicity by fresh monocytes (specific release, 
9% 2 7%), and there was  no correlation between cytotoxicity 
and the number of CD16+ monocytes [ I  = .20; P value not 
significant (NS)]. Similar negative results were obtained in 
a second study, this time  using adherence-purified mono- 
cytes and indium-release assays to measure ADCC (SW948 
colon carcinoma, 17-1A antibody; ADCC, -2% t 7%). As 
both of these target cells are susceptible to killing by mono- 
cyte-derived M@s after they have differentiated in vitro in 
response to rhMCSF (unpublished results, November 1994), 
the failure of fresh monocytes to mediate effective cytotoxic- 
ity appeared to be attributable to their immaturity. 

We  next asked whether there was an effect of rhMCSF 
treatment on monocyte functional properties. As shown  in 
Fig 6, monocytes isolated from patients after treatment with 
rhMCSF showed a significantly enhanced ability  to  bind 
to monolayers of SW948 carcinoma cells compared with 
pretreatment values, and this effect was independent of anti- 
body opsonization. However, despite the increased binding, 
fresh monocytes again showed  no detectable ability  to  kill 
the  tumor cells (nine patients studied on  day 8 of rhMCSF 
treatment by indium release assays; ADCC, - l % t 4%). 

Finally, we asked whether CD16 expression on circulating 
monocytes might represent a more mature, rhMCSF-induced 
monocyte phenotype. As shown in Fig 7A, normal mono- 
cytes differentiating in vitro under the influence of rhMCSF 
acquired a pattern of FcyR expression similar to  that  seen  on 
rhMCSF-induced CD16' circulating monocytes (increased 
FcyRIIYCD16, stable FcyRII, reduced FcyRI; eg, the 
CD16' population shown in Fig 2). However, monocytes 
differentiating in vitro also underwent morphologic matura- 
tion into M@-like cells2' and progressively acquired antitu- 
mor cytotoxicity (Fig 7B). Neither change was apparent in 
circulating CD16' monocytes induced by rhMCSF in vivo. 

DISCUSSION 

In this report we describe the selective expansion of a 
specific cell population, CD16' monocytes, in individuals 
with cancer. This uncommon phenotype is  known to be ele- 
vated in patients with bacterial sepsis,'" and we have ob- 
served it  in some patients with systemic illnesses accompa- 
nied by monocytosis (Fig 5). Both observations suggest that 
the phenotype is associated with a host response to signifi- 
cant stress. We now report the unexpected finding  that  pa- 
tients with cancer frequently display a similar increase in 
CD 16+ monocytes, comparable in magnitude to  that induced 
by overwhelming sepsis,'" at a time  when  they are clinically 
stable, are free of intercurrent illness, and have normal 
CBCs. 

100 1 

- 5 80 

e .  

e.. 
et* 
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CONTROL CONTROL PATIENT PATIENT 
(PRE) (MCSF) (PRE) (MCSF) 

Fig 3. Spontaneous  elevation  of the CD16'  monocyte  population 
and  enhancod  responsiveness to rhMCSF in patients with gastroin- 
testinal  carcinoma.  Monocytes were identified  by  light-scatter  gates. 
The  level  of  CD16'  monocytes.  expressed as the percentage  of total 
monocytes,  was assessed by singlecolor  flow  cytometry  before  and 
after  11  days  of  rhMCSF  treatment.  For  comparison,  data  from  the 
normal  subjects  studied  in  Fig 1 (labeled  control)  are also shown 
before  and  after  14  days  of  rhMCSF  treatment.  The  upper limit of 
normal  for  spontaneous  expression of C D W  monocytes in our  labo- 
ratow is  shown as a dashed  line.  Both  groups  showed a significant 
increase in CD16+  monocytes  after  rhMCSF  treatment  compared with 
baseline  values ( P c  .01  by  Wilcoxon  paired  rank  test).  and the patient 
group was significantly  higher than the control  group  in  both  pre- 
treatment  and  on-therapy  samples (P  .01  by  Wilcoxon  rank  sum 
test). 

CD16bngh' cells. We found that at baseline all patients dis- 
played a mixture of CD16 negative, dim, and bright mono- 
cytes. After treatment, the proportion of CD16bngh' cells was 
increased in all assessable patients and fell into one of two 
patterns: in 4 of 12 samples, there were both dim and bright 
cells present after treatment, while in 8 of 12 samples, the 
monocytes became almost exclusively CD16bnght (Fig 4). 
This striking predominance of CD16b"gh' cells was  not ob- 
served in any of the subjects in the normal volunteer study 
( P  < .05 by Mann-Whitney test). 

CD16 expression in cancer and in nonmalignant disor- 
ders. We prospectively examined monocyte CD16 expres- 
sion in studies at two additional institutions, studying 44 
patients with neoplasms of various types (breast, lung, colon, 
and renal cell carcinomas; lymphoma; melanoma; and soft- 
tissue sarcomas). Patients were studied before initiation of 
therapy, and all were ambulatory and free of intercurrent 
illness. As a comparison population, we analyzed patients 
who were systemically ill (infection, trauma, etc) and had 
elevated monocyte counts, but who had disorders other than 
cancer. As shown in Fig 5, in both studies the patients with 
cancer had a significantly elevated percentage of CD16+ 
monocytes compared with controls. 

Functional effects of rhMCSF treatment. We  wanted to 
determine whether the presence of a spontaneous CD16' 
monocyte population was associated with enhanced antitu- 
mor activity. As we have previously shown, circulating 
monocytes display little cytotoxicity unless allowed to differ- 
entiate into monocyte-derived M@s.*' We obtained samples 
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Some malignancies (eg, those arising from the immune 
system) may produce symptoms suggestive of low-grade 
inflammation.  In general, however, most tumors elicit little 
immunologic reactionz3 and often appear to actively immu- 
nosuppress their host.% Thus, it was unexpected to find evi- 
dence of a constitutive immune response occurring in a large 
majority of patients with cancer, particularly a response pre- 
viously associated only  with conditions such as overwhelm- 
ing sepsis. Furthermore, the occurrence of this phenotype in 
a variety of patients with  many types of tumors suggests that 
it may represent a fundamental reaction to the presence of 
malignancy per se. To our knowledge, evidence of this type 
supporting a widespread and apparently fundamental host 
response to malignancy has not been previously reported. 

We show  that a phenotypically similar CD16+ monocyte 
population can be pharmacologically induced in normal sub- 
jects by administration of exogenous rhMCSF. This raises 
the question of whether patients with malignancy might have 
elevated levels of endogenous rhh4CSF. Such increases have 
been reported in pregnancy and idiopathic thrombocytopenic 

and a recent study in mice suggests that tumors 
may also trigger host MCSF production.z6 However, while 

100 - 
90 - 

E 8 0 -  
70 - 

& 60 - 
l- 

50 - 
2 4 0 -  

+ 30 - 

Fig 4. Two patterns of CD16 induction by 
rhMCSF. Treatment with rhMCSF producod an in- 
crease in CD16 expression in a11 patients studied, re- 
sulting in either  a pattern of mixed dim and bright 
cells (patient 1, representative of 4 of 12 patients) or 
a pattern of essentially  exclusively bright cells (pa- 
tient 2, representative of 8 of 12 patients). The latter 
pattern was unique to patients with cam and  was 
not seen in the normal subjects  (control,  represents- 
tive of five of fiva subjects). HLA-DR expression  woo 
greater than 90% in all samples  shown, confirming 
that  the CD16 bright cells  were  monocytes. 

e 

f (0 - 0 1 ."""""" R $ """""""" ; !"- 
10 
0 

CONTROL MONOCYTOSIS CANCER  CANCER 
STUDY #l STUDY #2 

Fig 5. Spontaneous  elevation of CD16' monocytes in patients 
with malignancy. Additional pationts with a variety of neoplasms 
were tested pro.p.ctively for CD16 expression (14 in study 1.30 in 
study 2). Fourteen normal wbjocts (control) and 14 pationta with 
systemic  illneas  and  elevated monocyte counts but without malig- 

significantly dilferent from the two patient populdons by paiwb8 
nancy (monocytosis) are  also shown. The control population was 

Wiltoxon rank sum tests (P < .01). 
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TUMOR CELLS 
Fig 6. Enhanced binding  of  monocytes t o  tumor cells after treat- 

ment with rhMCSF in vivo. Adherence-purified fresh monocytes  were 
tested  for  binding t o  SW948 monolayers in the presence and absence 
of 17-1A antibody. Bars show  mean values for  eight  patients  before 
(0) and after (a) 7 days of rhMCSF administration (100 pglkgld). +P 
< .01 compared with pretreatment value. 

we have begun prospective studies to measure MCSF levels 
in patients with cancer, the actual relationship (if any) be- 
tween such serum levels and the hematologically relevant 
concentration of MCSF in the bone marrow remains contro- 

~ersial.".'~ We speculate that one mechanistically relevant 
observation may  be that of Chen? systemic cytokines such 
as interleukin-l can trigger local  production of MCSF in 
the  bone  marrow  Because  such  local 
MCSF production cannot be accurately quantitated by serum 
measurements, and (more importantly) because  the biologi- 
cally active forms of MCSF may  not  be secreted at all,'"."' 
a biologic marker  such as CD16 expression may provide 
an important functional insight  into  the  local hematopoietic 
microenvironment. 

A second question raised by our data is whether the effect 
of rhMCSF on CD16 expression was  truly greater in the 
patients with cancer than in  the normal subjects, or was 
merely an additive effect superimposed on the preexisting 
CD16.' population. We  note. however, that the majority of 
patients with cancer treated  with rhMCSF achieved a high 
percentage of CD I6 + monocytes, significantly greater than 
that  induced in normal subjects, and  that this occurred even 
in patients without a large preexisting CD16' population. 
Moreover, the majority of patients with cancer converted to 
an exclusively CD16hr'F'" phenotype, which  was not seen in 
any of the  normal volunteers. Thus, i t  appeared that  the 
patients were in some way primed by their disease to respond 
to rhMCSF more vigorously than  normal subjects, sug- 
gesting a form of immunologic preactivation. 

Although CD16 is revealing a s  a marker, the functional 
properties of the CD16' monocyte population are not  yet 
known. CD I6 has  been  proposed as a developmental marker 
for M@ maturation,'  and Ziegler-Heitbrock et al, have shown 
that circulating CD16' monocytes display a phenotype sug- 
gestive of maturation toward tissue M@s,j' which  would be 
consistent with our in vitro model of MCSF-induced differ- 
entiation (Fig 7). We speculate that  the appearance of CD16 
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Fig 7. In vitro  differentiation  of  monocytes in " loo  lo'  lo' lo' lo' 
rhMCSF. Monocytes  from  normal  donors  were al- 
lowed  to differentiate in vitro  for  7 days in the pres- 
ence of 200 UlmL rhMCSF, as described in Materials (CD1 6) 
and  Methods. IA) Pattern of FcyR expression after 
maturation  (representative  of  four experiments). (B) 
Progressive acquisition  of  antitumor  cytotoxicity 
(ADCC measured against SK-MEL-1) during  differen- 
tiation  [pooled values for two identical  experiments loo 10'  10' los   lo4 
(0 and B), representative of a total  of  five experi- 
ments]. FLUORESCENCE 
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on circulating monocytes may  reflect accelerated maturation 
in the bone marrow. However, the fact that the circulating 
CD16+ monocytes do not  yet display the efficient antitumor 
activity associated with mature MCSF-activated M0s sug- 
gests that the maturation process was still in an early or 
transitional stage. CD16+ M@s have recently  been  identified 
as the predominant immunologic cell type infiltrating a vari- 
ety of solid tumors,32 and we have shown that CD16 is 
functionally important in mediating M0 antitumor ADCC.' 
However, whether circulating CD 16+ monocytes subse- 
quently differentiate into cytotoxic M@ in vivo can  only be 
determined by future studies of tumor-infiltrating M0s. 

The significance of the  present  study is that  it documents 
for the first time the existence of a novel biologic marker, a 
marker that reveals a widespread and previously unsuspected 
host response to malignancy. We propose that this CD16+ 
monocyte population offers a readily accessible, quantifiable 
means  by which to identify and follow this formerly unmea- 
surable host response. 
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