
addition of 7,E-benzoflavone produced 
the difference spectra shown in Fig. 3. 
These are opposite in sign to type 1 
curves obtained with aromatase (8, 15) 
and reflect conversion of the heme-iron 
from a high- to a low-spin state, that is, 
displacement of androstenedione (16). 
The fact that a low-spin complex is pro- 
duced indicates that the interaction of 
7,E-benzoflavone with the aromatase P- 
450 is different than that with the hepatic 
microsomal cytochromes. In the case of 
aromatase the low-spin nature of the 
complex suggests the presence of an 
additional axial ligand to the heme-iron; 
this ligand could be contributed by an 
amino acid residue of the protein o r  by 
the ether o r  ketone oxygen atom of 7,E- 
benzoflavone (1 7). 

Graphical analysis of the titration 
shows that only one class of binding site 
is detected and that it exhibits an appar- 
ent binding constant of 2.0 pM. This 
spectral dissociation constant is higher 
than the true dissociation constant for 
7,E-benzoflavone because of competition 
with androstenedione for binding to the 
enzyme. We interpret this reverse type 1 
spectral change as evidence for the for- 
mation of an aromatase-7,E-benzofla- 
vone complex; it is probable that forma- 
tion of this complex causes inhibition of 
the enzyme. Similar difference spectra 
were obtained when enzyme samples 
were equilibrated with testosterone or 
when chrysin was used in place of 7,E- 
benzoflavone . 

Two types of interaction of the fla- 
vones with the aromatase could result in 
a competitive binding with respect to the 
androgen substrates. Flavones might 
simply compete directly for the substrate 
binding site on the aromatase; while fla- 
vones appear structurally dissimilar from 
steroids, certain isoflavones have been 
found to exhibit estrogenic activity (18), 
presumably as a result of binding to the 
estrogen receptor. Alternatively, there 
may be a distinct site on the aromatase 
that accommodates certain flavones and, 
when occupied, favors an enzyme con- 
formation with decreased substrate affin- 
ity; in principle, such a "regulatory" site 
could also act differently to enhance en- 
zyme activity, as observed with some of 
the hepatic monooxygenases. It is not 
yet possible to distinguish between these 
mechanisms, but additional structure-ac- 
tivity studies may provide further in- 
sight. 

Estrogens have profound influences 
on reproduction, development, and be- 
havior. Because of the presence of fla- 
vones in human diets and their therapeu- 
tic use and because of the many whole- 
animal experiments in which the effects 

of flavones have been studied, it is im- J. M. Lasker, M.-T. Huang, A. H .  Conney, 
Science 216, 1419 (1982). portant learn whether they affect es- 8. J,  T ,  Kellis, Jr . ,  and L ,  E ,  Vickery, Endocrinol- 

trogen biosynthesis in vivo. ogy 114. 2128 (1984). 
9. T. Rabe, D.  Rabe, R. Runnenbaum, J. Steroid 

JAMES T. KELLIS, JR. Biochem. 17, 305 (1982). 
L~~~~ E ,  vICKERY 10. Apigenin was purchased from K & K Labora- 

tories and all other flavones were purchased 
Department of Physiology and from Aldrich Chemical Company; each was 

Biophysics, University of California, recrystallized before use. Ethanol alone (I0 ~ l l  
ml) produced no inhibitory effect. 
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Small Cell Carcinoma of the Lung: Macrophage-Specific 

Antigens Suggest Hemopoietic Stem Cell Origin 

Abstract. Four surface antigens previously recognized only in macrophages are 
present on human small cell lung carcinoma cells and tumors. Cancerous cells may 
arise from macrophage precursors in bone marrow, and these precursors migrate to 
lung to participate in the repair of damaged tissue produced by continuous heavy 
smoking. The characteristic presence of neuropeptides such as bombesin in small 
cell carcinoma, when considered along with thesejindings, presents new possibilities 
for the role of such peptides in nervous, endocrine, and immune system function. 

Lung cancer is the leading cause of 
cancer death in the United States, and its 
incidence is increasing rapidly with an 
anticipated 100,000 new cases this year 
( I ) .  Approximately 25 percent of all lung 
carcinomas are of the small cell (SCCL) 
or  oat cell type, and epidemiological 
studies indicate that the occurrence of 
SCCL is associated with heavy smoking 
(2).  As seen clinically, SCCL is a rapidly 
progressing disease with widespread and 
early metastases; the mean survival time 
for patients with untreated SCCL is 5 to 
7 weeks after diagnosis. The treatment 
consists almost exclusively of high-dose 
combined chemotherapy which results in 
an extension of life expectancy to 10 
months, but the treatment may result in 

considerable patient morbidity and occa- 
sional mortality (3). 

Because SCCL is almost always asso- 
ciated with heavy smoking, some inves- 
tigators have assumed that the primary 
tumor is of lung origin. Even though 
SCCL cell lines have been established 
(4) and various biochemical characteris- 
tics shared by these cell lines and by 
tumors obtained at autopsy have been 
observed, the origin of SCCL remains 
elusive. The concept that SCCL arises 
from lung epithelial stem cells of a neuro- 
endocrine nature (5) has yet to be sub- 
stantiated with direct experimental evi- 
dence. Moreover, the notion of a lung 
origin for SCCL is not only incompatible 
with the observation that 5 percent of 
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SCCL patients have no apparent pulmo- 
nary involvement (6) but also offers little 
explanation for the early, rapid, and 
widespread dissemination of tumor to  
extrathoracic sites such as bone marrow, 
liver, nodes, and brain (7). 

An alternative hypothesis that ex- 
plains these facts is that tissue damage 
caused by long-term heavy smoking elic- 
its a hyperplastic repair response by 
monocytes or macrophages of bone mar- 
row origin (8) ;  these cells eventually 
become transformed, colonize the lung 
as well as other sites, and give rise to the 
disease known as SCCL. We now pre- 
sent evidence to support this hypothesis; 
specifically, cultured SCCL lines, as 
well as  human tumors, express surface 
markers previously shown to be present 
only on macrophages. 

A number of cell lines were examined 
for the presence of surface antigens with 
the use of a radioisotovic double anti- 
body binding assay in the presence of 
aggregated human immunoglobulin G 
(IgG) (legend to Table 1). Cell lines es- 
tablished from patients with SCCL (4) 
and several other types of cell lines 
were tested for the expression of a varie- 
ty of markers with a panel of monoclonal 
antibodies (OKM1, 10, 9, and 8) previ- 
ously shown to recognize surface anti- 
gens restricted to cells of the granulocyte 
and macrophage series (monocytes, 
null cells, and some natural killer sub- 
types) (9). These antigens are not pres- 
ent on lymphocytes, thymocytes, or oth- 
er tissues such as  heart, kidney, brain, 
liver, or lung (10). The protein recog- 
nized by O K M l  and OKMlO [also 
termed MAC-1 (lo)] is known to be the 
complement receptor C3bi, although 
functional roles for the biochemically 
well-characterized proteins recognized 
by the other antibodies have not yet been 
deduced. 

In both SCCL lines (NCI-H69 and 
NCI-H128), the amounts of OKM anti- 
gens detected were comparable to those 
found on macrophage cell lines and un- 
fractionated human peripheral blood 
mononuclear cells (Table 1). As antici- 
pated, the human T cell line 8402 (as well 
as  MOLT-4 and HSB-2) showed no de- 
tectable antibody binding when tested in 
this assay. Furthermore, the continuous 
human lung tumor lines, which included 
representatives of alveolar, squamous, 
and adenocarcinoma histological types, 
did not bind specific antibodies to these 
macrophage antigens in experiments 
conducted simultaneously. Normal fetal 
lung cells also did not bind these antibod- 
ies, suggesting that an increase in bind- 
ing to the SCCL lines is not simply due 
to the expression of fetal antigens typical 

of some cultured tumor lines. Interest- 
ingly, HLA-DR, the type I1 histocom- 
patibility antigen normally expressed by 
mature macrophages, could not be de- 
tected on the SCCL lines with the mono- 
clonal antibody L243 (Becton-Dickin- 
son). In this respect, the phenotype of 
the cultured SCCL lines resembles the 
relatively immature macrophage line 
U937, which is also DR-negative and 
poorly adherent (11). 

It was necessary to rule out the possi- 
bility that the presence of these charac- 
teristic macrophage antigens on SCCL 
lines is merely an example of phenotypic 
divergence produced by extended cul- 
ture in vitro. Cell membranes from a 
number of frozen tumors and tissues 
obtained at  autopsy were examined for 
binding by O K M l  and OKM10; these 
antibodies recognize antigens that are 
relatively resistant to proteolysis (9). 
The macrophage histiocytic tumor as  
well as all four small cell tumors exam- 
ined showed antibody binding (85 to 188 

pg per 200 pg of membrane) clearly 
outside the range (10 to 63 pg per 200 pg) 
of the human tissue samples (skin mela- 
noma, lung squamous carcinoma, and 
normal brain) obtained to serve as  nega- 
tive controls (Fig. 1). In contrast to data 
obtained when intact cells (SK-MES-1 
and MOLT-4) were used in the binding 
assay (Table I),  membranes prepared 
from the same cells did bind detectable 
quantities of primary antibody. Despite 
the occurrence of macrophages in many 
human tissues, the observation that a 
nonspecific monoclonal antibody 63Ag8, 
pooled normal mouse IgG, and other 
irrelevant antibodies evince binding to 
all membranes (including those from 
SCCL tumors) in the range of 10 to 70 pg 
suggests that the binding detected in this 
range is nonspecific, that is, via sites 
unrelated to antibody specificity. 

Our results show that SCCL-cultured 
lines as well as human tumors share 
several surface antigens previously 
known only in macrophages. These cell 

Table 1. Expression of macrophage surface antigens by SCCL continuous lung cancer cell lines. 
The human cancer cell lines have been described (4, 23). Antigen expression on nonadherent 
cells (NCI-H69, NCI-H128, U937, monocytes, 8402, and melanoma) was determined by 
washing cells in the log phase of growth into binding buffer to a final concentration of lo6 cells 
per 0.3 ml. Binding buffer consisted of 20 mM tris, O.15M NaCl (pH 7.4) with 2 percent human 
serum, heat-aggregated human IgG (0.5 mglml), EDTA (1 mM), phenylmethylsulfonyl fluoride 
(PMSF, 50 pglml), heparin (1 unitlml), chymostatin (1 pglm), 1 percent trasylol, and azide (0.01 
percent). Immunoglobulin G (20 mglml in tris-NaC1) was aggregated by heating at 60°C for 60 
minutes and subsequent centrifugation at 100,000g for 15 minutes. Antibodies of the OKM 
series (mouse IgG isotype) were used at 0.1 pg per reaction, and samples were incubated at 4'C 
with continuous shaking for 2 hours. Controls containing no primary antibody were included in 
every experiment for each cell line. The incubation was terminated by centrifugation for 2 
minutes at 1000 revlmin (Beckman tabletop microfuge); the supernatant was decanted, and the 
pellet was resuspended in 0.05 ml of binding buffer (4°C) containing '251-labeled rabbit antibody 
to mouse IgG (New England Nuclear) (40,000 countlmin) as second antibody and incubated for 
30 minutes. Binding was terminated by rapid filtration (Whatman, GFIB glass filters), and cells 
were washed twice with 10 ml of ice cold buffer. Antigens on adherent cells (A549, PC-3, PC-9, 
SK-MES-1, Wi38) were detected by incubating lo6 monolayer cells with OKM antibodies at 0.1 
pg per 0.5 ml for 2 hours at 4'C. The incubated cells were washed twice with 1.0 ml of buffer, 
and a second antibody was added at 100,000 countlmin per 0.2 ml. This reaction was stopped at 
30 minutes by washing monolayers three times with 5 ml of cold buffer and subsequent 
solubilization with 0.1N NaOH. Other details were as described for nonadherent cells. The 
determination of antibody binding was calculated as the difference between triplicate samples 
tested with (total) or without (blank) primary antibody. Total binding was less than 25 percent of 
the total added isotopically labeled antibody. Variance among replicates was less than 10 
percent, and ranges represent determinations of two to five experiments. The limit of detection 
for this assay was 15 pg (200 countlmin), and the specific activity of the second antibody was 7 
yCilyg. N.T., not tested. 

- -- 

Antibody binding to macrophage antigens 

Cell lines (24) (picograms per lo6 cells) 

OKMlO OKM 1 GKM8 OKM9 

u937 
Peripheral blood mononuclear cells 

8402, T cell 
A549, alveolarcarcinoma 
PC-3, lung adenocarcinoma 
SK-MES-1, lung squamouscarcinoma 
PC-9, lung adenocarcinoma 
Wi38, embryonic lung 
SK-MEL-1, melanoma 

SCCL 
181 to 597 
220 to 489 

Macrophage 
245 to 260 

200 
Orher 
<15 
1 1 5  
1 1 5  
< 15 
<15 
<15 
1 1 5  

< 15 
<15 
1 1 5  
<15 
1 1 5  
< 15 
N.T. 

240 to 250 
N.T. 

<15 
<15 
<15 
< 15 
1 1 5  
<15 
N.T. 

120 to 215 
N.T. 

<15 
N.T. 
N.T. 
N.T. 
N.T. 
N.T. 
N.T. 
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Fig. I .  Expression of OKMl (-0-, -0-) and 200 
OKMlO ( 0 ,  0) antigens by SCCL tu- 
mors. Membranes from tumors obtained at 
autopsy and normal tissues were prepared by 
homogenizing 2 to 5 g of pulverized frozen 
tissues in 200 ml of 10 mM tris @H 8.0), 
PMSF (50 ~ g l m l ) ,  and EDTA (1 mM). When $ 
continuous cell lines were used, the cells were : 
homogenized (Dounce) in the same buffer. 8 
Membranes were then sedimented (18,000 6 O l o o  

revlmin for 20 minutes), washed with buffer. 2 
and centrifuged again. The sediment was '0 

adjusted to 200 mg/ml in 10 mM tris @H 8.0). 
and the membrane fraction was purified fur- - 
ther by sucrose gradient centrifugation (50, 
30, and 22 percent at 130,000g for 2 hours). 
The fractions at the 30 to 50 percent and 22 to 
30 percent interfaces were pooled, adjusted to 
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5 mglml in 0.3M sucrose, 50 mlM tris @H 7.4), 
PMSF, and EDTA, and stored at -80°C until use. Binding was done on 200 kg per 0.3 ml of 
membranes as described in the legend to Table 1 except that primary antibody incubations were 
for 18 hours. All membranes showed a tendency to bind various monoclonal antibodies, 
presumably by a mechanism unrelated to their combining site specificity because a nonspecific 
antibody to mouse IgG (63Ag8) as well as pooled normal mouse IgG was bound by all of the 
membranes tested. Data are the averages (two to four experiments) of the antibody binding (as 
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surface similarities suggest that small granulocytes and macrophages. Neuro- 
cells are not of lung origin but actually of 
myeloid or hemopoietic stem cell origin. 
Our interpretation of the etiology of 

peptides, discretely located throughout 
the brain and body, have recognized 
hormone and growth-factor activity (21) 
as well as  the ability to mediate mood small cell lung cancer would emphasize 

lung emphysema and tissue damage (12, 
13) as a stimulus for myelopoiesis (14) 
and recruitment of precursors derived 

and behavior. If cells of the nervous and 
endocrine systems are functionally inte- 
grated with the cells of the immune sys- 

from bone marrow (13) into lung as well 
as other tissue sites. Continuous heavy 
smoking, the salient epidemiological fea- 
ture of SCCL, would provide an ever- 

tem by networks of neuropeptides and 
their receptors, this psychoimmunoen- 
docrine (22) network should be consid- 
ered in explaining the pathology of 
SCCL and other disease states. 
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present stimulus for monocytic prolifera- 
tion, and this pool of rapidly dividing 
immature cells would be potentially sen- 
sitive targets for neoplastic transforma- 
tion. Indeed, the characteristic chromo- 
somal deletion 3p(14-23) of SCCL (15) is 
shared by a large number of hemopoietic 
tumors (16) ,  and chromosome 3 has been 
suggested to  be a key locus mediating 
hemopoiesis. Disease progression could 
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