into consideration when one attempts to
explain the historical visual observations
is the visibility or contrast of the fea-
tures themselves and, consequently, the
reliability of visual observations in gen-
eral. McGovern, Gross, and Rasool (7),
who studied several sets of visual ob-
servations, have concluded that Mer-
cury’s rotation period is 58.4 * 0.4
days. While we fully agree with this
conclusion, we strongly question the
means by which they arrived at this
result, since their rotation period was
strongly influenced by four pairs of
Antoniadi’s observations (2). In examin-
ing the published drawings of Antoniadi,
we find other observations which are in
serious conflict with three of the pairs
used by McGovern et al. Thus, the 59-
day rotation period could be obtained by
selecting only those observations which
tend to support it, and by ignoring those
which do not. We therefore conclude
that at least some of the accepted visual
observations are completely inaccurate,
probably because of the marginal
visibility of surface features on Mer-
cury.

Photographs of Mercury taken in red
light on 25 April 1968 show a well-
defined feature of nontypical conspic-
uousness at 240° longitude located near
the center of the disk. Photometric
calibration applied to the photographic
plates permits an evaluation of both the
apparent and intrinsic contrasts of this
marking. The value for the instrinsic
contrast is about 0.20, somewhat less
than the dark areas on the moon (0.4)
and Mars (0.3 in yellow light). How-
ever, the apparent contrast of this fea-
ture is only 0.08, because Mercury was
necessarily observed through the illu-
minated terrestrial daytime sky. Less
conspicuous markings had contrasts less
than half as great, and this certainly
represents marginal visibility. Typical
surface features on Mercury, therefore,
are quite difficult to detect by direct
visual observation. It remains for high-
contrast photography to provide the
most reliable means for mapping the
surface of Mercury.

B. A. SmiTH

E. J. REESE
Observatory, New Mexico State
University, Las Cruces 88001
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Deficiency of Reduced Nicotinamide-Adenine

Dinucleotide Oxidase in Chronic Granulomatous Disease

Abstract. Reduced nicotinamide-adenine dinucleotide oxidase of normal human
polymorphonuclear leukocytes has properties that would qualify it as the enzyme
responsible for the respiratory burst during phagocytosis. The enzyme was deficient
in leukocytes of five patients with chronic granulomatous disease. This lack of
adequate reduced nicotinamide-adenine dinucleotide oxidase could be the basis
for the metabolic abnormalities characteristic of these leukocytes and for their

diminished bactericidal activity.

When polymorphonuclear leukocytes
phagocytize, they exhibit increased res-
piration, increased flow of glucose via
the hexose monophosphate shunt
(HMP) compared with that through
the Embden-Meyerhof-Parnas pathway
(1), and formation of hydrogen perox-
ide (2). The ingestion process itself
and these metabolic concomitants are
insensitive to cyanide (/), and the
metabolic energy needed for the proc-
ess has been considered to come from
glycolysis (1).

In the phagocytic leukocytes of pe-
ripheral blood of children with chronic
granulomatous disease (a genetic de-
fect expressed as impaired intracellular
killing of certain bacteria), the respi-
ratory burst, the stimulation of glucose-
6-phosphate oxidation, and formation
of peroxide during phagocytosis are
lacking (3), whereas the increase in
glycolysis is normal. The leukocytes
from these patients do ingest bacteria
normally, but since they fail to kill
many types of organisms, the patients
suffer from various chronic infections
(4). Attempts have been made to es-
tablish the reason (4) for the func-
tional metabolic deficiencies in - these
leukocytes (5) and to define possible
connections between these metabolic
lacks and the inability of the cells to
kill bacteria normally.

In any search for a key enzyme re-
sponsible for the respiratory burst of
normal phagocytizing cells, the follow-
ing must be kept in mind: (i) the en-
zyme should be insensitive to cyanide;

(ii) peroxide would probably be one of
its products; (iii) the enzyme should
be present in amounts adequate for the
needs of the intact phagocytizing cell;
and (iv) a relation between the respi-
ratory enzyme and the hexose mono-
phosphate pathway should be evident.
There is evidence that the hexose
monophosphate shunt itself is unim-
paired in the patients’ cells (3). De-
pression or lack of a terminal respira-
tory enzyme, which could be linked to
the lack of bursts of respiration and
HMP activity during phagocytosis,
would not only indicate a key biochem-
ical lesion in chronic granulomatous
disease but would also help to establish
that the enzyme is indeed responsible
for the oxidative stimulations when
normal cells phagocytize.

Recently, a flavoprotein enzyme, re-
duced nicotinamide-adenine dinucleo-
tide (NADH) oxidase, was isolated and
characterized from the soluble fraction
of homogenates (prepared in isotonic
KCl) from guinea pig peritoneal gran-
ulocytes (6). The enzyme is specific for
NADH, and the products formed are
hydrogen peroxide and nicotinamide-
adenine dinucleotide (NAD*) in equi-
molar amounts (6). The enzyme is
insensitive to cyanide and is present, at
least in guinea pig polymorphonuclear
leukocytes, in adequate amounts to
cover the respiratory burst during phag-
ocytosis. This enzyme thus would sat-
isfy points (i), (ii), and (iii) above.
Evidence is available which links this
enzymatic activity (that is, NAD* pro-
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duction) to the hexose monophosphate
pathway, control of which is determined
by availability of nicotinamide-adenine
dinucleotide phosphate (NADP+) (7).
The linkage has been shown to be via
transhydrogenation by lactate dehydro-
genase (7), and also via glutathione
reductase (8), to satisfy point (iv).

A reduced nicotinamide-adenine di-
nucleotide phosphate (NADPH) oxi-
dase insensitive to cyanide and confined
to the granule fraction of 0.34M su-
crose  homogenates obtained from
guinea pig peritoneal leukocytes has
also been reported (9). The linkage of
this enzyme to the hexose monophos-
phate pathway would be more direct
than that of the NADH oxidase men-
tioned above, but no data have been
provided as to the quantitative impor-
tance of this enzyme.

We report here quantitative deter-
minations of both oxidase enzymes in
human peripheral blood leukocytes and
compare these activities to the respira-
tory burst in intact cells. The data bear
on point (iii) above. Finally, we offer
our results on NADH oxidase activity
in the peripheral blood leukocytes from
children with chronic granulomatous
disease. This enzyme appears to be de-
ficient in the patients’ cells, and this
lack could well be responsible for the
metabolic abnormalities. We also sug-
gest that it is this same enzymatic lack
that leads to the depression of bacteri-
cidal activity in these cells.

Leukocyte respiration was measured
manometrically in Warburg flasks
(micro size) containing a final volume
of 1 ml of 0.154M Krebs-Ringer phos-
phate salt solution (pH 7.4) and 3.0 to
6.0 X 107 leukocytes (3.0 to 5.5 mg
of cellular protein). The respiratory
burst, measured after addition of 0.1
ml of well-dialyzed latex particles (10),
was 1.4 pl (63 nmole) of oxygen per
hour for each milligram of cellular
protein at 37°C.

Because Cagan (6) had found that
the Michaelis constant (K,,) for NADH
oxidase was 1.0 mM with respect to
NADH, this enzyme was measured at
37°C in cuvettes (1-mm light path)
containing a final volume of 0.4 ml of
0.05M K,HPO,-KH,PQO, buffer (pH
7.0), lmM KCN, and 2.5 mM NADH,
final concentration. There was almost
enough enzyme activity recovered to
explain the respiratory burst, when one
considers the optimum pH for this type
of enzyme (pH 5.0), which may ob-
tain intracellularly during phagocytosis.
Because of lack of sufficient material,
we do not yet have data on the kinetic
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Table 1. Reduced nicotinamide-adenine dinu-
cleotide oxidase (nanomoles of oxygen per
milligram of total cell protein per hour) of
human polymorphonuclear leukocytes. Five
patients were studied. All exhibited the clin-
ical manifestations of the disease, and their
polymorphonuclear leukocytes were deficient
in the quantitative dye test which is. diagnostic
(5). The six controls were patients with other
ailments. There were no differences between
the two groups with respect to the proportions
of cell types in the blood.

Control Disease A
336 1.1 ‘
20.4 5.2
579 10.6
21.0 8.2
18.0 1.7+
25.5
29.5 +6.1 74 417
P<.01

* Female patient.

properties of the enzyme from human
cells. Initial experiments suggest that
the enzyme from human cells has sim-
ilar properties to those of the guinea
pig enzyme on which exhaustive studies
have been made. If one considers that
some losses must have occurred in
handling the small amounts of material
during homogenization and centrifuga-
tion, coupled with the point made in
the previous sentence, we come within
sight of satisfying point (iii) previously
outlined.

The cyanide-insensitive NADPH oxi-
dase was assayed in the granule and
supernatant fractions of human leuko-
cyte homogenates in 0.34M sucrose
after a 15-minute centrifugation at
30,000g. Assays performed spectropho-
tometrically (/7), as well as with the
oxygen electrode (/2) indicate that en-
zyme activity was confined to the
granule fraction. This activity is far
less than that necessary for the respi-
ratory burst, when measured either at
0.1 or 7 mM NADPH. It was certainly
much lower than the NADH oxidase
activity.

The data that pertain to these points,
obtained for polymorphonuclear leuko-
cytes from four human subjects, are
summarized as follows: Qo, (microliters
of oxygen per milligram of total cell
protein per hour) of resting cells is 1.1;
that of phagocytizing cells is 2.5. The
difference, that is, respiratory stimula-
tion during phagocytosis, may be ex-
pressed as 63 nanomoles of oxygen per
milligram of total cell protein per hour.
The total NADPH oxidase activity,
measured at pH 7.0, is 4.9 nanomoles
of oxygen per milligram of total cell
protein per hour. At the same pH,
NADH oxidase activity is 30. If the
enzyme from human cells has a pH

optimum profile similar to that of
guinea pig cells, its activity at pH 5.0
(which may be closer to that of the
intracellular milieu, especially during
phagocytosis) would be double that at
pH 7.0. Thus, the true available NADH
oxidase activity may be in the vicinity
of 60 nanomoles of oxygen per milli-
gram of total cell protein per hour.

Since NADH oxidase rather than
NADPH oxidase is more likely to be
the primary enzyme involved in the
cyanide-insensitive  respiratory  burst
during phagocytosis, the lack of this
enzyme or the inhibition of its activity
could be the basis for the oxidative de-
fect in the leukocytes of patients with
chronic granulomatous disease. Accord-
ingly, we determined the NADH oxidase
activity in supernatants (30,000g) of
homogenates of leukocytes in alkaline
KCI (6). The cells were obtained from
four male children and one female
child with chronic granulomatous dis-
ease. We concluded that these leuko-
cytes have a significant deficiency of
NADH oxidase activity (Table 1)
(13).

In the guinea pig polymorphonuclear
leukocytes, the NADH oxidase pro-
duces H,0, (6). If the enzyme of hu-
man cells is analogous to the guinea
pig enzyme, depression of this oxidase
in patients with chronic granulomatous
disease would result in depression of
H,0, formation; indeed, a depression
of HyO, was noted in such phagocytiz-
ing cells (3). This situation could cause
the depressed ability of chronic gran-
ulomatous disease cells to kill bacteria,
a possibility suggested by the findings of
Klebanoff et al. (14) regarding the role
of Hy0, in bactericidal activity of leuko-
cytes. Klebanoff et al. (14) have linked
H,0,, myeloperoxidase, and a halide in
this function of polymorphonuclear leu-
kocytes. We therefore suggest that the
depressed NADH oxidase activity we
have demonstrated in chronic granu-
lomatous disease cells is an important,
and perhaps the cardinal, deficiency in
the disease. These findings help to es-
tablish a connection between the met-
abolic events of phagocytosis and the
important functional role of polymor-
phonuclear leukocytes, that is, their
bactericidal activity.

ROBERT L. BAEHNER

Department of Medicine,
Division of Research Hematology,
Children’s Hospital Medical Center,
Boston, Massachusetts

MANFRED L. KARNOVSKY
Department of Biological Chemistry,
Harvard Medical School, Boston

SCIENCE, VOL. 62



References and Notes

1. A. J. Sbarra and M. L. Karnovsky, J. Biol.
Chem. 234, 1355 (1959); M. L. Karnovsky,
Physiol. Rev. 42, 143 (1962).

2. G. Y. N. Iyer, M. F. Islam, J. H. Quastel,
Nature 192, 535 (1961).

3. B. Holmes, A. R. Page, R. A. Good, J. Clin.
Invest. 46, 9 (1967); R. L. Baehner and D. G.
Nathan, Science 155, 835 (1967).

4. B. Holmes, P. G. Quie, D. B. Windhorst, R.
A. Good, Lancet 1966-1, 1225 (1966).

5. R. L. Baehner and D. G. Nathan, N. Engl.
J. Med. 278, 971 (1968).

6. R. H. Cagan and M. L. Karnovsky, Nature
204, 233 (1964); R. H. Cagan, thesis, Harvard
University (1965); M. L. Karnovsky, A. W.
Shafer, R. H. Cagan, R. C. Graham, M. J.
Karnovsky, E. A. Glass, K. Saito, Ann. N.Y.
Acad. Sci. 28, 778 (1966); R. H. Cagan and
M. L. Karnovsky, in preparation.

7. W. H. Evans and M. L. Karnovsky, Bio-
chemistry 1, 159 (1962).

. J. Noseworthy, unpublished observations.

9. R. Rossi and M. Zatti, Biochim. Biophys. Acta
153, 296 (1968).

10. The latex particles (0.81 micron) were ob-
tained from Difco Laboratories, Detroit, Mich.
They were previously dialyzed for 72 hours

oo

at 4°C against distilled water, and the pellet
was resuspended to the initial volume in iso-
tonic saline (after centrifugation at 30,000g
for 30 minutes).

11. Spectrophotometric assays of NADPH oxidase
were carried out at 37°C in cuvettes with a
1-cm light path, in a final volume of 1 ml;
0.1M phosphate buffer (pH 7.0) and a final
concentration of 1mM KCN; 0.1mM
NADPH; granule enzyme, 1 mg of protein.

12. Oxygen electrode assays of NADPH oxidase
were carried out with a Clark membrane elec-
trode (Instrumentation Laboratory, Inc., Bos-
ton) and a circulating water bath electrode
chamber. The final volume was 1.3 ml of 0.1M
phosphate buffer, pH 7.0 at 37°C. Final con-
centrations of KCN were 1mM; TmM
NADPH; granule enzyme, 2 mg of protein.

13. Baehner and Nathan (5) included preliminary
measurements performed in this laboratory,
on two patients, in a paper on a female who
manifested the disease.

14. S. J. Klebanoff, W. H. Clem, R. G. Luebke,
Biochim. Biophys. Acta 117, 63 (1966); S. J.
Klebanoft, J. Bacteriol. 95, 2131 (1968).

15. Supported by PHS grants AI-03260, AI-08173,
AM-37-26302, and by the John A. Hartford
Foundation.

6 September 1968 n

Human Osteosarcomas: Immunologic Evidence

Suggesting an Associated Infectious Agent

Abstract. Immunofluorescent studies have revealed a high incidence of anti-
bodies to osteosarcomas in the serums of patients with this disease and their close
associates which react with a common antigen (or antigens) in osteosarcomas.
The distribution of these antibodies suggests the association of an infectious
agent with this neoplasm which is capable of producing unrecognized infections

in healthy contacts of these patients.

Although viruses have been estab-
lished as oncogenic agents capable of
inducing a wide variety of animal
neoplasms, their role in the etiology of
human neoplasia remains undeter-
mined. This report will summarize
studies on the distribution of antibodies
to osteosarcoma in patients with osteo-
sarcoma, their immediate families, and
their close associates which suggests
the association of an infectious agent
with this neoplasm.

Serums randomly selected from four
patients with osteogenic sarcoma, 14
members of their immediate families,
four close associates of one patient,
and 25 normal blood-bank donors have
been tested by the indirect immunofluo-

rescence technique for antibodies
against four different osteosarcomas.
Imprints of osteogenic sarcoma tissue
were made on glass slides and stored
in a liquid-nitrogen refrigerator until
used in the immunofluorescence tests
with techniques that have been re-
ported (7).

When the previously frozen tumor
imprints were used in this test they
were fixed in acetone for 10 minutes
and allowed to -ry; then a drop of
test serum was added. The slide was
incubated at room temperature for 20
minutes in a moist chamber. Smears
were washed twice in saline and a drop
of properly diluted horse antiserum to
human. globulin, conjugated to fluo-

Table 1. Incidence of antibodies against four different osteosarcomas in the serums of patients,
their relatives, close associates, and normal blood-bank donors. Results are expressed as No.

positive/No. tested.

T ¢ Osteosar- Osteosar- Osteosar- Osteosar- Percent
ype o coma from  comafrom  coma from coma from  Total posi-
serums patient A patient B patient C patient D tive
Osteosarcoma
patients 2/2 4/4 3/3 4/4 13/13* 100
Patients’ family
members 5/11 77 8/8 14/14 34/40% 85
Associates of
patients 1/1 4/4 3/3 3/4 11/12% 91
Blood-bank donors 1/10 4/19 8/25 7/16 20/70 29

* Incidence of reactivity is significantly different from blood-bank donors (P < .01).
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rescein isothiocyanate and previously
absorbed with porcine liver powder,
was added for another 20 minutes. The
smears were again washed twice,
mounted in 50 percent glycerin in
saline, and examined with a fluorescent
microscope. Serums were routinely
tested at dilutions of 1:10, 1:100, and
1:300 and only at the higher dilutions
if they were positive at 1:300.

The direct immunofiuorescent tech-
nique was used to study the reactivity
of globulins from two patients against
their own osteosarcomas (patients B
and C). Globulins were precipitated
from serum with ammonium sulfate
and conjugated to fluorescein isothio-
cyanate. The labeled globulins were
then tested for their reactivity against
osteosarcomas by allowing a drop of
these conjugated antiserums to incu-
bate on the tumor imprint slide for 30
minutes, after which the slide was
washed twice and examined. Blocking
studies were performed by incubating
the smears with unlabeled serum,
washing, and then adding the labeled
globulin. This was allowed to incubate
for 30 minutes, after which the slide
was washed twice and examined.

Results of this study are summarized
in Tables 1 and 2. Each patient’s serum
was found to react not only with his
own osteosarcoma but also with the
tumors of other patients (Table 1).
The titer of reactivity varied between
1:100 and 1:600 (Table 2). Some
serums (particularly those of high
titer) showed prominent prozones that
were negative when tested undiluted or
at a 1:10 dilution, but that became
strongly positive at dilutions of 1:100
or 1:300. The immunofluorescence
staining was principally limited to the
cytoplasm and cell membrane, but
faint nuclear staining was also observed
(Fig. 1). The specificity of these im-
munofluorescence reactions was studied
by testing high-titer serum from the
four osteosarcoma patients at dilu-
tions of 1:10, 1:100, and 1:300 against
human neoplasms of other types (a
melanoma and adenocarcinomas of the
breast and colon). No reactions were
observed between serums from osteo-
sarcoma patients and these three neo-
plasms.

A high incidence of immunofluores-
cence antibodies was also demonstrated
in serums from members of the imme-
diate family (85 percent) and the
serums from close associates of pa-
tient B (91 percent). The tests of
serums  from normal  blood-bank
donors revealed a significantly lower
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