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Fig. 2. Cytotoxic tests with H-2 antiserums
on C57BL/6 mouse lymphocytes and on
A-strain mouse lymphocyte suspensions,
mixed in various proportions by volume.
The slight curvature of the two plots and
their intersection near 60 percent (ab-
scissa) rather than at 50 percent was pre-
dictable from an inequality of the cell
counts of the original suspensions. The
counts are highly reproducible, and the test
illustrated here better demonstrates their
accuracy than does a comparison with
visual counts. Serum and reagents were
filtered for this test.

modified dark-field optical system (9).

The absorption at 5900 A by dead
cells stained with trypan blue was
greater than their scatter and caused
a decrease in total light through the
optical system. Living cells scattered
the incident energy without significant
absorption and caused an increase in
the light transmitted through the op-
tical system. Thus, the photomultiplier
signals due to dead cells and living cells
were of opposite polarity. The two
pulse trains produced were counted on
independent scalers. The scaler values
were used directly as counts of live
and dead cells in a sample. For most
samples at least 5000 cells were
counted at a rate of about 200 cells/
sec.

Channels with 100-p and 25-p con-
strictions were also tested. Better sig-
nals were obtained with the smaller
channel, particularly with small cells,
but clogging of the channel was more
frequent. This was not a difficulty with
the 50-u channel.

The accuracy of this automated
method of counting was studied with
a variety of cells and compared with
visual counts. For the most part H-2
isoantiserums were reacted with mouse
lymphocytes and thymocytes, EL4 as-
cites leukemia cells, and Meth A ascites
sarcoma cells. Even with the smallest
cells, signals were adequate to distin-
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guish from electrical noise; counts were
reproducible within 2 percent and were
paralleled with visual counts (Figs. 1
and 2).

There was a systematic error which
was especially marked with small cells
such as thymocytes (Fig. 1). This arose
from particles that scattered sufficient
light into the dark field to be registered
as living cells. The error was most ob-
trusive as the number of dead cells ap-
proached 100 percent. At that point, ma-
chine counts indicated a residue of usu-
ally 5 to 10 percent of living cells, due
to these particles. The particles which
register as live cells are small, and when
large cells were being counted the
threshold for signals could be adjusted
to exclude them; with smaller cells, this
was not possible. The error was mini-
mized by filtering the serums, Medium
“199,” and the trypan blue solution as
described above. Corrections also can
be made by obtaining background
counts on an appropriate volume of
serums, Medium “199,” and trypan blue
without cells, but we found this un-
necessary after filtration. Erythrocytes
should be excluded as far as possible
in preparation of cell suspensions since
they refract light without taking up
trypan blue, and are counted as living
cells.
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Human C’'3: Evidence for the
Liver as the Primary Site
of Synthesis

Abstract. The liver is the primary, if
not sole, site of synthesis of the third
component of human complement, as
shown by a change in the recipient
from C'3 FS,, to C'3 SS, the donor
type, following homotransplantation of
the liver.

Polymorphism in the plasma proteins
has provided useful markers in deter-
mining their source in homotransplanta-
tion of the human liver. If a given pro-
tein is of different type in liver donor
and recipient, and if the recipient’s type
changes to that of the donor after trans-
plantation, the liver must be the pri-
mary, if not sole, site of production of
that protein. Such a change in type has
been demonstrated for haptoglobin (7)
and more recently for Ge-globulin (2).
Experiments in animals, which utilize
incorporation of radioactive labels (3)
and fluorescent antibody localization
(4), have shown that haptoglobin is in-
deed synthesized by the liver.

With the recognition of allotypy in
the third component of human comple-
ment (C’3), the question of hepatic
synthesis of this protein can be exam-
ined in similar fashion. There are seven
known alleles for C’3 (5) and the
various gene products are identified by
differences in electrophoretic mobility.
In Caucasians, the C’3 S (slow) allele
has an approximate gene frequency of
0.75, while the F (fast) gene has a fre-
quency of about 0.25. The other allo-
types, Fy, Fog, Fos Spe and S,, are
relatively rare.

Typing of C’3 was performed by
prolonged agarose electrophoresis of
fresh serum or serum promptly sepa-
rated from clotted blood and stored at
—80°C as previously described (5); and
typing of haptoglobin, by the method
of Smithies (6) with starch gel electro-
phoresis and a discontinuous buffer sys-
tem (7). Quantitation of C’3 was
carried out with the electroimmunodif-
fusion technique of Laurell (5, 8) or a
nephelometric method (5, 9) or both,

SCIENCE, VOL. 163



with an antiserum to purified C'3 pre-
pared in this laboratory by the method
of Nilsson and Miiller-Eberhard (10).
This antiserum was monospecific when
reacted with whole human serum in im-
munoelectrophoresis (/7). Antigen-
antibody crossed electrophoresis was
performed as described by Laurell (12)
with this antiserum to human C'3.

The liver recipient was a 16-year-old
white male with an unresectable hepa-
toma grossly confined to the liver and a
few portal nodes. There was no other
liver disease either clinically evident or
visible on routine histologic examina-
tion. The liver donor was a previously
healthy 12-year-old white male who
sustained fatal cerebral damage in an
automobile accident. Orthotopic trans-
plantation of the liver was performed,
the recipient receiving 5 liters of whole
blood during the operation.

Following transplantation of the liver,
the concentration of C’3 in serum fell
from 207 mg/100 ml to a low of 41
mg/100 ml on the 4th postoperative
day. Thereafter, the concentration grad-
ually rose to a normal value of 135
mg/ 100 ml by the 14th postoperative
day. From the 3rd to the 6th post-
operative weeks, during which time the
patient had evidence of bacterial infec-
tion, the C’'3 concentration fluctuated
between 101 and 37 mg/100 ml. One
day prior to death from pulmonary
sepsis, 45 days after homotransplanta-
tion of the liver, the C’3 concentration
was 28 mg/ 100 ml.

Typing revealed that the liver recip-
ient was C’3 FSos, while the donor
was C’'3 SS; S, ¢ is an uncommon allo-
type (5, 13) but, since the recipient’s
mother was C’3 SS, ;, any influence of
the hepatoma on the C’3 type can be
eliminated. The C'3 type of the donor,
SS, is the most common in all popula-
tions studied thus far (5). )

Figure 1 shows, from left to right,
the C’3 patterns of the donor, the re-
cipient prior to operation, and the re-

cipient at 20 hours and at 6 days after

the operation. The recipient’s C’'3 type
changed to that of the donor following
transplantation of the liver, as seen in
the sample obtained 6 days after the
operation. The 20-hour sample shows
traces of C’'3 FS, . This is compatible
with previously published observations
on the metabolism of human C’3 in
which the fractional catabolic rate in
normal subjects was found to be 1.3 to
3.4 percent of the plasma pool per hour
(I14), with a corresponding biological
half-life of 24 to 72 hours. Samples ob-
tained up to 6 weeks postoperatively
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Table 1. Serum protein types of liver donor
and recipient before and after homotrans-
plantation. Hp, haptoglobin; Tf, transferrin;
and Gc, Gce-globulin,

Types of serum protein

Subject

C3 Hp Tf Gc

Donor SS 2-2 CC 211

Recipient,
prior to
transplanta-
tion

Recipient,
6 days after
transplanta-
tion SS

FSos 2-1 CcC 2-1

2-2 CC 2-1

showed only C’3 SS. The typings were
confirmed by antigen-antibody crossed
electrophoresis. The minor gene product
of C'3 F (5) disappeared from the
recipient’s serum and was replaced by
the C’'3 S minor product.

Two reasons for the change in C'3
type were considered. The possibility
that the recipient’'s C’3 was derived
from the transfused blood (which would
be expected to contain more C’3 SS

A B

than other types) was unlikely because
the recipient’s concentration of C’'3 was
highest and was of type SS when he had
received no blood for 11 days. A second
explanation for the change in C’3 type
involves the agents the recipient re-
ceived to suppress rejection of the trans-
planted liver. These included azathi-
oprine, prednisone, and globulin from
horse antiserum to human lymphocytes.
We therefore examined serums from
donor and recipient of a kidney, since
the recipient was on the same course of
treatment to suppress rejection. The
kidney donor was C’3 SS while the
recipient remained C’3 FS following
transplantation and immunosuppression.
The recipient’s plasma proteins before
and after liver transplantation are given
in Table 1. The recipient’s haptoglobin
changed from Hp 2-1 to Hp 2-2 as re-
ported previously by others. (Z). The
types of Gc-globulin and transferrin
were the same in recipient and donor.
These observations indicate that the
liver is the primary, if not sole, site of
synthesis of C’3 in man. Previous work,

—TRANS-
FERRIN

(+)

-F
e - - :
C'3
=So.s
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C D

Fig. 1. Prolonged agarose electrophoresis patterns for C'3 typing of (A) serum from the
liver donor, (B) serum from the liver recipient prior to transplantation, (C) serum from
the liver recipient 20 hours after transplantation, and (D) serum from the liver recipient
6 days after transplantation. Prior to transplantation, the liver recipient was C’3 FSo.s
while the donor was C’3 SS. Twenty hours after transplantation, the recipient’s serum
shows mostly C’3 SS with traces of C’'3 FSo.¢, while at 6 days after only C’3 SS is seen.
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based on incorporation of radioactive
amino acids into C’3 in tissue culture,
has suggested that the cell of synthesis
is the macrophage (I/5). Macrophages
isolated from peritoneal and lung
exudates were most active in the syn-
thesis of C'3.

If the reticuloendothelial cells of the
liver, the Kupffer cells, were responsible
for hepatic production of C’3, since
such tissue clearly represents less than
half the total reticuloendothelial system
of macrophages of the body, one would
expect a mixture of recipient and donor
C’3 types following transplantation of
the liver.

Note added in proof: After submis-
sion of this manuscript for publication,
a paper by Azen and Smithies (/6) ap-
peared describing their independent
finding of C’3 polymorphism by high-
voltage starch gel electrophoresis. On
exchanging serum samples, it was es-
tablished that their C3?, C32, and C3?
correspond to C'3 F, C'3 S, and C'3 S, ¢,
respectively, in our nomenclature (5).
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Brown Adipose Cells: Spontaneous

Mobilization of Endogenously Synthesized Lipid

Abstract. Isolated brown adipose cells, devoid of a basement membrane,
readily synthesized a variety of lipids from radioactive acetate, a reaction
augmented by glucose and insulin. A large proportion of the newly formed
fatty acids passed into the incubation medium. In intact brown adipose slices
and isolated white adipose cells, most of the synthesized lipid was retained as
glyceride esters. The data suggest that the rapid turnover of endogenously
synthesized lipid in brown adipose cells is almost totally obscured in studies
with intact tissue slices because of interstitial barriers to the egress of fatty acid.

Conflicting views exist on the lipo-
genic activity of brown adipose tissue.
It has been suggested that the low lipid
content in brown fat may be the result
of inadequate fatty acid synthesis (1),
whereas other data have shown that
lipogenesis in brown fat in vivo is ac-
tive, and at times is equal to or greater
than that in white fat (2, 3). My ex-
periments show that lipogenesis in iso-
lated brown adipose cells was brisk
and sensitive to added glucose and in-
sulin, and that a sizable proportion of
newly synthesized fatty acid is spon-
taneously and preferentially released
into the incubation medium. In white
adipose cells retention is favored.

Male Wistar rats (180 to 200 g)
raised on Purina chow were killed by
a blow to the head, and the dorsal
interscapular fat pad was excised. The
pads were examined through a dis-
secting microscope, stripped of adher-
ent white fat and interdigitating muscle,
and cut into 5- to 10-mg pieces. The
tissue fragments were added to a 30-ml
plastic bottle containing 10 ml of
Krebs-Ringer bicarbonate buffer with
one-half the recommended concentra-
tion of Ca ion and 5 percent dialyzed
bovine albumin. The buffer-albumin
mixture had been frozen and was
gassed to pH 7.4 with a mixture of
0, and CO, (19:1) before use. Glu-
cose was present at a concentration of
3 mmole/liter, and 10 mg of colla-
genase (4) was added.

The flask was capped and secured in
a water bath (37°C), and the mixture
was stirred with a small plastic-coated
magnetic bar. Incubation continued un-
til the next pad was ready to be sec-
tioned; for each experiment three to

six pads were added this way. If the
period of tissue handling exceeded 10
minutes, the pad was discarded. Treat-
ment with collagenase continued for 45
minutes after the last addition of tissue.
The incubation mixture was then fil-
tered through surgical gauze moistened
with fresh buffer-albumin solution to
trap undigested tissue fragments and
stromal and vascular elements. The
filtrate was centrifuged at 300g for 1
minute, and the floating cells were
transferred to another vial containing
a known volume of buffer-albumin
solution. Substrates were added, and
the mixture was distributed in 1-ml vol-
umes to plastic vials for final incuba-
tion. Methods for lipid extraction and
measurement, radioassay, and thin layer
chromatography have been described
(5, 6).

Electron microscopy of the prepara-
tion of isolated cells demonstrated
structural integrity and preservation of
morphological features. Like isolated
white adipose cells (6), brown cells
were not enveloped by a basement
membrane.

The conversion of acetate to lipid in
isolated brown adipose cells was brisk,
and, in the presence of 16 mM glucose,
it was linear for at least 120 minutes
at a velocity of 411 = 81 nmole per
millimole of cell fatty acid per hour
(mean = S.EM., n=75). The compo-
sition of lipids synthesized by isolated
cells differed significantly from that
produced by slices of brown adipose
tissue (Table 1). In isolated cells, near-
ly half the newly formed lipid was in
free fatty acid, whereas in intact tissue
less than 2 percent was in free fatty
acids, and over 90 percent of the lipid
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