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method of choice to separate a myelin fraction which could
then be assayed for its radioantibody content.

MATERIALS AND METHODS

Rat Brain Studies

Antibodies were prepared in individual rabbits against
rat brain and were screened for in vitro absorption activity
in the manner previously described (4). They were radio-
iodinated with 125I according to our revised KI-nitrite pro
tocol (5). Normal rabbit globulin, labeled with 131I, was

used as the control material. The antiserum and normal serum
globulins were obtained by successive precipitations in 18%
(w/v) and 13.5% (w/v) sodium sulfate followed by exhaustive
dialysis at pH 5.4 against 0.02 M phosphate buffer. The soluble
portion from the pH 5.4 step was brought back to pH 8, re-
precipitated with 13.5% (w/v) sodium sulfate, dialyzed against
0.015 M saline, and lyophilized.

The in vivo assay of localized radioantibodies in rat brain
followed the procedure previously described (7). Intracerebral
injections of 0.05-ml portions and intravenous injections of
2.0-ml portions of radioantibody in 300-gram male Lewis-strain
rats were made; tissues were perfused and excised 18 hours
later. Excised brain was divided into stem and hemisphere
portions for counting; the hemisphere portions, only, were
used in the subsequent zonal centrifuge study.

The perfused-hemispheric portions were homogenized by
hand in a Teflon-glass homogenizer using ice-cold 8% sucrose
(buffered with 0.001 M Tris at pH 8.1) as medium in the pro
portion of 20 ml for every 4 grams wet weight of brain. Except
when the zonal profile of soluble material was desired, the
homogenates were centrifuged in the cold in a conventional
rotor at 35,000 X g (28,000 minimum to 42,000 maximum) for
30 min, and the sedimented portions were resuspended in a
second volume of Tris-buffered 8% sucrose. The resuspended-
particulate material from 1-6 rat brains in 5-30 ml was injected
into a spinning B-XV zonal rotor (1), containing a preestab-
lished sucrose gradient, and was zoned in the manner pre
viously described for brain (3, 9). The integrated force values
(10ÃŸtÃ¼2t)for the separate runs varied from 1440 to 15,800,

although most runs were made at 4000. Zonal centrifugation
of isolated components and of myelin-antibody complexes was

carried out in a similar manner.
After the desired digitally registered force had been reached,

the 1600-ml gradient containing the fractionated brain par
ticles was pumped from the spinning rotor, passed through a
recording spectrophotometer for continuous absorbance readings
at 260 and 280 m/i, and collected in 40 fractions of 40 ml each.
After the sucrose density and radioactivity count rate of each
40-ml cut was determined, the fraction was divided into two
parts. One part was layered over saturated cesium chloride
for isopycnic banding; the other was diluted with saline and
centrifuged in a conventional rotor at 35,000 X g for 30 min
to sediment the particulate matter. The density of the CsCl
banded material was determined by relative positions of plastic
density banding beads after which the various layers and bands
were separated for radioactivity count rate determinations.

All sediments and supernatant fluids were also counted for
radioactivity.

Human Brain Tumor Studies
The protocol previously described for localization of radio-

antibodies in human brain tumor (6) was used here except
that the preparation and radioiodination of antibodies were
different. In the one case (B. T.), 10 mg of rabbit-antiserum
globulin against normal human brain was adsorbed by 10 mg
of lyophilized myelin, washed three times, and radioiodinated
with 125I while attached to the insoluble myelin in exactly the

same manner as previously described for antibody adsorbed
to fibrin (5). The insoluble material was then washed three
more times, the radioantibody was eluted from it at 60Â°Cin

borate and dialyzed, and the radioactive material was mixed
with 10 ml of the patient's serum, fractionated for IgG as de

scribed above, and checked for IgG integrity by radioimmuno-
electrophoresis. This material [estimated to contain 10 Â¿ig
125I-labeled rabbit antibody (170 Â¿tc)]and 10 Â¿ig131I-labeled

normal IgG (350 /ic) from the patient, were brought to 50 ml
in Ringer's solution, passed through a sterile-ultrafine sintered

glass filter, and turned over to my colleagues in the division of
neurosurgery for infusion via the internal carotid artery.
Craniotomy and biopsy of a frontal lobe astrocytoma were
made 3 days later. Zoning and assay of a 3.78-gram biopsy
specimen were made in the same way as for rat brain.

In the other case (T. L.) the patient's own IgG was ob
tained, labeled with 125I, mixed with 131I-labeled human serum

albumin, and administered to the patient similarly to the pre
vious case. The biopsy specimen that was zoned and reported
on in this paper was not obtained until a month later at which
time a final diagnosis of glioblastoma multiforme was made.

RESULTS AND DISCUSSION

The Zonal Profile of Localized Normal Rabbit Globulin
in Brain. The absorbancy profile of zonally centrifuged rat
brain in Chart 1 has the typical three peaks that have been
routinely observed (3, 9) in all previous profiles of brain. The
middle peak that occurs in sucrose at a density of 1.09 is the
unique feature that results from the isopycnic zoning of myelin-
rich structures. The rat brain in this particular case also con
tained localized radioiodinated normal rabbit globulin that had
remained in the perfused tissue 18 hours after intracerebral
injection. It can be seen that no radioactive peak appeared in
the sucrose gradient at a density of 1.09, and, therefore, that
no particular association of normal radioglobulin with myelin-
rich structures occurred. An even more detailed look at the
"fine structure" of the profile (Chart 2) revealed little uptake

of normal globulin in the middle region, and the little that did
appear there was not heavily associated with a saline-sedi-
mentable fraction. By contrast, strong association was observed
in the more dense region between sedimentable material and
the radioactive globulin. The bulk of the localized normal glob
ulin, however, appeared in the first peak as soluble protein.

The Zonal Profiles of Localized 125I-Antirat Brain Antibody
in Brain 18 Hours after Intracerebral Injection. There are
some types of antibody that localize to a much higher extent
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Chart 1. Zonal profile of normal rat brain containing localized 125I-labeled normal rabbit globulin 18 hours after intracerebral
injection, showing lack of globulin in middle region. 0 0, radioactivity;â€¢--â€¢,density; , absorbancy at 280 m/t- Each frac
tion contained 40 ml. Scale is such that 120 = 1,500,000 cpm of 125I. The total localized radioactivity was 2,557,000 cpm, which
represented 03% of the injected radioactive dose. The brain homogenate was prepared from 5 rat brains, but only one-fifth was
zoned; therefore, the absorbancy curve represents one whole rat brain. In this instance precentrifugation to remove soluble frac
tions was not done since we wanted to show that the bulk of the normal radioglobulin did appear in the soluble material of frac
tion 6. Zoning was carried out until a force of 1780 X 108w2t was reached.

than normal globulin but which in their zonal profiles are
similar to normal globulin. An example of such an antibody
is shown in Chart 3. Again, no particular association with ma
terial in the 1.09 density region is indicated.

The localized antibody depicted in Chart 4 had a zonal dis
tribution much different from the normal globulin control and
from the localized antibody of Chart 3. Not only did a middle
peak of radioactive antibody appear, but the amplitude of the
zone was also more than double the levels of the first and third
regions. A surprising result, however, was that the radioactivity
peak occurred in a different zonal fraction than the absorbancy
peak, i.e., in fraction 18 with a density of 1.104 rather than in
fraction 15 with a density of 1.089. More will be said about
this effect later on.

The use of CsCl as a density-gradient medium has limita
tions in the study of antibody-particle complexes since the
high ionic strength tends to dissociate part of the antibody,
usually to the extent of about 40% of the absorbed material.
Nevertheless, in this instance the isopycnic banding of sucrose-
zoned material in CsCl was carried out in order to get a
further idea, however rough, of the structures to which localized
antibody was attached. In particular the sucrose-density zone
from 1.08 to 1.12 was of interest since it was known from
previous experience that myelin-rich structures which had been
zoned at 1.09 in sucrose would form two or three density bands
in CsCl, one at 1.09 and the others at 1.15 and 1.23. As can

be seen in Chart 5, the sucrose-density band at 1.104 resolved
itself into 4 bands in CsCl with 1.13 appearing for the first
time. (The material beyond a sucrose density of 1.12 was for
the most part not yet at equilibrium in the zonal centrifuge
and banded at 1.27 in CsCl).

The Zonal Profile of Isolated Myelin and Myelin-Anti-
myelin Complexes. Myelin (that had been isolated from zonal
cuts, rezoned twice more, sedimented in saline, washed three
times in saline, and lyophilized) still retained its original
isopycnic density profile with its peak density at 1.098 when
rezoned (Chart 6). On the other hand, when it was reacted with
radioantibody, washed, and then zoned, it had a density
peaking at 1.110 both with respect to absorbancy and to radio
activity. The 10-mg complex maintained this same higher
isopycnic point even when mixed with 360 times its weight
of whole rat brain sediments (Chart 7). Furthermore, when
the middle zone was concentrated, remixed with more rat
brain, and rezoned (Chart 8), the peak radioactivity continued
to appear at the higher density (1.111), while the reflectancy
peak of the main portion of brain peaked at a density of 1.096.
The results of CsCl banding of the complex (Chart 9) indi
cated that radioantibody was almost exclusively associated
with the single 1.09 band, rather than any of the others, such
as was encountered in Chart 5.

Two questions were resolved by the observations on density
shift of myelin-antibody complexes: (a) Clearly, the complex
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Chart 2. Same as Chart 1 except with expanded ordinate to
show fine profile of middle region and the amount of sedimentable
saline material in each fraction. X X, same radioactivity curve
for whole fractions as in Chart 1.0 â€”0, radioactivity that sedi-

mented with particles after sucrose fraction was diluted 1:1 with
saline and centrifuged at 35,000 X g for 30 min. Only 249,800
cpm out of the total of 2,557,000 cpm is the localized portion of
the normal radioglobulin sedimented in saline, the bulk of it with
the very dense fractions. Note that the abscissa is density rather
than fraction number.
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Chart 3. Zonal profile of normal rat brain containing localized
125I-labeled antibrain antibody 18 hours after intracerebral injec

tion, showing that some localized antibodies do not appear in
middle myelin region. 0 0, 12SI-antibody ; X X 131I-normal
globulin; , absorbancy. Four rat brains, precentrifuged to
remove soluble fractions, were pooled. An average of 4.29% of
the injected radioactive dose of 125I-antibody localized in brain
along with 1.27% of the injected radioactive dose of 131I-normal
globulin. The profiles show distributions of the localized radio
activity after zoning to a force of 15,000 X 106u2t.

was stable enough to maintain its integrity even when mixed
with overwhelming amounts of additional brain homogenate.
Thus, it was unlikely that the observed association of antibody
with myelin occurred after the tissues were homogenized, but
rather that the radioantibody was already attached when the
homogenization occurred. In those cases where localization of
radioantibody occurred in brain in vivo and in which subse
quent zonal profiling revealed myelin-associated radioantibody,
one could then conclude that the myelin did actually serve as
a locus for radioantibody absorption in vivo. (6) Even though
the isopycnic density of myelin was different from that of the
structures to which radioantibody was attached, it was clear
that the structures were nevertheless myelin and that the
density shift upwards resulted from the effects of antibody
upon the particulate material rather than to a selection of par
ticles of higher density.

The Zonal Profile of Localized 125I-Antirat Brain Antibody
in Brain 18 Hours after Intravenous Injection. As has been
previously discussed (7), the extent of localization of normal
radioglobulin in rat brain is the same after a few hours
whether the globulin is injected intracerebrally or intravenously.
It was also found in the course of these experiments that the
zonal profiles were also identical and like that of Chart 1 re
gardless of the route of injection.

In the same paper we showed, however, that intracerebrally
injected antibody would localize to a much higher extent, over
and above normal globulin, than intravenously injected anti
body. In fact, for intravenously injected radioglobulins the dif
ference in total uptake between antibody globulin and normal
was so slight that passive transfer experiments were required
to bring out the difference at all. It was of interest in these ex
periments, therefore, to observe the zonal profile of intra
venously injected antibody that had not been passaged through
other rats (Chart 10). A definite localization on myelin was
observed for 125I-antibody globulin but not for 131I-normal

globulin, and, in fact, this was the only difference seen between
the two labeled proteins.

Focusing one's attention upon the densities of the absorb

ancy and radioactivity peaks in the middle region of Chart 10,
one can see that the peaks now occur at the same density,
1.091. After isolation of this region, concentrating the par
ticulate matter, and rezoning twice more, the isopycnic density
moved only to 1.092 (Chart 11). When one considers, however,
that the ratio of antibody to total brain myelin is more than
a thousand-fold less in this intravenous in vivo experiment
than in either the former intracerebral in vivo experiment or
the in vitro experiment, it becomes clear that the density shift
in myelin resulted from the application of relatively substantial
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Chart 4. Zonal profile of normal rat brain containing localized
125I-labeled antibrain antibody 18 hours after intracerebral in
jection, showing that some localized antibodies do appear in mid
dle myelin region. 0 0, 125I-antibody; , absorbancy.
Brain sediment (20 mg) plus antibrain antiserum globulin (5 mg)
were combined, layered over a sucrose gradient, refrigerated over
night, and spun at 35,000 X Q-The density band between 1.10 and
1.13 dense sucrose was washed 3 times with borate-buffered saline
(pH 8), suspended in 1 ml, and labeled in the same manner as
antibody adsorbed to fibrin (9). The labeled material was washed
3 times, heat-eluted at 60Â°C,and recovered in the soluble portion
after centrifugation. The eluate in 0.5 ml pH 8 borate-buffered
saline was combined with 0.5 ml normal rabbit serum, precipitated
2 times with 13.5% (w/v) Na^SO.^ and dialyzed overnight. The
soluble radioactive protein was injected intracerebrally, 0.05 ml
per rat, in 5 rats. Radioimmunoelectrophoresis showed the radio-
protein to be rabbit IgG. Of the injected radioactive dose 63.3%
localized in brain. The five brains were homogenized and one-
sixth of the homogenate was taken for zoning to a force of
1470 X IO6Â«2!after precentrifuging to remove soluble material.
Of the total localized dose in the brain, 80.8% was recovered in
the zoned fractions; 23.4% was recovered in the density region
(4 fractions) 1.099-1.111.

amounts of antibody so that a certain amount of structural
change in myelin would occur. In the region of far antigen
excess, such as existed in the intravenous experiments, little
chance for aggregation existed and the result was a main
tenance of a normal isopycnic density for the myelin zone.

The Zonal Profile of Localized 125I-Antihuman Brain Anti

body in an Astrocytoma 3 Days after Intracarotid Infusion.
The myelin peak at a density of 1.090 was obtained in both the
radioantibody and the absorbance curves. The sharpness and
distinctive nature of the profile of 125I-labeled antibody, in
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Chart 5. CsCI banding of zonal fractions of Chart 4 showing
profile of total banded material (cf., with radioactivity profile in
Chart 4) and breakdown into the various density bands. The
ordinate scale is in terms of the total percentage of zoned radio
activity in all fractions that appeared in each density band. The
integrated amount for total radioactivity in the total CsCI bands
is 48.9% of the total zone radioactivity.

contrast to that of 131I-labeled normal globulin, indicated that

myelin in the astrocytoma did indeed serve as a locus for anti
body localization. (The profiling beyond a density of 1.16
could not be carried out because of a power failure).

The Zonal Profile of Localized 125I-Autogenous Globulin

in a Clioblastoma Multiforme One Month after Intracarotid
Infusion. Whether this was a case of autoantibody localization
or not is difficult to assess. There was no satisfactory control.
There is, however, no question about myelin having served
as a locus for radioglobulin adsorption in vivo. Although the
bulk of the localizing autogenous radioglobulin appeared with
the microsomal fraction in the first peak (in itself an interesting
occurrence), near equal middle and high density peaks were
obtained. In no other situation have we ever obtained a normal
globulin that had equal affinities for materials in both zones,
but we always found that nonspecific absorption in the middle
zone was much less (as in Charts 1-3). We are inclined, there-
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Chart 6. Zonal profile of 10 mg of isolated and lyophilized
myelin. Note the expanded abscissa scale for density.

120T

Chart 8. Rezoned myelin region of Chart 7 that has been mixed
with 2400 mg (wet weight) whole fresh rat brain sediment.
0 0, 125I-antibody ; , absorbancy.
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Chart 7. Zonal profile of 10.8 mg myelin-antimyelin complex
that has been mixed with 3600 mg (wet weight) whole fresh rat
brain sediment.0â€”0, 125I-antibody; , absorbancy. Total
radioactivity was 5,949,000cpm. Zoning was carried out to a force
of 4000 X

1.20

D E NSI T Y

Chart 9. CsCl density banding of myelin region of Chart 7
showing almost exclusive association of radioactivity with the
1.09 band. 0 0 , i2si-antibody in 1.09 CsCl density band;
X X, 125I-antibody in -all other density bands; , total
zoned radioactivity showing amount lost during CsCl banding.
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Chart 10. Zonal profile of normal rat brain containing localized
125I-labeled antibrain antibody 18 hours after intravenous injec
tion. 0â€”0, 125I-antibody ; , absorbancy. Whole antiserum
globulin labeled with 125I localized to the extent of 0.056% of

the injected radioactive dose in brain. Of this, 33% remained in
sedimented portion during precentrifugation. This sedimented por
tion was zoned to a force of 15,600 X 10Â«o>2t,and 155% of the

zoned radioactivity was collected in fraction 15 (density of 1.091).
This fraction was rezoned twice to give the profile in Chart 11.

fore, to accept this case as an example of autoantibody to
myelin. The other questionâ€”whether there was specificity for
myelin regional to the tumor in comparison with myelin re
gional to normal brainâ€”could not be assessed. We did find
very little radioglobulin in normal brain, not enough to assay
in a zonal system, but this in itself did not mean that the
antibody in the tumor was therefore specific. In the previous
case, too, radioantibody failed to appear in normal brain in
quantity but preferentially localized in the malignancy even
when it was prepared against and purified from normal brain
myelin. The reason for this is that brain tumors have a higher
plasma-protein content and represent a breakdown in the so-
called blood-brain barrier. As such they adsorb much more
antibody than normal brain even when the antibody is of a
cross-reacting type.

CONCLUSION

We have shown by the experiments described here that
myelin may serve as a locus for radioantibody absorption in
vivo in normal brain and in areas regional to brain tumors.
It is by no means the only locus, and other fractions may prove
to be as important. Nevertheless, myelin is the source of the
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Chart 11. Zonal profile of rezoned middle region of Chart 10,
and of a second rezoning. Note the expanded scale for density.
The first run, described in Chart 10, was zoned to a force of
15,800 X 10Â«o>2t.Run 2 was zoned to a force of 4000 X 10e, run
3, 1440 X IO6. The radioactivity scale is arbitrary here, but run

2 represents an 82% recovery from run 1, and run 3 represents
an 88% recovery from run 2. See Chart 10 for actual amount
in run 1.

highly distinctive cerebrogalactosides that Rapport and Graf
and their associates have described (8, 12, 13), a group of
antigens that appear to have more possibilities for tissue spec
ificities than almost any other. The nature of the specificities
according to Rapport et al. (12) is "one of the most complex

phÃ©nomÃ©nologieproblems, since the study of isolated lipid
systems in vitro is a condition enormously different from that
which exists in nature." They refer to the usual incompatibil

ities between lipid and protein in the same medium, the
micellar state of the lipids, the need for auxiliary lipids in vitro
to bring out the full antigenic expression of natural lipid
antigens in the test tube, and an order of immunochemical
specificities that reaches beyond the mere chemical formulation
of an antigen and into the realm of microphysical shapes, con
tours, and charge distributions.

To probe the myelin milieu for natural specificities regional
to brain tumors would appear, therefore, to have possibilities
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Chart 12. Zonal profile of a biopsied specimen of an astrocy-
toma (B. T.) 3 days after intracarotid artery infusion of 125I-
labeled antihuman brain antibody and 131I-labeled autogenous
IgG. The 3.78 gm biopsied tumor in 20 ml 8% sucrose-0.001 M
Tris buffer was centrifuged at 35,000 X g for 30 min in a con
ventional centrifuge; the sediment was collected, resuspended in
sucrose-Tris, injected into the zonal centrifuge, and spun until
a force of 4000 X 106o>2t was reached. 0 0, i25I-antibody ;
X X, 131I-normal globulin; , absorbancy profile at 280
tap. A power failure prevented completion of the collection be
yond a density of 1.16.

for success. It certainly provides a challenge. And what better
way would there be to investigate the natural state of the
myelin complex than through the use of the localizing radio-
antibody, the zonal centrifuge, and the electron microscope?
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