coat in all the virion and capsid crystals
implies that the structure or structures of
the chromatin core can be determined by
Fourier methods. Phases for x-ray re-
flections can be calculated to a resolution
of ~30 A (14) from the particle shape de-
termined by electron microscopy (I1),
and these phases can be refined by aver-
aging about noncrystallographic symme-
try axes (21) to produce three-dimen-
sional maps of the electron density with-
in the particle. The detail that can be
resolved in the chromatin core will de-
pend on the order in the condensed nu-
cleosome cluster and its relation to the
icosahedral symmetry of the capsid.
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22.

Hybrid Myelomas Producing Antibodies Against a

Human Neuroblastoma Antigen Present on Fetal Brain

Abstract. Spleen cells from mice immunized with a cultured human neuroblastoma
were hybridized with the mouse plasmacytoma P3X63Ag8. Hybrid myelomas were
screened for production of antibodies that reacted with human neuroblastomas but
not with cells from other tissues. One of these hybridoma antibodies reacted with an
antigen present on the six human neuroblastomas tested, one of two reti-
noblastomas, a glioblastoma, and fetal brain, but did not react with other tumors or

tissues including adult human brain.

Production of antiserums against spe-
cific antigens on human tumors or tissues
has been complicated by the con-
comitant production of antibodies that
react with all human cells. Obtaining
antiserum specific for the immunizing
cell has required removal of the species-
specific antibodies by absorption. Kdh-
ler and Milstein (/, 2) have introduced
methods for producing hybrid myelo-

1120

mas (hybridomas) that synthesize mono-
clonal antibodies against single anti-
gens, thus circumventing the problem
of unwanted antibodies in xenogeneic
immunizations (3-6). We have devel-
oped a hybrid cell line that produces
antibodies which react with an antigen
present on human neuroblastoma, a reti-
noblastoma, and fetal brain. A small
amount of this antigen is detectable on a

0036-8075/79/0316-1120$00.50/0  Copyright © 1979 AAAS

glioblastoma, but it is not detectable in
significant amounts on other human cell
types including adult human brain.

The process of coating human tumor
cells with antiserum against another hu-
man cell type has been used by other in-
vestigators (7) to reduce the antibody re-
sponse against human species antigens
and thus increase the specificity against
tumor antigens. Antibody-coated cells
were employed in our immunization pro-
tocol so that fewer hybridoma clones
would have to be screened to find those
making antibody specific for the human
neuroblastomas. The human neuroblas-
toma line IMR6 (8) was incubated with a
hyperimmune mouse serum directed
against the human lymphoblastoid line
8866. The antibody-coated neuroblasto-
ma cells were washed by centrifugation
and injected intraperitoneally into mice.
A second injection of coated cells was
given intravenously 1 week later; 3 days
after the second injection, the spleen
cells were removed, made into a single
cell suspension, and fused using poly-
ethylene glycol 1000 with the 8-aza-
guanine-resistant plasmacytoma line P3-
X63Ag8. Hybrids grew in HY-HAT me-
dium (3) in all the wells of six 96-well
plates (Linbro).

Supernatants from 200 wells were test-
ed by microcytotoxicity (9) for anti-
bodies against IMR6. Eighty-eight (44
percent) were cytotoxic to IMR6, and 59
(67 percent) of these were not cytotoxic
to 8866. The hybrids producing cytotoxic
antibody specific for IMR6 were pas-
saged into tissue culture plates with 16-
mm wells, and the supernatants were
screened for binding to IMR6 and 8866.
Antibodies bound to these target cells
were detected by '#I-labeled rabbit anti-
body to the antigen-binding portion of
the immunoglobulin (anti-Fab) (10, 11).
The two hybrids, PI153 and PI125, which
showed the highest binding activity to
IMR6 with no binding to 8866 were
cloned in agarose (3), and ten clones of
each cell type were analyzed. Super-
natants from these 20 clones were as-
sayed for activity against IMR6 and all
were positive. The clone from each hy-
brid line with the highest binding activity
was then grown in culture for super-
natant collection and passaged as an as-
cites tumor in pristane-primed mice (3).
The supernatants from cultures that
grew to more than 10° cells per milliliter
showed binding activity at dilutions of
1/320 or 1/640. All the ascites fluids
collected from mice implanted with the
cloned hybrids showed binding activity.
Ascites PI153/3 exhibited binding activi-
ty to a dilution of 1/20,000. The class of
antibody produced by the hybridomas
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was defined by binding the antibody to
IMR6 and then detecting the bound anti-
body by '?l-labeled rabbit antibodies
against specific classes of mouse immu-
noglobulins. It was determined that
P1153/3 produced immunoglobulin M (u
heavy chains) and PI125/10 produced
immunoglobulin G (y, heavy chains).

The binding of PI153/3 and PI125/10
culture supernatants to several human
cell types was detected with '?5I-labeled
anti-Fab (Fig. 1). Supernatants of PI153/3
reacted with all six human neuroblasto-
mas tested, one of two retinoblastomas,
a glioblastoma and fetal brain (/2); none
of the other established cell lines tested
including IMR90, a human fetal fibro-
blast (I3), were reactive. There was no
correlation between the histocompati-
bility antigens (HLA-A,B) of the cells
and antibody binding activity (/4).

The absorption of the PI153/3 antibody
by IMR6, 8866, and packed cell equiva-
lents of adult and fetal human brain was
measured (Fig. 2). The antigen is present
in large quantities on fetal brain, even
when compared to the immunizing neu-
roblastoma, IMR6. If reduction in anti-
body activity after absorption with adult
brain was due to the presence of a small
amount of the antigen rather than to the
ratio of absorbing material to volume
of antibody solution (/, 2), the relative
amounts of antigen on adult brain, neu-
roblastoma, and fetal brain (calculated
from the amounts of tissue necessary to
absorb the same amount of antibody)
would be 1, 26, and 190, respectively.

The antibody produced by P1125/10 re-
acted with all the cell types that bound
the PI153/3 antibody except for fetal
brain. It also reacted with HT1080, a
fibrosarcoma; SKHep-1, a hepatoma;
IMR90, a fetal fibroblast; and SCBM, a
lymphoblastoid line. It also showed a
low level of binding to MOLT 4, a T cell
lymphoblastoid line. This pattern of re-
activity could result from either activity
against a polymorphic antigen or against
an antigenic determinant that is present
on more than one type of cell surface an-
tigen. The molecular nature of the anti-
gens detected by these antibodies and
the possibility that PI1125/10 is directed
against a polymorphic antigen is being
examined. The three cell types with
which the antibodies from PI153/3 re-
acted (neuroblastoma, retinoblastoma,
and glioblastoma) are embryologically
derived from neuroectoderm (/5). The
fact that the antigen is present on fetal
brain in high concentration but absent
or at much lower concentration on adult
brain suggests that this antigen is specific
for an early stage in the development of
the nervous system.
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These results indicate that the use of
hybridomas for the production of anti-
bodies against tumor specific antigens
and differentiation antigens is an impor-
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Fig. 1. Binding of P1153/3 and PI1125/10 anti-
bodies to human cells. Between 0.5 x 10®and
1 x 10% of each cell type, or an equivalent
packed cell volume of homogenized brain was
incubated for 1 hour at 4°C with 25 ul of su-
pernatant or diluted ascites fluid. The cells
were washed, and '*I-labeled anti-Fab was
added (100,000 count/min). After incubation,
the tubes were washed twice and counted.
Samples were done in duplicate. The neuro-
blastomas (N) tested were 134D, IMR6, 126A,
BM166, SKNSH, NMB7; the retinoblastomas
(R) were GM1232, Y79; and the glioblastoma
(G) was CW1-TG1-1 (A. McMorris, Wistar
Institute). Other cell lines were fibrosarcoma
HT1080 (C. Croce, Wistar Institute); hepa-
toma SKHep-1 (J. Fogh, Sloan Kettering);
fibroblast IMR90 (Institute for Medical Re-
search, Camden); B lymphoblastoid lines
Daudi, SCBM, 8866; T cell line MOLT4; Pe-
ripheral blood lymphocytes PBL; and HeLa
cells D98-AH/2. The same background bind-
ing was found with whole adult human brain
or with separate preparations of grey or white
matter from cerebellum or cerebrum.
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Fig. 2. Absorption of PI153/3 ascites. PI153/3
ascites (diluted to 1:1000) was absorbed with
8866, a B lymphoblastoid line; IMR6, a neuro-
blastoma; and packed cell equivalents of ho-
mogenized human adult brain and fetal brain;
and the binding of the absorbed antibody solu-
tion was tested against IMR6. The indicated
number of cells at a 1:3 dilution, suspended in
a final volume of 50 ul, was incubated with 50
wl of ascites fluid at a dilution of 1:1000 for 1
hour at 4°C. The cells were removed by cen-
trifugation and the antibody remaining in the
supernatant was detected by binding to IMR6
using the binding assay described in Fig. 1.

The ratio of packed cell volume to liquid at

the highest concentration of cells was 1:2.

tant new approach toward identifying
and isolating these cell surface com-
ponents. The production of a series of
monoclonal antibodies against cells from
different nervous system tumors as well
as against normal nervous tissue should
prove useful in defining the lineage and
fate of cells in the nervous system. Such
antibodies could be used to identify dis-
tinct subpopulations of cells, to deter-
mine the locations of these cells, and to
isolate the membrane components that
serve as markers of specific stages of
nervous system development. In addi-
tion, it has been suggested that drugs can
be covalently attached to tumor-specific
antibodies and then delivered specifical-
ly to tumors (I16). The availability of
large amounts of monoclonal antibodies
that react with tumors but not with nor-
mal adult cells may make this a practical
form of therapy.

RoGER H. KENNETT

FRED GILBERT

Departments of Human Genetics and
Pediatrics, and Human Genetics Cell
Center, University of Pennsylvania
School of Medicine, Philadelphia 19104

References and Notes

1. G. Kohler and C. Milstein, Nature (London)
256, 495 (1975).

. , Eur. J. Immunol. 6, 511 (1976).

. R. H. Kennett, K. A. Denis, A. Tung, N. R.
Klinman, Curr. Top. Microbiol. Immunol. 81,77
(1978).

4. G. Galfre, S. C. Howe, C. Milstein, G. W.
Butcher, J. C. Howard, Nature (London) 266,
550 (1977).

5. A. F. Williams, G. Galfre, C. Milstein, Cell 12,
663 (1977).

6. C. J. Barnstable, W. F. Bodmer, G. Brown, G.
Galfre, C. Milstein, A. F. Williams, A. Ziegler,
ibid. 14, 9 (1978).

7. G. Balaban-Malenbaum and F. Gilbert, Science
198, 739 (1977). All cell lines in this study were,
unless indicated otherwise, obtained from the
cell line collection of the University of Pennsyl-
vania Human Genetics Cell Center.

8. G. Brown, D. Capellaro, M. Greaves, J. Nat.
Cancer Inst. 53, 1281 (1975).

9. W. F. Bodmer, M. Tripp, J. G. Bodmer, in His-
tocompatibility Testing, E. S. Curtoni, P. L.
Matliuz, R. Tosi, Eds. (Munksgaard, Copenha-
gen, 1967).

10. N. R. Klinman, J. Exp. Med. 136, 241 (1972).

11. A. F. Williams, Contemp. Top. Mol. Immunol.
6, 93 (1977).

12. Fetal brain tissue was obtained from Dr. R. Po-
lin, Department of Pediatrics, Children’s Hospi-
tal of Philadelphia, from a fetal autopsy of a pre-
Lnat;re infant of less than 30 weeks that died at

irth.

13. IMR90 is a fetal fibroblast obtained from the In-
stitute for Medical Research, Camden, N.J.

14. PI1153/3 and PI125/10 were tested against a panel
of HLA-A and -B typed peripheral blood lym-
phocytes. There was no reactivity with any of
these cells. Most of the cell lines used were
typed by microcytotoxicity for HLA-A and -B
with a panel of 60 HLA serums, and there was
no correlation between HLA-A and -B type and

[RES)

reactivity of the hybridoma antibodies.

15. A. G. Knudson, Jr. and A. T. Meadows, in Cell
Differentiation and Neoplasia, G. F. Saunders,
Ed. (Raven, New York, 1978) p. 83.

16. D. A. L. Davies and G. J. O’Neill, in Pro-
ceedings of the Eleventh International Cancer
Congress, Florence, 1974, P. Bacalossi, U.
Veronesi, N. Cascinelli, Eds. (American
Elsevier, New York, 1975) p. 218.

17. Supported by PHS grants CA 18930 and CA
24263 and NSF grant PCM76-82997. We thank J.
B. Haas, B. Meyer, and H. Davis for technical
assistance.

22 September 1978; revised 13 November 1978
1121



