
weeks (Fig. 3); the symptoms of diabetes 
such as polyuria and polydypsia were 
markedly reduced. 

These findings indicate that islet iso- 
graft survival and amelioration of the 
diabetic state can be obtained by intra- 
peritoneal implantation of microencap- 
sulated islets into rats with chemically 
induced diabetes. The microencapsu- 
lated islets remained morphologically 
and functionally intact for as long as 4 
months in culture in vitro at 37?C. The 
microencapsulation technique described 
herein offers certain advantages over 
other transplantation methods. For ex- 
ample, the maintenance of viable islets 
or dispersed endocrine tissues in culture 
for long periods can contribute material- 
ly to the collection of sufficient islets for 
implantation. It also avoids the problems 
associated with diffusion chambers and 
hollow fiber units. These problems in- 
clude (i) the small surface area of the de- 
vices, which necessitates the use of large 
units that may be too bulky and com- 
plex; (ii) the surgery required for implan- 
tation or shunt connection with risks 
of clotting or infection; and (iii) the rel- 
atively high diffusion resistance inherent 
in the filter membranes and hollow 
fibers, which results in long transit time 
(18). 

Microencapsulation also provides 
more options for the method and site of 
implantation. Unlike the bulky hollow fi- 
ber units and diffusion chambers, micro- 
capsules are small enough to pass 
through a gauge 18 or 19 hypodermic 
needle. Therefore, several options are 
available for method of implantation. 
The preferred manner of introduction of 
the microcapsules, for example, through 
surgical incision openings at one or 
multiple sites or through direct hypo- 
dermic injections, remains to be deter- 
mined. Currently, placement of islets or 
dispersed pancreatic tissues in the liver 
by way of the portal vein is highly fa- 
vored. Sutherland et al. (2) have also 
shown that injection into the splenic 
pulp is effective. Other studies have in- 
dicated that the intramuscular route may 
be as effective as the intraperitoneal 
route (19). Further studies should pro- 
vide significant information in all of these 
areas and may lead to the use of islet 
transplantation in the treatment of hu- 
man diabetes. 
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Considerable data concerning the 
structure and function of nerve growth 
factor (NGF) have been obtained with 
the use of specific antiserums to mouse 
,3-nerve growth factor (3-NGF). Devel- 
opmental immunosympathectomy (im- 
munological interruption of sympathetic 
nerve pathways) can be effected in vari- 
ous mammals by treating them after birth 
with rabbit antiserum specific for mouse 
f-NGF (1). Immunological comparisons 
among mammalian NGF's indicate that 
although some antigenic determinants 
are evolutionarily conserved, many are 
not (2). Precise immunochemical charac- 
terization of these determinants is not 
possible with polyclonal antibody re- 
agents. Specific radioimmunoassays 
have been developed by using affinity 
purified antibodies that are sensitive to 
about 0.25 ng of i-NGF per milliliter (3, 
4). The limits of sensitivity and specifici- 
ty have been reached in methods in 
which conventional antibody reagents 
are used, and it has been suggested that 
more sensitive assays will require the 
preparation of monoclonal antibodies 
(5). In this report we describe the deriva- 
tion of a hybridoma that secretes mono- 
clonal antibody capable of inhibiting the 
biological activity of mouse f-NGF. 

From the submaxillary glands of adult 
male CF1 mice we isolated 7S NGF and 
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separated the /3 subunit by carboxymeth- 
yl cellulose ion-exchange chromatogra- 
phy (6). Human 3-NGF was isolated 
from term placenta according to the 
method of Mobley et al. (7). The purity 
of f3 subunit preparations was assessed 
by polyacrylamide gel electrophoresis at 
pH 10.3 (8) and by isoelectric focusing in 
apH gradient (pH 3 to 10) in 7.5 percent 
acrylamide gels (9). A 5-week-old male 
Lewis rat was immunologically primed 
with an intraperitoneal injection of 500- 
,ug of glutaraldehyde-polymerized /3- 
NGF emulsified in complete Freund's 
adjuvant. Three weeks later the same rat 
was injected intraperitoneally with 300 
,g of polymerized /-NGF in incomplete 
Freund's adjuvant. 

Four days after the secondary immuni- 
zation, spleen cells were obtained from 
the rat and suspended in RPMI 1640 me- 
dium. These cells were mixed with P3 x 

63Ag8 mouse plasmacytoma cells at a ra- 
tio of 5:1 in a small petri dish and centri- 
fuged at 1700 rev/min for 5 minutes (10). 
The fusing agent, PEG-1000 (polyethyl- 
ene glycol; Baker Chemical Co.) dis- 
solved 35 percent, weight to volume, in 
Dulbecco's modified Eagle's medium 
(DMEM) at 37?C, was carefully added to 
the resulting monolayer of cells over a 1- 
minute period. One minute later DMEM 
was slowly added and the supernatant 

SCIENCE, VOL. 210, 21 NOVEMBER 1980 

separated the /3 subunit by carboxymeth- 
yl cellulose ion-exchange chromatogra- 
phy (6). Human 3-NGF was isolated 
from term placenta according to the 
method of Mobley et al. (7). The purity 
of f3 subunit preparations was assessed 
by polyacrylamide gel electrophoresis at 
pH 10.3 (8) and by isoelectric focusing in 
apH gradient (pH 3 to 10) in 7.5 percent 
acrylamide gels (9). A 5-week-old male 
Lewis rat was immunologically primed 
with an intraperitoneal injection of 500- 
,ug of glutaraldehyde-polymerized /3- 
NGF emulsified in complete Freund's 
adjuvant. Three weeks later the same rat 
was injected intraperitoneally with 300 
,g of polymerized /-NGF in incomplete 
Freund's adjuvant. 

Four days after the secondary immuni- 
zation, spleen cells were obtained from 
the rat and suspended in RPMI 1640 me- 
dium. These cells were mixed with P3 x 

63Ag8 mouse plasmacytoma cells at a ra- 
tio of 5:1 in a small petri dish and centri- 
fuged at 1700 rev/min for 5 minutes (10). 
The fusing agent, PEG-1000 (polyethyl- 
ene glycol; Baker Chemical Co.) dis- 
solved 35 percent, weight to volume, in 
Dulbecco's modified Eagle's medium 
(DMEM) at 37?C, was carefully added to 
the resulting monolayer of cells over a 1- 
minute period. One minute later DMEM 
was slowly added and the supernatant 

SCIENCE, VOL. 210, 21 NOVEMBER 1980 

Inhibition of Biological Activity of Mouse f-Nerve 
Growth Factor by Monoclonal Antibody 

Abstract. A continuous hybrid cell line was derived that secretes monoclonal anti- 
body capable of inhibiting the biological activity of mouse P-nerve growth factor (f- 
NGF). Results obtained with monovalent fragments indicate that the monoclonal 
antibody inhibits activity by interfering with the direct interaction between f3-NGF 
and the cell membrane receptor rather than by precipitating the dimeric form of f- 
NGF. This monoclonal antibody binds to an antigenic determinant common to 
mouse f3-NGF, snake venom (Naja naja) f3-NGF, and human f3-NGF. These anti- 
bodies should provide specific molecular probes for a variety of studies of nerve 
growth factor including its tissue distribution and mechanism of action. 
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carefully aspirated. This washing proce- 
dure was repeated twice, after which 8 
ml of complete DMEM (DMEM contain- 
ing 20 percent fetal bovine serum) was 
added to the monolayer. The cells were 
incubated overnight at 37?C in 5 percent 
CO2, and then adjusted to 5 x 105 per 
milliliter in hypoxanthine-aminopterin- 
thymidine medium (11) and dispersed in- 
to 96-well plates (150 Al per well) in 
order to clone the hybrids by limiting 
dilution. After 10 days about 720 clones 
were visible. 

At this time, the supernatant (50 ul) 
was collected from each visible clone 
and assayed for anti /-NGF activity with 
an enzyme-linked immunosorbent assay 
(ELISA) with alkaline phosphatase (12). 
Only 20 of the 720 clones proved to be 
specific for 3-NGF, and after 1 month six 
clones had been subcloned and were 
stable. Clone 8 expanded much sooner 
than any other clone, and the studies de- 
scribed here are concerned only with 
clone 8. Rats were chosen as the source 
of immune spleen cells to circumvent the 
problem of eliciting an immune response 
in mice to mouse NGF. The fact that a 
significant immune response was elicited 
in a rat (a titer of 104 with the ELISA on 
serum obtained after secondary immuni- 
zation) is in agreement with other studies 
(2, 5) that indicate that some antigenic 
determinants have rapidly diverged dur- 
ing evolution. 

Inhibition of NGF bioactivity was de- 

termined by means of a modification of 
the bioassay method of Greene (13), in 
which dissociated sympathetic ganglia 
from 11-day-old chick embryos provide 
target cells. Fifty microliters of hybrid- 
oma supernatant or antibody (purified on 
protein A-Sepharose CL-4B; Pharmacia) 
diluted in complete DMEM (5 percent 
horse serum) was incubated with 50 ul of 
7S NGF for 1 hour at room temperature. 
To this, 100 ul of ganglionic cells 
(5 x 104 cells per milliliter in complete 
DMEM, 5 percent horse serum) were 
added. After 18 to 24 hours of incubation 
(37?C, 60 percent humidity, 5 percent 
CO2) the number of neurite-bearing cells 
per well scan was counted by using a 
phase-contrast microscope. Triplicate 
cultures were scored for each NGF con- 
centration. 

Ouchterlony analysis of concentrated 
supernatant revealed that clone 8 anti- 
body was in the immunoglobulin G (IgG) 
class. Monoclonal antibody from clone 8 
was purified by protein A-Sepharose 
CL-4B affinity chromatography at pH 
8.0. These two facts taken together indi- 
cate that this clone secretes either the 
IgGI or IgG2c subclass (14). Rat IgG 
for controls was also purified on protein 
A-Sepharose CL-4B. The Fab fragment 
of clone 8 was prepared by papain (Sig- 
ma) cleavage (15). Intact antibody was 
removed by passage through protein 
A-Sepharose CL-4B and the Fab frag- 
ment isolated by gel filtration on Sepha- 

dex G-150. The Fab fragment was judged 
to be free of divalent antibody frag- 
ments or whole antibody by sodium 
dodecyl sulfate polyacrylamide gel 
electrophoresis under nonreducing con- 
ditions (16); furthermore, the NGF- 
binding activity of the Fab fragment was 
confirmed by the ELISA (12) with the 
use of rabbit antibody to rat kappa light 
chains conjugated to alkaline phospha- 
tase as the second antibody reagent. 

The effect of the clone 8 supernatant 
on 7S NGF biological activity is shown 
in Fig. 1A. The concentration of NGF re- 
quired for a half-maximal response was 
10 times greater when the NGF had been 
incubated with 50 ,tl of clone 8 super- 
nant divalently), we found it necessary to 
with control supernatant (from a Lewis 
rat-P3 x 63Ag8 hybridoma that lacks 
specificity for/3-NGF). 

To determine whether this monoclonal 
antibody inhibited activity by interfering 
with receptor binding of /-NGF or sim- 
ply by precipitating /3-NGF dimer (or 
other oligomeric forms of NGF which 
might present a certain 3-NGF determi- 
nant divalently), we found it necessary to 
prepare and assay Fab fragments from 
clone 8 IgG. Figure lB shows the biolog- 
ical responses to NGF in the presence of 
intact clone 8 antibody, nonspecific rat 
IgG, clone 8 Fab fragments, and com- 
plete DMEM. The curves for rat IgG and 
complete DMEM are comparable: inhi- 
bition of the response by intact clone 8 
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Fig. 1. (A) Number of neurite-bearing cells per field scan with clone 8 supernatant (0) and with control supernatant from hybridoma lacking 
specificity for NGF (0). Supematants were incubated with various dilutions of 7S NGF for c hour at room temperature before dissociated 

ganglionic cells were added. In the presence of clone 8 supernatant the biological response plot is shifted to the right, requiring a tenfold greater 
concentration of NGF to effect biological response. Vertical bars indicate the standard deviation of triplicate determinations. (B) Number of 
neurite-bearing cells per well scan with clone 8 antibody (A), clone 8 Fab fragment (-), control rat antibody (A), and medium alone (0). All 
antibodies were purified by protein A-Sepharose CL-4B affinity chromatography and added to a final concentration of 250 ,ug/ml. However, only 
5 ,ug of the clone 8 antibody per milliliter was rat IgG as determined by two-site enzyme-linked immunoassay. P3 x 63Ag8 antibody, of the 
murine IgGI subclass, does not bind protein A (14) and thus is removed in these preparations. Most of the IgG was presumably bovine from the 
calf serum (15 percent) in the culture medium. Vertical bars indicate the standard deviation of triplicate determinations. 
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Fig. 1. (A) Number of neurite-bearing cells per field scan with clone 8 supernatant (@) and with control supernatant from hybridoma lacking 
specificity for NGF (0). Supernatants were incubated with various dilutions of 7S NGF for 1 hour at room temperature before dissociated 
ganglionic cells were added. In the presence of clone 8 supernatant the biological response plot is shifted to the right, requiring a tenfold greater 
concentration of NGF to effect biological response. Vertical bars indicate the standard deviation of triplicate determinations. (B) Number of 
neurite-bearing cells per well scan with clone 8 antibody (A), clone 8 Fab fragment (@), control rat antibody (A), and medium alone (0). All 
antibodies were purified by protein A-Sepharose CL-4B affinity chromatography and added to a final concentration of 250 txg/ml. However, only 
5 /xg of the clone 8 antibody per milliliter was rat IgG as determined by two-site enzyme-linked immunoassay. P3 x 63Ag8 antibody, of the 
murine IgG1 subclass, does not bind protein A (14) and thus is removed in these preparations. Most of the IgG was presumably bovine from the 
calf serum (15 percent) in the culture medium. Vertical bars indicate the standard deviation of triplicate determinations. 
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antibody and clone 8 Fab fragments was 
nearly identical. 

With such a large quantity of antibody 
present (Fig. 1A) it is important to con- 
sider why biological activity remains at 
all. Smaller quantities of polyclonal anti- 
body are capable of completely abolish- 
ing biological activity in similar experi- 
ments (17), perhaps by precipitating [3- 
NGF through multiple determinants. 
Since the Fab fragment of clone 8 anti- 
body cannot remove NGF from soluble 
phase dynamic equilibrium, the addition 
of target cell receptors to the system 
would be expected to shift the equilibri- 
um away from the antigen-antibody in- 
teraction. This is thermodynamically fa- 
vorable: the high-affinity binding con- 
stant of the NGF-target cell interaction is 
on the order of 1011 liter per mole (18), 
whereas average association constants 
of antigen-antibody interactions are gen- 
erally 102- to 104-fold lower. These re- 
sults are consistent with an antibody- 
NGF affinity constant on the order of 108 
liter per mole. 

It is possible that the a or y subunit 
could mask or sterically inhibit binding 
of clone 8 antibody to its determinant 
while not interfering with the receptor 
binding of /3-NGF. This possibility has 
been excluded because the a and y sub- 
units do not inhibit the binding of clone 8 
antibody to g-NGF in the ELISA, even 
at concentrations of 0.5 mg/ml. The 
clone 8 antibody does not bind to the a 
or the y subunit because the ELISA gave 
negative results with these antigens. 

There is evidence that the active site 
of 8-NGF is well conserved evolution- 
arily (5), whereas other determinants 
may have diverged rapidly (2). This 
monoclonal antibody reacted with 
mouse 3-NGF, snake venom (Naja naja) 
3-NGF, and human 3-NGF in the 
ELISA, indicating that the antigenic de- 
terminant recognized has been strictly 
conserved during evolution. This con- 
flicts with other studies (19) which failed 
to demonstrate cross-reactivity between 
mouse 3-NGF and human ,3-NGF. 

The production of a monoclonal anti- 
body that is directed toward a determi- 
nant at or near the active site of the f 
subunit of NGF may be extremely fortu- 
nate, since polyclonal antiserums appear 
to be directed mainly toward less specif- 
ic antigenic determinants (5). The avail- 
ability of high-affinity monoclonal anti- 
bodies that specifically inhibit the biolog- 
ical activity of mouse 3-NGF will permit 
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ic antigenic determinants (5). The avail- 
ability of high-affinity monoclonal anti- 
bodies that specifically inhibit the biolog- 
ical activity of mouse 3-NGF will permit 
studies on the similarity of active sites 
between mouse and other species, the 
distribution of NGF among various tis- 
sues, the interaction between /-NGF 
and its receptor, and the mechanism of 
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action of the hormone factor. It will also 
be of interest to define the structural de- 
terminants to which various monoclonal 
antibodies bind on each of the subunits 
and, hence, the nature of the interaction 
within the 7S NGF complex. 
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Models have been used to study the 
biochemical events associated with the 
hormonal regulation of ion transport by 
the kidney. These models include the 
urinary bladders of amphibia and reptilia 
and, most recently, cells in tissue culture 
(1). Active ion transport occurs in a num- 
ber of different epithelioid cell cultures 
(2-I0) and is characterized by the forma- 
tion of structures designated as hemi- 
cysts or domes. These domes represent 
areas of localized detachment of the 
monolayer caused by the accumulation 
of fluid between the basolateral mem- 
brane and the culture dish ( 1) as the re- 
sult of active ion transport from the api- 
cal to the basolateral surfaces of the 
cells. Dome formation is inhibited by 
agents that block transepithelial sodium 
transport, such as ouabain (6, 12, 13), 
and is thus presumed to be associated 
with transport processes related to nor- 
rnal renal function. 

Normal cells grown in a tissue culture 
environment, which provides control of 
the external milieu and cell homogene- 
ity, would be useful for the study of bio- 
chemical and physiological mechanisms 
related to kidney function and their hor- 
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monal regulation. Attempts at the isola- 
tion of normal epithelioid cell lines from 
the kidney have been generally unsuc- 
cessful, however, because of persistent 
problems with the elimination of con- 
taminating fibroblastic cells, the isolation 
of a specific cell type, and the definition 
of a medium in which specific cells can 
proliferate while maintaining differenti- 
ated properties. A number of inves- 
tigators have therefore used continu- 
ous epithelioid kidney lines (for exam- 
ple, MDCK), to investigate biochemical 
mechanisms related to renal function. 
All of these continuous cell lines ex- 
hibit aberrant biochemical or physio- 
logical properties when compared to 
cells that have not undergone transfor- 
mation. Therefore, a primary kidney cell 
culture system should be of significantly 
greater value in the study of transport 
mechanisms. We have used a hormo- 
nally defined medium (14, 15) to isolate 
and grow, free of fibroblasts, a morpho- 
logically uniform epithelioid canine kid- 
ney cell population that forms domes. 

Seven healthy mongrel dogs, four 
male and three female (4.3 ? 0.9 years 
old, weighing 27.5 ? 0.9 kg), were 
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Transporting Renal Epithelium: Culture in 

Hormonally Defined Serum-Free Medium 

Abstract. A hormonally defined medium was used to isolate a homogeneous 
epithelioid cell population from canine kidney. Monolayers of these cells jfrm domes, 
an indication of active ion transport, and this process is inhibited by ouabain. 
This technique allows the isolation of primary cultures of renal epithelial cells, free of 
fibroblasts, for the characterization of biochemical and physiological properties re- 
lated to renal function. 
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