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 (/7), perhaps by precipitating -
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 10! liter per mole (/8),
whereas average association constants
of antigen-antibody interactions are gen-
erally 10 to 10*fold lower. These re-
sults are consistent with an antibody-
NGEF affinity constant on the order of 10%
liter per mole.

It is possible that the « or vy subunit
could mask or sterically inhibit binding
of clone 8 antibody to its determinant
while not interfering with the receptor
binding of B-NGF. This possibility has
been excluded because the « and 7y sub-
units do not inhibit the binding of clone 8
antibody to B-NGF in the ELISA, even
at concentrations of 0.5 mg/ml. The
clone 8 antibody does not bind to the «
or the y subunit because the ELISA gave
negative results with these antigens.

There is evidence that the active site
of B-NGF is well conserved evolution-
arily (5), whereas other determinants
may have diverged rapidly (). This
monoclonal antibody reacted with
mouse B-NGF, snake venom (Naja naja)
B-NGF, and human B-NGF in the
ELISA, indicating that the antigenic de-
terminant recognized has been strictly
conserved during evolution. This con-
flicts with other studies (/9) which failed
to demonstrate cross-reactivity between
mouse B-NGF and human 8-NGF.

The production of a monoclonal anti-
body that is directed toward a determi-
nant at or near the active site of the 8
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 auti-
bodies that specifically inhibit the biolog-
ical activity of mouse 8-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 B-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.
STEPHEN L. WARREN
MicHAEL FANGER
KENNETH E. NEET
Departments of Microbiology and
Biochemistry,
Case Western Reserve University,
Cleveland, Ohio 44106
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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 form 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.

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
(/). Active ion transport occurs in a num-
ber of different epithelioid cell cultures
(2-10) 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 (/) as the re-
sult of active ion transport from the api-
cal to the basolateral surfaces of the
celis. Dome formation is inhibited by
agents that block transepithelial sodium
transport, such as ouabain (6, 12, /3),
and is thus presumed to be associated
with transport processes related to nor-
inal 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-

0036-8075/80/1121-0912800.50/0 Copyright © 1980 AAAS

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 (/4, /5) 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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anesthetized with pentobarbital (28 mg/
kg), and the kidneys were removed. A
piece of outer cortex (not more than 3
mm below the renal capsule) was asep-
tically excised from each kidney. The tis-
sue was dissociated (100,000 viable cells
per milligram of cortex, wet weight), and
at least four culture flasks (25 cm? were
started with 2 X 10° cells per flask in
both hormonally defined medium and in
serum-supplemented maintenance medi-
um (/4).

In the maintenance medium a large
number of cells became attached after
dissociation and plating, and a sub-
stantial amount of cell growth was ob-
served in all cultures. These primary cul-
tures grew at a greater rate (doubling
time, 23.0 hours) than cells grown in hor-
monally defined medium (doubling time,
40.6 hours) and appeared to contain one
cell type, an epithelioid cell (cell surface,
1050 = 58 um?) without any unusual
morphological traits. In these cultures,
the epithelial cells were never observed
to form a tight-looking (cobblestone)
monolayer, nor were domes ever ob-
served. After the first passage (80 per-
cent confluency), with a split ratio of
1:3, epithelioid cell growth declined.
The cytoplasm of these senescent cells
contained many stress fibers. Fibroblas-
tic cells were observed in more than 90
percent of the cultures by the second
passage.

Cells seeded in hormonally defined
medium plated with 11 percent of the ef-
ficiency of those in maintenance medi-
um. Each of the seven dog kidneys gave
rise to epithelioid cell populations in all
of the seeded flasks (N = 61). In the first
week of primary culture, three morpho-
logically distinct cell types were ob-
served, all epithelioid. The first two
types consisted of very large cells; one
type had a clear cytoplasm (cell surface,
5268 + 372 um?) (Fig. 1a), and the other
had a granular and sometimes vacu-
olated cytoplasm (cell surface, 1659 *
56 pm? (Fig. 1b). The third type
consisted of small cells (cell surface,
588 + 14 um?) (Fig. 1c) and was the only
one that appeared to form domes (Fig.
1d). The ratio of these different cell types
in primary culture was 1:3:4, respective-
ly. Primary cultures were confluent with-
in 2 weeks, but subsequent passages
took 3 to 12 weeks to reach confluency.
Split ratios larger than 1:2 or 1:3, when
cells were approximately 80 percent con-
fluent, produced cells that did not contin-
ue through the cell cycle. The maximum
number of passages was three for any
cell line, and no fibroblastic cells were
observed in any of the cultures in hormo-
nally defined medium. When isolated
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cells from the hormonally defined medi-
um were switched to the maintenance
medium (containing serum), growth was
inhibited, but dome formation contin-
ued.

To determine whether dome formation
was related to active sodium transport,
we added ouabain at 10~°M to each of
three flasks that contained a number of
domes. After 16 hours of exposure, no
domes could be observed. After the
flasks were thoroughly washed to re-
move ouabain, dome formation appeared
to be similar in size and frequency to
that observed before treatment.

Since the first demonstration that the
serum component of a culture medium
could be replaced totally by hormones
(16), the hormonal requirements for
many continuous lines have been defined
(17). Because each of these continuous
lines has its own requirements for opti-
mal growth, it has been proposed that a
hormonally defined medium could even-
tually be used to isolate and maintain
growth of a specific cell type in primary
culture (3, 18). Primary cultures of testic-
ular and pituitary cells have been isolat-
ed from mice by use of media hormo-
nally defined for continuous lines of the
respective cell types (/9); these isolated
testicular and pituitary cells remain in

culture for 3 to 4 weeks. Taub and Sato
(20) initiated primary cultures of kidney
epithelioid cells from other species. We
were able to initiate and maintain canine
kidney epithelioid cells in hormonally
defined medium without any fibroblast
contamination. Cells can be maintained
in primary culture for up to three pas-
sages. Our cultures that have stopped
growing at 6 months continue to form
domes. Moreover, these canine cells
have a transport function that can be in-
hibited by ouabain throughout the life of
the cultures.

There is evidence (2/) that serum in-
hibits the growth of both the collecting
tubules and the thick ascending loop in
primary cultures of rabbit kidney. These
data, together with our own observations
that growth is inhibited by the addition of
serum-containing maintenance medium
to cultures in hormonally defined medi-
um, suggest that we have isolated an
epithelium of either distal-tubule or col-
lecting-duct origin. In fact, the MDCK
line for which the hormonally defined
medium was defined has properties re-
sembling those of distal tubules or col-
lecting ducts (or both) (22).

Transformed cells have reduced hor-
monal needs when compared to those
that have not undergone transformation

v‘%ﬁ%’i" X7 %‘f’i’ ‘*.}"-"3 e
s%.. ”, 2P

s washed in three changes

of phosphate-buffered saline containing penicillin (250 unit/ml) and streptomycin (250 ug/ml).
The tissue was minced in a few drops of dissociation medium, combined with 10 ml of dissocia-
tion medium, and incubated at 37°C for 1 hour, with agitation every 15 minutes. The dissocia-
tion medium was a mixture (1:1) of Ham’s F-12 and Dulbecco’s modified Eagle’s medium con-
taining CLS collagenase (0.5 mg/ml) (Worthington) and sterilized by filtration through a 0.45 pum
filter. The resulting cell suspension was centrifuged at 240g for 10 minutes, and the pellet was
washed twice with culture medium. Half of the pellet was placed in maintenance medium and
the other half was placed in hormonally defined medium. Cells were grown in a closed system
containing an atmosphere of 90 percent air and 10 percent CO,. The cultures were kept at 37°C,
and the medium was changed twice a week. Cells were passed by using a mixture of trypsin
(5 mg/ml) and EDTA (2 mg/ml) in Hanks basic salt solution, Ca%*- and Mg?*-free. The tryptic
activity in the cell suspension in hormonally defined medium was inactivated by a twofold ex-
cess of (by weight) soybean trypsin inhibitor. Cells were centrifuged at 240g for 10 minutes and
were suspended in the appropriate medium. Phase contrast photographs of the cells (magnifica-
tion x125). (a) Large epithelioid cells with agranular cytoplasm. These cells almost totally dis-
appear from culture following the first passage. (b) Large granular epithelioid cells. (c) Major
cell type in primary cultures. Both (b) and (c) cell types are seen in a ratio of 1:1 following
the first passage. (d) A dome structure. These domes are only found in areas similar to that
shown in (c).
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(23). Since the hormonally defined medi-
um we used was designed for a continu-
ous cell line, it is quite possible that our
isolated ‘‘normal’’ cells may require ad-
ditional hormones or factors (or both) to
achieve a maximal growth rate. In sum-
mary, we have demonstrated that it is
now possible to isolate and maintain a
single kidney cell type that exhibits
transport properties in a totally defined
system.
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Persistence of Crystallin Messenger RNA’s with Reduced
Translation in Hereditary Cataracts in Mice

Abstract. In vitro translation experiments showed that the lens fiber cells of two
hereditary cataracts in mice (Nakano and Philly) possessed a full complement of crys-
tallin messenger RNA's, despite severely reduced synthesis of crystallin in these cells.
The reduction in synthesis in the lens fiber cells correlated with the increase in Na*
and the decrease in K*, which occurs during cataractogenesis. In contrast to the fiber
cells, the epithelial cells continued to synthesize crystallins in the cataractous lenses.
Crystallin synthesis was stimulated in the fiber cells by raising the K* concentration
and lowering the Na* concentration in the cultured lenses. The reduction in crystal-
lin synthesis in the initial stages of cataractogenesis in the Nakano and Philly lenses
thus appears to be due to poor utilization of crystallin messenger RNA’s in the fiber

cells.

Cataracts are lens opacities that seri-
ously affect vision and may lead to blind-
ness. One important initiating factor of
cataractogenesis appears to be lens hy-
dration, which is associated with a large
increase in the intralenticular concentra-
tion of Na* and a decrease in the concen-
tration of K* (I). Examples of osmotic
cataracts with an elevated Na*/K+* ratio
include galactose cataracts in rats (2) and
hereditary cataracts in Nakano (3) and
Philly (4) mice. Experiments with cul-
tured embryonic chicken lenses have
shown that an increase in the Na*/K* ra-
tio, comparable to that occurring in os-
motic cataracts, is correlated with a dif-
ferential reduction in crystallin synthesis
(5), suggesting that crystallin synthesis
may also be affected in mammalian cata-
racts assocjated with cation imbalances

Philly Nakano,
(30 day) (40 day)

Ep " Fib' 'EpoiFib

Normal
(30 day)

Ep Fib

Bi=
1

=
a.p{_ -
ac w i =

(6). This possibility was supported by ex-
periments correlating a differential re-
duction in crystallin synthesis with alter-
ations in the intralenticular concentra-
tion of Na* and K* in ouabain-treated
normal (7), Nakano (7), and Philly (8)
mouse lenses as well as in galactosemic
) and hypocholesteremic (10) rat
lenses. Differential reductions in protein
synthesis have also been observed in hu-
man lenses cultured in the presence of
ouabain (/7). We now report that changes
in Na* and K* affect crystallin synthesis
by interfering with the efficient utiliza-
tion of crystallin messenger RNA’s
(mRNA'’s) in mammalian cataracts.
Protein synthesis was examined in cul-
tured lenses from 30-day-old normal
(NIH) and Philly mice and from 40-
day-old Nakano mice. By 30 days after

Fig. 1. Autoradiograms of sodium dodecyl
sulfate (SDS)-urea-polyacrylamide gels of
lens proteins from normal, Philly, and Na-
kano lenses. Three lenses were removed from
the eyes and incubated in 0.5 ml of Ham’s F-
10 medium (/2) supplemented with fructose
(8.48 glliter) and [*3S]methionine (New En-
gland Nuclear; 1 mCi/ml; 800 Ci/mmole) for 8
hours at 37°C in a humidified atmosphere of 5
percent CO, and 95 percent air. The epithelial
cells were separated from the fiber cells under
the dissecting microscope. They were dis-
solved in 0.75 ml of sample buffer (2 percent
SDS, 8M urea, 1 percent 2-mercaptoethanol,
10 percent glycerol, 0.1M tris, pH 6.8) and the
fiber cells were dissolved in 1.5 ml of the same
buffer; 15 ul of the fiber cell homogenate and
30 ul of epithelial cell homogenate were sub-
jected to electrophoresis in a 12 percent poly-

acrylamide gel slab and to autoradiography (13). The designation of the bands as a-, 8-, or
y-crystallin was established by immunoprecipitation (8). The broad upper band, identified as
y-crystallin in the fiber cells, also contained a- and S-crystallin polypeptides.

914 0036-8075/80/1121-0914$00.50/0 Copyright © 1980 AAAS

SCIENCE, VOL. 210, 21 NOVEMBER 1980



	Article Contents
	p.912
	p.913
	p.914

	Issue Table of Contents
	Science, Vol. 210, No. 4472, Nov. 21, 1980
	Front Matter [pp.833-850]
	Letters
	Science Advice [p.846]
	IDEA [p.846]

	Erratum: Prizes that Predict Nobel Winners [p.846]
	Science Policy: New Directions? [p.849]
	Is the Proton Stable? [pp.851-860]
	Assembly of Proteins into Membranes [pp.861-868]
	The National System of Scientific Measurement [pp.869-874]
	News and Comment
	Magnet Failures Imperil New Accelerator [pp.875-878]
	Gene Goldrush Splits Harvard, Worries Brokers [pp.878-879]
	A New Visibility for Gifted Children [pp.879-882]

	Briefing
	Advising Reagan on Science Policy [pp.880-881]
	Congress Begins the Republican Shuffle [p.881]

	Research News
	Evolutionary Theory under Fire [pp.883-887]
	The 1980 Nobel Prize in Chemistry [pp.887-889]

	Book Reviews
	Hunter-Gatherers in Africa [pp.890-891]
	Social Psychology [p.891]
	Radiobiology [pp.891-892]
	Carbon Dioxide [pp.892-893]

	Reports
	Martian Valleys: Morphology, Distribution, Age, and Origin [pp.895-897]
	Solar Neutrino Production of Long-Lived Isotopes and Secular Variations in the Sun [pp.897-899]
	Anesthetics as Teratogens: Nitrous Oxide Is Fetotoxic, Xenon Is not [pp.899-901]
	Cellular Transplantation in the Treatment of Experimental Hepatic Failure [pp.901-903]
	Calcofluor White ST Alters the in vivo Assembly of Cellulose Microfibrils [pp.903-906]
	Micromolar Ca$^{2+}$ Stimulates Fusion of Lipid Vesicles with Planar Bilayers Containing a Calcium-Binding Protein [pp.906-908]
	Microencapsulated Islets as Bioartificial Endocrine Pancreas [pp.908-910]
	Inhibition of Biological Activity of Mouse β-Nerve Growth Factor by Monoclonal Antibody [pp.910-912]
	Transporting Renal Epithelium: Culture in Hormonally Defined Serum-Free Medium [pp.912-914]
	Persistence of Crystallin Messenger RNA's with Reduced Translation in Hereditary Cataracts in Mice [pp.914-916]
	Dorsal Root Ganglion Neurons are Destroyed by Exposure in utero to Maternal Antibody to Nerve Growth Factor [pp.916-918]
	Fourier-Transformed Infrared Photoacoustic Spectroscopy of Biological Materials [pp.918-920]
	Resource Concentration and Herbivory in Oak Forests [pp.920-922]
	Reference: The Linguistic Essential [pp.922-925]
	Nutmeg Dispersal by Tropical Birds [pp.925-927]
	Nerve Terminals are as Metabolically Different as the Muscle Fibers they Innervate [pp.927-928]
	The Role of Zinc and Follicle Cells in Insulin-Initiated Meiotic Maturation of Xenopus laevis Oocytes [pp.928-930]

	Back Matter [pp.893-948]





