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ABSTRACT. Kidney epithelial cells in short-term primary
culture have been studied with regard to proliferative rate
and expression on the c-fos protooncogene. The experi-
ments were performed on subconfluent renal proximal
tubule cells isolated from infant and adolescent rats. Pro-
liferation was determined by *H-thymidine autoradiogra-
phy and nuclear content of c-fos protein by semiquantitative
immunofluorescence. The basal proliferative rates in infant
and adolescent renal proximal tubule cells were the same
after 48 h of primary culture in Dulbecco’s modified Ea-
gle’s medium with 10% FCS. Serum deprivation for 24 h
caused a significant growth inhibition in both infant and
adolescent cells. C-fos was expressed to the same extent
in infant and adolescent serum-deprived cells. The rapid
response to the addition of serum was markedly different
in infant and adolescent cells. In adolescent cells, addition
of serum led to a transient significant increase in the
nuclear expression of c-fos protein, reaching a peak at 60
min. No increase in c-fos was seen in infant cells. In
adolescent cells, the rate of proliferation increased 11-fold
and *H-thymidine labeling index reached 26.7 * 4.3%. In
infant cells, the proliferative response to serum addition
was significantly lower; the labeling index reached only
4.2 £ 1.2%. It could be excluded that the attenuated
response in infant cells was due to cell death or impaired
metabolic function. The results imply that the principles
of growth regulation change postnatally. (Pediatr Res 29:
263-267, 1991)

Abbreviations

D, serum-deprived cells, cultured in the absence of serum
for 24 h

DS, serum-deprived cells to which serum was added at the
time of experiment

S, cells cultured in the presence of serum

DMEM, Dulbecco’s modified Eagle’s medium

LI, labeling index

RPTC, renal proximal tubule cells

The protooncogenes regulate growth and differentiation (re-
views 1-3). The so-called immediate early response genes (4-8,
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review 9) are expressed within 1 h after stimulation of cells with
growth factors. These genes code for transcription factors, some
of which are necessary for the proliferative response (10, 11).
The c-fos gene is an example of the immediate early response
genes and is a well-characterized member of the protooncogene
family (reviews 12-14). It is activated within minutes after the
cell is stimulated with growth factors and participates in the
regulation of proliferation (4-6, 11).

Animal studies have indicated that protooncogenes play an
important role during embryonic development (2, 15, 16).
Changes in the expression of some protooncogenes have also
been observed in the pre- and perinatal period (15, 17-19). The
role of protooncogenes for postnatal growth and maturation is
not well known.

This study describes how renal epithelial cells from infant (10-
d-old) and adolescent (40-d-old) rats can be used to study post-
natal growth regulation. We have previously shown that RPTC
obtained from the outermost renal cortex maintain transport
properties (20-23), hormonal responsiveness (24), general mor-
phologic characteristics (25), and similar proliferative rates (26)
as found in vivo during the first few days in primary culture. The
postnatal growth of the rat kidney is most rapid between 10 and
40 d of age (26, 27). The factors regulating growth during this
period are not well defined, but data from whole animal studies
have indicated that they might change during postnatal life (27,
28). Cells were isolated from 10- and 40-d-old rats because
previous studies have shown that their basal proliferative rates
are similar (26, 27).

In this study, serum-deprived RPTC were stimulated by the
addition of FCS. The presence of ¢c-fos protein in the nuclei was
determined semiquantitatively with immunofluorescence and
the proliferative rate was determined by *H-thymidine autora-
diography. We found that cells from infant and adolescent rats
responded differently with regard to the expression of c-fos
protein and with regard to the proliferative response. The findings
suggest that principles of growth regulation may change
postnatally.

MATERIALS AND METHODS

Proximal Tubule Primary Cultures. Preparation of proximal
tubule suspensions for primary culture has been described in
detail previously (21). Briefly, infant (10-d-old) and adolescent
(40-d-old) Sprague-Dawley rats were anesthetized with Mebumal
5 mg/100 g body weight intraperitoneally (ACO, Solna, Sweden)
and the kidneys perfused with a sterile modified Hank’s balanced
salt sotution with 0.05% collagenase (type 1; Sigma Chemical
Co., St. Louis, MO). The outer 150 um of the renal cortex was
removed using a Stadie-Riggs microtome and incubated in the
collagenase perfusion solution for 15 min. After a series of
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centrifugations, the tubule suspension was plated onto sterile
Biirker slides or glass coverslips (Chance Propper Ltd., Great
Britain). The cells were cultured in modified DMEM (Gibco,
Paisley, Scotland) with 10% FCS (Gibco), in a water-jacketed
incubator (Flow Laboratories, Meckenheim bei Bonn, Ger-
many), at 37°C with 5% CO, and 95% air. The modified DMEM
contained 20 mM N-2-hydroxyethylpiperazine-N’-2-ethanesul-
fonic acid, 24 mM NaHCQ,, 50.000 IU/L penicillin, and 50
mg/L streptomycin (Flow Laboratories); pH set to 7.4 at 37°C
and 5% CO,. Medium was changed after 1 d of culture. In studies
of serum-deprived cells, the medium was carefully rinsed and
replaced by DMEM after 24 h in culture. Experiments were
performed after 48 or 72 h in culture depending upon protocols.

The cells grew in colonies. Central confluent cells in the
colonies have a lower proliferative rate than subconfluent pe-
ripheral cells, probably due to density-dependent growth inhibi-
tion or contact inhibition (23). In the present work, we have
studied growth regulation and nuclear c-fos expression in sub-
confluent cells defined as the two outermost cell layers in each
colony.

In all experiments, cells were cultured in 10% FCS during the
first 24 h. The cells were then either cultured another 24 h in the
presence of FCS (S), serum-deprived for 24 h (D), or serum-
deprived for 24 h and then returned to serum-containing media
at the time of experiment (DS). After serum deprivation, no cell
loss or cytoplasmic blebbing was observed. Serum-deprived cells
also maintain functional integrity assessed by determinations of
intracellular K/Na and pH. The cytoplasmic K/Na ratio studied
by electron probe microanalysis is 11.1 + 1.7 (n = 7) in adoles-
cent RPTC and 9.6 £ 0.1 (n = 5) in RPTC from 11- to 12-d rats
after 24 h serum deprivation and 2- to 3-d in primary culture.
This indicates that the cells are capable of maintaining normal
electrolyte gradients across the cell membrane. (20-22; SH Lars-
son, unpublished results). Furthermore, intracellular pH in
serum-deprived infant and adolescent cells were not significantly
different [7.29 % 0.05 (n = 10) versus 7.31 £ 0.03 (n = 4)] and
were well within the physiologic range for the proximal tubule
(23, 29).

’H-Thymidine Autoradiography. S and D cells were pulsed for
6 h with *H-thymidine (1-2 uCi/mL) (Amersham, Bucking-
hamshire, England). The response to serum addition (DS) was
studied after a 24-h pulse, assuming the cells needed 12-18 h to
move from GO of the cell cycle into S phase. After labeling, the
cells were fixed (ethanol:formaldehyde:acetic acid, 72:10:18) and
stained with orcein as described previously (23). The coverslips
were dipped in a photographic emulsion (Kodak NTB2) and
exposed at 4°C for 72 h. They were developed with Kodak Dental
x-ray developer and fixed. LI was calculated as the percentage of
cells with >50 silver granules over the nucleus. The cells in eight
to 10 colonies were counted, i.e. >600 cells/animal and protocol.
LI for adolescent RPTC under S and D conditions has previously
been published (23).

Semiquantitation of c-fos Content. Immunocytochemical stain-
ing. The nuclear expression of the c-fos protein was determined
with immunocytochemical staining in accordance with the in-
direct immunofluorescence technique of Coons (30). Two sets
of antibodies were used. In most experiments, we utilized the
xfos-3 antibodies generously supplied by Dr. G. Evan (31).
Control experiments were performed using affinity purified sheep
anti-fos antibodies DCP 821 (Cambridge Research Biochemicals,
Cambridge, England). Both xfos-3 and DCP 821 are directed
against amino acid residues 2-17 of the p55°% protein.

Nuclear c-fos content was determined in RPTC from infant
and adolescent rats after growth stimulation (DS). The effect of
growth stimulation was studied at different intervals after serum
addition (15, 30, 60, 120, and 240 min). At the end of the
experiment, the cells were fixed at 4°C in 4% paraformaldehyde
in 0.1 M PBS for 15 min. After fixation, the cells were rinsed
three times in PBS and incubated overnight at 4°C with anti-fos
antiserum at a dilution of 1:500. The cells exposed to xfos-3 were
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Fig. 1. Precipitation of c-fos protein by xfos-3 antibodies. Lane 1,
immunoprecipitation of c-fos protein from Swiss 3T3 cells that express
low levels of c-fos. Lane 2, immunoprecipitation of ¢-fos protein from
cells of the Swiss 3T3 subclone MF-2 that express mouse c-fos from a
transfected plasmid (p’®%') (32). Sizes are shown in kD. Markedly larger
xfos-3 antigenic activity was found in transfected cells compared with
controls. Method: 5 X 10° cells were preincubated with methionine-free
DMEM for 30 min. Thereafter, they were incubated with 1 mL of
methionine-free DMEM containing 200 xCi of *S-methionine (Amer-
sham) for 30 min at 37°C. The cells were washed three times in PBS and
lysed with 1% aprotinin in RIPA buffer (S50 mM NaCl, 25 mM Tris HCl
pH 8.2, 0.1% Na azide, 0.5% Na deoxycholate, 0.5% NP40, 0.1% Na
dodecyl sulfate). Cell lysates were spun at 10 000 rpm for 10 min at 4°C.
Supernatants were preadsorbed with normal rabbit Ig-sepharose and
were thereafter incubated with 1 uL of xfos-3 antibodies for 30 min on
ice. Immunecomplexes were collected with protein A-sepharose. Precip-
itates were analyzed on 12% polyacrylamide gels (33) and the gel was
processed for fluorography (34). Molecular weights were determined
relative to Rainbow protein molecular weight markers (Amersham).

then rinsed in PBS and incubated for 1 h with swine anti-rabbit
antibodies conjugated to rhodamin (Dako-Ig a/s, Glostrup, Den-
mark). The antibodies were diluted 1:100 and incubation took
place in the dark at room temperature. Cells exposed to DCP
821 antiserum were incubated with FITC-conjugated anti-sheep
antisera in an identical protocol. All antisera were diluted in PBS
with 0.5% Triton x-100. After a final rinse in PBS, the slides
were mounted in glycerine and PBS (1:1). In experiments where
the two anti-fos antisera were used in parallel, they consistently
gave similar results.

Quantitative fluorescence microscopy. The c-fos antigenic ac-
tivity in individual nuclei of the proximal tubule cells was
measured as the nuclear content of the fluorescent second anti-
body, i.e. the intensity of rhodamine (xfos-3) or FITC (DCP 821)
fluorescence. The fluorescence intensity was quantitated using
computerized image analysis. The cells were studied in a dark-
field microscope with epi-illumination using a primary magnifi-
cation of 63X (Zeiss, Oberkochen, Germany). The fluorescence
microscope was equipped with a silicon-intensified target video
camera connected to an image analysis system (IBAS, Kontron-
Zeiss, Minchen, Germany). The sample was only illuminated
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Fig. 2. C-fos-specific fluorescence in cells from infant rats after 24 h
serum deprivation. Note the nuclear distribution of the fluorescence.

during focusing and digitizing of the image to avoid fading. Each
1mage was converted into an array of 512 X 744 picture elements
(pixels), corresponding to 200 X 300 um, with a resolution of
256 gray levels for each pixel.

In each image, the nuclear profiles were encircled by careful
tracing with a cursor. An area outside the cell colony was also
encircled for determination of background light intensity. After
identification of the selected regions, the median values of the
pixel gray levels in each cell nucleus and in the background were
measured. The distribution in each selected area was generally
gaussian. The nuclear values obtained were corrected for possible
variation in the camera gain by dividing the nuclear gray levels
with the background gray level. Samples in which the primary
antibody was omitted served as negative controls to determine
the nonspecific fluorescence in the cell nuclei. The nonspecific
fluorescence was subtracted from each nuclear determination.
The two-dimensional areas of measured nuclei were quantitated
using a standard procedure of the image analysis system to
evaluate whether or not changes in apparent c-fos activity were
related to changes in nuclear size. Cells in two separate regions
from each of six colonies, i.e. 50-90 cells, were studied for each
observation.

Results are expressed as means = SEM, unless otherwise stated.
Group comparisons were based on parametric paired or non-
paired ¢ statistics and timecourse changes evaluated by variance
analysis.

RESULTS

The specificity of the c-fos protein determinations was con-
firmed by three findings. First, transfection of 3T3 fibroblasts
with a c-fos containing plasmid (p’**') markedly increased the
xfos-3 specific immunoprecipitation (Fig. 1). Second, the im-
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Fig. 3. LI in infant (4) and adolescent cells (B) cultured in the
presence of serum (S, haiched bar) or deprived of serum for 24 h (D,
open bar). Autoradiography was performed after a 6-h pulse of *H-
thymidine (1-2 ¢Ci/mL). The experiments were performed after 48 h in
primary culture. Twenty-four hours of serum deprivation resulted in a
significant decrease in LI in both infant (90 + 2%) and adolescent cells
(69 + 8%); the responses were, however, significantly different (*p <
0.05). The experiments were performed in parallel, but the adolescent
values have been published previously (23).

munofluorescent stain in the cultured proximal tubule cells was
characteristically concentrated to the cell nucleus (Fig. 2) (17,
35). Third, experiments with two different c-fos-specific antisera
showed a similar response pattern in all experimental conditions
(see below).

Subconfluent proximal tubule cells from infant and adolescent
rats had the same proliferative rate after 2 d in primary culture
(LI = 31.5 = 2.1 versus 29.6 £ 2.0%, NS; n = 5, 6). Serum
deprivation for 24 h decreased the growth rate significantly in
both infant (90 £ 2%) and adolescent cells (69 + 8%) (Fig. 3).
After 24 h of serum deprivation, no difference in c-fos activity
was found between infant and adolescent cells (not shown).

When serum-deprived adolescent cells were exposed to 10%
FCS, a rapid transient increase in ¢-fos activity was seen, showing
a peak at 60 min after serum addition (Fig. 4). In several
experiments, a late second elevation was noted at 240 min, which
may be attributed to fos-related antigens (36). The results were
reproduced in five experiments with xfos-3 antibodies and in a
control experiment with DCP 821 [D: 4.9 + 0.2; DS(30 min):
5.6 = 0.3; DS(60 min): 7.2 + 0.2 relative fluorescence units].
After serum addition, LI in adolescent cells increased from
2.4 + 0.8 10 26.7 + 4.3% (n = 4) (Fig. 5).
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Fig. 4. Change in nuclear c-fos expression after addition of serum
(DS) to serum-deprived cells (D, 24 h). A4, in infant cells, a decrease in c-
fos content was noted at 15-30 min and the level remained low through-
out the experiment. * Value significantly lower than during D condition
(p < 0.05). B, in adolescent cells, a transient increase in nuclear c-fos
fluorescence was seen, showing a peak at 60 min. A second elevation
was also seen in several experiments at 240 min. * Value significantly
higher than during D condition (p < 0.05).

Serum-deprived infant cells showed a markedly different re-
sponse to 10% FCS. Throughout a 4-h timecourse, no increase
in c-fos activity was seen. Contrarily, a fall in c-fos activity was
noted after 15-30 min exposure to 10% FCS (Fig. 4). The results
were reproduced in four experiments with xfos-3 antibodies and
in one control experiment with DCP 821. The proliferative
response of infant cells also differed from that of adolescent cells.
LI only increased from 0.7 £ 0.2 to 4.2 + 1.2% after serum
stimulation (n = 5) (Fig. 5). The differences in c-fos response
between infant and adolescent cells cannot be explained by
changes in nuclear size, estimated as surface area of nuclear
profiles (Table 1).

DISCUSSION

It has been suggested that several members of the protoonco-
gene family, including c-fos, will act to regulate cell growth (2, 3,
14). The results in this study are compatible with that hypothesis.
In the adolescent RPTC, serum stimulation increased cell
growth. This increase was preceded by an increase in the expres-
sion of c-fos product. In infant RPTC, there was no increase in
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Fig. 5. LI in infant {(4) and adolescent cells (B) after 24 h serum
deprivation. The cells were labeled with *H-thymidine (1-2 xCi/mL)
during the subsequent 24 h either in the absence of serum (D, open bar)
or after addition of 10% FCS to the medium (DS, filled bar). The cells
were thus fixed and the autoradiography performed after 72 h in culture.
* p < 0.05).

Table 1. Nuclear size determined as surface area of nuclear
profiles from microscopic image (um>)*

Protocol
Age
(d) D DS
10 147 £ 12 140 = 15
40 129 £ 11 150 + 18
NS NS

* The values were determined in cultured RPTC from infant (10 d)
and adolescent (40 d) animals during growth inhibition (D) and after
growth stimulation (DS, 60 min). n = 3.

the expression of the c-fos product and only a minimal increase
in cell growth after serum stimulation (Figs. 4 and 5).

In adolescent RPTC, the addition of FCS to serum-deprived
cells caused a significant transient increase in nuclear c-fos pro-
tein content with a peak at 60 min (Fig. 4). A similar rapid
response to growth stimulation has been documented in fibro-
blasts (4-6). A detectable increase in c-fos mRNA is seen already
at 10 min and is followed by an increase in c-fos protein synthesis,
reaching a peak after 60 min. As in fibroblasts, the rapid and
transient increase in the expression of the c-fos protein precedes
an increase in cell growth in RPTC. The addition of FCS to
serum-deprived adolescent RPTC was followed by an 11-fold
increase in LI (Fig. 5).
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In contrast to adolescent RPTC and fibroblasts, serum-de-
prived infant cells did not respond to serum stimulation (DS
protocol) with increased c-fos expression (Fig. 4). The growth
stimulatory effect of serum addition was also blunted in infant
cells (Fig. 5).

Both infant and adolescent cells grew well in the presence of
serum. Serum deprivation markedly inhibited proliferation in
both groups. After 24 h of serum deprivation, both infant and
adolescent cells were quiescent, showing a LI of only 0.7 + 0.2
and 2.4 = 0.8%, respectively, after a 24-h *H-thymidine pulse
(Fig. 5). A fairly large fraction of adolescent cells reentered the
cell cycle within 24 h after addition of serum. The reactivation
of infant cells during this period was markedly attenuated. Sim-
ilar differences between infant and adolescent RPTC have been
observed with regard to epidermal growth factor and IGF-1 (SH
Larsson, unpublished studies). It is unlikely that the blunted
response to growth factors in infant cells is due to decreased
viability. The cells remain intact on the culture support during
the serum-deprivation period, maintaining a high K/Na ratio
and normal regulation of intracellular pH (21-23, 29). There are
a number of cell functions that might change during ontogeny
and that could explain the blunted response to growth factors in
infant cells. The abundance of growth factor receptors might be
lower in infant cells (37, 38). Intracellular signal transduction
systems that are coupled to the growth factor receptors might be
immature in infant cells. These signal systems are likely to
involve activation of protein kinase C (14, 39, 40). Ontogenic
changes in the expression of protein kinase C activity have been
documented in the CNS and in RPTC (41, 42). There might also
be an age-dependent regulation of the c-fos gene (15, 17, 18).
Future studies will be directed to differentiate between these
possibilities.

Acknowledgments. The authors thank Dr. G. Evan for provid-
ing the xfos-3 antiserum and Gabriella Dombos, Ann-Christine
Ekl16f, Anna Johansson, and Ingrid Muldin for expert technical
assistance.

REFERENCES

—

. Miiller R 1986 Proto-oncogenes and differentiation. Trends Biochem Sci
11:129-132
. Adamson ED 1987 Oncogenes in development. Development 99:449-471
. Bishop JM 1987 The molecular genetics of cancer. Science 235:305-311
. Greenberg ME, Ziff EB 1984 Stimulation of 3T3 cells induces transcription of
the c-fos proto-oncogene. Nature 311:433-438
5. Kruijer W, Cooper JA, Hunter T, Verma IM 1984 Platelet-derived growth
factor induces rapid but transient expression of the c-fos gene and protein.
Nature 312:711-716
6. Miiller R, Bravo R, Burckhardt J, Curran T 1984 Induction of c-fos gene and
protein by growth factors precedes activation of c-myc. Nature 312:716~720
7. Chiu R, Boyle WJ, Meek J, Smeal T, Hunter T, Karin M 1988 The c-fos
protein interacts with c-jun/AP1 to stimulate transcription of AP-1 respon-
sive genes. Cell 54:541-552
8. Kelly K, Cochran BH, Stiles CD, Leder P 1983 Cell-specific regulation of the
c-myc gene by lymphocyte mitogens and platelet-derived growth factor. Cell
35:603-610
9. Rollins BJ, Stiles CD 1989 Serum-inducible genes. Adv Cancer Res 53:1-32
10. Studzinski GP, Brelvi ZS, Feldman SC, Watt RA 1986 Participation of c-myc
protein in DNA synthesis of human cells. Science 234:467-470
11. Nishikura K, Murray JM 1987 Antisense RNA of protooncogene c-fos blocks
renewed growth of quiescent 3T3 cells. Mol Cell Biol 7(2):639-649
12. Curran T 1988 In: Reddy EP, Skalka AM, Curran T (eds) Oncogene Handbook.
Elsevier, Amsterdam, pp 307-325
13. Maller R 1986 Cellular and viral fos genes: structure, regulation of expression

AW

21.
22.

23.

24,

25.

26.

27.
28.

29.

30.
31
32.

33.
34,
35.
36.

37.
38.

39.
40.
41.

42,

267

and biological properties of their encoded products. Biochim Biophys Acta
823:207-225

. Verma IM 1986 Proto-oncogene fos: a multifaceted gene. Trends Genet 2:93-

96
. Miiller R, Slamon DJ, Tremblay JM, Cline MJ, Verma IM 1982 Differential

expression of cellular oncogenes during pre- and postnatal development of
the mouse. Nature 299:640-644

. Westphal H, Gruss P 1989 Molecular genetics of development studied in the

transgenic mouse. Annu Rev Cell Biol 5:181-196

. Adamson ED, Meek J, Edwards SA 1985 Product of the cellular oncogene, c-

Jos, observed in mouse and human tissues using an antibody to a synthetic
peptide. EMBO J 4:941-947

. Levi B-Z, Kasik JW, Burke PA, Prywes R, Roeder RG, Appella E, Ozato K

1989 Neonatal induction of a nuclear protein that binds to the c-fos enhancer.
Proc Natl Acad Sci USA 86:2262-2266

. Ruppert C, Wille W 1987 Proto-oncogene c-fos is highly induced by disruption

of neonatal but not of mature brain tissue. Mol Brain Res 2:51-56

. Harris RC, Seifter JL, Lechene C 1986 Coupling of Na-H exchange and Na-K

pump activity in cultured rat proximal tubule cells. Am J Physiol 251:C815-
C824

Larsson SH, Aperia A, Lechene C 1986 Studies on final differentiation of rat
renal proximal tubular cells in culture. Am J Physiol 251:C455-C464

Larsson SH, Aperia A, Lechene C 1988 Studies on terminal differentiation of
rat renal proximal tubular cells in culture: ouabain-sensitive K and Na
transport. Acta Physiol Scand 132:129-134

Larsson SH, Fukuda Y, Kélare S, Aperia A 1990 Proliferation and intracellular
pH in cultured proximal tubular cells. Am J Physiol 258:F697-F704

Lechene C, Harris RC 1987 Electron probe analysis of cultured renal cells. In:
Brenner BM, Stein JH (eds) Modern Techniques of Ion Transport. Contem-
porary Issues in Nephrology, Vol 15. Churchill Livingstone, New York, pp
173-197

Larsson SH, Larsson L, Lechene C, Aperia A 1989 Studies of terminal
differentiation of electrolyte transport in the renal proximal tubule using
short-term primary cultures. Pediatr Nephrol 3:363-368

Larsson SH, Yun S, Kélare S, Aperia A 1990 Postnatal changes in growth of
rat proximal tubule cells: a study of cells in short primary culture. Acta
Physiol Scand 138:243-244

Celsi G, Jakobsson B, Aperia A 1986 Influence of age on compensatory renal
growth in rats. Pediatr Res 20:347-350

Hannerz L, Celsi G, Ek1of A-C, Olling S, Wikstad I, Aperia A 1989 Ascending
pyelonephritis in young rats retards kidney growth. Kidney Int 35:1133-
1137

Ekblad H, Larsson SH, Aperia A 1990 The capacity to recover from intracel-
lular acidosis is lower in infant than in adolescent renal cells. Pediatr Res
27:327A(abstr)

Coons AH 1958 Fluorescent antibody methods. In: Danielli JF (ed) General
Cytochemical Methods. Academic Press, New York, pp 399-422

Hunt SP, Pini A, Evan G 1987 Induction of c-fos-like protein in spinal cord
neurons following sensory stimulation. Nature 328:632-634

Ruther U, Wagner EF, Miller R 1985 Analysis of the differentiation-promoting
potential of inducible c-fos genes introduced into embryonal carcinoma cells.
EMBO J 4:1775-1781

Laemmli UK 1970 Cleavage of structural proteins during the assembly of the
head of bacteriophage T4. Nature 277:660-685

Bonner WM, Laskey RA 1974 A film detection method for trittum-labelled
proteins and nucleic acids in polyacrylamide gels. Eur J Biochem 46:83-88

Sambucetti LC, Curran T 1986 The fos protein complex is associated with
DNA in isolated nuclei and binds to DNA cellulose. Science 234:1417~1419

Franza Jr BR, Sambucetti LC, Cohen DR, Curran T 1987 Analysis of fos
protein complexes and fos-related antigens by high-resolution two-dimen-
sional gel electrophoresis. Oncogene 1:213-221

Goodyer PR, Kachra Z, Bell C, Rozen R 1988 Renal tubular cells are potential
targets for epidermal growth factor. Am J Physiol 255:F1191-F1196

Raaberg L, Nexo E, Damsgaard Mikkelsen J, Seier Poulsen S 1988 Immuno-
histochemical localisation and developmental aspects of epidermal growth
factor in the rat. Histochemistry 89:351-356

Moolenaar WH 1986 Effect of growth factors on intra-cellular pH regulation.
Annu Rev Physiol 48:363-376

Verma IM, Mitchell RL, Sassone-Corsi P 1986 Proto-oncogenes fos: an induc-
ible gene. Int Symp Princess Takamatsu Cancer Res Fund 17:279-290

Fukuda Y, Bertorello A, Aperia A 1990 Postnatal development of short term
regulation of proximal tubular (PT) NaKATPase activity. Kidney Int
37(1):368(abstr)

Sposi NM, Bottero L, Cossu G, Russo G, Testa U, Peschle C 1989 Expression
of protein kinase C genes during ontogenic development of the central
nervous system. Mol Cell Biol 9:2284-2288



	Serum Factors Induce C- fos Expression and Rapid Cell Proliferation in Adolescent But Not in Infant Rat Proximal Tubule Cells
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES


