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Summary—The induction of polycystic kidney disease (PKD) by glucocorticoids in newborn
mice behaves as a “threshold” trait, with prevalence of PKD varying in different inbred strains
after exposure to an inducing steroid. C3H mice (low threshold for PKD) demonstrated
greater specific dexamethasone binding than DBA mice (high threshold) on the second day
of life. Treatment with methylprednisolone acetate (MPA), a cyst-inducing steroid, down
regulated dexamethasone binding earlier than in DBA mice. C3H mice demonstrated greater
whole kidney homogenate Na-K ATPase activity than DBA mice within 24 h of MPA
injection. Specific renal glucocorticoid binding may be a regulator of threshold for murine
glucocorticoid induced PKD. Our findings support in vitro evidence that glucocorticoid
induced Na-K ATPase activity during critical periods of nephron development is an important

regulatory point of this model.

INTRODUCTION

MacDonald er al. [1] have reported that induc-
tion of polycystic kidney disease (PKD) by neo-
natal hydrocortisone acetate injection in differ-
ing inbred strains of mice fits a *“threshold”
model of disease, with the prevalence and
severity of PKD varying in a reproducible
fashion between strains. This variation fits a
mathematical model which predicted that PKD
occurred when a certain heritable, strain-specific
threshold value of accumulated liability factors
was exceeded.

The interaction of a steroid molecule with a
specific receptor [2] is a limiting random event
in glucocorticoid induction of PKD. The oper-
ation of random factors is inherent to the model
of MacDonald et al. [1]. We hypothesized that
the difference in the prevalence and the degree
of glucocorticoid-induced cyst formation be-
tween inbred strains of mice might arise from a
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difference in the ontogeny of specific renal
glucocorticoid receptors during early post-natal
life. Also, based upon findings of a relation-
ship between cyst formation and glucocorticoid
induction of Na-K ATPase in serum free
metanephric murine organ culture [3], we hy-
pothesized that this would be associated with a
difference in the ontogeny of induction of renal
Na-K ATPase by glucocorticoids.

MATERIALS AND METHODS

C3H and DBA mice, identified as having low
and high thresholds for PKD, respectively [1],
were purchased from Jackson Laboratories,
MA, and kept in the animal care quarters of the
Izaak Walton Killam Hospital for Children.
Animals were kept under conditions in accord-
ance with the standards of the Canadian
Council on Animal Care. All procedures were
approved by the Dalhousie University Com-
mittee on Live Animal Use. [1,2,4-*H]Dexa-
methasone (47 Ci/mmol) was purchased from
Amersham, IL. Methyl prednisolone acetate
(MPA) was purchased from The Upjohn Com-
pany of Canada, Don Mills, Ontario.

Protein determinations were by the brilliant
Coomassie blue method [4] using a Biorad
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kit with bovine serum globulin as a standard
(Biorad, Richmond, CA). All other chemicals
and reagents were purchased from Sigma
Chemical Co., St Louis, MO, or BDH Chemi-
cals, Toronto, Ontario. A preliminary study to
test MPA as a cyst-inducing agent produced a
distribution of cysts in 40 animals of each strain
on the Sth post-natal day that was consistent
with the predictions of the model of MacDonald
et al. [1], who used hydrocortisone acetate.

Glucocorticoid binding assay

Dexamethasone binding was measured in 581
animals [mean number measured in each treat-
ment group: 32 + 7 (SD)]. Animals were killed
by cervical dislocation on the 1st day of post-
natal life (baseline group) or on the 2nd to
5th post-natal days, 1 to 4 days after an i.m.
injection of 200 mg/kg of MPA (treatment
group) or 0.9% saline (control group). One
kidney was removed, chilled in TTESM buffer
(TES 10 mM, sucrose 250 mM, EDTA 1.5 mM,
monothioglycerol 12 mM, sodium molybdate
5mM, pH =74 at 25°C), minced and frozen
in liquid nitrogen. Tissue was thawed to 4°C,
homogenized in 0.7ml of TTESM buffer for
30s in a Kontes Teflon—glass grinder, centri-
fuged at 240,000 g for 45 min, and the super-
natant collected and refrozen[5). 100 ul Of
cytosol were added to glass tubes to which
[’H]ldexamethasone in ethanol-benzene (9:1
v/v) had been added and carrier solvent evapor-
ated to give a final concentration of S0 nM. 1 h
Into the incubation, 50 ul was removed and
added to tubes containing a final concentration
of 100 4 M unlabelled dexamethasone (2000 fold
excess over labelled hormone) to determine
non-specific binding. Both sets of tubes were
incubated for a further 4 h at 4°C. Preliminary
studies found little specific binding before 1 h of
incubation, whereas maximal binding occurred
by 4 h. This system was adopted to guarantee
the same quantity of free labelled hormone in
both total and non-specific binding assays.
Bound hormone was isolated by the method
of Luttge er al.[6). 25 ul Of the incubation
mixtures were layered onto Sephadex LH-20 gel
beds in Kontes Miniflex 10 cm columns with a
nominal void volume of | ml. Specific gluco-
corticoid binding was eluted with TTESM
buffer at 1-1.5 void volumes. Column clean up
was performed with TTESM with 30% ethanol
followed by TTESM alone. Dexamethasone
binding assays were only accepted as compar-
able if a measurement of free labelled steroid in

the incubation mixture was within 5% of the
target concentration of 50 nM.

Na-K ATPase assay

Na-K ATPase activity was measured 1n
652 animals {mean number measured in each
treatment group: 36 + 10 (SD)]. Activity was
measured by an adaptation of the method of
Avner et al. [3]. The kidney not used for dexa-
methasone binding was minced in 20 mM
Tris/200 mM sucrose buffer (pH = 7.0) at 4°C,
snap frozen and stored in liquid nitrogen. 30 ul
Of homogenized kidney were added to dupli-
cate 1 ml cuvettes containing a 100 mM NaCl,
10 mM KCl, 2.5mM MgCl,, I mM disodium
ATP, 1mM phosphoenolpyruvate, 30 mM
Imidazole-HCl (pH =7.3, 37°C), 0.15mM
NADH, 50 ug/ml lactate dehydrogenase and
approx. 30 ug/ml pyruvate kinase with or with-
out 2.5 mM ouabain. One cuvette of each pair
contained 2.5mM ouabain. Enzyme activity
was calculated as the difference in rates of
oxidation of NADH between the ouabain
inhibited and ouabain free mixtures at 37°C,
determined by changing absorbence at 340 nm
in a Pye Unicam L550 spectrophotometer. The
enzyme kinetics were determined by analysis on
a simple linear regression model built within
Lotus Symphony (Version 1.0). Quality control
was monitored by the use of a purified canine
renal Na-K ATPase (Sigma Chemical Co.).

Statistical analysis

The results of comparisons of means between
various experimental groups at each post-natal
age were analysed by independent ¢-tests using
the Systat statistical package (Systat, Inc.,
Evanston, IL). Relationships between the gluco-
corticoid receptor status and Na-K ATPase
activity were studied by linear regression using
the same package.

RESULTS

Measurement of cytosolic dexamethasone
binding revealed that there was greater dexa-
methasone binding in saline treated C3H
animals compared to DBA animals on the 2nd
day of post-natal life (44.1 fmol/mg protein vs
26 fmol/mg protein: P =0.011), one day after
the injection treatment. The second was the
tendency for cytosolic binding to decrease after
MPA treatment in both strains, which is consist-
ent with the predictions of other work on steroid
receptor physiology [7]. This down regulation
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Fig. 1. Ontogeny of dexamethasone binding and Na-K ATPase activity in C3H and DBA mice after

neonatal saline or MPA injection. Bars represent mean results with error bars representing SD.

*Significantly different from other strain with same treatment and age (P <0.05). * *Significantly
different from saline treated animals of same strain and age (P < 0.05).

was evident in the MPA treated C3H mice on
the 2nd day of post-natal life, but DBA mice did
not have significantly lower levels until the 4th
post-natal day.

MPA treated C3H mice demonstrated greater
Na-K ATPase activity on the 2nd post-natal
day compared to DBA mice (81.9 vs 58.3 nmol
NADH/min/mg protein: P = 0.018). Interest-
ingly, the activity in the MPA treated C3H
mice was not significantly greater than saline
treated mice of the same strain (81.9 vs 80.4
nmol NADH/min/mg protein); homogenate
protein was greater in the MPA group (2.3
vs 2.9 mg/ml), implying that the degree of
induction is associated with a general trophic
response. Saline treated C3H mice demon-
strated a fall in Na-K ATPase activity on the
3rd post-natal day to levels that were signifi-
cantly less than saline treated DBA mice
(46.7 vs 65.4nmol NADH/min/mg protein:
P =0.038). After MPA treatment, corrected
Na-K ATPase activity in 3-day-old C3H mice
was significantly greater than the saline treated
group (74.6 vs 46.6 nmol NADH/min/mg pro-
tein: P = 0.005).

Although there was a trend towards an
inverse relationship between cytosolic gluco-
corticoid binding and Na-K ATPase in both
strains, a significant linear relationship could
not be established in either strain.

DISCUSSION

Our results indicate that C3H mice, with a
low threshold for induction of PKD, demon-
strate higher levels of renal Na-K ATPase im-
mediately after post-natal MPA injection than
DBA mice, which are relatively resistant to such
induction. Qur findings also suggest that a
factor in this response may be a difference in
the ontogeny of specific dexamethasone bind-
ing. The availability of the steroid receptors that
this binding may represent may be influenced by
the previous hormonal milieu of the animal or,
in pre-natal life, of the mother. Material and
fetal steroid metabolism are intimately related
and tightly regulated in mammalian species,
particularly the mouse (8, 9]. Ellis et al. [7] have
demonstrated a reciprocal relationship between
murine renal Na-K ATPase and glucocorti-
coid receptors. They further demonstrated that
previous glucocorticoid exposure appeared to
down regulate the availability of such receptors
which is consistent with our results [10].

Our studies did not demonstrate a difference
in the absolute amount of induction of Na-K
ATPase, suggesting that this is not a determi-
nant of the PKD threshold. The timing of that
induction relative to other events in the develop-
ing metanephros may be a more important
factor. Furuse ef al. [11] have demonstrated that
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renal tubular differentiation and growth in
normal metanephric tissue from the mouse
is associated with a steady increase in Na-K
ATPase activity. Previous work by Avner et
al. [3} has shown that Na-K ATPase activity
is a limiting factor in cyst formation in serum
free organ culture using a model with hydro-
cortisone induction of cysts.

Activity of Na-K ATPase might reasonably
be thought to oppose cyst formation by favour-
ing the egress of fluid and electrolytes from the
nephron {12]. It seems likely, therefore, that
activity of the enzyme is part of transduction of
a signal that regulates the proliferation of renal
tubular cells that is a common feature of models
of PKD. Glucocorticoids stimulate increased
activity of the Na +-H + antiporter in some
renal tubular cells [13], a property shared with
the potent renal mitogen epidermal growth
factor (EGF) [14]. EGF has been implicated in
human and murine PKD][15, 16]. Glucocorti-
coids have been shown to enhance expression
of EGF receptors in other cell systems{17].
Such an effect warrants further study in this
model.

The exploration of hormone action, electro-
lyte transport, growth factor activity and cell
proliferation in renal cysts offers great poten-
tial for gaining knowledge of the regulation of
growth and development during cyst formation.
This comparative model, using mice with high
and low thresholds for induction of PKD by
glucocorticoids, should prove a powerful and
increasingly relevant tool for the study of this
important group of human disorders.
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