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ABSTRACT

Although the of y renal growth has been

under investigation for more than a century, its mediation has not
been elucidated. The participation of a circulating, kidney-specific
growth factor, either stimulatory or inhibitory, has been hypothesized,
but its existence has not been proved. Theoretical considerations
predict that in vitro methods could be profitably used in these
circumstances, since these methods would allow dissociation of the
effects of the postulated factor from the complex physiological changes
which accompany compensatory renal growth in vivo.

The work of this thesis consists of the development of a cell

culture system suitable for testing serum from previously unineph-

r ized or sham- animals for the presence of such a growth

factor. A method of primary c;llture of adult Fischer rat kidney
epithelium is described. The morphology of these cultured cells is
compatible with that of proximal tubule epithelium in situ, these
being the cells stimulated to divide in vivo by uninephrectomy. The
chief finding reported in this thesis is that treatment with serum
from rats uninephrectomized 48 hours previously results in consistent,
significant increase in uptake of tritiated thymidine by cultures,
when compared with control sera from sham-operated rats. Serum from
rats uninephrectomized 18-36 hours previously is not consistently
stimulatory. Preliminary investigation with this culture system indi-
cates that: (a) the differential effect of control and uninephrectomy

sera is due to the presence of a stimulatory factor in the latter



rather than an inhibitor in the former; (b) soluble fractions of
homogenates of both kidney and liver tissue exhibit inhibitory dose-
effects in cultures; (c) xanthopterin, a compound that stimulates
kidney tubule epithelial cell division in vivo,has no stimulatory
effect in vitro; (d) serum obtained from human kidney transplant
donors 24-72 hours after uninephrectomy stimulates increasing

thymidine uptake in cultures.

Use of this culture system has confirmed the existence of a
serum factor involved in compensatory renal growth, and should prove

to be a valuable tool for its characterization.
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REVIEW AND DISCUSSION OF LITERATURE

A. Introduction

The phenomenon of compensatory renal growth has been under
investigation for more than a century; the literature comprises well
over a thousand citations. Most of this effort has been directed
towards describing the morphological, biochemical and functional
events which follow unilateral nephrectomy. Relatively few investi-
gators have addressed themselves to the guestion of the control or
mediation of this growth. Although events occurring as soon as five
minutes after unilateral nephrectomy have been described (Lowenstein

and Toback, 1978), the nature of the primary stimulus is unknown.

In this chapter I shall consider first the phenomenon of
compensatory renal growth, and secondly, the stimulus to growth.
I have been critical in both the selection and discussion of papers,
paying particular attention to such variables as characteristics of
the animal used, sample size, assay method, variance of data and use
of appropriate controls. The most recent publications were not
necessarily selected in preference to their predecessors. Some
information was derived from papers in which it was presented
incidentally, or in the course of experiments pertaining to a dif-

ferent subject. This review was designed to provide a summary of

soundly-based i ion ing the of y

renal growth, especially as seen in rats and humans. I have also
attempted to present an unbiased but critical survey of the more
controversial aspects of the subject, which relate to control of

the growth.



B. Description of the phenomenon

1 Organ and cellular hypertrophy

When one kidney is removed, the remaining kidney increases in
weight during the succeeding days; this is not due merely to an
increase in contained blood volume or to accumulation of fluid, but
is caused by: (a) an increase in the size of some of the cells
(hypertrophy) and (b) an increase, by cell division, in the number

of the cells (hyperplasia).

This mass increase has been found in all mammalian species
studied, with the possible exceptions of the baboon (Dicker and
Morris, 1972) and the cat (R. Janicki, in the general discussion

included in Nowinski and Goss, 1969).

A statistically significant increase in rat kidney mass occurs
by 24 hours after unilateral nephrectomy (UNx) (Halliburton and
Thomson, 1966). At the end of a week, the mass increase is in the
range of from 30 to 40 per cent when compared with sham-operated
controls (Katz and Epstein, 1967; Kurnick and Lindsay, 1968a). The
time course of kidney mass increase in the Fischer rats used in this

study is described in the Results section.

The proportion of dry mass to wet remains constant at about 24
per cent during the course of compensatory growth (Halliburton and
Thomson, 1965b; Threlfall et al., 1967; Kurnick and Lindsay, 1968a).
Therefore, measurement of either wet or dry weight is an equally

reliable index of growth.



when more than half of the renal mass is excised, the

compensatory growth is greater: Kaufman et al. (1974) report that
removal of about 70 per cent of kidney mass from adult rats results
in restoration of about 75 per cent of the original mass by four
weeks, or about 65 per cent of the kidney mass in sham animals at
four weeks. This is an increase of about 2.7 times the weight of the
tissue which remained after surgery. UNx rats restored 90 per cent
of the original mass and 76 per cent of sham mass, or an increase

of about 1.8 times the residual mass.

The observation that kidney mass increase after UNx shows an
inverse correlation with age raises several questions: (a) what is
the normal course of kidney growth in unoperated animals -~ i.e.,
what is the background of growth upon which compensatory growth is

superimposed; and (b) do the relative proportions of the hyper-

trophic and hyperplastic of the y growth change
with age? Consideration of these questions will be limited to

investigations on rats and humans.

Rats continue to increase in body and kidney weight throughout
their lives, the rates of gain decreasing with age. Using data on
unoperated Sprague-Dawley rats obtained from Potter et al. (1969),
plots of body weight, kidney weight, and kidney weight expressed
as a percentage of body weight vs. age (Figure 1.) show that the rate
of body weight gain decreases with age, and kidney weight gain does
not keep pace with that of body weight. Kaufman et al. (1974)
report that in male Sprague-Dawley rats, kidney weight shows a linear

relationship with body weight throughout life, but that the
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Figure 1. Influence of age on kidney and body weights in Sprague-Dawley
rats. Kidney weight increases at a slower rate than body
weight in young male rats. These data are from Potter et al.
1969.



regression line has a decreased slope for animals over 150 gm.,
compared with that for smaller animals. Potter et al. (1969),
report that Fischer strain rats gain body weight at a slower rate
than Sprague-Dawleys, but that their kidneys bear the same
proportion to body weight throughout life. Allowance must be made
for these age correlations when kidney weight data after UNx in rats

of different ages and strains is analyzed.

Five authors who report data on rats undergoing UNx conclude
that compensatory renal growth is greater in young animals than in
old, but these data must be looked at in the light of the considera-

tion just discussed.

Dicker and Shirley (1973) used male albino rats of unspecified
strain, divided into two groups by age, each including sham-operated
and UNx rats: one group consisted of rats five days old at operation,
and the other of "adult" rats - their age not stated by the authors.
The data were expressed as per cent difference between UNx and sham
kidney weight expressed as per cent body weight. There was no
difference between age groups until ten days post-operation, after
which the younger group showed an increasingly greater compensatory

growth than the older group until the last data point at 70 days.

MacKay et al. (1932) used male albino rats of unspecified strain,
of ages 5 to 720 days. They méasured the difference between UNx and
sham kidney weights expressed as per cent of body surface area 40
days after sham operation or UNx. The authors state, with reference
to their own published work, that the ratio of kidney weight to body

surface area remains constant at all ages (unlike the ratio of kidney
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