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Abstract. Measurements of tissue immunoassayablie clusterin, a protein associated with
programmed cell death and tissue reorganization, were performed in rats treated with
nephrotoxic doses of gentamicin suifate. Adult Lewis rats were treated with 100 mg/
kg/day of gentamicin sulfate for 12 days. Urine, serum, and tissue levels of clusterin
protein were measured, as were urinary N-acetyl3-glucosaminidase (NAG) and serum
creatinine levels. Induction of renal injury by gentamicin was detectable within 4 days
by increased levels of urinary N-acetylg-glucosaminidase (from 280 * 66 (mean * SD)
to 910 + 210 nmol/mg creatinine), and within 9 days of initiating gentamicin treatment
by increased serum creatinine (from 0.5 + 0.1 to 1.2 * 0.4 mg/dl). Paralleling these
changes, renal, urinary, and serum levels of clusterin increased 10-, 116-, and 3-fold (P
< 0.05). Treatment with gentamicin sulfate did not increase clusterin levels in the
seminal vesicle, ventral prostate, testis, or epididymis. The measurement of urinary or

serum clusterin may play a role in the early detection of renal injury.

[P.S.E.B.M. 1982, Vol 199]

mass of 80-85 kDa (1), originally isolated from
the ram, that has been found in immunoreac-
tive forms in multiple species (2). Clusterin protein or
mRNA have been independently investigated under a
number of different names, including sulfated glycopro-
tein-2 (SGP-2) (3), testosterone-repressed prostate mes-
sage-2 (TRPM-2) (4) or protein-2 (TRPP-2) (5), and
human serum protein (SP-40,40) (6). It is produced
constitutively in many tissues, but is found at the
highest protein levels in the epididymis and testis (7).
In some tissues, this protein or its mRNA has been
associated with programmed cell death (5) and tissue
remodeling.
Programmed cell death (apoptosis) is an orderly
process of separation of cells, degradation of DNA, and
fragmentation and resorption of the cellular tissue (8,

Clusterin is a dimeric glycoprotein with molecular
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9). In contrast to coagulative necrosis, programmed cell
death is thought to result in a minimal immunological
response. The process of programmed cell death re-
quires gene expression and protein production (5). This
process is well suited to the maintenance of homeostasis
in tissues, allowing the resorption or replacement of
cells without resulting in significant injury or destruc-
tion of gross tissue architecture or affecting adjacent
cell function. Interestingly, clusterin found in human
seminal plasma has been shown to inhibit complement-
mediated hemolysis (6). It is possible that clusterin
modulates the local immunological response to pro-
grammed cell death by complement inhibition. This
action may be important to prevent normal cell injury
during tissue remodeling. The cascade of gene expres-
sion associated with programmed cell death has been
demonstrated previously in the rat kidney after unilat-
eral ureteral obstruction (5, 10). Programmed cell death
is thought to represent a ubiquitous remodeling process
in most tissues.

Previous studies from other institutions on clus-
terin production after cell injury have investigated only
gene expression or nonquantitative protein level eval-
uations (11). Clinical application of a marker for cell
injury could optimally use fluids, such as blood or
urine, or tissue obtained with minimally invasive pro-
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cedures. Our laboratories have the unique ability to
quantify clusterin levels in tissues, blood, and urine
using a radioimmunoassay developed at The Popula-
tion Council (7). In this paper. we demonstrate that
gentamicin-induced nephrotoxicity increases renal tis-
sue concentrations and urinary excretion of clusterin
that can be detected prior to changes in serum creati-
nine levels.

Materials and Methods

Adult male Lewis rats were treated for 0. 4. 9. or
12 days with intraperitoneal injections of gentamicin
sulfate (100 mg/kg/day). For each data point, six rats
were treated. All rats were maintained in metabolic
cages and complete urinary collections were performed.
At the time of sacrifice, renal. liver, prostate. testis, and
epididvmal samples were snap frozen at —70°C. Blood
was obtained at the time of sacrifice by puncturing of
the vena cava. The blood was allowed 1o clot. and sera
were collected and stored at —20°C.

Preparation of Organ Cytosols. Tissue samples
for clusterin protein determination were blotted dry
after removal and then homogenized in 10 mym Tris
and 10% glycerol buffer (pH 7.4) at 4°C using a polytron
homogenizer. Samples were then centrifuged at 42,000
gfor | hr, and the supernatant was maintained at —20°C
until the radioimmunoassay was performed.

Clusterin Radioimmunoassay. The concentra-
tions of clusterin in various tissue extracts were quan-
tified by radioimmunoassay using previously described
procedures (7, 12). Each unknown sample was run in
duplicate and the concentrations of clusterin in these
samples were interpolated against a standard curve
calibrated using a pool of crude Sertoli cell-enriched
culture medium, and the results were expressed as
microliter equivalent (ul eq) of this pool. It was noted
that 1 ul of this pool contained 4.31 ng of purified rat
clusterin. The minimal detectable dose of the immu-
noassay was about 0.03 ul eq/assay tube. and 50%
displacement was at 3.5 ul eq. The intra- and interassay
coefficients of variation were 10% and 16%, respec-
tively.

Urinary, Serum N-acetyl3-glucosaminidase, and
Creatinine Evaluations. Urinary N-acetvl3-glucosa-
minidase (NAG) was assaved by a modification (13) of
the method of Leaback and Walker (14). The urinary
NAG activity is expressed as nanomoles of 4-methy-
lumbelliferone liberated from 4-methylumbelliferyl-A-
acetyl-3-D-glucosaminide substrate per hour of incu-
bation at 37°C per milligram of urine creatinine. The
creatinine in serum and urine was measured by the
alkaline picrate (Jaffe) reaction (13).

Results

Renal tissue clusterin levels increased significantly
(P < 0.05) from 1.6 pg/g in untreated animals to 3.1
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ug/g after 4 days of treatment with gentamicin. There
was a further increase to 16 pg/g tissue after 12 days in
gentamicin-treated animals (Fig. 1). Urinary clusterin
protein excretion increased from 80 to 480 ug/mg of
creatinine within 4 days of treatment with gentamicin
sulfate (Fig. 2). after 12 days. urinary clusterin was
further elevated to 9300 wug/mg of creatinine (for all
evaluations. P < 0.05). The increases in clusterin were
associated with a rise in urinary NAG from 280 to 910
within 4 davs and peaked after 9 days of gentamicin
treatment at 5000 nmol/mg of creatinine. It was still
elevated at 3500 nmol of NAG/mg of creatinine after
12 days of treatment (Fig. 2). Serum creatinine in-
creased from 0.5 mg/dl to 1.2 mg/dl at 9 days and to
1.8 mg/dl in rats treated for 12 days with gentamicin
(Fig. 3). An increase in serum levels of clusterin protein
was significant at 9 days and further increased when
evaluated 12 days after the start of gentamicin treat-
ment (Fig. 3). The magnitude of changes in serum
clusterin is small relative to those in the kidney and
urine.

In view of the fact that clusterin is produced in
organs other than the kidney, the levels of this protein
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Figure 1. Renal tissue levels of clusterin protein after treatment of
rats with 100 mg/kg/day of gentamicin sulfate. All results are pre-
sented as mean + SD, and all error bars indicate 1 SD.
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Figure 2. Urinary excretion of clusterin and N-acetylg-glucosamini-

dase after treatment of rats with 100 mg/kg/day of gentamicin sulfate;

mean + SD.
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Figure 3. Serum creatinine and clusterin levels in rats treated with
gentamicin sulfate (100 mg/kg/day); mean + SD.
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Figure 4. Hepatic tissue levels of clusterin protein in rats treated
with gentamicin sulfate (100 mg/kg/day); mean + SD.

were measured in tissues in which either clusterin pro-
tein or mRNA had been detected. Clusterin protein
levels in the liver also increased from 0.77 to 1.4 ug/g
of tissue after 4 days of treatment and further increased
over the 12-day course of treatment (Fig. 4). In the
male reproductive tract, clusterin levels in untreated
animals were: epididymis, 443 ug/g of tissue; testis, 19
pg/g; seminal vesicle, 1.2 ug/g; and ventral prostate,
3.7 ug/g of tissue. Except for the 60% and 70% increases
in clusterin concentration in ventral prostrate and sem-
inal vesicles, respectively, other tissues did not change
significantly (Fig. 5).

Discussion

Renal injury may be detected by analyzing an
increase in serum creatinine, by increased urinary ex-
cretion of renal tubular cell enzymes, or by direct
measurement of renal function (glomerular filtration
rate). The accumulation of creatinine in serum reflects
a decrease in glomerular filtration of creatinine, and,
therefore, is an indirect measurement of renal function.
However, renal tubular injury precedes the detection of
increased serum creatinine. Optimally, the detection of
renal tubular injury should occur at the time of the
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Figure 5. Clusterin protein levels in nonrenal tissues from rats treated
with gentamicin sulfate (100 mg/kg/day). All values expressed as a
percentage of control clusterin levels; mean = SD.

onset of cell injury and be differentiated from renal
effects of drug administration or other events that cause
a renal effect but no renal cellular injury.

Certain renal tubular cell lysosomal enzymes, such
as NAG, gB-glucuronidase, and S-galactosidase, or brush
border enzymes, such as leucine aminopeptidase, may
be released from renal tubular cells following tubular
damage. Prescott (15) reported that the activity of these
enzymes in urine may be a sensitive indicator of prox-
imal tubular injury by toxins. However, the increase in
NAG can occur in the absence of other evidence of
renal injury (13). Therefore, NAG excretion may not
represent actual cell injury, but rather simply a response
of the renal tubular cell to the drug. This may be true
for the other enzymes as well. Nevertheless, increased
NAG excretion can be used as a sensitive indicator of
the renal effect of drugs and chemicals (15). 3,-Micro-
globulin is a serum protein that goes through the glo-
merulus and is normally reabsorbed by tubular cells.
Its increased excretion represents a failure of renal
tubular reabsorption, a decrease of renal function. It
may not reflect ongoing renal tubular cell injury or cell
death.

Clusterin is found in many tissues. An increase in
clusterin protein (7) or mRNA (5) has been demon-
strated as a response to tissue-specific injury and during
tissue remodeling. In the kidney, an increase in clusterin
mRNA levels is detected within 10 hr after renal injury
induced by ureteral obstruction (5, 10). The finding of
increased expression of clusterin gene products after
other types of renal injury led us to consider the use of
immunoreactive urinary clusterin protein as a marker
of drug-induced nephrotoxicity.

Our results indicate that both urinary clusterin and
urinary NAG were elevated after only 4 days of genta-
micin treatment, the first time point tested. The in-
crease in urinary clusterin paralleled an increase in renal
tissue clusterin protein. The increased production of
clusterin by renal tissue, rather than merely increased
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