Urinary Clusterin in Chronic Nephrotoxicity
In the Rat (43564)

SERIFE ETL* C. YAN CHENG," AILEEN MARSHALL," AND MARCUS M. REIDENBERG*'
Departments of Pharmacology and Medicine,* Cornell University Medical College, and The Population Council,!

Center for Biomedical Research, New York, New York 10021

Abstract. The excretion of clusterin was compared with that of N-acetyl-3-glucosamini-
dase (NAG) in rats given gentamicin daily for 2 months to determine whether clusterin
excretion stays elevated after NAG excretion falls during chronic gentamicin administra-
tion. Clusterin was measured by radioimmunoassay and NAG by the hydrolysis of 4-
methylumbelliferyl-N-acetyl-3-0-glucosaminide. Gentamicin at 110 mg/kg was given
daily for 44 days and thereafter, at 90 mg/kg daily. The excretion rate of both proteins
rose rapidly, peaked, and then declined; however, the clusterin values stayed signifi-
cantly above control values for the entire study, whereas NAG values were close to
normal during the last 10 days, even though tubulointerstitial disease was active at that
time. For this reason, the further evaluation of clusterin as a marker of renal tubular cell

injury or death is warranted.

[P.S.E.B.M. 1993, Vol 202]

to rats is associated with pathologic evidence of
mild chronic tubulointerstitial nephritis with
progressive renal failure (1). N-Acetyl-G-glucosamini-
dase (NAG) excretion, a marker of renal cell injury,
may not stay elevated during continued gentamicin
therapy, despite the fact that renal injury is continuing
to occur (2, 3). Because of this lack of persistent urine
NAG elevation during continuing renal injury, we ini-
tiated a study comparing it to clusterin excretion.
Clusterin is an 80-kDa glycoprotein that is involved
in a number of physiologic functions, including regu-
lation of complement, reproduction, cell aggregation,
and programmed cell death (apoptosis) (4-6). Clusterin
protein or mRNA has been given a number of different
names, including sulfated glycoprotein-2 (7), testoster-
one-repressed prostate message-2 (8) or protein-2 (9),
and human serum protein (SP-40,40) (10). Its expres-
sion is induced in a variety of regressing and dying
tissues. In some tissues, clusterin has been associated
with programmed cell death and tissue remodeling (7).

Long—term, low-dose administration of gentamicin

' To whom requests for reprints should be addressed at Department of Phar-
macology, Cornell University Medical College, 1300 York Avenue, New York,
NY 10021.

Received June 19, 1992. [P.S.E.B.M. 1993, Vol 202]
Accepted November 24, 1992.

0037-9727/93/2024-0487$3.00/0
Copyright © 1993 by the Society for Experimental Biology and Medicine

In the kidney, clusterin is a component of immune
deposits and its expression is increased after ischemia
or obstruction (11). Acute gentamicin nephrotoxicity
increases the urinary excretion of clusterin protein
which can be detected prior to increases in serum
creatinine levels (12). The present study was designed
to test the hypothesis that tubulointerstitial nephritis in
gentamicin-treated rats will cause elevated levels of
clusterin in the urine at a time when the elevated NAG
excretion has subsided during chronic gentamicin
administration.

Materials and Methods

Male Sprague-Dawley rats weighing 150-200 g
were housed in individual metabolism cages, allowed
free access to water, and fed a standard Purina diet ad
libitum. The rats were divided into two groups of eight
rats each, with one being gentamicin treated and the
other saline treated. The rats were acclimatized for 7
days before the study began.

Rats were injected subcutaneously with either sa-
line or gentamicin (110 mg/kg/day) daily at 8:30 AM.
One rat in the gentamicin-treated group expired on the
44th day of treatment. After that, the dose of gentami-
cin was lowered to 90 mg/kg/day. Rats received gen-
tamicin or saline for 58 days. The animals were weighed
every 5 days and appropriate adjustments were made
in the gentamicin dose per rat as they gained weight to
keep the gentamicin dose per kilogram correct.

Urine samples were collected into tubes on ice three
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times a week between 8:00 AM and 5:00 pM. Samples
were assayed for N-acetyl-glucosaminidase and clus-
terin. Urinary NAG was assayed by a modification (13)
of the method of Leaback and Walker (14). The urinary
NAG activity is expressed as nanomoles of 4-meth-
ylumbelliferone liberated from its substrate, 4-meth-
ylumbelliferyl-N-acetyl-8-D-glucosaminide, per hour of
incubation at 37°C per milligram of urine creatinine.
The creatinine in urine and serum was measured by
the alkaline picrate (Jaffe) reaction. The concentration
of clusterin in urine was measured by radioimmuno-
assay using previously described procedures (12). Re-
sults were expressed as ng protein/mg of urine creati-
nine.

Blood samples were taken from the orbital venous
sinus under methoxyflurane anesthesia every 2 weeks.
Gentamicin-treated rats and control rats were sacrificed
approximately 24 hr after their last dose of study drug
on the 59th day of the study. At the time of sacrifice,
blood was obtained by cardiac puncture and the kidneys
were removed for renal histopathology, fixed in 10%
buffered formalin, and stained with hematoxylin and
eosin by standard techniques.

Statistical Analysis

The serum creatinine values were normally distrib-
uted and the ¢ test was used for the comparison. The
NAG and clusterin values were not normally distrib-
uted. For this reason, median values and 99% confi-
dence interval of the median values are presented (15).
When the median value of the experimental group
exceeds the 99% confidence interval of the control
group, it is very unlikely that the difference between
the groups is due to chance.

Results

During the 2-month period, the gentamicin-treated
animals gained weight more slowly than the control
group and the weights (mean + SD) were 566 + 34 g
and 428 + 26 g for control and gentamicin groups,
respectively, at the end of the study.

The serum levels of creatinine increased in the
gentamicin-treated group so that they were significantly
above control levels on Days 15, 30, and 45, but were
the same as control by Day 60 (Fig. 1). This confirms
the work of others (2, 3) indicating that serum creati-
nine falls to normal in rats during chronic gentamicin
administration that initially caused azotemia.

Histologic examination of the control group given
saline was normal. The gentamicin-treated rats showed
histologic abnormalities. These changes were predomi-
nantly in the proximal tubules. The epithelium of most
of the proximal tubules appeared with some segments
showing cellular vacuolization which varied in size and
number. There were some dilated tubules that were
lined with flattened cells. In some instances, the
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Figure 1. Mean + SD of serum creatinine values in rats during study.

epithelial cells were layered. Patchy mononuclear in-
flammatory infiltrates were scattered throughout the
interstitium. These histologic changes in the gentami-
cin-treated group provided evidence of chronic tubu-
lointerstitial disease.

Gentamicin induced an increase in urinary excre-
tion of NAG that was first detectable on Day 2. The
NAG increased progressively during the first 13 days of
gentamicin administration (Fig. 2). Since one animal
was very sick and died, the gentamicin dose was reduced
to 90 mg/kg/day on the 44th day of the study. The
NAG levels eventually returned toward predrug levels,
despite continued drug administration.

Urinary clusterin levels reached a maximum on
the twelfth day of the study and fell as NAG excretion
fell (Fig. 3), but they remained elevated throughout the
study.

If one looks at the urine protein values after Day
45, the apparent end of the azotemic period, the median
clusterin values appear definitely higher than the upper
99% confidence interval of the control clusterin values,
while the median values of NAG only slightly exceed
the upper 99% confidence interval of the control NAG.

Discussion

This study was done to see whether urinary clus-
terin excretion stayed elevated during chronic genta-
micin administration after urine NAG excretion fell
despite ongoing active tubulointerstitital nephritis. We
found that it did. The excretion of both proteins was
high during the initial period of treatment and stayed
high during the period of azotemia. But the test of our
hypothesis of persistence of clusterin elevation after
NAG excretion fell was just the last 2 weeks of genta-
micin administration, when the renal impairment as
measured by serum creatinine had subsided but active
renal disease as assessed histologically was present. Dur-
ing this period, the ratio of median clusterin excretion
of gentamicin-treated to control rats was higher than
the ratio of median NAG excretion of treated to control
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Figure 2. Urinary N-acetyl-3-p-glucosaminidase excretion by rats. Median values are presented with the 99% confidence intervals for the
median control values.
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Figure 3. Urinary clusterin excretion by rats. Median values are presented with the 99% confidence intervals for the median control values.

rats (P<0.01, Mann Whltney U test). Since an increase We wish to thank Beverly Lorenzo and Dr. Hai Thanh Nguyen
in clusterin protein (9) or mRNA (5) has been demon-  for their help with this project.

strated as a response to tissue-specific injury and tissue
remodeling, the further evaluation of the excretion rate
of clusterin as a sensitive marker of renal cell injury or
death is warranted.

1. Houghton DC, English J, Bennett W. Chronic tubulointerstitial
nephritis and renal insufficiency associated with long-term sub-
therapeutic gentamicin. J Lab Clin Med 112:694-703, 1988.

This study was supported in part by NIH Grant HD-13541. 2. Luft FC, Rankin L, Sloan RS, Yum MN. Recovery from amino-

URINARY CLUSTERIN 489



490

glycoside nephrotoxicity with continued drug administration.
Antimicrob Agents Chemother 3:284-287, 1978.

. Houghton DC, Gilbert DN, Bennett WM. Chronic gentamicin

nephrotoxicity. Am J Pathol 123:183-194, 1986.

. Cheng CY, Chen C-LC, Feng Z-M, Marshall A, Bardin CW. Rat

clusterin isolated from primary Sertoli cell-enriched culture me-
dium is sulfated glycoprotein-2 (SGP2). Biochem Biophys Res
Commun 155:398-404, 1988.

. Mathur PP, Bardin CW, Voglmayr JK, Cheng CY. Identification

of immunoreactive clusterin in multiple species. Mol Androl
2:124-143,1990.

. Cheng CY, Mathur PP, Grima J. Structural analysis of clusterin

and its subunits in ram rete testis fluid. Biochemistry 27:4079-
4088, 1988.

. Collard MW, Griswald MD. Biosynthesis and molecular cloning

of sulfated glycoprotein-2 secreted by rat Sertoli cells. Biochem-
istry 26:3297-3303, 1987.

. Bettuzzi S, Hlipakka RA, Gilna P, Liao S. Identification of an

androgen-repressed mRNA in rat ventral prostate as coding for
sulphated glycoprotein-2 by cDNA cloning and sequence analy-
sis. Biochem J 257:293-296, 1989.

URINARY CLUSTERIN

9.

10.

1.

12.

Buttayan R, Olsson CA, Pintar J, Chang C, Bandyk M, Ng P-Y,
Sawczuk IS. Induction of the TRPM-2 gene in cells undergoing
programmed death. Mol Cell Biol 9:3473-3481, 1989.

O’Brayn MK, Baker HWG, Saunders JR, Kirszbaum L, Walker
ID, Hudson P, Liu DY, Glew MD, d’Apice AJF, Murphy BF.
Human seminal clusterin (SP-40,40). J Clin Invest 85:1477-
1486, 1990.

Sawczuk IS, Hoke G, Olsson CA, Connor J, Buttyan R. Gene
expression in response to acute unilateral ureteral obstruction.
Kidney Int 35:1315-1319, 1989.

Aulitzky WK, Schlegel PN, Wu D, Cheng CY, Chen C-LC, Li
PS, Goldstein M, Reidenberg M, Bardin CW. Measurement of
urinary clusterin as an index of nephrotoxicity. Proc Soc Exp
Biol Med 199:93-96, 1992.

. Merle LJ, Reidenberg MM, Camacho MT, Jones BR, Drayer

DE. Renal injury in patients with rheumatoid arthritis treated
with gold. Clin Pharmacol Ther 28:216-222, 1980.

. Leaback DH, Walker PB. Studies on glucosaminidase. IV: The

fluorimetric assay of N-acetyl-3-glucosaminidase. Biochem J
78:151-156, 1961.

. Zarr JH. Biostatistical Analysis, 2nd ed. Englewood Cliffs, NJ:

Prentice Hall Inc., pp113-114, 1984.



