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The study included 49 patients and 41 non-kidney dis-
ease subjects. All calculi were composed of calcium oxa-
late monohydrate or calcium oxalate dihydrate and a few 
also contained protein or uric acid. Mean  ±  SD urine 
clusterin level was 17.47 ±  18.61 μg/ml in patients, and 
3.31 ± 5.42 μg/ml in non-kidney disease subjects, respec-
tively (p  <  0.001). Immunohistochemistry revealed the 
clusterin was located in the cytoplasm of the renal distal 
and collecting tubular epithelial cells. Also the tissue clus-
terin expression increased significantly in the kidney stone 
formers compared to the control groups (p = 0.001). CaOx 
could induce clusterin expression in renal tubular cells, and 
increase clusterin levels in the kidney and urine from the 
kidney stone formers.

Keywords  Nephrolithiasis · Clusterin · Renal tubular 
epithelial cell · Calcium oxalate

Introduction

Urolithiasis has been cited as the third most common afflic-
tion of the urinary tract, characterized by an increased inci-
dence and frequent recurrence of calcium oxalate (CaOx) 
stone in occidental societies [1, 2].

The development of kidney stones requires formation of 
crystals from supersaturated urine followed by their reten-
tion in the kidney. Crystal nucleation, growth, and aggre-
gation all occur in renal tubular lumens and renal pelvises. 
In 1937, Randall observed small subepithelial plaques 
of calcium salts localized in the renal papillae [3]. In the 
human autopsy studies, researchers found calcium deposits 
in the renal papillae (Randall plaques) of 1/3 patients who 
had the nephrolithiasis history [4]. However, the origin of 
Randall plaques themselves remains controversial. In one 
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was up-regulated in the MDCK cells induced by CaOx. 

J.-Y. Li and J. Liu are equal study contribution.

 *	 Junjiang Liu 
	 junjiangliu67@gmail.com

1	 The Department of Urology, Mount Sinai Hospital,  
East Harlem, NY, USA

2	 The Department of Urology, Hebei General Hospital,  
168 West Heping Rd., Shijiazhuang 050051, People’s 
Republic of China

3	 Public Health Institution, The Ohio State University, 
Columbus, OH, USA

4	 Wood Johnson Medical School, Rutgers University,  
New Brunswick, NJ, USA

5	 The Department of Urology, Kailuan Hospital, Tangshan 
City, People’s Republic of China

6	 The Department of Urology, Changhai Hospital, Second 
Military Medical University, Shanghai, People’s Republic 
of China

http://crossmark.crossref.org/dialog/?doi=10.1007/s00240-015-0785-1&domain=pdf


412	 Urolithiasis (2015) 43:411–418

1 3

recent study published by Evan et al. [5], researchers found 
that the crystal was not only deposited in the interstitium 
but also between individual urothelial cells. Therefore, 
the hypothesis of Randall plaque cannot comprehensively 
explain all the kidney stone formation. Renal tubular epi-
thelial and basement membrane could play an important 
role in the kidney stone formation [6]. Saeed R. Khan 
suggested that oxalate, calcium oxalate crystals of Ran-
dall plaque could provoke renal cell reactive oxygen spe-
cies production, which could in turn mediate inflammation 
response, and induce expression of inflammation-related 
molecule, such as α-1-microglobulin, e-cadherin, and oste-
opontin [7]. Clusterin is another inflammation-related pro-
tein, and could be up-regulated by reactive oxygen species 
which may play a protective role in responding to epithelial 
cell injury [8].

In 1996, Lieske et  al. [9] described the adherence of 
CaOx crystals to African green monkey renal epithelial 
(BSC-1) cells and wild-type Madin-Darby canine kidney 
(MDCK) cells. Crystals like as calcium phosphate (CaP) 
and CaOx in the urine could induce the chemical injury 
in the renal epithelial cells, in turn may lead to cell death 
and subsequently cell regeneration. Then the crystals could 
adhere to the injured renal tubules [10]. Moreover, without 
tubular injury/regeneration, the crystals could not retain 
and grow up in the renal tubular lumen. Both animal mod-
els, as well as tissue culture studies, indicate that exposure 
to high levels of oxalate and CaOx crystals is injurious to 
renal epithelial cells. Some study with renal tubular epi-
thelial cells in culture showed that confluent monolayers 
of distal tubule/collecting duct-like MDCK-I cells are non-
adherent to calcium oxalate monohydrate crystals [11]. In 
contrast, crystals bind to cells in subconfluent cultures and 
in confluent monolayers recovering from mechanical injury 
[12]. In vivo crystals seen in the renal tubules of hyperox-
aluric rats are always associated with cellular degradation 
products [13, 14]. Besides, crystals were found adhered 
to the luminal surface of hyaluronan-, osteopontin-, and 
CD44-expressing injured/regenerating cells [15]. These 
data, therefore, strongly suggest that crystal retention in 
the kidney needs tubular epithelial injury. Therefore, renal 
epithelial cell injury is an initiation event in the stone for-
mation. Actually the damaged renal tubular cells could pro-
duce some macromolecules, which could play an important 
role in the crystal retention. So these protein molecules 
could be used as a biomarker to predict the risk of kidney 
stone occurrence or recurrence, but also indicates the renal 
tubular cell injury in the kidney stone formers. Recently, in 
one study on the human matrix of calcium oxalate mono-
hydrate (COM) stones, Canales BK et al., investigated the 
solubilizing proteins in the kidney stone by reversed phase, 
high-performance liquid chromatography (RP-HPLC), 
and tandem mass spectrometry, and some proteins were 

identified, including immunoglobulins, defensin 3, clus-
terin, complement C3a, kininogen, and fibrinogen [16]. 
Furthermore, The Food and Drug Administration (FDA) 
and the European Medicines Agency (EMEA) endorsed 
clusterin as one of 7 urinary biomarkers of nephrotoxicity 
in non-clinical settings in 2008 [17].

Clusterin (449 amino acids) is a heterodimeric 
disulfide-linked glycoprotein. In human, clusterin gene is 
located on chromosome 8p21-p12, where it is organized 
into nine exons, and clusterin is expressed in nearly all tis-
sues [18]. The gene encodes two isoforms: a conventional 
ubiquitous secretory heterodimeric disulfide-linked glyco-
protein and a truncated nuclear form. Clusterin has been 
functionally implicated in several physiologic processes, 
including cell adhesion, morphologic transformation, 
membrane recycling, and cell–cell interactions. In the kid-
ney, it is highly expressed during early stages of develop-
ment [19, 20]. In the healthy mature kidney, clusterin mes-
senger RNA (mRNA) and protein are not detectable [21], 
but are up-regulated in response to renal tubular injury 
and a variety of renal diseases [22]. It has been suggested 
that clusterin expression is up-regulated in rats following 
nephrectomy [23], unilateral ureteral obstruction [24], 
renal ischemia–reperfusion [25], or nephrotoxicity [26, 
27]. Although increased expression of clusterin (mRNA 
and/or protein) is seen in a variety of renal disorders, to 
date there has been no clinical study or primary research 
demonstrating the role of clusterin in kidney stone form-
ers. In this study, we evaluated the clusterin expression in 
the kidney tissue and urine of kidney stone formers. Also, 
we evaluated the clusterin expression in the renal tubular 
epithelial cell lines (MDCK) treatment with calcium oxa-
late. The results suggested that clusterin expression was 
up-regulated in MDCK cells after treatment with calcium 
oxalate. Also, clusterin expression was up-regulated in the 
distal renal epithelial tubular cell and the urine samples of 
kidney stone formers.

Materials and methods

Study protocols involving human materials were approved 
by HeBei General Hospital institutional ethics committee. 
Patients with kidney stones without a family history of uri-
nary stone disease and non-kidney disease control subjects 
were included in the study.

Non-kidney disease controls were patients who were 
involved in trauma and subsequently died. In this study, 
a total of 41 non-kidney disease controls were involved, 
whose middle-stream urine was obtained when the patients 
entered the emergency and signed the consent docu-
ments, while normal kidney tissue samples were obtained 
at autopsy within 3-h after death, and archived at the 
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pathology department in our institution. All the statutory 
agents of these subjects have signed the consent forms to 
participate in this study.

Physical examination, abdomen CT, and urinalysis were 
performed to guarantee that those included controls had no 
urinary microscopic hematuria, urinary infection, chronic 
kidney disease, or renal calcification. Also to exclude the 
controls who had renal calcification, paraffin slides of kid-
neys were stained by H&E from the same block for clus-
terin staining. After those slides are stained by H&E [28], 
they were reviewed by two pathologists to determine 
whether there was renal calcification. The control cases 
which had renal calcification in the kidney were excluded.

All the kidney stone patients were free of hypercalce-
mia, hyperoxaluria, and hyperuricuria (based on the clinical 
guideline: guidelines for the management of asymptomatic 
primary hyperparathyroidism: from the third international 
workshop (2008); and European association of urology 
(EAU) urolithiasis guideline [update February 2012)]. 
Other potential causes of kidney stones and other kidney 
disease had been excluded, including primary hyperpar-
athyroidism, gout, renal tubular acidosis, inflammatory 
bowel disease, medullary sponge kidney, sarcoidosis, vita-
min D intoxication, urinary infection, and hydronephrosis. 
All patients underwent percutaneous nephrostolithotomy. 
Before the surgery, the urine of patients will be collected 
for the clusterin detection. At the end of the procedure, 
ultrasound-guided puncture biopsy was performed to 
acquire medulla tissue of kidney.

Middle stream Urine samples of preoperative patients 
and non-kidney disease subjects were collected. Once 
the samples were collected, the urine was centrifuged, 
separated, and both supernatant and pellets were stored  
at −80 ℃ for the test. All the urine samples were collected 
using the same protocol. Urinary clusterin level was meas-
ured in each participant using enzyme-linked immunosorb-
ent assay (R&D, cat. DCLU00). Samples were assayed in 
the same batches to avoid any possible bias produced by 
inter-assay variation. Intra-assay coefficients were less than 
10 % for all assays.

Stones were analyzed with the Vector 22 Fourier trans-
formation infrared spectrometer (Bruker, Karlsruhe, Ger-
many) according to the manufacturer’s protocol. 1  mg of 
renal calculi from kidney stone patients was ground and 
mixed with 200-mg potassium bromide (Sigma). The mix-
ture was filtered by 0.074-mm strainer, and compressed 
into a pellet (diameter: 13 mm). The pellets were put into 
infrared spectrometer (Spectrum 4000–800  cm−1) to be 
analyzed, and the infrared spectroscopy of renal calculi was 
collected. The components of renal calculi were identified 
based on the standard Infrared Spectroscopy.

Immunohistochemical assays were performed 
in formalin fixed, paraffin embedded sections. In 

immunohistochemical studies, we used mouse monoclo-
nal antibody (Santa Cruz Biotechnology, Santa Cruz, Cal-
ifornia, sc-166907). Sections  (4  µm) on glass slides were 
deparaffinized in Hemo-D (Fisher Scientific, Waltham, 
Massachusetts) and rehydrated in graded alcohol, followed 
by endogenous peroxidase block in 3 % H2O2 and antigen 
retrieval in boiling 10  % citrate buffer. Slides were incu-
bated with monoclonal antibody against clusterin (1:200 
dilution) overnight at 4 °C. They were then incubated with 
horseradish peroxidase-labeled dextran polymer coupled 
to anti-mouse antibody (EnVision™—System horseradish 
peroxidase) for 30 min at room temperature after 3 washes 
in tris-buffered saline-Tween 20 (Dako, Glostrup, Den-
mark, pH 7.6). Finally, slides were developed with diamin-
obenzidine for 10 min and counter stained with hematoxy-
lin after 3 washes in tris-buffered saline-Tween20. Staining 
specificity was confirmed by processing sections from the 
same paraffin block and omitting the primary antibody as 
a negative control. As a positive control, we used reactions 
with renal cell carcinoma sections archived at the patho-
logical department at our hospital. Cytoplasmic staining 
clearly distinguishable from the background was consid-
ered positive.

We evaluated at least 500 epithelial cells per area show-
ing positive immunoreactivity in the kidney tissue of 
patients with nephrolithiasis and controls. We analyzed 
the percent of cells with 0-no, 1-weak, 2-moderate, and 
3-intense staining by visual inspection under 400× magni-
fication, and calculated a staining score using an overall H 
score with a range of 0–300. The scoring system accounted 
for staining intensity and the percent of cells showing clus-
terin staining. Clusterin expression was graded semiquan-
titatively according to staining score results. We also clas-
sified clusterin staining into over expression, defined as 
moderate or strong staining in any renal epithelium, and 
normal expression, defined as weak or negative clusterin 
staining. Analysis was done using an E-400 microscope 
(Nikon®) with a computer-aided image analysis system. 
Slides were evaluated twice at different times by 3 blinded 
investigators, and the mean was used for statistical analysis 
[29].

Madin-Darby canine kidney cells were purchased from 
the American type culture collection (USA), which were 
the MDCK cell line. The cells were grown at 37 °C in Dul-
becco’s modified essential medium and F-12 (DMEM/F-12 
at 1:1 ratio; Gibco BRL) medium containing 10  % fetal 
calf serum (FCS) in 75-cm2 corning flasks, 5  % CO2 air 
atmosphere.

The MDCK cells were seeded at 106/well in 6-well 
plates and adhering for 12 h, respectively, in turn the cells 
were placed overnight in a serum and sodium pyruvate-free 
media (Gibco BRL), hydrocortisone (Sigma), L-triiodothy-
ronine (Sigma), and prostaglandin E1 (Sigma) to arrest the 
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growth. Then the MDCK cells in each well of the 6-well 
plate were treated with different CaOx (Sigma) concen-
trations (300, 500, and 900 μg/ml) for 24  h. The activity 
concentration of CaOx of distal renal tubule in normal sub-
jects ranged from 179 to 820 μg/ml; while a range of 128–
974 μg/ml was observed in the kidney stone patients [30]. 
Therefore, we treated MDCK cells with concentration of 
300–900 μg/ml, respectively. After that, all the cells were 
harvested for Western blot, while the supernatants were 
collected, respectively, for clusterin level assay by ELISA. 
The cells were treated with PBS as a negative control.

All cells were washed with ice-cold PBS twice, 
extracted, and solubilized with lysis buffer (50 mMTris-
HCl, 150 mMNaCl, 5 mM EDTA, 1 mM PMSF, 1 % Triton 
X-100, 0.5 % sodium deoxycholate, 0.2 % SDS). Then pro-
tease inhibitors (50 μg/ml leupeptin, 10 μM pepstatin, 1 mM 
phenylmethylsulfonyl fluoride, and 20 μg/ml aprotinin) 
were added to the cell lysates and incubated for 1 h at 4 °C. 
Lysates were centrifuged at 12,000  rpm for 10  min. After 
the concentration of protein was determined, equal amounts 
of protein (10 µg/lane) were separated on a 12 % SDS–poly-
acrylamide gel and transferred to nitrocellulose membranes, 
using standard electroblotting procedures. The membranes 
were blocked with 5 % skim milk in Tris–Cl-buffered saline 
(TBS-T, 0.1  % Tween-20) at 4  °C overnight. Blots were 
incubated with primary antibodies of clusterin (1:800, Santa 
Cruz, sc-166907). Immunoblots were washed three times 
with 0.05 % Tween-20 in PBS, then incubated with the sec-
ondary antibody conjugated to anti-mouse (1:3000, Santa 
Cruz) at room temperature for 1 h, then subsequently pro-
cessed for enhanced chemiluminescence (ECL) detection 
using Super Signal Substrate (Pierce). Signals were detected 
by chemiluminescence detection system (Bio-Rad, USA).

Statistics

We calculated descriptive statistics for each variable. 
Before the study, we examined each variable for its dis-
tributional characteristics. All data are shown as the 
mean  ±  SD. We compared variations in clusterin levels 
in the 2 groups, and differential renal clusterin expression 
in patients with renal stones and controls using the Stu-
dent t test. Statistical analysis of these hypothesis tests was 
2-sided with 2-tailed, p < 0.05 considered statistically sig-
nificant. Calculation was made using SAS® 9.1.

Results

Madin-Darby canine kidney cells were analyzed by West-
ern blotting with the antibody that detected the expression 
of clusterin (Fig.  1), after treatment with different con-
centrations of CaOx (300, 500, and 900 μg/ml) for 24 h. 

The results showed that CaOx activated the expression of 
clusterin. We found that the expression of clusterin in the 
cells exposed to CaOx was much higher than their negative 
controls.

After the MDCK cells were treated for 24 h, the super-
natants of culture media were collected, respectively, and 
clusterin level in the supernatant was determined by ELISA. 
After treatment with different concentrations of CaOx 300, 
500, and 900  μg/ml, the clusterin levels in the culture 
media were 241.33 ± 59.28 pg/ml, 247.67 ± 22.48 pg/ml, 
and 270.67 ± 43.50 pg/ml, respectively, which were much 
higher than the clusterin level (78.67 ± 39.88 pg/ml) in the 
culture media without CaOx treatment (p = 0.002).

A total of 49 patients 23–58  years old with kidney 
stones were included in this study and 41 non-kidney dis-
ease subjects 21–53 years old served as controls (Table 1). 
All calculi were composed of calcium oxalate monohydrate 
or calcium oxalate dihydrate. A few calculi also contained 
protein or uric acid (Fig. 2).

We noted a predominantly cytoplasmic clusterin stain-
ing pattern in renal distal and collecting tubular epithe-
lial cells. A total of 49 samples from patients with kid-
ney stones and 41 autopsy samples were available for 
study. Clusterin immunoreactivity was normal (negative 
or weak) and over-expressed in 14 and 35 nephrolithiasis 
samples, and in 24 and 17 autopsy samples, respectively. 
The mean clusterin score in nephrolithiasis and autopsy 
samples was 223.04 ± 50.03 and 187.39 ± 50.55, respec-
tively. The figure shows representative photomicrographs 

Fig. 1   The clusterin expression in the MDCK cells treatment with 
different concentrations of CaOx after 24 h by Western blotting. 1 the 
controls (no CaOx treatment); 2, 3, 4, the cells treatment with CaOx 
300, 500, and 900 μg/ml for 24 h, respectively

Table 1   Clinical data and urine clusterin level in the kidney stone 
formers and non-kidney diseases control subjects

Kidney stone  
formers (n = 49)

Non-kidney 
diseases control 
subjects (n = 41)

p value

Age (year) 38.9 ± 7.3 39.3 ± 7.4 0.803

Sex

 Male/female 32/17 27/14 1.00

 Urine clusterin 
level (µg/ml)

17.47 ± 18.61 3.31 ± 5.42 0.000006
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of clusterin expression in different kidney tissues (Fig. 3). 
We further analyzed clusterin staining scores in different 
kidney tissues using the Student’s t test. Patients with kid-
ney stones had a significantly higher mean clusterin score 
than controls (p = 0.001). Mean urine clusterin level was 
17.47 ±  18.61  µg/ml in patients with kidney stones, and 
3.31 ±  5.42  µg/ml in controls, respectively. There was a 
significant difference in urine clusterin in patients vs. non-
kidney disease controls (p = 0.000006) (Table 1). Between 
two kidney clusterin expression score groups (>200 and 
≤200), urine clusterin level was not significantly differ-
ent. Also there was no significant difference in the urine 
clusterin level and kidney clusterin expression between the 

male patients and female patients (Table 2). In the kidney 
stone group, linear regression analysis indicated that urine 
clusterin is significantly associated with kidney clusterin 
expression (p < 0.0001).

Discussion

In this study, we found that CaOx could induce the clus-
terin up-regulated expression in the MDCK renal tubular 
cells. In the human CaOx kidney stone formers, the clus-
terin was expressed in the renal distal tubular epithelial 
cells and the clusterin expression was much higher than 

Fig. 2   Stone Composition analysis by FTIR. Renal calculi were col-
lected from kidney stone patients, ground and mixed with potassium 
bromide. Then the mixture was analyzed by infrared spectrometer 
(Spectrum 4000–800 cm−1). a Infrared spectrum of calcium oxalate 

monohydrate of the calculi; b infrared spectrum of calcium oxalate 
monohydrate and protein. Program copyright 1992 Bruker Ana-
lytische Messtechnik GmbH

Fig. 3   The clusterin expression in the kidney tissues (400×). The 
clusterin was located in the cytoplasm of renal distal tubular epithe-
lial cells (↑cytoplasmic staining of clusterin in renal tubular epithelial 
cell). a The clusterin expression in the kidney stone formers; b the 

clusterin expression in the controls; c quantitative analysis of immu-
nohistochemistry (asterisks, p = 0.001; the error bars represent SD, 
generated as described in Materials and methods)
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the normal controls. Besides, the urine clusterin level was 
much higher than the controls.

Plaque of calcium salts deposited in the interstitial 
tissue plays an important role in the renal calculi for-
mation [4]. High osmolality of tip of the renal papilla is 
almost 10-fold higher than the cortex, which could pro-
mote the inflammation, in turn inflammatory cytokines 
and proteins can accumulate, which would contribute 
renal tubular epithelial cell injury, and expose basement 
membrane [31]. The crystals adhered on the interstit-
ium could keep growing, and could have some interac-
tion with interstitium. In one vitro study, the researchers 
found that the renomedullary interstitial cells (RMIC) 
produced hyaluronan and expressed CD44 [32]. In 
another vivo study on interstitial nephritis of mouse, 
Sibalic et  al. [33] found that hyaluronan, CD44, and 
osteopontin were up-regulated, which were well-known 
molecules-related formation of kidney stones. Also hya-
luronan could interact with CD44, in turn stimulate the 
TNF-α expression and inflammation response of mac-
rophages cells [34], which indicated that hyaluronan 
and CD44 could be involved in the inflammation pro-
cess. Furthermore, in one study on the stone analysis, 
some inflammation-related protein including clusterin 
was found in the stone matrix [16]. However, there are 
few studies about the interstitial and stone-related mol-
ecule, which need to be investigated in future. And in 
our study, we found the clusterin expressed in the renal 
tubular cells, instead of interstitial cells, but also MDCK 
cells could express and secreted clusterin after treatment 
with CaOx. So we speculated crystals of Randall plaque 
could have some effect on the renal tubular cell, like 
as cell injury. Besides, crystals could induce the renal 
tubular cell injury. Khan et al. [35] concluded that crys-
tal–cell communication is an essential element in the 
development of urinary stone disease, and renal tubular 
injury promotes crystal retention and the development of 
a stone nidus on the renal papillary surface. In addition, 
renal tubular injury enhances crystal nucleation at low 

supersaturation. And the injured renal tubular epithe-
lial cells would develop necrosis, apoptosis, and regen-
eration [10], in which some cell injury related proteins 
expression would be up-regulated. Clusterin is one of the 
renal tubular injury-induced macromolecules, which had 
been proven as an apoptosis-related protein, expressed 
in kinds of renal disease, including nephrotoxicity and 
renal ischemia [25–27].

In vitro, our results had shown that the expression of 
clusterin was up-regulated after the MDCK cells were 
treated with CaOx, which indicated that CaOx could 
induce the renal tubular cells injured, and promoted the 
clusterin expression. Clusterin is known as one of the het-
erodimeric glycoprotein. Clusterin has been thought to be 
involved in many important biological processes, includ-
ing apoptosis, cell–cell interaction, and tissue remodeling 
in response to the cytotoxic injuries or to the degenerative 
diseases [35, 36]. If the clusterin expression was deleted 
in the kidney, Zhou et  al. [37] found that the renal tubu-
lar epithelial cells apoptosis increased significantly. Clus-
terin has the ability to promote renal epithelial cell com-
munication, whereas the maintenance of cell–cell and 
cell-substratum contacts appears to be particularly relevant 
to acute renal injury. In the process of calculi formation, 
renal tubular cells could be injured by CaOx, and then 
clusterin expression could be initiated and play a protec-
tive or reparative role by enhancing cell interactions, and 
scavenging necrotic cell debris and toxic denaturated mac-
romolecules. Some related results revealed that the clus-
tein could inhibit the cells apoptosis via up-regulation of 
NF-κB pathway [38].

Previous studies had indicated that the expression of 
clusterin in the kidney is markedly induced in a variety 
of renal tubular injury states, which has been proved in 
many studies. Aiko Ishiii et al. established obstructed kid-
ney model using the Wistar rat model, and they recom-
mended that clusterin mRNA expression of the obstructed 
kidney was 60-fold higher than the controls. Furthermore, 
immunochemistry revealed that the clusterin expression 
was located in the renal tubular epithelial cells [24]. In 
another study of the Wistar rats with cisplatin treatment, 
the nephrotoxicity was induced, and clusterin was detected 
in the urine and up-regulated [39]. Vinken et al. [40] also 
suggested that urinary clusterin could be one of the most 
sensitive biomarkers for detection of cisplatin-induced kid-
ney damage. They found that clusterin could be secreted 
in the urine and 13-fold increase in the urine at the day 5 
of treatment with cisplatin, thence clusterin is a glycopro-
tein produced by renal tubules in response to injury. In our 
study, we found that the clusterin expression in the kidney 
tissue of the nephrolith patients was much higher than the 
controls. Furthermore, linear regression indicated that urine 
clusterin level was associated with clusterin expression 

Table 2   Clusterin expression in subgroup of calcium oxalate stone 
patients

Group N Urine clusterin level (µg/
ml)

Clusterin expression 
score in the kidney

Male 32 13.02 ± 4.88 222.75 ± 47.8

Female 17 25.08 ± 24.16 223.59 ± 55.52

p value 0.06 0.96

Clusterin expression score in the kidney

 ≥200 35 16.45 ± 6.18

 <200 14 19.09 ± 17.95

 p value 0.65
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in the distal renal tubular cells. So urinary clusterin lev-
els could serve as a valuable biomarker for the severity of 
tubular damage in kidney stone formers. Besides, molecu-
lar size prevents filtration of clusterin (76–80 kDa) in the 
kidney, thus rendering its urinary levels specific to kidney 
injury. We speculated that the reciprocal effects of clus-
terin functions might contribute to the protection against 
renal tubular injury. The crystals could induce the injury of 
renal tubular cells, in turn the cells produce the clusterin 
to response the injury. Also, the clusterin was secreted or 
leaked in the urine by the renal tubular cells, so we found 
the urine clusterin level was increased.

There are some limitations in this study. There are two 
isoforms of clusterin, secreted clusterin and nuclear clus-
terin. Secreted form of clusterin was suggested to be a 
novel stress-induced heat shock protein (HSP) and an 
extra-cellular molecular chaperone, participating in clear-
ing extra-cellular debris, while nuclear clusterin has been 
suggested to translocate into the nucleus of cells where it 
might act as a pro-death factor. Functions for these intracel-
lular clusterin isoforms are still debated. In further study, 
we will discuss in detail the effect of different isoform clus-
terin in the renal tubular injury. More studies are needed 
to elucidate clearly the functions and signal pathway of 
clusterin in the renal tubular cells of kidney stone form-
ers. In addition, whether there is some relation between 
the clusterin and some other stone-related molecules, like 
as Tamm-Horsfall protein, Osteopontin, and more experi-
ments are needed to be performed to clarify.

In summary, CaOx could promote the clusterin expres-
sion in the renal tubular cells. Clusterin expression was up-
regulated in the distal and collecting renal tubular cells, and 
urine clusterin level increased in the kidney stone formers.
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