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Calcium sensitive receptor and claudin-14 expression 
in kidney tissues of two kidney stone models
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A b s t r a c t

Intoduction: The differences in protein expression of calcium sensitive re-
ceptor (CaSR) and claudin-14 in a kidney stone model established by nano-
bacteria (NB) and ethylene glycol (EG) were compared.
Material and methods: Ninety Wistar male rats were randomly divided into 
the NB group, the EG group, and the blank control group (NC group), with 
30 rats in each group. Three rats of each group were sacrificed every week 
after injection. Histopathology was used to evaluate the stone formation of 
each group. The expression of CaSR and claudin-14 protein was detected by 
immunohistochemistry every week.
Results: There was formation of bright crystals in the kidneys of the EG 
group and the NB group, but not the NC group. At the 3rd week, the expres-
sion of CaSR and claudin-14 in the kidney tissue of the EG group began to in-
crease while that in the NB group increased at the 4th week. The expression 
of CaSR and claudin-14 protein in the EG group was stronger than that in 
the NB group. Meanwhile, CaSR was expressed in the NC group but did not 
change significantly. Claudin-14 was not expressed in the NC group.
Conclusions: Our results indicate that the traditional EG kidney stone mod-
eling method is more rapid than the NB kidney stone modeling method, with 
a high stone formation rate, and the CaSR and claudin-14 protein expression 
levels are higher. Meanwhile, the NB used to establish the kidney stone 
model was isolated from patients with kidney stones, which may imitate 
the process of natural formation of kidney stones of patients. Therefore, 
the results of our research are more conducive to related research on the 
etiology of stones.
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Introduction

Kidney stones are common diseases of the urinary system. Patients 
with stones represent the most numerous group in the emergency de-
partment, the inpatient department and the urology surgery department 
of general hospitals. In recent years, with the improvement of surgical 
methods, surgical methods have gradually become minimally invasive, 
and the rate of stone cure has increased, but the rate of stone recurrence 
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remains high [1, 2]. Therefore, the mechanism of 
stone formation is an important breakthrough 
point for treatment of kidney stones. In recent 
years, it has been found that the calcium-sensing 
receptor (CaSR)-claudin-14 pathway is closely re-
lated to renal calcium reabsorption and stone for-
mation [3]. CaSR is a G-protein coupled receptor 
that is significantly associated with urinary calci-
um excretion, which can be up-regulated by the 
thick ascending limb (TAL) tight junction protein 
claudin-14. Expression of claudin-14 inhibits renal 
tubular reabsorption of calcium ions [4]. 

In this study, the expression levels of CaSR 
and claudin-14 in two kidney stone models were 
observed and compared by establishing kidney 
stone models with ethylene glycol (EG) method 
and nano-bacteria (NB) method.

Material and methods

Animals

Ninety male SPF Wistar rats aged 6 weeks and 
weighing 200 ±20 g were purchased from the Ex-
perimental Animal Center of Xinjiang Medical Uni-
versity (certificate No. SCXK (new) 2013 – 0001). 
Rats were randomly divided into the blank control 
group (NC group), the NB group and the EG group, 
with 30 rats in each group.

Source of NB

Morning urine samples were collected from pa-
tients with upper urinary calculi (5 ml each). After 
dilution 2 times with normal saline, filtration and 
centrifugation, NB solution was collected. Then, 
DMEM and heat inactivated fetal bovine serum 
were added and incubated at 5% CO

2, 37°C for 
28–30 days, and the solution was changed every 
30 days. Non-contaminated specimens were cho-
sen to make a NB suspension.

Traditional glycol reagent configuration

Preparation of EG solution: 10 ml of EG (ana-
lytical grade) was weighed in a 100 ml measuring 
cylinder, and the volume was adjusted to 1000 ml 
with tap water to obtain a 1% EG solution. Prepa-
ration of ammonium chloride solution: 2 g of am-
monium chloride crystal (analytical grade) was 
weighed with an electronic balance, and 1000 ml 
of sterile double – distilled water was weighed in 
a  measuring cylinder. The two were thoroughly 
mixed, and then a 2% ammonium chloride solu-
tion was obtained. 

Establishment of animal models

Rats in the NC group were injected with 1.2 ml  
of normal saline and fed with normal saline. Rats 
in the NB group received a tail vein injection of NB 

suspension (absorbance 1.00, 1.2 ml) and ga-vaged 
with normal saline. The rats in the EG group re-
ceived 1% ethylene glycol drinking water and were 
given 2 ml of 2% ammonium chloride by gavage. 
The entire modeling process lasts for 2 weeks.

Specimen collection

Rats were anesthetized with 10% chloral hy-
drate (i.p.) at a  dose of 4 ml/kg. After the mus-
cles were relaxed, the abdomen was opened, and 
the bilateral kidney tissues were collected. After 
washing, some kidneys were quickly frozen and 
preserved. Approximately 0.5 g of the tissue near 
the coronal section of the kidney was picked with 
a thick needle. After drying, an infrared spectrum 
automatic analyzer was used to analyze the stone 
composition. Some kidneys were fixed with form-
aldehyde solution.

Pathological examination

The morphology and formation of the crystals 
of the stones were observed using a  dissecting 
microscope, and the color, shape and size of the 
kidneys were observed with the naked eye. The 
fixed kidney specimens were quickly embedded, 
and 5 μm thick transverse sections were prepared. 
Routine HE staining was performed. The formation 
of crystals and renal pathological changes were 
observed under an optical microscope. The kidney 
crystals were classified according to the following 
criteria [5]: Grade 0 indicates a negative result, and 
grades I to IV indicate positive results. If the bilat-
eral kidneys showed a positive result at the same 
time, the crystals of only one kidney were counted. 

Immunohistochemical detection of CaSR 
and claudin-14 protein expression

Immunohistochemistry was performed using 
the SP method. After paraffin embedding, the 
tissues were cut into 4 μm sections. After rou-
tine dewaxing, sections were treated with H2O2 
to remove endogenous peroxidase. After antigen 
retrieval and blocking, CaSR antibody (1 : 150) 
and claudin-14 antibody (1 : 200) were added and 
incubated overnight at 4°C. After washing, the 
secondary antibody of horseradish-labeled rabbit 
anti-goat IgG was added and incubated. DAB was 
used for color development. After counterstaining 
with hematoxylin, the sections were dehydrated 
with different concentrations of ethanol, rendered 
transparent with xylene and mounted with neutral 
gum. The immunohistochemical staining of CaSR 
and claudin-14 was observed under a microscope.

Statistical analysis

Statistical analysis was performed using SPSS 
17.0 statistical software analysis. The crystal for-
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mation was compared between groups using the 
Kruskal-Wallis rank sum test, and the significance 
level was α = 0.05.

Results

Kidney crystal formation in each group

In the NC group, no crystals were found in the 
kidney tissue. From the third week, there were 
bright crystals in the kidneys of the EG group. 
From the 4th week, the crystals also appeared in 
the kidneys of the NB group, which were mainly 
distributed in the distal convoluted tubules and 
proximal convoluted tubules. Around the glomer-
ulus, the shape of the crystal was irregular. The 
crystals were scattered and a  small amount of 
crystals were connected to each other into pieces 
or piles. There was no statistically significant dif-
ference in the rate of stone formation between the 
EG group and the NB group (p > 0.05) (Figure 1).  
There was stone formation from the third week in 
the EG group and from the fourth week in the NB 
group. There was also the possibility of stone for-
mation in the rats that had been sacrificed in the 
first 2 weeks or the first 3 weeks. Therefore, during 
calculation of the stone formation rate, rats that 
had been sacrificed in the previous weeks were 
excluded from the total rat count (Table I).

Immunohistochemistry results of CaSR 
protein in renal tissues

Under light microscopy, it was observed that 
CaSR was continuously expressed in the kidney 
tissues of the three groups of rats. From the third 
week, the expression of CaSR protein in renal 

tissue of the EG group was increased. From the 
fourth week, the expression of CaSR protein in the 
kidney tissue of the NB group began to increase, 
and it was diffusely distributed on the cell mem-
brane of renal tubular epithelial cells, which was 
brown, while in each week, the expression of CaSR 
protein in kidney tissue of the EG group was sig-
nificantly stronger than that of the NB group. From 
week 1 to 10, CaSR continued to be expressed in 
the NC group, but its intensity did not change sig-
nificantly (Figure 2).

Immunohistochemical results of claudin-14 
protein in renal tissues of rats

Claudin-14 was continuously expressed in the 
kidney tissues of the EG group and NB group, but 
not in the kidney tissue of the NC group. From the 
third week, the expression of claudin-14 protein in 
renal tissue of the EG group was increased. From 
the fourth week, the expression of claudin-14 pro-
tein in renal tissue of the NB group also began 
to increase, and it was diffusely distributed in re-
nal tubular epithelial cells, shown in brown color, 
while the expression of claudin-14 protein in the 
EG group was significantly stronger than that in 
the NB group. From week 1 to 10, claudin-14 con-
tinued to be expressed in the NC group, but its 
intensity did not change significantly (Figure 3).

Stone composition analysis

In the NC group, 1 (3.3%) case of calcium ox-
alate stone and 1 (3.3%) case of ammonium 
magnesium phosphate stone were detected, 
with the total detection rate of 6.7%. In the EG 

Table I. Renal tissue grading of each group of rats

Group N 0 I II III IV Stone probability%

EG 24 8 9 4 2 1 66.7

NB 21 10 7 3 1 0 52.4

NC 30 30 0 0 0 0 0

P = 0.792 > 0.05 in EG group compared with NB group; p < 0.05 in EG group compared with NC group; p < 0.05 in NB group compared 
with NC group.

Figure 1. Kidney morphology of each group at eighth week (HE, 200×)

 EG NB NC
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group, 7 (23.3%) cases of calcium oxalate stone, 
5 (16.7%) cases of calcium oxalate + calcium 
phosphate stone, 3 (10.0%) cases of calcium ox-
alate + magnesium ammonium phosphate stone,  
1 (3.3%) case of magnesium ammonium phos-
phate stone, and 3 (10.0%) cases of calcium phos-
phate stone were detected. The total detection 
rate was 63.3%. In the NB group, 3 (10.0%) cases 
of calcium oxalate stones, 3 (10.0%) cases of calci-
um oxalate + calcium phosphate stones, 2 (6.7%) 
cases of calcium oxalate + magnesium ammoni-
um phosphate stones, 3 (10.0%) cases of magne-
sium ammonium phosphate stones, 1 (3.3%) case 
of calcium phosphate stone, and 1 (3.3%) case of 
uric acid stone were detected. The detection rate 
was 43.3%.

Discussion

Kidney stones, most of which are calcium oxa-
late stones, are a common disease. Analysis of the 
three groups of stones in the present study showed 
that calcium oxalate-containing stones account-
ed for 70.6% of the total number of stones. Many 
factors can lead to the formation of kidney stones, 
such as low urine output and high urinary calcium, 
uric acid, and urine PH. Studies have shown that 
increased urinary calcium excretion is an import-
ant risk factor for inducing or promoting the for-

mation of calcium-containing urinary tract stones. 
The urine is relatively supersaturated to induce 
the formation of calcium-containing stones [6]. In 
recent years, with the study of G protein coupled 
receptors, new treatments are gradually being dis-
covered [7]. CaSR is a G protein-coupled receptor 
that has been found to be significantly associat-
ed with urinary calcium excretion in recent years. 
It can inhibit the reabsorption of calcium ions in 
the renal tubules by up-regulating the expression 
of claudin-14 in the thick ascending limb(TAL) [4], 
thereby increasing urinary calcium excretion.

At present, there are no studies on the differenc-
es between the two modeling methods of EG and 
NB. Our group confirmed in the early stage that 
the increase of urinary calcium in rats with EG-in-
duced kidney stones is related to the CaSR-clau-
din-14 regulatory pathway [3]. In the past, our 
research group found that in the process of es-
tablishing an NB rat kidney stone model, the 24 h 
urinary calcium excretion of NB rats was signifi-
cantly higher than that of the blank group [8–10].  
The role of CaSR and claudin-14 in the NB rat kid-
ney stone model and the EG rat kidney stones and 
the expression difference between CaSR and clau-
din-14 is still unclear. Therefore, we established 
kidney stone models with EG and NB methods to 
observe expression of CaSR and claudin-14 pro-
tein in kidney tissues of two models.

Figure 2. Positive expression of CaSR in kidney tissues of three group at the eighth week (immunohistochemistry, 200×)

Figure 3. Positive expression of claudin-14 in kidney tissues of three group at the eighth week (immunohistochem-
istry, 200×)

 EG NB NC

 EG NB NC
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In this study, immunohistochemical staining 
showed that the expression of CaSR and clau-
din-14 in the EG group gradually increased from 
the third week; the expression of CaSR and clau-
din-14 in the NB group increased from the fourth 
week. There was no increase in expression of CaSR 
in the kidney tissue of NC rats, and there was no 
obvious expression of claudin-14 in the kidney 
tissue of the NC group. The expression of CaSR 
and claudin-14 in renal tissue of the EG group was 
significantly higher than that of NB group and NC 
group. This result may be related to the induction 
of tubular epithelium in the early stages of mod-
eling with EG and ammonium chloride. Injury [11] 
promotes the rapid formation of calcium oxalate 
crystals and increases the concentration of free 
calcium in urine, thereby activating the CaSR-clau-
din-14 regulation mechanism and accelerating 
urinary calcium excretion, while the NB group can 
form hydroxyapatite stone under physiological 
conditions. After the formation of this mineralized 
shell, the NB will be dormant. After invading the 
body, NB can invade or infect tubular cells through 
a  similar receptor-mediated pinocytosis [12]. EG 
and ammonium chloride more easily cause dam-
age to renal tubular epithelial cells.

CaSR is widely distributed in various parts of 
the human kidney, especially the distal convoluted 
tubule [13], which plays an important role in reg-
ulating the excretion of water and electrolytes. It 
has been found that in distal convoluted tubules, 
CaSR reduces calcium ion reabsorption and pro-
motes calcium excretion. In the collection tube, 
water and proton reabsorption can be reduced 

[14], which can increase the thick section of the 
upper medullary limb. Claudin-14 inhibits renal 
tubular reabsorption of calcium ions [4], thereby 
increasing urinary calcium excretion. The poly-
morphism of the CaSR gene is closely related to 
the formation of calcium-containing stones [15]. 
Tight junction proteins are the most important 
functional molecules in the body and form tight 
junctions. Their main functions are to selectively 
form pores for the penetration of small-sized ions, 
such as charge-selective pores, and to maintain 
the unique barrier function and barrier function 
of tight junctions. Abnormal expression or over-
expression can disrupt the structure of epithelial 
cells and endothelial cells, leading to severe dam-
age to their function. The claudin-14 protein is 
an important member of the claudin family [16], 
which regulates the cell-by-cell pathway of tight 
junction protein-16 (claudin-16) and tight junc-
tion protein-19 (claudin-19) The cation channel 
permeability of the heteropolypeptides is formed 
to affect the reabsorption of calcium by the renal 
tubules [17–19]. Dimke et al. [4] found that clau-
din-14 protein is mainly expressed in the ascend-
ing segment of the medullary sputum, inhibiting 

the reabsorption of calcium and magnesium ions 
in the thick section of the myelin, thus increasing 
the urinary calcium concentration, but its inhibi-
tion is affected by calcium intake and CaSR, and 
dysregulation of the renal CaSR-claudin-14 path-
way may contribute to the development of signif-
icant hypercalciuria, leading to kidney stones and 
osteoporosis. In this study, CaSR and claudin-14 
proteins were strongly expressed in the kidney 
tissues of two rat kidney stone models, indicating 
that the CaSR-claudin-14 pathway plays a role in 
the formation of stones.

In conclusion, the etiology of kidney stones is 
complex and requires more extensive and in-depth 
research. In this study, a traditional EG model and 
an NB model were established, and the stone for-
mation results of the two models and the expres-
sion difference of CaSR-claudin-14 were compared. 
Our results demonstrate that the traditional EG 
kidney stone modeling method is faster than the 
NB kidney stone modeling method, with a higher 
stone formation rate. The expression of CaSR and 
claudin-14 protein in EG groups was stronger than 
in NB groups, but the difference was not statistical-
ly significant. The NB used to establish the kidney 
stone model was isolated from patients with kid-
ney stones, which may imitate the process of nat-
ural formation of kidney stones of patients. There-
fore, the results of our research are more conducive 
to related research on the etiology of stones.
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