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Abstract: Nephropathy is one of the most common complications of diabetes mellitus
which remains incompletely understood. We reported the expression of myosin light chain
kinase (MLCK) in the kidney of diabetic rats and investigated the correlation between
MLCK and diabetic nephropathy by observing the expression of MLCK. The diabetic model
rats were induced by an intraperitoneal injection of streptozotocin (STZ) and the insulintreated rats were subcutaneously injected with protamine zine insulin 3u/d. The kidneys
were excised and immersed in 4% polyoxymethylene after 12 weeks later. The expression of
MLCK was analyzed by immunohistochemical staining and Western blot.
Immunohistochemical analysis and Western blot assay indicated that the MLCK expression
was higher in kidney of diabetic rats than that in control and it was decreased in kidney of
insulin-treated rats. Our results suggested that the over expression of MLCK may be related
with the development of diabetic nephropathy.
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1. Introduction
Diabetes is a complex disorder resulting in large and small vessel disease and impaired organ
function, which is characterized by hyperglycemia, a relative or absolute lack of insulin, an inclination
to vascular disease and nephropathy. Diabetic nephropathy is characterized by thickening of basement
membranes and mesangial expansion with progression into glomerulosclerosis, tubular atrophy and
interstitial fibrosis, ultimately resulting in renal failure [1-4]. A wide variety of mechanisms in the
pathogenesis of diabetes have been proposed, including accumulation of nonenzymatic glycated end
products in the kidney, oxidation of renal glycoproteins by reactive oxygen species, intracellular
accumulation of sorbitol generated by the reduction of glucose by aldose reductase, involvement of
mitogen-activated protein kinase and growth factors [5-8]. The diverse mechanisms indicates that a
vast number of molecules and different signal transduction pathways are involved in its pathogenesis
[9, 10]. But, the mechanism of diabetic nephropathy remains incompletely understood.
Studies have demonstrated altered papillary muscle mechanics and changes in contractile proteins in
the alloxan-induced diabetic rabbit model. Diminished velocity of shortening, an increased duration of
isometric contraction–relaxation and prominent abnormalities of contractile proteins could be reversed
by insulin [11]. Studies also have documented that myocardial performance is impaired in the renal of
chronically diabetic rats and rabbits. Abnormalities of the contractile and regulatory proteins could be
responsible for the mechanical defects in streptozotocin (STZ)-diabetic renal. The major research on
contractile proteins in the diabetic state has focused on myosin ATPase and its isoenzymes [1, 12]. The
calmodulin-dependent myosin light chain kinase (MLCK), which transfers the γ-phosphate from ATP
to myosin is essential for contraction [13-15]. Some studies have shown the relationship between
MLCK and vessel diseases [16], while few reports concerned to the association between MLCK and
diabetic nephropathy. Here, we report the relationship between MLCK and diabetes nephropathy and
investigate the variation of MLCK in the development of diabetes.
2. Materials and Methods
2.1 Animal and experiment design
Male Sprague-Dawley rats (180–200g body weight) were obtained from Nanjing Animal Centre
(Nanjing, China) and kept in accordance with our Institutional Animal Care Committee guidelines.
Diabetes mellitus model was induced by an intraperitoneal injection of STZ at a dose of 65 mg/kg body
weight in a citrate buffer (pH4.5). Rats in the control group were injected with saline vehicle. Tail vein
blood glucose levels were measured in 48h after injection. The diabetic model was believed to been
established according to its blood glucose which was greater than 16.7mmol/L and kept for at least 5
days. The diabetic rats were randomly divided into diabetic group and insulin-treated group. The
insulin-treated rats were subcutaneously injected with protamine zine insulin 3u/d for 12 weeks.
Throughout the study the rats were maintained on standard laboratory diet with free access to water.
All rats were sacrificed after 12 weeks.
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2.2 Tissue sample and isolation.
After collecting blood samples from common carotid artery to determinate glucose level, fresh
kidney tissue was isolated and washed with cold Hanks solution (137mM NaCl, 5.0mM KCl, 1.3mM
CaCl2, 0.8mM MgSO4●7H2O, 0.6mM Na2HPO4, 0.4mM KH2PO4, 3.0mM NaHCO3, 5.6mM glucose,
pH7.4) and immersed in 4% polyoxymethylene. The fixed kidneys were embedded in paraffin for
immunohistochemical and H&E staining. The rest tissues were cut into small slices and homogenized
or stored at –80°C for Western blot. Blood Glucose (Glu), Urine Protein (urine pro), Urea Nitrogen
(Bun) and creatinine (Cr) levels were measured enzymatically using an autoanalyser.
2.3 Immunohistochemistry
The kidney tissue were sectioned at an average thickness of 6 µm and stored at -20 ºC until use. The
sections were blocked with 5% BSA (Sigma), 5% normal rabbit serum (Vector Laboratories,
Burlingame, CA, USA) and incubated with the anti-MLCK monoclonal antibodies overnight, followed
by incubation with 1:200 diluted HRP-conjugated goat antibody against rabbit IgG and treated with a
metal-enhanced 3, 3’-diaminobenzidine (DAB; Pierce, Rockford, IL, USA) for 3 min. After a thorough
washing, the sections were mounted on slide glasses with Vectashield (Vector Laboratories,
Burlingame, CA, USA). Section and its integral absorbance of MLCK expression were examined with
microscope.
2.4 Western blot analysis
The kidney tissue were washed three times in PBS, and then lysed in RIPA buffer (1% Nonidet P40, 1% sodium deoxycholate, 0.1% SDS, 150mM NaCl, 10mM sodium phosphate buffer pH 7.2, 2mM
EDTA, 10mg/ml aprotinin, 10mg/ml leupeptin, 2 mM PMSF, 2 mM sodium orthovanadate, 10 mM
sodium pyrophosphate, and 20 mM sodium fluoride). The lysates were centrifuged at 15000 ×g for 30
min at 4°C, the supernatants were used for western blot. The total protein concentration of each sample
was measured by using MicroBCA Protein Assay Reagent Kit (Pierce, Rockford, IL, USA). The same
amount of lysate from each line in SDS sample buffer was with 10% SDS-polyacrylamide gel
electrophoresis and electroblotted onto a PVDF membrane, which was then blocked with 5% fat-free
milk in PBST (PBS, 0·1% Tween 20) for 1h at room temperature. Anti-MLCK monoclonal antibody
(1:1000 dilution) was incubated overnight at 4°C, followed by incubation with 1:20 diluted HRPconjugated goat antibody against rabbit IgG, and stained with enhanced chemiluminescence reagent
(Pierce, Rockford, IL, USA). Densitometric scanning of the exposed X-ray film was used for semiquantitative measurement of the protein bands. Three independent experiments were performed, and
the results were reproducible.
2.5 Statistical analysis
Statistical analyses were carried out using unpaired Student’s t-test with SPSS 8.0. All data is
expressed as mean ± standard error of the mean (S.E.M.). Statistical significance was accepted at a
level of p<0.05.
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3. Results
3.1 Experimental animal model
The diabetic rat model was established by an intraperitoneal injection of STZ. The blood glucose of
the rats was higher than 16.7 mM, whereas untreated rats had normal levels. The elevated level of
blood glucose in STZ-injected rats was maintained during the entire experimental period.
3.2 The general character
Blood glucose of STZ-treated rats was 27.79±9.28 mM and higher than control rats (6.49±0.79 mM)
(P<0.01). Body weight of the STZ-treated rats (156.50±10.13g) was lower than control rats
(367.33±26.73 g). After being treated with insulin, blood glucose decreased to 8.75±2.56 mM and 3.0fold less than that in diabetic rats (P<0.01). Body weight of insulin treated was 354.67±31.94g and was
no difference compared with control group. The diabetic rats had a decrease of kidney weight to
1.10±0.12g compared with 1.40±0.32g in control (P<0.01). Urine Pro of STZ-treated rats was
21.8±2.76 (mg/24h) and higher than control rats (6.87±0.23mg/24h) (P<0.01). Similar results of Cr and
BUN were obtained (81.68±12.43µM and 19.27±2.39mM tended to 61.56±13.42µM and
9.31±1.64mM). However, after treated with insulin , the levels of Pro, Cr, BUN decreased to
12.1±1.32mg/24h, 74.36±11.32µM and 13.26±2.71 mM respectively (Table 1).
Table 1. The effects of streptozotocin-diabetes and insulin treatment on the blood glucose, Body
weight , Pro, Cr , BUN and Kidney weight levels in the rats( mean ± S.D)
*P<0.05 **P<0.01 significance relative to controls and ▲P<0.01 significance relative to diabetic
group.
Blood

Control

Diabetic

Diabetic + Insulin

Glucose (mM)
Body weight (g)
kidney weight (g)

6.49±0.79
367.33±26.73
1.40±0.32

27.7±9.28**
156.50±10.13**
1.10±0.12**

8.75±2.56* ▲
354.67±31.94 ▲
1.27±0. 25*

Urine pro (mg/24h)

6.87±0.23

21.8±2.76**

12.1±1.32▲

Cr (µM)

61.56±13.42

81.68±12.43**

74.36±11.32*▲

BUN (mM)

9.31±1.64

19.27±2.39**

13.26±2.71*▲

3.3 Tissue staining
With the development of diabetes mellitus, evident morphological changes were observed and
diabetic glomerulosclerosis became worse. After treated with insulin, the volume of glomeruli returned
to normal level (Figure 1).
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Figure 1. H&E staining was performed in glomerulus and renal tubule from control, streptozotocindiabetes and insulin-treated rats. A: control group ;B: diabetic group C: diabetic and insulin-treated
group.
3.4 Immunohistochemistry examination
MLCK was expressed in glomerulus, renal tubule and glomerular arteriolar in control by
immunohisochemistry. The expression of MLCK in glomerulus of STZ-treated rats was higher than
that in control. After treated with insulin, the expression of MLCK in glomerulus was a little lower
than that in control. The change of integral absorbance of MLCK expression in gomenulus also
indicated that results (Figure 2, Table 2).

B

A

C

Figure 2. Immunohistochemistry analysis of MLCK was performed in glomerulus and renal tubule
from control, streptozotocin-diabetes and insulin-treated rats. Immunohistochemistry analysis were
prepared using a anti-MLCK monoclonal antibody as described in METHODS. A: control group; B:
diabetic group C: diabetic and insulin-treated group

Table 2. The effects of streptozotocin-diabetes and insulin treatment on the integral absorbance in
gomenulus of kidney( mean ± S.D)
**P<0.01 significance relative to controls and ▲P<0.01 significance relative to diabetic group.
Group

n

MLCK(absorbance)

Negative control
Control
Diabetic
Diabetic+ Insulin

6
6
6
6

13±7
83±7 **
120±28 **
58±9 **▲

3.5 Western blot examination
The expression of MLCK in kidney of STZ-treated rats (203±45) was higher than that in control
(100). After treated with insulin, the expression of MLCK in kidney (112±9) was a little higher than
that in control. Quantitative analysis of this data by densitometric scanning normalized to the internal
α-tubulin control is shown (Figure 3).
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Figure 3. Western blot analysis of MLCK was performed in kidney of from control, streptozotocindiabetes and insulin-treated rats. Kidney homogenates were prepared as described in METHODS.
Western blot analysis was performed using a anti-MLCK and α-tubulin monoclonal antibody . Laser
scanning densitometry was conducted to quantitata the differences. Densitometric units of the control
group(MLCK/ α-tubulin) were set to 100. the internal α-tubulin control is also shown. A: control group
;B: diabetic group C: diabetic and insulin-treated group
4. Discussion
MLCK is a Ca2+ /calmodulin activated enzyme in the kinase family which catalyses the
phosphorylation of the 20-kD myosin light chain (MLC-20) [17, 18]. In skeletal muscle,
phosphorylation of the MLC-20 correlates with potentiated twitch tension after repetitive stimulation
[19]. In smooth muscle cells, this phosphorylation leads to an increase in actomyosin ATPase activity
and contraction which appears to be required for initiation of contraction [20]. Phosphorylation of
MLC-20 by smooth muscle MLCK is a key event initiate to smooth muscle contraction. Although the
roles of MLCK in non-muscle cells are not well defined, a variety of morphological changes such as
cellular motility and organelle movement occur concurrently with increasing in cytoplasmic Ca2+
levels, light chain phosphorylation and activation of MLCK [21, 22].
Myosin, one of the major contractile proteins in muscle cells as well as nonmuscle cells, consists of
two heavy chains and two light chains. Myosin heavy chain (MHC) isoforms (SM1, SM2 and SMemb)
are not only determination of the contractile properties of muscles, such as velocity of shortening or the
economy of force production. But they are also molecular markers for muscle development and
disease. The previous study showed that strong mesangial staining of SMemb was observed in cases
with diffuse glomerulosclerosis [23]. The myosin isoenzymes demonstrate marked shifts in rodent
hearts during pathologic states such as hypertensive hypertrophy, diabetes, myocardial infarction and
increasing age. Myosin ATPase activity is one of the mechanisms in the contractile protein system that
might be a controlling factor. Among other potential contractile proteins in diabetes, we are interested
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in the role of MLCK in the pathogenesis of kidney disease. In this study, we focus on the expression of
MLCK with regard to its relevance to diabetic nephropathy.
In present study, diabetic model was established by an intraperitoneal injection of STZ, commonly
used to induce diabetic. It has been shown that injection of STZ is associated with the development of
diabetes as previously reported [24, 25]. Following the development of Diabetes, evident morphology
was changed. This study also showed that the expression of MLCK was positive in glomerulus, renal
tubule and glomerular arteriolar. In glomerulus of STZ-treated rats the expression of MLCK was
higher than that in control. The results indicated that the expression of MLCK is correlated with
diabetic. From those results we proposed that the changes of mesangial expansion, glomerulosclerosis,
tubular atrophy, and interstitial fibrosis may be associated with the increase of the expression of
MLCK. MLCK catalyses the phosphorylation of MLC，which is associated with the gap formations
and hyperpermeability of renal cells. Breakdown of this cell, which is to serve as a barrier to fluid and
solute flux across the blood vessel wall, leads to increased permeability and the development of
diabetic. In the study, it is found that MLCK expression increased more and more when diabetic was
initiated and provided a circumstance of diabetic formation. It appears that among the molecular events
the expression of MLCK may play a crucial role in the protection against diabetes. Treatment of
diabetic rats with insulin, which has been reported to reverse the decreased myofibrillar and myosin
ATPase activities and heart dysfunction, was observed to reverse the increased level of MLCK. This
can be seen to provide evidence that increased MLCK may represent one of the mechanisms associated
with mesangial expansion and glomerulosclerosis in diabetic nephropathy.
Since the importance of mitogen-activated protein kinase (MAPK) was reported in many studies.
MLCK, which can be directly activated by MAPK, appears involved [26-28]. MLCK activation was
associated with increase in MLC phosphorylation which is related with diabetic nephropathy. Among
the molecular events it is plausible that activation of MAPK indirectly increase MLCK expression may
play a crucial role.
5. Conclusion
In summary, the expression of MLCK may be involved in the development of diabetic nephropathy.
The expression was higher in kidney of diabetic rats than that in control and it was decreased in kidney
of insulin-treated rats. It should be noted that the exact mechanism to induce MLCK expression was
not known which remains to be elucidated in our future study.
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