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Abstract: Objective: To study effect of small ubiquitin related modifier protein 1 (SUMO1) in inflammatory reactions mediated by tumor necrosis factor (TNF)-α and nuclear factor (NF)-κB in myocardial damage of rats with type 2 diabetes mellitus (T2DM). Methods: A total of 20 Goto-Kakizaki (GK) rats with spontaneous diabetes mellitus (DM) were randomly divided into group DM1 (pure DM group, n=10) and group DM2 (DM+high-fat diet group, n=10), and another 10 normal Wistar rats were regard as healthy control group. Expressions of SUMO1, TNF-α and NF-κB were measured by immunohistochemical method. Results: 1. Levels of blood glucose and TG in group DM1 and group DM2 were significantly higher than those of healthy control group, and those of DM2 group were higher than of DM1 group ,P<0.05 all; 2. Myocardial cells lined up in order and there was no hypertrophy in group DM1; but those in group DM2 showed cells loosely lined up and hypertrophy under light microscope; 3 Immunohistochemical assay indicated that expression of SUMO1 in group DM2 and DM1 group were significantly higher than those of healthy control group [(44.5±1.1) vs. (27.2±2.2) vs. (21.7±3.0)], and of group DM2 was significantly higher than that of DM1 group (P<0.01 all); expression of TNF-α in group DM2 and group DM1 were significantly higher than that of healthy control group [(27.5±1.5) vs. (20.2±2.7) vs. (13.1±1.6)], and of DM2 group was significantly higher than that of group DM1 (P<0.01 all)；expression of NF-κB in group DM2 and group DM1 were significantly higher than that of healthy control group [（30.1±1.7）vs.40.7±1.5）vs.（16.0±2.6）], but of group DM1 was significantly higher than that of group DM2 (P<0.01 all). Conclusion: There are obvious metabolic disorders of glucose and lipid in T2DM rats, and complicated morphological changes of myocardial tissues similar to myocardial lesions in DM humans; the expressions of SUMO1, NF-κB and TNF-α significantly increase, suggest SUMO1 takes part in inflammatory reaction mediated by NF-κB, TNF-α in myocardial lesion of rat with T2DM，and may inhibit NF-κB, possesses effect of protect  myocardium. 
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摘要: 目的: 探讨在2型糖尿病大鼠心肌损伤时肿瘤坏死因子(TNF)-α、核转录因子（NF）-κB介导的炎症反应中小泛素相关修饰蛋白1 (SUMO 1)可能的作用。方法: 20只自发性糖尿病 (GK)大鼠被随机分为DM1组(单纯糖尿病组，n=10)、DM2组 (糖尿病+高脂饮食组，n=10), 另10只Wistar大鼠为健康对照组，以免疫组织化学法检测SUMO1、TNF-α和NF-κB的表达。结果: 1、DM1、DM2组血糖及TG水平明显高于健康对照组, DM2的又显著高于DM1组的（P均＜0.05）；2、光镜下：DM1组心肌细胞排列整齐，无明显肥大；DM2组心肌细胞肥大呈疏松样排列；3、免疫组化显示：SUMO 1表达在DM2组和DM1组较健康对照组明显增加[(44.5±1.1)比（27.2±2.2）比（21.7±3.0）]，且DM2组的较DM1组的显著增加 (P均＜0.01)；TNF-α表达在DM2组和DM1组较健康对照组明显增加[（27.5±1.5）比（20.2±2.7）比（13.1±1.6）]，且DM2组的较DM1的显著增加（P均＜0.01)；NF-κB表达在DM2组和DM1组较健康对照组明显增加[（30.1±1.7）比（40.7±1.5）比（16.0±2.6）]，但DM1组的较DM2组的显著增加（P均＜0.01）。 结论: 2型糖尿病大鼠存在着明显的糖脂代谢紊乱，伴有与人类糖尿病心肌病变相似的心肌组织形态学改变； 且血SUMO1、TNF-α和NF-κB的表达均显著增加, 提示SUMO1参与了2型糖尿病大鼠心肌病变由NF-κB、TNF-α介导的炎症反应,并有抑制NF-κB,保护心肌的作用。
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Small ubiquitin-related modifier (SUMO) is an important member of ubiquitins protein family, it widely exists in eukaryotic cells. Recent studies indicated that SUMO1 can increase stability of nuclear factor (NF)-κB of substrate protein through sumoylation hindering covalent modification of substrate protein , therefore inhibited activation of NF-κB to inhibit expressions of some cytokines [such as tumor necrosis factor (TNF) -α] and chemotactic factors to achieve anti-inflammation effect. But there are no reports about SUMO1 suppressing the activation of NF-ΚB with relevant way to relieve diabetic myocardial damage.

The present study used recognized Goto-Kakizaki (GK) rats with type 2 diabetes mellitus (T2DM) to observe expression relationships among TNF-α, NF-κB and SUMO1 in myocardium of T2DM rats in order to study mechanisms of myocardial cell damage caused by TNF-α and NF-κB and possible protective mechanism of SUMO1. 
1. Materials and methods

1.1 Experimental animals

There were 10 normal male Wistar rats of specific-pathogen free (SPF) grade (provided by experimental center of China Medical University) and 20 male GK rats with spontaneous DM (provided by Shanghai Slyke Company, male, weighing 300-400g , license number: SCXK (Shanghai) 2007-0005), Animals were divided into different cages to breed, kept indoor relative humidity on (60±5)% in room and temperature on 20~22℃. Switch between day and night in rooms was automatically completed every 12h. Rats were free to drink water and they were fed with standard feeds for rats (bought from experimental animal center of China Medical University).
1.2 Reagents and apparatus

SUMO1（SANTA company）; inhibitory factor of NF-κB (I-κB)（Beijing Zhongshan Biological company）; TNF-α polyclonal antibody （Wuhan Boster Biological Engineering Ltd）; NF-κB first antibody （Beijing Zhongshan Biological company）; brown 3, 3’-diaminobenzidine (DAB) coloring kit, horseradish peroxidase labeling streptavidin fluid and immunohistochemical kits（Wuhan Boster Biological Engineering Ltd）; blood sugar analyzer（U.S. Johnson & Johnson;） venous blood glucose and blood lipid relative kits （biochemistry room of first affiliated hospital of China Medical University）; system microscope was type LEIAC IACC; slicer and show film machine were type LEIAC; 7150 type automatic biochemical analyzer ; low temperature and over speed centrifuger（Beckman Corporation）; ZD-111B type Medical microwave; GBS thermostatic waterbath oscillator and type JEM-1200EX electronic microscope. 

1.3 Modeling and grouping

After one-week adaption , GK rats accorded with blood glucose standard were divided into two groups: Group DM1 (pure DM group, n=10) and group DM2 (DM+high-fat diet group , n=10). Another 10 male normal Wistar rats were regard as healthy control group. Group DM2 received high fat diet, group DM1and healthy control group received normal diets of same amount. All rats were fed for six weeks and hypoglycemic therapy by insulin were not given during the whole process of experiment. 
1.4 Experimental methods

(1) Sampling and detections of blood glucose and triglyceride (TG): After fasting for 10h, rats were anesthetized with intraperitoneal injection of 4% chloral hydrate (10 mg·kg-1). Chest was quickly opened and inferior vena venous blood was taken. After standing for 4h, blood sample was centrifuged in 3000 r/min for 3 min, and then serum was separated for measuring blood glucose and TG by type 7150 automatic biochemical analyzer; (2) Observation of ultrastructure of myocardial tissues: myocardial tissues from left ventricular apex were taken, fixed by 3% glutaraldehyde at 4℃ over night, then fixed by 1% osmic acid, dehydrated step by step by 30%~100% ethanol, soaked by acetone, embedding by epoxy resin, then were sliced to 1 μm semithin section, primary stained by uranyl acetate, afterstained by lead citrate. Changes of ultrastructure of myocardial tissues at the same site were observed under electronic microscope in different groups; (3) Examine of SUMO1, NF-κB and TNF-α in myocardial tissues by immunohistochemical method: On the day of surgery, myocardial tissues were washed and fully douched by isotonic saline, 10mm×10mm myocardial tissue from left ventricle was selected and fixed in 4% paraformaldehyde at 4℃, routinely embed with paraffin, dehydrated, stained by hematoxylin eosin (HE); baked for sheet, routinely dewaxed by xylene, dehydrated by gradient alcohol, then endogenous peroxidase was inactivated by 3% H2O2, restored for antigen, closed by goat serum, then SUMO1 monoclonal anti-mouse antibody, NF-κB mouse anti-human monclonal antibody and TNF-α rabbit anti-human polyclonal antibody (1:100) were added and tissues were incubated at 4℃ in fridge over night, then washed by phosphate buffered saline (PBS, substituted first antibody as negative control), biotin labeling second antibody (ready to use) was added, incubated at 37℃, then streptavidin fluid labeled by horseradish peroxidase was added, stained by DAB/ H2O2 reaction, afterstained by hematoxylin after fully washed by tap water, routinely hydrated, cleared, dried and mounted, detected the number of positive cells per field, and finally to compare the mean of each group; (4) Analysis of immunohistochemical image: staining image were observed under light microscope, brown is positive and same as background is regard as negative. A total of five myocardial slices were selected from different rats in every group. Areas to be observed were determined under light microscope (×100), then five views of myocardial cells were selected on each slice in order under light microscope (×400), number of positive cells on each view was calculated respectively and finally mean values of each group were compared 

1.5 Statistical analysis

    SPSS13.0 software was used to perform statistical analysis. Measurement data were presented as (
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±s), analysis of variance (ANOVA) was used to analyze difference among groups in normal distribution, and statistically significant differences among each group were tested with Newman-Kuels q pairwise comparison test. P<0.05 was regard as possess significant difference.

2. Results

2.1 Myocardial histological observation under light microscope

Myocardial cells lined up in order in healthy control group (Figure 1-A); myocardial cells lined up in order on the whole and there was no obvious hypertrophy of myocardial cells in group DM1 (Figure 1-B); there were myocardial cells loosely lined up and hypertrophy in group DM2 (Figure 1-C). 
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Figure 1, Myocardium by histological hematoxylin eosin staining, A: healthy control group (× 400); B: group DM1 (× 400); C: group DM2 (× 400)

2.2 Levels of blood glucose and TG in three groups

Levels of blood glucose and TG in group DM1 and group DM2 were significantly higher than those of healthy control group, and those of group DM2 were significantly higher than those of group DM1 ,P<0.05 all, were shown in Table 1.

Table 1  Levels of blood glucose and triglyceride in three groups (
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±s)
	Groups
	n
	Blood glucose (mmol/L)
	Triglyceride (mmol/L)

	Healthy control group
	10
	4.25±0.96
	1.57±0.43

	Group DM1
	10
	16.74±2.4Δ
	3.61±0.31Δ

	Group DM2
	10
	23.76±1.59Δ▲
	4.20±0.27Δ▲


Notes: Group DM1: Pure diabetic group, group DM2: DM+high-fat diet group; compared with healthy control group ΔP<0.05, compared with group DM1 ▲P<0.05.; Similarly hereinafter. 
2.3 Expressions of SUMO1, NF-κB and TNF-α in myocardial tissues of three groups

   Expression of SUMO1 in group DM2 and group DM1were significantly higher than that of healthy control group [(44.5±1.1) vs. (27.2±2.2) vs. (21.7±3.0)], and of group DM2 was significantly higher than that of group DM1 (P<0.01 all); expression of TNF-α in group DM2 and group DM1were significantly higher than that of healthy control group [(27.5±1.5) vs. (20.2±2.7) vs. (13.1±1.6)], and of group DM2 was significantly higher than that of group DM1 (P<0.01 all)；expression of NF-κB in group DM2 and group DM1were significantly higher than that of healthy control group [（30.1±1.7）vs.40.7±1.5）vs.（16.0±2.6）], but of group DM1was significantly higher than that of group DM2 (P<0.01 all), were shown in table 2.

Table 2  Comparison of expression of SUMO1, NF-κB and TNF-α in myocardial tissues among three groups (
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±s)

	Groups
	n
	Healthy control group
	Group DM1
	Group DM2

	TNF-α
	10
	13.1±1.6
	20.2±2.7ΔΔ
	27.5±1.5ΔΔ

	NF-κB
	10
	16.0±2.6
	40.7±1.5ΔΔ
	30.1±1.7ΔΔ▲▲

	SUMO1
	10
	21.7±3.0
	27.2±2.2ΔΔ
	44.5±1.1ΔΔ


Notes: SUMO1: small ubiquitin related modifier protein 1, NF-κB: nuclear factor-κB, TNF: tumor necrosis factor, compared with healthy control group ΔΔP<0.01, compared with group DM1 ▲▲P<0.01. 
3. Discussion

Now there are many studies indicated that cardiac damage induced by DM was related with increase of plasma lipid, especially TG [1～6]. Because long-term hyperglycemia can produce many oxygen radicals, thus oxidation of LDL (ox-LDL) increases, accumulates and finally leads to myocardial damage [6-8].

TNF-α is an important inflammatory factor and important activating factor for NF-κB. After oxidative stress, expression of TNF-α increase may promotes synthesis and release of inflammatory factors, makes inflammatory cells aggregation and adhesion, causes inflammatory damage of myocardial cells [9-11]. The present study indicated that expression of TNF-α in myocardial tissues of group DM1 and group DM2 were significantly higher than that of healthy control group. These changes were related with extent of inflammatory reactions of myocardium and prove above theory. 

Classical IKKβ/NF-κB signaling path is key signal transduction path for inflammatory reactions and it is very important in pathogenesis of type 2 DM (T2DM). Guo et al [12] found that glycosylation dead end product produced in glucose metabolic disorder can activate NF-κB, and TNF-α and oxygen radicals can also stimulate NF-κB-IκB compound to dissociate and activate NF-κB. NF-κB is key protein in inflammatory signaling path and is important path that connects inflammation and insulin resistance. When myocardial damage occurs in DM, myocardial tissues can produce lots of TNF-α and enter blood under oxidative stress and hyperglycemia, therefore a series of pathophysiological processes promotes aggravation of damage. NF-κB can induce expressions of multiple cytokines and acute phase reactive proteins with high efficiency, and takes part in expressions of many enzymes that participate in expansion and continue of inflammatory reactions, and aggravates cell damage. In the present study, compared with healthy control group, NF-κB expression significantly increased in myocardial tissues of rats in group DM1 and DM2,  according with expression of TNF-α, suggesting that there existed interaction between NF-κB and TNF- α, co-participate in damage process of myocardial tissues in T2DM rats. 

As mentioned above, in the present study, compared with healthy control group, the expressions of SUMO1, NF-κB and TNF-α significantly increased, co-participate in damage process of myocardial tissues in T2DM rats; simultaneously compared with group DM1, the expression of SUMO1 significantly increased, but NF-κB significantly decreased in group DM2, indicate that SUMO1 may inhibit NF-κB expression, so possesses protective effect on myocardial tissues of T2DM rats. All these still need lots of further studies to prove.
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