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Pang et al.: Protective Mechanism in Diabetic Nephropathy Rats

To explore the renal protection mechanism of targeted regulating of transforming growth factor beta receptor type 
1 expression by let-7a in diabetic nephropathy rats, diabetic nephropathy rats were created through high-sugar 
and high-fat diet combined with a small dose of streptozotocin. Normally reared rats were taken as control group. 
Diabetic nephropathy rats were divided into two groups, one group was treated with let-7a analogs group, and the 
other group was not treated (diabetic nephropathy group). Experimental results showed that diabetic nephropathy 
rats had symptoms such as increased dietary frequency, weight loss, proteinuria, and decreased creatinine 
clearance. After let-7a treatment, the proteinuria symptoms of rats in let-7a analogs group were notably improved, 
and the creatinine clearance rate increased. The expression level of collagen IV in let-7a analogs group was 
higher than that of the control, but the difference was not significant. The expression level of fibronectin increased 
significantly in the diabetic nephropathy group (p<0.05), and that of the let-7a analogs group was significantly lower 
than that of the diabetic nephropathy group (p<0.05). The immunofluorescence expression result was consistent 
with the expression trend detected by Western blot. Compared with the control, the expressions of transforming 
growth factor-beta 1, transforming growth factor beta receptor type 1, and mothers against decapentaplegic 
homolog 2 in the diabetic nephropathy group were evidently increased (p<0.05), and the expression of mothers 
against decapentaplegic homolog 7 decreased obviously (p<0.05). The protein expression level was consistent with 
the messenger ribonucleic acid expression result. In summary, by regulating the levels of collagen IV and fibronectin 
and targeting the transforming growth factor beta receptor type 1 pathway, let-7a inhibited extracellular matrix 
synthesis to protect kidney function in patients with diabetic nephropathy.

Key words: Let-7a analogs group, collagen IV, fibronectin, transforming growth factor beta receptor type 1, 
diabetic nephropathy

Mesenchymal stem cells are stem cells capable of 
self-renewal and multi-directional differentiation 
potential, which can be isolated from multiple 
tissues throughout the body[1]. Mesenchymal 
stem cells can be induced to differentiate into 
chondrocytes, adipocytes, and nerve cells under 
certain conditions. Moreover, mesenchymal stem 
cells also have immunosuppressive effects, which 
may be related to immune protection[2]. Exosomes 
are also called microvesicles, which are released by 
endosomes or formed by a variety of cells through 
budding. Exosomes can not only participate in 
the exchange of information between cells, but 
are also related to a variety of physiological and 
pathological processes. Exosomes from different 

tissues not only show the specificity of their 
own protein molecules, but also contain some 
key molecules for driving functions, which play 
the important role in immune response, tumor 
metastasis, and gene regulation.

Diabetes mellitus is a common complex disease, 
which is affected by genetic and environmental 
factors. Diabetic Nephropathy (DN) accounts for 
about 33 % of the total number of people with 
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diabetes, and is one of the common causes of 
end-stage renal disease, which seriously affects 
the prognosis and survival of diabetic patients. 
If the progression of DN exceeds a certain 
stage, irreversible pathological changes will be 
formed. Medical effects can only slow down this 
condition, but can’t cure the kidney disease[3]. 
Studies have shown that glomerular mesangial 
lesions with mesangial cell proliferation as the 
main manifestation are one of the most prominent 
pathological changes in the early stage of DN. 
Many factors such as high sugar, high fat, and 
inflammation are involved in its occurrence, but 
the specific mechanism is still unclear[4].

MicroRNA (miRNA) is a non-coding single-
stranded Ribonuclic Acid (RNA) molecule with a 
size of about 20 nucleotides. It can bind to the target 
site of messenger RNA of a specific target gene to 
inhibit the synthesis of related proteins or induce 
the degradation of messenger RNA[5,6]. miRNA 
plays an important and irreplaceable role in various 
physiological processes such as ontogeny, organ 
formation, cell proliferation, differentiation, and 
apoptosis. The let-7 family is the second miRNA 
molecule discovered, encoding a 22nt small RNA. 
The mammalian genome contains 11 miRNA 
molecules encoded by let-7 homologous gene 
family, including let-7a, which is involved in the 
occurrence and progression of many diseases, and 
is a very active miRNA family[7,8]. Studies found 
that let-7 was an important regulator of diabetes, 
which may participate in the occurrence and 
progression of DN by regulating the proliferation 
of DN mesangial cells. Bioinformatics testing 
showed that Transforming Growth Factor Beta 
Receptor 1 (TGFβ-R1) was the predicted target 
gene of let-7, whose sequence contained multiple 
let-7 binding sites and was highly conserved in the 
genomes of multiple species[9]. TGFBR1 can bind to 
TGF-β, open the Mothers Against Decapentaplegic 
(SMAD) signal pathway, and promote the 
proliferation of mesangial cells, thus playing a 
key role in the process of cell morphogenesis, 
reproduction, and differentiation[10-12]. It was also 
found that TGFBR1 can promote the proliferation 
of mesangial cells, while TGFBR1 inhibitors 
can inhibit the proliferation of mesangial cells, 
indicating that let-7/TGFBR1 may play an 
important role in the proliferation of DN mesangial 
cells. The possible mechanism is up-regulating the 
expression of let-7a and inhibiting the expression 

of its target gene TGFBR1. In turn, it regulates 
the SMAD signaling pathway and inhibits the 
proliferation of glomerular mesangial cells[13-15]. 
In summary, molecular biological means would be 
adopted to regulate the expression level of let-7a/
TGFBR1 to verify its role in DN.

MATERIALS AND METHODS
Establishment of animal models and grouping:

Thirty healthy male Sprague-Dawley (SD) rats 
were provided by Ankang Central Hospital 
Experimental Animal Center and fed freely at 
room temperature of 25° and relative humidity of 
60 %-80 %. Then, 30 rats were randomly divided 
into normal control group (n=10) and model 
group (n=20), and fed with ordinary diet and 
high-fat high-sugar diet, respectively. After 5 w, 
rats in the model group were injected unilateral 
intraperitoneal injection of Streptozotocin (STZ) 
(30 mg/kg) to establish DN model. After injection 
of STZ for 3 d, the fasting blood glucose of the 
rats was measured, and 16.7 mm or greater was 
considered as a successful diabetic model. The 
DN model was successfully prepared with blood 
glucose at or above 16.7 mm and urine volume and 
urine protein at twice of the pre-modeling level. 
The successful model rats were divided into let-
7A group (L7A, n=10) and DN group (n=10). Rats 
in L7A group were treated with let-7A analogue 
once a day for 6 w. During the experiment, blood 
glucose concentration was measured once a week, 
and urine protein content was measured every 2 w 
for 24 h.

Specimen collection and detection:

After the experiment, 24 h urine samples of 
rats were taken; volume was recorded, and then 
centrifuged. The supernatant was taken and sent to 
the clinical laboratory of Ankang Central Hospital 
for measurement of urinary creatinine, and urine 
protein was determined by Coomassie brilliant 
blue method. Then, the rats were weighed, given an 
intraperitoneal injection of 10 % chloral hydrate. 
Cardiac blood was collected with a coagulant tube 
and sent to the laboratory for serum creatinine. 
Creatinine clearance (Ccr)=(urine creatinine 
(mM)×urine volume (ml)/blood creatinine 
(mM))×(1/1440 (min)). The left ventricle was 
perfused with normal saline, precooled in the 
refrigerator until the kidneys turned pale. The 
kidney was removed quickly, so did the capsule, 



www.ijpsonline.com

Indian Journal of Pharmaceutical Sciences 230January-February 2024

the kidney was weighed, and then part of the renal 
cortex was fixed with 4 % paraformaldehyde 
fixator. Finally, it was embedded in paraffin, sliced, 
and the rest was preserved in liquid nitrogen.

Hematoxylin and Eosin (H&E) staining:

Dewaxing was done first. Slices were placed into 
60° oven for 2 h to fully molten wax, then into 
the xylene solution I for 10 min, and were put 
into xylene solution II for dewaxing for 5 min. 
After hydration, the slides from xylene solution 
were placed in 100 % ethanol solution for 10 min, 
95 % ethanol solution for 10 min, 85 % ethanol 
solution for 5 min, and 75 % ethanol solution for 
5 min. Finally, rinsed with distilled water for 2 
min, the slices were stained. The samples were 
stained with hematoxylin for 5 min, differentiated 
with hydrochloric acid and alcohol for 30 s, rinsed 
with tap water for 2 min, and rinsed with distilled 
water for 2 min. The samples were placed in 75 
% ethanol solution for 2 min and 85 % ethanol 
solution for 3 min, and then stained with 0.5 % 
eosin for 1 min. Then, they were placed in 95 
% ethanol solution for 10 min, 100 % ethanol 
solution, xylene solution I for l0 min, and xylene 
solution II for 5 min successively. Finally, seal the 
slices with neutral gum.

Immunofluorescence staining:

Dewaxing and hydration were the same as above. 
The slices were washed with 0.01 M phosphate 
buffer on a shaker for 5 min, a total of 6 times. 
The slices were put in 0.3 % hydrogen peroxide/
methanol solution at 4° for 30 min, and endogenous 
peroxidase in the tissue was inactivated through 
this step. Then, slices were washed with 0.01 M 
phosphate buffer for 5 min, 6 times in total, placed 
in boiling citrate buffer for 5 min and then taken 
out, repeated for several times. The slices were put 
at room temperature to cool to normal temperature, 
and antigen retrieval was performed through this 
step. Washed with 0.01 M phosphate buffer for 5 
min, 6 times in total, the slices were added with 
normal 10 % goat serum and incubated in a 37° 
incubator for 2 h for antigen blocking.

Primary antibody incubation: The primary 
antibody was added dropwise, placed in a 
37° incubator for 1 h, and then placed in a 4° 
refrigerator overnight. Reheated for 30 min at 
room temperature, the slices were washed with 
0.01 M phosphate buffer for 5 min, a total of 6 

times.

Secondary antibody incubation: The primary 
antibody was placed in a 37° constant temperature 
box for 30 min, and the primary antibody was 
washed. Then, the fluorescent secondary antibody 
was added dropwise in the dark, and incubated 
in a humidified box at room temperature for 1 
h. The nuclear was stained with 4’,6-Diamidino-
2-Phenylindole (DAPI) staining solution for 10 
min and washed with 0.01 M phosphate buffer 
for 5 min, a total of 6 times. Finally, the pictures 
were observed and taken under a fluorescence 
microscope.

Real-time quantitative Polymerase Chain 
Reaction (PCR):

The primer5 was adopted to design the primer 
sequences, which were shown in Table 1. RNA 
extraction was performed. After the sample was 
grinded with liquid nitrogen, the total RNA was 
extracted with an RNA kit. Reverse transcription 
process was as follows; the RNA templates, xRT 
mix, and primers were dissolved in ultrapure water 
containing no nucleotides. Part one of the reaction 
systems 2 μl primer mix and 2 μl RNA template 
were added to the reaction tube, ultrapure water 
without nucleotide enzyme was added to make up 
to 15 μl, mixed well.
Reaction system was incubated at 65° for 5 min, 
placed in ice bath for 8 min, and centrifuge 
briefly. In the second part of the reaction system, 
1 μl HiFi-MMLV enzyme mix and 4 μl 5xRT mix 
were added, mixed well and incubated at 37° for 
40 min. Finally, they were kept at 70° for 10 min. 
Real-time quantitative PCR was conducted. The 
experiment was carried out with a fluorescent 
quantitative PCR machine, and the operation steps 
were as follows.
Ultra SYBR mixture was adopted to amplify the 
target gene, the program was; 95° for 10 min, then 
95° for 20 s, and 60° for 60 s, which were repeated 
for 40 cycles. The establishment of standard 
curve was as follows. The gradient dilution of 
complementary Deoxyribonucleic Acid (cDNA) of 
the control sample was finished, and 2 μl of each 
sample was taken as a template. The target gene 
and internal reference gene primers were adopted 
to amplify the target gene, and then the standard 
curves of target gene and internal reference 
gene were drawn. Real time PCR was adopted 
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Statistical analysis:

Statistical Package for the Social Sciences (SPSS) 
22.0 software was adopted for data analysis. The 
means comparison between the two groups was 
conducted by the t test; the multi-group means 
comparison was via one-way analysis of variance, 
and the Least Significant Difference (LSD) method 
was adopted for pairwise comparison. p<0.05 
indicated that the difference was statistically 
significant

RESULTS AND DISCUSSION 
In Table 2, compared with the control, the 24 h 
urine protein of the DN group and the L7A group 
both increased. Compared with the DN group, 
the urine protein level of the L7A group was 
significantly decreased (p<0.05), and its level 
was between those of control and DN groups. 
Compared with the control, the creatinine clearance 
rate of the DN group was significantly decreased 
(p<0.05), which was also lower than that of the 
L7A group, but the difference was not statistically 
significant. The renal index of the DN group and 
the L7A group were significantly higher than that 
of the control (p<0.05). There was no significant 
difference between the DN and L7A groups. The 
glomerular area of the DN group and the L7A 
group were significantly higher than that of the 
control (p<0.05), and the glomerular area of the 
L7A group was significantly lower than that of the 
DN group (p<0.05). In fig. 1, the H&E staining 
results showed that the glomerular area of DN 
rats was significantly enlarged, and the symptoms 
of glomerular hypertrophy were alleviated after 
treatment of let-7a analogs.

to analyze the samples. Each sample cDNA was 
diluted for 20 times, and 2 μl of them was taken as 
a template, then primer amplification of the target 
gene and internal reference gene was performed, 
respectively. At the same time, dissolution curve 
analysis was performed at 60°-95°. According to 
the PCR quantitative reaction results, the relative 
quantitative results of the target gene mRNA 
transcription level in each sample were calculated 
according to the 2-ΔΔct method.
Western blot detection:

The protein was extracted from the kidney tissue 
preserved during the operation, and the protein 
concentration was measured by the Bicinchoninic 
Acid (BCA) method. 30 μg of sample protein 
was taken and the protein was separated by 
Sodium Dodecyl Sulphate-Polyacrylamide Gel 
Electrophoresis (SDS-PAGE). The protein bands 
were transferred to Polyvinylidene Fluoride 
Membrane (PVDF) by wet transfer method, and 
then blocked with 5 % bovine serum albumin for 
1 h. Then, the protein was added with antibody, 
incubated at room temperature for 2 h, then rinsed 
with Tris-Buffered Saline with 0.1 % Tween® 20 
(TBST) (1 l of distilled water with 8 g of Sodium 
chloride (NaCl), 0.2 g of Potassium chloride (KCl), 
3 g of Tris base (pH=7.4), and 1 ml of Tween 20) 
for 3 times. Then, the corresponding secondary 
antibody was added to them, incubated for 1 h, 
rinsed with TBST for 3 times. The protein was 
exposed in the electrochemical optics darkroom, 
the film was washed to show the protein bands. 
Finally, ImageJ software was adopted to analyze 
the band abundance for subsequent comparative 
analysis.

Gene name Primer direction Primer sequence

Col4
Forward CAAACCACAGCCAATCCTTCA
Reverse AAGAAGGGAAAACCCACTGTAGAGT

FN  
Forward CATGGCTTTAGGCGAACCA
Reverse CATCTACATTCAACAGGTATGG

TGF-β1  
Forward AGGGCTACCATGCCAACTTC
Reverse CCACGTAGTAGACGATGGGC

TGFBR1
Forward TGGCGGAATCCACGAAGA
Reverse ACGGATGGATCAGAAGGTACAAG

SMAD2
Forward ACAACAGGCCTTTACAGCTTC
Reverse CTCTGTGGCTCAATTCCTGC

SMAD7
Forward CCATCAAGGCTTTTGACTATGAAA
Reverse CCATGGCTGCTGCATGAAC

β-actin  
Forward CTCCATCCTGGCCTCGCTGT
Reverse GCTGTCACCTTCACCGTTCC

TABLE 1: PRIMER SEQUENCE



www.ijpsonline.com

Indian Journal of Pharmaceutical Sciences 232January-February 2024

Group 24 h urine protein Creatinine clearance rate Kidney index Glomerular area

Control 9.42±1.76 4.32±0.65 3.96±0.16 147.45±22.76

DN 41.32±3.86* 2.35±0.42* 5.92±0.31* 195.93±39.21*

L7A 24.98±2.08#* 3.25±0.56# 5.37±0.54* 166.15±37.32#*

Note: *p<0.05, indicated compared with the control and #p<0.05 indicated compared with the DN group

TABLE 2: COMPARISON OF RAT RENAL FUNCTION IN EACH GROUP

Fig. 1: H&E staining results of kidney tissues in each group

consistent with the mRNA expression results.

DN is a common cause of end-stage renal disease. 
The excessive reproduction of mesangial cells 
and the accumulation of extracellular matrix are 
the pathogenic factors of early DN[16]. Glomerular 
mesangial cells are extremely active cells in the 
glomerulus, which have functions similar to the 
contraction of smooth muscle cells. It can secrete 
cell matrix, produce cytokines, and swallow and 
clean up macromolecular substances. Studies 
revealed that among the three intrinsic cells of 
the glomerulus, glomerular mesangial cells are 
the cells with the strongest extracellular matrix 
synthesis function[17]. Col4 is the basic structure 
that constitutes the reticular structure of the 
glomerular basement membrane, which plays a 
key role in maintaining the normal glomerular 
structure. FN is an important kind of glycoproteins, 
connected to each other in a fibrous structure. If 
these two substances accumulate too much, it will 
lead to the appearance of glomerular fibrosis and 
damage the kidney function[18,19]. Therefore, Col4 
and FN were taken as indicators to measure the 
changes of extracellular matrix, to explore whether 
the protective effect of let-7a on the kidney was 
related to its expression. Studies suggested that the 
mRNA and protein expressions of Col4 and FN in 
the kidney tissue of DN rats had increased, while 
the mRNA and protein expression of Col4 and 
FN protein in DN rats treated with let-7a analogs 
were reduced. The above results indicated that 
let-7a may exert renal protection by inhibiting the 
synthesis of extracellular matrix.

Compared with the control, the expression level 
of Collagen IV (Col4) was evidently increased in 
the DN group (p<0.05), and that of the L7A group 
was significantly lower than that of the DN group 
(p<0.05). The expression level of Col4 in the L7A 
group was higher than that in the control, but the 
difference was not significant. The expression 
level of Fibronectin (FN) increased significantly 
in the DN group (p<0.05), and that of the L7A 
group was significantly lower than that of the DN 
group (p<0.05). The expression level of FN in the 
L7A group was not significantly different from 
that in the control. The expression levels of Col4 
and FN protein and mRNA expression levels of 
mice in each group showed similar trends (fig. 2). 
The immunofluorescence expression results were 
consistent with the expression trend detected via 
Western blotting (fig. 3 and fig. 4).

Fig. 5 showed the mRNA expression level of 
TGF-β1/SMAD signaling pathway. Compared 
with the control, the expression of TGF-β1, 
TGFBR1, and SMAD2 in the DN group was 
evidently increased (p<0.05), and the expression 
of SMAD7 was significantly decreased (p<0.05). 
Compared with the DN group, the expression of 
TGF-β1, TGFBR1, and SMAD2 in the L7A group 
was significantly decreased (p<0.05), and the 
expression of SMAD7 was evidently increased 
(p<0.05). However, there was no significant 
difference between the control and the L7A group 
in terms of mRNA expressions. Fig. 6 showed the 
protein expression level of each gene, which was 
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Fig. 2: mRNA expression levels of Col4 and FN in kidney tissues of each group.
Note: *p<0.05, compared with the control and #p<0.05, compared with the DN group, (  ): Control; (  ): DN and (  ): L7A

Fig. 3: Protein expression levels of Col4 and FN in kidney tissues of each group

Fig. 4: Immunofluorescence images of protein expression levels of Col4 and FN
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Fig. 5: mRNA expression levels of TGF-β1, TGFBR1, SMAD2, and SMAD7 in kidney tissues of each group
Note: *p<0.05, compared with the control and #p<0.05, compared with the DN group, (  ): Control; (  ): DN and (  ): L7A

Fig. 6: The protein expression levels of TGF-β1, TGFBR1, SMAD2, and SMAD7 in kidney tissues of each group

and glomerular area can reflect the condition of 
kidney hypertrophy. Compared with the control, 
DN rats showed symptoms of renal hypertrophy 
and glomerular hypertrophy. This phenomenon 
had been improved by treatment of let-7a analogs. 
Existing studies revealed that let-7a-2 promoter 
region polymorphism and let-7a-3 promoter region 
hypermethylation were closely related to DN[20], 
which also indicated that let-7a may be associated 
with symptom changes in DN rats.

DN rat model was established through a high-
quality and high-sugar diet and a small dose of 
STZ, after which the effect of let-7a analogs on the 
kidney function of DN rats was observed. Studies 
suggested that DN rats exhibited symptoms such 
as increased dietary frequency, weight loss, 
proteinuria, and decreased creatinine clearance. 
After let-7a treatment, the symptoms of proteinuria 
in rats were significantly improved, and the 
creatinine clearance rate increased. Kidney index 
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As the target gene of let-7a, the TGFBR1 signaling 
pathway is an important for it regulates the 
occurrence and progression of DN. The results 
showed that TGF-β1, TGFBR1, and SMAD2 
were up-regulated in the kidney tissue of DN rats, 
while SMAD7 was down-regulated, indicating 
that the TGF-β1/SMAD signaling pathway was 
activated. The expression of TGF-β1, TGFBR1, 
and SMAD2 decreased, while the expression of 
SMAD7 increased after let-7a analog treatment, 
suggesting that the TGF-β1/SMAD signal pathway 
was inhibited. These results showed that let-7a can 
slow down the synthesis of extra-glomerular matrix 
by targeting TGFBR1 and inhibiting the TGF-β1/
SMAD signaling pathway, thereby improving 
renal function.

DN seriously threatens the survival and prognosis 
of diabetic patients, and is a serious chronic 
disease. miRNA is a kind of microRNA molecules 
with various physiological activities, which play 
an important regulatory role in the physiological 
and pathological processes of the body. By creating 
the mouse model of DN, the renal protective 
mechanism of let-7a analogues on DN was studied. 
The results indicated that let-7a analogs inhibited 
the synthesis of extracellular matrix by targeting 
the TGFBR1 signaling pathway and regulating 
the activity of Col4 and FN proteins, thereby 
protecting the kidneys. This study provided a solid 
and reliable experimental basis for small RNA as 
clinical drugs. However, since it is not a clinical 
experiment, it limits the clinical adoption of the 
research results.
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