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Abstract. Diabetic nephropathy (DN) is one of the most common, frequent, age-related diseases,
and it is also an important cause of chronic renal failure and end-stage renal diseases. It has
always been one of the research hotspots. The high cost of treatment will bring a great burden to
society and families. Therefore, it is very important to study the pathogenesis and treatment
methods of DN. At present, many methods have been put forward for clinical diagnosis and
treatment like Thiazolidinediones, renin inhibitor drug -aliskiren, tregs cells. These methods
have their own advantages and disadvantages. However, the etiology of diabetic nephropathy is
complicated and the course of the disease is long, and current treatments cannot achieve the
expected target. Scholars also have studied many symptomatic treatment methods for different
pathogenesis. However, the specific pathogenesis of DN has not yet been fully elucidated, and
there is no special medicine for DN yet. This article briefly reviews the pathogenesis and
treatments of DN based on the existing kinds of literature and new advances to provide some
references for its clinical diagnosis and treatment.

Keywords: diabetic nephropathy, diabetes mellitus, pathogenesis, insulin resistance, metabolic
disorders.

1. Introduction

Diabetic nephropathy is glomerulosclerosis caused by diabetic microangiopathy. Once formed, most
patients will further develop into end-stage renal disease, and the 5-year survival rate of patients with
end-stage renal disease is usually less than 20% [1]. The pathogenesis of DN is complex and caused by
the interaction of multiple factors and pathways. At present, there are many clinical directions for the
pathogenesis of diabetic nephropathies, such as Insulin resistance, Renin, Inflammatory Mechanisms
Caused by Metabolic Disorders, etc. [2-4]. In the past, it was generally believed that proteinuria was an
important sign of diabetic nephropathy, and urinary microalbumin was an important indicator for
judging early diabetic nephropathy [5]. The appearance of urinary microalbumin heralded the initiation
of diabetic nephropathy, but some patients with type 2 diabetes did not suffer from renal damage after
renal damage. To rule out non-diabetic kidney injury, the diagnosis must be confirmed by renal biopsy.
In addition, diabetes can lead to renal vascular damage and affect intrarenal blood flow, and clinical
monitoring of renal blood flow by color Doppler ultrasound can provide a basis for early diagnosis of
diabetic nephropathy, and has the characteristics of simple operation, non-invasive, and repeatable
monitoring [6]. There are also many commonly used clinical treatment methods for diabetic nephropathy,
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like Thiazolidinediones, renin inhibitor drug -aliskiren, tregs cells, etc. [7]. With the deepening of
medical research, some new treatment programs have been developed, which have shown advantages
in delaying the progression of the disease and improving the quality of life [8]. This article reviews the
research progress of clinical diagnosis and treatment of diabetic nephropathy.

2. Pathogenesis of DN and its targeted treatment

2.1. Insulin resistance (IR) and Thiazolidinediones (TZD)

A large number of studies have shown that inflammation is closely related to the occurrence and
development of insulin resistance in DN podocytes, and the expression of inflammatory factors in the
serum of DN patients is increased [9]. Due to the existence of IR, obese patients are often accompanied
by hyperinsulinemia, and their glomerular plasma flow and glomerular filtration rate increase
significantly, manifesting as glomerular hypertrophy [10]. Insulin itself can directly act on the efferent
arterioles, aggravating the state of glomerular hyperfiltration and hyperperfusion. In addition, insulin
can stimulate multiple cytokines, such as insulin-like growth factor 1 (IGF-1) and IGF-2, which in turn
further aggravate the occurrence of glomerular hypertrophy. Insulin can also increase the reabsorption
of sodium in the renal tubules, leading to sodium and water retention in the body and the formation of
hypertension. Under the stimulation of hyperinsulinemia, liver lipid Increased protein synthesis, and
hyperlipidemia [11]. Hyperlipidemia can not only increase cytokine release and extracellular matrix
(ECM) production by acting on low-density lipoprotein (LDL) receptors on mesangial cells, resulting
in mesangial lesions, but also directly cause renal Injury of spherical podocytes and formation of FSGS-
like lesions. Insulin can also increase the reabsorption of uric acid by the renal tubules, causing patients
to have hyperuricemia, thereby aggravating renal damage [12].

Thiazolidinediones (TZDs) is a new kind of drugs for the treatment of diabetes. It is thought to
reverse the IR state in the body. YANG proved that thiazolidinedione (TZD) can improve podocyte
insulin resistance, reduce podocyte injury and apoptosis by inhibiting the secretion of pro-inflammatory
factors by macrophages, and improve renal function to delay renal failure, indicating that inflammatory
response-related C -JNK pathway is the main signaling pathway of podocyte insulin resistance [13].

2.2. Renin and renin inhibitor drug-aliskiren

Angiotensin Il (Ang Il) is the most important biologically active substance in the renin-angiotensin
system, and the abnormal activation of Ang Il is involved in the occurrence of diabetic nephropathy and
fibrosis [14]. Angll is not only involved in renal damage through hemodynamic effects but also through
non-blood flow Kinetic action promotes mesangial cell proliferation and hypertrophy, leading to
extracellular matrix accumulation and renal fibrosis [15]. Angll can induce the proliferation of
glomerular mesangial cells, and significantly enhance the level of TGF-B/Smad signal transduction and
type IV collagen [16].

Therefore, RAS is one of the main mechanisms of diabetic nephropathy. Blocking RAS can alleviate
glomerulosclerosis and reduce proteinuria, thereby, delaying the progression of diabetic nephropathy.
RAAS inhibitors can improve renal interstitial fibrosis in diabetes and reduce the production of
fibrogenic growth factors. RAAS inhibitors can also prevent tubulointerstitial fibrosis by acting directly
on proximal tubular epithelial cells and inhibiting hyperglycemia-induced growth factor production,
thereby inhibiting fibroblast activation [17].

At present, aliskiren has become the first-line drug for the treatment of DN. By binding to the active
site of renin, aliskiren blocks the binding of the substrate to the active site of renin and directly inhibits
the catalytic activity of renin [18]. Inhibiting the rate-limiting step of the RAS cascade. Animal models
of diabetic nephropathy show that aliskiren can reduce podocyte lesions, reduce glomerular pressure,
inhibit glomerular interstitial fibrosis, reduce oxidative stress and other effects, reduce urinary protein
excretion, and delay the progression of diabetic nephropathy [19]. In a multicenter randomized double-
blind trial to study whether aliskiren combined with ACEI or ARB can benefit patients with diabetic
nephropathy, the results show that the combination of the two not only reduces the cardiovascular events
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of diabetic nephropathy, delay the progression of diabetic nephropathy, but also Adverse reactions such
as hypotension, hyperkalemia, and acute kidney injury are more frequent than those of ACEI or ARB
alone [20].

2.3. Inflammatory mechanisms caused by metabolic disorders and tregs cells

Metabolic disorders are the main initiating factors in the pathogenesis of DN inflammation. Long-term
hyperglycemia leads to excessive accumulation of AGEs in the body. On the one hand, it can directly
induce monocyte-macrophages, mesangial cells, and podocytes to secrete inflammatory cytokines, such
as TNF. -a, IL-1a, IL-6, IL-12, ROS, etc., lead to the synthesis of extracellular matrix, glomerular

proliferative lesions, renal tubular dysfunction, etc. [21]. In addition, AGEs can act on RAGE receptors
on macrophages and mesangial cells, activate intracellular signaling pathways, mediate the activation
of renal mesangial cells, and the infiltration and activation of inflammatory cells such as macrophages
into renal tissue. Various chemokines, cell adhesion molecules, growth factors, and other cytokines
further promote the proliferation of glomerular mesangial cells, and the accumulation of ECM, and form
a complex network of interactions among innate renal cells, inflammatory cells and various cytokines,
resulting in THE Waterfall effect, speed up the process of DN [22]. Persistent inflammation in DN can
cause greater damage to the kidneys, and in severe cases, it will be accompanied by progressive fibrosis,
eventually leading to end-stage renal disease [23].

Some studies have found that the development of nephropathy in patients with diabetes is related to
the activation of circulating T cells and the increase of renal T cells. Although there is still no evidence
that T cells have a direct role in the development of DN, existing studies have confirmed that the kidneys
of diabetic animal models. The number of T cells in the body will increase exponentially, and the number
of these increased T cells is correlated with the degree of proteinuria [24]. Another study found that
Treg can induce macrophage differentiation into an anti-inflammatory phenotype. Therefore, not all
CD4 + T cell activation will aggravate DN. Depletion of Tregs cells in mice with CD25 monoclonal
antibody aggravated kidney damage [25]. It can be seen that Treg cells play a great role in delaying the
occurrence and development of DN, and are expected to become another new target for the prevention
and treatment of DN in the future.

A large number of studies have shown that inflammation is closely related to the occurrence and
development of insulin resistance in DN podocytes, and the expression of inflammatory factors in the
serum of DN patients is increased [26].YANG proved that thiazolidinedione (TZD) can improve
podocyte insulin resistance, reduce podocyte injury and apoptosis by inhibiting the secretion of pro-
inflammatory factors by macrophages, and improve renal function to delay renal failure, indicating the
inflammatory response. The related C-JNK pathway is the main signaling pathway of podocyte insulin
resistance [27]. In addition, HAN et al. found that the level of IRS-1 serine phosphorylation in obese
mice was reduced by knocking out the JNK gene in mice. This study once again proved that the
activation of the JNK pathway is involved in insulin resistance [28]. ZHANG's study also showed that
inflammatory factors can also inhibit insulin signaling and lead to insulin resistance by activating the
JAK2/STAT 3/SOCS-1 pathway [29].

3. Conclusion
In fact, the above pathogenesis can be linked to a pathway - hyperglycemia. Hyperglycemia plays a
connective role in the pathogenesis of DN. First, hyperglycemia can induce intracellular metabolic
changes, namely by altering the ratio of glucose metabolites, fatty acids and amino acids, mitochondrial
respiratory chain function, and uncoupling of respiratory chain proteins [30]. In addition, in the
pathological state, the persistent high glucose state of DN patients can lead to a significant increase in
the production of advanced glycation end products (AGEs), while renal function’s damage causes a
decrease in the clearance of AGEs, which eventually leads to a large accumulation of AGEs in the body,
further aggravating the disease of Kidney damage.

Secondly, the excessive activation of the renin-angiotensin-aldosterone system (RAAS) can cause
blood pressure regulation disorders and sodium-water balance to be disrupted, resulting in glomerular
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"three highs" states, namely hypertension, hyperperfusion, and hyperfiltration, resulting in progressive
damage to the kidneys and eventually renal fibrosis, which is closely related to the occurrence of DN
[31]. The interaction between AGEs and the receptor for advanced glycation end-products (RAGE)
activates a cascade of multiple intracellular signals that trigger inflammatory responses [32]. When the
body's blood sugar rises, the main active product Ang Il in RAAS is activated. The activated Ang Il can
induce the increase of reactive oxygen species (ROS) and cause podocyte apoptosis. Glomerular
interstitial fibrosis eventually leads to DN [33]. So in the early stage of DN, the most significant thing
is to control blood sugar.

DN is one of the most common complications of diabetes. Inflammation, insulin resistance, and
autophagy caused by metabolic disorders may lead to the occurrence of DN, and these reasons will
interact after the onset [34]. Although DN cannot be completely cured at present, and there is no specific
drug for treatment, as long as active comprehensive treatment measures are taken, including the Renin-
angiotensin system blockers, the drug of Thiazolidinediones and Tregs cells [35-37]. It can also play a
role in delaying kidney damage. At the same time of treatment, it is necessary to formulate the best-
individualized treatment plan for different populations, different physical conditions, and different
etiologies to improve the quality of life of DN patients.

At present, there are various types of new hypoglycemic drugs and various mechanisms, which have
shown a bright prospect for most DN patients. It is hoped that in the future, more targeted targets can be
proposed for the pathogenesis of DN, and special medicines can be found. Treatments aimed at lowering
blood pressure with multi-target therapy must be excellent treatments of DN.
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