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Investigation on therapeutic potential and molecular mechanisms of
Kunxian capsule against diabetic kidney disease via reversing the
imbalance of "immune-inflammation'" network
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Abstract: Drug repositioning provides new clinical indications for existing drugs. The imbalance between
body's "immune-inflammation" regulation is one of the important factors in the occurrence and development of
diabetic nephropathy (DN). Chinese patent medicine Kunxian capsule is clinically used for treating rheumatoid
arthritis with satisfying immune-modulatory and anti-inflammatory actions. Notably, accumulating clinical evidence
based on small cohorts had shown that Kunxian capsule may be used to treat DN. But the underlying pharmacological
mechanisms remain unclear. Therefore, this study integrated "drug target-disease gene-biological pathway-function
module" multi-level associated network analysis, and in vivo and in vitro experiments, to verify the pharmacological
effects of Kunxian capsules in DN and to elucidate its molecular mechanisms. The experimental protocol was reviewed
by the Laboratory Animal Welfare and Ethics Committee of China Academy of Chinese Medical Sciences, and it
complies with the relevant regulations on laboratory animal welfare and ethics. As a result, the network analysis
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showed that the candidate targets of Kunxian capsule against DN were significantly involved into various functional

modules which were related to modulation of immune-inflammation system, basement membrane lesion, abnormal

hemorheology, energy metabolism and hormone metabolism, and the number of targets enriched by PI3K/AKT/NF-«xB

pathway is the largest. In addition, both in vivo and in vitro experiments demonstrated that Kunxian capsule by gavage

effectively reduced blood glucose, improved insulin resistance, reduced blood lipid, inhibited renal extracellular

matrix protein production and renal inflammation, improved renal function and pathological damages, and inhibited
the activity of PI3K/AKT/NF-«B/TNF-a/IL-15 pathway in diabetic nephropathy rats. Collectively, these findings
suggest the therapeutic potentials of Kunxian capsule to alleviate DN by regulating the imbalance of immune-inflam-

mation system.
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Figure 1 Enrichment analysis shows that Kunxian capsule (KXC) has the potentials to treat diabetic nephropathy (DN). A: Number of

putative targets of KXC involved into different functional modules; B: Different color bubbles represent different functional modules, and

the different sizes with the same color represent the number of targets involved into the functional module; C: The top three pathways

involved into each functional module
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Figure 2 Enriched functional modules of KXC intervention in DN based on the "drug-disease" interaction network
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Figure 3 Effects of KXC on biochemical indexes, lipid metabolism and liver function in DN rats of different groups (n = 32). Changes of
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Figure 4 Effects of KXC on the histological changes of kidney in DN rats of different groups (n = 32). A: Boxes represent the area with
typical pathological changes (scale bar: 200x: 100 um; 400x: 50 um); B-D: Localizations and immunoreactive scores of collagen I (CO I)
and fibronectin (FN) proteins in kidney tissues of DN rats examined by immunohistochemistry (scale bar: 50 um). Data were represented as

x + s from three independent experiments. "*P < 0.001 vs the CON group; P < 0.001 vs the MOD group
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Figure 5 Expression of interleukin-14 (IL-1f, A) and tumor necrosis factor a (TNF-a, B) in serum of DN rats. Expression of phosphati-
dylinositol 3 kinase (PI3K), protein kinase B (AKT), nuclear factor kappa B (NF-xB), and phosphorylation-phosphatidylinositol 3 kinase
(p-PI3K), phosphorylation-protein kinase B (p-AKT) and phosphorylation-nuclear factor kappa B (p-NF-xB) proteins in kidney tissues of
DN rats (C-E) (n = 32). Data were represented as x + s from three independent experiments. P < 0.01, P < 0.001 vs the CON group; P <
0.05,"P <0.01, P <0.001 vs the MOD group
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P <0.001 vs the CON group; "P < 0.05, P < 0.001 vs the MOD group
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