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Diabetes is associated with metabolic and hemodynamic
alterations contributing to DN (Cao and Cooper ; 2011).

Hyperglycemia-induced nephron dysfunction leads to
inflammatory
cytokines injury to podocytes and Apoptosis (Lin et al ; 2018).

Hyperglycemia and ANG II-induced NF-κB activation with
subsequent TLR4 expression modulate immune responses and
the cytokines release in DN (Lin et al; 2012).

Diabetes-induced inflammatory processes are associated with
integrin and alpha smooth muscle actin expression and
glomerulosclerosis (Sanajou et al; 2018).

Introduction 



➢ Clinical trials have so far shown inconsistent results for using angiotensin
blockade to decrease the risk of progression to microalbuminuria in
normotensive patients (Trietley etal; 2017) .

➢ Clinical studies start when the disease is already started or with established DN
as a therapeutic tool (Currieet al; 2017) .

The study followed up and compared the difference of the early and late
intervention by ANG II blocker; valsartan; testing a novel pathway involving renal
ANG II, ANGPTL2, TLR4, integrin, NF-κB, and inflammatory cytokines on the
progression of DN

Angiopoietin-like protein 2 (ANGPTL2) is a vascular growth factor with
proinflammatory properties promoting vascular destabilization in diabetes
(Gnudi et al;2016). In vitro, in hyperglycemia knockdown ANGPTL2 decreased
collagen IV and fibrosis (Huang et al;2019). In vivo, ANGPTL2 knockdown
ameliorated DN by inhibiting TLR4 expression (Yang et al;2017).

Rationale



Methodology Scheme  



Group 1: Vehicle control group

Group 2: Valsartan control group

Group 3: Diabetic control group

Group 4: Valsartan treated group

(4) groups ; valsartan
effect was tested from
the beginning of the 9–
12th week of diabetes

Renoprotective Experiment Renotherapeutic Experiment 

Methodology Scheme  



Non-invasive BP, creatinine & UAE measurement

Urinary nephrin and KIM-1 levels.

Renal NF-κB, ANGPTL2, integrin &TLR 4 mRNA expression by RT-PCR
Renal IL-1β, IL-6, TNFα, MCP-1 levels using ELISA kits.

Renal angiotensin II, TGF-β1, and collagen IV using ELISA kits
Determination of α-SMA and collagen IV gene expression by WB.

Renal immunohistochemistry Rat monoclonal antibodies against 
apoptotic markers (caspase-3). 

Studied Parameters 

apoptotic markers 

Filtration Barrier Integrity

Apoptosis

Fibrosis 

Inflammation

Overall Renal Function



Pattern of UAE response to valsartan in diabetic nephropathy: 
Renoprotective vs. Renotherapeutic effect

Results



Renoprotective & 
Renotherapeutic effect 
of valsartan on urinary 
nephrin and KIM-1

ng/ml ng/ml

pg/ml

pg/ml

P < 0.05

P < 0.05

P < 0.05

P < 0.05

Results



P < 0.05

P < 0.05

P < 0.05

Renoprotective & 
Renotherapeutic effect  
of valsartan on renal 
expression of NF-κB, 
ANGPTL2, TLR 4, and 
integrin

P < 0.05

Results P < 0.05

P < 0.05

P < 0.05



Renoprotective & 
Renotherapeutic
effect pattern of 
valsartan on renal 
content of 
angiotensin II,
TGF-β1 and 
collagen IV

Results

P < 0.05

P < 0.05

P < 0.05 P < 0.05

P < 0.05

P < 0.05



Renoprotective and renotherapeutic
effect of valsartan on the relative
renal expression of α-SMA and
Collagen IV

Results

p < 0.05 p < 0.05



Renoprotective effect 
pattern of valsartan on  
renal histopathological 
picture

p < 0.05

Results



p < 0.05

Renotherapeutic effect pattern
of valsartan on the renal
histopathological picture

Results



Reno-protective and
reno-therapeutic effect
pattern of valsartan on
the apoptotic marker
(caspase-3) immunostaining

Results



The decrease in renal ANG II is accompanied by
a decrease in ANGPTL2, TLR4, α-SMA, integrin
expression, and consequently the inflammatory
state leading to fibrosis and the whole renal
injury process as indicated by a decrease in UAE
and BP.

Conclusion 

The current study suggests that early inhibition
(renoprotective) with Angiotensin receptor blocker
(valsartan) is better than late inhibition
(renotherapeutic) which leads to initiation or
progression of DN by blood glucose-independent
mechanisms.

Early inhibition of ANG II in diabetes showed to
decrease the renal injury evidenced by decreasing
urinary nephrin and KIM-1.




