
Diabetic nephropathy (DN) is the most important cause of end-

stage renal disease (ESRD) and a main factor of diabetes (DM) –

related morbidity and mortality. However, its pathophysiological

underlying mechanisms remain unclear. Podocyte injury and/or

apoptosis is recognized as a hallmark of the renal disease process

characterized by failure of the filtration barrier. Hyperglycaemia-

mediated podocyte apoptosis and podocyte depletion occurs in an-

imal and human models of both type 1 and type 2 DM. Podocytope-

nia is present at the early stages of both type 1 and type 2 DM. The

coexistence of glomerular basement membrane (GBM) expansion

and hyperglycaemia-induced podocyte injury and enhanced apop-

tosis leads to a marked increase in membranepermeability, thus

predisposing to the development of diabetic albuminuria. The diag-

nosis of DN is traditionally based on the presence of micro-albu-

minuria (MA). MA has been used indicating the progression of

chronic kidney disease (CKD), but it could also cause renal damage

in patients with CKD. Further, there is accumulating evidence that

proteinuria is an independent risk factor for cardiovascular disease

(CVD) as well. Several recent studies have reported these observa-

tions suggesting the link between proteinuria, CKD and CVD. How-

ever, MA is not an adequate predictor of DN in young or in patients

without albuminuria and additional biomarkers of glomerular and tu-

bular injury have been proposed to denude structural lesions of early

renal disfunction before the presence of MA. New predictive biomark-

ers would expose patients at the initial stages of DN, those who will

progress to the ESRD and provide preventive and therapeutic inter-

ventions of irreversible longterm complications. Biomarkers of

glomerular injury, tubular injury, inflammation and oxidative stress

precede albuminuria in DN patients, also overlapping each other clas-

sification. Glomerular biomarkers include immunoglobulin G (IgG 4,

IgG 2 isoforms), ceruloplasmin, collagen type IV (col-IV), laminin,

glycosaminoglycans (GAGs), lipocalin-type prostaglandin D synthase

(L-PGDS), fibronectin, podocytes-podocalyxin, and vascular endothe-

lial growth factor (VEGF). Podocalyxin and VEGF are essentially

considered as podocyte biomarkers. Laminin and col-IV are compo-

nents of GBM, although the later is also a component of mesangial

matrix.
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Newer approaches include urinary microRNAs

which are short noncoding mRNAs that regulate

gene expression and urine proteomics, highlighting a

possible role for epigenetic factors in the develop-

ment of the disease.

Tubular biomarkers have shown that tubular

dysfunction can be present early in DN and are ear-

ly predictors of DN compared to microalbuminuria

and other glomerular biomarkers. This category in-

cludes neutrophil gelatinase-associated lipocalin

(NGAL), α-1-microglobulin, kidney injury molecule

1 (KIM-1), N-acetyl-β-D-glucosaminidase (NAG),

cystatin C, and liver-type fatty acid-binding protein

(L-FABP).

Biomarkers of inflammation such as TNF-α,

IL-1β, IL-6 and IL-18, are involved in the onset and

progression with predictive roles in DN. Other bio-

markers of inflammation, which are also glomerular

markers, include interferon gamma-induced protein

(IP-10), monocyte chemoattractant protein 1

(MCP-1), granulocyte colony-stimulating factor (G-

CSF), eotaxins, RANTES (regulated on activation,

normal T cell expressed and secreted) or

Chemokine ligand-5 (CCL-5), and orosomucoid.

Biomarkers of oxidative stress are urinary 8-

oxo-7,8-dihydro-2-deoxyguanosine (8oHdG), lipid

peroxides, malondialdehyde (MDA) and superoxide

dismutase (SOD). The marker of 8oHdG is pro-

duced secondary to oxidative DNA damage, and ap-

pears in the urine without being metabolized. Bio-

markers of fibrosis are col-IV, fibronectin, trans-

forming growth factor β (TGF-β1), matrix metallo-

proteinase - 2 (MMP-2), tissue inhibitor of metallo-

protease-1 (TIMP-1) with pathological accumula-

tion in the glomerulus and tubulointerstitial space

significantly associated with renal outcomes in dia-

betic patients. New therapeutic aspects have shown

protective affects against renal fibrosis in a mouse

model of type 2 diabetes, including reduction in

glomerular col-IV.

Graphical Abstract

Matrix Gelatinases (MMP-2 and -9), TGF-β1, VEGF-

A, TIMP-1 and -2, FGF-23, Col-IV in Atherosclerosis

– Inflammation – Fibrosis of Diabetic Nephropathy

and disease process with Albuminuria: Progress and

Challenges.

DN represents an example of the link between

progressive glomerulosclerosis and MMP expression.

In vitro studies high glucose levels was associated with

an increased expression of matrix molecules, whereas

the activity of MMPs, namely MMP-2 and -9, was

decreased in mesangial cells. In general, down-

regulation of MMPs’ expression has been associated

with the progression of renal dysfunction to CKD in

non-inflammatory diseases such as DN. There is a link

between intrarenal dysregulation of MMP activity and

the development of DN. Pro-inflammatory cytokines

have also been associated with DN via theregulation of

MMP expression. In details, cytokines such as IL-1,

IL-6 and TNF-α stimulate MMP production, whereas

factors such as TGF-β, corticoid hormone and insulin-

like growth factor (IGF) down-regulate MMP

synthesis. A role for glucose and advanced glycation

end-products (AGEs) in the regulation of MMP

expression have also been demonstrated. Altered

MMP expression or activation contributes to DN, and

especially to the onset of this characteristic renal

hypertrophy, as abnormal extracellular matrix (ECM)

deposition is the hallmark of DN. Apart from the

direct effect of MMPs on ECM turnover, MMPs may

also release and activate several growth factors that

have been associated with renal hypertrophy, tubular

Figure 1



72

Hellenic Diabetological Chronicles 31, 2

cell proliferation and renal scarring and fibrosis.

Both MMP-2 and -9 are the main enzymes that

degrade col-IV, the major collagenous component of

the ECM and the architectural structure of BM and

GBM. BM is the part of the ECM that is associated

with the vascular endothelium. MMP-2 over-expres -

sion in transgenic renal proximal tubular epithelium is

sufficient to reflect the characteristic pathologic

changes of CKD. Data from rodent models suggest a

link between MMP-2 dysregulation and DN, but there

are also controversial results. In such rodent models of

DN the expression and proteolytic activity of MMP-2

in renal tissues was reduced and the activity of TIMP-

2 was increased. In contrast, MMP-2 activity was

elevated 3.8-6 fold in protein extracts of human dia -

betic kidney tissue samples. The increased circulating

MMP-2 levels in diabetic patients may be explained by

the confounding effects of diabetes treatment. For

example, insulin can induce MMP-2 activity in rat

glomerular mesangial cells (Figure 1).

Dysregulated activity of various growth factors

and cytokines may contribute to the development of

renal abnormalities in DN. Such growth factors

involved in DN are TGF-β, VEGF, connective tissue

growth factor (CTGF), IGF, epidermal growth factor

(EGF) and platelet derived growth factor (PDGF);

TGF-β and VEGF are better known and more widely

investigated. TGF-β inhibits MMPs and activates

TIMPs. TGF-β also up-regulates integrins, the cell

surface receptors for ECM, enhancing cellular ability

to interact with specific matrix proteins.

VEGF, a key angiogenic factor, influencing the

proliferation of endothelial cells, plays a pivotal role in

vascular integrity and pathological angiogenesis and it

has been implicated in DN. TGF-β through the signal -

ling pathway of intracellular proteins that transduce

extracellular signals, namely small mother against deca -

pentaplegic (SMADs) also regulates VEGF.

New predictive biomarkers uncovering the initial

stages of DN, even before MA occurs, would provide

an opportunity for preventive and therapeutic inter -

ventions preventing or delaying the onset of irrever -

sible long-term complications and improving out -

comes, results in a reduction of the severe cardio-renal

morbidity and mortality progress in diabetic kidney

disease patients.

The future of Preventive Medicine development

and drug discovery depends on the selection and

validation of rapid, reliable, and quantitative assays of

disease biomarkers.

References

1. American Diabetes Association. Standards of medical

care in diabetes – 2014. Diabetes Care 2014; 37 (Suppl.

1): S14-S80.

2. Arora MK, Singh UK. Molecular mechanisms in the patho-
genesis of diabetic nephropathy: an update. Vascul
Pharmacol 2013; 58(4): 259-271.

3. Bhensdadia NM, Hunt KJ, Lopes-Virella MF, et al. Veter-
ans Affairs Diabetes Trial (VADT) study group. Urine
haptoglobin levels predict early renal functional decline
in patients with type 2 diabetes. Kidney Int 2013; 83(6):
1136-1143.

4. Bonventre JV. Kidney injury molecule-1: a translational jour-
ney. Trans Am Clin Climatol Assoc 2014; 125: 293-299.

5. Castro MM, Rizzi E, Rodrigues GJ, et al. Antioxidant treat-
ment reduces MMP-2-induced vascular changes in ren-
ovascular hypertension. Free Radic Biol Med 2009; 46:
1298-1307.

6. Currie G, McKay G, Delles C. Biomarkers in diabetic
nephropathy: present and future. World J Diabetes
2014; 5(6): 763-776.

7. de Carvalho JA, Tatsch E, Hausen BS, et al. Urinary kidney
injury molecule-1 and neutrophil gelatinase-associated
lipocalin as indicators of tubular damage in normoal-
buminuric patients with type 2 diabetes. Clin Biochem
2016; 49(3): 232-236.

8. Dimas GG, Iliadis FS, Tegos TJ, et al. Increased circulating lev-
els of VEGF-A as an independent correlate of proteinuria
in early stages of chronic kidney disease. BANTAO Jour-
nal 2011; 9: 2 (Suppl. 1).

9. Dimas G, Iliadis F, Grekas D. Matrix metalloproteinases,
atherosclerosis, proteinuria and kidney disease: Link-
age-based approaches. Hippokratia 2013; 17: 292-7.

10. Dimas G, Iliadis F, Tegos T, et al. Circulating FGF-23 as
an independent correlate of hypertension and athero-
sclerosis in early stages of CKD. J Hypertens 2015; 33
(Suppl. 1): e50.

11. Dimas G, Iliadis F, Tegos T, et al. Serum levels of TIMP-
1 and IL-6 are associated with hypertension and ather-
osclerosis in patients with early stages of chronic kidney
disease and type 2 diabetic nephropathy. J Hypertens
2015; 33 (Suppl. 1): e55. 

12. Dimas GG, Balanikas G, Iliadis F, et al. Effect of anti-
VEGF agents for diabetic retinopathy and sub-clinical
atherosclerosis in hypertensive patients with diabetic
nephropathy in early stages. Joint Meeting of Interna-
tional and European Societies of Hypertension, Athens,
June 13-16, 2014 (oral session 7A:“Therapeutic As-
pects”). J Hypertens 2014; Vol 32: e92 (e-Supplement 1).

13. Dimas GG, Didangelos TP, Grekas DM. Matrix Gelati-
nases in Atherosclerosis and Diabetic Nephropathy:
Progress and Challenges. Curr Vasc Pharmacol 2017;
15(6): 557-565.

14. Fiseha T. Urinary biomarkers for early diabetic nephro pathy
in type 2 diabetic patients. Biomark Res 2015; 3(1): 16.

15. Garg V, Kumar M, Mahapatra HS, et al. Novel urinary
biomarkers in pre-diabetic nephropathy. Clin Exp
Nephrol 2015; 19(5): 895-900.

16. Gluhovschi C, Gluhovschi G, Petrica L, et al. Urinary bio-
markers in the assessment of early diabetic nephro -
pathy. J Diabetes Res 2016; 2016: 4626125.

17. Kanwar YS, Wada J, Sun L, et al. Diabetic nephropathy:
Mechanisms of renal disease progression. Exp Biol
Med 2008; 233: 4-11. 



73

Hellenic Diabetological Chronicles 31, 2

18. Kim SS, Song SH, Kim IJ, et al. Urinary cystatin C and tu-

bular proteinuria predict progression of diabetic

nephropathy. Diabetes Care 2013; 36(3): 656-661.

19. Lacquaniti A, Donato V, Pintaudi B, et al. “Normoalbu-

minuric” diabetic nephropathy: tubular damage and

NGAL. Acta Diabetol 2013; 50(6): 935-942.

20. Lauhio A, Sorsa T, Srinivas R, et al. Urinary matrix met-

alloproteinase -8, -9, -14 and their regulators (TRY-1,

TRY-2, TATI) in patients with diabetic nephropathy.

Ann Med 2008; 40: 312-20.

21. Lee SY, Choi ME. Urinary biomarkers for early diabetic

nephropathy: beyond albuminuria. Pediatr Nephrol

2015; 30(7): 1063-1075.

22. Li SY, Huang PH, Yang AH, et al. Matrix metallopro-

teinase -9 deficiency attenuates diabetic nephropathy

by modulation of podocyte functions and dedifferenti-

ation. Kidney Int 2014; 86: 358-69. 

23. Lioudaki E, Stylianou KG, Petrakis I, et al. Increased uri-

nary excretion of podocyte markers in normalbumin-

uric patients with diabetes. Nephron 2015; 131: 34-42.

24. Mise K, Hoshino J, Ueno T, et al. Prognostic value of tubu-

lointerstitial lesions, urinary N-acetyl-β-d-glucosamini -

dase, and urinary β2-microglobulin in patients with type

2 diabetes and biopsy-proven diabetic nephropathy. Clin

J Am Soc Nephrol 2016; 11(4): 593-601.

25. Moresco RN, Sangoi MB, De Carvalho JA, et al. Diabetic

nephropathy: traditional to proteomic markers. Clin

Chim Acta 2013; 421: 17-30.

26. Niewczas MA, Gohda T, Skupien J, et al. Circulating TNF

receptors 1 and 2 predict ESRD in type 2 diabetes. J

Am Soc Nephrol 2012; 23(3): 507-515.

27. Panduru NM, Forsblom C, Saraheimo M, et al. FinnDiane

Study Group. Urinary liver-type fatty acid-binding pro-

tein and progression of diabetic nephropathy in type 1

diabetes. Diabetes Care 2013; 36(7): 2077-2083.

28. Patel DN, Kalia K. Efficacy of urinary N-acetyl-β-D glu-

cosaminidase to evaluate early renal tubular damage as a

consequence of type 2 diabetes mellitus: a cross-sectional

study. Int J Diabetes Dev Ctries 2015; 35 (Suppl. 3): 449-457.

29. Shoji M, Kobayashi K, Takemoto M, et al. Urinary

podocalyxin levels were associated with urinary albu-

min levels among patients with diabetes. Biomarkers

2015; 21(2): 164-167.

30. Takamiya Y, Fukami K, Yamagishi S, et al. Experimental

diabetic nephropathy is accelerated in matrix metallo-

proteinase-2 knockout mice. Nephrol Dial Transplant

2013; 28: 55-62.

31. Thrailkill KM, Clay Bunn R, Folkes JL. Matrix metallo-

proteinases: their potential role in the pathogenesis of

diabetic nephropathy. Endocrine 2009; 35: 1-10.

32. Uwaezuoke SN. The role of novel biomarkers in predict-

ing diabetic nephropathy. Int J Nephrol Renovasc Dis

2017; 10: 221-231.

33. Valk JE, Bruijn JA, Bajema MI. Diabetic nephropathy in

humans: pathologic diversity. Curr Opin Nephrol Hy-

pertens 2011; 20: 285-9. 

34. Yang Y, Xiao L, Li J, Kanwar YS, et al. Urine miRNAs:

potential biomarkers for monitoring progression of

early stages of diabetic nephropathy. Med Hypotheses

2013; 81(2): 274-278.

35. Yürük Yıldırım Z, Nayır A, et al. Neutrophil gelatinase-as-

sociated lipocalin as an early sign of diabetic kidney in-

jury in children. J Clin Res Pediatr Endocrinol 2015;

7(4): 274-279.


