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ABSTRACT 

Urinary exosomes  containing  apical membrane  and intracellular fluid 

are normally secreted into the urine  from  all nephron  segments and 

may  carry  protein (like Fetuin-A) a marker  of  renal dysfunction  and  

structural injury. This study was designed to assess the use of urinary 

fetuin -A biomarker in patients with chronic kidney disease (CKD). A 

study was done on 40 patients (25 males and 15 females), aged (62 

years ±8) with chronic kidney disease and 30 healthy subjects (12 

males and 18 females), aged (60 years± 6). Renal function tests, lipid 

profile and urinary levels of fetuin-A and α1 –microglobulin were 

measured and studied. The statistical results of urinary fetuin –A and  

α1 –microglobulin levels showed high significant increases (P˂ 0.001) in patients with 

chronic kidney disease versus control subjects (1.32 ng/gcr. ±0.88 vs. 0.34 ng/gcr. ±0.28), 

(15.03μg/gcr.±18.05 vs. 3.5 μg/gcr.±2.7) respectively. Moreover, the urinary fetuin–A levels 

increase 3.88 folded in chronic kidney disease patients compared with control healthy 

subjects. Therefore urinary Fetuin-A may be used to predict the progression of renal injury. 
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1. INTRODUCTION  

Chronic kidney disease (CKD) is defined as abnormalities of kidney structure or function, 

present for more than 3 months and is classified based on cause, glomerular filtration rate 

(GFR) category and albuminuria category.
[14]

 Urine is an ideal non-invasive source of 

biomarkers to diagnose and classify kidney diseases. However, conventional urine markers 

(casts, fractional excretion of sodium) are non specific and in sensitive.
[13]

 

 

Many biomarkers used in the detection of incipient nephropathy and risk assessment of 

cardiovascular disease; such as transferrin, type IV collagen and N-acetyl-b-D-
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glucosaminidase, inflammatory markers including tumour necrosis factor-α, transforming 

growth factor-β, vascular endothelial growth factor and monocyte chemoattractant protein-1, 

as well as oxidative stress markers such as 8-hydroxy- 2´ - deoxyguanosine. However, the 

sensitivity of these markers compared with albumin requires further investigation.
[1]

 

 

Moreover, exosomes were isolated from human urine by differential centrifugation and  

demonstrated the presence of several disease-related proteins.
[10,11]

 Exosomes are  

nanovesicles containing vesicular  membranes and intracellular fluid are normally secreted in 

to the urine from all nephron segments, and contain proteins that may be altered in abundance 

or physical properties in association with various renal diseases.
[12]

 

 

Nevertheless, many important functions, including exchange of DNA, mRNA and micro 

RNA have been suggested for these nanovesicles.
[5,6]

 Many studies have suggested their 

involvement in the maintenance of anchorage of independent growth, adhesion, cellular 

motility and invasion.
[7,8]

 

 

Fetuin-A is a serum glycoprotein synthesized and secreted mainly by the liver parenchymal 

cells and to a lesser extent, kidney, brain and testis cells.
[2,3]

 Its role in cellular adhesion has 

been debated for many years mainly because it co-purifies with a number of plasma proteins 

including fibronectin and α2- macroglobulin.
[4]

 

 

1.1 PATIENTS AND METHODS  

Sixty Forty patients, (15 females, 25 males), aged (62 years ±8) with chronic kidney disease 

and 30 control subjects (18 females, 12 males) aged (60 years ±6) recruited from Al- 

yarmouk hospital. Diagnoses are made based on clinical symptoms and biochemical tests. 

Patients with liver disease, renal failure, heart failure and patients with eGFR 15 

ml/min/1.73m
2
 or under dialysis were excluded from the current study.  

 

Blood samples are aspirated to measure HbA1c % and serum levels of total protein, albumin, 

creatinine, urea, uric acid and lipid profile by Photometric Colorimetric Test. Exosomes are 

isolated from urinary sample using differential centrifugation. The first few steps in the 

isolation of exosomes  involves  removal of dead cells and cell debris in which  samples are 

first centrifuged at 300xg to remove the cells followed by centrifugation at 3000xg for 10 min 

and 10,000 xg for 30 min to remove larger and smaller cells debris respectively. Second step 

involves centrifugation of sample at 100,000xg for 70 min to pellet the exosomes fraction 
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followed by washing the pellet in phosphate buffered saline (PBS) and centrifugation at 

100,000xg for 70 min. Finally, the pellet is dissolved in required amount of PBS.
[23]

 

 

Urinary levels of fetuin-A and α1-Microglobulin assayed by the quantitative sandwich 

enzyme immuno- assay technique (ELISA).Estimated glomerular filtration rate (eGFR) was 

calculated using 2009 CKD-EPI creatinin equation by equation.
[15] 

 

All blood and urine samples were obtained after receiving patients’ informed consent and 

followed a standardized protocol that approved by the institutional ethics committee. Results 

are shown as mean ± SD with 95% confidence interval (CI) and P values of 0 < 0.05 were 

regarded to be statistical significant. All statistical analyses were performed using series 

SPSS version 16. 

 

1.1.1 RESULT  

The statistical results presented in (Table -1) showed high significant decrease (P˂0.001) in 

mean serum levels of total protein, albumin and lipid profile except HDL-cholesterol in 

patients with chronic kidney disease as compared with control healthy subjects.  

 

Whereas high significant increase (P˂0.001) noted in mean serum levels of creatinine, urea 

and uric acid and in mean urinary levels of fetuin –A and α1-Microglobulin in patients with 

chronic kidney disease as relation to control mean, (Figure-1and Figure-2). 

 

Table 1. Clinical and biochemical characteristics of the studied groups. 

 Control CKD P-value 

Number (Male/Female) 30(12/18) 40(25/15)  

Age (years) 60± 6 62±8  

BMI (Kg/m
2
) 27.5±6.5 23.5±5.5 ** 

HbA1C % 7.4 %±0.65 6.8%±0.9  

Serum Total protein (g/dl) 7.55±0.57 5.6± 0.54 *** 

Serum Albumine (g/dl) 4.26± 0.56 3.35± 0.55 *** 

Serum Creatinine (mg/dl) 0.74±0.3 1.67 ±0.8 *** 

Serum Urea (mg/dl) 32.25±12.4 70.6±25.7 *** 

SerumUric acid (mg/dl) 5.2±0.67 7.2 ±1.5 *** 

Serum Total Cholesterol (mg/dl) 187.6±15.4 175.23±30.7 *** 

Serum Triglyceride (mg/dl) 178.25 ±20.4 163.83±26.6 *** 

Serum HDL-C (mg/dl) 50.8 ±10.03 52.5±15.5  

Serum LDL-C (mg/dl) 102.64±25.7 92.25±30.19 *** 

eGFR (ml/min) 98.2±14.67 45.6 ±15.33 *** 

Urinary Fetuin –A (ng/gcr.) 0.34±0.28 1.32±0.88 *** 

Urinary α1-Microglobulin (µg/gcr.) 3.5±2.7 15.03±18.05 *** 
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BMI=body mass index; CKD=chronic kidney disease patients; eGFR=estimated glomerular 

filtration rate; 

*** =high significant difference P˂0.001; ** = high significant difference P˂0.005. 

 

 

Figure -1: The mean serum levels of total cholesterol, triglycerides, HDL-cholesterol, 

LDL-cholesterol, urea and estimated glomerular filtration rate for control subjects and 

for chronic kidney disease patients. 

 

 

Figure -2: The mean serum levels of total protein, albumine, creatinine and uric acid 

and the mean urinary levels of fetuin –A and α1-microglobulin for control subjects and 

for chronic kidney disease patients. 

 

1.1.2 DISCUSSION  

Fetuin-A is synthesized in liver and secreted into the blood stream, where it is a negative 

acute- phase response protein and plays its anti-inflammatory role via suppressing release of 

tumor necrosis factor -alpha induced by lipopolysaccharide in vitro and vivo.
[17] 
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Fetuin-A is also a systemically acting inhibitor of ectopic calcification.
[18]

 High plasma 

Fetuin-A levels are correlated with insulin resistance and fatty liver in human.
[21]

 and are also 

independently associated with metabolic syndrome in non-diabetic patients with coronary 

artery disease.
[22]

 Furthermore, decreased serum Fetuin-A concentration is associated with a 

higher mortality rate in dialysis patients and can predict mortality of chronic kidney 

diseases.
[19,20]

 Although exosomal Fetuin-A may be synthesized by the kidney, it may also 

appear in the urine as a result of incomplete proximal tubule processing in protein-uria states 

(a form of over flow protein uria) or released during tubular cell apoptosis. Fetuin-A was 

detected in apoptotic vascular smooth muscle cells
[25]

 and apoptotic cells have been 

demonstrated in tubular cells in cisplatin-or ischemia and reperfusion (I/R)- induced acute 

kidney injury (AKI) in animals.
[24,26]

 

 

Another study verified that fetuin-A increased in urinary exosomes in the early phase of AKI 

in rats after  nephrotoxin injection or ischemia and reperfusion and also increased in intensive 

care unit (ICU) patients  with AKI.
[27,9]

 

 

The results presented in this study are reasonably consistent with those indicated previously, 

in which the urinary samples of the patients with chronic kidney disease showed high 

significant increase in mean levels of fetuin- A and α1-microglobulin as compared with the 

urinary sample of the healthy control subjects. Therefore urinary exosomes may provide an 

avenue for the validation of biomarkers for early diagnosis, classification and monitoring 

treatment of kidney diseases. 

 

Uric acid is normally excreted through the kidney but circulating levels increase during renal 

impairment in CKD and this may predict a greater risk of end-stage renal disease. 

 

Moreover, animal model studies showed that hyperuricaemia activates the renin-angiotensin 

system, induces oxidative stress and reduces renal function.
[16]

  

 

1.1.3 CONCLUSION   

Urinary exosomal Fetuin-A represent a new source of non-invasive urinary biomarkers that 

can overcome much of the interference from other abundant urinary proteins (albumin, 

globulin and Tamm–Horsfall protein, etc.). 

 

 



www.wjpr.net                                   Vol 5, Issue 1, 2016.                                            

            

 

245 

Rada                                                                      World Journal of Pharmaceutical Research 

REFERENCES 

1. Matheson A, Willcox MD, Flanagan J, Walsh BJ. (2010): Urinary biomarkers involved in 

type 2 diabetes: a review. Diabetes Metab Res., 26: 150–171. 

2. 2-Yoshida K, Suzuki Y, Yamamoto K and Sinohara H. (1999): CDNA sequencing of  

guinea pig alpha 2-HS glycoprotein, its expression in various tissues and acute phase 

expression. Biol. Chem., 380: 95–99. 

3. Kalmovarin N, Friedrichs WE, O’Brien HV, Linehan LA, Bowman BH and Yang F. 

(1991): Extra hepatic expression of plasma protein genes during inflammation. 

Inflammation, 15: 369–379. 

4. Nie Z. (1992): Fetuin: its enigmatic property of growth promotion. Am. J. Physiol., 263: 

C551–562. 

5. Hendrix A. and Hume AN. (2011): Exosome signaling in mammary gland development 

and cancer. Int. J. Dev. Biol., 55: 879–887. 

6. Ramachandran S. and Palanisamy V. (2012): Horizontal transfer of RNAs: exosomes as 

mediators of intercellular communication. Wiley Interdiscip Rev. RNA, 3: 286–293. 

7. Ochieng J, Pratap S, Khatua AK. and Sakwe AM. (2009): Anchorage-independent growth 

of breast carcinoma cells is mediated by serum exosomes. Exp. Cell Res., 315:         

1875–1888. 

8. Higginbotham JN, Demory Beckler M, Gephart JD, Franklin JL, Bogatcheva G, Kremers 

GJ, Piston DW, Ayers GD, McConnell RE, Tyska MJ, et al. (2011): Amphiregulin 

exosomes increase cancer cell invasion. Curr. Biol. CB, 21: 779–786. 

9. Zhou H, Pisitkun T, Aponte A, Yuen PS, Hoffert JD, Yasuda H, HuX, Chawla L, Shen 

RF, Knepper MA, Star RA. (2006): Exosomal Fetuin-A identified by proteomics: A novel 

urinary biomarker for detecting acute kidney injury. Kidney Int., 70: 1847–1857. 

10. Zhou H, Yuen PS, Pisitkun T et al. (2006): Collection, storage, preservation, and 

normalization of human urinary exosomes for biomarker discovery. Kidney Int., 69: 

1471–1476. 

11. Pisitkun T, Shen RF, Knepper MA. (2004): Identification and proteomic profiling of 

exosomes in human urine. Proc Natl Acad Sci USA., 101: 13368-13373. 

12. Hoorn EJ, Pisitkun T, Zietse R et al. (2005): Prospects for urinary proteomics: exosomes 

as a source of urinary biomarkers. Nephrology (Carlton), 10: 283–290. 

13. Zhou H, Hewitt S, Yuen PS  et al. (2006): Acute kidney injury biomarkers-needs, present 

status and future promise. Neph SAP., 5: 63–71. 



www.wjpr.net                                   Vol 5, Issue 1, 2016.                                            

            

 

246 

Rada                                                                      World Journal of Pharmaceutical Research 

14. Eknoyan G, Lameire N, Eckardt K, Kasiske BL, Wheeler DC, et al. (2013): KDIGO 2012 

Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney 

Disease, Kidney International Supplements, 3: x. 

15. National Kidney Foundation, (2002): “K/DOQI clinical practice guide lines for chronic 

kidney disease: evaluation, classification, and stratification,” American Journal of Kidney 

Diseases, supplement no., 2(39): S1–S266. 

16. Feig DI. (2009): Uric acid: A novel mediator and marker of risk in chronic kidney 

disease. Curr. Opin. Nephrol. Hypertens, 18: 526–30. 

17. Ombrellino M, Wang H, Yang H et al. (2001): Fetuin, a negative acute phase protein, 

attenuates TNF synthesis and the innate inflammatory response to carrageenan. Shock, 

15: 181–185. 

18. Schafer C, Heiss A, Schwarz A et al. (2003): These rum protein alpha 2-Heremans-

Schmid glycoprotein/fetuin-A is a systemically acting inhibitor of ectopic calcification. J 

Clin Invest., 112: 357–366. 

19. Pecovnik-Balon B. (2005): Cardiovascular calcification in patients with end-stage renal 

disease. Ther Apher Dial., 9: 208–210. 

20. Ketteler M, Bongartz P, Westenfeld R et al. (2003): Association of low fetuin-A (AHSG) 

concentrations in serum with cardiovascular mortality in patients on dialysis: across-

sectional study. Lancet., 361: 827-833. 

21. Stefan N, Hennige AM, Staiger H et al. (2006): Alpha2-Heremans-Schmid 

glycoprotein/Fetuin-A is associated with insulin resistance and fat accumulation in the 

liver in humans. Diabetes Care., 29: 853–857. 

22. Mori K, Emoto M, Yokoyama H et al. (2006): Association of serum Fetuin-Awith insulin 

resistance in type 2 diabetic and non diabetic subjects. Diabetes Care., 29: 468. 

23. Th´ery C, Clayton A, Amigorena S, Raposo G. (2006): Isolation and Characterization of 

Exosomes from Cell Culture Supernatants and Biological Fluids, Current Protocols in 

Cell Biology, 3. 22. 1-3. 22. 29. 

24. Lieberthal W, Levine JS. (1996): Mechanisms of apoptosis and its potential role in renal 

tubular epithelial cell injury. AmJ Physiol., 271: F477–F488. 

25. Reynolds JL, Skepper JN, McNair R et al. (2005): Multifunctional roles for serum protein 

fetuin-A in inhibition of human vascular smooth muscle cell calcification. JA m Soc 

Nephrol., 16: 2920–2930. 



www.wjpr.net                                   Vol 5, Issue 1, 2016.                                            

            

 

247 

Rada                                                                      World Journal of Pharmaceutical Research 

26. Schumer M, Colombel MC, SawczukI S et al. (1992): Morphologic, biochemical and 

molecular evidence of apoptosis during the reperfusion phase after brief periods of renal 

ischemia. AmJ Pathol., 140: 831–838. 

27. Zhou H, Miyaji T, Kato A, et al. (1999): Attenuation of cisplatin-induced acute renal 

failure is associated with less apoptotic cell death. JLab Clin Med., 649: 134-658. 

 

 

 

 

 

 

 


