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Introduction 

 

Peritoneal dialysis (PD) is a replacement therapy used by end-

stage renal disease (ESRD) patients worldwide. The global 

annual growth rate of ESRD patients undergoing PD in 2013 

was approximately 8%,1 and the number of patients treated 

with PD has especially increased in developing countries.2 

Although PD is more cost-effective than hemodialysis,3-6 there  

 

 

are limitations in using PD as a long-term treatment. Structural 

and functional alterations of the peritoneal membrane can 

occur in long-term PD patients. The inflammatory foreign-

body response to the catheter,7,8 continuous exposure of the 

peritoneal membrane to bioincompatible dialysis solutions 

(low pH, hyperosmolarity, the presence of lactate, high 

concentration of dextrose, glucose degradation products 

(GDPs) and advanced glycation end-products (AGEs)), 

peritonitis, uremia, and chronic inflammation during PD 

induce structural and functional changes and limit the long-

term viability of the technique. Phenotypic changes in 

peritoneal mesothelial cells may induce peritoneal sclerosis 

characterized by the denudation of mesothelial cells from the 

basement membrane, progressive thickening of the 

submesothelial compact zone by developing fibrosis, and 

vascular alterations including vasculopathy and 

neoangiogenesis.9-12 As a result, these structural changes alter 

peritoneal membrane function.  

 

Structural peritoneal membrane changes are believed to induce 

functional impairment. Increased effective peritoneal surface 

area and impaired free water transport are the main causes of 

peritoneal functional changes.13,14 These changes increase over 

time on PD.14,15 In a recent review, the four-year technique 

survival for automated as well as for continuous ambulatory 

peritoneal dialysis was approximately 45% with better 

technique survival for automated than ambulatory PD, 

particularly in the first year, but with the difference narrowing 

over time.16 Ultrafiltration failure is a major contributor to 

technique failure, occurring in 36% of patients treated with PD 

for more than 4 years in one report.13 

 

 

 

 

Peritoneal membrane injury results from and reflects the 

elaboration of proinflammatory cytokines, chemokines, and 

growth factors.11 Biomarkers have been studied to predict 

peritoneal membrane changes, but so far, no single marker has 

emerged as validated and robust. Due to the association 

between changes in peritoneal membrane solute transport rate 

and the risk for mortality and technique failure,17 the ability to 

predict functional changes early is important. While systemic 

inflammation, as evidenced by elevated levels of inflammatory 

cytokines, is a feature of advanced renal failure and predicts 

worse survival, the linkage between intraperitoneal 

inflammation and a patient’s outcome remains controversial.18 

We previously reported that long-term PD patients had higher 

mean levels of the inflammatory and fibrotic biomarkers 

monocyte chemoattractant protein-1 (MCP-1) and periostin 

than new PD patients. High MCP-1 and periostin levels were 

observed in a subset but not all long-term patients.19  

 

We studied the same cohort to see if combining PD effluent 

inflammation and injury biomarkers might predict peritoneal 

membrane function and/or patient survival better than 

individual biomarkers. Now with longer follow-up, we sought 

to identify pairs of biomarkers that might predict the clinically 

significant outcomes of peritoneal membrane failure or death. 

 

Methods 
 

Patients 

 

This study was a cross-sectional, prospective, long-term 

follow-up study. We enrolled a total of sixteen patients over 

the age of 18 who were treated with PD. New patients had 

been initiated on PD within 2 weeks of study entry. Long-term 

patients had been on dialysis at least 6 months without 

evidence of peritonitis. Twenty PD effluents were obtained 

from eight new and eight long-term PD patients from October 

2011 to April 2012. The protocol was approved by the 

Institutional Review Board of Los Angeles Biomedical 

Research Institute. Informed written consent was obtained 

from all participants. 

 



Data Collection and Analysis 

 

Baseline PD effluent biomarkers were measured by 

electrochemiluminescence (ECL, measurements kindly 

performed by Meso Scale Discovery, Gaithersburg, MD). We 

tested 83 analytes; 28 analytes could be reliably measured by 

ECL. Biomarkers were expressed corrected for CA125 (Table 

2) and as simple concentrations (pg/ml) uncorrected for 

CA125 in (Figure 1). Pairs of baseline PD effluent 

inflammatory biomarkers in the long-term PD patient group 

(n=8) and the new PD patient group (n=8) were analyzed to 

identify those that separated long-term patients with higher 

levels of inflammation/injury biomarkers from new and long-

term patients with lower values. 

 

Patients were followed up for 29±2 months in order to 

evaluate the composite outcome of death or PD membrane 

failure (defined by the subsequent need for icodextrin or 

transfer to hemodialysis due to insufficient adequacy and/or 

ultrafiltration failure).  

 

Statistical Analysis 

 

Initial differences between PD effluent biomarkers in new and 

long-term PD patients were assessed using the Mann Whitney 

U-test. Paired PD effluent inflammatory biomarkers were 

analyzed by Chi-square analysis for their predictive value for 

the composite outcome of death or PD membrane failure. P 

values less than 0.05 were considered to be statistically 

significant. 

 

Results 
 

Patient Characteristics 

 

The clinical characteristics of the sixteen patients undergoing 

PD who participated in this study are shown in Table 1. The 

average PD vintage in the long-term and new PD patient 

groups were 36.6 months and 4 days, respectively.  The major 

cause of ESRD was diabetic nephropathy in both groups. 

 

Biomarkers in PD Effluent 

 

We analyzed the baseline levels of 83 biomarkers in PD 

effluent from long-term and new patients, 28 of which were 

present at a concentration sufficient to yield reliable results by 

electrochemiluminescence. Of these, 18 showed mean values 

that were significantly different between new and long-term 

patients when corrected for CA125 (Table 2). Only MCP-1 

was statistically significant without correction for CA125 (p < 

0.001).19 

 

Apart from MCP-1, osteonectin (secreted protein acidic and 

rich in cysteine, SPARC) in PD effluent was one of the best 

biomarkers for distinguishing long-term patients from new 

patients (Figure 1a). Plotting SPARC against P-cadherin 

(CDH3), CA125, or TNF-alpha nearly completely separated 

long-term from new patients, while plotting SPARC against 

ICAM1 and MCP-1 completely separated long-term from new 

patients. When combining SPARC with other biomarkers in 

pairs, there were five pairs of biomarkers in PD effluent that 

separated long-term patients with higher levels of 

inflammation/injury from new and long-term patients with 

lower values (Figure 1b-f). However in each case of pairs, 

only MCP-1 added significantly to SPARC in separating long-

term patients with high values from new patients and long-

term patients with lower values. 

 

Composite Outcome 

 

During the follow-up period, the composite outcome of death 

and/or peritoneal membrane failure occurred in four patients 

from the long-term group who had consistently high 

biomarker pair levels (shown in orange in Figure 1b-f; two of 

the four patients had two values separated in time by 7 days). 

Three patients died, and one patient required icodextrin before 

being transferred to hemodialysis for membrane failure. 

Although in five biomarker pairs, high levels predicted a bad 

composite outcome (2=4.8 P=0.028), the significance of this 

relationship was driven by the SPARC level. Only SPARC 

and MCP-1 emerged as the best pair to predict the composite 

outcome (death and/or PD membrane failure) (Chi square p < 

0.05).  

 

Discussion 

 

We showed that the combination of high levels of both 

SPARC and MCP-1 in the peritoneal effluent of PD patients 

dialyzing for longer than 6 months was associated with a 

higher risk of the composite outcome of peritoneal membrane 

failure and/or death compared to long-term PD patients who 

did not develop high levels and to new patients. 

 

SPARC (also known as osteonectin) is an extracellular matrix 

(ECM)-associated glycoprotein synthesized by a variety of 

cells and expressed at sites of tissue remodeling. SPARC 

expression is increased by a variety of cytokines and growth 

factors, including TGF-beta1 and IL-1, and binds to collagen, 

implicating it in ECM deposition and turnover.20 In animal 

models of fibrotic disease and in human fibrotic tissues, 

SPARC is expressed in many tissues including heart, lungs, 

kidneys, liver, dermis, intestine, and eyes.21 SPARC is 

implicated in the progression of many types of cancer and has 

been advocated as a prognostic marker in cancer patients.22-24 

Given its known role in ECM turnover, SPARC is a 

biologically plausible biomarker of peritoneal membrane 

failure and/or fibrosis. To our knowledge, this is the first study 

to implicate peritoneal effluent SPARC as a biomarker for 

peritoneal membrane failure or death in PD patients. 

 

We previously reported that peritoneal effluent MCP-1 levels 

distinguished long-term from new PD patients.19 In this study, 

MCP-1 values, when taken into consideration along with 

SPARC, added significantly to the determination of risk for 

the composite outcome death and/or membrane failure. MCP-

1 is one of the key chemokines that regulate migration and 

infiltration of monocytes/macrophages, memory T 

lymphocytes, neutrophils and natural killer (NK) cells to sites 

of inflammation and tissue injury. After induction by oxidative 

stress, cytokines, or growth factors, MCP-1 is produced by 

many cell types, including monocyte/macrophages, 

fibroblasts, and endothelial, epithelial, smooth muscle, 

mesangial, and peritoneal mesothelial cells.25 Peritoneal 

mesothelial cells have been shown to produce MCP-1 in 



response to proinflammatory mediators that are synthesized 

during exposure to a high concentration of dextrose in PD 

fluid and in the setting of peritonitis.26-28 One study found that 

MCP-1 was involved in peritoneal mesothelial cell 

transdifferentiation and ECM accumulation via the TGF-beta1 

pathway in addition to its role as a mediator of monocyte 

recruitment.29 Clinically, MCP-1 values in PD effluent were 

shown to be related to past episodes of peritonitis and serum 

MCP-1 but not related to change in membrane function 

parameters over time on multivariate analysis.30 Another 

recent study showed effluent MCP-1 levels were closely 

correlated with systemic inflammatory markers and an 

increased MCP-1 level was associated with higher all-cause 

and cardiovascular mortality in PD patients.31 The findings we 

report are consistent with the latter observations. 

 

Our study identified a pair of PD effluent biomarkers, SPARC 

and MCP-1, which, when both were increased, was associated 

with the occurrence of the important outcomes of peritoneal 

membrane failure and/or death. This observation is subject to 

several limitations. First, our sample size was small. However, 

this observation is valuable for assessing outcomes in a larger 

validation set. Second, the composite outcome was comprised 

of only one peritoneal membrane failure event and three 

deaths. This was unanticipated, given our prior assumption 

that the inflammation and fibrosis observed in the peritoneal 

compartment would predominantly reflect local events in the 

peritoneum. As part of the Global Fluid Study, Lambie, et al18 

also found that after adjustment for multiple covariates, 

systemic inflammation was associated with age and 

comorbidity and independently predicted patient survival in 

both incident and prevalent PD patients. Intraperitoneal 

inflammation was the most important determinant of 

peritoneal small solute transport rate but did not affect 

survival. In contrast, in our small study, the more frequent 

event of death suggests that peritoneal inflammation, perhaps 

through a shared biology with systemic inflammation, may 

also indicate risk for serious systemic outcomes. Pecoits-Filho, 

et al32 observed that dialysate IL-6 concentrations was 

associated with variability in peritoneal small solute transport 

rate and also linked to patient survival. Another recent study 

also showed increased effluent MCP-1 levels were associated 

with higher all-cause and cardiovascular mortality in PD 

patients.29 An association between peripheral inflammation, 

inflammatory biomarkers, and cardiovascular death has also 

been described in rheumatoid arthritis.33 

 

In conclusion, our data suggest that pairs of the PD effluent 

inflammatory and fibrosis biomarkers SPARC and MCP-1 

may be useful in predicting membrane failure and/or death in 

long-term PD patients. 

 

 

 

 

 

 

 

 

 

 

 

Tables and Figures 

 

Table 1. Clinical Characteristics of Long-term and New 

Patients 
Group Gender ESRD 

Etiology 

PD Vintage CAPD/ 

CCPD 

Dextrose 

Conc. 

 

 

 

 

 

 

 

Long 

Term 

Female 

 
 

 

Female 
 

Female 

 
Female 

 

Female 
 

Male 

 
Male 

 

 
Male 

Nail 

Patella/ 
FSGS 

 

DN 
 

DN 

 
DN 

 

DN+HTN 
 

HTN 

 
Unclear 

Etiology 

 
DN 

39 Mos. 

 
 

 

7 mos. 
 

10 mos. 

 
56 mos. 

 

80 mos. 
 

63.5 mos. 

 
16.5 mos. 

 

 
13 mos. 

 

CCPD 

 
 

 

CAPD 
 

CAPD 

 
CCPD 

 

CAPD 
 

CAPD 

 
CAPD 

 

 
CAPD 

1.5% 

 
 

 

2.5% 
 

1.5% 

 
1.5% 

 

1.5% 
 

2.5% 

 
1.5% 

 

 
2.5% 

 

 

 

 

 

 

 

New 

Male 
 

Female 

 
Female 

 

Female 
 

Male 

 
Male 

 

Male 
 

Male 

DN 
 

HTN 

 
DN 

 

DN 
 

HTN 

 
DN 

 

HTN 
 

DN 

2 weeks 
 

1st exchange 

 
1 week 

 

1st exchange 
 

2 days 

 
3 days 

 

1st exchange 
 

6 days 

 

CAPD 
 

CAPD 

 
CAPD 

 

CAPD 
 

CAPD 

 
CAPD 

 

CAPD 
 

CAPD 

 

2.5% 
 

2.5% 

 
1.5% 

 

4.25% 
 

2.5% 

 
2.5% 

 

2.5% 
 

1.5% 

 

FSGS = focal segmental glomerulosclerosis; DN = diabetic 

nephropathy; HTN = hypertension; CAPD = continuous 

ambulatory peritoneal dialysis; CCPD = continuous cycling 

peritoneal dialysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2. PD Effluent Inflammation and Injury Biomarkers 

after Correction for CA125 Level between Long Term and 

New PD Patients 

Assay Long-term 

Patients 

New 

Patients 

P Value 

AKR1B1 11.8 4.59 0.014 

ALP 3.7 1.2 0.0004 

β2-

microglobulin 

222,176 94,781 0.01 

Cystatin C 24,497 13,222 0.009 

IL 6 1.8 0.6487 0.012 

IL8 0.8 0.275 0.02 

IL 15 0.04 0.02 0.014 

MCP 1 21.27 5.19 0.00052 

MCP 4 2.7 1.5 0.06 

NGAL 4045 2241 0.04 

NME 2 9.31 3.36 0.02 

Osteocalcin 6393 2077 0.004 

SPARC 8569 2240 0.0016 

PSAT 1 2.31 0.48 0.002 

S100A6 564 202 0.028 

TGF-β 6 2.76 0.004 

Trefoil factor 3 35.79 8.25 0.03 

VEGF 3.94 1.98 0.02 

 

AKR1B1 = aldo-keto reductase family 1 member B1; ALP = 

alkaline phosphatase; IL = interleukin; MCP = monocyte 

chemoattractant protein; NGAL = neutrophil gelatinase-

associated lipocalin; NME 2= Non-metastatic 2; SPARC = 

Secreted protein acidic and rich in cysteine; PSAT = 

phosphoserine Aminotransferase; TGF = transforming growth 

factor; VEGF = vascular endothelial growth factor 

 

Figure 1. Plotting SPARC levels in long-term and new PD 

patients’ effluent (a) and plotting pairs of biomarkers in PD 

effluent of long-term and new PD patients (b-f). SPARC = 

Secreted protein acidic and rich in cysteine; CDH3= P-

cadherin; CA125= Cancer antigen 125; TNF-α= Tumor 

necrosis factor-α; ICAM1=Intercellular cell adhesion molecule 

1; and MCP-1 =Monocyte chemoattractant protein-1. Long 

term patients without composite outcome. Long term 

patients with composite outcome. New patients. 

 

 
 

 
 

 
 

 
 

 
 

b 

a 

c 

d 

e 



 
 

REFERENCES  
 

1. ESRD patients in 2013: A global perspective [Internet]. 

2014. Available from: www.vision-

fmc.com/files/ESRD_Patients_in_2013.pdf. 

2. Jain AK, Blake P, Cordy P, Garg AX. Global trends in 

rates of peritoneal dialysis. J Am Soc Nephrol. 2012 

Mar;23(3):533-44. doi: 10.1681/ASN.2011060607. Epub 

2012 Feb 2. PubMed PMID: 22302194; PubMed Central 

PMCID: PMC3294313. 

3. Karopadi AN, Mason G, Rettore E, Ronco C. Cost of 

peritoneal dialysis and haemodialysis across the world. 

Nephrol Dial Transplant. 2013 Oct;28(10):2553-69. doi: 

10.1093/ndt/gft214. Epub 2013 Jun 4. PubMed PMID: 

23737482. 

4. Liu FX, Quock TP, Burkart J, Noe LL, Inglese G. 

Economic evaluations of peritoneal dialysis and 

hemodialysis: 2004-2012. F1000 Research 2013; 2(273). 

5. Treharne C, Liu FX, Arici M, Crowe L, Farooqui U. 

Peritoneal dialysis and in-centre haemodialysis: a cost-

utility analysis from a UK payer perspective. Appl 

Health Econ Health Policy. 2014 Aug;12(4):409-20. doi: 

10.1007/s40258-014-0108-7. PubMed PMID: 25017433; 

PubMed Central PMCID: PMC4110409. 

6. Vonesh EF, Moran J. Mortality in end-stage renal 

disease: a reassessment of differences between patients 

treated with hemodialysis and peritoneal dialysis. J Am 

Soc Nephrol. 1999 Feb;10(2):354-65. PubMed PMID: 

10215336. 

7. Flessner MF, Credit K, Henderson K, Vanpelt HM, 

Potter R, He Z, Henegar J, Robert B. Peritoneal 

changes after exposure to sterile solutions by catheter. J 

Am Soc Nephrol. 2007 Aug;18(8):2294-302. Epub 2007 

Jun 28. PubMed PMID: 17599969. 

8. Flessner MF, Credit K, Richardson K, Potter R, Li X, 

He Z, Hoskins G, Henegar J. Peritoneal inflammation 

after twenty-week exposure to dialysis solution: effect of 

solution versus catheter-foreign body reaction. Perit Dial 

Int. 2010 May-Jun;30(3):284-93. doi: 

10.3747/pdi.2009.00100. Epub 2010 Feb 11. PubMed 

PMID: 20150585. 

9.   Devuyst O, Westrhenen RV, Topley N. Long-term 

peritoneal dialysis patients: changes in membrane 

structure and function. In: Khanna R, Krediet RT, 

editors. Nolph and Gokal’s Textbook of Peritoneal 

Dialysis. 3rd ed. New York: Springer; 2009. p. 757-80. 

10. Baroni G, Schuinski A, de Moraes TP, Meyer F, 

Pecoits-Filho R. Inflammation and the peritoneal 

membrane: causes and impact on structure and function 

during peritoneal dialysis. Mediators Inflamm. 

2012;2012:912595. doi:10.1155/2012/912595. Epub 

2012 Mar 25. Review. PubMed PMID: 22547910; 

PubMed Central PMCID: PMC3323921. 

11. Schilte MN, Celie JW, Wee PM, Beelen RH, van den 

Born J. Factors contributing to peritoneal tissue 

remodeling in peritoneal dialysis. Perit Dial Int. 2009 

Nov-Dec;29(6):605-17. Review. PubMed PMID: 

19910560. 

12. Kaneko K, Hamada C, Tomino Y. Peritoneal fibrosis 

intervention. Perit Dial Int. 2007 Jun;27 Suppl 2:S82-6. 

Review. PubMed PMID: 17556336. 

13. Smit W, Schouten N, van den Berg N, Langedijk MJ, 

Struijk DG, Krediet RT; Netherlands Ultrafiltration 

Failure Study Group. Analysis of the prevalence and 

causes of ultrafiltration failure during long-term 

peritoneal dialysis: a cross-sectional study. Perit Dial 

Int. 2004 Nov-Dec;24(6):562-70. PubMed 

PMID:15559486. 

14. Krediet RT, Boeschoten EW, Zuyderhoudt FM, Arisz 

L. Peritoneal transport characteristics of water, low-

molecular weight solutes and proteins during long term 

continuous ambulatory peritoneal dialysis. Perit Dial Int 

1986; 6(2):61-5. 

15. Davies SJ, Bryan J, Phillips L, Russell GI. 

Longitudinal changes in peritoneal kinetics: the effects 

of peritoneal dialysis and peritonitis. Nephrol Dial 

Transplant. 1996 Mar;11(3):498-506. PubMed PMID: 

8671821. 

16. Mujais S, Story K. Peritoneal dialysis in the US: 

evaluation of outcomes in contemporary cohorts. Kidney 

Int Suppl. 2006 Nov;(103):S21-6. PubMed 

PMID:17080107. 

17. Brimble KS, Walker M, Margetts PJ, Kundhal KK, 

Rabbat CG. Meta-analysis: peritoneal membrane 

transport, mortality, and technique failure in peritoneal 

dialysis. J Am Soc Nephrol. 2006 Sep;17(9):2591-8. 

Epub 2006 Aug 2. PubMed PMID: 16885406. 

18. Lambie M, Chess J, Donovan KL, Kim YL, Do JY, 

Lee HB, Noh H, Williams PF, Williams AJ, Davison 

S, Dorval M, Summers A, Williams JD, Bankart J, 

Davies SJ, Topley N; Global Fluid Study 

Investigators. Independent effects of systemic and 

peritoneal inflammation on peritoneal dialysis survival. J 

Am Soc Nephrol. 2013 Dec;24(12):2071-80. doi: 

10.1681/ASN.2013030314. Epub 2013 Sep 5. PubMed 

PMID:24009237; PubMed Central PMCID: 

PMC3839554. 

19. Dai T, Wang Y, Nayak A, Nast CC, Quang L, LaPage 

J, Andalibi A, Adler SG. Janus kinase signaling 

activation mediates peritoneal inflammation and injury 

in vitro and in vivo in response to dialysate. Kidney Int. 

2014 Dec;86(6):1187-96. doi: 10.1038/ki.2014.209. 

Epub 2014 Jul 9. PubMed PMID: 25007168. 

20. Pichler RH, Hugo C, Shankland SJ, Reed MJ, Bassuk 

JA, Andoh TF, Lombardi DM, Schwartz SM, Bennett 

WM, Alpers CE, Sage EH, Johnson RJ, Couser WG. 

SPARC is expressed in renal interstitial fibrosis and in 

f 



renal vascular injury. Kidney Int. 1996 Dec;50(6):1978-

89. PubMed PMID: 8943481. 

21. Trombetta-Esilva J, Bradshaw AD. The Function of 

SPARC as a Mediator of Fibrosis. Open Rheumatol J. 

2012;6:146-55. doi: 10.2174/1874312901206010146. 

Epub 2012 Jun 15. PubMed PMID: 22802913; PubMed 

Central PMCID: PMC3395844. 

22. Köbel M, Turbin D, Kalloger SE, Gao D, Huntsman 

DG, Gilks CB. Biomarker expression in pelvic high-

grade serous carcinoma: comparison of ovarian and 

omental sites. Int J Gynecol Pathol. 2011 Jul;30(4):366-

71. doi: 10.1097/PGP.0b013e31820d20ba. PubMed 

PMID: 21623201. 

23. Zhao ZS, Wang YY, Chu YQ, Ye ZY, Tao HQ. 

SPARC is associated with gastric cancer progression and 

poor survival of patients. Clin Cancer Res. 2010 Jan 

1;16(1):260-8. doi: 10.1158/1078-0432.CCR-09-1247. 

Epub 2009 Dec 22. PubMed PMID: 20028745. 

24. Koukourakis MI, Giatromanolaki A, Brekken RA, 

Sivridis E, Gatter KC, Harris AL, Sage EH. Enhanced 

expression of SPARC/osteonectin in the tumor-

associated stroma of non-small cell lung cancer is 

correlated with markers of hypoxia/acidity and with poor 

prognosis of patients. Cancer Res. 2003 Sep 

1;63(17):5376-80. PubMed PMID: 14500371. 

25. Deshmane SL, Kremlev S, Amini S, Sawaya BE. 

Monocyte chemoattractant protein-1 (MCP-1): an 

overview. J Interferon Cytokine Res. 2009 

Jun;29(6):313-26. doi: 10.1089/jir.2008.0027. Review. 

PubMed PMID: 19441883; PubMed Central PMCID: 

PMC2755091. 

26. Visser CE, Tekstra J, Brouwer-Steenbergen JJ, Tuk 

CW, Boorsma DM, Sampat-Sardjoepersad SC, 

Meijer S, Krediet RT, Beelen RH. Chemokines 

produced by mesothelial cells: huGRO-alpha, IP-10, 

MCP-1 and RANTES. Clin Exp Immunol. 1998 

May;112(2):270-5. PubMed PMID: 9649190; PubMed 

Central PMCID: PMC1904973. 

27. Haslinger B, Mandl-Weber S, Sellmayer A, Lederer 

SR, Sitter T. Effect of high glucose concentration on the 

synthesis of monocyte chemoattractant protein-1 in 

human peritoneal mesothelial cells: involvement of 

protein kinase C. Nephron. 2001 Apr;87(4):346-51. 

PubMed PMID: 11287779. 

28. Lee SK, Kim BS, Yang WS, Kim SB, Park SK, Park 

JS. High glucose induces MCP-1 expression partly via 

tyrosine kinase-AP-1 pathway in peritoneal mesothelial 

cells. Kidney Int. 2001 Jul;60(1):55-64. PubMed PMID: 

11422736. 

29. Lee SH, Kang HY, Kim KS, Nam BY, Paeng J, Kim 

S, Li JJ, Park JT, Kim DK, Han SH, Yoo TH, Kang 

SW. The monocyte chemoattractant protein-1 (MCP-

1)/CCR2 system is involved in peritoneal dialysis-related 

epithelial-mesenchymal transition of peritoneal 

mesothelial cells. Lab Invest. 2012 Dec;92(12):1698-

711. doi:10.1038/labinvest.2012.132. Epub 2012 Sep 24. 

PubMed PMID: 23007133. 

30. Malik AR, Little MA, Henriksson M, Tam FW, 

Brown EA. Peritonitis, peritoneal inflammation and 

membrane permeability: a longitudinal study of dialysate 

and serum MCP-1 in stable patients on peritoneal 

dialysis. J Nephrol. 2007 May-Jun;20(3):340-9. PubMed 

PMID: 17557268. 

31. Ko KI, Park KS, Lee MJ, Doh FM, Kim CH, Koo 

HM, Oh HJ, Park JT, Han SH, Kang SW, Yoo TH. 
Increased dialysate MCP-1 is associated with 

cardiovascular mortality in peritoneal dialysis patients: a 

prospective observational study. Am J Nephrol. 

2014;40(4):291-9. doi: 10.1159/000368201. Epub 2014 

Oct 15. PubMed PMID: 25323428. 

32. Pecoits-Filho R, Carvalho MJ, Stenvinkel P, 

Lindholm B, Heimbürger O. Systemic and 

intraperitoneal interleukin-6 system during the first year 

of peritoneal dialysis. Perit Dial Int. 2006 Jan-

Feb;26(1):53-63. PubMed PMID: 16538876.  

33. Maradit-Kremers H, Nicola PJ, Crowson CS, 

Ballman KV, Gabriel SE. Cardiovascular death in 

rheumatoid arthritis: a population-based study. Arthritis 

Rheum. 2005 Mar;52(3):722-32. PubMed PMID: 

15751097. 

 
Submitted March 2, 2016 


