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Purpose: Diabetic retinopathy and nephropathy are microvascular complications in patients with diabetes that are
considered to be related. Pigment epithelium-derived factor (PEDF), a strong inhibitor of angiogenesis, is significantly
elevated in the blood of diabetic patients, especially those with proliferative diabetic retinopathy (PDR). The level of
PEDF in the blood, on the other hand, is reported to be low in a diabetic nephropathy. The aim of this study was to
determine the relationship between PEDF and renal function in patients with diabetic retinopathy.
Methods: A total of 243 type 2 diabetic patients were studied. The relationship between the diabetic retinopathy and levels
of PEDF, HbA1c, blood urea nitrogen (BUN), and creatinine were evaluated.
Results: The mean plasma PEDF level in patients with PDR (7.69±6.14 µg/ml; mean±standard error) was significantly
higher than that of mild-to-moderate nonproliferative diabetic retinopathy (5.07±4.37 µg/ml, p=0.02). The level of BUN
and creatinine increased significantly as the stage of diabetic retinopathy advanced. The plasma PEDF levels were
significantly correlated with the levels of BUN and creatinine (r=0.54, p<0.0001; r=0.57, p<0.0001, respectively).
Conclusions: The levels of plasma PEDF increases with advances in both diabetic retinopathy and nephropathy. Thus,
increased levels of PEDF in the blood may indicate microvascular damages in diabetic patients and may be predictor of
the progression of retinopathy and nephropathy.

Pigment epithelium-derived factor (PEDF) is a potent
inhibitor of angiogenesis originally isolated from
conditioned-medium of cultured human retinal pigment
epithelial cells [1]. PEDF inhibits retinal endothelial cell
growth, migration, and suppresses ischemia-induced
neovascularization [1,2].

Diabetic retinopathy is a microvascular complication of
diabetic mellitus, and is a major cause of adult blindness [3].
The level of intraocular PEDF decreases with advancing
stages of diabetic retinopathy [4-6]. On the other hand, we
recently found that plasma levels of PEDF are significantly
higher in patients with type 2 diabetes and especially high in
patients with proliferative diabetic retinopathy [7].

Diabetic nephropathy, which causes renal failure, is also
a serious complication of diabetic mellitus [8]. In contrast to
the report of PEDF levels in the blood of patients with diabetic
retinopathy [7], Wang et al. [9] reported that the PEDF level
in the kidney is down-regulated and the serum PEDF level are
lower in a rat model of diabetic nephropathy.

Both retinopathy and nephropathy are common
microvascular complications associated with diabetes.
Previous studies have shown these conditions are strongly
associated, and there have been reports that renal dysfunction
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is a risk factor for the development and worsening of diabetic
retinopathy [10,11].

The findings in the two previous reports [7,8] are
contradictory; one showed that plasma PEDF level is high in
patients with diabetic retinopathy [7], while the other showed
that the plasma PEDF level is low in a rat model of diabetic
nephropathy [8]. The aim of this study was to determine
whether the plasma level of PEDF is correlated with the renal
function in patients with diabetic retinopathy.

METHODS
Subjects: This study was conducted according to the tenets of
the Declaration of Helsinki and was performed after receiving
approval from the Institutional Review Committee of Kansai
Medical University. An informed consent was obtained from
all patients.

Blood samples were collected from 243 type 2 diabetic
patients (125 men and 118 women, ages 18 to 87 years,
61.7±9.3 years; mean±standard deviation) at the Kansai
Medical University Hospital.
Examination of diabetic retinopathy: All patients with
diabetic mellitus underwent a standard ophthalmic
examination at the time of blood sample collection. The stage
of diabetic retinopathy was determined by ophthalmoscopy
and fluorescein angiography, and the patients were classified
according to the severity scale of diabetic retinopathy [12].
The scale was: no apparent diabetic retinopathy (NDR), mild
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to moderate nonproliferative diabetic retinopathy (M-NPDR),
severe nonproliferative diabetic retinopathy (S-NPDR), and
proliferative diabetic retinopathy (PDR). Patients with other
ocular diseases such as uveitis, glaucoma, age-related macular
degeneration, retinal degeneration, and retinal vascular
thrombosis were excluded. However, diabetic patients with
simple cataracts were included.
Pigment epithelium-derived factor levels in plasma: PEDF
levels in plasma were measured with an ELISA Kit as per the
manufacture's instructions (PEDF Sandwich ELISA Kit;
Chemicon® International, Temecula, CA). Briefly, blood
samples were collected in tubes containing EDTA, and
platelet-poor plasma was prepared by centrifugation (3000
rpm, 20 min) and stored at -80 °C before use. Before the assay,
samples were thawed on ice and urea was added to a final
concentration of 8 M. After incubation on ice for 1 h, samples
were diluted in assay diluent, then immediately applied to the
assay plates and measured according to the manufacturer’s
protocol.
Laboratory examination: The level of HbA1c was determined
by automated glycohemoglobin analyzer (HLC-723G8;
TOSHO Co., Tokyo, Japan), and blood urea nitrogen (BUN)
and creatinine were determined by blood autoanalyzer
(AU540; Olympus, Tokyo, Japan) according to the
manufacturer’s protocols.
Statistical analysis: The results are expressed as the mean
±standard error of the mean (SEM), and the data were
analyzed statistically by one way analysis of variance
(ANOVA) with Fisher protected least-significant difference
(PSLD) test when comparing groups. The correlations
between PEDF and BUN or creatinine were determined by the
Pearson's product moment correlation coefficient (r). A p
value <0.05 was accepted as significant.

RESULTS
Plasma pigment epithelium-derived factor levels and stage of
diabetic retinopathy: The level of plasma PEDF increased as
the stage of diabetic retinopathy advanced: 5.29±5.10 µg/ml
in patients with NDR (n=20, 63.9±10.3 years); 5.07±4.37 µg/
ml in patients with M-NPDR (n=37, 66.6±9.1 years);
6.61±6.20 µg/ml in patients with S-NPDR (n=98, 62.9±8.1
years); and 7.69±6.14 µg/ml in patients with PDR (n=88,
57.9±9.7 years) (Figure 1A). The level of PEDF in the PDR
group was significantly higher than that of M-NPDR group
(p=0.02).
HbA1c and stage of diabetic retinopathy: The level of HbA1C
was 7.2±0.3% in the NDR group, 7.4±0.2% in the M-NPDR
group, 7.3±0.2% in the S-NPDR group, and 7.4±0.2% in the
PDR group. The differences between the groups were not
significant.
Blood urea nitrogen, creatinine, and stage of diabetic
retinopathy: The level of BUN increased as the stage of
diabetic retinopathy advanced: 15.6±1.0 mg/dl in the NDR

group (n=17), 18.5±1.1 mg/dl in the M-NPDR group (n=24),
19.9±0.9 mg/dl in the S-NPDR group (n=59), and
27.1±2.5 mg/dl in the PDR group (n=65) (Figure 1B). The
level of BUN in the PDR group was significantly higher than

Figure 1. Pigment epithelium-derived factor (PEDF), blood urea
nitrogen (BUN), and creatinine levels in 243 type 2 diabetic patients.
A: PEDF levels and the stage of diabetic retinopathy. B: BUN levels
and the stage of diabetic retinopathy. C: Creatinine levels and the
stage of diabetic retinopathy. Abbreviations: NDR represents no
apparent diabetic retinopathy, M-NPDR represents mild to moderate
nonproliferative diabetic retinopathy, S-NPDR represents severe
nonproliferative diabetic retinopathy, PDR represents proliferative
diabetic retinopathy, and the asterisk represents a p<0.05.
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that in the NDR, M-NPDR, and S-NPDR groups (p=0.002,
p=0.01, p=0.003, respectively).

The level of creatinine also increased as the stage of
diabetic retinopathy advanced: 0.69±0.06 mg/dl in the NDR
group, 0.71±0.06 mg/dl in the M-NPDR group, 1.01±0.19 mg/
dl in the S-NPDR group, and 1.94±0.30 mg/dl in the PDR
group (Figure 1C). The level of creatine in the PDR group was
significantly higher than that in the NDR, M-NPDR, and S-
NPDR groups (p=0.01, p=0.005, p=0.008, respectively).
These analyses were performed on 165 of non-selected
diabetic patients who had complete sets of PEDF, BUN,
creatinine, and HbA1c data.
Correlation between pigment epithelium-derived factor level
and blood urea nitrogen and creatinine levels: The plasma
PEDF levels increased with increasing BUN and creatinine
levels (Figure 2, n=165). The correlation between PEDF and
BUN was significant (r=0.54, p<0.0001), and the correlation
between PEDF and creatinine was also significant (r=0.57,
p<0.0001).

Figure 2. Relationship between pigment epithelium-derived factor
and renal function. A: Correlation between pigment epithelium-
derived factor (PEDF) levels and blood urea nitrogen shows a
correlation coefficient of r=0.54 at a significance level of p<0.0001.
B: Correlation between PEDF levels and creatinine shows a
correlation coefficient of r=0.57 at a significance level of p<0.0001.

DISCUSSION
PEDF is synthesized in a wide range of human tissues
including the lung, brain, kidney, adipose tissues, and
especially in the liver [1,13]. The multiple sites may be the
cause of the high levels of PEDF in the blood [13].

We recently reported that plasma PEDF level in diabetic
patients was significantly higher than that in controls, and the
level was especially high in patients with proliferative diabetic
retinopathy [7]. The results of this study confirmed those
findings.

Diabetic retinopathy and nephropathy are both
microvascular complications associated with diabetes. The
results of several studies that have examined the relationship
between diabetic retinopathy and nephropathy are not
consistent [14]. We clearly demonstrated that levels of BUN
and creatinine increased significantly as the stage of diabetic
retinopathy advanced. These results support previous studies
that showed that these conditions are strongly associated
[10,11]. In addition, plasma PEDF levels were significantly
correlated with the levels of both BUN and creatinine.

Several growth factors, most importantly, transforming
growth factor-β (TGF-β), vascular endothelial growth factor
(VEGF), and fibroblast growth factor (FGF), have been
suggested to be involved in the pathogenesis of diabetic
nephropathy and retinopathy [15-19].

PEDF inhibits the migration of endothelial cells induced
by VEGF and FGF [1,2]. In addition, PEDF has been
suggested to be an anti-inflammatory cytokine [20]. PEDF
inhibits the expression of tumor necrosis factor-α (TNF-α),
VEGF, monocyte chemoattractant factor-1 (MCP-1), and
intercellular adhesion molecule-1 (ICAM-1) [20]. PEDF also
significantly inhibits the activity of advanced glycation end
products (AGEs) in microvascular endothelial cells [21].
From these observations, PEDF has been suggested to play a
protective role against vascular damages by suppressing
proliferative inflammatory responses to injuries in endothelial
cells.

Chronic, low-grade inflammation is responsible for
diabetic microangiopathy, such as retinopathy [22] and
nephropathy [23]. Thus, the increase in the levels of PEDF in
the plasma of diabetic patients with diabetic retinopathy and
nephropathy may be a counteractive system that inhibits the
vascular damages in diabetic mellitus. Yamagishi et al. [13]
also reported that serum PEDF levels may increase as a
counteractive system against coronary risk factors in the
metabolic syndrome. Together with the previous report,
PEDF is most likely associated with metabolism and may be
associated with angiopathy.

In contrast to our results, an earlier study demonstrated
that the expression of PEDF was decreased at both the mRNA
and protein states in the kidney of diabetic rats induced by
streptozotocin. The PEDF levels in the serum in these rats
were also significantly decreased at the late stage of diabetes
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when compared with the age-matched non-diabetic control
animals [9]. We still do not know the exact reason for this
discrepancy; however one reason may be that they used an
animal model of type 1 diabetes induced by streptozotocin,
whereas we examined humans with type 2 diabetes.

Although we found that the levels of plasma PEDF
increased with advances in both diabetic retinopathy and
nephropathy, the level of intraocular PEDF has been shown
to decrease with advancing stages of diabetic retinopathy
[4-6]. Because, PEDF is a potent anti-angiogenic and anti-
inflammatory cytokine [1,2,20,21], PEDF may be consumed
in the eye with diabetic retinopathy to counteract the
angiogenic and inflammatory responses of the endothelial
cell, which would then lead to lower levels. A similar
mechanism may apply to diabetic nephropathy and may
account for the decreased expression of PEDF in the kidney
of diabetic rats [9].

A more recent study found high levels of PEDF in the
serum of patients with end-stage renal disease [24] which is
compatible with our results. Because of the close relationship
between diabetic nephropathy and diabetic retinopathy and
because both of these conditions result in diabetic
microangiopathy, it is more likely that PEDF is associated
with the metabolism of diabetic patients and may be
associated with the angiopathy.

Estimates of the prevalence of retinopathy are usually
based on direct examination of the anatomic retinal changes,
whereas those of nephropathy are defined by functional
abnormalities such as microalbuminuria or overt proteinuria.
Further longitudinal studies with repetitive samples from the
same donor should be performed to determine the changes
with time. These findings should answer the question on
whether the increased levels of PEDF in the blood of patients
with diabetic retinopathy would indicate microvascular
damage and may be used to predict the progression of
retinopathy and nephropathy.

ACKNOWLEDGMENTS
This study was supported in part by a Grant-in Aid for
Scientific Research from the Ministry of Education in Japan.

REFERENCES
1. Tombran-Tink J, Barnstable CJ. PEDF: a multifaceted

neurotrophic factor. Nat Rev Neurosci 2003; 4:628-36.
[PMID: 12894238]

2. Dawson DW, Volpert OV, Gillis P, Crawford SE, Xu H,
Benedict W, Bouck NP. Pigment epithelium-derived factor:
a potent inhibitor of angiogenesis. Science 1999; 285:245-8.
[PMID: 10398599]

3. Klein R, Klein BE. Vision disorders in diabetes. In: National
Diabetes Data Group. Diabetes in America: Diabetes Data
Compiled 1984.[Bethesda, MD]: U.S. Dept. of Health and
Human Servises; 1985: chap.XIII.

4. Ogata N, Tombran-Tink J, Nishikawa M, Nishimura T,
Mitsuma Y, Sakamoto T, Matsumura M. Pigment epithelium-

derived factor in the vitreous is low in diabetic retinopathy
and high in rhegmatogenous retinal detachment. Am J
Ophthalmol 2001; 132:378-82. [PMID: 11530051]

5. Spranger J, Osterhoff M, Reimann M, Möhlig M, Ristow M,
Francis MK, Cristofalo V, Hammes HP, Smith G, Boulton M,
Pfeiffer AF. Loss of antiangiogenic pigment epithelium-
derived factor in patients with angiogenic eye diseases.
Diabetes 2001; 50:2641-5. [PMID: 11723044]

6. Ogata N, Nishikawa M, Nishimura T, Mitsuma Y, Matsumura
M. Unbalanced vitreous levels of pigment epithelium-derived
factor and vascular endothelial growth factor in diabetic
retinopathy. Am J Ophthalmol 2002; 134:348-53. [PMID:
12208245]

7. Ogata N, Matsuoka M, Matsuyama K, Shima C, Tajika A,
Nishiyama T, Wada M, Jo N, Higuchi A, Minamino K,
Matsunaga H, Takeda T, Matsumura M. Plasma
concentration of pigment epithelium-derived factor in
patients with diabetic retinopathy. J Clin Endocrinol Metab
2007; 92:1176-9. [PMID: 17213275]

8. Herman WH, Teutsch SM. Kidney disease associated with
diabetes. In: National Diabetes Data Group. Diabetes in
America: Diabetes Data Compiled 1984.[Bethesda, MD]:
U.S. Dept. of Health and Human Servises; 1985: chap.XIX.

9. Wang JJ, Zhang SX, Lu K, Chen Y, Mott R, Sato S, Ma JX.
Decreased expression of pigment epithelium-derived factor is
involved in the pathogenesis of diabetic nephropathy.
Diabetes 2005; 54:243-50. [PMID: 15616035]

10. Klein R, Klein BE, Moss SE, Davis MD, DeMets DL. The
Wisconsin epidemiologic study of diabetic retinopathy. III.
Prevalence and risk of diabetic retinopathy when age at
diagnosis is 30 or more years. Arch Ophthalmol 1984;
102:527-32. [PMID: 6367725]

11. Cruickshanks KJ, Ritter LL, Klein R, Moss SE. The association
of microalbuminuria with diabetic retinopathy. The
Wisconsin Epidemiologic Study of Diabetic Retinopathy.
Ophthalmology 1993; 100:862-7. [PMID: 8510898]

12. Wilkinson CP, Ferris FL 3rd, Klein RE, Lee PP, Agardh CD,
Davis M, Dills D, Kampik A, Pararajasegaram R, Verdaguer
JT, Global Diabetic Retinopathy Project Group. Proposed
international clinical diabetic retinopathy and diabetic
macular edema disease severity scales. Ophthalmology 2003;
110:1677-82. [PMID: 13129861]

13. Yamagishi S, Adachi H, Abe A, Yashiro T, Enomoto M, Furuki
K, Hino A, Jinnouchi Y, Takenaka K, Matsui T, Nakamura
K, Imaizumi T. Elevated serum levels of pigment epithelium-
derived factor (PEDF) in the metabolic syndrome. J Clin
Endocrinol Metab 2006; 91:2447-50. [PMID: 16522692]

14. Kanauchi M, Kawano T, Uyama H, Shiiki H, Dohi K.
Discordance between retinopathy and nephropathy in type 2
diabetes. Nephron 1998; 80:171-4. [PMID: 9736815]

15. Cooper ME. Interaction of metabolic and haemodynamic
factors in mediating experimental diabetic nephropathy.
Diabetologia 2001; 44:1957-72. [PMID: 11719827]

16. Senthil D, Choudhury GG, McLaurin C, Kasinath BS. Vascular
endothelial growth factor induces protein synthesis in renal
epithelial cells: a potential role in diabetic nephropathy.
Kidney Int 2003; 64:468-79. [PMID: 12846742]

17. Aiello LP, Avery RL, Arrigg PG, Keyt BA, Jampel HD, Shah
ST, Pasquale LR, Thieme H, Iwamoto MA, Park JE, Nguyen
HV, et al. Aiello LM, et al. Naporeon F, et al. King GL, et al.

Molecular Vision 2008; 14:992-996 <http://www.molvis.org/molvis/v14/a118> © 2008 Molecular Vision

995

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12894238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12894238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10398599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10398599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11530051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11723044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12208245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12208245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17213275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15616035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=6367725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=8510898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=13129861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16522692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9736815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11719827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12846742
http://www.molvis.org/molvis/v14/a118


Vascular endothelial growth factor in ocular fluid of patients
with diabetic retinopathy and other retinal disorders. N Engl
J Med 1994; 331:1480-7. [PMID: 7526212]

18. Hirase K, Ikeda T, Sotozono C, Nishida K, Sawa H, Kinoshita
S. Transforming growth factor beta2 in the vitreous in
proliferative diabetic retinopathy. Arch Ophthalmol 1998;
116:738-41. [PMID: 9639441]

19. Hanneken A, de Juan E Jr, Lutty GA, Fox GM, Schiffer S,
Hjelmeland LM. Altered distribution of basic fibroblast
growth factor in diabetic retinopathy. Arch Ophthalmol 1991;
109:1005-11. [PMID: 2064554]

20. Zhang SX, Wang JJ, Gao G, Shao C, Mott R, Ma JX. Pigment
epithelium-derived factor (PEDF) is an endogenous
antiinflammatory factor. FASEB J 2006; 20:323-5. [PMID:
16368716]

21. Inagaki Y, Yamagishi S, Okamoto T, Takeuchi M, Amano S.
Pigment epithelium-derived factor prevents advanced

glycation end products-induced monocyte chemoattractant
protein-1 production in microvascular endothelial cells by
suppressing intracellular reactive oxygen species generation.
Diabetologia 2003; 46:284-7. [PMID: 12627328]

22. Joussen AM, Poulaki V, Le ML, Koizumi K, Esser C, Janicki
H, Schraermeyer U, Kociok N, Fauser S, Kirchhof B, Kern
TS, Adamis AP. A central role for inflammation in the
pathogenesis of diabetic retinopathy. FASEB J 2004;
18:1450-2. [PMID: 15231732]

23. Saraheimo M, Teppo AM, Forsblom C, Fagerudd J, Groop PH.
Diabetic nephropathy is associated with low-grade
inflammation in Type 1 diabetic patients. Diabetologia 2003;
46:1402-7. [PMID: 12928771]

24. Motomiya Y, Yamagishi S, Adachi H, Abe A. Increased serum
concentrations of pigment epithelium-derived factor in
patients with end-stage renal disease. Clin Chem 2006;
52:1970-1. [PMID: 16998120]

Molecular Vision 2008; 14:992-996 <http://www.molvis.org/molvis/v14/a118> © 2008 Molecular Vision

The print version of this article was created on 28 May 2008. This reflects all typographical corrections and errata to the article
through that date. Details of any changes may be found in the online version of the article.

996

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=7526212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9639441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=2064554
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16368716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16368716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12627328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15231732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12928771
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16998120
http://www.molvis.org/molvis/v14/a118

