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To investigate if serum levels of vascular endothelial growth factor (VEGF) reflect disease activity

of IgA nephropathy, the serum VEGF levels were measured in 31 patients with IgA nephropathy

and 13 patients with focal glomerulosclerosis (FGS) without glomerular IgA deposition as controls

using a sandwich ELISA method. The serum VEGF levels of patients with advanced stage IgA neph-

ropathy (70.59 =7.84 pg/ml) were significantly higher than those in mild stage IgA nephropathy
(37.36 =38 pg/ml) , FGS (34.14 = 487 pg/ml) and the healthy controls (22.6 + 3.8 pg/ml) . The results
demonstrated that advanced stage IgA nephropathy patients with heavy proteinuria and the pres-

ence of glomerular crescents had high serum VEGF levels. This suggested that measurement of se-

rum VEGF levels is potentially useful in evaluating the degree of renal injury in patients with IgA

nephropathy.

Introduction

IgA nephropathy is well recognized as one of
the most common primary glomerulonephritides
and is characterized by mesangial deposition of
IgA in renal specimens”. Some factors are known
to be associated with the initiation and progres-
sion of IgA nephropathy”. Several investigators
have shown that macrophages play an important
role in the pathogenesis of mesangial hypercellu-
larity, and irreversible glomerular damage and in-
terstitial tissue injury in IgA nephropathy® ™.
Macrophage proliferation has recently been re-
ported to be a feature of the aggressive forms of
human glomerulonephritis”, and the degree of lo-
cal macrophage proliferation may be a useful
prognostic indicator for human glomerulonephri-
tides, including IgA nephropathy”. There has

been much interest in the mechanism by which
macrophages accumulate within the kidney dur-
ing disease. The entry of blood monocytes into
the injured kidney is regulated by a variety of

¥? however, the precise mediators

chemokines
which signal lymphocytes and monocytes to mi-
grate and colonize the kidney are still unclear.
Vascular endothelial growth factor (VEGF) is
a specific growth factor that differs from the ma-
jority of other growth factors, which stimulate
proliferation of several types of cells'”. VEGF is
thought to be an important factor regulating an-
giogenesis during fetal development, wound heal-
ing, and the growth of benign and malignant tu-
mors'”. In addition to its angiogenic properties,
VEGF dilates arteries, increases capillary perme-

ability” and collagenase activity'?, and exerts a
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chemotactic action on monocytes”. VEGF also
appears to participate in inflammatory processes
by inducing plasma extravasation and endothelial

proliferation’*

. We recently reported that the
serum VEGF concentrations of patients with rap-
idly progressive glomerulonephritis are signifi-
cantly higher than in healthy volunteers and that
there is no correlation between the serum levels
of VEGF and serum creatinine or proteinuria'®.

The purpose of this study was to determine if
high serum VEGF levels reflect the renal injury
in IgA nephropathy.

Subjects and Methods

Subjects

Thirty-one patients with primary IgA nephro-
pathy and 13 patients with focal glomerulosclero-
sis (FGS) without glomerular IgA deposition were
examined. IgA nephropathy patients whose bi-
opsy specimens stained predominantly for IgA in
the glomerular mesangial areas were included in
this study, after excluding patients with lupus ne-
phritis, Henoch-Schonlein purpura nephritis, liver
cirrhosis, and other systemic diseases. Twenty-
two age-matched healthy adults were enrolled as
controls. All patients gave their informed consent
to participate in the study.

The histopathological changes of IgA nephro-
pathy were divided into two stages according to
the classification described previously™. In brief,
the mild stage (n=16) was characterized by mini-
mal or slight mesangial thickening with an in-
crease in the homogeneous PAS-positive mesan-
gial matrix, mild mesangial cell proliferation was
observed. The advanced stage (n=15) was char-
acterized by diffuse mesangial thickening, mesan-
gial cell proliferation with or without capsular ad-
hesion, fibrocellular crescents, and/or glomerular
sclerosis. Glomerular capillary walls were thick-
ened by extension of the mesangial matrix. More
widespread interstitial cell infiltration and fibro-

sis, and tubular atrophy were also observed.
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Measurement of Serum VEGF

As previously described'”, serum VEGF levels
were measured by sandwich ELISA using a com-
mercial ELISA kit (Immuno Biological Laborato-
ries, Fujioka, Gunma, Japan) with a slight modifi-
cation. In brief, serum samples or standards
(VEGFys) were incubated in wells coated with
anti-human VEGFs monoclonal antibody. After
washing, a peroxidase-conjugated anti-human
VEGF:» monoclonal antibody was added to the
microwells and incubated. After another wash-
ing, the peroxidase substrate was mixed with
chromogen and allowed to perform an additional
incubation. An acid solution was then added to
each well to terminate the enzyme reaction and
to stabilize the developed color. The optical den-
sity of each well was measured at 492 nm with a
microplate reader (Dynatech, Chantilly, Virginia,
USA). The serum VEGF concentration was cali-
brated from a dose-response curve based on
VEGF standards (R and D Systems, Minneapolis,
Minn, USA). The sensitivity and specificity of the
serum VEGF determinations were assessed as
previously described™.

Parameters of Disease Activity

The following clinical parameters at the time of
renal biopsy were used to assess the disease ac-
tivity: proteinuria (g/day), hematuria (/HPF),
creatinine clearance, and the presence of
glomerular crescents. Based on these parame-
ters, the sensitivity and specificity of serum
VEGF for detecting disease activity of IgA neph-
ropathy in the present study were 100 and 30%,
respectively.

Statistical Analysis

Student’s ¢ test, Mann-Whitney U test, and re-
gression analysis were used for statistical analy-
sis of the clinical data. Values are expressed as
means £ SE, and p<0.05 was regarded as signifi-

cant.
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Table 1 Serum VEGF levels and laboratory data in patients with mild-stage IgA

nephropathy
Patient Age/Sex  Serum VEGF Proteinuria Hematuria Crescent Cer
(pg/ml) (g/day) (RBC/HPF) (ml/min)
1 44/F 271 24 10 - 89
2 33/M 543 23 100 - 83.8
3 26/F 224 26 30 - 76
4 51/M 53.1 1.1 8 - 89
5 30/M 299 08 20 - 117
6 23/M 489 04 50 - 110
7 55/M 62.6 14 10 - 129
8 19/F 30.0 08 10 - 75
9 53/F 34.8 16 20 - 64
10 22/M 227 04 20 - 89
11 38/M 26.7 0.3 30 - 50
12 46/F 258 17 numerous - 67
13 29/M 57.2 1.5 numerous - 90
14 33/F 282 14 50 - 82
15 21/M 55.8 2.1 numerous - 95
16 41/M 186 0.2 10 - 100
Mean * SE 374+38 1.3%£0.2 87.8+5.0

VEGF : vascular endothelial growth factor, Ccr : creatinine clearance.

Results
The serum VEGF levels of the healthy controls
were 22.6 + 38 pg/ml. The serum VEGF levels
were lower than those reported previously from

' This is based on the reason why

our laboratory
the primary antibody against VEGFs was
changed due to the crossreactivity of previous
antibody. The serum VEGF levels and laboratory
data are summarized in Table 1 (mild-stage IgA
nephropathy ), Table 2 (advanced-stage IgA
nephropathy), and Table 3 (FGS). The serum
VEGF levels in the advanced stage of IgA neph-
ropathy were significantly higher than in FGS
without IgA deposition and in the healthy con-
trols (Fig. 1), and the difference between the se-
rum VEGF levels in the mild and advanced stage
of IgA nephropathy was significant (p<0.01).
The urinary protein levels in advanced-stage
IgA nephropathy were significantly higher than
in the mild stage (p<0.01). The grade of micro-
scopic hematuria in advanced-stage IgA nephro-
pathy was significantly higher than in the mild-

stage of the disease. Glomerular crescents were
observed in 8 of the 15 patients with advanced-
stage IgA nephropathy, but in only one patient
with mild-stage IgA nephropathy (Tables 1, 2).
The serum VEGF levels in both stages of IgA
nephropathy with glomerular crescents 80.12 =
384 pg/ml) were significantly higher than in
cases without glomerular crescents (42.67 = 20.9
pg/ml) (p<0.01; Fig. 2). As shown in Fig. 3, the se-
rum VEGF levels were positively correlated with
the degree of proteinuria in advanced-stage IgA
nephropathy (r=0.54, p<0.05). However, there
was no significant correlation between the serum
VEGF levels and creatinine clearance in the pa-
tients with either stage of IgA nephropathy (data
not shown).
Discussion

VEGF expression in normal glomeruli has been
reported to be localized in visceral glomerular
’. Shulman et al® showed that
the number of VEGF-expressing cells is de-

20~22

epithelial cells

creased in the glomeruli of many glomerular dis-
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Table 2 Serum VEGEF levels and laboratory data in patients with advanced-stage

IgA nephropathy

Patient Age/Sex  Serum VEGF Proteinuria Hematuria ~ Crescent Cer
(pg/ml) (g/day) (RBC/HPF) (ml/min)

1 38/M 47.1 16 numerous + 62

2 44/M 56.3 15 50 + 58

3 58/M 87.0 6.0 10 + 44

4 41/F 62.1 03 numerous - 53

5 47/M 52.0 2.2 100 + 67

6 55/M 825 19 50 + 49

7 62/F 122.9 4.3 100 + 28

8 37/F 58.9 12 numerous - 64

9 59/F 1515 56 100 + 47

10 69/F 70.2 55 30 + 30

11 28/M 67.3 46 100 - 67

12 23/F 387 22 30 - 46

13 26/F 56.6 4.1 numerous - 62

14 40/M 485 1.8 numerous - 70

15 52/F 57.1 25 30 + 52
Mean = SE 70.6=7.84 30+05 53.3+33

VEGF : vascular endothelial growth factor, Ccr : creatinine clearance.

Table 3 Serum VEGF levels and laboratory data in patients with FGS

Patient Age/Sex  Serum VEGF Proteinuria Hematuria  Crescent Cer
(pg/ml) (g/day) (RBC/HPF) (ml/min)

1 19/M 29.7 04 10 - 110

2 50/F 159 23 20 - 65

3 25/F 305 09 - - 98

4 42/M 475 16 - - 69

5 33/M 21.2 18 - - 90

6 34/M 30.0 32 10 + 48

7 66/M 214 7.1 5 - 72

8 56/M 445 45 - - 117

9 19/M 29.7 05 - - 114

10 39/F 33.3 26 10 - 51

11 39/M 106 2.1 - - 91

12 21/M 53.7 3.1 10 + 45

13 23/F 759 15 3 - 66
Mean +SE 34.1+4.87 2405 79770

FGS : focal glomerulosclerosis, VEGF : vascular endothelial growth factor,

Ccr : creatinine clearance.

eases. These findings suggest that damage to vis-
ceral glomerular epithelial cells in a variety of
glomerular diseases may cause the release of
relatively large amounts of VEGF locally, leading
to increased glomerular permeability. On the
other hand, marked expression of VEGF mRNA

has been reported in acutely hypoxic proximal
and distal tubules in both the cortex and me-
dulla®. However, the function of VEGF constitu-
tively synthesized in the visceral glomerular epi-
thelial cells of the adult kidney is still unknown.
We previously measured serum VEGF levels in
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Fig. 1 Levels of serum vascular endothelial growth
factor (VEGF) inIgA nephropathy. focal glomeru-
losclerosis (FGS), and healthy controls
The Mann-Whitney U test was used for statistical
analysis. Values are mean + SE.
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Fig. 2 Levels of serum vascular endothelial growth
factor (VEGF) in IgA nephropathy patients with
or without glomerular crescents
The Student’s ¢ test was used for statistical analy-
sis. Values are mean = SE.

various types of glomerulonephritis and found a
significant increase in serum VEGF levels in rap-
idly progressive glomerulonephritis and the ab-
sence of any elevation of serum VEGF in minimal
change nephrotic syndrome, IgA nephropathy,
and FGS, in which crescent formation was not ob-

served'?. Our results suggested a possible role of
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Fig. 3 Correlation between serum vascular endothe-
lial growth factor (VEGF) levels and degree of pro-
teinuria in advanced-stage IgA nephropathy (n=16)

VEGF in the crescent formation in rapidly pro-
gressive glomerulonephritis.

In the present study, high levels of serum
VEGF were observed in patients with the ad-
vanced stage of IgA nephropathy. The serum
VEGF measurements showed high sensitivity for
determination of the disease activity in IgA neph-
ropathy. The advanced stage IgA nephropathy
patients with heavy proteinuria and the presence
of glomerular crescents in this study had the high
serum VEGF levels. There was no significant re-
lationship between the serum VEGF levels and
the kinds or amounts of drugs taken by the pa-
tients with IgA nephropathy. Since the histopa-
thological changes in the advanced stage of IgA
nephropathy were characterized by diffuse me-
sangial cell proliferation and tubulointerstitial in-
jury”, measurement of serum VEGF may be of
value in estimating the degree of renal lesions in
such patients. Increased serum VEGF levels
were also observed in FGS, but they were lower
than in advanced stage IgA nephropathy. There-
fore, high serum VEGF levels are not considered
specific for IgA nephropathy, but they do sug-
gest increased disease activity in IgA nephropa-
thy.
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Macrophages are thought to be an important
constituent of glomerular crescents”, and the in-
tensity of the macrophage infiltrate correlates
with loss of renal function and histologic damage
at the time of renal biopsy in IgA nephropathy”.
We recently reported finding that increased se-
rum VEGF levels are significantly correlated
with the frequency of glomerular crescents, the
grade of interstitial injury, and glomerular infil-
tration rate by macrophages/monocytes in hu-
man crescentic glomerulonephritis®. Monocytes
are known to produce VEGF*®* and the mono-
cyte migration in response to VEGF is mediated
by the VEGF receptor, flt-1®. Monocytes at-
tached to vessels during vascular rejection or
vasculitis after kidney transplantation show a
strong VEGF mRNA
monocyte-derived VEGF may be in part associ-

signal® . Therefore ,
ated with the increased serum VEGF levels in
IgA nephropathy. This is the first report describ-
ing a possible role of VEGF in the pathogenesis of
IgA nephropathy. Taken together, the above
findings suggest that measurement of serum
VEGF is useful in estimating the degree of renal
injury in IgA nephropathy.

Conclusion

We conclude that measurement of serum

VEGF levels is potentially useful in evaluating
the degree of renal injury in patients with IgA
nephropathy.

References

1) Berger J, Hinglasis N : Les depots intercapil-
laires d’ IgA-IgG. J Urol Nephrol 74 : 694—695,
1968

2) Galla JH : IgA nephropathy. Kidney Int 47 : 377—
387,1995

3) Arima S, Nakayama M, Naito M et al : Signifi-
cance of mononuclear phagocytes in IgA nephro-
pathy. Kidney Int 39 : 684-692, 1991

4) Nagata M, Akioka Y, Tsunoda Y et al : Macro-
phages in childhood IgA nephropathy. Kidney Int
48 : 527-535, 1995

5) Qotaka T, Saito T, Yusa A et al : Contribution

—281—

6)

7)

10)

11)

12)

13)

14)

15)

16)

17)

18)

53

of cellular infiltration to the progression of IgA
nephropathy. A longitudinal, immunohistochemi-
cal study on repeated biopsy specimens. Nephrol-
ogy 1:135-142, 1995

Qotaka T, Saito T, Soma ] et al : Mechanism of
infiltration and activation of glomerular mono-
cytes/macrophages in IgA nephropathy. Am J
Nephrol 17 : 137-145, 1997

Yang N, Isbel NM, Nikolic-Paterson DJ et al :
Local macrophage proliferation in human
glomerulonephritis. Kidney Int 54 : 143-151, 1998
Rovin BH, Rumancik M, Tan L et al : Glomeru-
lar expression of monocyte chemoattractant
protein-1 in experimental and human glomeru-
lonephritis. Lab Invest 71 : 536-542, 1994

Lan HY, Bacher M, Yang N et al : The patho-
genic role of macrophage migration inhibitory
factor in immunologically induced kidney disease
in the rat. ] Exp Med 185 : 1455-1465, 1997

Leung DW, Cachianes G, Kuang W] et al : Vas-
cular endothelial growth factor is a secreted angi-
ogenic mitogen. Science 246 : 1306-1309, 1989
Ferrara N, Houck K, Jakeman L et al : Molecu-
lar and biological properties of the vascular endo-
thelial growth factor family of proteins. Endocri-
nol Rev 13 : 18-32, 1992

Senger DR, Galli SJ, Dvorak AM et al : Tumor
cells secrete a vascular permeability factor that
promotes accumulation of ascites fluid. Science
219 :983-985, 1933

Clauss M, Gerlach M, Gerlach H et al : Vascular
permeability factor: a tumor-derived polypeptide
that induces endothelial cell and monocyte proco-
agulant activity, and promotes monocyte migra-
tion. ] Exp Med 172 : 15351545, 1990

Unemori EN, Ferrara N, Bauer EA et al: Vas-
cular endothelial growth factor induces intersti-
tial collagenase expression in human endothelial
cells. ] Cell Physiol 153 : 557-562, 1992

Brown LF, Yeo KT, Berse B et al : Expression
of vascular permeability factor (vascular endothe-
lial growth factor) by epidermal keratinocytes
during wound healing. ] Exp Med 176 : 1375—
1379, 1992

Nitta K, Uchida K, Honda K et al : Serum vascu-
lar endothelial growth factor concentration in
rapidly progressive glomerulonephritis. Nephron
80 :357-358, 1998

Sakai H, Abe K, Kobayashi Y et al : Clinical
guidelines of IgA nephropathy. Jpn J Nephrol 37 :
417-421, 1995

Rosner B : Fundamentals of Biostatics, 3rd ed.



54

PWS-KENT Publishing Company, New York 24) Grone HJ, Simon M, Grone EF : Expression of

(1990) vascular endothelial growth factor in renal vascu-
19) Nitta K, Uchida K, Kimata N et al : Increased se- lar disease and renal allografts. J Pathol 177 ; 259—

rum levels of vascular endothelial growth factor 267, 1995

in human crescentic glomerulonephritis. Clin 25) Atkins RC, Nikolic-Paterson DJ, Song Q et al :

Nephrol 52 : 76-82, 1999 Modulators of crescentic glomerulonephritis. J
20) Brown LF, Berse B, Tognazzi K et al : Vascular Am Soc Nephrol 7: 2271-2278, 1996

permeability factor mRNA and protein expres- 26) Berse B, Brown LF, Van de Water L et al : Vas-

sion in human kidney. Kidney Int 42 : 1457-1461, cular permeability factor (vascular endothelial

1992 growth factor) gene is expressed differentially in
21) Monacci WT, Merrill MJ, Oldfeld EH : Expres- normal tissues, macrophages, and tumors. Mol

sion of vascular permeability factor/vascular en- Biol Cell 3:211-220, 1992

dothelial growth factor in normal rat tissues. Am 27) lijima K, Yoshikawa N, Connolly DT et al : Hu-

J Physiol 264 : C995-C1002, 1993 man mesangial cells and peripheral blood mono-
22) Simon M, Grone HJ, Johren O et al : Expression nuclear cells produce vascular permeability fac-

of vascular endothelial growth factor and its re- tor. Kidney Int 44 : 959-966, 1993

ceptors in human renal ontogenesis and in adult 28) Barleon B, Sozzani S, Zhou D et al : Migration

kidney. Am ] Physiol 268 : F240-F250, 1995 of human monocytes in response to vascular en-
23) Shulman K, Rosen S, Tognazzi K et al : Expres- dothelial growth factor (VEGF) is mediated via

sion of vascular permeability factor (VPF/VEGF) the VEGF receptor flt-1. Blood 87 : 3336—3343,

is altered in many glomerular diseases. ] Am Soc 1996

Nephrol 7 : 661-666, 1996

IgA BEERB ¥ (C 5 (T 5 & vascular endothelial growth factor JEFE & #R B EENME:

RERTERKRSY EFEI ENARE (BF R 259

I TIE R AUIE YT N S N R et S
BHETEHERIZLIY [gA BELABRZWIEON, BKRF— 5 BB T EECTh - 72 31 #2460 % 5t
KL fBELT, 2280 EEZE»SRIML 72, IgA BEIL, BRER L ETRICHT TR L.
WEBESI & LT, IgA b %R0 2 WEIRERAEILIE (FGS) # /R IRBIRL 72, 3_CoEFIL
AT F—AFArey VEBOBKE L. IgA BEICB I 2EBISEEE L HET 272012, 1
{& vascular endothelial growth factor (VEGF) EEDORIEDNEH TH 5 0T L 0%, Ko B
B TH 5. iF VEGF g%, VEGF s & VEGF . % #8ik 3 % 2 FEEEH OPUE % v 72 sandwich ELISA
Tl L7z, EEBEESMEE LT, —AREHE, MRORE, 7L7F=r - 27Y75 R (Cer) B
FURKMBICBIT 2 ERMBEEEL H . EITEEO [gA BHEICB T A 1% VEGF B (706+7.8
pg/ml) &, #EH (226+38pg/ml), BIEMHD IgA BE (374+38pg/ml) B L U FGS fER] (34.1
+49pg/ml) \ZH L, ARICEMEER L (p<001) . F72, IgA BHEICBVTIE, LHARERZENS
WHET, g VEGF IBE XA ZICEMEZ R L7 (p<001). MROREE L OB b - 7278, #I7H
D IgA B BT 5 1MiE VEGF iRE L IREHE L OB, EOHMBE (r=054, p<0.05) 252 5 7=,

£ oT, IgA BEDIME VEGF B 1E, REGEEMZ KL TV BT iME2zH 5.
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