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Corrections of Immunocirculatory Imbalance and Hemodynamic Maladjustment with Ganoderma
Lucidum and Vasodilators Suppress Proteinuria and Restore Renal Function Respectively, in Severe
Nephrosis (FSGS)

Narisa Futrakul*, Punnee Butthep**. Tasanee Panichakul***, Suthiluk Patumraj*,

Prasong Siriviriyakul*.

* King Chulalongkorn Memorial Hospital, **Ramathibodi Hospital, and ***Chulabhorn Research
Institute

A progressive renal disease towards end stage renal failure and a refractory — to — be — treated
proteinuria are hallmarks of F5GS nephrosis. This study investigates the role of immunocirculatory
imbalance inducing glomerular endothelial dysfunction associated with hemodynamic
maladjustment which is crucial to the pathogenesis of renal disease progression. in essence, serum
from the patient showed preoinflammatory cytokine TNF alpha activity which could enhance
endothelial cell cytotoxicity and glomerular endothelial dysfunction. This is reflected by
hemodynamic maladjustment characterized by preferential constriction of the efferent arteriole.
Such constriction has a significant hemodynamic impact as follows : Proximally, it induces
intraglomerular hypertension and capillary dilation. Detachment of pedocyte from the basement
membrane secondary to capiliary dilation, decreases production of vascular endothelial growth
factor. This would affect the survival and growth of endothelial cell. Further injury to the glomerular
endothelial cell would aggravate in a viscious cycle manner, a greater magnitude of hemodynamic
maladjustment and eventually a further injury to podocyte. Distally, it exaggeratedly reduces the
peritubular capillary flow (PTCF} which supplies the tubulointerstitium. PTCF reduction and
glomerular endcthelial dysfunction (increased All) activate profibrotic pathway and culminate in
tubulocinterstifial fibrosis. A correlation between PTCF reduction and the magnitude of TIF is
observed. This forms a new body of knowledge that is relevant fo be pathogenesis of renal disease
progression.

Therepeutic corrections with (1) vasodilators (ACEl + All receptor antagonist + calcium channel
blocker + antiplatelet) is for the first time able to restore renal function (2) Ganoderma lucidum
suppresses proteinuria through the correction of immunocirculatory imbalance and inhibition of
endothelial cell cytotoxicity.
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Correction of immunocirculatory balance with Ganoderma
lucidum in FSGS nephrosis
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The effcct of Ganoderma lucidum on the endothelial cell cvtotoxicity and the immunocirc-

culatory balance (evtokine studies)

Fotlow-up after P value
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Endothelial ¢cell cytotoxicity (%)

Immunocirculalory balance
{(TNF alphw/interleukin-10 ratio)
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Table 2
Therapeutic correction of intrarenal hemodynamics in group I patients

Normal Before After P
treatment treatment
GFR (mVmin/1.73 m?) 14+ 14 51423 76 + 22 <0.01
RPF (ml/min/1.73 m?) 598 £ 41 234 =97 399 + 129 <0.001
PG (mm Hg) 51+0.02 5542 51407 <0.00]
PTCF (mUmin/1.73 m%) 48343 182 £ 81 323+ 116 <0.001
RA (dyne.s.cm™) 2440+ 138 1075346426 384611682  <0.001
RE (dyne.s.cm™) 30424165 124477082 612442670 <00l
MAP (mm Hg) 8343 95+6 79+5 <0.001
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Ganoderma lucidum suppresses endothelial
cell cytotoxicity and proteinuria in persistent
proteinuric focal segmental
glomerulosclerosis (FSGS) nephrosis
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Abstract. A persistent proteinuria is commonly cbserved in nephrotic patient with focal segmental glomerulosclerosis (FSGS)
under treatment with prednisolone £ cyclophosphamide or with vasodilators (ACEI + All receptor antagonist, calcium channel
blocker and antiplatelet agent). Fourteen such patients with persistent proteinuria were subject to be treated with Ganoderma
lucidum. Initial study revealed an enhanced endothelial cell cytotoxicity induced by patient’s serum, and an altered immunocir-
culatory balance with predominant proinflammatory cytokine TNF alpha activity in the presence of defective anti-inflammatory
cytokine interleukin-10, Treatment with Ganoderma lucidum suppressed endothelial cell cytotoxicity, restored immunocircula-
tory balance and successfully suppressed proteinuria in all of these 14 patients.

Keywords: Endothelial cell cytotoxicity, focal segmenta] glomerulosclcr051s (FSGS), proteinuria immunocirculatory balance,
Ganoderma lucidum

1. Introduction

A persistent proteinuria and reduction in renal perfusion are geunerally encountered in nephrotic pa-
tients associated with focal segmental glomeruloscierosis (FSGS). Treatment with combined formula
consisting of ACE{, All receptor antagonist, calcium channel blocker and antiplatelet agent have been
demonstrated to improve the renal perfusion and restore the renal function. However, such treatment
has a minor effect on the clinical persistence of proteinuria in many patients [1,2]. Although the mech-
anisms for such persistent proteinuria remain to be further elucidated, multiple factors, such as injury

*Corresponding author: Narisa Futrakul, Dept. of Physiology, King Chulalongkorn Memorial Hospital, Rama IV Road,
Bangkok 10330, Thailand. E-mail: fimednft@md2.md.chula.ac.th,

1386-0291/04/$17.00 © 2004 — IOS Press and the authors, All rights reserved
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to podocyte, oxidative stress and hemodynamic maladjustment, have been proposed [3-7]. Recently, a
glomerular endothelial dysfunction with enhanced endothelial cell cytotoxicity is documented in FSGS
nephrosis [8]. Also, an immunocirculatory disturbance, associated with enhanced proinflammatory cy-
tokine TNF alpha in the presence of defective anti-inflammatory cytokine interleukin-10, is detected
in both serum and T-lymphocyte of patients with FSGS nephrosis [9,10]. The defective immunocircu-
latory balance is likely to induce a prolonged inflammatory effect upon glomerular endothelial func-
tion, and this may be responsible for the persistent proteinuria commonly encountered in this refractory
to-be-treated group of nephrosis. The associations between enhanced endothelial cytotoxicity, altered
immunocirculatory balance and persistent proteinuria documented in these FSGS patients appear to be
an interesting observation. A search for therapeutic agents to suppress the proteinuria in this refractory
group of patient would be desirable. In this regard, Ganoderma lucidum is selected to.serve for this
purpose because it has many pharmaceutical effects and has long been used as a home remedy. In fact,
Ganoderma lucidum, is known to inhibit angiotensin converting enzyme activity {11] with immunomod-
ulatory property [12]. Moreover, it is shown to protect adriamycin induced cytotoxicity in rats [13]. Since
adriamycin can induce nephrotic proteinuria in experimental model in aniimal [5], it would be interest-
ing to see whether Ganoderma lucidum can suppress proteinuria in clinical setting of human nephrosis
associated with FSGS. In fact, a pilot study has recently demonstrated that Ganoderma lucidum can sup-
press proteinuria in 5 FSGS patients who have been associated with altered immunocirculatory balance
and enhanced endothelial cytotoxicity [1]. The aim of this study, therefore, is to extend the observation
of the effect of Ganoderma lucidum in other FSGS patients and also to study the mechanism of such
proteinuria suppression. '

2. Material and method

Fourteen patients with biopsy confirmation of FSGS with moderate degree of tubulointerstitial fibro-
sis who presented with persistent proteinuria under the treatment of prednisolone + cyclophosphamide
and vasodilators (ACEI 4 All receptor antagonist, calcium channel blocker, antiplatelet agent) were
included, The study was approved by the ethical committee of the Institution and the patients gave their
informed consent. All patients had moderately impaired renal function and the degree of tubulointer-
stitial fibrosis correlates with the fractional excretion of magnesium [14]. With respect to the persistent
proteinuria, we prospectively treated all these 14 patients with Ganoderma lucidum. They were subjected
to the following investigations and treatment.

2.1. Endothelial cell cytoroxicity test

An endothelial cell cytotoxicity test using sera from nephrotic patients was performed as previously
described [15]. In brief, the human endothelial cell line ECV 304 {(American Tissue Culture Collection)
in medium 199 with 10-per cent fetal bovine serum approximately 2 x 10% cells/well of 96-well tissue
culture plates was incubated overnight at 37°C in a 5 per cent CO, atmosphere. Sera from nephrotic
patients were added in duplicate wells. The culture medium and 10 per cent Triton X were used as
controls that showed no cell lysis and 100 per cent lysis, respectively. The testing cultures were incubated
as above for an additional 48 hours. After incubation, each well was washed with phosphate-buffered
saline and then stained with crystal violet. The stained cells were lysed with acid alcohol solution, and
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the optical density (OD) was determined by using a microtiter plate reader (model 3550; Biorad} at
550 nm. The percentage of cytotoxicity was calculated by using the formula as follows:

ODTesling - ODTrilon X

x 100.
ODControl - ODTrilon X

% cytotoxicity = | —

2.2. Cytokines study

TNF alpha and interleukin-10 were measured in plasma in accordance with manufacturer’s recom-
mendations. TNF alpha and interleukin-10 were determined with commercially available ELISA kits
(Predicta, provided by Genzyme Corporation, Cambridge, MA, USA). In brief, 50 pl of buffered protein
base (sample deluent) was placed in each well; then 50 pl of standard or sample was added, incubated
at 37°C for 90 minutes and washed with 400 .1 of buffer. Thereafter, 100 g1 TNFE alpha biotinylated
antibody was added into each test well and incubated at 37°C for 30 minutes, After washing, 100 ul
of TNF alpha streptovidin reagent was added into each test well and incubated at 37°C for 15 minutes.
After washing, 100 pl of working substrate solution was added into each'test well and incubated for
10 minutes. The reaction was stopped with 100 ul of stop solution. The optical density was determined
at 450 nm within 30 minutes after the reaction had been stopped results were expressed as pc/ml.

2.3. Glomerular function

Glomerular filtration rate was determined by measuring the 10-hour endogenous creatinine clearance
(CCr) or glomerular filtration rate (GFR) by the radioisotope technique using 99mTe labeled diethylene
triamine pentaacetic acid (DTPA) and the value was converted to the body surface area of 1.73 m® by
the method of calculation as follows:

body weight (kg) x 4 + 7

Body surf; - '
ody surface area =~ oy weight (ke)

2.4. Tubular function

Indirect tubular transport was assessed by a 10-hour urinary collection as previously described [14).
Diuretic was not administered during or within 24 hours before the test. Briefly, after a regular supper, no
additional food except drinking water ad lib was allowed. The patients were instructed to void at 7 PM,
and then urine was collected from 7 PM to 5 AM. Clotted blood from venipuncture was drawn at the end
of the test for the analysis of creatinine and magnesium levels. Urine samples were analyzed the same
as blood samples by the Renal Metabolic Laboratory Unit. Analyses of (i) creatinine was determined by
the method described by Faulkner and King and (ii) magnesium was determined by atomic absorption
spectophotometer {(model 1100 G; Perkin Eimer, Norwalk, CT). A reflection of tubular transport was
derived from the determination of FE Mg which was calculated through the formula:

Ufe magnesium

FEMg =
& Y/p creatinine

100.
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2.5, Mode of therapy

In addition to the present medication consisting of (i) vascdilators namely angiotensin converting
enzyme inhibitor (enalapril 10-40 mg/day), calcium channel blocker (isradipine 10-20 mg/day), dipyri-
damole 50-100 mg/day plus baby aspirin 1 gr/day, and with or without AII receptor antagonist (Losartan
50-100 mg/day). (i) vitamin C 1000-3000 mg/day and vitamin E (400-800 IU/day), Ganoderma lu-
cidum 900-1125 mg/day was additionally given to each of these 14 patients.

2.6. Statistical analysis

Values in text are expressed as mean £ SEM. The difference between pre- and post-treatment was
performed by the Student’s paired t-test. The difference was statistically significant when the p value
was less than 0.05.

3. Results

A significant elevation of endothelial cell cytotoxicity and altered immunocirculatory balance with
predominant proinflammatory cytokine TNF alpha were noted prior fo-the treatment (Table 1). Follow-
ing treatment, endothelial cell cytotoxicity and immunocirculatory disturbance were converted back to
normal. Table 2 showed altered renal function with decreased creatinine clearance, elevated FE Mg and
total urinary protein. Following treatment, improvements in renal function were achieved with statistic
significance. ‘

Table 1

The effect of Ganoderma lucidum on the endothelial cell cytotoxicity and the immaunocirc-
culatory balance (cytokine studies)

Initial Normal Follow-up P value
after
Ganoderma
lucidum
Endothelial cell eytotoxicity (%) 287+ 11 14+0.6 1943 <0.001
Immunocirculatory balance 3.7+1.2 25102 22104 <0.001
(TNF alphafinterleukin-10 ratio)
Table 2
The effect of Ganoderma lucidum on the renal function
Initial P value Follow-up Nommal
after
Ganoderma
] lucidum
Creatinine clearance 50+24 <0.001 7O 23 120
(ml/min/1,73m>
Fractional excretion of 643 <0.001 34+£2 1.6+£0.6
magnesium (FE Mg) (%)

Total urinary protein (g/24) 22+1.6 <0.001 0.2+£03 <03
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4, Discussion

The result of this study indicates that Ganoderma lucidum can effectively suppress proteinuria in
these nephrotic patients who had enhanced endothelial cell cytotoxicity and altered immunocirculatory
balance. An enhanced endothelial cell cytotoxicity induced by the patient’s serum in the presence of
predominant activity of TNF alpha may reflect TNF alpha inducing glomerular endothelial dysfunc-
tion. A dysfunctioning glomerular endothelium favors proteinuria due to the loss of negatively charged
surface (charge-selective proteinuria) [16]. In addition, a dysfunctioning glomerular endothelium also
induces size-selective proteinuria secondary to the hemodynamic maladjustment which preferentially
constricts the efferent arteriole. The hemodynamic maladjustment also induces podocyte detachment
from the glomerular capillary basement membrane [2]. Such podocyte injury secondary to the hemody-
namic mechanism as well as its direct toxic effect from the TNF alpha would exert additional mechanism
inducing protienuria. The suppression of proteinuria in conjunction with the conversion of immuno-
circulatory balance back to normal as well as the suppression of endothelial cell cytotoxicity implies
their cause — and — effect relationships even though the actual mechanism of such suppression of pro-
teinuria remains to be determined. Nevertheless, Ganoderma lucidum possesses several known herbal
components namely polysaccharides, triterpenoids, Ling Zhi-8 and nucleosides. The suppressive effect
of proteinuria may work through their biologically active ingredients consisting of immunomeodulating,
anti-inflammatory, antioxidant and vasodilating effects [17-20]. Thus, the persistent proteinuria and the
reduction in renal perfusion which are the commeon threats in nephrosis associated with FSGS can be
corrected by Ganoderma lucidum and vasodilators respectively.
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ABSTRACT

A dysfunctioning glomerular endothelium was demonstrated in chronic kidney disease
(CKD) patients by means of in vitro endothelial cell cytotoxicity test and of in vivo
intrarenal hemodynamic study. An enhanced endothelial cell cytotoxicity in CKD
patients was 26.5x12% as compared to 0.4+1% of control. An aliered inlrarenal
hemodynamics revealed 1) a reduction in renal plasma flow. 19067 mL/min/1.73 m?
versus control 595+45 ml/min/1.73 m®, and in peritubular capillary flow,
149+ 55 mL/min/1.73 m® versus control 479+£46 mL/min/1.73 m®, 2) an elevated
intraglomerular  hydrostatic pressure. 55+2 munHg versus contrel 51 mmbg,
elevated afferent arteriolar resistance, 13184 dyne.s.cm4 versus  control
2443154 dynesem™”, and elevated efferent arteriolar resistance, 13591 +759]
dyne.s.em™ " versus control 3062 177 dyne.s.cm™ >, Both enhanced endothelial ceil
cytotoxicity and altered intrarenal hemodvnamics reflect glomerular endothelial
dvsfunction which is likely responsible for the renal disease progression in CKD.

Kev Words:  Glomerotar  endothelial  dysfunction;  Hemodynamics;  Endothelial
cell cylotoxicity.

INTREDUCTION
By viriue of i Iocz}tion at the interface between

the underiying glemerular structures and blood flow-
dducing mechanical shear stress, as well as containing

blood e¢lements and a variety of medialors such as
inflammatory factors, metabolic products (reactive
oxygen species), hemostatic triggers and vasoactive
peptides, the glomerular endothehal or poslglomefular
capillary endothelial cell i1s likely to be affected by
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mechanical. immunologic and hemodynamic stress and
thereby maintain finely tuned homeostasis under nor-
mal condition and under pathological conditions is
disturbed with altered homeostasis.!' ' The glomerular
endothelial ¢ell under normal function expresses vaso-
dilators. namely prostacyclin, nitric oxide and antico-
agulant surface consisting of negatively charged
surface and thereby allows a free flowing of noncoag-
ulant blood. [n essence, the normal renal plasma flow
{RPF) is approximately 600 mL/min/1.73 m”. One
hundred and twenty mL/min/1.73 m® of RPF is filtrated
as glomerular filtration rate and the remaining plasma
(480 mL/min/1.73 m’) is allowed to pass through the
efferent arteriole as peritubular capillary flow, which
supplies the tubulointerstitial structure.

In the diseased state, most of the injurious or toxic
substances gain access to the glomerular endothelial
cell via the circulatory pathway. Any injury to the
glomerular structure is likely to affect the glomerular
endothelial cell. In this regard, a glomerular endothelial
dysfunction has been substantiated in a variety of
glomerulonephropathies. A dysfunctioning glomerular
endothelium would express 1) a loss of negatively
charged surface which is reflected by the charge-se-
lective-type proteinuria™~! as well as by the altered
hemostasis. namely increased consumption of platelet
and fibrinogen (shortened platelet half life and fibrin-
ogen half life. respectively) such as that encountered
in acute poststreptococcal  glomerulonephritis, lupus
nephritis. nephrosis assoctated with focal segmental
glomerulosclerosis and mesangial proliferation.!®=?!
2) a preovasoconsirictive state due to the defective
release of vasodilator in conjunction with the en-
hanced rElease of vasoconstrictors such as angiotensin
II. endothelin, thromboxane A, etc., of which it is
reflected by altered intrarenal hemodynamics. Indeed,
an abnormal intrarenal hemodynamics has been con-
sistently observed in a variety of glomerulonephropa-
thies which is characterized by a reduction in RPF
and peritubular capillary flow, and an elevated intra-
glomerular hydrostatic pressure and efferent arteriolar
resistance. 71 I addition, we also observed a pro-
gressive reduction in renal perfusion as the disease
severity progresses. Inasmuch as metabolic factor such
as reactive oxygen species, lipid, glycation end prod-
uct. cytokines have been found to be elevated in
chronic kidney patients, any of these would have
impact on the endothelial cell.''*="1 It is, therefore
the purpose of this study to determine whether there is
any evidence of glomerular endothelial dysfunction
which 1s determined by in vitro endothelial cell cy-
totoxicity test and by in vivo intratenal hemodyna-
mic¢ study.

Futrakul et al.
MATERIALS AND METHODS

Seventeen patients associated with chronic
kidney diseases and impaired renal function (mean
serum creatinine 3x1 mg/dL} was subject to the
following studies.

Endothelial Cell Cytotoxicity

An endothelial cell cytotoxicity induced by
patients’ serum was performed as previously de-
scribed.®™ In brief, the human endothelial cell line
ECV 304 (American tissue culture collection) in
medium 199 with 10% fetal bovine serum, approxi-
mately 2x 10* cells/well of 96-well tissue culture
plates was incubated overnight at 37°C in a 5% CO-
atmosphere. Sera from patients with chronic kidney
disease were added in duplicate well. The culture
medium and 10% Triton X were used as control that
showed no cell lysis and 100% cell lysis, respectively.
The testing cultures were incubated as above for an
additional 48 h. After incubation, each well was
washed with phosphate-buffered saline and then stained
with crystal violet. The stained cells were lysed with
acid—alcohol solution, and the optical density (OD}
was determined by using a microtiter plate reader
{(model 3550; Biorad) at 550 nm. The percentage of
cytotoxicity was calculated by

_ OD[esling — ODTrilon X
ODConlroI - ODTriton X
x100

Percent cytotoxicity = |

Intrarenal Hemodynamics

Simultaneous assessment of effective renal plasina
flow (RPF) using '*'I-labeled orthoiodohippuric acid
(hippuran} and of glomerular filtration rate (GFR)
using **™Tc-labeled DTPA were determined.”?'! Intra-
renal hemodynamics were calculated and based on
modified Gomez’s equation. Clinical data such as mean
arterial pressure (MAP) was strictly recorded.

For calculation purpose, the effective filtration
pressure across the glomerular capillaries (PF) is as-
sumed to be 35 mmHg when the blood pressure is
normal (BP 120/80 mmHg or less) and 40 mmHg when
the blood pressure is high (BP>120/80 mmHg).!""
The hydrostatic pressure in Bowman’s space (Ht) is
assumed to be 1) mmHg, the renal plasma flow and
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UER are in mL/sec/1.73 m?’. From the above
siumptions. the following equations are derived

GFR = KFG x PF (1)

shere KFG. PF are the gross filtration coefficient of
slomerular capillanes (mbl/sec/mmHg) and effective
aressure across the glomerular capiliaries respectively

PG = PF+Hi

TP 1
{2 c— 7 ¥
+ﬁ<FFXIOgL1—FF ) (2}

stiere PG. Hiu, FF are glomeruiar hydrostatic pressure.,
wirostatic pressure 1in Bowman's space, plasma total
soleen (gram) and filtration fraction respectively

MAP — PG .

RA = —————— x 1328 3)
RBE (

where RA. MAP, RBF are afferent arteriolar resistance

§ dvne.s.cm ™. mean arterial pressﬂre:diastolic pres-

wre+'/s putse pressure and renal blood flow

SR recpectively
RE — EE( 1328“
RBF - GFR

tlere RE is efferent arteriolar resistance in dyne.

S .

STATISTICAL ANALYSIS

Vitlues in text are expressed as meanx=SEM. Non-
parametric ANOVA was used to establish the signif-
wince of Btween group differences. The difference
was statistically significant when the P value was less
thap 0.05.

RESULTS

1. The walue of endeothehial cell cytotoxicity in
these CKD patients was 26.5x12% versus
contrel 0.4x1% (Fig. |).

J. The values of intrarenal hemodynamic study
observed in CKD patients versus controls were
as follows: men arterial pressure 113+17
mmHg versus contre! 833 mmHg, p<.0l;
glomerular filiration rate 41+20 mL/min/1,73
m* versus control 116+16 mL/min/1.73 m°,
p<.Q01: renal plasma flow 19067 mL/min/
1,73 m” versus control 59545 mi/min/1.73
m=. p<.001: filtration fraction 0.22:0.09
versus control 0.19x0.02, p NS: peritubular

r
i
|
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Figure 1. Enhanced endothelial cell cytotoxicity in chronic
kidney disease. (View this arr in color at www.dekker.com.)

capillary flow 149+55 mL/min/1.73 m* versus
control 47946 mL/min/1.73 m*, p<.001;
intraglomerular hydrostatic pressure 55x2
mmHg versus control 5120 mmHg, p<.05;
afferent arteriolar resistance 13184+ 7540
dyne.s.cm™ versus control 2443% 154
dyne.s.cm’s, p<.01, efferent arteriolar resist-
ance 135917591 dyne.s.cm > versus control
3062177 dynes.em™ >, p<.0l.

DISCUSSION

In this study, a glomerular endothelial dysfunction
is determined by an in vitro endothelial cell cytotoxicity
test as well as by an in vivo intrarenal hemodynamic
study. The in vitro endothelial cell cylotoxicity
indicates that the patient’s serum is capabie of
enhancing endothelial cell cytotoxicity. This implies
that certain toxic substances in the serum are res-
ponsible for such phenomencn. In this regard, the
glomerular endothelial dysfunction in vivo determined
by the intrarenal hemodynamic study also supports the
in vitro endothelial cytotoxicity test. A significant
reduction in RPF and PTCF and a profound elevation
in afferent and efferent arteriolar resistances have been
consistently observed. These findings indicate that the
glomerular endothelial function is defective in releas-
ing the endothelium dependent vasodilators and/or
enhancing the release of vasoconstrictors.

The preceding information concerning the altered
intrarenal hemodynamics as well as the enhanced
endothelial cytotoxicity may be relevant to the patho-
genesis of renal disease progression. An enhanced
endothelial cell cytotoxicity if allowed to be persistent,
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Tre

{ PTCF

Figure 2. Intrarenal hemodynamic alterations in chronic
kidney disease. (View this art in color at www.dekker.com.)

can induce a sustained injury to the glomerular endothe-
lial structure and function, and such pathological state
may be responsible for the progressive reduction in renal
perfusion as the disease severity progresses or for the
profound reduction in renal perfusion observed in these
chronic kidney patients. Under this pathological state. the
postzlomerular or peritubular capillary endotheliom is
also affected. Bohle!?*l and Yenrudi!** denote an inverse
correlation between the widening of the interstitium and
the peritubular capillary patency or flow. Recently. a
defective facter VIII staining of peritubular capillary
endothelium has been demonstrated 1o be correlated with
the magnitude of tubulointerstitial fibrosis in chronic
kidney disease.'*!)

Ap injury to the glomerular and peritubular
capillary endothelium would induce a hemodynamic
maladjustment by preferential constriction at the
efferent arteriole. Such a constriction exerts 2 signif-
icant hemodynramic impacts. Proximal to the efferent
arteriolar constriction. it elevates intraglomerular hy-
drostatic pressure {PG) by which it induces distension
of the glomerular capillary loop. This would detach the
podocyte from the basement membrane. An injury to
he podocyte would decrease the production of vascular
endothehal growth factor which is essential to the
regeneration and survival of endothelial cells.)*® Thus,
it has been a general consensus that podocyte injury
is the pathelogical hallmark of kidney pathology ob-
served in severe forms of kidney disease.'”*~2%! Disral
to the efferent arteriolar constriction. it exaggeratedly
reduces the PTCF which supplies the tubulointerstitium
(Fig. 2. A sustained reduction in PTCF would not only
induce ischemic injury but also aggravate the profi-
bregenic pathway and eventually culminate in the
development of tubulointerstitial fibrosis.¢!733 1 The
cause-and-effect relationship between renal perfusion
and the tubulointerstitial fibrosis has recently been
substantiated by the fact that renal perfusion deficit pre-
cedes the development of tubulointerstitial fibrosis,!*?!

The preceding conceptual view of glomerular
endothelial dysfunction which determines the renal

Futrakul et al.

perfusion and the mechanism of renal discasc progres-
sion has been further supported by the therapeutic
strategy aiming to improve the glomerular endeothelial
function and to correct the hemodynamic maladjust-
ment. A restoration of glomerular endothelial function
and correction of hemodynamic maladjustment can be
accomplished by muttidrugs consisting of antioxidant,
lipid-lowering substance, vasodilators, namely angio-
tensin converting enzyme iphibitor, angiotensin 11
receptor antagonist, calcium channel blocker, and
drugs that have impact on hemorheologic improvement
such as antiplatelet agent.”* ! It has been consist-
ently observed that renal function is usually improved
and well maintained following the improvement in
renal hemodynamics.
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stract. Due 10 the previously therapeutic failure in treating eleven focal segmental glomerulosis (FSGS) nephrotic patienis
oup I} with prednisoione, cyclophosphamide and antihypeniensive agents (reserpine. hydratazine or prazosing who all entered
kstage renal discase. we prospectively evaluate 18 FSGS nephrotic patients who have been treated with combined formula
sisting of ACEl. AIIRA. CCB. anttplatelet £ heparin: group 1L All the patients were subject 10 renal function studies
wly creatinine clearance. fractional excrelion of magnesium (FE Mg) and intrarenal hemodynamics, Treatment outcome
mtients in group Il was comparatively assessed before and after therapy. Clinical profiles were comparatively maiched
¥een groups [ and 1. The intrarenal hemodynamic study in all nephrotic patients revealed hemodynamic maladjustment
racterized by preferentiat constriction at the efferent arteriole. Such constriction induced intraglomerular hyperiension and
weratedly reduced peritubular capillary fow (PTCF). Following treatment with combined formula (group 1. reductions in
rent arteriolar resistance and intraglomerular hydrostatic pressure were observed in conjunction with the increases in PTCF
glomerular filtration rate in all 18 paticnis. Correction of hemoedynamic maladjustment with combined formula effectivelv
ares renal funciion and thereby prevents the renal disease progression in FSGS nephrosis.

words: Hemodynanuc maladjustment. peritubular capillary llow, renal anteriolar resistance. FE Mg, vasodilalors

Introduction

Ithough treatment of nephrotic syndrome associated with focal segmental glomerulosclerosts
GS) can be successfully accomplished with high dose steroid therapy [1] in the early course of
ase when most renal function is well preserved, the fate of therapeutic outcome in the later course
isease when renal function has already been impaired, is rather unfavourable and generally associ-
with disease progression destined for end stage renal failure [2—4]. Therapeutic faiture to the con-
ional treatment requires an alternative therapeutic strategy to circumvent the disease progression.
@ are empirical evidence to support the role of hemodynamically mediated mechanism of renal
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progression i this severe renal disease. Bohle and associates |5} noted an inverse correlation
e postglomerular capillary patency and the development of tubulointerstitial fibrosis in idiopathic
sootic syndrome. Yenrudi and associales [6] also demonstrated an inverse correlation between renal
gﬁ:ﬁion and a relative area ol renal cortical mterstitium in nephrosis. Futrakul [7] demonstrated an en-
lial factor V1T defeet in renal microcirculation correlating with the severity of nephrosis. Loss of
nilar endothelium was substantiated to correlate directly with the development of glomeruloscie-
Jeand renal disease progression [8—11]. Furthermore, chronic ischemia {12] and chronic hypoxia f13]
pdelineated in a variety of severe glomerulonephropathies associated with disease progressign.

paccordance with the preceding view, we would like to present the intrarenal hemodynamic abnor-
jty observed in these nephrotic patients with FSGS, which would be relevant to the pathogenesis of
disease progression and also the effective prevention of renal disease progression by correcting the

grodynamic maladjustment with combined formula.

LﬁMaterial and mecthod

Tnere were 2 groups of nephrotic patients with FSGS. Prior to 1995, eleven patients {group 1) were
led with prednisolone, cyciophosphamide, antihyperiensive agents (reserpine, hydralazine or pra-
in) and all entered end-stage renal disease. Since then we have prospectively studied a new therapeu-

piial with combined formula (angiotension converting enzyme inhibitor (ACEI), All receptor antag-

it (AIIRA), calcium channel blocker (CCB), antiplatelet (dipyridamole) £+ heparin) in 20 nephrotic
ts with FSGS (group II). The study was approved by the ethical committee of the Institution and
patients gave their informed consent. The inclusion criteria were as follows: moderately impaired

I function, had intrarenal hemodynamic study and renal functions such as creatinine clearance, FE

pand urinary protein, had been followed up for a minimal period of 18 months. patients with the

pwing conditions during the study were excluded: poor compliance or loss of followup. Of these 20

whrotic patients, 2 patients were excluded from the study due to poor compliance. The remaining 18

ients had completed the study.

W Intrarenal hemodvnamic study (vascular function)

Simultaneous assessments of effective renal plasma flow (RPF) using '*![-labelled orthoiodohippuric
id (hippuran) and of glomerular filtration rate (GFR) using “*™Tc-labelled DTPA were determined
43l nephrotic patients and in 5 normal controls by the previously described method [14]. Intrarenal
odynamics were calculated and based on modified Gomez’s equation {15]. For calculation purpose,
effective filtration pressure across the glomerular capillary (PF) is assumed to be 35 mm Hg where
blood pressure is normal (BP 120/80 mm Hg or less) and 40 mm Hg when the blood pressure is
_'_h(BP > 120/80 mm Hg) [16]. The hydrostatic pressure in Bowman’s space (Ht) is assumed to be
mm Hg [15]; the RPF and GFR are in mi/s/1.73 m*. From the above assumptions, three equations are

fived as follows:

TP l. .
PG = S{ == x log. ——— — 2. ' 1)
G PF+Ht+.(FFx 0% T T g ) (
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we PG, Hi, TP, - are giomerular hydrostatic pressure, pressure in Bowman's space. plasma total
win (2/100 ml) and filtration fraction, respectively.

MAP — PG
= — % |328. (2)
RBF .
RA. MAP, RBF are afferent arteriolar resistance in dyne.s/cm®, mean arterial pressure (= diastolic
wure + 1/3 pulse pressure) and renal blood flow = RPF x 100/(100 — hematocrit). respectively.

PEF

- " 38 3
RBE — GFR ()

lomeruiar function was performed by measuring the {0-h endogenous creatinine clearance (CCr}
merular filtration rate (GFR) by the radioisotope technique using **™Te-labeled diethylene triamine
gecetic acid (DTPA) and the value was converted to the body surface area of 1.73m” by the method
plation:

body weight (kg) x 4 +7
90 + body weight (kg)

Hody surface area =

B lubular function

pruninary collection as previously described [17]. No diuretic was administered during or within

burs before the test. Briefly, after a regular supper, no additional food except drinking water ad Jib
owed. The patients were instructed to void at 7 PM, and the urine was collected from 7 PM to
M. Clotted blood from venipuncture was drawn at the end of the test for the analysis of creatinine
Mmagnesium levels. Urine samples were analyzed the same as blood samples by the Renal Metuuolic
pratory Unit. Analysis of (i) creatinine was determined by the method described by Faulkner and
nd (i) magnesium was determined by Atomic Absorption Spectrophotometer (model | 100 G
. Elmer, Norwalk, CT). A reflection of tubular transport was derived from the determination of
2 which was calculated through the formula:

urine magnesium plasma creatinine
Mg = = X * 100.

plasma magnesium urine creatinine

i0rmal value of FE Mg is <2.2 per cent [5].
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Mode of therapy

L patients i group | were treated with prednisolone 1-2 mg/ke/day, cyclophosphamide |

# Renal histopathologic study

g morphometric analysis was performed on the renal biopsied specimens by the method described
where [18]. In brief, the kidney tissue was fixed in 4% buffered formalin and embedded in paraffin.
i$ (2 j2m) were prepared and stained with haematoxylin—eosin, periodic acid Schiff reagent (PAS),
henamine and Massons Trichrome. At least eight serial sections were prepared from each case
pamined. The number of glomeruli varied from 10 to 35. The tubulointerstitial fibrosts (TIF) was
milated in a single blind fashion by a pathologist who had no information regarding the hemodynamic
gof each individual. The widening of the interstitium was assessed by a point-count technique
gacounting grid. This manner would cover most area in the renal cortex which was ascertained by

mining at x 100 magnification and the result obtained was expressed as per cent.

CStatistical analvsis

mparison of the sample mean of two quantitative variables was determined by the non-parametric
od using the Mann—Whitney test. The difference between groups was performed by Student’s un-
i t-lest. The difference between before and after treatment values was performed by Student’s
i1 test. The linear regression analysis was used to correlate two quantitative variabies. The scatter
was the first step to comrelate between two continuous variables. The Pearson correlation coeffi-
{r) was used to quantify the strength of the linear relationship. The method of least square was
flated to estimate the regression equation (y = e % bx) if the scatter plot seemed to be linear. Some
Bnship of the scatter plot data which had shown to be curvilinear, was further analysed to meet the
fh of straight line. P values below 0.05 were considered to be significant.

ts

ible | showed mean values of age, mean arterial pressure, creatinine clearance, FE Mg and urine
iin of patients in group I which did not different statistically from patients in group I1.

litrarenal hemodvnantics

e mean initial GFR, RPF and PTCF were significantly decreased. The mean initial PG, RA and RE
Baignificantly elevated. Following treatment in 18 patients of group I with enhanced perfusion for-
ul; lﬁprovemems of intrarenal hemodynamics and renal function were observed (Table 2). GFR, RPF
MPTCF were significantly increased. PG returned to normal, RA and RE were markedly decreased.

fwas significantly increased from 50 % 20 to 70 £ 16 ml/min/1.73 m?; p < 0.001. Tubular function

e L -
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Table |
Clinteal prodile in groups [and 11 of FSGS nephrosis
Group [ Group I1 I
(n =110 (n = I8)
Agc 19+2 204 3 NS
Sex (maleflvmale) 74 12/6 NS
MAP (mm Hgj 97+ 1) 95+ 6 NS
CCr (mlfmin/1.73 m?) 4725 S0+ 19 NS
FE Mg (%) 6.3+£2 02 NS "
Urine protein {g/24 h) 32407 ixos NS
Duration of Tollow-up (mos.) T7+24 97 4+ 33 NS
Table 2
Therapeutic correction of intrarenal hemodynamics in group 11 paticns
Normal Before Alter I’
ireatment treiment
GFR (nl/min/1.73 m*) P4+ 14 S1£23 70422 <0.01
RPE (ml/min/1,73 m?) 598 & 41 234 £ 97 399 £ 129 <0001
| PG (mm Hg) 514002 55+2 S10.7 <0.001
PTCF (mbmin/1.73 mz) 483+ 43 182 & 81 23116 <0.001
I RA (dync.s.cm_s) 2440 £ 138 10753 £ 6426 3846 £+ 1082 <0.00t
RE (dyne.s.cm™ ) 3042 £ 165 12447 + 7082 0124 £ 2670 <0.01
MAP (mm Hg) 8313 95+ 6 79+5 <(.001
Table 3
Hemodynamic progression in group I patient under conventional therapy
Before treatment Afler treatment
GFR (ml/min/1.73 m?) 60 + 21 2715
RPF (ml/min/1.73 m?) 218 £ 80 141 = 70
* PG (mm Hg) 56 +3 56+08
PTCF (ml/min/1.73 m”) 158 + 63 114 £ 56
RA (dyne.s.em™) 10538 + 2892 28195 + 11987
RE (dyne.s.cm™) 12147 £ 5217 - 22815 £ 9524
MAP (mm Hg) . 97+ 10 I tE ) ,

fs also improved following treatment with a decrease of FE Mg from 6 & 2 to 3:2 + 1.7 per cent:
<0.001. The total urinary protein decreased significantly from 3+ 0.8100.64-0.3 g/24 h: p < 0.00L
F18 patients in group 11 have survived after 97 £ 33 months of follow-up. In contrast. all of 11 pa-
Is under conventional therapy showed progressive reduction in PTCF, markedly and predominantly
kvmed afferent arteriolar resistance, and all patients entered end stage renal failure (Table 3).

2 Histopathology observation

The renal histopathology observed in these nephrotic patients associated with FSGS revealed a widen-
t‘:ﬁhe tubulointerstitium with generalized tubulointerstitial fibrosis. The mean value of quantitative
of tubulointerstitial fibrosis was 58 & 14 percent.

L -
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4. Discussion

Both groups of patients in this study were initially presented with similar degree of clinical sew
and functional impairment (Table ). Patients with such degree of renal functional impairment ust
resist to the conventional therapy with prednisolone and immunosuppressant and follow a progres
course destined for end-stage renal disease [1--4]. The result in this study also supports such view s
all eleven patients in group I entered end stage renal failure. In contrast to the therapeutic failure
conventional therapy in group I, clinical improvement in response to the combined formula has i
substantiated in all 18 patients in group IL "

The explanation for such therapeutic benefit can be substantiated through the correction of the
served intrarenal hemodynamic alteration. All of these patients associated with FSGS showed intrar
hemodynamic maladjustment characterized by a preferential constriction at the efferent anteriole. S
a constriction exerts 2 significant hemodynamic impacts which is relevant to the’ pathogenesis of rc
disease progression. Proximal to the constriction, it induces intraglomerular hypertension and disten:
of the glomerular capillary loop. Kriz [19] and Rennke [20] had elegantly observed that the distensio
the glomerular capillary loop causes detachment of the podocyte from the basement membrane due tc
non-proliferative and non-distensible characteristics [21]. Injury to the podocyte has been delineated |
23] and such injury reduces the production of vascular endothelial growth factor which is essential to
proliferation and regeneration of endothetial cell [24]. Further injury to the glomerular endothelial
would aggravate in a viscious cycle manner, the hemodynamic maladjustment and the podocyte inj
Distal to the efferent arteriolar constriction, it exaggeratedly reduces the peritubular capillary flow wi
supplies the tubulointerstitial structure. Penitubular capillary injury has been substantially documente.
severe glomerulonephritides associated with tubulointerstitial fibrosis. Increased destruction of the p:

glomerular capillary which is reflected by the absence of capillary patency [5], reduced endothelial fac
'VIII staining in the renal microcirculation [6) and reduced peritubular capillary flow [7], correlates »
the magnitude of tubulointerstitial fibrosis and renal disease progression [8,25]. Such finding supp:
the concepts of chronic ischemia [12] and chronic hypoxia [13,26] which also activate the profibr«
Ppathway and culminate in the development of tubulointerstitial fibrosis [27]. Peritubular capillary fi
reduction has been substantiated in a variety of severe glomerulonephritides namely mesangial prohff
tive nephrosis with tubulointerstitizl fibrosis, membranoproliferative glomerulonephritis, IgA nephro
thy, reflux nephropathy, diabetic nephropathy and chronic kidney diseases [28-31]. It has recently b
observed that there is an inverse correlation between peritubular capillary flow reduction and the m

nitude of tubulointerstitial fibrosis (Fig. 1) and that the reduction in peritubular capillary flow prece:
the development of tubulointerstitial fibrosis [28]. The preceding information implies that the reduct
+ 4 in peritubular capillary flow determines the renal disease progression. The progressive detertoration
intrarenal hemodynamics observed in group | patients entering end stage renal failure is an interest

observation. The shifting pattern from the predomirant efferent arteriolar constriction observed in

- 4 early course of FSGS nephrosis to the preferential afferent arteriolar constriction documented in the Ic
© 3 tourse needs explanation. 1t is noted that the continuous defect of tubular reabsorption allows access
{ unabsorbed solutes from the proximal tubule to reach macula densa where such excessive solute l¢
would increase intraluminal osmolarity and trigger the juxtaglomerular apparatus mechanism that

{ duces afferent arteriolar constriction. In addition, a continuous elevation of intraglomerular hyvdrost:
pressure secondary to the efferent arteriolar constriction in accordance with the La Place’s law [3
would transtate into an increase in biaxial tensile stress which in tum transmits into the wall of the

ferent arteriole and subsequently induces proliferation of the vascular smooth muscle cell in order
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Fig. 1. Correlation between peritubutar capillary flow (PTCF) and the magnitude of tubulointerstitial fibrosis.

tralize the increased biaxial tensile stress. This is a kind of trade-off hypothesis which eventually in-
es the development of arteriolosclerosis. Furthermore, chronic hypoxia commonly encountered with
onic ischemia and altered hemorrheology in glomerular microcirculation would have impact on the
elopment of afferent arteriolar disease as recently proposed by Johnson and Mazzali [33].

e therapeutic benefit with combined formula observed in this study as well as others [34-37] sup-
ts such conceptual view. Reduction in renal arteriolar resistances with vasodilators is followed by a re-
fion in intraglomerular hydrostatic pressure and improvement in peritubular capillary flow (Table 2).
¢ hemodynamic improvement coincides with the improvement in renal function namely glomerular
mtion rate or creatinine clearance, FE Mg and urine protein. It is of notion that the therapeutic benefit
uires a much higher dose and longer duration of multi-drug vasodilators than needed for maximal
od pressure control because of the sustainedly elevated efferent arteriolar resistance despite the blood
ssure has already been converted back to normal (Table 2). The reason for using combined vasodila-
§ (angiotensin converting enzyme inhibitor, angiotensin II receptor antagonist and calcium channel
kcker) in treating these FSGS patients has been based on the previous therapeutic failure with the sin-
:drug therapy in reducing the efferent arteriolar resistance and restoring the creatinine clearance above
i pre-treatment value. Dipyridamole and baby aspirin % heparin have been added to the therapeutic
imen since the drugs can prevent further platelet consumption and intravascular clotting process.
Recently, Komine et al. [38] and Remuzzi et al. [39] have demonstrated an interesting observation
it vasodilators such as All receptor antagonist and ACEI can suppress angiotensin II formation in the
Iney and suppress the inflammation and profibrotic process in the kidney in animal model. The decline
FE Mg which correlates directly with the magnitude of tubulointerstitial fibrosis [5] and the improve-
Mt in peritubular capillary flow which correlates inversely with the decline in FE Mg [40] observed
this study following therapy renders support to the preceding view of inflammatory regression and
iproved flow in microcirculation by vasodilators.
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Abstract. Glomerular endothelial cell dystunction (GED) with defective release of vasodilator has been delineated in nephrosis
(NS) in vive and in vitre studies. In NS with focal segmental glomerulosclerosis (FSGS), an immunocirculatory batance may be
impaired due to defective anti-inflammatory cytokine. This study aimed at simultaneous determination of both proinflanymatory
cytokine (tumor necrosis tactor alpha) and an anti-inflammatory cytokine (interleukin-10) in NS with FSGS. An endotheliai cell
cytotoxicity (ECC) was also examined using nephrotic serum. It was shown that (1) the initial endothelial cell cytotoxicity was
significantly different from the control, (2} ratio between tumor necrosis alpha and interleukin-10 was significantly elevated,
and (3) intrarenal hemodynamics was changed significantly.

Keywords: Glomerular endothelial dysfunction, cytokine, endothelial cell cytotoxicity, nephrosis, focal segmental glomerulo-
sclerosts .

1. Introduction

A normal glomerular endothelial function expresses an anticoagulant surface due to the propgrty of
negatively charged surface as well as releases an adequate amount of vasodilators namely prostacyclin
and nitric oxide thereby it allows a free-lowing of non-coagulant blood. In addition. the negatively
charged surface prevents the leakage of serum protein into the urinary space [1].

In this regard, the presence of proteinuria observed in nephrotic patient implies that the glomerular
endothelial function is defective. A study in an experimental model of nephrosis in anima! induced by
aminonucleoside nephrosis reveals that the induction of proteinuria is associated with the loss of nega-
tively surfaced charge [2].

The loss of negatively surfaced charge can be induced by multiple factors such as metabolic, im-
munologic and hemodynamic triggers. A metabolic product such as reactive oxygen species which is
generally enhanced in nephrosis can induce injury to the glomerular endothelial cell [3]. 1t has also
been earlier suggested by Shalhoub [4] that immunologic mechanism such as T cell disorder is associ-
ated with minimal change disease. Subsequently, Lagrue {5] and Saxena [6] denoted that there was a high
level of interleukin-2 in cultured supernatant fluid of activated lymphocyte from minimal change disease.

"Corresponding author. E-mail: fmednft@md2.md.chula.ac.th,
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Koyama {7] found that T cell hybridoma from minimal change disease produced a glomerular perme-
ability factor with its property similar to tumor necrosis factor alpha. Bricio [8] also demonstrated an
elevated level of interleukin-1 in cultured whole glomeruli obtained from rats with adriamycin induced
nephrosis. Recently, Matsumoto [9,10] denoted an augmented level of interleukin-12 and interleukin-18
in minimal change disease.

The preceding information renders support that the proinflammatory cytokines of T helper 1 is involved
in the mechanism of proteinuria. However, the issue concerning the anti-inflammatory cytokine of T
helper 2 is completely lacking, It is the purpose of the present study to perform the simultaneous determi-
nation of proinflammatory cytokine of T helper 1 (tumor necrosis factor alpha) and of anti-inflammatory
cytokine of T helper 2 (mterleukm-lO) in nephrosis associated with focal segmental glomerulosclerosis
(FSGS).

One of the most interesting issue observed in nephrosis assomated with FSGS is the progressive re-
duction in renal plasma flow as the disease severity progresses [11]. This would raise a question whether
there should be certain toxic substance in the serum that is capable of inducing such _phenomenon of
spontaneous reduction in renal perfusion. Therefore, we also examined an endothelial cell cytotoxicity
(ECC) using nephrotic serum.

2. Material and method

10 patients associated with FSGS and 10 normal healthy controls with similar mean age were included
for the following studies

2.1. Endothelial cell cytotoxicity (ECC test)

We performed an ECC test using sera from nephrotic patients as previously described {12]. In brief,
the human endothelial cell line ECV 304 {American Tissue Cultyre Collection) in medium [99 with
10% fetal bovine serum. Approximately 2 x 10* cells/well of 96-well tissue culture plates was incubated
overnight at 37°C in a 5% CO; atmosphere. Sera from nephrotic patients were added in duplicate wells.
The culture medium and 10% Triton X were used as controls that showed no cell lysis and 100% cell
lysis, respectively. The testing cultures were incubated as above for an additional 48 h. After incubation,
each well was washed with phosphate-buffered saline and then stained with crystal violet, The stained
cells were lysed with acid alcohol solution, and the optical density (OD) was determined by using a
microtier phate reader (moded 3550, Biorad) at 550 nm. The percentage of cytotoxicity was calculated
by:

ODlesling - ODTritonX
ODcommI - ODTritonX

Percent (;j/totoxicity =1 x 100 (%).

2.2. Cytokine study

Sera from nephrotic patients were subject to the study of tumor necrosis factor alpha representing
proinflammatory cytokine of T helper 1 and of interleukin-10 representing the anti-inflammatory cy-
tokine using the commercial kit as previously described [13].
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2.3. Intrarenal hemodynamic study [14]

Simultaneous assessment of effective renal plasma flow (RPF) using 3 jabelied orthoiodohippuric
acid (hippuran) and of glomerular filtration rate (GFR) using **™Tc-labelled DTPA were determined.
Intrarenal hemodynamics were calculated and based on modified Gomez’s equation. For calculation pur-
pose, the effective filtration pressure across the glomerular capillaries (PF) is assumed to be 35 mmHg
when the blood pressure is normal (BP 120/80) mm Hg or less) and 40 mm Hg when the blood pres-
sure is high (BP > 120/80 mm Hg). The hydrostatic pressurc in Bowman'’s space (Ht) is assumed to be
10 mm Hg, the RPF and GFR are in ml/sec/1.73 m?, the RBF is RPF/(100 - hematocrit) x 100. From
the above assumptions, the following equations are derived:

' P 1
: the intraglomerular hydrostatic pressure (PG) = PF + Ht + 5 (;_F % log ToFF 2),

where TP and FF are plasma total protein in gram and filtration fraction, respectively, as follows:

PF x 1328

efferent arteriolar resistance (RE) = RBE—GER

2.4, Sratistical analysis

‘ Values in text are expressed as mean = SEM. Non-parametric ANOVA was used to establish the
' significance of between group difference. The difference was statistically significant when the p value
was less than (1.05.

3. Results

3.1. Endothelial cell cvtotoxicity test

The initial endothelial cell cytotoxicity was 35 = 9% (normal 0.6 + 1.2%) which was significantly
different from the control; p < 0.001,

3.2. Cytokine study

The result of the study indicated that there was a significant elevation of tumor necrosis factor alpha
(8.8 versus 3.3 pg/ml of normal control; p < 0.05) and a non significant change in interleukin-10 (2.3 ver-
sus normal 2.3 pg/ml) and the ratio between tumor necrosis alpha and interleukin-10 was 3.9 pg/ml versus
2.5 pg/ml! of normal control which was significantly elevated p < 0.01.

3.3. Intraremnl hemodynamics

A significant change in intrarenal hemodynamic study was delineated as follows. The GFR was
34 4 13 ml/min/1.73 m? versus control of 116 + 16 ml/min/1.73 m?; p < 0.001. The RPF was 178 + 73
ml/min/1.73 m? versus control of 595 + 45 ml/min/1.73 m?; p < 0.001. The peritubular capillary flow
(PTCF) was 144 + 67 ml/min/1.73 m? versus 480 £ 46 ml/min/1.73 m? of control; p < 0.001. The
intraglomerular hydrostatic pressure (PG) was 55 &+ 2 mm Hg versus 51 + 0 mm Hg of control; p < 0.01.
The efferent arteriolar resistance (RE) was 15648 + 8538 dyn.s.cm ™ versus 3062 + 177 dyn.s.cm™ of
control; p < 0.001.
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4. Discussion .

An abnormal immunoctirculatory balance has been delineated and is reflected by both an elevated tumor
necrosis factor alpha and a defective interleukin-10 in nephrosis associated with FSGS. Such an observa-
tion has recently been supported by l.ama and associates. They demonstrated an enhanced proinflamma-
tory cytokine (tumor necrosis factor alpha) and a defective anti-inflammatory cytokine (interleukin-10)
in cultured supernatant from T lymphocytes in nephrosts with FSGS [15]. This immunocirculatory im-
balance is likely to induce a sustained proinflammatory cytokine effect in nephros:s with FSGS by which

-it-waould explain the clinical characteristically sustaitied proteinuria.

The 1mmunot1rculatory disturbance would exert a significant impact upon the glomerular endothe-
lial function. Utider such circumstance, a toxic trigger can sustainedly injure the glomerular endothelial

* structure and function. Indeed, glomerular endothelial cytotoxicity and dysfunction has been substanti-
ated. The glomerular endothelial cytotoxicity may be greatly enhanced by adding nephrotic serum from
FSGS. In human clinical setting, an endothelial cell of glomerular as well as postglomerular micro-
circulation of nephrosis with FSGS may be significantly depleted by means of endothetiad factor VIII
staining method. In respect to the glomerular endothelial function observed in nephrosis with FSGS, a
dysfunctioming glomerular endothelium is reflected by: (i) the loss of negatively charged surtace which
concomittently induces proteinuria and activates the local intravascular cpagulation, (ii) the alteration in
intrarenal hemodynamics which is due to the defective release of vasodilator.

In accordance with the study, a five-fold increase in efferent arteriolar resistance is observed. Such a
preferential constriction at the efferent arteriole exerts 2 significant hemodynamic impacts. Proximal to
the cfferent arteriolar constriction, it induces intraglomerular hypertension which correlates with the in-
cidence of glomerulosclerosis [16]. Distal to the efferent arteriolar constriction, it exaggeratedly reduces
the peritubular capillary flow. A three-fold decrease in peritubular capillary flow is documented in this
group of patient. This magnitude of reduction in renal perfusion would induce ischemic injury to the
tubulointerstitial structure and eventually the development of tubulointerstitial fibrosis.

The preceding information supports the conceptual view that the greater magnitude of glomerular en-
dothelial dysfunction in nephrosis with FSGS is in accordance with.an underlying immunocirculatory
disturbance. Improvement in glomerular endothelial cell cytotoxicity and dysfunction can be accom-
plished with vasodilator, antioxidant and herbal medicine [17].
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Introduction

Glomerular endothelial dysfunction and microvascular disease are the crucial determinants of renal
disease progression, and failure to recognize such disorders is responsible for the present
therapeutic failure in preventing the progression to end stage renal disease. In this regard, Bohle
was the first to demonstrate an inverse correlation between the relative area of cortical widthness
and the postglomerular capillary patency”. Similar observation was also noted by Yenrudi an
imverse correlation between pentubular caplllary fiow reduction and the renal cortical pathology in
patients with nephrotic syndrome”. Loss of microvascular endothelium was also demonstrated
which correlated with renal disease severity””. Since renal microvascular disease is often
diagnosed when the renal tissue injury has already been advanced, a scarch for biomarkers that
would early reflect microvascular disease is warranted.

Material and Method

1. One volume of 0.019 M trisodium citrate solution was mixed with 9 volumes of blood and the
mixture was centrifuged at 2500 x g for 10 min to collect plasma. The citrated plasma was stored at
—-20°C for determination of plasma factors. Three milliliters of EDTA blood was collected for
isolation of circulating endothelial cells by method described by Solovey”. Determinations of
sVCAM-1, vascular endothelial growth factor (VEGF), transforming growth factor beta were
performed by using commercial ELISA kits,

2. Intrarenal hemodynamic study.

Simultancous assessments of effective renal plasma flow (RPF) using ' labeled
orthoiodohippuric acid (hippuran) and of glomerular ﬁltratlon rate (GFR) using ™Tc-labelied
DTPA were determined by the previously described method®.

3. Tubular function was assessed by determining the fractional excretion of magnesium (FE Mg)
as previously described”.

Results

In chronic kidney diseases, elevated levels of circulating endothelial cells (2169+1336 vs control
59+57 cells/ml; p <0.01), enhanced transforming growth factor beta (4718+ 2246 vs control
2014+794 pg/ml; p NS), and sVCAM (5314186 vs control 38685 ng/ml; p NS), and depleted
levels of VEGF (74457 vs control 5484360 pg/ml; p <0.01) were documented. Intrarenal
hemodynamlcs revealed (i) significant reductions of renal plasma flow (234+97 vs ccmtrol 589+41
mb/min/1,73m?), peritubular capillary flow (182+81 vs control 483+43 ml/min/1.73m’; p <0.001),

glomerular filtration rate (51423 vs control 114+14 ml/min/1.73m’ p <0.01), (u) significant
elevations of intraglomerular pressure (5542 vs control 51+0.02 mm Hg; p <0.001), afferent
arteriolar resistance (10753+6426 vs control 2442+138 dynesem” and efferent arteriolar
resistance (12447+7082 vs control 3042+165 dyne.s.cm”; p <0.01). Tubular function by mean of
FE Mg showed abnormally elevated (6.3+2 vs 1.6+0.6%; p <0.001).

Discussion

Since blood circulation contains toxins such as oxidative siress and proinflammatory cytokine that
can easily gain access to glomerular capillary, the glomerular capillaty is likely to be the primary
site of kidney inflammation. Our study tends to support this conceptual view. Increased number
of circulating endothelial cells reflects the enhancement of endothelial cell loss which correlates
with the depletion of VEGF and increased in-vitro endothelial cell cytotoxicity observed in these
patients with chronic kidney diseases ¥, Enhanced transforming growth factor beta may be partly
responsible for the VEGF reduction since it is capable of inducing apoptosis of podocyte and
tubular epithelium which are the main source of VEGF production”.

Enhanced circulating endothelial cell loss and VEGF depletion are early biomarkers of
glomerular endothelial cell (GEC) injury.



GEC injury correlates with glomerular endothelial dysfunction determined by intrarenal
bemodynamic study. An altered intrarenal hemodynamics uniquely observed in chronic kidney
diseases is characterized by hemodynamic maladjustment with preferential constriction of the
efferent arteriole ™ 7. Such constriction induces proximally an intraglomerular hypertension,
capillary dilation with subsequent podocyte loss and VEGF depletion, and distally peritubular
capillary flow reduction. The reduction in peritubular capillary flow precedes the development of
tubulointerstitial fibrosis (TIF) and correlates inversely with TIF, therefore it signifies the cause-
and-effect relationship'”. It is also noted that the magnitude of TIF correlates directly with
fractional excretion of magnesium (FE Mg)n. Practically, FE Mg is an early marker for
screening of renal disease severity.

With respect to the therapeutic strategy, a successful therapeutic intervention can be accomplished
by (1) correcting the hemodynamic maladjustment with multidrug vasodilators and (2) early

screening of microvascular injury with circulating endothelial cells, VEGF or early screening of
the disease severity with FE Mg.

Key words : Microvascular disease, Hermodynamic maladjustment, Chronic kidney disease. Circulating endothelial cell, FE
Mg
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Enhanced circulating endothelial cells, elevated transform-
ing growth factor beta, and depleted vascular endothelial growth
factor were observed in nephrosis associated with focal segmental
glomerulosclerosis (FSGS). Increased endothelial cell loss may
be due to the elevated transforming growth factor beta, which can
induce apoptosis of podocyte as well as tubular epithelium. Such
injury may explain the depletion of vascular endothelial growth
factor and increased endotheliat cell loss in these patients. There
biomarkers may have relevance to the altered intrarenal hemo-
dynamics commonly observed in FSGS nephrosis.

Keywords circulating endothelial cell, hemodynamics,
transforming growth factor beta, vascular
endothelial growth factor, nephrosis

INTRODUCTION

Glomerular endothelial cell dysfunction and renal
microvascular injury have previously been noted in
nephrosis associated with focal segmental glomeruloscle-
rosis (FSGS). These are reflected by an enhanced
endothelial cell cytotoxicity induced in vitro by a patient’s
own serum!!) and by a decreased endothelial facror VIII
staining in the renal microcirculation of FSGS nephro-
sis,”! respectively. Such glomerular endothelial cell
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Rama IV Road. Bangkok 10330, Thailand; E-mail: fmednft@
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dysfunction can be assessed by intrarenal hemodynamic
study that usually reveals a reduction in renal plasma flow
and peritubular capillary flow which supplies the tubu-
lointerstitium.**! The reduction in peritubular capillary
flow has therapeutic implications, because peritubular
capillary flow reduction is relevant to the pathogenesis of
tubulointerstitial fibrosis and renal disease progression."’
Early detection of glomerular endothelial cell injury or
dysfunction would have better impact con the clinical
response to therapy than the late recognition of the vas-
cular disease. In this regard, determination of intrarenal
hemodynamic study is generally not available due to
limited resource, therefore, a search for an alternative
biomarker that would reflect endothelial cell injury would
have relevance to the therapeutic strategy. It is the purpose
of this study to perform biomarkers that would reflect
endothelial cell injury, such as circulating endothelial cell,
transforming growth factor beta, and vascular endothelial
growth factor in nephrotic patients associated with FSGS.

+

MATERIAL AND METHOD
Fifteen nephrotic patients associated with FSGS were

enrolled in the study. Ten age-match subjects served as
healthy controls.

Enumeration of Circulating Endothelial Cells

The number of circulating endothelial cells was
examined using the buffy coat smear technique as
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Saribed by Solovey ' Diluted biood was layered on a
feoll-Hypaque density gradient (Histopaque-1077, Sig-
#u and sedimented for 30 min at 250 g. The pooled
wypernatant and interface were centrifuged for 5 min at
00 g, and a smear was made of buffy-coated peliet.
Afier being air dried, the smear was fixed with 4%
wreformaldehyde for 10 min and stained with FITC-
tinjugated sheep antihuman von Willebrand factor
Seroter, UK). The number of circulating endothelial
wls per 1| ml of whole blood was examined using
fluorescence microscopy. Negative controls were provid-
ad by the white cells on the smears and by parallel slides
pepared with control negative antibody.

FLISA for Vascular Endothelial Growth
factor (VEGEF)

This assay employed the quantitative sandwich
szyme immunecassay technique. Standards and samples
were pipetted into the wells, and any VEGF present was
found by the immobilized antibody. After washing away
wy unbound substances, an enzyme-linked polyclonal
mitibody specific for VEGF was added to the wells.
fullowing a wash to remove any unbound antibody
mzyme reagent, a substance solution was added to the
kells, and color developed in proportion ta the amount of
VEGF bound in the initial step. The color development
las stopped. and the intensity of the color was measured.

ELISA for Transforming Growth Beta (TGF-f)

TGF-B-soluble receptor type II, which bound TGF-
i1, had been precoated onto a microplate. Standards and
mmples were pipetted into the wells, and any TGF-§1
tesent was bound by the immobilized receptor. After
#ashing away any unbound substances, an enzyme-linked
wlyclonal antibody specific for TGF-B1 was added to the
sells to sandwich the TGF-f1 immobilized during the
irst incubation. Following a wash to remove any
mbound-enzyme reagent, a substrate solution was added
o the wells and color developed in proportion to the
wmount of TGF-B1 bound in the initial step. The color
levelopment was stopped. and the intensity of the color
¥as measured.

STATISTICAL ANALYSIS

Comparison of the sample mean of two quantitative
cariables was determined by the nonparametric method

N. Futrakul, P. Butthep, and P. Futrakul

Table 1
Biomarkers of endothelial injury in FSGS nephrosis
Circulating-
endothelial TGF B VEGF
cell (cell/mL) (pg/mL) {pg/mL)
! Conurol 4667 3224x712 299+ 150
p value <0.001 <0.001 <0.05
II FSG nephrosis 2528 =585 7796+2400 6450

using the Mann-Whitney test. The difference between
groups was performed by Studeat’s unpaired -test. The
p values below 0.05 were considered to be significant.

RESULTS

Table | showed a significantly elevated number
of circulating endothelial cells, transforming growth
factor beta, and depleted level of vascular endothelial
growth factor.

DISCUSSION

By virtue of its location facing the circulating blood
and toxic elements such as oxidative stress, proinflam-
matory cytokine, and toxins, the glomerular endothelial
cell is likely to be injured by such substances and is
generally the primary site where kidney inflammation
takes place.”’! The result of our study tends to support this
conceptual view. An increased number of circulating
endothelial cells was noted in FSGS nephrosis. This
finding implies enhanced endothelial cell loss. Glomer-
ular endothelial cell dysfunction,™ namely, charges
sefective proteinuna, a defective release of endothelium-
dependent vasodilators, which has previously been
substantiated in nephrotic syndrome, concurs with the
increased endothelial cell loss. The increased production
of TGF-B observed in these nephrotic patients may be
relevant to the mechanism of endothelial cell loss and
suppression of VEGF production, because TGF-B can
induce apoptosis of podocyte® as well as tubular
epithelium,"® which are the main sources of VEGF
production. In addition, depleted VEGF production may
be due to enhanced detachment of podocyte from the
baserment membrane secondary {o hemodynamic malad-
justment.””) VEGF production was noted to be depleted
(Table 1). Because VEGF is a crucial growth factor that is
essential to the survival and regeneration of endothelial
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cells, depletion of VEGF may be relevant to enhanced
endothelial cell loss.

In accordance with the preceding information, an
increased number of circulating endothelial cells may be a
suitable marker that reflects renal microvascular disease.
Accumulating evidence indicates that renal microvascular
disease is crucial to the development of nephronal
damage.'>"* ~1*! Early detection of renal microvascular
disease or glomerular endothelial cell injury by such a
marker would be beneficial to the preventive strategy of
progressive renal disease,
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