Heparin  glomerular disease
ACEI (diahetic nephropathy)

Heparin  glomerular disease

heparin glomerulonephritis . 1940
Silfverskiold 1960 Priscilla Kincaid-Smith*
heparin rapidly  progressive
glomerulonephritis (anti-coagulant)
Coumadin
heparin heparin renoprotection
(coagulation cascade)  Purkerson
2 heparin glomerulosclerosis
Coumadin Diamond ~ Kamovsky3
non-anticoagulant - heparin aminonucleoside
Purkerson N-desulfated/acetylated heparin
glomerulosclerosis
(subtotally nephrectomized) heparin
streptozotocin heparin  dermatan sulfate 2

diabetic nephropathy
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Glycosaminoglycan ~ Heparin
Glycosaminoglycan carbohydrate  protein
carbohydrate 95% disaccharide unit
aminosugar glucosamine galactosamine
glycosaminoglycan 6 ( 21 cell surface
extracellular matrix
Heparin glycosaminoglycan fate group
5,000-50,000
(anticoagulant) antithrombin 1| thrombin
(antiproliferation)
heparin low molecular weight
heparin
heparin Osulfated
group N-sulfated group
glycosaminoglycan heparan sulfate

Keratan sulfate Heparin

3 21 ! glycosaminoglycan



21 ! «  Heparin9
A. Anti-Inflammatory actions
Endothelial cells
Liberation of superoxide dismutase on endothelium
Protection of endothelial cells from oxygen radicals
Platelets
Inhibition of platelet activation by neutrophils
Potentiation of nitric oxide, inhibition of endothelin release
Enzyme inhibition
Inhibition of complement activation by various means
Inhibition of heparanases
Inhibition of metalloproteinases
Inhibition of elastase, cathepsm G, MPO, other neutrophil enzymes
Inhibition of protein kinase ¢
PMNs
Inhibition of neutrophil chemotaxis
Inhibition of interaction with vascular endothelium
Inhibition of PMN activation
Inhibition of superoxide anion generation
Inhibition of neutrophil lysosomal enzymes
Lymphocytes
Enhanced mixed leucocyte reaction
Suppression of lymphocyte-mediated autoimmune reactions
Macrophages
Inhibition of tissue factor procoagulant expression
Inhibition of coagulation
By promoting anti-thrombin 11l inhibition of thrombin
By promoting fibrinolysis
Inhibition of fibronectin secretion
Inhibition of collagen secretion
B.Inhibition o fcelprolferaton
Biochemical
Inhibition of cell proliferation at G I phase of cell cycle
Inhibition of sodium/hydrcgen ion exchange in muscle cells
Inhibition of calcium ion mobilisation
Inhibition of phosphatidylinositol turnover
Inhibition of protein kinase ¢
Suppression of oncogenes c-fos and c-myc
Local release of TGF-P
Mesangial Cells
Inhibition of cell growth in culture
inhibition of mesangial cell proliferation
Formation of surface proteoglycans by mesangial cells and thereby feedback inhibition of
proliferation



( 2.1)95
1 (antiproliferative properties)

(endothelial cell)
(mesangial cell proteoglycans

(cell to cell adhesion)

(integrity of vascular endothelium)
growth factors proteoglycan
chondrottin, dermatan sulfate, decorin, biglycan ~ heparan sulfate
Heparan sulfate
heparin  gene transcription
phosphatidylinositol kinase

Heparin growth factor
Gl  heparin Na/H ion exchange
heparin pathway
protein kinase ¢ cfos  cmyc
heparan sulfate
heparan  sulfate glomerular
epithelial cell  mesangial cel heparan sulfate

exogenous heparin

heparin
human umbilical vein endothelial cell  receptor ~ heparin
heparin ,
heparin  receptor
transendothelial transport umbilical vein

Heparin (10-100 [ )



heparin (smoath muscle cells)
Wright heparin
2 | . aortic smooth muscle
cells 50% (ED 50), 5 |
200-500 /

2. (ant-inflammatory properties)
Heparin anti-oxidant {
free radical pro-inflammatory cytokine IL-1
heparin (vasodilator)
lipoprotein  lipase lysophosphatidyicholine
vasodilator (platelet aggregation)
natriuresis  diuresis  heparin
Heparin neutrophil chemotaxis
lysosome elastase
Heparin glycosyltransferase lymphocyte
T cel NK cell  heparin mixed
lymphocyte reactions heparin signal transduction
calcium-binding
protein, inositol triphosphate,
adenylyl cyclase cAMP interleukin-1
T cell heparin neutrophil
lymphocyte
heparanase ( )

Heparin Glomerular Disease

11 1V»  (Subtotal Renal Ablation) 11123



y 1 (Segmental infarction)

(chronic
rend failure) , ,
(Uremia) renal hemodynamic
glomerular capillary hydraulic pressure (PGC)  Ichikawa
heparin (remnant kidney)
(systemic blood
pressure) (Intraglomerular pressure)
antiproliferative action ~ hepanin  Purkeson heparin
(anti-coagulant) N-desulfated / Acetylated heparin
heparin
12 Habu snake
habu-venom  model diffuse
mesangial hypercellularity cyst
habu snake 6-24

cyst Coffey  Kamovsky® heparin
(mesangial proliferation)  habu-venom model
1.3 Mesaneioproliferative anti-Thv 1.1 nephritis
antbody ~ Thy 11 antigen
mesangial matrix (Mesangiolysis)
mesangial matrix

mesangioproliferative cisease Floege
heparin
extracellular matrix heparin
growth factors bFGF (basic fibroblast growth factor), PDGF [3-receptor

PDGF B-chain heparin
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antiproliferative

anticoagulant
14 Lupus nephritis
Naparstek lupus-prone MRL-lprflpr mice ~ [NZB X
NZW] F, mice heparin (, aPTT) heparin
A glomerulonephritis MRL Ipr/lpr mice
heparin INZB X NZW] F, mice

heparin  lupus nephritis
15 Chronic Aminonucleoside nephrosis

puromycin - aminonucleoside focal and
segmental glomerulosclerosis (FSGS) Diamond ~ Kamovsky heparin
non anticoagulant heparin ( 7,000-11,000 )
GFR
16 Streptozotocin - (Sterptozotocin
diabetic ra)
Gambaro G streptozotocin diabetic rat

low-molecular  weight heparin
(antthrombotic activity) LMWH glomerular
basement membrane, (anionic charge
density) albumin (Preventive

treatment) LMWH

194 heparin diabetic
nephropathy (curative treatment) streptozotocin diabetic rat
albumin heparin

glomerular basement membrane,



(anionic charge density) albuminuria
( 2y

in vitro in vivo heparin

diabetic nephropathy heparin extracellar matrix protein
diabetic nephropathy
collagen type IV Sulfate glomerular
basement membrane (glomerular sulphate incorporation)
metabolism  glycosaminoglycan heparin
heparan sulfate

glomerular basement membrane 1 mesangal

(anti proliferation) streptozotocin diabetic rat
(Subtotal nephrectomized rat), anti Thy 11 mesangioproliferative glomerulonephritis
GH-transgenic mouse

heparin ,
(genomic  level), messenger RNA
tissue plasminogen  mesangial matrix heparin
cytokine  diabetic nephroparhy
Ceol streptozotocin diabetic rat low molecular weight
heparin TGFP1  collagen type IV
2.
1968 Priscilla Kincaid-Smith12
heparin heparin
(Pre-eclampsia), rapidly  progressive  glomerulonephritis,

membranoprolierative - glomerulonephrits, (acute
allograft rejection) intravascular coagulation

heparin warfarin



D

1971 Cade 3 heparin chronic
proliferative glomerulonerphritis 18 heparin  renal
function heparin

proliferative process

1972 Arieff 2 rapidly progressive
glomerulonephritis 6 heparn  Coumadin  sulfinpyrazone

( creatinine clearance  creatinine )
sediment 1

pulmonary hemorrhage

Myrup f) heparin , LMWH
incipient diabetic nephropathy ( 30-
300 J7 )  randomized, controlled study heparin (5000 / )

LMWH (2000 anti-Xa IU)

Tamsma overt nephropathy 6
low molecular weight heparin
enoxaparin 04 /(4,000 ant-Xa IU) 1 albumin
447 (181-1102) / 2% (100-873) /
(P < 005 albumin
Heparin Glomerular Disease /|
diabetic nephropathy mesangial matrix
heparin

mesangial matrix
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streptozotocin heparin diabetic
nephropathy mesangial matrix
diabetic nephropathy heparin
collagen type rv - glomerular remodelling
collagen glomerulosclerosis  glomerular disease
heparin glomerular
disease antiproliferation glomerular remodeling
collagen
heparin
glycosaminoglycan
glycosaminoglycan ((anionic charge)
charge selectivity |l glycosaminoglycan

glycosaminoglycan
renoprotection
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ACE inhibitor  diabetic nephropathy

198628 ACE| diabetic
nephropathy systemic blood pressureU intra glomerular pressurelh
AngiotensiniM Diabetic nephropathy
Angiotensin Il receptor antagonist(ATR
antagonist) ACE inhibitor
Renin angiotensin system(RAS) diabetic
nephropathy

Angiotensin
Angiotensin 1 (All) renin -
argiotensin( systemic RAS Angiotensin || (local RAS)
RAS
nephron Angiotensin Il receptors (ATR) nephron
, mesangial, proximal  bule

Vasa recta angiotensin receptor type 1 (ATIR)

ATIR (signal transduction)

1. Hemodynamic action
All glomerular filtration rate (GFR) ~ renal

blood flow (RBF) Al afferent  efferent arteriole
All efferent arteriole afferent arteriole
RBF ( renal vascular resistance )
Hydraulic pressure glomerular capillary (Pgc)
intraglomerular hypertension
2. Growth promoter



All growth factor cell proliferation
mesangial  extracellular matrix (ECM) All cytokine
Endothelin , Transforming growth factor (TGF-j3l) , basic fibroblast growth
factor (bFGF)  Platelet denved growth factor (PDGF)
ECM inflammatory cell glomerulus  interstitium

Angiotensin  diabetic nephropathy 2.2)
Ally hemodynamic ~ non hemodynamic
action Streptozotocin ACE inhibitor
glomerular capillary pressure (Pgc) ,
diabetic nephropathy hemoaynamic action Al
diabetic nephropathy
AH ! growth  factor
proliferation  hypertrophy extracellular matrix protein
All signal transduction
Protein kinase ¢ (PKC) PKC TGF(3
profibrotic hypertrophic - growth factor glomerular
hypertrophy ~ glomerularsclerosis "
2.2 Angiotensin Il diabetic nephropathy
Hemodynamic effects
Induction of systemic vasoconstriction and hypertension
Increase in glomerular afferent and efferent arteriolar resistance
Increase in glomerular capillary pressure
Reduction in filtration surface area
Increase in glomerular capillary permeability
Constriction ofvasa recta with subsequent reduction in medullary blood flow
Transport effects
Stimulate of proximal sodium, hicarbonate, and water reahsorption
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Stimulate of proximal  bular glucose transport
Metabolic effects
Stimulation of ammoniagenesis
Stimulation of gluconeogenesis
Immunomodulatory effects
Stimulation of macrophage/ monocytes migration
Growth stimulatory effects on extracellular matrix production
Induction of hypertrophy or proliferation
Stimulation of collagen and fibronectin synthesis
Inhibition of protein and extracellular matrix turnover

Streptozotocin
(Beta cell) IDDM micropuncture
GFR RBF intraglomerular pressure (Pgc)
, glomerulosclen™ 3
Pgc
glomerulosclerosis®  Zatz Rl Pgc

glomerulusclerosis
ACE inhibitor (Enalapril)
diabetic nephropathy

Diabetic glomerulopathy  Streptozotocin diabetic rat
Streptozotocin diabetic rat

(glomerular volume) 2 glomerular basement membrane
(mesangial  volume”



Kimmelstiel
- Wilson change

Streptozotocin diabetic rat insulin

( ] ] @
glomerular basement membrane insulin

2
(hyperglycemic state)

diabetic nephropathy®
(Islet tissue  transplantation)
diabetic nephropathy

( renal hemodynamic )
glomerular filtration ratel
filtration fraction 3 microcirculation
capillary permeability
albuminuria

( Uninephrectomized diabetic rat)
( renal hemodynamic )
1 (Unilateral nephrectomy with diabetes: UN-D)
single nephron GFR 50 glomerular blood flow 60 ,
glomerular capillaiy pressure 133



3
1. (mesangial expansion)
PAS stain UN-D PAS
Immunofiuorescence icG @&
3 ,
(non-dliabetic unilateral nephrectomized rat) 1
( renal hemodynamic) diabetic nephropathy
(Electron microscope)
(mesangial volume)*
matrix volumes#
( 26)
2. glomerular basement membrane
diabetic nephropathy ~ glomerular basement membrane

glomerular basement membrane

( 26)

glomerular basement membrane ~ UN-D rat
(Islet transplantation) !

glomerular basement membrane
glomerular basement membrane
Mauer
2

(mesangial

" L

thickening” - mununohistochemical?



2.3 (Uninephrectomy)

19

(Islet transplantation)3
fi 2~ Albuminuria  Mesangial volume  GBM width
Comtrol rat
(C) normal normal normal
Increase normal normal
L ml D
Intact (D) s increase increase increase
Uninephrectomy  markedly increase  markedly increase Increase
Diabetic
tranplanted rat
Intact (D-T) normal normal Increase
Uninephrectomy 1 markedly increase  markedly increase increase
1" (UN-D-T) 1
1) Uninephrectomy (non-diabetic)
2) mesangial volume  GBM
width
3) Uninephrectomy 3 mesangial
volume GBM width
4

(UN-D-T)
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ACE inhibitors diabetic
nephropathy 2.3)
Normoalbuminuria
IDDM
ACE inhibitors (filtration Gaction)
\ (fractional albumin clearance) 2

A (hydraulic intraglomerular pressure) |
ACE inhibitors
microalbuminuria
(HbAlc > n 9-10), (> 10-12
) hyperfiltration (GFR> 150 ./ )
NIDDM
ACE inhibitors
, ? ACE
inhibitors ,
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2.4
Stage

| (at diagnosis)

Transition from -—>m

* Applied when blood pressure remains untreated. Reducing blood pressure often reduces alouminuria (proteinuria —>microalbuminuria — normoalouminuria).

$
Designation

Hyperfunction/
hypertrophyi

Normoalbuminuria

Transition phase

Incipient diabetic
nephropathy,
microalbuminuria

Overt diabetic
nephropathy

End stage renal disease

IDDM
Main characteristics

Glomerular
hyperiitiration

Normal urinary
albumin excretion

High normal urinary
albumin excretion

Raised urinary
albumin excretion

Clinical proteinuria or
urinary albumin
excretion > 200
ng/min

Uraemia

t Changes present probably in all states when control imperfect,
t Marker of future nephropathy.

Main structural changes

Glomerular
hypertrophy

Increasing basal
membrane thickness

Not known

Urinary albumin
excretion correlated
to structural damage

Advanced structural

damage

General glomerular
closure

Glomerular filtration
rate (ml/min)
- 150

Hyperfitrationt

Hyperfiltration

Stil high

"Normal" to advanced
reduction

Very low

Urinary albumin
excretion
May be increased

Normal (high during

stress)

Increasing

20—>200 ug/min

>200 (-> ~ 10000
ng/min)

Decreasing
albuminuria

Blood pressure

Normal

Normal

Increasing

Raised compared with
stage |

Often frank
hypertension increase
by ~ 5% yearly

Often high, related to
volume expansion

Comments

Glomerular volume/
pressure increase
(reversible)

Changes as indicated
above but quite
variable

Somewhat poor
metabolic control

Advancing glomerular
lesions; permeabilty
defect not located

High rate of glomerular
closure severe
mesangial expansion

Deathluraemia
(postponed by ACE
inhibition)
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2.5
Reference (year)

Christensen and Mogensen ( 1985)
Marre et al (1988)

Brichard etal (1989)
Rudbergetal (1990)

Cook etal (1990)

$

Melbourne Diabetic Nephropathy

Study Group (1991)
Mathiesen etal (1991)

Marre etal (1991)
Mau Pedersen etal (1991)
Mau Pedersen et al (1992)

Hallab et al (1993)
Viberti etal (1994)

IDDM
Nature oftrial

Selfcontrolled, open

Double blind, randomised with parallel
controls

Open

Open

Cross over, double biind

Open, randomised with parallel controls

Open, randomised with parallel controls

Double blind, randomised with parallel
controls

Open, cross over

Cross over, double biind

Randomised with parallel controls

Mutticentre, double blind, randomised
with parallel controls

microalbuminuriad’

Intervention

p, blocker + diuretics

ACE inhibition

ACE inhibition
ACE inhibition
ACE inhibition
ACE inhibition

calcium blocker

ACE inhibition

ACE inhibition

n, Blocker + thiazide
+ACE inhibition
p, Blocker + thiazide
+ACE inhibition

ACE inhibition
ACE inhibition

No of Patients;
duration of
treatment

6; 5years

20; 1year

7, Lyear

12: 6 months
12: 3 months
43; Lyear
44 4 years
16; 6 weeks
8: 3 months

10; 4 months

21; lyear
92; 2 years

Microalbuminuria

Reduced
Reduced by ACE inhibition
Reduced by ACE inhibition
Reduced by ACE inhibition
Reduced by ACE inhibition
Reduced by ACE inhibition and
by calcium blocker
Reduced by ACE inhibition
Regduced
Albuminuria reduced
Albuminuria reduced

Reduced by ACE inhibition
Reduced by ACE inhibition

Comments

Gradual reversal of albuminuria by
antihypertensive treatment

Untreated patients showed rapid increase in
urinary albumin excretion

Young patients
Children
Effect mostly seen with raised blood pressure

First study to indlicate preservation of glomerular
filtration rate; proteinuria prevented
Effect surprisingly not dose dependent

Triple treatment may be useful
(early nephropathy)
Triple treatment may be useful
(early nephropathy)
ACE inhibition more efficient than thiazide
First large scale double blind study; increase in
albuminuria and proteinuria significantly
prevented



2.6
DRUG

Enalapril
0.5 mg/kg/d
(maximum 40 mg/d)
Captopril
mean 40 mg/d
(range 25-100 mg/d)

Captopril
1(Dmg/d plus
diuretics to maintain
decrease in DBP of
5mm Hg

DD M

DURATION /
DESIGN
4 wk; PC, DB, CR,
R

1y; 0, R

4y: 0, PC,R

OUTCOME
pre/post

MAP 85+ 8.4/77 £ 8

GFR 152+30/160 +27

UAE 7.3 £13.9/4.1 £2.1 pg/min
captopril

MAP 95%90

UAE 378/336 pg/min
controls

MAP 95/100

UAE 471/730 pg/min
captopril

SBP 128/122

DBP 78/73

UAE 82/57 mg/d
controls

SBP 125/125

DBP 77176

UAE 105/166 mg/d

pVALUE

<0.001
NS
NS

<0.05
<0.05

NS
NS
<0.05*

COMMENTS

18 type Ldiabetic children

32 type ldiabetic pts with DN
(15 treatment, 17 controls)

44 type Lldiabetic pts with persistent
albuminuria (30-300 mg/d); none in
the captopril group developed DN,
but 7 controls developed DN

CR = crossover; DB = double blind; DBP = diastolic blood pressure (mm Hg); DN = diabetic nephropathy; GFR = glomerular filtration rate (mL/min); MAP = mean arterial pressure (mm

Hg); NR = notreported; NS = not significant; O = open; PC = placebo controlled; post = posttreatment; pre = pretreatment; pts = patients; R = randomized; SBP = systolic blood pressure

(mm Hg); UAE = urinary albumin excretion rate.

By chi-square analysis.



Microalbuminuria

24

IDDM
10 IDDM
microaluminuna (3-blocker ACE
inhibitors (29 ace Ihibitors
Overt proteinuria ( GFR
)
( 2.6)
ACE inhibitors
ACE inhibitors
ACE inhibitors microalbuminuria
ACE inhibitors
NIDDM
Chan ACE inhibitors  microalbuminuria Ca
channel blocker nifedipine B
enalapril ( 2.2) ACE inhibitors
5
creatinine GFR 3 8

)
ACE inhibitors

microalbuminuria



1 22 1/Cr " NIDDM

enalapril 2



Time (months)

3 23 GFR,
enalapril (O) ~ metoprolol (¢) §  IDDM  overt
proteinuriad0



overt proteinuria

|DDM
\
GFR 8§ ACE inhibitors
Bjorck ACE inhibitor
(antiproteinuric effect)
GFR 4( 23 ACE inhibitors
renoprotection
NIDDM
(L5 )  Bakris NIDDM
(clinical proteinuria) Lisinapril
GFR 4

(Advanced renal disease)
IDDM
randomized, controlled study Captopril
|DDM creatinine 125 | .
Captopril GFR  combined end point

( , )
creatinine 5 [ . 25 | 2( 24



50 p-

5B

0(-

351-

¢ Placebo -f"
25 §- pv
2| p = 0-007

151

ﬂ 0-9~-t

d

S~C0°- ' 70 Captopni
&

00 056 10 « 20 25 30 IT70

Years of follow up

Placebo 202 184 173 161 142 9 75 &
Captopril 207 199 90 180 '£7 20 32 X X

"
I

| |1 Placebo
0—
15 2jr p =006
>— 15
Iy 10k <'g> | Captopri
f_

00 05 10 15 20 25 30 35 40
Years of follow up

Placebo 202 198 192 18 171 100 %
Captopril 207 207 204 201 1% 103 I

24 cumulative incidence  $  diabetic nephropathy captopril
cumulative percentage primary end point
creatinine 2 cumulative percentage

28
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