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Abstract

TGF-pi plays ait important role in the pathogenesis of experimental and clinical
glomerulosclerosis and tubufointerstitial fibrosis. Associations have been described
between polymorphisms of cytokine and growth factor genes and susceptibility to.
or progression of, an increasing number of diseases. In this study, single nucleotide
polymorphisms (SNPs) in the TGFB1 gene were investigated as possible markers for
the progression of chronic renal failure (CRF). One hundred and forty #wo
Caucasian patients with CRF were screened for four TGFB1 SNPs: T-509C in the
promoter region; ArglSPr© and LeulOPro in exon 1 and Thr263Ile in exon 5. There
were significant differences between CRF patients and controls in allele frequencies
of two of the SNPs (LeelOPr© and C-509T), indicating an association with
susceptibility to CRF, We also observed a significant association between rate of
progression of CRF (the slope of the reciprocal of serum creatinine v time) and
genotype, both at codon 25 (odds ratio 3.77, 95% confidence interval, 2.2 - 6, p
<0.001) and at the -509 promoter site (odds ratio 1.67, 95% confidence interval 1.1-
2.5), p <0.005) in patients with primary nephropathy (excluding PKD). Genotype at
codon 25 was also associated with severity of proteinuria (p= 0.038), plasma TGF-{31
protein levels (p = 0.01), and the severity of glomerulosclerosis (p<0.05). Genotype at
C-509T was associated with the level of renal tubular TGF-pl immunostaining (p =
0,9006) and with renal interstitial inflammatory cellular infiltration (p=0.015).
There was a highly significant correlation between the degree of cellular infiltration
in renal tissues and tubular TGF-pi immunostaining.
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ABBREVIATIONS

AAV: ANCA-associated vasculitis

ABC: avidin-biotin-peroxidase

ACE: angiotensin I converting enzyme

ActR: activin receptor type

ADPKD: Autosomal dominant polycystic kidney disease
AEC: 3° amino- 9” ethyl-carbimazole

AGT: angiotensinogen

ALK: activin receptor-like kinase

AMHR: anti-mullerizn honmone receptor

Ang II: angiotensin IT

Apo: apolipoprotein

Arg: arginine

ARMS-PCR: amplification refractory mutation-screening polymerase chain reaction
ATIR: angiotensin type 1 receptor

bFGF: basic fibroblast growth facior

BMPs: bone morphogenic proteins

CAPD: continnous ambulatory peritoneal dialysis
CGN: crescentic glomernlonephritis

CIN: chronic interstitial nephntis

CrCl: creatinine clearance

CRD: chronic renal diseases

CRF: chronic renal farture

CTGF: connective tissue growih factor

D’: coefficient of linkage disogniltbriom

DBP: diastolic blood pressure

DBPd: diastolic blood pressure at diagnosis
DBPY: diastolic blood pressure during follow up
DM: diabetes mellitus
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DN: diabetic nephropathy

DNA: deoxyribonuclieic Acid

dNTPs: deoxynucleotide tnphosphates

EcNOS: endothehial constitutive nitric oxide synthase
ECM: extracellular collzgenous matrix

EGF: epidetmal growth factor

ELISA: enzyme linked immunoassay

ERK: extracellular signal-regulated kinases

ESRF: end stage renal failure

ET1: endothelin §

FGF: fibroblast growth factor

FSGS: focal and segmental glomerulosclerosis
GDFs: growth and differentiation factors

GDNF: glial cell line-derived neurotrophic factor
GLUT: glucase transporter

GN: glomerulonephritis

GS: glycine serine domain

£TGF-B1: glomenati TGFH1

gTGF-B1+: glomerali stained with TGF-1
gTGF-B1-: glomeruli did not stained for TGF-B1

HD: haemedialysis

ICI: interstitial cellular infiltration

ICI-: renal tissue without inflammatory cellelar infiltration
ICH+: renal tissue with inflammatory celfular infiltration.
IGF-1: insulin-like growth factor-1

IF: interstitial fibrosis

IL-1: interleukin §

IL1ra: mterdeukin § receptor antagofmst



ILTRN*2: interienkin 1 receptor aniagonist allele 2
1le: isoleucine

KLX: kallikrein

LAP: Jatency associated peptide

LDL: low-density lipoprateins

Leu: leucine

LLC: large Iatent complex

LTBP: latent precursor molecule binding protein
LTGF-8: latent precursor molecule

MAP: mean arlenial biood pressure

MCGN: mesangiocapillary glomeralonephritis
MCP-1: monocyte chemo-attractant protein 1
MDRD: modification of diet in renal disease
MH: mad homology

MIF-2: macrophage inhibitory factor-2

MIS: mullerian inhibitory substance

MMP: metalloproteinase

MN: membranous nephropatiy

MRFIT: multiple Risk Factor Intervention Trial
mRNA: messenger ribomucleic acid

MTHFR: methylenctetrahydrofolate reductase
NGF: nerve growth factor

NO: nitric oxide

NOS: nitric oxide symthase

NP: non-progressive chronic renal faifure

OU: obstructive uropathy

P: progressors chronic renal faiture

PAI-1: plasminogen activator inhibitor-1



PCR: polymerase chain reaction

PDGF: platelet derived growth facter

PKD: polycystic kidney discase

Pro: proline

RI: type 1 transforming growth factor beta receptor
RIL type 2 transforming growth factor beta receptor
RIIL: type 3 transfonming growth factor beta receptor
RANTES: regulated on activation, normal T expressed and secreted
RRT: renal replacement therapy

SARA: Smad anchor for receptor activation

SBPd: systolic blood pressure at diagnosis

SBPf: systolic blood pressure during follow up

1/S¢y. reciprocal of serum creatinine

SLC: small latent complex

SLE: systemic lupas erythemstosus

SMAD: signalling mother against decapentaplegic protein
SNPs: single nucleotide polymeorphisms

TBE: Tris borate EDTA

TPRR: transforming growth factor beta receptor
TGF-a: transforming growth factor aipha

TGF-B1: transforming growth factor beta-1

Thr: therionine

TIF: tubulointerstitial fibrosis

TIMP: tissue inhibitors of metaffoproteinase

TNF-o: tumour necrosis factor alpha

tRNA: transferase ribonuckiec acid

TSP-1: thrombospondinl

tTGF-p1: tubular TGF-$1

VCAM-1: vascular cell adhesion molecule-1

VEGF: vascular endothelial growth factor
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1.1 Introduction

Transforming growth factor beta-1 (TGF-pl) is a multifunctional growth factor
implicated in the pathogenesis ofesqpaunenSal and ctinkal chronic renal M a e (CRF)

(Okntia, 1990; Yamamoto, eita i 1993). It Ms potent fibrogenic propatks through the
stimulation o f synthesis o f extracellular coiagenous matrix (BCM) and inhibition of its
breakdown {Border and Noble, 7/997)] Although there are three types o f TGF-p (1,2 and
3), TGF-pi is the growth factor that has been implicated in fiferogenesis (Roberts and
Sperm 1997). There is considerable experimental and clinical evidence pointing to an
important role of TGF-pl in renal ffinrogpiesis (section 1.6.2) (Border and Noble,. 1994,
1997, Peters, ef &, 1999, Baste, 1999). However, a clear-cut association between TGF-
pl and the profession of clinical nephropathies is lacking. In this thesis, the potential
relationship between TGF-pl genetic polymorphisms and tire profession of human

nephropathies is studied.

1.2 Chronic renal failure (CRF)

Chronic renal faftuie (CRF) is defined as irreversible, long-stMifcg loss of renal
function. End stage renal failure (ESRF) refers to advanced renal insufficiency when the
glomerular filtration rate is below I© ml/min prior to the initiation of either dialysis or
renal transplantation (El Nahas and Wiwearis, 1997). The patients complain of a wide
range of symptoms including pom appetite, vomiting, bone pain, headache, insomnia,
itching, dry skin, malaise” fatigue with light activity, muscle cramps, and change in
mental alertness (El Nahas & Winearis, 1997). A survey of UK hospital biochemistry
records revealed, that the prevalence of CRF (plasma creatinine concentration >150
revealed the incidence of ESRF to fee around 78 pmp/year (UK Registry, 200]) Data
from the UK registry suggest feat fee incidence of ESRF in the UK is currently .around
80-110 pmp/year (UK Registry, 2001) Corresponding data from the Untiled States (US)
suggest an. incidence of 315 pmp/year; US prevalence is currently around 1217 pmp

(USRDS, 200 % In addition* there as little doubt that the incidence of ESRF is steadily7



increasing by aronnd 8-10% eweiy year (USRDS, 2001). One of the major causes of
ESRFintbeUS is diabetes meffitus (DM) (41.8 %). In Norway, type 1 DM progresses to
ESRF in 40% ofpatients, while type 2 is thought to lead to renal involvement in 20% of
patients (Type 2 DM is 10 times as common as Type 1) (Bergrem and Leavested, 2001).
In the US, the second most common cause of ESRF is hypertension (25.4%). Thirdly;
chronic glomerulonephritis accounts for 21% of patients with end stage renal diseases
(ESRD). Polycystic kidney disease and wrologic disease account for approximately 15%
and 20% ofcases of ESRD have no known cause (USRDS, 2001) On the other hand, m
the UK, the most common cause of ESRF remains chronic gtomemlonephritis as the
incidence and prevalence of diabetic nepferopatby remains below 20% (UK Registry'
2001).

LZ! Naturalhistory ofchrome nmalfailure

Progression of CRF occurs following renal injury regardless of the underlying cause of
nephropathy (For review see Locatdli and Del Vecchio, 2000). I1k reciprocal of serum
creatifii.se (I/Sq) regression slope value against time (described below) determines the
rate ofdecline o frenal Rmctoon "progression o f CRF). When the pattern o f'the regression
is a straight line this means that the rate o fthe progression of CRF occurs at a constant
rate (Mitch, et al, 1976, Rutherford, et aL, 1977, Bleyer, 1999). Generally speaking foe
rate ofdecline ofienai rimctiom is constant, Implying that the process causing the decline
of'renal function is conthmom. Hwas repotted in the late seventies, that the progression
of CRF from various diseases was ©marring at a constant rate (linear pattern of 1/Sq-
value against time) In foe majority o f patients (Mitch, et al, 1976 and Rufoerfotd, et aL,
1977), A non-linear -decline o f renal inaction occurred in around 15% ©f patients (Shah
and Levey, 1992). Further, some patients have a change in the regression line of the
reciprocal of serum cimtmsm against time suggesting a spontaneous acceleration or
slowing down of the rate of decline. These spontaneous changes are referred to as
breakpoints in the slope which may be due to intercurrent events such as, infection,
dehydration, poor Wood pressure control, or changes in the activity level, of the
underlying pathological processes which initiated the renal disease (Shah and Levey,

1992).



1.2.2 Factors influencing the progression of chronic renal failure

L2211 Age

A" ttig is associated with physiological changes in the kidneys, including a reduction in
renal plasma flow (Riser,, et att™ 19931, increase in filtration fraction (Baylis, et at, 1990,
Flisher, et al, 1993) and a decrease in renal size due to parenchymal reduction
(Emamiait, eral, 1993). Alas, fvimay involution can be detected in the renal c o te with
relative sparing o frenal medulla (HoUenbeig, et al, 1974). FurthenaMsre, 10 - 30% ofthe
total glomeruli are sclerosed between the fourth and eighth decades oflife (Kaplan, et aL,
1975). 1t is often assumed that GFR is nearly 50% at the age of SO compared to values
after puberty (Kaysen and Myers, 1985) Ltndeznan and cowockers (1985) showed that
creatinine clearance was not decreased in one third of healthy elderly people. Many
studies have shown that the indcfence of renal failure from various, renal diseases;
increases- with age (Fees) et aL 1990, McGowen, 1990 and lungers, ef at, 1996).
Berthoux and colleagues (1998) reported that renovascular diseases, and diabetes mellitus;
(type 2) are the most common causes of ESRD' in the elderly. The same study also
showed that primary gSomerolonephritis as common in the elderly as If constitutes about
12% of ESRD In the elderly. The prognosis of renal diseases in the elderly is also more
severe than in the younger age group as they have, in general, a higher rate o fprogression
compared to younger patients with similar nephropathies (For review see Locatelli and

Del Vecchio, KM ).

1.2*%2.2 Gender

Regardless of the cause of CRF, ESRD as more common in males than females (For
review, Locatelli and Del Vecchio, WOO). The USRDS study (2001) revealed that the
Incidence of ESRD in men was 348 prop/year compared to 242 pmp/year in women
(URSDS, 2001) Furthermore, the rate of decline in renal function is usually taster in
males regardless, of die underlying nephropathy (Hannedouche, et al, 1993) Some
postulated that the decline o frenal function is faster in males due to a higher protein

ingestion, larger muscle mass and increased creatinine generation (Levey, ef aL 1989).



This is unlikely. Others argued that hormonal factors, including oestrogens, may play an
important protective role in females with CRF (Velasquez and Bhatitena, 2001; For
review, Neugartm, et al,, 2000). Because the faster decline in renal function occurs only
after puberty, it was assumed Jfeat sex hormones might piay a role in ft (ReckeiftofF, et a/,
1997, Neugarten, et aL 2000). The slope of progression in males cordages with the
mean arterial Wood pressure, which is generally Wgher in males. In females, ft correlates

with the type o fnephropathy (For review see Locatelli and Dei Vecchio, 2000)

/.2.7Z) Race

In the US, African-Americans have a four-fold higher incidence of ESRD compared to
Caucasians (USRDS, 2001). Freedman and colleagues (.1997) reported that the greater
risk of ESRF in African-Americans might he due to a genetic predisposition. Tins may
also be explained by higher levels of circulating fibrogenic growth factors in African-
Americans compared to others (Suthanthiran, et al, 2000). Also, it was reported that
incidence of increased blood pressure levels in black individuals is twice as high as that
in the white population (Coraoni, etal, 1989). Die high blood pressure may contribute to
the higher incidence o f ESRF. Furthermore, in essential hypertension there is increased
prevalence of mtrtaalbamhnina in black individuals (Summerson, et aL 1995). The
prevalence o fDM is twice as high in African-Americans as in Caucasians and. ESRD due
to DM is 3-6 times more- eenKnesn in African-Americans (Carter, et dL, 1996). Also,
ESRF was higher in Native Americans and Asian/Pacific Islanders than Caucasians
(USRDS, 2001). The ineidance of CRF is increased in the first ami second-degree
relatives of those with retail disorders (Ferguson, ef al, 1988). In Caucasians this
relationship is weaker than in African-Americans. Pugh and colleagues (1988) found that
Mexicati-Americans were also at a higher risk of developing ESRD than other
populations. In the UK, reports suggest a higher prevalence of renal disease in souse
Asian individuals although die rate o fprogression ofthe nephropathies was not found to

be faster than Caucasians (Forreview. Wing and Jones, 2000, UK Registry, 2001).



1.ZZ 4 Systemic hypertension

Systemic hypertension is one of the most important factors conteifeeting to the
deterioration of renal function and elevated blood pressure, can fee a cause or a
consequence oflena! mjury (For levsew, Adamczak, et <d92002). The higher the blood
pressure the faster the rate of decline of renal function and the progression of CRF
(Tiemay, et al, 1989). Brazy and. cowwkers (1989), showed that increase in mean
diastolic Wood pressure (DBF) > 90 moiHg was associated with a greater rate of decline
in the reciprocal o fserum creatinine versus time compared to patients with CRF with a
mean DBF < 90 mmHg). Furthermore, there is improvement in renal function with
intensive antihypertensive therapy (For review, Locatelli and Bel Vecchio, 2000 and
Adamczak, ei al, 2002). It Ms even been suggested that a stabilization and even a
regression ofthe progression of CRF cm fee achieved with aggressive antihypertensive
therapy (For review, Dwmtrin ami Weir, 2000). The Modification of Diet in Renal
Disease (MDRD) Study Group stowed that the lower the mean arterial blood pressure
(MAP) value, the slower the decline in GFR (Klahr, et a/.P1994). This study implied that
lower blood pressure targets should fee sought for patients with progressive CRF and high
levels o fproteinuria (Klahr, etttL, 1994). In those with protein excretion rate in excess of
3 g24h, it suggested that the MAP should to reduced to levels around 92 mmHg to
obtain the same protective effect of renal function a MAP of 97 mmHg would provide

those with less proteinuria (Klahr et @, 1994, Peterson, et al, 1995).

LZZ5 Prateifuiria

Proteinuria is an important pogprostie indicator of renal disease. Kineaid-Smith and
Becker (1978) stowed that the presence o f proteinuria predicted the progression of CRF
in patients with chronic fwdtonqdnitisw The presence of proteinuria indicates poor
prognosis in most cases of primary glomenilonephritis (Williams, et al, 1988 and
Cameron, 1989). El Mates and colleagues (1984) were the first to demonstrate that a
reduction of proteinuria by dietary protein restriction predicted the renal functional
response to the diet. Bjorek (1986) Apperloo (1994) and their colleagues showed that
pharmacological interventions that slow the progression of CRF are associated with a

reduction of proteinuria. More recently, a large body of experimental evidence has



suggested that pioteirama is not 0s% a marker of poor prognosis but may also be a
mediator involve! in the progressive scarring process (Bruzzi, et al, 1997, Eddy, 2001,
Jafar, etaL 2001). Remuzzi ami Bertani (1998) postulated that the excessive filtration of
macromolectiles, Including protein, into the glomerulus could accelerate sclerosis. Burton
and Harris (1996) suggested that proteinuria might also cause tubular dysfunction and
damage. Renal tubular damage caused by proteinuria can initiate inflammatory and
fibrotie changes within the renal interstitram. The activation o f proximal tubular cells by
excessive exposure to proteins leads to their release of pro-inflammatory cytokines and
chemokines as well as their release ofproflbrotic growth factors such as platelet derived
growth factor (PDGF)and TGF-pi (For review, Harris, 2000; Eddy, 2001; Waidle, 2001,
2002). It was also hypothesised that mesangial accumulation of proteins may produce
mesangial cell injury and pnifisation and consequently increases production o f mesagial
matrix and gtomeralosclanwis (For review, Harris, 2000). Also, activation o ftubular cells
by proteinuria ¢m stimulate their release of extracellular matrix (ECM) components,
accelerating interstitial flbrosis (For review see, Hams, 2000). Consequently, proteinuria
1s, along with systemic hypeftenstoo, thought to /e one o fthe most significant risk factors
in progressive CRF. Increasingly, attention is paid when hypertension is treated in
patients with CRF to lower proteinuria as well (Jafar, et al, 2001, Adamczak, et al,
2002). Data from a European study suggested that the control o f systemic hypertension

without the concomitant reduction o fproteinuria is ineffective (Locatelli, dtaL, 1996).

L2.2.6 Dxsiipidaemia

ft was postulated over twenty years ago by Moorhead and his colleagues (1982) that
lipids could /e toxic to both the glomeruli and the tubulointerstittum. Since, a growing
body of experimental and dtnscal data has supported this hypothesis (Altman, et crl,
1999; Samuelsson, et d., 1997). An association has Men shown between
hypercholesterolaemia and die pogressaon of diabetic (Krowieskj, et d,, 1994) and
noncbabetic (Samuelsson. et al 1997) nephropathies. Hyperlipidaemia can induce
glomerular toxicity through the accumulation of Jow-densily lipoproteins (LDL) as well
as oxidized LDL in the mesangiuin, leading to structural and functional changes in

mesangial cells. Also, hyperiipdacmia increase glomerular capillary pressure, which may



contribute to glomerular hypertension and sclerosis (Keane, ataL 1988, Keane, 2000). It
was also concluded that hyperigsdcmia activates mesangial cells and lead to mesangial
matrix accumulation (Keane, ef a¢, 1988). Harris and colleagues (1990) showed that a
diet low in essential fitty acids protects against tubuiointeistitia! inilainniarion. Kees-Foti
and coinM ’g te (1994) showed that free fatty acids lead to the generation ofa JipM
chemotactic factor, which attracts monocytes, and initiates tubulointerstitial inflammation.
So a high level of non-essential fatty acids may play a role in the inflammatory and
fibrotie processes in the renal inftevstitnm. Further, it was advanced by some that the
nephrotoxicity of pcoteinsmaialfouimnuria may be linked to their lipid-carrying capacity
(For review, Harris, 2000). lipids rather than protein may fee toe culprit regarding
tubulointerstitial Mlammatiem and fibrosis in heavy proteinuric states (Tor review,
Harris, 2000). In experimental animals, there is a large number of experiments showing
that the reduction o f blood ipkJs levels is associated with a protective effect on kidney
scarring (Keane, 2000, Praga, 2002). However, similar data is still Jacking in humans
with CRF, although a recent review analysts suggested that lowering lipids In patients

with CRF may be beneficial (Fried, ezalL 2001).

1.2.2.7 Smoking

Smoking has a deleterious effect cm renal function, as evidenced by the development of
mleroalbtmmusM and its progression to overt albuminuria in diabetic nephropathy
(Chase, etal 1991). Smoking of 15 packkyear in non-diabetic patients increases toe risk
ofdevelopment o fESRD by 5.8 fold (Orth, et al 1998). Haemodialysed diabetic patients
who smoked cigarettes had higher systolic Wood pressure and fibrinogen levels and had a
higher incidence o fmyocardial infarction, than non-smokers (Biesenbach and Zazgomlk,
1996). A retrospective roulticenrtre European case-control study stowed, that smoking is
an independent risk facta? far ESRF in patients with both inflammatory and non-
inflammatory renal disease* Le. IgA gfomeralonephritis and polycystic kidney disease
(Orth, et aL 2000). Smoking increases the severity of glomerulonephritis, particularly in
men older than 40 and/or hypertensive patients (Stengel, e aL 2000, Regalado, ef alL

2000). Furthermore, it was reported in the Multiple Risk Factor Intervention Trial

(MRFIT) study that smoking suesesses toe renal risk especially m toe male population



(Walker, et a!,, 1992), The calculated relative risk for ESRF was found to be 1.69 for
smokers as compared to non-smokeis (Shqji, et ah, 2001). The deleterious effect of
cigarette smoking may be through exacerbation of other risk factors such as high blood
pressure, proteinuria or hjperlipadbemia. Moreover, progressive kidney failure is
associated with decreased, diminution of nicorine by both renal and non-renal
mechanisms (Molander, et al, 2CB0). Furthermore, it was postulated that smoking
induces renal damage by increasing blood pressure, alteration of intiarenaf
hemodynamics and activation of tie sympathetic nervous system. Discontinuation of
smoking improved renal prognosis, and is probably a very effective measure to retard

progression o frenal failure CPiaga, 2002).

LZZ8Alcokof

It was reported that cross-sectional data from the 1983 (National Health Interview
Survey) showed that hypertensive women consumed less alcohol than non-hypertensive
women (Laforge, etal, 1990). On the other hand, the same authors reported that alcohol
consumption was significant"7associated with a greater risk of hypertension amongst
men. Moreover, beer consumption and spirits consumption above three drinkxday were
significant predictors o f male hypertension (Laforge, et al, 1990). The consumption of
more than two alcoholic drinks per day is associated with an increased risk o fESRD and
hypertension in the general population (Laforge, et ah, 1990). On the other hand, a lower
intake ofalcohol (< 2 dririksfday) did not appear to be harmful (Peroeger, et ah, 1999,
Parekh and Klag, 2001).. Trie mechanisms by which alcohol consumption leads to

hypertension and, perhaps, renal disease are unknown.

1.2.2.9 Recreational drugs

Use ofheroin and/or cocaine increases the risk of ESRD (Perneger, et aL, 2001). After
adjusting for patients" age, sex, race, socioeconomic status, and history of hypertension
and diabetes, persons who had ever used heroin or other opiates (any amount) were at
increased risk for ESRD (Perneger, et alL, 2001). There was also an increased risk for

individuals who consumed crack cocaine, although it was difficult to dissociate it from



heroin consumption (Perneger, et <dn2001). The same authors suggested that cocaine
might cause accelerated hpstenskn, acute renal failure from ihaMomyolysis, and

progression o fjse-exisilng renal disease.

13 Mechanisms ofprogression of cferwic renal failure

13.1 GlomerolJosclerosis

13J 3 Systemic amiglom erular hypertension

As previously discussed, systemic hypertension not only induces CRF but also induces a
faster loss of ram! funtitkm in squired renal disuses and loss of renal function
associated with iwimal ageing (Adamczak, et aL, 2002). In the subtotal nephrectomy
model of CRF, the loss of function of some nephrons leads to hypertrophy of the
remaining nephrons and decrease of vascular resistance (especially the afferent renal
arterioles) due to impaired autoregotelion. (For review see Dworfcin and Weir, 2000) This
process leads to an increase m the glomerular capillary7 pressure of the remaining
nephrons (glomerular hypertension) (Anderson, et al, 1986). It was postulated that there
was a significant association between systemic hypertension aw! the increment of
glomerular capillary pressure (For review see Dworkin and Weir, 2CWQ). The harmful
effects ofrenal parenchymal disease, e.g. diabetes, mellitus and systemic hypertension,
are a result of production or aDceasmaiiou of glomerular capillary hypertension, rather
than induction of exteagtomerukr vascular injury or glomerular ischaemia. Histological
examination reveals an increase of glomerular volume and glomerular sclerosis in
hypertensive patients (For review see Dworkin and Weir, 2000). fa the presence of an
underlying nephropathy, the glomerular response to systemic hypertension is impaired
(For review see Dwaririn and Weir, 2000). This leads to a rise in gkimendar pressure and
progression of gkxoefulossxdenxdsL. Studies suggest that the control of glomerular
capillary pressure protects against kidney deterioration with or without control of
systemic hypertension (Anderson and Brenner, 1987, For review, Anderson 2000,

Dworkin and Weir 2000).
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Lowenstein and cowodm (1970) also argued that systemic hypertension leads to
ischaemia due to renal vascular disease which, in turn, leads to a decrease in glomerular
perfusion/ischaemia. Gkmenilasclerasis induces efferent arteriolar hypoperfusion and
hypoxia (decreased oxygen delivery) ofthe tubular cells and their release of cytokines
such as TGF-pl, platdet-derived growth factor (PDGF), endothebn and wvascular
endothelial growth factor (VEGF) 10rphamdes, etal.f 1997; Fine, e ta If 1998).

Both systemic hypertension ard non-hypertensive injury? that cause loss o fsingle nephron
units results in hypertension in the remaining glomeruli (glomerular hypertension)..
Glomerular hypertension cm lead to injury to the glomerular capillary' wall causing it to

leak plasma proteins into the mine (Anderson and Brenner, 1987; Anderson, 2000).

13.L2 Rale o fproteinuria

Systemic and glomerular hypertension are both associated with proteinuria. Olson and
colleagues (1985) demonstrated that glomerular hypertension leads to transudation of
plasma proteins into the endothelial and subendotheliai spaces which can promote
glomerular hyalioosis, thereby narrowing aid occluding glomerular capillaries. Increased
trafficking and accumulation of proteinaeious molecules in the glomerular mesangium
may also contribute to the pathogenesis of glomerulosclerosis (Bertani and Remuzri,
1998). Reimke and K/ein (1989/ showed that the increment o f glomerular permeability to
protein affected not only the glomerular mesangium but also the glomerular epithelial
cells leading to structural and functional changes and this further increased the passage of
protein molecules across the glomerular capillaries (For review, Harris 2000, Anderson

2000).

13J 3 Renal hypertrophy

Loss of function of some ofthe nephrons leads to an increase in the size and cellular
number o f the remaining glomeruli (Wesson, 1989; .Anderson and Mey®; 1997). Several
growth factors such as insulan-like growth factor-1 (IGF-1), epidermal growth factor

(EOF), platelet-derived growth factor (PDGF) and TGF-pl are responsible for the
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hypertrophy and hyperplasia o fthe remaining glomeruli (fine, ef «f 1992). Glomerular
hypertrophy has been to forward as a likely pathway to glomerulosclerosis (Ichikawa, et
al, 1986). These authors argued that it was glomerular hypertrophy rather than
gJomeruJar hypertension that initiated and perpetuated glomerulosclerosis (Ichikawa, et
al 1986). Moreover, growth factors associated with hypertrophy Might he also
instrumental in the glomerulosclerosis (Fogo and Ichikawa, 1989).
Prominent amongst these growth factors, TGF-31 is known to he a potent hypertrophic
growth factor (Fine, et al, 1992),. Increase in glomerular size (hypertrophy) along with an
increased glomerular capillary pressure (hypertension) would lead to a significant
increase in the glomerular capillaries' wall tension. Such an increased wait tension with
the associated shear stress would initiate a cascade of events culminating in
glomerulosclerosis (For review, Dwoikia and Weir, 2000). Initially, glomerular
endothelium would fee most affected % the haemodynamic strain It would initiate a local
inflammatory response. Glomerular Inflammation with the acctsnnlatkMi of leukocyte
and monocytes has ton shown in immune and non-immune-mediated renal diseases
(Erwig, et al, 2000). Infiltration of the glomerular tuft by monocytes leads to their
interaction with glomerular ceils especially mesangial cells (Mene, et &L 2002).
Mesangial cells are activated and proliferate in response to the release by
monocytes/foam cells o f nffitogeoie growth factors such as PDGF (Johnson, 1994). The
activation of mesangial cells has to n linked to the trans-differentiation o fthese cells into
myofibroblasts (Johnson, et 1991). These cells have been shown to release ECM
components including interstitial collagen III. Stretching of'the glomeruli by hypertrophy
and hypertension is also likely to lead to the stretching of glomerular epithelial cells
(Rennke, 1994). This would lead to the denudemeot of areas ofthe basement membrane
not covered by the stretched podoeytes (Kriz, et aL 2001). This would facilitate the
leakage of proteins and otter macromolecules Furthermore, the activation of epithelial
cells within the glomerulus has been shown to be associated with their release of
fibrogemc growth factors and BCM components. This would also exacerbate
glomerulosclerosis (Kriz; 1996) Fibrogemc growth factors such as TGF-pi are likely to
be involved in ail the stages of glomerulosclerosis including hypertrophy* inflammation

and fibrosis (Basile, 1999)
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In summary, the faypotks” for induction of glomerulosclerosis have implicated
glomerular hyperfiltration, hypoperfusion, glomerular hypertension, glomerular

hypertrophy; nephrotoxicity’ o f proteinuria and the role of growth factors such as PDGF
and TGF-pL

1.3.2  Tubulointerstitialfibrosis (Tit')

Local and systemic cytokines play a role in the induction of TEL There are several cells
responsible for the production of ECM (scar) in the kidneys. These cells are infiltrating
macrophages (attracted by activated tubules as discussed above), tubular epithelial cells;
peritubular capillary7endothelial cels (after vasoconstriction or ischaemiaTiypoxia) and
film>blastspencyTes These cells are resident kidney cells, migrating and transformed
cells (For review, Jernigam and Eddy, 2000). The cells release fibrogeiric factors such as;
TGF-pl, angiotensin II, endotMin I, TGF-a, PDGF, and FGF (For review, Jemigan and
Eddy, 2000). Accumulation of ECM teds to obliteration of peritubular capillaries and
the death oftubular cells due to isctaemia (Bohle, ef al, 1981; Seron, ef a¢, 2001) and
consequently, progressive renal insufficiency (Jemigan and Eddy, 2000; Eddy, 2001).
There is a good correlation between die severity of tubulointerstitial fibrosis and renal

function (Bohle, etal,, 1994)..

1.3. Z1 Composition andformation o finterstitialfibrosis

Interstitial fibrosis is the result of excessive accumulation of ECM in the renal
interstitium. Matrix is composed o fboth normal interstitial proteins such as collagen (L
III, ¥, ¥11, XV) and proteins which are normally restricted to the basement membrane
such as collagen IV and laimmn (For review, Jemigan and Eddy, 2000). Two enzymatic
pathways regulate matrix protem turnover. The first due to the activation of matrix
metalloproteinases (MMP) ami the second initiated by the generation of pSasmm from
plasminogen (For review, Brantom and Kopp, 1999). Plasmin cam degrade fibrin,
iibronectin, and laminim (Liotta, ef a/, 1981), and also activate tire gelafimase class of
MMPs (Wong, etal, 1992). Furthermore, plasmin activates latent cottagenases and TGF-
pl (Pollanen, ef at, 1991). Tissue and urokinase activators as well as plasminogen

activator activate plasminogen. Imtersritiaj collagenases such as MMPs, degrade the
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interstitial matrix eolkgees (collagen I, II, III), stromelysin family members degrade the
basement membrane proteins (collagen IV, V) and other proteins such as ftbronectin,
gelatinases degrade basement membrane proteins and elastm (Norman and Lewis, 1996).
Fuithennore, membrane type MMPs (MT-MMP) which degrade collagen III, fibronectm,
laminin, ~ave been descnbed (Norman and Lewis, 1996). Tissue MMPs are activated by
membrane-bound MMP proteins and inactivated by tissue inhibitors of
metallofroteinases (TIMP-1-3). Plasminogen activator inhibitor-! (PA1-I) inhibits the
other coflagenolytic pathway by Inhibiting plasmin activ ation. During the course ofrenal
scarring and interstitial fibrosis, there is a down-regulation of MMPs and npcegulation o f
then inhibitors, TIMPs and PAJ-I (For review, Jemigan and Eddy, 2000). These
processes lead to decreased breakdown of deposited ECM and, consequently, increase in
its accumulation in the scarred kidney. Transforming growth factor-p 1 has the capacity to
directly inhibit MMPs and activate their inhibitors TIMPs and PAM. Therefore, TGF-"1

stimulation of ECM synthesis as well as Inhibition of its breakdown would lead to

irreversible renal fibrosis (Border and Noble, 1994, 1997 andBasile 1999).

Figure4 Mechanisms leading to progressive renalfailure.
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1.4. Transforming growth faetor-p

1,4.]  Transforminggrowthfactor-ftsuperfamily

The transforming growth factor p superfamily (Table 1) is a protein group that includes
bone morphogenic proteins (BMPs), activm/inhibins, that inhibit pituitary secretion of
follicle stimulating hormone, Mullerian inhibitory substance (MIS), which is produced by
the testis and is responsible for the regression of the Mullerian ducts (to induce
development of the female reproductive system), and DPP (deeapeotaplegic protein is
part ofthe TGF-P superfamily that regulates Drosophila morphogenesis) (Leslie, 1999).
The supertamily also includes glial cell line-derived neurotrophic factor (GDNF) and
growth and differentiation factors (GBFs) (Leslie, 1999). Furthermore, this family
includes the MAD system (the mother against decapentaplegic protein, which is part of
the TGF-P superfamily that regulates Drosophila morphogenesis) and is also called
Smad which are the downstream effectors of TGF-PI signalling. Smads molecular
weights range from 42 to 60 kDa. The Smads have two domains, MH (Mad Homology} 1

in the amino terminal regions and MH2 in the C-terminai region (Massague, et al, 1997).

The Smad system includes, Smad], 2,3,5 and 8 which are activated by R1 (TGF-p type I
receptor) sertiir kinase receptor of TGF-p family including BMPs, DPP, and actcvins
(Graff, etal, 1996, Lm. et al,, 1996 and Kretzehmar, et a/, 1997, Roberts 2002). Smad4
is a common factor required for TGF-pl, activin and BMP signaling Smadh and SmadT
are inhibitory' towards TGF-pl signalling (Massague, 1990) (Table 1). The immediate
TGF-P family includes five members (TGFpl-5), however the mammaliait isoforms of
TGF-P3 are three (1-3). The structure of these isoforms is nearly identical, as they
contain nine cysteine residues and share 76 to 80% ofthe amino acid sequence (Figure 1
and 2). B was reported that the mature active form of TGF-pi structure conforms to a
cysteine knot motif similar to nerve growth factor (NGF) and platelet-derived growth
factor (PDGF) which do not belong to the TGF-p family and only share 1070 of the
amino acid sequence (Daopn, ef al, 1992; Schiunegger and Gruttei, 1992). This knot is
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held together by six cysteines joined together by three intra-chain disulfide bonds, which

stabilize the beta sheet stands (Figure, X).

Table 1. Members o fTG F-pl stipeefam ily

! Ligand Type
Receptor
TGF-p TpRII
Activin Act]JOI
ActRIfB
BMPs ActRII
AdtRUB
BMPRI1I
Ii ?
IMIS AMHR
1
1? ?

(Kfuppef, etmL, 1998,

LI Typel Receptor  Receptor

regulating

Smad
ALK5(TpR1)

Smad2
ALK4|Act®t!B

Smad3

ALK2|AoIRf} Smadi
AL!G(BMFR1A) SmadS
ALK(BMPRIB)  SmadS

Smadl
MKS(TSRI)
? 1?
!
ALK7 1°?

Common

Smad

Smao4

|

LnkfhkorySam i

Smad6
SsssacTF

Abrrevmtiom: TGF-P: transforming growth factor beta; BMPs: bone morphogenk

proteins; MIS: imiliedan inhMtory substance; ALK: activin receptor-like kinase; Smads:

signalling mother against skeapentaplegie protein; AMHR: anti-MnSledan honnone

receptor, AetR: Activin receptor type; TpR: transforming growth factor beta receptor
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1.4.2 Structure qfT G F-ftl

Transforming growth factor-pl is a dimeric protein of25kDa (Figure 1}. It is secreted as.
inactive form sailed latent pfeonsor molecule (LTGF-pl). The latent precursor molecule
consists of 390-414 amino acids and contains an amino-terminal hydrophobic signal
peptide region called latency associated peptide (LAP), consisting of 249 residues
(Hinck. etaL, 1996). The latent precursor molecule (LTGF-pl) contains 112 amino acids
at the C terminal* which is the potentially bioactive mature region (Figure 2). The latent
precursor molecule LTGF-pl is secreted as a large latent complex (LLCJ, bound via the
LAP region to another protein called LTGF-p I binding protein (LTBP) (Miyazono, et a /,
1991; Taflpale, et d , 1995),. The M eat precursor molecule binding protein (LTBP) has
an important role in the assembly and secretion o fLTGF-pl and serves to bind LTGF-P 1
to extracellular matrices to enable proteolytic activation (Nunes, et at, 1997). Latent
precursor molecule secreted without LTBP, is called the small latent complex (SLC)
(Munger, et al, 1997% The mature (active) form is derived from the latent form, which
consists oftwo large polypeptide chains linked by a disulfide bond to the latent TGF-P 1
binding protein (LTBP). The molecular mass of this complex is 210 kDa The latent
precursor molecule is secreted and preeleaved mtracefluiarly at dibasic residues located
between the LAP and the mature region.. The LAP portion blocks the activation of the
bioactive domains by keeping its folding. The folding of'the bioactive domain assists by
giycosyiation of LAP, which undergoes mannose-6-phosphate addition at N-termina!

(Schultz, etal, 1995).

t?
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Figure 2, Cartoon o flatent TG F-$l

> LTBP

* LAP

ATGF-pl

(Nunes, efal, 1997)
Abbreviations: LTBP: latent precursor molecule binding protein; LAP: latency associated

peptide; TGF-p: transforming growth factor beta.
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Table Z TGF-filprotein sequentce

?Key (From T& Length
SIGNAL 1123 23
PROPEP m rm 255
CHAIN 1279390 112
DISVLFID 285 294
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DISILFID  i3223S7
IDISVLFID 1326 389
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1.5  TGF-pl activation

The activation of TGF-pl requires plasmin, thrombin, tissue transglutaminase,
endoglycosylases and ittincHe acid (Sato, et a/, 1990; FlaumenhafL ef aL, 1993; Nunes, et
ai, 1996; Ritkin, et aLn 1999). These compounds, in addition to ttambospondinl (TSP-
1), activate TGF-pl through a specific binding interaction that alters the conformation of
LAP (Ribeiro, efal, 1999) It hasteen suggested that the presence of TSP-1 may prevent
reformation of the inactive latent TGF-pl complexes because when TSP-J is bound to
LAP it cannot rebind active TGF-pl to confer latency (Ribeiro, et a [K 1999). There are
two matrix proteoglycans, deeorin and biglycan, which bind TGFps for retention in
extracellular matrices ate may play a role in the regulation of TGF-pl feio&vailability
(Yamaguchi, et dL, 1990; Border and Noble, 1994). Transforming growth tactor-pi is
then activated by proteolytic cleavage to 112 amino acids. The structure contains nine
strands, which foim four fingers and three helices. It was thought that the function of
LTBP isjust a carrier for TGF-P, butRusslahti and Pierschbaeher (1987) showed that the
LTBP contains an endothelial growth factor like domain (Arg-Gly-Asp sequence) which

mediates the interaction with connective tissue substances such as integral,

L5.1 TGF-preceptors

Three TGF-p receptors bite TGF-ps. TGF-p receptors distinguish between the TGF-P
informs ate bind these ligates with different affinities (Cherfetz, et al,, 1990; MacKay
and Danielpour, 1991). These receptors are termed type I (RI) (50-60 kD) ranging from
503-532 amino acids, type II (RII) (75-85 kD) consisting ot 567 amino acids and type III
(Rilbbetaglycan) consisting of 849 amino acids (280kD) (Lin, e? 1992). The TGF-p
receptors exist as surface binding proteins (Lin, et at, 1992; Massague, 1992; Kingsley,
1994). Both RI ate RII are transmembrane signal-transducing receptors which contain
serine/threonine kinase cytoplasmic domains (Kingsley, 1994; Newfeld, et al,, 1999). RI
and RII kinase domains share 40% amino acid homology (Kingsley, 1994; NewfeldL et
al,, 1999). RII contains active kinase and cooperates functionally with RI Glycine-Serine

sequence referred to as the GS domain (GS) is a highly conservedjuxtamembrane region.
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which plays an important role in the signal transduction pathway (Visser and Themmen,
1998). RII binds to toe ligand consequently, phosphorylates and activates RI which
initiates toe signai-transduction (Attisano, ef at, 1993). RBI is a non-signalling receptor
and it plays a role in concentrating TGF-p ligand on the surface ofcells and in presenting
TGF-pi-3 to toe signaling receptors (Lopez-Casillas, et a/r 1994). Type III receptor
consists ofa core protein (11©-139 kD) bound by side chains to chondroitin sulphate and
heparin. Receptor type HI also can be released by cells and acts as a soluble inhibitor of
TGF-jls regulating their activity (Lopez-Casillas, et ai, 1994). Eodeglin is another non-
signaling receptor, which binds TGF-p to Rffi/betaglycan (Letamendia, ef al, 1998).
EndogJin binds TGF-p I1I and it is found on endothelial ceils, macrophages, and stromal
ceils (St Jacques, etal, J994; Lastres, et a i, 1996). Endoglin (a receptor with significant
homology to the type HI receptor) is a homodimeric cell suffice glycoprotein that

complexes with RI and RII (Zhang, et aLr 1996).

1.5.2 TGF-plsignaltransductionpathway

Signal transduction is the mechanism by which TGF-PI induces its function (Figure 3).
Transforming growth facior-g receptors and Smads are required for signal transduction
(tor review, Roberts 2002). Transforming growth iactor-gl binds to RII This leads to a
phosphory lation and subsequently activation of RI to initiate its downstream signal
transduction. Consequently?, RI directly interacts with phosphorylated Smad2 at C
terminal serines (Madas-Silva, efaiL, 1996). Smad2 phosphorylation occurs at C terminal
MH2 domain on ser465 and ser467 ofthe SSXS motif (the site of phosphorylation that
occurs on the last two serines ofa conserved SSXS motifat the carhoxy terminus ofthe
Smad protein). This leads to phosphorylation of Smad3. Smadl and 5 are activated
directly by RL Smad2 and 3, activist, and form a hetero-oligomeric complex with Smad4
(Chen, et aL, 1996). The complex (Smad2, Smad3 and Smad4) enters the nucleus and
acts as a transcriptional activator o f genes involving TGF-g] function. The Smad MHI
domain binds to DNA through toe DMA binding motif which is composed of an II-

residue haiipn turn that forms a loop that fits into the major groove of'specific DNA



sequences (Shi, et al, 1998). Smad 4 hetero-oligomensation is absolutely essential tor
the € terminal domain of Smad 4 to perform its transcriptional transact!vating function.

This process needs a nuclear protan (orphan) that interacts with Smad 4 to mediate
transcription (Shioda, et at, 3998). Smad 4 plays an important role in promoting the
binding of the Smad2$mad4 (DNA binding partner) complex to DMA through its M
terminus and in promoting transcriptional activation by Smad i and 2 through the Smad 4
C terminal region. The Smad 3/Smad4 hetero-oligomeric complex has been shown to
cooperate with c-jun/c-fbs to mediate TGF-pl transcriptional responses (Zhang, et at,

1998). Also, there is m intracellular protein called the Smad anchor for receptor
activation (SARA) (Zhang, et a/, 1998). This protein plays a role in recruiting 3mad2
and SmadB to the TGFp receptor complex (Tsukazaki, et a/, 19981 TGF-p 1 is not bound
to RII in the absence ofRII1 (i.e. TGF-P2). Moreover, RIII acts as a soluble inhibitor of
TGF-p isofonns and consequently prevents their activity. On the other hand Sniad6 and
Smad? bind to RI (without phosphorylation) and consequently inhibit RI binding to
Smad2 or Smad3 and signaling (Massague, 1990) (Figure 3).
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Figure 5. TraMisforrmnggrowthfaetor-beta (TG F-fil) signallingpathway

Type 1
Receptor

Cosmati

(http: irww.gyLkymku-eLOcjp spm i-pathway-'tgf-hetaJitm)

Abbreviations: GS: Glyane-Serine sequence; P: phosphorylated head; Smad: signalling

mother against decapentaple|pe jrotein.
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1.6 The role oftransforming growth factor-pi

1.6. I Tramjbrming growthfactor-jit m health

Transforming growth factor-pi expression was observed in normal gkmerafi (Ando, et
al, 1995; Yamamoto, at al, 1996) renal tubules, and the mtefsthxum (Ando, et al,
1995).

Transforming growthiaclor-P isoionus are expressed firstly in embryogeoesis (Pehon, et
aL, 1991) and crania! development (Roth, et al, 1997). Transforming growth factor-pi
plays a major role not only in vasculogenesis, but also in maintenance of blood vessel
wall integrity during emfer*genic development (Kulkarni, et a/, 3993, Oshima, ef aL
1996). Transforming growth teetor-pl was found also to arrest the growth of most
epithelial cells, neuroectodermal cells, hepatocytes, lymphocytes, myeloid cells (Moses,
etal, 1991, Massagpe, etal, 1992 and Alexandrow and Moses, 1997) by Mocking cell
cycle transit late in the G1 phase o fthe cell cycle (Han, et a/, 1993).

Transforming growth fector-pi plays a role in inflammation and tissue repair (Spom and
Robert. 1992; Roberts, 1998) The physiological function ofthis observation is unclear
but TGF-P 1 levels could contribute to the maintenance of the imnmi glomerular
microenvironment (Massagpe, /9901 Under normal conditions, remodeling o f the tissue
(synthesis and degradation) is under the control of several enzymes (Brantan and Kopp,
1999). Plasminogen,, which is produced by liver and kidneys, is delivered by circulation
to other tissues. Ptasmin, which is the active form of plasminogen, degrades fibrin,
fibronectin and laimimn (Liotta, ei at, 1981) Moreover, it activates MMP, latent
colkgeoase and TGF-pl (Pofiaiien, et al, 1991 and Wong, et al, 1992) Transforming
growth fector pi also inhibits the pksmin system (Tomooka, eiat, 1992) In response to
a wound, TGF-P[ is activated in two stages. The initial activation of latest TGF-pl
occurs within an hour, followed % the second activation within several days (Yang, et

ail 1999) Furthermore, Pelton and colleagues (1991) found that TGF-pl is increased in



keloid and Ghahary and colleagues (1993) reported a similar increase associated in

hypertrophic scars from bums.

Experimentally, injection of TGF-pl into wounded rabbits induces a fester rate o f wound
eprtheiiahzafion and wound contraction than controls (Pandit, ei al, 1999), The role of
TGF-P 1 was found to be enhancement of fibroblast activity to contract (Montesano and
Qrti, 1988), Mot only the systemic administration of TGF-p 3 but also its local application
improves the tensile strength of the wound healing scar (Becks, et al, 1993),
Interestingly, and surprisingly increase o fcirculating TGF-pl in mice induced a decrease
of scarring of the wound, a finding reflecting that the circulating TGF-pl may not
substitute the local (tissue) TGF-pl (Shah, et al, 1999). This finding shows the

dissociation between circulating and tissues levels of TGF-pl.

L6.2 Transforming growthfactor-fii andfibrosis
Transforming growth factor pi stimulates the production of fibronectin, collagen, and
proteoglycan in fibroblasts (Border, et a/, 3990). Border and Ruoslahti (1992) showed
that fibrosis is a form of inappropriate injjwy repair and its development leads to tissue
dysfunction and organ failure. Fibrosis represents an excess o fnormal repair process that
follows tissue injury. Spom and Roberts (1992) showed that TGF-pl has a role in tissue
repair, and has a fibrogenic effect

This is because TGF-pl stimulates the deposition o fextracellular matrix by:

1 Stimulation ofthe synthesis ofECM e .g. fibronectin, coilagens and proteoglycans;

2 Inhibition of proteases, tissue and urokinase activators as well as stimulation of
plasminogen activator inhibitor (see composition and formation of interstitial scar)
and consequent blocking o fthe degradation ofthe ECM;

3 Modulation of the expression of integrin receptors on the cells and, consequently,

matrix deposition by stimulation o fTIMPs and plasminogen activator inhibitor.

Furthermore, TGF-P 1 induces proliferation of human renal fibroblasts: this process is

mediated largely by fibroblast growth factor-2 (Strutz, et al, 2001). The Induction of
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proliferation by TGF-pl via induction of FGF-2 may play an important role In the
autonomy o frenal fibroblast growth and, thus, in the pathogenesis o f human fibrogenesis
(Strutz, et al,, 2001). If has also been postulated that TGF-pl exerts its fibrogenic effect

through the induction of connective tissue growth factor (CTGF) (Kothapalli, ef a/,
1997).

One model for pulmonary fibrosis was induced by administration o f bleomycin in rats.
The total lung TGF-pl content in these rats was several times higher than that in normal
rats, which in turn increased the synthesis of collagens, fibronecfla, and proteoglycans
(Westergren-Thorsson, ef al, 1993). Alveolar macrophages produce TGF-P1, and this
production could cot be suppressed by high-dose corticosteroid treatment. This finding
might be the explanation for the ineffectiveness of this treatment in patients with

idiopathic pulmonary fibrosis (Khalil, ez a /, 1993).

In humans, it was found that the TGF-P 1 protein levels increased in alveolar walls at the
sites at which ECM have accumulated in idiopathic pulmonary fibrosis (Broekelmann, et
al,, 1991). Compared to norma? subjects or patients with asthma, the bconchoalveolar
cells obtained by lavage from patients with autoimmune diseases and lung fibrosis

contained 10 times more TGF-pl mRNA (Deguchi, 1992).

Czaja and eoworkers (1989) found that liver mRNA for type I collagen (the predominant
matrix component In injured liver) was Increased in cultured rat hepatocytes incubated
with TGF-PL Also, the amount of TGF-p 1 mRNA closely correlated with type I collagen
mRNA in liver specimens from patients with chronic liver disease (Castilla, ezal, 1991).
Chen and Colleagues (2002) also reported that there is a positive correlation between
TGF-pI mRNA concentrations in the liver and the histological activity of the liver
disease. In chronic liver disease, TGF-PI immunostaining was detected in fibrotic areas
rather than areas with inactive disease (Nagy, et al, 1991). Plasma level of TGF-pl was
found to be highly predictive of the development of hepatic fibrosis (veno-occlusive

disease) in the recipients of bone marrow transplants (Anscher, et al 1993). The level of



expression of TGF-pl is closely correlated with liver fibrosis associated with viral
hepatitis (MurawukL et at* 1998).

Transforming growth fador-pl and collagens are increase m tissue sections from
patients with systemic sclerosis (Kukxzik, et a/, 1990). Transforming growth faetor-pi
was also found to be increased m stenosed arteries o f both rats and humans fJNakol, et a /,
1992, Wolf et al, 1994). On the other band, TGF-pi haste n known to have an anti-
inflammatory action (Park, et al., 2000). It down-regulates the inflammatory cytokine-
induced expression o f VCAM.-1 in human glomerular endothelial cells, which could be
the mechanism ofits anti-inflammatory action in human glomerular diseases (Park, et al,
2000) Furthermore, TGF-pl inhibits proliferation ofmost cell types, including epithelial
endothelial, asrd haematopoietic cells (Roberts, 1998). Inhibition of renal tubuhr
epithelial cell proliferation fey TGF-PI may promote the tubular cell hypertrophy that is
characteristic of tabuloirtarstitial fibrosis (Roberts, 1998). Moreover, TGF-p and
angioteossB II produced locally andelivered in the circulation, appear to play a central
role in renal fibrosis (Figure 4). Tiansfonning growth factor-pl plays an important role in
regulating the immune response as it was postulated that the knockout mice die from

cardiopulmonary inflammation within weeks ofweaning (KulkamL, ez aL, 1996).

In TGF-pi transgenic mice (TGF-pl gene under promoter control of murine albumin),
the highest level o fthe TGF-p1 was found in the liver and also had high (> 10-foSd over
control) plasma levels of TGF-pi. Fibrosis and apoptotic death also developed in the
fiver (Kanzler, et al, 1999). The fiferotie process was characterized by deposition ©f
collagen around individual hgpatocytes and within the space of Efese in a radiating linear
pattern. Several extrahepatic lesions developed. Including glomerulonephritis and renal
failure, arteritis and myocarditis, as well as atrophic changes in pancreas and testis
(Sanderson, et al, 1995). Furthermore, TGF-pl mediates pancreatic fibrosis through
activation of pancreatic stellate cells and deposition of collagen ripe I and III at early
time points (VogeJmamy et a/, 2001). The results from this transgenic model strongly
support the proposed aetiolomcal role for TGF-P1 in a variety of fibrotic and

inflammatory disorders.



Figure 4, Themle o fdijfgreateytoMnes m induction o ffibrosis

(Brenner and Keane, 2001. wwr,km ertem m nonfine oret

Abbreviations: TGF-p: Transforsnsiisg mzmth factor beta., ET1; eodofcbrfii! 1, CTGF: oonoective tissue
growth factor, Aug EL ai*otorasm II, PAl-1: plasminogen activator inhibitor 1, PDGF: platelet derived
.growth factor, hFGF: baric Sferoblast .growth factor, TMF-a; tumour necrcMiring factor alpha, 1L-1;

iiiterieukin L
1.6-3 Transforming growth factor-01 acid renal diseases

1.63.1 Glomerulosclerosis

Transforming growth taetor-pl is the stogie most important fibrogenie growth factor in
the pathogenesis of giomeniioscierosis (Border and Noble 1994, 1998, Peters, et al,
1997, Basile 1999).

Transforming growth faetor-p! exerts its various effects within the glomeruli through
interactions with its two receptors (type 1 and JJ). These receptors are expressed on

glomerular endothelial and mesangta! cells. Two intracellular signal pathways have been
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implicated to mediate the effects of TGF-pl on renal cells. These consist of the Smad
family o fproteins amithe nntogen-activated protein kinase (MAPIC) family (Chin, ef at,
1999), Recent data has shown Smad2 and Smad3 activation by TGF-pl in human
nsesangjal cells with icsultent increased collagen transcription (Grin, et al, 2001).
Mitogen-activated protein kinase proteins include three groups inelwSng extracellular
signal-regulated Mouses (ERK), c-jun N-terminal kinases and p31 MAPK. In mesangial
cells, the adivation by TGF-PI of ERK and p38 leads, to increased collatell 1
tenscription (Chin, cfat, 2001).

163.1 Experimentalevidence

The first evidence for the tote of TGF-pi in increasing the procfacfioft of ECM was
increased production of ECM ptcietns, inhibition of protease activity, and increased
iutegrin expression. These were obtained by incubation ofnormal glomemb, mesangial
ceils and nonrenal ceils with TGF-pi (Okuda, ef a-, 1990, Tomod” et ai* 1992, for
review Borderand Noble 1.994, Basie, 1999).

Transforming growth fector-pl induces phenotypic changes in rat mesangial cells in
vivo, with the expression o fthe a-sssaooih muscle actin (Imai, et ai. 199% This may lew!
to a switch in the type ofcollagen synthesized by these cells. Changes in mesangial (a-
smooth muscle actio) and epithelial (desmin) cells can also be induced by the infusion of
angiotensin II into rats (Johnson, ef ai, 1992). Of note angiotensin H is known to

stimulate the synthesis arid release by mesangial cells of TGF-PJ (Johnsost, et al 1992%

in a model of acute gfomeraJonephritis in rats obtained by a single injection of an
antithymocyte antibody extracellularmatrix accumulation replied maximum levels after
2 weeks. The glomeruli returned to normal after 3 weeks (Gkuda, et al, 1990).
Transforming growth fador-pl is thought to inhibit the release of matrix
metelloproteinases and stimulate the synthesis oftheir inhibitors (TKMPs) (Mazes, et a [9
1999). This would fiwour inevefsible ECM deposition. Mice transgenic for TGF-pl haw
high circulating levels of TGF-P1 and develop proteinuria and progressive
glomerulosclerosis leading to death from uraemia (Mazes, et al. 1999). This is associated

with increased matrix (collagen I and III) expression within the mesangium along with a
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decreased coliagenotytie activity due to increased synthesis o f TIMF1 (IS fold increase)

(Mozes, etal, 1999%

Transforming growth fsetar-pl is also a potent pro-apoplotk growth factor contributing
to glomerular cells deletion. TGF-pl transgenic mice model (under promoter control of
murine albumin) bad severe apoptosis of podocytes (glomerular epithelial cells),
Apoptosis induced by pbosptKMylation of p38 and activation of caspiase-3, leading to
adhesion of glomerular capillaries to the Bowman's capsule and consequently

glomerulosclerosis (Schtffor, et al,22001),

The second evidence was noticed fey neutralizing the effects of TGF-P! fey adding anti-
TGF-pl antibody This led to prevention of the accumulation of ECM (Border, et atl,
1994, Ztyadeh, et al,, 2000). Also, the natural antagonists, deeorin, for TGF-pl may play
a modulating rote. A fall in the glomerular content of deconn, a natural proteoglycan
antagonist of transforming growth faetor-pl appears to precede the development of

experimental glomentiosderosis |[For review, Basile, 1999).

The third evidence was through the transfection of the TGF-pl gene into normal rat
kidneys which led to increased production of TGF-pl in glomeruli and, consequently, a
rapid development o f glomerulosclerosis Osaka, ef al, 1993; tmal et ai, 1994). The
constant production o f TGF-pl leads to glomerulosclerosis fibrosis within weeks. This
very closely resembles foe histological findings in humans with chronic

glomerulonephritis (For review. Border and Noble, 1994, Basile, 1999).

The fibrogenic effect o f TGF-P1I has also been attributed to the stimulation by7this growth
factor of another fibrogenic growth factor, connective tissue growth fetor (CTGF). The

up-regulation o f'this growth, fetor in mesangial as well as tubular cells has been shown

to follow TGF-PI-dependent and independent pathways (Yokof et at, 2002). In
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mesangial odls and fibroblasts CTGF mediates some of TGF-p1 indues! increased ECM

production fay autocrine modes o faction etal, 200If

Transforardng growth factor-pl simulates binding of bFGF to ECM, increase ECM
heparan sulfate proteoglycan, and potentiate the mitogenic activity of bFGF (Nugent and
Edelmaill 1992). Glomerular ©elk express FGF-2 receptors (FGFR-1 and FGFR-3). The
infusion of high does of FGF-2 causes mesangial proliferation as well as

glomerulosclerosis (Floege, etnA 1993; Khz, etal 1995%

1.6*3.2 Clinical evidence
In mesangial proliferative glomerulonephritis, TGF-pi Intensity estimated by
immuisotestcxrhemlsfiy was closely correlated with the amount o fECM mesangial matrix

(Yoshioka, etal, 1993).

Glomeruli of patients with diabetic nephropathy had increased TGF-pl protein and

matrix proteins (Yamamoto, etal, 1993).

The levels of renal TGF-pi protein are increased in diabetic (Iwaro, @ at, 1996) and
non-diabetic kidney disease (Sufaria, et a/, 1998). In human Immunodeficiency virus-
associated nefiirofMtiy; chitMik allograft rejection and radiation ncfiiropa”; increased

TGF-pI has also reported pMta, etm [ 1999).

Urinary7TGF-P 1 levels are increased in focal glomerulonephritis (GNX meantenous GN
and interstitial fibrosis but the results are not sufficiently7consistent to establish a precise

and predictive correlation (Honfcanen, et a /* 1997; Murakami, et a [,, 1997).,



Tuhulointerstitialfibm sis

Increased expression of TGF-fSI has been detected within most forms of experimental
and clinical nephropathies associated with interstitial fibrosis (For review, Basile, 1999).
Transforming growth faetor-pl can be derived from tubular cells, infiltrating
macrophages as well as renal fibroblasts. Transforming growth factor-pl has a high
affinity to ECM which acts as storage areas for this growth factor. For its activation TGF-
pi has to be released, from the associated latent TGF-p 1 binding protein (LTBP) and the
smaller latency associated protein (LAP). Once activated, TGF-P1 is fibrogenic through

the stimulation of renal tubular as well as fibroblasts synthesis of ECM as well as the

capacity of this growth factor to inhibit ECM breakdown through the stimulation of
TIMPs. Many of the fibrogenic effects of TGF-pl appear to be mediated through

connective tissue growth factor (CTGF) (For review, Basile, 1999).

Transgenic mice for active foam. of TGF-pl under promoter control of murine albumin
and enhancer DMA sequence showed highest expression of TGF-pl in the liver. This
mice model also had elevated plasma TGF-PI levels and consequently
glomendosderosis and interstitial fibrosis (Kopp, et «/., 1996). Interventions aimed at
neutralising TGF-pl through the administration of neutralising antibodies or small
molecular weight proteoglycan antagonists such as decorin have been effective in

attenuating interstitial fibrosis in rats with cresentic glomerulonephritis (Stokes, et at..

2001).

Basic fibroblast growth factor (bFGF) is also thought to be a fibrogenic growth factor. It
can act directly or indirectly through the stimulation of tubular TGF-PI release. Basic
FGF accumulates, like TGF-p 1, in areas of interstitial fibrosis. Recently it was shown
that TGF-P1 works through induction of FGF-2, which leads to hypertrophy of
fibroblasts (Struts; ez cSL 2001).
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Bone morphogenic protein-? (BMP-7) is a member of the TGF-p superiamily and has
been localised to the collecting ducts (Lund, et a /2002). Proximal tubular and collecting
duct cells express the type ITBMP-7 receptor (Kopp, 2002). The administration o f BMP-
7 to rats with unilateral ureteral obstruction preserved tubular epithelial integrity;

inhibited tubular eel! apoptosis and prevented interstitial fibrosis (Piscione, et al, 2001).

Circulating TGF-pl is higher in African-Americans than Caucasians (Tell, et a If 1996;
Suthanthiim e/ afl, 1998% The increased circulating TGF-pl is associated with
hypertension, tubuiointerstitial fibrosis and glomerulosclerosis (Bottinger and Kopp,
1998). Circulating TGF-pl is higher m the hypertensive than those with normal blood
pressure in Afro-Caribbean (SuthaMhiran, ezal, 1998).

It can be concluded that TGF-pl increases deposition o f extracellular matrix proteins, by
several mechanisms:
1) TGF-P1 stimulates production of several growth factors including basic
fibroblast growth factor-2 (FGF-2), and connective tissue growth factor
(CTGF) that stimulate the tbrmation of extracellular matrix (ECM) proteins
(Strufcz, ei al 2001).
2) TGF-pi also has a direct effect on ECM protein expression (Tabibzadeh,
2002>
3) TGF-pl stimulates the formation of the receptors (integral) to which ECM
proteins adhere (Yastida, et al,, 1996).
4) TGF-pl increases the expression of tissue inhibitors of mefalloproteases
(TIMP) that in ten, prevents proteases from degrading ECM proteins
(Ichikawa, eta l, 1996).
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Figure 5. Therole o fTGF~fit m induction o ffibrosis
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Abbreviations: TSP-J: Thrombospondin 1, Ang II: angiotensin II, bFGF: basic fibroblast
growth factor, PDGF: platelet derived growth factor.
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1.7 Genetic aspects ofchronic renal failure

Mew molecular genetics techniques have proved extremely powerful tools to investigate
the links between genetic susceptibility and the progression of chronic renal diseases.
Two research strategies have been applied to detect associations. The first is based on the
candidate gene approach aiming fo detect an association between a particular
polymorphic DNA marker related to a gene coding for a factor thought to fee involved in
the progression of chronic renal disease. The second approach is based on the genome-
wide search of unknown genes potentially associated with progressive CRT. In this
approach, several hundred highly polymorphic microsatellite markers are tested for co-

inheritance with the disease (Sehork, 1997).

Several candidate genes have been investigated to seek a relationship between genotype
and the initiation or foe progression of CRF (Table 3).

Table3. CamUdategenes in ESRD (For review, Buraczynska and Kskt™ek, 2001) j
Gene Mechanism

| Vasoactive mediators: '

Renin-angiotemin system Effect on tissue temodynamics
1 and glomerular cell function

) angiotensin I converting enzyme (ACE)
j angiotensinogen (AGT)

lﬂangiotensin type 1receptor (ATIR)

: nitric oxide synthase (NOS) Regulation of vascular tone
| endothelin (ET)
j mefoylenetetrahydrofolate reductase Homocysteine metabolism
| (MTHFR)
1

Kallikrein-kinsji system Inflammatory” processes

j Growth factors and cytokines;

linterleukin 1(IL1) | Kidney mesangial cell prolife-
Iinterleukin 1receptor antagonist (ILlia) ration.extracellular matrix
tumour necrosis factor (TNF-(a) production,
transforming growth factor (TGF-p) 1Role in renal hypertrophy

i ii
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Molecular genetics studies might give a clue tor the causative or initiative factor of ESRF

(Table 4).

Table 4, GeneticspolymorphismsafESRF

Genefamily Associations reported References

| Reniri-angiotensin system

| ACEgenefJD) *  Progression of diabetic nephropathy in 1996;
jDD type 1and type Il diabetes mellrtus Vel/mifflg, etal 1999
*  Progression of ESRF in non-diabetics Samaelsson, et al,, 200®; :

Gumprecht, etal,, 2000,
Lovati, elal, 2001
Tanaka, etat, 199S
Yoriokaefal, 1995
aS-JEisa, et atl, 2000

*  Progression ofIgA nephropathy

*  teriatmn ofIgA nephropathy

*  Progression of parenchymal damage an
rapadqf

*  ImtiatkHi of the development of focal Hotf et#d,, 2001

segmental glomerulosclerosis

Bsfeoofaf eial, 1997v

Perea-Oller, et a IT1999

*  Worsening o fpolycystic kidney
disease
angid&temin&gem (AGT)
M235T(FT) * Iniriatioa Ofthe development ofdiabetic | Rogers, etal, 1998
nephropathy in type I diabetes meliitus

*  Progression of CRF in non-diabetics Lovasti eiaLr2001

Toroino. elal, 1999;

ATJR (4diim :) *  Susceptibility ofCRF Buraczynska, 0f£,2001;
(ACICO J Filler, etal., 2001
Endothelial NO synthetase '
GIu298A%p FOgressiOns of type I and type II diabetic |.Fogarty, etal,, 1996;
\aqpin/‘t% i Freedman, et al, 1997,

Loughry, etal., 1998



Genefam ily
MTHFR
1 C677T(TT)

A1298C (CQ

KaLFtkrem-kmm &f&em
C6994 (CQ
CISIT (IT)

| Growth factors and cytokines
ILIRN

fIUB

J

| TGF-pl

| LemlOPm

j Thr2631k

| Arg25Pm
iMdodumdrkigeme
1 A43243G mutatimt

| Gitteme tmnspmtergene

(Xbal (+/+)

Apolipapmtein

ApoE?2 andapaE4

ApoE2
i

!

1

1

Associations reported jReferences

Predisposition to and progression of  Kimum, etal, 2000
I

Lower incidence o f diabetic nephropathy | Shptetenetsky, et of.,
1200©; Szabo, et ah, 2001

E

Less essmmsm in CRF and protects fenm Baehvaroy,eta/., 1998
progression to ESRF
*  Development o fdiabetic nephropathy Hughes, etal, 1996

*  Progression to ESRF in non-diabetics Freedman, etal 1997,
L.ocjghrey; et a Ir 1998

*  development of renal failure in patients Bean etal, (2000)
undergoing heart transplantation who
mmprescribed cyclosporin and steroids

*  development ofnephropathy in diabetic ~ Picot, ezzd., (1998)
patients

* increased both systolic and diastolic LietaL, (1999)

Mood pressure in ESRF patients
.Progression o f CRF Iwasaki efat, 2001

Development of albuminuria in type H Crzeszczak, efal,:2001

diabetes mellitus

Development o fproteinuria in Cte™etal, 1999
grootemlonepliritis
Ifevak"mtemr o fESRF Oda, etat, 1999
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1.7,2 Vasoactive genes

1.7.2.1 Angiotensin I converting enzyme (ACE) gene
Angiotensin I converting enzyme gene at 287 bp has three genotypes at intron 16 (I/D)
insertion/deletion sites. The patient may be homozygous for I allele (11), heterozygous

(ID) or homozygous for D allele (DO) (Filler, etal, 2001).

Cambien and colleagues (1992) showed that increased incidence of cardiovascular
disease and increased salt sensitivity and consequent hypertension is associated with the
insertion/deletion polymorphism- Berth II and ID genotype had a lower activity of the
circulating ACE enzyme compared to DD genotype (Filler, et a/, 2001). Several studies
showed an association with both initiation and progression of CRF (Table 4). On the
other hand, Grzeszczak and colleagues (1998) found that there was no association
between the ACE gene I/D polymorphism and the development o f nephropathy in type 2
DM. There was also no significant association of this polymorphism and progression of
CRF (Nakai etal, 1997* Gmprechf et a/., 2000, Aucella, et al., 2000, Sefcena, et al,

2001). Many studies supported that there was no deviation in terms o f aileie frequencies
(I/D) in CRF patients (non-diabetics) from normal controls (Hashimoto, et at, 1998,
GtimprecM, et a [, 2000, Schema, et a [, 2001, Lovati, et al, 2001).

For some forms of glomerulonephntis, ACE gene polymorphism may not influence the
extent of acute mesangia! proliferation and crescents formation. However, the ID/DD
genotypes are associated with chronic lesions, such as capsular adhesions or

glomerulosclerosis (Tanaka, e 1a/, 1998).

Homozygosity for the D allele implies a worse renal prognosis in adult polycystic .kidney
disease (ADPKD), based on both the significantly lower median renal survival time and
significantly greater percentage of patients who reach ESRD before the age of 50 years,
without implying a greater prevalence of hypertension (Baboolal, et a/., 1997, Perez-
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Oiler, etid,, 1999), The date from ACE gene polymorphisms studies in polycystic kidney
disease (PKD) remain controversial (Hashimoto, ezal, 1998; Lee, etaL, 2000).

J. 7.2.2..4ngiotensinogen gene and angiotensin type 1 receptor

Atfgiotensmogeft gene (ACT) polymorphisms are involved in the regulation of Wood
pressure and, consequently, have teen investigated for association with induction of
nephropathy (Rogus, et id., 1998). A point mutation in the angiotensinogen gene resulting
in substitution of the amino acid threonine for methionine at position 235 (M235T) is
associated with essential hypertension (Jeunemaitre, ef al., 1992), The frequency ofthe M
alleJe was significantly higher in patients with diabetic nephropathy than in diabetic
patients without renal involvement The AGT-TT genotype was associated with a fester
progression to ESRD in patients with glomerulonephritis (Rogus, etal, 1998, Lovati, et
al, 2001), On the other tend, there were no significant associations of AGT
polymorphisms with regard to the slope of l/creatinine before or after renal

transplantation (Yoshida, eza [, 1996, Filler, et al, 2001).

The C allele in the angiotensin type 1 receptor (AT i R) gene polymorphism increases

the susceptibility of chronic renal disease (Table 4) (For review, Buraczynska and

Ksiazek, 2001).

L 7.2.3 Nitric oxide synthase and mdothelin genes

Nitric oxide (NO) and endottelin (ET) are mediators that are release! in inflammation
and regulate vascular tore and Wood pressure (For review, Freedman, et a/, 2000).
Abnormalities in NO and ET-1 metabolism or synthesis were revealed to have a rote in

initiation and progression o f CRF, regardless ofthe cause (Freedman, etid., 2000).
The allele A (AIB) at intmn 4 o fetefothelial constitutive nitric oxide synthase (ecNOS)

occurs significantly mom frequently in cases with ESRF caused by diabetic and non-

diabetic nephropathy (Asakimori, efn [72001; Yokoyama, et aL, 1998).
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Moreover, the Glu298 Asp mutation (G—>T) in exon 7 0fNOS3 was common in ESRD
patients regardless o fthe nephropathy cause (Suzuki, et al, 2000).

1.7.2.4 M ethylenetetrahydrofoiategene

Hyperhomocystememia is frequent among patients with renal M ure. Furthermore, it can
accelerate the progression of CRF (Gupta and Robinson, 1997) The C to T mutation at
C677T in the gene encoding methylenetetrahydrofoiate (MTHFR), tends to decrease
MTHFR activity, and consequently elevate circulating homocysteine levels in patients
homozygous for die T allele (TT) (Kimura, ef i7L, 2000). The same authors also revealed
that the homozygous (TT) patients were more likely to develop diabetic nephropathy than
patients with other genotypes. Furthermore, Shpichinetsky and colleagues (2000)
reported that C677T and A129SC mailers were associated with diabetic nephropathy in

type II diabetic patients,

1.7.2.5 KalUkrehi-kinifi system

Several studies have demonstrated the role in regulating of kallikrein-kimn system in
inflammatory processes in the kidney and its protective effect against the development of
renal pathology (Bachvarov, ef al. 1998). The kallikrem (KLK3) b allele frequency- is
associated with ESRD (Yu ez a /9 1998). Kinins effects are mediated through Bl and B2
kiniti receptors. The C allele (G—C) at position -699 of the promoter region of the
bradykinin-1 receptor gene (B1R) gene was found to be less frequent among patients
with ESRD compared with healthy control subjects (Bachvarov, et ahT 1998, Zychma, et
al,, 1999). Chi the other hand, there was a significant increase in the frequency of the C-
allele at BIR gene polymorphisms in diabetic and non-diabetic nephropathy compared to

controls (Knigge, et al, 200M).

41



1.7.2.6 Cytokine genes

The earners patients for the IL-lbeto allele 2 (ILlheta2) or interleukin 1 receptor (IL~
IRa) interleukin I receptor antagonist allele 2 (IL1IRN*2) in intron 2, was associated with
a higher risk o fIgA nephropathy (Liu, ez a/, 2001). These alleles were tightly Jinked. On
the other hand, carnage of the TNF-alpha aileie 2 (TNF2) was associated with a
decreased risk of IgA nephropathy (Syijanen, ef al, 2002). Carnap of the ILIRM*2
allele was associated with a significantly poorer long-term outcome with a median

survival time o f72 months as compared with those without ILIRN*2 in IgA nephropathy
(Shu, etaL, 2000).

Biakemore and coinvestigates (1996), showed that ILIRN*2 could be a marker for the
severity of inflammatory processes and complications of type 2 DM including
nephropathy. Freedman and colleagues (1997) showed an association between the same

allele and ESRD.

1.8 Othergenes
The A—>G transition at nucleotide 3243 of the mitochondrial tRNA was found to be

associated with faster progress to ESRF in type Il DM (Iwasakt et al,, 2001, Watson, et
al,f2001).

Grzeszczak and colleagues (2001) reviewed that the Xbal allele in the glucose transporter
(GLUT!) gene protects against tbs development of diabetic nephropathy in Caucasian

patients with type 2 diabetes.

In glomerulonephritis, patients with proteinuria had higher apoE2 and apoE4 allele
frequency and lower apoE3 allele frequency than the controls (Oda, et al, 1999).
Furthermore, ESRD patients had higher apoE2 allele frequency and lower apoE4 aileie
frequency than the controls. Higher prevalence of nephrotic syndrome was found in

proteinuric glomendouephrrtis patients with apoE2 (Oda, et aL, 1999).



L9 TGF-pl and TGF-Blgene
1.9.1 TGF-Blgene structure

The transforming growth factor-Bl (TGF-B1) gene has been located to 19q13.1-13.3
(Fujii, et at. 1986). The gene is more than IGOkb and includes seven exons. The active
part of TGF-p 1 is encoded by parr of exons 5, 6, and 7 (Derynck, et aL 1987). It was
reported that there are seven polymorphic regions in the upstream and coding regions
(Tympany, et al, 1998). Three biallelie polymorphisms [-988 (C/AX -800 (G/A) and -
509 (C/T)] untranslated region are located in the upstream regions (promoters). A C
insertion site was found to be located at position 72 ofthe untranslated region, and three
biallelie polymorphisms located at codon 10 (Leu/Pro) and 25 (Arg/Pro)] of exon 1 and
codon 263 (Thr/De) ofexon 5 (Cambien, et al, 1996).

1.8.2 TGF-Breceptorgene

Separate genes is responsible for the production of each of the three TGFB receptors.
TGFBRI has been located at 9q33-p34, TGFBRII at 3p22 and TGFBRIII at Ip32-p33
Ihttp://hiolnfo.w€izmasMvac.d/caid-biii*cardship  (accessed on 11/12/1999)], The
transforming growth facior-p type II receptor [which is the most important in signal
transduction (see section 1.5.3)] gene consists of seven exons and six introns. The sizes
of the exons range from 128 to 800 bp. Four polymorphic regions were found in
TGFBRIIL. One of these polymorphisms (AG) has been located at the seventh base of
intron 2, another (C/T) (a silent mutation) was found to be located at codon 389. the third,
(C/T) at codon 439 and the fourth (A/C) at nucleotide 1710 of the 3* (nun-translated
region) (Chidambaram, etal, 1996).

1.8.3 TGF-BIl polymorphisms

Transforming growth factor-Bl polymorphism can influence the pathogenesis of flbiotic
diseases (For review; Border and Noble, 1994; Basile, 1999). Patients homozygous for
the G allele at codon 25 have higher systolic blood pressure than those who are C-

homozygous or heterozygous (L1, et alr 1999). In type I diabetes mellitus, there is a
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significant association between the presence of the T allele (Thr263ie) and the
development of diabetic nephropathy (Pociot, ef al,, 1998). Also there is a significant
association between the presence of the T allele and high levels of serum TGF-B1 {active

+ acid-activatzble latent) protein levels {Grainger, et al., 1999).

L.8.3.I TGF-BI palymorplisms and diseases

Because of the implication of TGF-B1 in the pathogenesis of several diseases, researchers
have recently given great affention to the association between TGF-B1 polymorphisms
and different diseases. TGF-B1 polymorphisms are associated with a wide range of
different diseases (Table 5).

Although there was an association between polymorphism at {C-309T) and circulating
TGF-B1, there was no significant associations with the other studied genotypes (G-800A)
(Grainger, et el 1999).



Table 5. TG F-plpolymorphisms and differentforms ofdiseases

j TGF-plgene
\polymorphism
C-5MT(1 allele)

LeulffPro (T allele)

4rg2spm (Gallele)

(C allele)

| 4ssoelafions

1

i*

| «

Associated with decreased bone mineral
density and osteoporosis

Increased both active and add-activated
latent' TGF-pl in normal people

Increased risk o fosteoporosis

Associated with higher SBP in whites
Increased risk of coronary artery disease
Increased susceptibility to myocardial
infarction in Japanese

Development o fend stage heart failure
caused by cardlomypathy
Acuterejection ofthe heart within one
year after its transplantation
dtoowraiion the pulmonary function in
cystic fibrosis

Graft vascular disease diagnosed by
angiography in one year after heart
transplantation

Increased risk ofcoronary artery disease
Development o ffibrosis in lung graft
Detesiorafen. o fthe pulmonary function
In cystic fibrosis

hmrmsed risk o f myocardial infarction

and reduced risk for systolic hypertension
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1.8,4 TGF-Blpolymorphism mid renal diseases

Bean and colleagues (2000) found that there is a significant association between the
presence of € aileie at Leul©Pro and the development of renal failure in patients
undergoing heart transplantation who were prescribed cyclosporin and steroids. Picot and
co-workers (1998) found that there is a weak, but significant association between the
presence ofthe T allele at Thr263He and the development of nephropathy in diabetic
patients. On the other hand, the LeulOPro polymorphism showed no significant
association with progression of diabetic nephropathy (Akai, et al, 2001). Li and co-
workers (1999) found a significant association between homozygotes for the arginine
allele (G) at codon 25 and increased systolic and diastolic blood pressure in ESRF

patients.

It can be concluded that TGF-pl is a strong candidate for association with renal failure
because of its known biological effects and because of reported associations with both
fibrosis and increased blood pressure. Also, it was observed that some patients with CRF
progress quickly to ESRF compared with others who have stable renal function for a long
time. This encouraged me to investigate whether TGF-P 1 polymorphisms can answer
why some patients with CRF develop ESRF faster than those who may hare a constant
but impaired renai function for a long time although both groups have the same

management.
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Aim of this thesis

This thesis investigates TGF-BI polymorphisms that may he associated with CRF, In
order to determine ifthere is an association between these polymorphisms and:

1- Susceptibility to CRF

2- Progression o fCRF

3- Clinical features o f CRF

4- TGF-P 1levels in the serum, plasma and tissue o f patients with CRF

Overview o fstudy design

Deoxyribonucleic Acid (DMA) samples tor genotyping were prepared from a cohort of

patients with CRF recruited ftom die Sheffield Kidney Institute, Northern General

Hospital, Sheffield, UK, Saw and plasma for TGF-pl measurement were also stored

and clinical parameters (including blood pressure, proteinuria, and creatinine levels) were

recorded. Furthermore, TGF-pl was estimated in the available patients histological
sections.

I) Association with susceptibility to CRF was investigated by comparison of allele and
genotypes frequency in-patients with those in normal controls.

2) Patients were designated as having progressive or non-progressive disease on the
basis of the reciprocal of creatinine slope over 2-9 years, Allele and genotype
frequencies were compared between these two groups to establish whether
associations were present with progression of CRF.

3) Associations with clinical features and with circulating and rami tissue TGF-pl

levels were also investigated.

It was hoped, by this approach, to determine whether sequence variation in the gene
encoding TGF-pl is an important factor in susceptibility to, and/or progression o f CRF.
If this is the case, they might be useful as prognostic indicators and, possibly, in the

future might inform clinical management.
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Chapter 2

Materials and Methods



2.1 Collection ofpatients Mood samples

One hundred and forty six samples have been collected from patients with chronic renal
failure (CRF) (appendix forms). Ethical approval for the study was obtained from the
North Sheffield Ethics Committee, Northern General Hospital Trust Informed consent

was obtained from all patients and controls included in the study.

Z 1J hiciusioTi/exeiuswn criteria

The stud}7included patients with creatinine concentration >150 pmol/L who were white
Caucasians, of any gender and age group, with various degrees of renal insufficiency
including some on dialysis replacement therapy (ESRF). Patients with all types of
underlying renal diseases including diabetic = nephropathy, hypertensive

glomerulosclerosis, obstructive urepathy and polycystic kidney disease were evaluated

The study excluded patients with creatinine concentration <150 pmohl non-Caucasians

as well as the relatives o fpatients included in the study.

Blood samples were collected for analysis from CRF/ESRF patients:

Firstly, blood samples were collected from patients ESRF on renal replacement therapy™

a) Forty-one patients on continuous ambulatory peritoneal dialysis (CAPD): From the
kidney outpatient clinic at the Northern General Hospital, Sheffield.

b) Twenty-nine patients on haemodialysis These samples have teen collected from

patients at the Sheffield Kidney Institute at the Northern General Hospital, Sheffield.

Secondly, blood samples were collected from patients with CRF not on renal replacement

therapy:

c) Seventy-six samples were collected from the outpatient clinic at the Northern General

HospitalL Sheffield



The control DMA samples (80 samples) were obtained from a white Caucasian
population from Sheffield (UK) ami they were stored in a -20( freezer at Sheffield
HaJiam University.

2.14 Clinicaldata

The following parameters were recorded: Patients’ age, gender, renal diagnosis, renal
histology (when a renal biopsy was available), blood pressure, serum creatinine,
proteinuria, serum cholesterol and triglycerides levels. Parameters such as systemic blood
pressure and proteinuria were recorded at the time of diagnosis as well as during follow-

up (mean o f'the follow-up values). Treatment was documented.

The slope ofthe regression analysis ofthe reciprocal of serum creatinine value (1/serum
creatinine) against time was taken as an indicator of the rate ofprogression of CRF. At

least 5 serum creatinine measurements were included for each patient.

Patients with chronic renal failure (CRF) were classified into: -

(1) Progressors (P) —this group included both patients who had a 1/serum
creatinine against time regression slope significantly inferior to zero and
patients with ESRF who were on renal replacement therapy. End stage renal
failure patients were considered as progressors because these patients already
progressed to ESRF.

(1)  Noo-progressors (NP) - these patients have a i/serum creatinine against time

regression slope, which was not significantly different from zero.

Analyses were done for all patients first Then individual diseased categories where
excluded and the analyses were reported. This also involved analysis with and without

conditions such as adult dominant polycystic kidney disease (ADPKD) and obstructive

uropathy
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ZL5 Blood samples collection andprocessing

Twenty mis o fvenous Wood was collected from each patient Ten mis was anticoaguJafed
with EDXA The other 10mJs were not treated with anticoagulant The antieoaguJated
blood tuples wans used for DN.A extraction and the coagulated blood samples were
used for seram preparation. These samples were separated by centrifugalion (1000 g) for
10 minutes to separate the cells from the plasma from the coagulated Wood and the serum
from the anticoagulated. samples. Samples were aliquoted and stored at —20°C until

required for analysis,

2,2 Genomic DNA extraction techniques
2.2.1 Buffersfor DM4 extraction

Buffers A, B and Sodium perchlorate, see appendix.

2.2.2 Protocolfo r genomic DMA extraction

After defrosting, each sample (I0mls) was poured into a 50 mis universal tube (Bioline)
and 40 mis of buffer A was added This led to the hypotonic lysis of the ceils and
consequently allowed removal of haemoglobin and other cellular proteins. The samples
were mixed end-over-end for 4 minutes at room temperature (RT) and were centrifuged
(Sorvall RT 6000D) at RT, 3G00 g for 15 minutes, The supernatants were discarded and
the pellets (containing the nuclei o f white cells) were resuspended in Buffer A to 20 ml.
Samples were centrifuged again, at RT, 3000 g for 15 minutes. The supemants were
removal and discarded. One ml of Buffer B was added to each tube to resuspend the
pellets. The contents were transferred to 1.5ml Eppendorftubes and 300 pi of sodium
perchlorate (5M) was added to cmh tube, to precipitate the proteins.. The samples were
mixed end-over-end for 10 minutes followed by microcentrifugation (12.000 g) for 10
minutes. From each supemant 600pJ were taken in a clean Eppendorfthen 700pi ofice
cold chloroform (Sigma) was added. The samples were mixed end-over-end for 3 min
and were microcentrifoged (10,000 g) for 10 minutes. The top layer was transferred to

clean Eppendorf Twice the volume of ice-cold ethanol was added to each Eppendorf.
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The samples were gently mixed end-over-end, then microcentrifiiged (Sorvali Super T21)
at 10.000 g, for 15 minutes at 4°C. Supernatants were discarded and the DMA was
exposed to air for 10 minutes to dry. The pellet was resuspended in 200-500 pi of sterile

distilled water. This was mixed by end-over-end for 1 hour at 4°C.

2,2,3 AssessmentofDMA parity and concentration

Genomic DMA ccjnceotraticm was estimated by measuring the absorbance at 260 nm
(using GeneQuant spectrophotometer, Pharmacia Biotechnolog}"). The DMA samples
were diluted (5 pi ofstock DMA was diluted in 995pi of'sterile distilled water). One cm-

path-length quartz cuvette was used..

One unit of absorbance at 26Ctam corresponds to 50jug/ml of DMA. The DMA
concentration was calculate! using the equation (absorbance at 260nm/0.02 (constant
factor x dilution factor). The stock DMA was diluted in sterile distilled water to a final
concentration of SCMOOog/pL Then samples were stored at —20°C. The ratio of
absorbance at 260nm to 280om in a Icm-path-length-quartz cuvette was used to assess
DMA purity. The sample was considered pure when the ratio was 1.8. Generally, a ratio
of 1.6 to 2 was obtained The quality ofthe DNA was examined by using 0.8% agarose

gel electrophoresis,

23 Polymorphism analysis

23.1 Polymerase chain reaction (¥CR} screeningfor TG F-fil genepolymorphisms
The polymerase chain reaction was performed on the purified DMA extracted from

patients with GRFIESRF and the controls. Four polymorphisms in the TGF-BI gene were
investigated C-509T. LeulOPro, Arg 25Pro and Thr26311e.
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The primers for araphlicatioffl o fthe different polymorphisms are shown in Stable 2.1.

Table 2.1. Thedifferentprimers wereusedfor detection o fpolymorphisms

i Polymorphic site !primer  Primersequence j Reference
1
C-509T | £CAG ACTCTA GAGACTGTCAG3"  j Grainger, et dL,
1999
| |R I S GTC ACC AGA GAA AGAGGAC3" ! I
|
LeulOPro | FI JS"CTCCGGGCTGCGGCTOCTGCTSS
F2 IS CTCCGGGCTGCGGCTGCTGOG3T | Yoshiji, er !
11998
R | SGTTGTGGGTTTCCACCATTAG-3’ '
[ ]
ArglSPm Ft S ACT GGT GCT GACGCCTGGCCC3™ L, etaLt 1999 J
!
)
2 S ACT GGT GCT GAC GCC TGG CCG-3* kl
R S TGC TGT TGT ACA GGG CGG CGA
GCA-3* i
Jltrimie Ft S ACCGGCCTITICC TGCTTCTCATOT  Foeiot, el dL,
COCTS 1998 4
| 1) S TGG CCA CCA TTC ATG GCA TGA |
GTC GGC CTT TCC TGC TIC TCATGG I
ACA C3* j
\ 5’AM} GCC TCC ATC CAG GCT MCA 4
1 lAGGCTC AC3*

Z3.2 Preparation o fprimers
Primers were obtained from the Medical Genetics Department ofthe Royal Hallamshire

Hospital. Sheffield Primer pellets were resuspended in 100jil o fnanopyre water. Five pi
ofthe aliquot was added to 995pi o f'sterile distilled water. Concentrations were estimated
by measuring the absorbance at 260mn (by using a GeneQuant spectrophotometer) using
Icm-patMength quartz cuvette. Concentration was adjusted to 40pmoi/pL The aliquoted

primers were kept at -20"°C until required for PCR.
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2.3.3 Genotyping for LealOPro and Arg25Pro

Amplification Refractory Mutation-Screening Polymerase Chain Reaction (ARMS-PCR)
was used for this purpose. The system is simple, reliable and non-isotopic. Furthermore,
it clearly distinguishes between heterozygotes at a locus from homozygotes for either
allele. The system requires neither restriction enzyme digest nor sequencing of PCR
products (Newton ef af, 1989). For Amplification Refractory Mutation-Screening
Polymerase Chain Reaction two sense (forward) primers were used. The sense primers
had identical sequences except at 3” nucleotide. If the primer sequence is identical to the
allele, it will bind to the complementary strand of the allele sequence, permitting
amplification. On the other hand, if the primer is not complementary to the allele,
amplification will be prevented. A common antisense (reverse) primer was used. Two
reactions were performed for each patient; each one contained one of the two forward
primers and the common primer in addition to the other reagents. Polymerase Chain
Reaction reactions were carried out in a final volume of 50ul. Each reaction contained the
following final concentrations: PCR buffer 20mM Tris-HCI, S0mM potassium chloride
(KCI) (Gibceo), 1.5mM magnesium chloride (MgCl,) (Gibco), 20 pmol of each primer,
0.2 mM of deoxynucleoside triphosphates (ANTPs) (Gibco), 2.5 units of Tag DNA
polymerase (recombinant from Thermus aquaticus) (Perkin Elmer for Leul0Pro) (Gibco
for Arg25Pro) and 100ng of DNA template. Negative controls for each reaction were
used (the DNA template was replaced by 2ul of water) to detect any possible
contamination. The PCR mix was overlaid with 40ul of mineral oil (Sigma). The
overlying oil prevents evaporation and keeps the temperature of the PCR mix during the
reaction in the thermocycler. The tubes were put in the thermocycler (Biometra). The
temperature program was, 1 cycle: 95°C for 10 minutes, 1 cycle: 94°C for 5 minutes; 5
cycles: 94°C for 60 seconds, 60°C for 60 seconds, 72°C for 60 seconds; 30 cycles: 94°C
for 30 seconds, 56 °C for 30 seconds, 72°C for 30 seconds; followed by 1 cycle: 72°C for
5 minutes. PCR products were stored at 4°C until electrophoresis was carried out.
Furthermore, dimethylsulfoxide (DMSO) (7%) was also used to increase the specificity
of the reaction for the Leul0Pro genotype.
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2.3.4 Genotyping for Thr263le

Amplification Refractory Mutation-Screening Polymerase Chain Reaction (ARMS-PCR)
was also used for the Thr2631le genotyping. Two sense (forward) primers that differed in
size and one antisense (reverse) primer were used for amplification of C/T polymorphism
for each DNA sample. These three primers were used in a single reaction mix with the
final volume of 50ul. Polymerase chain reaction buffer was used in a concentration of
20mM Tris-HCI, 50mM KCl, 1.5mM of MgCl,, 20pmol of each primer, 0.2 mM of
deoxynucleoside triphosphates (dNTPs), 2.5 units of Taq DNA polymerase (Bioline)
(recombinant from Thermus agquaticus) and 100ng of DNA template. Negative controls
were used (the DNA template was replaced by 2ul of water) to detect any possible
contamination. The PCR reaction mix was overlaid with 40 of mineral oil.

The tubes were put in a thermocycler. Standard PCR conditions were, 1 cycle: 95°C for
10 minutes; 30 cycles: 94°C for 30 seconds, 56°C for 30 seconds, 72°C for 30 seconds;
followed by 1 cycle: 72°C for 5 minutes. Polymerase chain reaction products were stored
at 4°C until electrophoresis was carried out.

Following amplification, agarose gel electrophoresis was used to visualize the reaction

products.

2.3.4 Genotyping C-509T by restriction digest with Bsu 361

One sense (forward) primers and one antisense (reverse) primer were used for
amplification of C/T polymorphism for each DNA sample. Reactions were carried out in
a final volume of 50 pl. Polymerase Chain Reaction buffer was used in a concentration of
20mM Tris-HCL, 50mM KCl, 1.5mM of MgCl,, 20pmol of primer, 0.2 mM of
deoxynucleoside triphosphates (ANTPs), 2.5 units of Tag DNA polymerase (Bioline)
(recombinant from Thermus aguaticus) and 100ng of DNA template. Negative control
was used (the DNA template was replaced by 2ul of water) to detect any possible
contamination. The PCR reaction mix was overlaid with 40ul of mineral oil. The tubes

were put in the thermocycler. Standard PCR conditions were, 1 cycle: 95°C for 5
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minutes; 34 cycles: 95®€ for 1 minute, 6tfC for Iminute, 72°C for 1 minute; followed by
1 cycle: 72RC for 5 minutes. The PCR products were precipitated with three volumes of
96% ethanol and 1/10 volume of3M sodium acetate (pH 5.2) and incubated at -20°C for
an hour. Then centrifuged at 12000 g. Then DNA was resuspended in 20pl of Bsu361
(Promega) digestion mix containing 10 units of enzyme, followed by incubation at 37°C
overnight The following morning the digestion products were analysed by agarose gel

electrophoresis.

2,4 Electrophoretic Techniques

Genomic DNA, PCR products and digests were analysed by agarose gel electrophoresis.
To analyse genomic DMA, 0.8% agarose gels were prepared by adding 0.4 g of agarose
to 50 ml of Ix of Tris borate EDTA (TBE) buffer. To detect PCR products and digests
2% agarose gels were prepared by adding 1 g ofagarose to 50 ml of Ix TBE buffer. 10x
TBE buffer was made (0.89M Tris, 0.89M boric acid, and 0.025M EDTA water, pH 8.0).
This was kept at room temperature until diluted (to Ix TBE) and used Heating for I
minute in die microwave oven agarose suspension was dissolved After the ge! was
cooled, 2 pi ofetMdtum bromide (Sigma) (stock solution 10mgrml in water) was added
Then the dissolved agarose was set in the gei apparatus (Biometra, Luton). To check the
quality o f genomic DNA, 511 ofloading dye (1% bromophenol blue in 40% sucrose) was
added to 15 pi of DNA sample and subjected to electrophoresis In the agarose gel For
PCR samples, Spl ofloading dye was added to 10 pi of the PCR products. DNA marker
($X 174DN A/Haeiff) (Promega) was electrophoresed in each gel to size the product For
marker ($X174DNA/Haelll) preparation, 0.5 pi ofthe marker stock (1 pgf pi) was added
to 15ul of water and 5 pi ofloading dye. Electrophoresis was carried out at 80 volts for
one hour at room temperature. Photographs of the gels were taken by Polaroid camera or

by digital camera (Kodak electrophoresis documentation and analysis system, Rochester).



2.4 Measurement o fcirculating (plasma and serum) YG F-fil

Plasma total acid-activated TGFpl protein levels were measured by using an ELISA
[Quantikine Human TGF-pl immunoassay kit (R&D Systems, Abingdon, Oxford, UK)]
(Danielpour et ai, 1989, 1993; Tsang et aL, 1990). The assay was carried out according
to the manufacturer instructions. The sensitivity of the assay was 7 pg/mL The cross
reactivities were 12.4% for latent TGF-pl, 0.08 for TGF-P2, and 0.12% for TGF-P3
which are all non-signilicaist The samples were diluted (1:5 in a calibrator diluent) and
assayed in duplicates. An automatic plate reader (Wallace) read the ELISA plates at
450nm. Control plasma was collected from healthy 20 volunteers. Furthermore, the

precision o fthe measurement was studied (see chapter 5 section 53.L1)

2.5 Me/ml histology evaluation

Four-micron sections from paraffin-embedded renal biopsy material were stained with
haematoxvlm and eosin, periodic arid SchifFand Masson’s tricJnome. The severity of the
histological changes (glomerulosclerosis and tubulointerstitial fibrosis) were scored
according to an arbitrary scale (from 1-4) where 1 = normal (no pathology), 2 = mild
changes (affecting < 25% of'the area), 3 = moderate changes (25-50%) and 4 = severe
(>50%) as previously described (Mnehaneta-Kubara, et ai, 1995). Fn addition, we
counted the inflammatory cellular infiltrate (ICI) ofthe renal interstitium by counting the
number of inflammatory cells per low power field (x200 magnification). The individual
score was based m the mean of the number of cells in the fields evaluated Each
measurement was carried out on 6 - 10 fields per slide.

Histology reports were reviewed and attributed an arbitrary score from 1to 4 depending
on the severity of scoring parameters (no changes = 1, mild changes = 2, moderate

changes = 3, severe changes=4).
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2.6 Estimation of TGF-flt in renal tissue

ImmunoMsteheofistry was done to localise and estimate TGF-pl protein at tissue level. A
specific human anti-TGF-pl antibody was used for this purpose (Promega). Renal bionics
were fixed in 10% neutral-buffered formalin, paraffin-embedded, actioned at 3 jam and
stained using a standard inimiiMperoxidase staining technique. Briefly, sections were
deparaffinized and rehydrated in descending concentrations of alcohol Following
blocking of endogenous peroxidase activity with 3% H2G: in methanol and nonspecific
binding sites with a protein blocker, the primary antibody was added with overnight
incubation at 4€fC On day 2, the biotinylated secondary antibody (Vector) was added at a
concentration of 2% for 30 minutes (37°C) followed by addition of the avidm-biotm-
peroxidase (ABC) complex (Vector). Visualization ofthe reaction was performed using 3s
amino- 9' etfayl-caririmaajle (ABC) (Vector) as the chromogen. All steps were performed
at room temperature in a humidified chamber unless otherwise specified Controls included
sections incubated in the absence o fthe primary antibody as well as some incubated with a
non-mimime appropriate immunoglobii/fn Control renal tissues were obtained from

cadaveric donor healthy kidneys.

2.6,1 M&rphametrie analysis

For the evaluation o f TGF-pl staining, sections were analysed using a drawing tube and a
25 point squared lattice relying on a standard morphometric analysis based on point
counting (Williams, et al,, 1987, Muchaneta-Kubara, et al, 1995). Data was collected
from a series ofadjacent fields (10-20) extending perpendicularly from the cortex to the
medulla. The percentage points foiling on stained structures (cell or interstitium) were
estimated, and the percentage o f glomeruli stained was calculated Slides were scanned
independently and subsequently; 1reviewed my scoring with my supervisor who finalized

the scoring with me.
2,8 Statistical Analysis
Analysis of allele frequencies and carnage rates was carried out using the Chi-squared

test. Comparison of the means (blood pressure and proteinuria and estimated TGF-pl
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protein levels either in blood or in renal tissues) was carried out using F-tests followed by
the t-tests (unpaired, two-tailed, for equal or unequal variance, as appropriate) (see
below). Correlation and regression between the different measurements was carried out
using ANOVA test on Microsoft Excel and SPSS. The Hardy-Weinberg equation
(O'Neil. 1997, Mtpjfautino.paloniar.edu) was applied to compare the expected versus
observed distribution of genotypes (see below). A p value < 0.05 was considered

significant.

Z8.1 ftardy- Weititerg equathm

The Hardy-Weinberg equation was used to predict the expected distribution o f genotypes
at given allele frequencies.
p2+2pq =ql=1

(p = frequency o fthe common allele, q = frequency of'the rare allele).

Using the above formula, the expected and observed frequencies of genotyping were
compared Ifthe differences between the observed and the expected frequencies are not
statistically significant, the balance of genotypes does not differ from there expected in a

population in Hardy-Weinberg equilibrium.

2.8.2 Chi-squaredanalysis (/)
Chi-squared analysis tests the null hypothesis (no difference between the observed

and expected values).

Expected

Degree of freedom equal number of genotype - 1 for testing the Hardy-Weinberg
expectations Comparison o f genotypes and carriage rates between different groups (i.e.
control Vs patients, or progressors Vs non-progressors) was carried out using
contingency tables. Forthese, die degree of freedom are calculated by (number of raws —

I) X(number o f columns —1) An example is given below.
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If Yates' correction for continuity is to be applied, due to cell counts below 5, the
calculation is the same except for each cell, subtract an additional 0,5 from the difference

ofG -E, prior to squaring and then dividing by E.

Example o f2x2 contingency table was used to calculate %2
Variable 1 Total

Progressors ~ Non-progre$sors

i Variable2  Carriage of a b a+b
allele 2 i
Non-carriage ¢ c+d
o fallele 2 atc %-Fd 1a+b+c+d
Jpc— 1 Ce e 1 J
X! = H*b)(c+d) (a+c)(b+d) x(a+tbh+c+td

The null hypothesis was rejected and the statistic was considered significant if the p value

<0.05.

2.8.3 Odds ratio (OR) and confidence interval

Odds ratio analysis was done manually by calculating ab/cd. Confidence interval (Cl)
was calculated by finding standard error (SE) ofJog e (antilog) of OR.

SE (log e OR) —squarerootso f(1/a +1/b + l/c + 1/d)

7T=In OR-(LY96xS£(In OR)

X=1In OR + (1.96x SE fin OR)

Cl= is the anti log for the Y and X values.

A p value < 0..05 was considered significant.
2.8.4 F-test

Using F test (EXCEL) tested the significant of differences in tested variance between two
values. The null hypothesis was rejected ifthe p (t) < 0.05 (statistically significant).
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2.8.5 (-test

The significance of any difference between two means was tested by the appropriate
unpaired t test (for samples of equal or unequal variance as assessed by the F-test) by
using EXCEL. The null hypothesis was rejected if the p (t) < 0.05 (statistically

significant).

2.8.6 Regression and correlation

Regression analysts was used to assess the significance ofthe slope ofthe reciprocal of
the I/serum creatinine against time. [f the p value for the regression < 0.05, the patient
was considered to have progressive CRF. On the other hand if the p value for the
regression > 0.05 the patient was considered to be a non-progressor. Furthermore, for
comparing the variances regression and correlation were used The null hypothesis was

rejected ifthe p(r) < 0.05 (statistically significant).

2.8.7 Coefficiento fvariation (CV):
The following formula was used to calculate CV to study the precision of the
measurement o fthe circulating TGF-pi protein levels in the plasma.

Standarddeviaikm X J00
Adeem o fassay

ZS.7 Coefficient o flinkage disequilibrium (D)
The following formula was used to calculate the D' value (departure from linkage
equilibrium).

D5 (P&'i\m-Pm'PV 2 (Path PM +PM 'Px)

Abbreviations:

Pah;proportion o fthe carrier patients for alleie a and b
Pab; proportion o fthe carrier patients for allele A and B
PaB:proportion ofthe carrier patients for allele a and B

?Ah: proportion ofthe carrier patients for allele A and b
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Chapter 3

Clinical data



3J Introduction

The relative frequency o f different causes of CRF varies from country to country'. In the
UK, chronic glomerulonephritis remains the main cause of ESRF (Wing and Jones,
2000). An increasing number o f patients suffer from ESRF due to diabetic nephropathy.
In the US, diabetic nephropathy is currently the most common cause o fESRF aiong with
hypertensive nephrosclerosis. (USRDS, 2001). Diabetic nephropathy accounts for up to
40% ofat! patients on. renal replacement therapy in the US (USRDS, 2001). Other causes
of CRF include hypertensive nephrosclerosis, chronic interstitial nephropathies,

obstructive uropathy as well as polycystic kidney disease (Wing and Jones, 2000).

The progression of chrome renal failure (CRF) characterised clinically by a
heterogeneous rate of decline of renal function (El Nahas and Winearls, 1997).
Histologically, this reflects the various degrees of underlying renal scarring and the
associated progresswe deletion of intrinsic renal cells and their replacement by

collagenous extracellular matrix (ECM).

There is a wide range of factors known to influence the rate of progression of CRF
(Silver, et aL, 1989; Seder, 1992), These include genetic, racial and environmental
factors (USRDS, 2001). In addition, some modifiable factors such as systemic
hypertension, proteinuria, dyslipidaemia and smoking have been implicated (For review,

Locate]li and Del Veochio, 2000).

Of all the modifiable risk factors, systemic hypertension is the most important
(Adamezak, ¢ aL, 2002). An elevation of systolic as well as diastolic blood pressure is
associated with a fester rale of progression of CRF in patients with diabetic and non-
diabetic nephropathies (Brazy, et al, 1989; Ruggenenti, et al, 1998). It is believed that
the transmission of systemic hypertension to poorly autoregulated glomeruli lead to their
scarring (For review; Dworidn and Weir, 2000). Therefore, the control of systemic as
well as glomerular hypertension is crucial for delaying the progression of CRF in
experimental animals (For review; Dworkin and Weir, 2000). In humans, a growing

number o freferences suggest that tire control of hypertension is also protective (Maschio,
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et al, 1996; Ruggenenti* et al, 2001; Adamczak, et al, 2002). In addition, the use of
angiotensin converting enzyme (ACE) inhibitors has been shown to provide additional

protection (For review; Dworkin and Weir, 2000).

Proteinuria is also an important prognostic marker for the progression of CRF (For
review* Harris. 2000). Both diabetic and non-diabetic nephropathies associated with
heavy proteinuria have a poor prognosis. Recent research suggests that proteinuria may
also contribute to scarring of the kidney (Harris, 2000). It has been postulated that
excessive filtration o f proteins and their accumulation in the glomerular ntesangium leads
to mesangial overload and sclerosis (Bertani and Remuzzi, 1997). Also, excessive
filtration ofproteins and their reabsorption by proximal tubular cells activates these cells
and leading to release o f chemokmes, cytokines and growth factors (Harris, 2000). These
factors can in turn attract inflammatory cells into the renal interstitiuin, which activate
renal fibroblasts. The proliferation of activated renal fibroblasts and their synthesis of
extra-cellular matrix (ECM) lead to renal fibrosis (Jemigan and Eddy, 2000). It is*
therefore, important to reduce proteinuria when we treat patients with progressive CRF
(Jafar, et aL, 2002). This may fee one ofthe advantages associated with control ofblood

pressure and the use o f ACE inhibitors.

Moorhead and his colleagues (1982) postulated that dyslipidaemia can accelerate the
progression o f glomerular and tubular scarring. In animals, hyperlipidaemia is associated
with accelerated renal fibrosis and its control Is protective (Keane, 2000). In humans an
association has been reported between hypercholesterolemia progression of diabetic and
non-diabetic CRF (Krowteld, et aL, 1994; Samuelsson, et al, 1997). It is, therefore,
important to monitor and treat hypercholesterolemia in patients with progressive CRF

(Keane* 2000; Fried* et aL*2001).

Lifestyle factors, such as smoking, alcohol consumption and the abuse of recreational

drugs have all been associated with a higher risk of ESRF (Pemeger, et a L 2001 and
Bakir and Dunea, 2001).
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3.2 Methodology

One hundred and forty six patients with CRF were studied. The study included patients
with creatsniise concentration >150 pirtoi/1, white Caucasians, of any gender and age
group, with various degrees ofrenal insufficiency including some on dialysis replacement
therapy (86 end-stage renal failure [ESRF] patients: 46 on continuous ambulatory
peritonea] dialysis [CAPD] and 40 on haemodialysis [HD], The inclusion and exclusion

criteria were discussed previously (see materials and methods, chapter 2, section 1.3).

Patients with CRF who were not on renal replacement therapy (RRT) were followed up
retrospectively for 58.844.8 (mean +SEM) months. Furthermore, patients with chronic
renal failure (CRF) were classified into: -

(1) Progresses (P) - this group includes both patients who had a 1/serum
creatinine against time regression slope significantly inferior to zero and
patients who were on renal replacement therapy (ESRF).

(i)  Non-progressors (NP) - these patients have a 1/serum creatinine against time

regression slope, which was not significantly different from zero.

3.2.1 Parameters

The following parameters were studied: Patients’ age, gender, weight, height, smoking
habits, renal diagnosis, renal histology (when a renal biopsy had been undertaken), blood
pressure, serum creatinine, proteinuria, haematuria, serum cholesterol and triglycerides
levels. Parameters such as systemic blood pressure and proteinuria were recorded at the
time ofdiagnosis as well as during follow-up (mean ofthe follow-up values). The slope
ofthe regression analysis o fthe reciprocal of serum creatinine value (1/serum creatinine)

against time was taken as an indicator ofthe rate of progression o fCRF.
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3.2.2 Renal histology analysis

Renal biopsies were available in 25 patients. Their biopsy material was available in the
archives of the Mstopathology Department at the Northern General Hospital Trust

Paraffin-embedded section (4 ji) were stained with conventional dyes as detailed in

chapter 2, section 6,2,

I analysed, histomorphoraetrically the severity of renal scarring parameters
[glomerulosclerosis (GS) and tubulomterstitial fibrosis (IF)] according to an arbitrary
score (from 1= normal to 4= severe) as detailed in the Material and Methods chapter
(chapter 2 section 6,2), Furthermore, the pathological processes were divided into two
categories. Glomerulosclerosis (GS) were divided into, a) normal + mild scores and b)
moderate + severe. For interstitial fibrosis (IF) the available scores were only score 3
which was considered moderate and score 4 which was considered severe IF. I also
evaluated the severity of the interstitial cellular infiltration (ICI) by counting individual
cells within a microscopic field (x 200). An average often consecutive and random fields

were counted The mean ofthe cellular count for each patient was the given ICI score.

3.2.3 Statistical Analysis

The results are given as mean + standard error of the mean (M = SEM). Analysis of the
difference between the means of the studied parameters was carried out using F tests
followed by t tests (unpaired, two tailed, for equal or unequal variance, as appropriate).
Chi square analysis tests the null hypothesis. Yates’ correction was applied for the 2x2
contingency table if any ofits cell less than 5. Correlation and regression between the
different measurements was earned out relying on regression analyses. A p value < 0.05

was considered significant
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33 Results

33J Clinical Obsermtwm

Due bundled and twekre patients (39 females and 73 males) were classified as
progresses 34 patients (8 females and 26 males) were non-jrogressors. The

characteristics o fthe jsxsgressffls and non progessors are shown in table 3.1

Table 33

The clinical characteristics infthe CMFpatientgroups (mean £SEM )
i575'araln'1"e't"e'f’.s .... ) | Wholegramp pP—112 iNP34 m pm

; (m= 146} , \
| Age (years) 157.4S+ 1.4 57+ 15 1 589+23 102 10.4
§ Serum creatinine (juinot!) 345-5+ 18.7 514+ 32 | 274 +23 0.4 0.0005*  j
I 1/creatinine slope -CMXXMB =+ 000009 = |1 0.000009 + 0.002 0.000007* !
0.00002 1SO.000004

{SBPd (mmHg) ;152.41+2.26 155.1+2.7 1 146.6+4.9 0.03 0.13
j SBPf(mmHg) 148.52+1.8 153.142.3 | 140.5+3.8 0.5 0.00s*
; DBPd (mmHg) *731 +£1.22 881+ 14 186.6+3.3 0.007 0.5

DBPf(mmHg) S4.65+ 1 85.8+1.2 183.7+2.9  0.003 0.5
i Proteinuria ai diagnosis 2.49 % ft 1ST 28403 13+40.3 ;000006 90@H4* |
1g/24h ! i
}Proteinuria during tbSowup  232+0.174 2.7+0,3 1.1+£0.2 10000033 ; 0.90607* |
1 gj24h ! !
{ S.Cholesterol (mmoMi 5.6+0.14 . 5.4+40.15 62+04 ’ © 0.04*
ES.Triglyceﬁdes (nsmotl) 28 +0JS 2.6+0.2 3.6+0.6 10.08 0.044* j

Abbreviations: SBPd: systolic Mood pressure at diagnosis, DBPd: diastolic blood
pressure at diagnosis, SBPf: systolic Wood pressure during follow' up. DBPf: diastolic
blood pressure during follow up. S.Cholesterol: serum cholesterol, S.Triglycerides: serum
triglycerides. P: progresses, NP: non-progressors, p (f): p value for f test, p (t): p value
fort test.
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Of note the clinical date relating to progression (1/Cr slope) was calculated for patients

with CRF who were not on RRT

Hie distribution ofdifferent disease entities is listed in table 3.2.

Table 3.2.
Relativefrequency o fdifferentcauses o fCRF

| Diagnoses j Total P NP ! %o ftotalpatients

j Hypertensive nephrosclerosis ~ j 28 20 8 " 19.7

j CIN j23 12 11 | 16.2

jObstructive uropathy ] 15 10 5 10.6

ilGlomerulonephritis J' 15 10 5 110.6

j DM [ 12 10 2 19.2

j Systemic vasculitis j 1 181

!'1) Wegeners granulomatosis ;7 6 4 2 4.2

jit) SLE j3 1 2 ] 2.1

1hi) Rheumatoid arthritis |2 1 1 ] 1.4

;PKD Ii7 3 4 _]1 4.9

| Amyloidosis 2 1 1 1.4
Unknown 29 14 15 204

Abbreviations: CM: chronic interstitial nephritis including analgesic nephropathy and
chronic pyelonephritis, DM: diabetic nephropathy, SLE: systemic lupus erythematosus,
PKD: polycystic kidney disease.

3.3.2 Pathological data

Most of the patients did not have a renal biopsy. Pathological study was done on the
available sections from 24 patients who underwent a renal biopsy. Seventeen patients
were diagnosed as having glomerulonephritis, 5 patients had chronic interstitial nephritis
and 2 of them were diagnosed as having amyloidosis (Table 3.3). According to the

pathological processes, the patients with glomerulosclerosis were classified into mild (11
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patients), moderate (4 patients) and severe (9 patients) (the assessment o fthe severity was
discussed in section 3.2), The patients with tubuiointerstitial fibrosis (IT) also were
classified into mild (1 patient), moderate (19 patients) and severe (4 patients).
Glomerulosclerosis were more severe in crescentic giomerulonepliritis (CGN) than the
other pathological forms (Table 33% Patients with chronic interstitial nephritis (ON) had

less severe interstitial fibrosis compared to the other pathological forms (Table 33).

Table 33
The distribution o fdifferent pathological diagnoses amongst CRF patients and the

severity (mean +SEM) o fthe rernl scarring param eters

Pathology I'n= GS IF | ICI (celbfM d)
MCGN 16 3.1+0.4 32+0.15 120+ 126
i FSGS s 12+0.5 340 120 + 14
1 :
IMN 2 1540.5 340 75+7.5
i
| DN 2 25+1.5 35+0.5 575+25
i
! CGN 2 4+ 0 35405 60+0
ON ,5 24+0.7 2.8+0.5 42.6+9
l N
Amyloidosis 2 25+05 3+0 bl

i _
Abbreviations: GS: glomerulosclerosis, I r: interstitial fibrosis, ICI: interstitial cellular

infiltration, MCGN: mesangioeapillaiy glomerulonephritis, FSGS: focal and segmental
glomerulosclerosis, MN; membranous nephropathy, DN: diabetic nephropathy, CGN:

crescentic glomerulonephritis, CIN: chronic interstitial nephritis
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There was a signitlcaa% higher number of patients with severe IF in the progressors

compared to the NP. On the otter hand, severe glomerulosclerosis was found in a similar

number o f? and NP (table 3.4).

Table 3,4

The distribution o fpathologicalprocesses among the studied CRF patients

! Pathology

GS
Mild
|

| Severe

[

Total

IF
Moderate

X Severe

Total

19

14

NP |
I
I il
4 | 13
....... il
5 124
!
S10 120
1 1
10 ] 2
! ]
!
10 124

X (at
freedom)
23

10.2

one

degree

of Pforjf

0.15

0.002+

1

Abbreviations: GS: gfomenilosd erosis, IF; interstitial fibrosis, P: progressors, NP: non-

progressors.

*=<0.05 (significant).
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It was noted that there were no significant relationship between the different pathological

processes and any ofthe studied parameters (table 3.5),

Table 3.5. The relationship between the pathological processes and the different

L
; I) Proteinuria (§+24ltrs)

| t- At diagnosis

\m

| Hi)

1 2 -During follow up
j Pit)

1m

! H) Blood pressure (mmBg)

j 1- SBPd
| m

| p>
2- DBPd
m
m
3- SBPf
m
m

| 4- DBPf

'm
jm

ID) 1/Cr slope

| p(>
j Ptt)

1V) Serum lipids (mmofd)

1-  Seram Cholesterol

P(f)
Pit)

2-  Seram Triglycerides

m
I Pit)

Abbreviations,: see tables 3.

iGi(4 ICf Without ICI Mild

w=Il4

4.1+1,4
0.02
0,97
47+14
03

m

149+3
0.02
0.9

93+3
0.85
0.2

145+6
0.2
0.54

82+4
0.2
03

0.00001+
O.mom
Qo

0.2

4+0.5
oM
0.2

2.5+0,5
03

03

and 3.4

SCI

n=U

43+1.5

35113

150+8

84+6

15146

S7313.5

-0.000051
0.00002

63.4

2811.6
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GS

; Severe
n=I1I | «=IS
3.0+09 j 4.011.2
032 ;

0.5 |

2.910.8 37113
0.07

0.6

14417 15349
0.2

04

86+6
0.3
0.6

| 9147

|
154516 15045
0.5
0.2 L
8413 | 90+5
0.03
04

1
0 0000081  -0.000021
0.00003  0.00003
02

0.9

5113 5115
0.2

0.9

5+0.8 1.9+0.5
0.07

0.07

IF

i
; M oderate
n=I9

3+0.7
0.0I
0.4
2.910.7
0.009
0.5

146+6
04
0.4

90+5
03
0.6

14815
03
0.5

8713.5
0.3
0.5

-0.000009
+0.000003
0.4
0.6

5.95+0.8
03
03

27106

0.1
0.1

[ —— i
Severe

a=5

63+2.8

5.512.7

160+10

£414

15617

8715

-0.000008
+0.000001

33104

14+03



3.4 Factors affecting the progression of CRF

Table 3.1 summarizes the data collected (see appendix) for the patients studied.

3.4.1 Gender

The number of males was higher than females. It was noted also that 72 males and 35
females were classified as progressors. and 23 males and 12 females we.re classified as
non-processors. The Tereafimne slopes were significantly lower in males (Table 3.6).
This means that progression is fester in males than in females. Also, proteinuria at
foliow-up was significantly higher in males than females (Tables 3.6) (Figure 3.1). There
was no difference between other parameters studied between males and females (Table
3.6).

Table 3.6

The clinical characteristics imean £SEM ) o fthe studiedpatients according to gender

CRF parameters | Females (N = 4 7) }'Males (N—99) P P>
I Proteinuria at diagnosis ~ ; 1.7+0.3 | 2.5403 0.013 006
I (2Q4h) I '
| Proteinuria Airing 18103 Jj29+03 10.14 0.047*
| follow up (g/24h) |
| SBPd (-mmHg) 155+4 153+4 0.J4 06
j DBPd (mmHg) 89+2 18742 03 03
{ SBPf(mmtg) 15243 114912 0.14 0.2
| DBPf(mmHg) 84.3+4 1872113 0.14 02
| S.Cholesterol (ramoM) 59103 Jll 5.610.3 0.09 0.3
|1 S.Triglycerides (nmioi® 2.5+10 £ 3+0.3 01 0.14
|1 SCreatinine (iirocT1) 340+50 1 524157 0.006 ©.02%
| 1Creatinine slope -00000091 | 0000041 10003 0.055
Lo i 0000000619 1 0000000008
j CiCl iml/mm) 19+4 j23+2 0,003 05

1

L ] IKJ‘ 1 L I I B T A B | 1
Abbreviations: SBPd: systolic Mood pressure at diagnosis, DBPd: diastolic blood

pressure at diagnosis, SBPi: systolic blood pressure during follow up. DBPf: diastolic
blood pressure during follow up. Sxholesterol: serum cholesterol, S.triglycerides: serum

triglycerides. CiCl: creatinine clearance, p(f): p value for ftest, pit): p value fort test.
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Figure 3,1. Proteinuria (mean = SEM) at diagnosis and during follow up in CRF

patients according to gender

0.D T e - -
1
# | T
25 Py
|@ X
2 1 I m Female
< T
1
b m S O Males
’%1 L 1 . m
b
1 - H
i y
0.5 - i I
j
0 ] a
Proteinuria at diagnosis Proteinuria during foHow up

p<0.05.

3.4.2 Proteinuria

It was found that overall means of proteinuria at diagnosis was 2.5+0 24 g/24brs and
2.2+0.2 g/24hrs during follow-up. We noted that 41 patients had proteinuria at onset and
31 patients had proteinuria at follow up (> 300 mg/24hr). Proteinuria, both at onset and
during follow up, was significantly higher in progressors compared to non-progressors (p

< 0.0005) (figure 3.2).
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Figure3.2.
Proteinuria (meantSEM) at diagnosis and during follow up in progressors (P) and

non-progressors (NP) with CRF

E 2.5

Proteinuria at diagnosis ~ Proteinuria during follow-up

*=P<0.05.

Further, I compared the proteinuria in diabetic nephropathy to the remaining patient
group. In dtabetic nephropathy, proteinuria levels both at diagnosis and during follow up

were not different from that ofthe remaining patients (at diagnosis 2.3+0.2g/24h, during

the follow up 2. 1+0.2gQ4h) (Table 3.7).
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Table3.7
Proteinuria and 1/Crslope (mean £SEM) among the different causes o fCRF

; 1 Proteinuria at Proteinuria during 1/Crslope
] diagnosis (g/24hrs)  follow up (g/24hrs) [
] Hypertensive 14 122+0.8 2.410.9 -0.00003+0.00001
Inephrosclerosis
j Systemic vasculitis 10 2.610.6 2.510.7 ;-0.000001410.000013
I
GN 1.710.3 210.27 | -0.00000710.00002
;9
1
Diabetic 7 3.110.8 2.810.7 1-0.0000310.000014
1 nephropathy
L
i CIN 1 1.210.4 1.510.3 -0.0Q0Q10.000Q1
10bstructive 6 1.910.6 1.710.5 -0.00G0G310.G00GI
uropathy
i PKD | 1.710.5 1.610.4 -0.0000210
j Unknown 13 2.510.5 2.510.5 -0.00001+0,000015

Abbreviations: CIN: chronic interstitial nephritis, PKD: polycystic kidney disease
GN: glomerulonephritis.

Of note the clinical data relating to progression (1/Cr slope) was calculated for patients

with CRF who were not on renal replacement therapy (RRT).
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3.4.3 Bloodpressure

In the overall population, blood pressure values at diagnosis did not differ significantly
from those during follow-up (Figure 3.3). However, systolic blood pressure during follow
up was significantly higher in the progressors than in the non-progressors (Figure 33).
On the other hand, there was no significant difference in diastolic blood pressure values

between progressors and non-progressors (Figure 33).

Figure33.

Blood pressure values (mean = SEM) in CRF progressors (P) and non-progressors

(NP)

mm

*:p value=0.01.
Abbreviations: SBPd: systolic blood pressure at diagnosis, DBPd: diastolic blood
pressure at diagnosis, SBPf: mean systolic blood pressure during follow-up, DBPf: mean

diastolic blood pressure value during the follow-up period.
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3.4.4 Serum Lipids

The mean serum cholesterol level was 5.7+0.16 mmol/1 and the serum triglycerides level

was 2.8+0.39 mmol/1 in the overall patient group.

Both serum cholesterol and triglycerides were significantly higher in non-progsessors

compared to progressors (Figure 3.4).

There was no significant difference in circulating lipids levels in the patients with
diabetic nephropathy (S.cbolesterol = 5.5+0.37 mmol/1, S.triglycerides = 3.3+0.8 mmol/f)
compared to the non-diabetic CRF (S.cholesterol= 5.8+0.17 mmol/1, S.triglycerides=

2.8+0.19mmoll).

Figure 3,4,
Serum lipids (mean £SEM ) in CRF progressors (P) and non-progressors (NP)

*p
UNP

S.choiesterol S.triglycerides

Abbreviations: S.cbolesterol; serum cholesterol, S.triglycerides; serum triglycerides.

*=p <0.05
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3,4.5 Correlations between the differentparameters o f CRF
There was a significant correlation between the age of the patients and proteinuria, both
at onset and during follow up. Furthermore, the age was significantly correlated with

diastolic blood pressure both at onset and during the follow-up (Table 3,8).

There was also a significant correlation between diastolic blood pressure at diagnosis and
both proteinuria and smim triglyceride levels at diagnosis. Moreover, there were
significant correlations between serum triglyceride levels and both systolic and diastolic
blood pressure during the follow-up. There were also significant correlation between the
Icreatinine slope and both proteinuria at diagnosis and serum cholesterol levels.
Furthermore, the mean of proteinuria during the follow up was significantly correlated

with systolic blood pressure at onset (Table 3.8).

Table 3.8. Correlation between the different CRF param eters

j CR'Fparameter* ite= I r~ P(r)
| i) Proteinuria atonset (g/24kt) week
123 0.164 0.028 0.048*
j 2- SBPd (mmHg) 119 0.144 0.024 0.087
| 3-DBPd (amiHg) 119 0.174 0.03 | 0.053
| 4- SBPf(mmHg) 119 0.128 o 0.15
5-DBPflmmHgf 119 0.25 0.06 0.005*
J 6- S.Cholesterol (mmol')} 67 0.026 0.001 0.83
;? 7- S.Triglycendes (mrooM) 60 0.152 0.023 0.2
1 8- I/creatinine sJope 76 0.36 0.13 0.001*
| II) Proteinuria daring f&Bme wp ;
5 (g/24hr) with
1!° 1-age ofthepahesis (year) i 119 0.29 0.084 0.001*
j 2- SBPd (mmHg) 113 0.173 0.03 0.056
ts3 -DBPd (mmHg) 113 0.163 Q27 » 0.07
4- SBPf{mmHg) 113 0.185 0.34 0.36
5-DBPf(mmHg) ) 113 0.21 0.05 0.017*
6- S Cholesterol (nunoM) 56 0.231 0.054 0.07
; 7- S Ttigtyeerides (mmold) 56 0.144 0.21 03
8- i/creathime slope 67 0122 0.15 ; 0.3
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; CRFparameters
IIl) SBPd (mmHg) with
j i- age (year)
1 2- S.Choiesteroi (mmoi/l)
j 3- S-Triglycerides (nusol/l)
| 4-I/creatinine slope
; 1) DBPd (mmHg) mfflk
‘{ 1-age ol the patients (jyeaor)
j 2- S.Cholesterol InmoW)
| 3- S.Triglycerides (mmol/l)
j 4- 1/creatinine slope
; V) SBPf{mmHgj with
¢ 1 -age (year)
) 2- S.Cholesterol (mmol/T)
| 3- S.Triglycerides (mmollf)

| 4~ Vcreatinine slope

i VI) DBPffmmHg) mlk

f 1-age (year)

{2- S.Cholesterol (mmolff)

|1 3- S.Triglycerides (JUIBOM)

i VII) S. Ckfytesferii.it {mmcM} with

i 5- age ofthe patients (year)

j 2- Tcreatinine slope

j 1111) SLTriglycerides (mtmddj witi
I' - age ofdie patients (year)

; 2-1/creatiuine slope

Abbreviations: see table 3.5

*=p value <0.05

l* [

1130

1m
157
134

;00

[

] 60
| 57
j 34

; 130
60

157

!

| 34

1130
60
57
34

72
33

68
32
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0.005

0,1
0,2
0.128
0.215

0.128

0.04
0.1

0.015
0.005
0.245
0.13

0.33
0.116
0.08
0.08

0.09
0.126

0.07
0.344

| 0.000

0.012

0.04

0.016
J0.046

0.016
0.002
0.01

00002

0.007
0.06
0.016

0.102
0.013
0.007
0.005

0.034
0.01

0.005
0.118

\P(r)
0.9

04
0.3
0.3
0,016*

0.34
0.06
0.4

0.9
0.9
0.06
0.3

0.0003*
.04
il

0.028*

0.6

!
1045
048

0.6
0.05*



3,5 Discussion
In this analysis, the clinical and histological parameters and their relationship to the rate

ofprogression o f CRF were examined.

Initial analysis centered on investigating differences relating to gender and parameters
influencing the progression of CRF. The 1/creatinine slope was significantly lower in
males than females, reflecting the faster progression of CRF in males. Moreover, the
severity of proteinuria both at diagnosis and during follow-up was higher in men. These
findings were expected, as it is known that males with CRF haw a faster rate of
progression than females (Berthoux, ef al, 1998). This may be attributed to the
differences in proteinuria that [ have reported. It was also reported that regardless of the
cause of chronic renal failure, ESRD is more common in males than females (Locatelli

and Del Vecehio, 2000 and Hannedouche, et al, 1993).

Age was the second factor studied. There was no significant difference between the
progressors and non-progressors. This finding was contrary to observations made by7
Fliser and colleagues {1993) who showed that the progression of CRF was faster with
increased age. This difference might be due to the small number of patients that I have
studied. On the other hand, there was a statistically significant correlation between age
and the severity of proteinuria, both at diagnosis and during follow-up. This may be
relevant as proteinuria is a known factor affecting the progression of CRF. Age itself
may not be a strong prognostic factor on its own but it may be the associated risk factors
such as the increased age-related proteinuria or systemic hypertension which increase the
risk of progression of CRF (For review, Locatelli and Del Vecchio, 2000). In support of
that, age of the studied patients was significantly correlated with diastolic blood pressure
at diagnosis and systolic blood pressure during follow up. A large number of studies have
shown that systemic blood pressure increase with age (Malberti, et al. 7 1997). Flowever,

very few have made the association o fage-blood pressure level and progression of CRF.
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Proteinuria was the third factor studied It has been reported that proteinuria is a marker
for the progression of CRF (Jafar, et al, 2001; Locatelli and Del Vecchio, 2000). There
were significant associations between both proteinuria at onset and mean of proteinuria
during follow-up as well as the rate of progression of CRF. Many studies also found that
the level of proteinuria was correlated with the rate of decline of renal function
(Williams, el al, 1988 and Wight, ef al, 1992). It has been argued by that the proteinuria
itself may be nephrotoxic accelerating the progression of both glomerulosclerosis
(Bertani and Remuzzi 1993) and that of tubulointerstitial scarring (For review, Harris,
2000). This may be mediated through the transudation of circulating proteins into the
mesangsum o f damaged glomeruli causing the activation of mesangial cells (For review,
Harris, 2000). In the tubules, exposure to high amounts of filtered proteins may stimulate
and activate tubular epithelial cells to synthesise and release cytokines, chemokines as

well as fibrogenic growth factors (For review, Jemigan and Eddy, 2000; Eddy, 2001).

Hypertension was the fourth risk factor studied. There was no significant difference in
terms of blood pressure and progression of CRF. This contrasts with data reported by
Locatelli ef al, (2000). This might be due, firstly to the small size ofthe studied cohort
secondly it might be due to the fact that patients were receiving anti-hypertensive therapy
thus controlling and normalizing some of the blood pressure readings. There was
statistically significant correlations between systolic blood pressure, diastolic blood
pressure, at diagnosis and during follow-up with proteinuria both at the time of diagnosis
and follow-up. Further, this is a well-known fact that with increasing blood pressure
proteinuria is raised. There were also positive correlations between blood pressure,

proteinuria and the levels of'serum triglycerides.

Surprisingly, there were higher circulating lipid levels (both cholesterol and triglycerides)
in non-progressors compared to the progressors. This finding was contrary to those
discussed by Harris (2000). Lipids might be the culprits regarding tubulointerstitial
inflammation and fibrosis in heavy proteinuric states (Attman, et al, 1999; Samuelsson,

et al, 2000). The discrepancy between my findings and the literature may be explained

8t



by the fact that some o fthe hyperilpidemic patients may be under treatment thus lowering

their blood levels.

Pathological processes were studied. There was no significant association between the
severity of progression of CRF and the severity of glomerulosclerosis. It was assumed
that this might due to the scanty specimen available for pathological examination and the
small number of glomeruli available for analysis. On the other hand, it was noted that
there was a higher severity oftubulointerstitial fibrosis in the progresses compared to the
noji-progressors. This was also expected, as other workers have reported that there is a
significant association between the progression of CRF and the severity of interstitial
fibrosis (Risdort et al, 1966 and Bohfe, et al, 1981; For review, Jemigan and Eddy,
2000). The prognostic superiority of the tubulointerstitial scarring over
glomerulosclerosis may be a simple reflection that the area covered by the former within
a renal biopsy Is considerably larger than that representing glomeruli, On the other hand,
it may be a genuine difference reflecting the importance of tubulointerstitial lesions in

relation to decline In renal function

3.6 Conclusion

* Men were found to have a higher frequency ofprogressive CRF/ESRF than women.

* The age was significantly correlated with diastolic blood pressure at diagnosis and
systolic blood pressure during the follow-up.

* There was a highly' significant association between the severity™ o f progression of CRF
and the severity ofproteinuria both at diagnosis and during the follow-up.

* The progression of CRF was associated with tubulointerstitial fibrosis rather than

glomerulosclerosis.
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Chapter 4

Investigation of four single nucleotide

polymorphisms in the TGF-pi gene



4.1 Introduction
Genetic definitions

Each human genome has approximately three billion bases, which are arranged in a
unique order (the sequence of bases) and is estimated to contain approximately 30.000-
40.000 genes. Bases that vary within DNA sequences from one individual to another, are
known as single nucleotide polymorphisms (SNPs). The term “hapJolype"5refers to a

combination of SNPs on a chromosome, usually within the context ofa particular gene.

Polymorphism is a word derived from the Greek for ‘many forms" variations in the DNA
sequence. It either occurs at one nucleotide or more than one nucleotide within a certain

area, which is called polymorphic region ofa gene.

An allele is a variant form ofa gene. Allele frequency is a measurement o f how common
an allele is in the studied population. Carriage rate is the proportion of individuals
carrying one copy ofthe allele. Ifthe co-inheritance of one allele with another at a nearby
locus is significantly higher than expected within the given population, it is said that
these alleles are in “linkage disequilibrium” (Sved, 1971). Genetic association is an
increased frequency”™ of a patieular allele or genotype in a sample of individuals with a

particular disease trait.

Genotyping is the determination ofthe specific composition of an individual’s genome
(the genetic information present which present in a particular organism) with respect to a
specific set of markers (a marker is specific polymorphic location on a chromosome, the

inheritance of which can be tested).

Genotyping facilitates analytic studies by allowing determination of whether the alleles
are associated with, or causing, a particular disease. There are numerous diseases in
which a particular polymorphism is associated with diseases. This makes research in the
field stimulating and rewarding. Also, this type of studies may indicate markers of

disease susceptibility and/or predictors for disease activity. Furthermore, the markers may
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lead to the early diagnosis of the disease or early prediction of the severity of that
condition. Consequently, early medical intervention, may he applied to control disease

activity.

TGF-filpolymorphisms mid diseases

AUelles of transforming growth faetor-pl have been implicated in the pathogenesis of a

variety of fibrotic diseases.

One of single nucleotide polymorphism at LeulOPro (C—T) confer a significantly
increased risk of osteoporosis, as shown by measurements of bone mineral density
(Langdahi, et a/, 1997, Bertoido, et al, 2000). The same allele was associated with the
development of end-stage heart failure in patients with cardiomyopathy (Holweg, et a [,

2001).

Another marker at Arg25Pro (G->C) is associated with increased risk of myocardial
infarction although, surprisingly, it seems to be associated with a reduced risk of systolic
hypertension (Cambien, et al., 3996). The G allele was associated with the development
of fibrotic lung pathology in cystic fibrosis prior to lung transplantation and fibrosis in
the graft (Ei-Gamel, et ai* 1997). Furthermore, carriage of the G and T allele at
Arg25Pro and LeulOPro respectively is associated with a deterioration of pulmonary

function in-patients suffering from cystic fibrosis (Arkwright, et aL, 2000).

A single base change in the TGF-pi promoter region, at C-509T (C—T) was associated
with higher active and acid-activated latent circulating TGF-pi levels (Grainger, et al,
1999). Furthermore, the same allele was associated with decreased bone mineral density

and osteoporosis (Yamada, 2001).
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TGF-fI and the progression of cliranic renal failure

Transforming growth factor-B§1 bas been implicated in the pathogenesis of renal fibrosis
and the associzted progression of CRF (Yoshioka, ef af,, 1993; Border and Noble, 1994).
It is believed that this growth factor is capable of stimulating the synthesis and decreasing
the breakdown of collagenous extracellular matrix (ECM) (Yoshioka, e al, 1993).
Circulating TGF-B1 levels have been found to be higher in African-American patients
with progressive CRF (Suthanthiran, ef &/, 2000). Smilady, tissue lewels of TGF-B1
have been found by immumohistochemistry, to be up-regulated within the kidneys of
patients with diabetic (Yamameto, ef al, 1993) and non-diabetic (Datta, er af, 1999)
nephropathies. Therefore, the study of TGF-B1 polymorphism has been undertaken
recently in patients with renal diseases.

Transforming growth factor-$I polymorphism at LeulOPro (T—C) is significantly
associated with the dewelopment of remal faflure in patients undergoing heart
transplaniation and tremied with cyclosporin A (Baan, e «f., 2000). Also, TGF-f}1
polyvmorphism at Thr263Me in exon 5 {C—>T) shows a weak association with the
development of nephropathy in diabetic patients (Pociot, ef al, 1998). Polymorphism at
Arg25Pro (C—G) was associated with elevation of both systolic and diastolic bload
pressure in ESRF patients (L1, er af,, 1999). Furthermore, in the same study, it was noted
that carriers of the same allele also had higher circulating TGF-B1 levels (Li, e7 o/,
1999). On the other hand, a study tn Aftican-Awmericans with ESRF failed to show any
significant association between TGF-B1 or PDGF genctic polymorphisms and
susceptibility to progression of CRF to ESRD (Freedman, ef of., 1957).
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Aim of the study

With the above studies im mind, [ have undertaken to investigate associations between
TGF-B1 polymorphisms and susceptibility to, and/or, progression of CRF.
1 have studied a varicty of polymorphic regions as shown on tzble 4.1.

Table 4.1. Transforming growth factor-B1 polymorphic regions studied

Site Bases Amino acid
E C-509T

Common allele T 5°CTT3 Non-coding
Rare aliele C 5°CCT3 Non-coding
- Leu10Pro

Commonallele T 5 3 Leucine
Rare allele C 5°CCG™3 Proline

IIL- Arg25Pro

Common aliele G 5°CGG™3 Arginine
Rare allele C 3°CCG3 Proline

V- Thr2631e

Common allele C 3’ACC’3 Threonine
Rare allele T S’ATC3 Isoleucine

These alleles are common in Cancasians, other ethnic groups may be different.
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Material and Methods

Patients
A hundred and forty four patients with CRF/ESRF and 73 white Caucasian controls (for

details see Chapter 2 Section 2.1.4) were included in this study. Patients with CRF were
divided into progressors (?) and non-progressors (NP) depending on their 1/serum
creatinine against time slope. We therefore studied 112 progressors and 32 non-
progressors. As previously described, all patients with ESRF were considered
progressors. Patients who were not on renal replacement therapy (RRT) were followed-
up retrospectively for 58.8+4.8 months (mean + SEM). The patients were also classified
into total CRF patient group (n = 143) and CRF patients without polycystic kidney
disease (PKD) or obstructive uropathy (DU) (n = 126)

Polycystic kidney disease (PKD) was excluded sometimes from the analysis because it is
inherited by particular genes: PKD1 an 16p and PKD2 on 4q 13-23. Furthermore, OU was
sometimes excluded from the analysis because the progression of CRF might be due to

mechanical causes rather than the effect of TGF-BI polymorphisms.

Blood pressure (systolic and diastolic) at diagnosis and during follow-up, serum
creatinine levels during the follow-up period from which the J/serum creatinine against
time slops was derived and proteinuria at diagnosis and during follow-up. For details see

Chapter 2 Section 2.1.4.

Twenty four renal biopsies were available for histological analysis. Emphasis was on
glomerulosclerosis and tubulointerstitial fibrosis scores as well as level of inflammatory
cellular infiltration. An arbitrary? severity score from 0-4 was applied to all these

parameters. For details see Chapter 2 Section 2.5.

Methodology
Deoxyribonucleic acid (DNA) was extracted from leukocytes from peripheral blood

samples using the protocol given in the Material and Methods section (chapter 2 section

2.2.2).



Genomic DNA concentration was estimated by measuring the absorbance at 260 nm. The
ratio of absorbance at 26Qnm to 28Gnm (see chapter 2, section 2.2.3), allowed assessment

ofthe purity of DNA.

Polymerase chain reaction (PCR) was performed on the purified DNA extracted from

patients with CRF/ESRF and controls.

Four polymorphisms in the TGF-BI gene were investigated: LeulOPro; Arg25Pro;
Thr263Ile and C-509T (see Chapter 2, Section 2.3.1). Genomic DNA, PCR products and
digestion products were visualised by agarose gel electrophoresis (see Chapter 2, Section

2.4).

Statistical analysis

The Hardy-Weinberg equation was used to predict the expected distribution of genotypes
at given allele frequencies. Chi squared analysis was used to test the null hypothesis (see
Chapter 2, Section 2.S) that there was no difference in genotype distributions between
two groups. Comparisons between groups in relation to a range of clinical parameters
relied on the student t test which was carried out using Microsoft EXCEL. A p value of
less than 0.05 was considered significant P-value were not subjected to Benteroni
correction (ie. Each p-value multiplied by the number of independent tests carried out),

since tests were not independent.

The coeffiecient ofthe linkage disequilibrium (D) was calculated by using the following
formula.

D’ = (1W FaB-ILb PL& P\B- FaB PAb)
Alleles A and a are segregating at one locus, and B and b are segregating at the second.
There are, therefore, four possible gametes, ab, aB, Ab and AB. The results should be

between -1 and +1. If D,=1, this means that there is complete association.
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4.3 Results

4.3.1 Investigation of DNA quality
43.1.1 Yield

Deoxyribonucleic acid was extracted from 5 - 10 ml of venous blood Samples were
resuspetided in 200 - 4GOpJ of distilled water. Optical density at 260nm ranged from
0.016 to 0.295 (concentration ranging from 8QOLig/ml to 14.75jag/ml). Differences in
DNA concentrations were due to differences in the initial volume of the Wood amount
from which DNA was extracted. White blood cell count also affects the DNA
concentration. The yield ranged from 20 —30 pg/fnl of blood. The ratio between optical
density at 260nm and 280nm was used to assess the purity of DNA. In the studied
samples, the ratio ranged from L6 to 2. Most of samples gave a ratio of around 1.8,

indicating that most ofthe extracted DNA samples were pure.

4.3.1.2 Analysis by agarosegel electrophoresis

Agarose (0.8%) gel electrophoresis was used to investigate the quality of the extracted
DNA from the white blood cells of the CRF patients. Although there was considerable
degradation of the DNA (Figure 4.1), its ability to act as a template for ICR was not
affected
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Figure 44, Agarose gel electrophoresis (0.8%) of extracted DNA from the blood
samples o fthe patients with CRF

Legend: samples 1and 5 are degraded or mainly RNA.

44 C-5GIT

Polymerase chain reaction (PCR) products of 56 control and 142 patients were digested
with B.siB&I for 12 hours. The PCR product sizes were 503bp before digestion and 234bp
if digestion happened. The results of the genotyping were cheeked by the Hardy-
Weinberg equation (Figure 4.2, Table 4.2).



Figure4.2. Thegenotyping at C-5&9T

1 2 3 4 5 6 7 8 9 10 11 12

05378

LO78bp

S72bp
j Lane 1 Marker ($X1 74 DNA/HaeJH}

Lane 2 Heterozygote (TC)

i
Ii Lane 3 and 4 Homozygote (TT)
I Lane 5 Homozygote (CC)
| Lane 6 Heterozygote (TC)
| Lane 7-10 Homozvgote (TT)
j Lane 11 Negative control
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Table 4.2. C-509Tgenotyping in control and CRF groups

Genotyping T I17C ccC Total Alldefrequencies
1

1- Controlgroup 22 128 5 55 (T=0.66,C=0.34)
J

2-CRF group 83 152 7 142 (T=0.77,€ =0.23)

The genotype results were cheeked by the Hardy-Weinberg equation. The genotyping
was within equilibrium (Table 4.3). The distribution of genotypes observed did not differ

from that expected from a population in Hardy-Weinberg equilibrium.

Table 43, Hardy-Weinberg analysis o fC-509T

Observedgenotypes % Expecting genotypes
1- Control group
1Heterozygous 28 46 253
Homozygous T 22 42 23.1
Homozygous C 5 12 66
Total 55 100 55
2-CRFgroup
Heterozygous 52 35 49.7
Homozygous T J83 60 84
Homozygous C j! 7 5 7.1
Total 1142 100 142

Hardy-Weinberg equation in the control group:

X2=  (Observed - Expected)2
Expected

(22-234)2+(28-253D+(5-6.6,2=0.728
23.1 253 6.6
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p value for %'at two degree of freedom = 0.7

Hardy-Weinherg equation in the CRF group:

X2=  (Observed - Expected)2
Expected

(83 - 85.2r +(52-49.7T +(7-7.if - 0.164
85.2 49.7 7.1

p value for x2at two degree of freedom = 0.9

The balance of genotypes observed did not differ from that of expected from Hardy-
Weinberg equation in either control or CRF groups (p value > 0.05).

44.1 Susceptibility to CRF

The carriage rate ofthe T allele was significantly higher in both the whole CRF patients
group and CRF patients without PKD and obstructive uropathy groups compared to the
control group (Tables 4.4 and 4.5). According to the significance ofthe regression of the
1/serum creatinine slope, CRF patients were classified into progressors and non-
progressors (chapter 2). The carnage rate of the T allele was significantly higher in the
progressors compared to the control group in total CRF patients (Table 4.4) and in CRF
patients without PKD and OU (Table 4.5).
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Table 4.4. Testingfar association ofC-509T genotype with susceptibility to CRF
| mth C j Without C Total

)

}CRF patients

1 Control group
Total

CREF progressors

Control group

|

lTota.l

Table 4,5. Testing o fthe susceptibility' o fgenotype at C-509T to CRF in patients

Lecrro (1T

59 | 83
1

33 |22

92 1105
1

41 69

33 522

]

I74 Ifl

without PKD or obstructive uropathy

J CRF patients

I
Control group
Total

| CRF progressors

1,
! Control group

Total

With C Without

(CCFTQ  (TT)

7
\ b2
33 22
88 93
38 60
"33 22
i {
171 82

95

142

55
197

110

55

.65

126

55

181

98

55

| 153

£ atone degree ' P value

1
\oﬁeedom
15.25

7.66

o ffreedom)
4.1

638

0.022*

0.0056*

0.043*

0.012*

P



4.4.2 Progression of CEF

The distribution o f progressors and oon-progressors according to genotype at this locus is
shown in table 4.6. The distribution of genotypes in the CRF group following removal of
the patients with OU and PKD is shown in table 4.7.

The number o fprogressive CRF patterns was significantly higher in patients homozygous
for the T allele (TT) compared to others (Tables 4.6 and 4.7) both in the total CRF
patients (odds ratio 1.67, 95% confidence interval 1.1-2.5) and after removal PKD and
obstructive uropathy (odds ratio 2.44,95% confidence interval 1.5-3.7).

Table 4.6. Testingfar association ofgenotype at C-509T with progression o fCRF

With C \Total ; atonedegree Pvalue
(CC+7Q0 U o ffreedom
CRF progressors 41 169 110 3.68 P=0.055*
i
CRF Non-prosressors 18 14 32
i
Total 59 183 142 ]

l) i !

Table 4.7. Testingfor association o fgenotype at C-509T with progression o fCRF in
patients without PKD or OU

i T T mth ¢ Without C Total '/ (at two degree P value
!
" (CC+TQ (TT) offreedom) )
CRF progressors 60 98 4.26 0.039*
CRF Non-pogressors 17 1 28
Total 55 71 126
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Figure 4.3. a. The distribution o fprogressors and nott-progressors according to C-

509T genotype in CRF patients without PKD or OU

TT TC
C-509T genotypes

iProgressors 0 Non-progressors

Figure 4.3. b. Theproportion o fprogressors and non-progressors according to C-509F
genotype

r>=55

|
« 0.2

b)
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The number of carriers of the T allele was significantly higher in the progressors
compared to the non-progressors in all the CRF patients and after exclusion of PKD and

Ou.

It was noted earlier (Chapter 3* section 3.4.1) that some CRF clinical parameters
(proteinuria at diagnosis and serum creatinine levels) were significantly higher in males
than females. The allele frequencies were then tested according to the gender (Figure
4.4). It was found that there was no significant difference in allele frequencies between

males and females (Table 4.6).

Figure 4,4, The distribution o fC-509Tgenotype according to gender

m Females
o Males

TT TC CC
C-5GST genotype

Table 4,6, The atidefrequency ofC-509Tgenotype according to gender

Females 1 Mates Total Chi square fat one 1P value

1 degree o ffreedom)
j CC+TC frequency } 17 42 59 0.103 j0.75
{' TT frequency 26 157 83
I
| Total f4 199 142
1 I !
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4.4.3 Proteinuria
There was no difference in proteinuria at diagnosis or during follow-up between patients

with CRF ofdifferent C-5G9T genotypes (Figure 4.5).

Figure 4.5. The distribution o fproteinuria (mean+SEM) according to C-5& 9Tgenotype
in the CRFpatients

TT TC cCO TT TC GC

nrcAemuria at diagnosis Proteinuria during follow-up

C-509T

On the other hand proteinuria during-follow up was higher in T-compared to €-
homozygous in the total CRF patients (Table 4.7). Furthermore, proteinuria at diagnosis
was higher in T-homozygotes compared to C-homozygotes in CRF patients without PKD
or OU. Furthermore, the F-tesi was significant (Table 4.7) indicating a significant

difference in variance between groups.



Table 4.7, Proteinuria in patients homozygousfor the T and C aiieies according to

genotype at C-5&9T
r Meam+SEM
! CREF total patient group
i) Proteinuria at diagnosis
cC |Ls+0.5
TT b.7+04
!
ii) Proteinuria during
foJlow up
|cc 1.4+03
JTT 2.4+03
S
CREF patient without PKD .
or Oil
i) Proteinuria at diagnosis
jce 10.83+03
JTT 2.5+0.4
1ii) Proteinuria during
follow up [.I+03
lcc
ITT 23+0.4

100

Observations

73

70

0.03*

0.003*

0.01*

0.01*

o3

0.028*

0.0017*

0.36



4.4.4 Bloodpressure

There was no significant difference between blood pressure of CRF patients according to

C-509T polymorphism (Figure 4.6).

Figure 4.6. C-509T genotype according to blood pressure (meandSEM) in the CRF
without PKD or OF

180

ill mmdJ WL. (t& i

SBPd OBPd SBPf DBPf

(==}

mTT:72 patients OTC:50 patients C3CC:5 patients

Abbreviations: SBPd: systolic blood pressure at diagnosis, DBPd: diastolic blood
pressure at diagnosis, SBPf; systolic blood pressure during follow-up, DBPf: diastolic

blood pressure during follow-up.

4.4.5 Pathologicalprocesses
Twenty-three patients’ renal sections were analysed. The pathological processes were

classified into two main categories; glomerulosclerosis (GS) and tubulointerstitial fibrosis

(IF).

4.4.5.1 Glomerulosclerosis (GS)

The distribution of genotypes in relation to the severity of the GS is shown in figure 4.7.
There was no difference in distribution ofthe different allele at C-5G9T genotype
according to the severity of GS (Chi square at one degree of freedom = 0.38, p=0.5).
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Figure 4.7. a. The distribution o fthe severity o fglomerulosclerosis (GS) according to
C-509T genotype

Figure 4.7.b. Theproportion o fm id and severe GS according to C-509Tgenotype
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4.4,5,2 Tubulointerstitialfibrosis (IF)

The distribution of genotyping in relation to the severity of GS is shown in table 4.8,
There was no difference in distribution ofthe different allele at C-509T genotype
according to the severity ofIF (p value = 0.1).

Table 4.8, The distribution o fthe severity o fIF according to C-509Tgenotype

T j rc/cc T°ud (Yates9correction)
|
; Mild IF 6 10 16 2.7
overep S I
LS 7
Total n }1 2
23

4,4.53 Renalinterstitial cellinfiltration (ICI)
Genotyping was performed for 21 patients who had pathology sections available.
There was a significant difference in the severity of ICI in T-homozygotes compared to

C-homozygotes and heterozygotes (p= 0.0098) (Figure 4.8).

Figure 4,8. The distribution o fthe severity o fICI (cell/field) (meandSEM) according to
C-509Tgenotype

*p value - 0.0098
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4,5 LeulOPro

One hundred and twenty-four CRF patients and 71 white Caucasian controls were
genotyped Eighteen samples were excluded because they showed very faint bands (they
might contain only small amounts of DNA). Figure 4.2 shows an example of a typical
genotyping experiment For each patient, 2 lanes are used, each represents a different
allele of the polymorphism. Lanes 2, 4, 6, 8 and 10 represent the T allele and lanes 3, 5,
7,9 and 11 represent the C allele.

Figure 4,9, ARM S PCRfo r genotyping at LeulOPro
1 2 3 4 5 6 7 8 9 10 11

| Lane I Marker (4X174 DNA/Haelff)
: Lane 2 &3 Hetenazygote (TC)
1Lane4&5 Heterazygote (TC)
| Lane 6&7 Heterozygote (TC)
1Lane 8&9 Homozygote (TT)
{Lane wo&un 7 : Homozygote (TT).

It is important to establish that an ARMS-PCR assay is adequately distinguishing
between alleles. One way to assess this is to determine whether the balance of genotypes
observed in the control sample differs from that predicted by the Hardy-Weinberg

equation from the observed allele frequencies (p and q).
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Table 4.9. LeulOPro genotypes in the control and CRFpatients group

! Genotyping ccC TC TT Total Allelefrequencies

\
I- Controlgroup 11 35 21 73 —~0p ~ =4
2-CRFgroup 25 71 29 125 (T=0.52,C=0.48) |

Table 4.10. Genotyping resultsfor LeulOPro in the control cohortandin CRFpatients

observedgenotypes % of studied expectedgenotypes

population

Controlgroup [ I
Heterozygous 135 48 35.04 :
Homozygous T 27 37 27.01
Homozygous C ' 10.95
1ot 73 y 73 )
2- CRFpatientsgroup :
Heterozygous 71 50 62.5
Homozygous T 29 27 33.8
Homozygous C 25 23 28.8 |

T 125 0 125

Hardy-Weinberg equation in the control group:

= (Observed - Expected)*
Expected

(27-27.01)2+ (35-35.04)2+ (13-10.95)2- 0.08
27.01 35.04 10.95

p value for yfat two degree of freedom = 0.96

Hardy-Weinberg equation in the CRF group:

X2=  (Observed - Expected f
Expected

(29 - 33.8)2+ (71- 62.5 2+ (25 - 28.8)2=2.3
33.8 62.5 28.8
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p value for yj’ at two degree of freedom = 0.3

The balance of genotypes observed did not differ from Hardy-Weinberg expectations in

either control or CRF groups (p value > 0.05).

4*5.1 Susceptibility to CRF

Carriers ofthe C allele were moie common in the CRF group than in the controls (Table

4.11). Furthermore, it was observed that there was a higher number of carriers ofthe C

allele amongst the patients with progressive CRF compared to the control group (Table

4.11.

Table 4.11. Testing o fthe susceptibility of genotype at Leul&Pro to CRF in patients

group

Total patient group

Control group
Total
CRF progressors

Control group

; Total
CRF Non-progressors

Control group

Total

urn
C
(CC+TC)
96

46
142
73

46
119

23
46

69

1lithout Total
C(TT)
29 125
21 73
56 198
19 92
127 73
i
. 46 165
" 10 33
!
L27 73
j1 37 106

ioe

f atone degree Pvalue

offreedom

4.3*% 0.038*
5.4% 0.02*
0.47 0.49
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4.5.2 Progression ofCRF

The distribution of LeiriOPro genotypes in progressors and non-progressors CRF patients

is shown in Figures, 4.10 and 4.1L

Figure 4.10, The distribution o fCRFprogressors and non-progressors according to

LeulOPro genotypes

IT TC

LeulOPro genotypes
m Progressors 0 Non-progressors
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Figure 4.11. a. The distribution o fprogressors (P) and non-progressors (NP) among
Leu 10Pro genotypes

TEIG cc
LeufOPro genotypes
a) H Non-progressors m Progressors

Figure 4.11. b. Theproportion ofprogressors and non-progressors among LeulOArg

genotypes

05 1
©
%0.5
©

% 0.6
0

S 04
l€ .
0, 0.2 n=25
P

(o B

ri=99

THTC cC

LeulQPro genotypes
b)
O Noo-progressors m Progressors
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There was no difference in the distribution of any of the alleles between the progressors

compared to non-progressors (Table 4.11).

Table 4,1L Testingfo r association o fgenotype at LeulOPro with progression o fCRF

' mih Without  Total | atone degree P value
i 1
: C(TT) offreedom
1CRFpatientgroup
J
( CRF progressors 73 92 127 026
1
! CRF Non-proeressors 23 10 33
I !
: Total 96 29 125 1
Bt o e e e l I

It was noted earVier (Chapter 3, section 3.4.1) that the CRF parameters (proteinuria and
serum creatinine) mere higher significantly in males than females. The allele frequencies
were tested according to gender (Figure 4.12). It was found that there was no significant

difference in allele frequencies between males and females (Table 4.12),

Figure 4.12. The distribution o fL eul OPro genotype according to gender

m Females
ElMales 1

LeulOPro genotyes
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Table 4.12. The allelefrequency o fLeulOPro genotype according to gender

| CC+TC frequency
i
| TT frequency

| Total
1

4.5.3 Proteinuria

jFemales Mates  Total Chisquare (atone
degree o ffreedom)

j27 69 96 0.092

1

19 20 29

136 89 125

Pvalue

There was no difference in proteinuria at diagnosis or during the follow-up between
patients with CRF of different LeulOPro genotypes [p(F-test) = 0.03, p(t-test) = 0.46] or
during follow-up [pCT-test) = 0.026, p(t-test= 0.8)] (Pigure 4.13).

Figure 4.13. The distribution o fproteinuria (mean+SEM) according to LeulOPro

genotype in the CRFpatients

Proteinuria at diagnosis ~ Proteinuria during follow up
LeulOPro genotypes
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4.5,4 Bloodpressure
There was no significant difference between blood pressure in CRF patients according to

Leu 10Pro poljmorphism (Figure 4, J4).

Figure 4.6. LeulOPro genotype according to blood pressure (meandtSEM) in the CRF

patients group

170

mi\:z6 paoenss mju:t>y querns uuuzy patients

Abbreviations: SBPd; systolic blood pressure at diagnosis, DBPd: diastolic blood
pressure at diagnosis, SBPf: systolic blood pressure during follow-up, DBPf: diastolic

blood pressure during follow-up.

4.5.5 Glomerulosclerosis (GS)

Twenty-two patients were analysed. Three of the 5 patients homozygous for the T allele
(TT) had severe GS compared to 9 of 17 the heterozygotes and homozygotes for the C
allele (Figure 4.15). This result was not significant (p value > 0.05 at one degree of

freedom).



Figure 44 5. @ The distribution o f seventy o fglomerulosclerosis (GS) according to
LeulOPro genotype

m Mild GS
m Severe GS

TT TOCC
LeulOP*o genotypes

Figure 4.15, b. Theproportion o fmild and severe GS according to LeulOPro genotype

n=17

GMIdGS

m Severe GS

T TC+HCC
b) LeulOPro
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4.5,6 Tubulointecstitialfibrous

The distribution of patients with tubulointerstitial fibrosis according to LeulOPro
genotype is shown in (Table 4.13). The result was not significant (p value = 0.4 at one

degree of freedom).

Table 4.13. Distribution o fgenotypes amongpatients with interstitialfibrosis (IF)

1cc TC/TT Total h (Tates' correction)

S ; I I
Mild IF . | 12 7

is

b

Severe IF i~
Tot ' il 22 | )
otal r _i 6 ’ J

4.5.7 Renatinterstitial cell infiltration (ICS)

Genotyping was done for /9 patients who had pathology sections available. There was no
significant difference between the severity of ICI in T-homozygoles compared to other

patients (Figure 4.16).

Figure 4,16. The distribution o fthe severity o fIF according to Leu 1fiPro genotype

LeulOPro
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4.6 Arg25Pro

One hundred and forty three CRF patients and 78 white Caucasian individuals from
Sheftield were genotjped (Figure 4.17). There are two lanes for each subject tested Even
numbered lanes represent the C-allele and odd numbered lanes (expect lane 1) represent

the G-allele.

Figure 4.17. Figure4.2. ARMS PCRfor genotyping at Arg25Pro

I 23 45 67 8 9 10 It

1353bp——--—--
872hfs
310hp
281tsp
T
; 1strow
I Lane 1 Marker (<5>X174 DNA/Haelll)
Lane 2&3 Homozygote (GG)
Lane4&5 Heterozvgote (CG)
Lane 6&7 Homozygote (GG)
Lane 8&9 Homozygote (GG)
Lane i0O&i 1 Homozygote (GG)
2nd row
Lane 1 Marker (4X174 DNA/Haelll)
Lane 2&3 Homozygote (GG)
Lane4&5 Homozygote (GG)
Lane 6&7 Homozygote (GG)
Lane S&9 Heterozygote (CG)

Lane 1G&I1 Negative control (no DNA template)



Allele frequencies were not significantly different in CRF patients compared to the

control group (Table 4.14).

Table 4.14, Arg25Pro genotypes in the controlgroup and CRFpatients

fGenotyping [ GG GC cc Total  Allelefrequencies
1- Control group )59 719 0 78 (T =0.87,C=0.13)
2-CRFpatientsgroup 112 130 1 143 (G=0.89,0=0.11)
L

The balance of genotypes did not differe from that expected in a population in Hardy-

Weinberg equilibrium in either the patients or control groups (Table 4.15).

Table 4.15. Hardy-Iteinherg analysisfor Arg25Pro in the controland CRF patients

groups
[t e e e ]t[Observedgel_w;y pes % Expectedgenompes
I
11) Control
Heterozygous 19 il 16.5
Homozygous G 159 77 N
Homozygous C L ) a0
Total JJi'78 INEY 78

it) CRF patients j

group
Heterozygous 'J 112 78 111
Homozygous G 130 21 30
Homozygous C 1T 1

Total 143 100 2143
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Hardy-Weinberg equation in the control group:

X2=  (Observed -Ex
Expected

(59-60.1if +(19-16.512+(0-0.0212=0.42
60.1 16.5 0.02

p value tor x2at two degree o f freedom = 0.77

Hardy-Weinberg equation in the CRF group:

X = (Observed - Expected)*
Expected

(30- 302+ (112-i102+(1- 2f=0.5
30 111 2

p value for %2at two degree of freedom = 0.8

The balance of genotypes observed did not differ from Hardy-Weinberg expectations in

either control or CRF groups (p value > 0.05).
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4.6.1 Susceptibility to CRF

There was no significant difference inthe carriage ofthe G allele in the CRF patient

group compared to the control group.

Table 4.16. Testing o fthe susceptibility o fgenotype atArg25Pro to CRFin CRF

patients group

Without ¢ With C

(GG) (CG+CC)

CREF patients 112 31

group

Control group 59 19

Total 171 50

CRF pogressors 94 18
Control group 59 19

Total 153 37

When patients with PKD or OU were excluded from the analysis, there was a trend for

the G allele to be higher in patients with CRF compared to the control group (Table 4.17).
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143

78

221

112

78
190

P value (at
degree o ffreedom)
0.2 0.65
2 I 0.15
I
I......



Table 117. Testingfor association o fgenotype at Arg25Pro with susceptibility to CRF
in CRF patients without FED or obstructive uropathy

Without C With C Total » P value fat two )
1 GG) (CG+CC) degree o ffreedom) |
i1 CRF progressors m 14 102 3.35 0.06
j Control 59 19 78 | . |
\ | |
| Total 147 33 180 I 9
I 1

4.6.2 Progression o fCRF
The distribution of genotypes among progressors and non-progressors patients is shown

in table 4.16, and figures 4.1 S.

Table 4.16. Testingfor association ofArg25Pro genotype with progression o f CRF

[ | Without C ffllh C Total JP value (al one:}
(GG) Jj ([CG+CC) ) degree 0ffreed0m2 '
: I I
j CRF progressors 194 I18 112 9.57 10.00198* 1
| S i
I CRF non-progressors  sg | 13 31
1 \
! i
! Total 12 :3i 143 1



Figure 4,18. a. The distribution o fprogressors and non-progressors according to the

Arg25Pro genotype
n=84
GG CGHGG
Arg25Pro genotypes
a) Progresses O Non-processors

Figure 4.18. b. The proportion o fprogressors and non-progressors according to the

Arg25Pro genotype

n=112 j

m=31

Arg25Pro genotypes

[Progresses 0 Noo-progressors
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There was a higher risk of progressive CRF in the G-homozygotes (GG) compared to

patients with other genotypes in both the total CRF group (Table 4.16) and after

exclusion of patients with PKD and obstructive uropathy. The homozygous patients for

the G allele had a significantly higher number of progressors compared to the other

genotypes in the total CRF patients group (odds ratio 3.77, 95% confidence interval, 2.2 -

6) and after excluding PKD and obstructive uropathy (odds ratio=5.00, 95% confidence

interval 2.7 - 9).

It was noted earlier (Chapter 3, section 3.4.1) that some CRF parameters (proteinuria and

serum creatinine) were significantly higher in males. The allele frequencies were then

tested according to gender (Figure 4.19). It was found that there was no significant

difference in allele frequencies according to gender (Table 4.18).

Figure 4.19. The distribution o fthe Arg25Pro genotype according to gender

m Females
U Males

Table 4.18. The allelefrequency ofArg25Pro genotype according to gender

r {Females jMales  Total Chisquare (atone
r degree o ffreedom)
| G-frequency }37 f 76 113 1
JC-frequency 7 %23 30
J

; Total 44 199 143



4.6.3 Proteinuria

There was no difference in proteinuria at diagnosis or during the follow-up between

patients different Arg25Pro genotypes.

On the other hand it was noted that in CRF patient without PKD or obstructive uropathy,
there was a higher level of proteinuria at diagnosis in G-homozygoles (P = 0.038) (Figure

4.20).

Figure 4.20. Proteinuria (mean+SEM) according to LeulOPro genotype in the CRF

patients

3.5
3
2.5
2
1.5
1 WY
0.5 fr%qnj-\MHS
0
GG CG+CC GG CG+CC
At diagnosis During follow up

Arg25Pro



4,.6,4. Bloodpressure

Although there was no significant association between Arg25Pro genotype and increased
systolic blood pressure at diagnosis, there was a significant association between the
presence of the C allele and increased diastolic blood pressure at onset in the CRF group.
There was no significant association between genotype and systolic or diastolic blood
pressure during foilow-up in the CRF group (Figure 4.21). On the other hand there was
no association between the blood pressure and genotype in CRF patients without PKD or

Oou.

Figure 4,21, Arg25Pro genotype and bloodpressure (meandSEM) in the CRFpatients

group

Abbreviations: SBPd: Systolic blood pressure at diagnosis, DBPd: Diastolic blood
pressure at diagnosis, SBPf; Systolic blood pressure during follow-up, DBPf; Diastolic
blood pressure during follow-up.

*= statistically significant (p=0.045).



Twenty eight patients were diagnosed as having hypertensive glomerulosclerosis. There
was a highly significant association of hypertensive nephrosclerosis with homozygosity

for the G allele (2= 11 at one degree of freedom, p =0.0009) (Table 4.19).

Table 4.19LThe distribution ofArg25Pro genotyping according to CRFprogression in

hypertensive nephrosclerosis

"

— e m' o
T e, GG Total Jljjf(Ya tes' correction)
L |
I CRF Progressors [9 1 1 20 ] 11
J CRF Non-progress 3 ] 5 q
ors !
i i
Total 22 ] 6 28
1 I

4.6.5 Pathologicalprocesses
Twenty-four renal sections were analysed. The pathological processes were classified

into two main categories; glomerulosclerosis (GS) and tubulointerstitial fibrosis (IF).

4.6.5.1 Glomerulosclerosis (GS)
Twenty-four sections from the CRF patients were studied It was noted that
homozygosity7for the G allele was much more common in severe GS compared to mild

GS [x“(Yates7correction= 4.2, p value = 0.04 at one degree of freedom] (Figure 4.22).
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Figure 4,22 a. The distribution o fsevere and mild glomerulosclerosis (GS) according

to Arg25Pro genotype

SISevereGS HMIAGS

*: p value = 0.04

Figure 4.22,b Theproportion o fmild and seiere GS according to ArgISPro genotype

0.8 .

c 0.7 n
22 WSW B
gqe 0.6 1 W

-’ 0.5
@; 0.4
e n=7
¢ 0.3
3 0.2
(% 0.1

0 GG CG
Arg25Pro
b) ere Mild GS
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4.6.5.2 Tubulaintersiitialfibrosis (IF)

The distribution o f genotypes according to the severity of IF is shown in table 4,20, There
was no statistically significant difference between the Arg25Pro genotype and the
severity of IF (p=0.65 at one degree of freedom).

Table 4.20. The distribution ofArg25Pro genotype according to the severity o f

interstitialfibrosis

GC/CC  Total X (Tates* correction)

)
1 Moderate interstitial fibrosis 13 6 19 0,2 ]

%evere interstitial fibrosis I 2 5 1

[ ]
»
1 Total 16 8 24
1
| |

4.6.5.3 Renalinterstitial cellular infiltration (ICI)
Genotyping was performed for 22 patients who had pathology sections available. There
was no significant difference between the extent of ICI in patients homozygous for the G

allele compared to others (p value = 0.3) (Figure 4.23).

Figure 4.23. The distribution o fArgIiSPro according to interstitial cellular infiltration
(mean+SEM)

Arg25Pro genotype
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4.7 Thr263Ite
One hundred and foil} Zwo CRF patients were genotyped by using mutation screen PCR
(figure 4.24).

Figure 4.241 Gen&typing at Thr263Me

1 2 3 4 5 6 7 8 9 10 N

Lane [ is the marker (3K174 DNA/Haelll), lanes samples 2 -8 are homozygousfor the C
allele, sample 9 is heterozygous (C)

Five patients were heterozygous (CT), the remaining patients were homozygous for the C
(CC) allele- There was no significant association between the different alleles at
Thr2631le and the different parameters of CRF.

The genotyping results were checked by the Hardy-Weinberg analysis. The genotyping
balance of genotypes did not differ significantly from that expected from a population in
Hardy-Weinberg equilibrium (Table 4.21).
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Table 4.21. Hardy-Weinberg analysis o f Thr2631le
INo o fobserved genotyping

| frequencies
CRF patients group
Heterozygous 5
Homozygous C J 137
Homozygous T 10
Total 142

1

Hardy-Weinberg equation in CRF group

Expected

%

35
96.43

0.0031

100

(137-136.9j2+ (5-4.9712 + (0-0.Q43)2= 0.0.00042

136.9 4.97 0.043

p value for x attwo degree of freedom = 0.9

The balance of genotypes observed did not differ from Hardy-Weinberg expectations (p

value > 0.05).

4.7.1 Progression of CRF

There was no significant difference between the genotypes of the progessors and non-

No o fexpecting genotyping

frequencies

4.97
136.9

0.043

142

progressors (Table 4.22) (odds ratio 2.9, 95% confidence interval -1.1 - 9).

Table 4.22. Theprogression ofCRF according to Thr263Re genotype
cC IC Total [ atone degree offreedom P value

(Yates* correction)

| !
CRFpatients 0.72
Progressors j 108 j3 142
IMon-progressors 129 |12 55

1 k
Total 192 Ii 105 197
.......... | I
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There was no significant association between Thr263lle genotype and protetnuria at

diagnosis or during the follow-up (Table 4.3