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ABSTRACT
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Chronic graft dysfunction (CGD) is an important post-transplant complication. CGD can be
considered as an impaired repair process, which ultimately leads to the loss of graft
function.To study non-immunological factors contributing to the development of CGD in
kidney grafts we used in vitro and in vivo models, and clinical studies.

We studied the actions of hyperlipidemia in vitro. LDL induced increased expression
of TGF-β1 and TGF-β receptors type I and type II. Smad2 phosphorylation could be induced
by conditioned medium from mesangial cells incubated with LDL.

The effects of Fluvastatin and AT1 receptor blocker Candesartan cilexetil on aortic
graft arteriosclerosis in the rat were evaluated. Fluvastatin neither alone nor in combination
with Cyclosporine A affected allograft remodelling, but reduced neointima formation in
isografts. Candesartan cilexetil treatment reduced graft arteriosclerosis. The effect is explained
by the reduction of TGF-β1 expression.

We investigated the effects of Carvedilol in patients with CGD. Carvedilol failed to
alter the CGD progression despite the efficient control of blood pressure, and a beneficial
effect on lipid pattern and oxidation. Close control of CyA blood levels is recommended due
to interaction between CyA and Carvedilol.

Measurement of Ab-oxLDL in kidney graft recipients demonstrated that these patients
had lower Ab-oxLDL levels as compared with the control group. Decreased Ab-oxLDL levels
were associated with graft loss due to acute rejection and with ischemic heart disease.

In this thesis we have addressed several important complex issues, which are
interconnected: (1) development of chronic graft dysfunction (2) lipoproteins and their role in
inducing pathological conditions like atherosclerosis and graft damage, (3) oxidation, (4)
TGF-β and its’ role in different pathological conditions, including renal and vascular damage.

Key words: Chronic graft dysfunction, kidney transplantation, aorta transplantation, lipid
oxidation, LDL, TGF-beta, Smad2, angiotensin II receptor, treatment.
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…the real challenge is to interfere with the
chronic  phase of self-perpetuating process

E Ritz et al.,

Why? The best way to explain is to do it.
Lewis Carrol
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Ab-oxLDL antibodies against oxidised low density lipoprotein

Ang II angiotensin II

Apo apolipoprotein

AT1     angiotensin II receptor type 1

AT2    angiotensin II receptor type 2

AUC area under the curve

CGD  chronic graft dysfunction

Chol cholesterol

CyA Cyclosporine A

ECM extracellular matrix

FCS fetal calf serum

HDL  high density lipoprotein

HMG CoA 3- hydroxy-3-methylglutaryl coenzyme A

LAP latency associated peptide

LDL low density lipoprotein

LLC large latent complex

LTBP latent TGF-β binding protein

MC    mesangial cell(s)

MDA malondialdehyde

oxLDL oxidised low density lipoprotein

RAS   renin-angiotensin system

ROS  reactive oxygen species

statin HMG CoA reductase inhibitor

TG triglycerides
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I INTRODUCTION: RELEVANCE OF THE SUBJECT
Organ transplantation with appropriate immunosuppression allowed a major breakthrough in

the treatment of patients with end-stage failure of the respective organ, such as heart, lungs,

kidney, and liver. Transplantation provides a better quality of life and reduces treatment costs,

although the latter still remain high. Up-to-date immunosuppression has reduced the number

and the severity of acute rejections and improved the early outcome of organ transplantation.

However the problem of so called ”chronic rejection” i.e. ”graft arteriosclerosis” i.e. ”chronic

graft dysfunction” remains largely unsolved, as is also reflected by the number of terms used

to define this condition. We have chosen to use the term “chronic graft dysfunction”(CGD)

because we consider it to be the most accurate description of the phenomenon at the current

state of medical knowledge about it. Presently CGD accounts for 50-80% of graft loss in the

late posttransplant period. In this thesis we shall primarily address the subject of the chronic

graft dysfunction of transplanted kidneys, some of the non-immunological factors involved in

the development, and new therapeutic approaches.

II REVIEW OF THE LITERATURE

Definition
CGD of renal allograft can be defined as a state of impaired graft function at 3 months or later

post-transplant, independent of acute rejection, drug toxicity, recurrent or de novo specific

disease, and which has typical morphological features (Paul et al., 1993, Halloran et al., 1999).

Pathophysisology and morphology
Causes of CGD are traditionally divided into immunological and non-immunological, and

recent findings prove a strong connection between these two groups. In another way risk

factors for CGD can be defined as those influencing the quality of transplanted tissue (donor

age and health condition, brain death, harvesting, implantation, reperfusion), immune

response (HLA match, acute rejection, immunosuppression), and posttransplant load (size,

mismatch, hypertension, drug toxicity, infections, dyslipidemia). It is hypothesised (Halloran

et al., 1999) that the early events such as procurement, ischemia-reperfusion, and

immunological conflict, inflict the initial graft damage/activation, and the process is further

maintained or even aggravated by immune mechanisms, along with functional load,

hyperlipidemia, hypertension, infections, and even adverse effects of the immunosuppressive
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drugs. As a result, tissue repair from the initial insult is disturbed, and can lead to a sustained

damage. Experimental studies demonstrated that kidney graft damage is reversible only until a

certain critical time-point, after which progression of both morphological and functional

changes cannot be restored (Tillius et al., 1994). The analysis of the outcome of 522 renal

transplantations demonstrated a correlation of early graft losses with acute rejection, while late

graft loss correlated with donor age and supposedly work overload (Prommool et al., 2000).

The contribution of each of the factors to the development of CGD may differ from case to

case. So Matas et al., (2000) demonstrated that only immunological factors (acute rejection)

are important for living donor graft recipients, while both immunological and non-

immunological (delayed graft function, age over 50 years, black recipient race) factors are

risks for decreased cadaveric graft survival.

Morphology of the grafts

Typical for CGD morphological findings of solid organ grafts are arteriosclerosis and

interstitial fibrosis. Accelerated coronary artery disease otherwise called cardiac allograft

vasculopathy is found in 45–75 % of transplanted hearts (Costanzo et al 1996, Yeung et al.,

1995). Histological features of CGD of liver allografts include obliterative arteriopathy of

large hepatic arteries and loss of small bile ducts, hepatocellular swelling and perivenular

fibrosis. Morphological findings in lung graft CGD include obliterative bronchiolitis and

arteriosclerosis. The Banff classification (Solez et al., 1993) defines histological hallmarks of

renal CGD as intimal thickening, arterial and interstitial fibrosis, and tubular atrophy. Diffuse

glomerulopathy with thickening or duplication of the basal membrane and matrix deposition,

is observed as well, and in advanced cases segmental focal glomerulosclerosis may be found

(Zollinger and Mihatsch, 1978, Mihatsch et al., 1995).

Both intrinsic renal cells such as mesangial, tubular, endothelial, smooth muscle cells,

fibroblasts and invading cells such as leukocytes, monocytes/macrophages are actively

involved in the development and perpetuation of CGD.

Mesangial cells (MC) occupy a ”strategic” position within the glomeruli. They are involved in

a variety of processes: provide structural support for the capillary loops, modulate glomerular

filtration, generate vasoactive agents (renin, prostaglandins), participate in the formation and

turnover of the extracellular matrix, produce biologically active substances such as PDGF,
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TGF-βs, bFGF and IGF-I. MC can be affected by several factors, contributing to the

development of CGD: blood pressure, hyperlipidemia, and immunosuppressive drugs. MC

response to these factors includes growth factor production, increased matrix protein synthesis

combined with reduced matrix degradation, changes in MC proliferation, and ultimately MC

apoptosis, all together resulting in glomerulosclerosis (Sterzel et al., 1992) and loss of

function. MC proliferation in the normal adult kidney is tightly regulated. Growth rate of MC

in situ is estimated to be below 1%. It is supposed that MC in the normal glomeruli are

protected by either growth factor receptor down-regulation or presence of growth-inhibitory

factors. Disturbance of MC growth control plays an important role in the pathogenesis of

glomerular injury (Striker et al., 1991). Transforming growth factor-beta (TGF-β) is

recognised as one strongly influencing MC biology (Jaffer et al., 1989, Dubey et al., 1997).

The pathophysiological significance of TGF-β will be discussed later. Anti-MC antibodies

present in sera of kidney graft recipients are supposed to be involved in progression of CGD

(Shi et al., 1996, Paul et al., 1998).

Endothelial cells are situated at the interface between the circulating blood and the vessel

wall, and are strongly affected by the changes within the circulatory environment. Endothelial

cells are involved in the regulation of vascular tone, coagulation state, and inflammation.

Endothelial cell injury is an important step in the development of graft damage by turning

these cells from a non-coagulant barrier between intra- and extra-vascular compartment into

pro-coagulant cells, which promote lymphocyte adhesion and infiltration (Kouwenhoven et

al., 2000).

Vascular smooth muscle cells (VSMC) contribute much to the development of graft

arteriosclerosis. Neointima is greatly composed by the migrating VSMC, and the degree of

VSMC migration and/or proliferation was found to correlate with the size of graft neointima

(Shi et al., 1996). VSMC behaviour in the vascular wall is affected by lipid metabolism,

angiotensin II (Ang II), TGF-β, oxidative state, etc.

Monocytes/macrophages are found to be the main infiltrating cells during CGD perpetuation.

Depletion of macrophages in a knockout model resulted in a significant decrease of

neointimal formation (Shi et al., 1996). Monocytes enter the vascular wall where they
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differentiate into macrophages. When activated macrophages influence resident and

infiltrating cells through production of growth factors (PDGF, TGF-β, bFGF, VEGF).

Growth factors and bioactive substances

Alterations in the balance of cytokine and growth factor production by intrinsic cells of

infiltrating leukocytes and macrophages can perturb regional homeostasis, leading to changes

in tissue repair and resulting in pathological conditions.

Reactive oxygen species (ROS)

ROS are reactive chemical entities (free radicals and non-radical derivatives), which have one

or more unpaired electrons. They can be generated by oxidases (xantine oxidase, galactose

oxidase, aldehyde oxidase NADPH oxidase), lipooxygenases, mitochondrial transport system,

neutrophil activation, activation of RAS, etc. ROS are involved in normal cell functions,

serving as signalling molecules, but when produced in excess ROS elicit harmful effects. It is

suggested that oxidative signals modulate vascular inflammatory genes, which participate in

the development of atherosclerosis (Kunsch and Medford, 1999). ROS deserve special

attention in the context of chronic graft damage since they participate both in the initiation of

the graft damage by ischemia-reperfusion, and contribute to the perpetuation of the process.

Sources of ROS are both resident cells, infiltrating and circulating cells. There are increasing

evidences that not only ischemia-reperfusion but also hyperlipidemia and hypertension induce

oxidative stress in the arterial wall (Alexander, 1995, Dimmeler et al., 2000). Scheuer et al.,

(2000) reported an increase in glomerular and tubulointerstitial generation of ROS induced by

cholesterol feeding in rat. Signalling via Ang II type 1 (AT1) receptor also stimulates oxidative

stress (Rajagopalan et al., 1996). It is suggested that deviations from the normal arterial wall

structure and/or function may alter oxygen distribution pattern within the arterial wall and

promote oxidation (Crawford and Blankenhorn 1991). Thus, development of arteriosclerosis

may by itself sustain progression of graft damage. Increased oxidation was repeatedly reported

in transplanted patients (Taylor et al., 1993, Davenport et al., 1995, Holvoet et al., 2000).

Transforming growth factor-beta

TGF-βs are be pleiotropic factors involved in most processes linked to the control of somatic

tissue development and repair such as wound healing, angiogenesis, atherosclerosis, bone

metabolism, inflammatory diseases, tumour development, and fibrosis (Border and Noble,
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1994). TGF-βs exert different effects on cells depending on the cell type, developmental stage

of the particular cells, and on the conditions of in vivo or in vitro environment. Three major

isoforms of TGF-β identified in mammals are TGF-β1, TGF-β2, and TGF-β3. Among

mammals, the sequence for TGF-β1 is highly conserved (Burt, 1992). The biologically active

mature TGF-β1 is a 25 kDa polypeptide consisting of two identical disulfide-linked

monomers. TGF-β is secreted by cells in a latent complex, which does not bind to TGF-β

receptors. Latent complexes exist in two forms, “small” and “large” (reviewed by Gleizes et

al., 1997). Large latent complex (LLC) consists of mature TGF-β located to C-terminus of

latency-associated peptide (LAP), which is bound via disulphide bonds to latent TGF-β-

binding protein (LTBP). Small complex includes only mature TGF-β and LAP. LAP exists as

a dimer and in addition to keeping TGF-β latent LAP enhances folding and secretion of TGF-

β. LTBP is a 125 to 190 kDa glycoprotein (range of sizes is attributed to the differences in

proteolytic processing). Three isoforms of LTBP have been described. It is suggested that

TGF-β bio-availability may be determined by LLC formation and the LTBP isoforms (Munger

et al., 1997). LTBP is able to associate with extracellular matrix (ECM), and by this way

permit storage of TGF-β until activation (Taipale et al., 1994). TGF-β activation is achieved

in several ways, which in vivo include proteolytic enzymes (chymase, elastase, plasmin,

thrombin), glycosidases (endoglycosidase, sialidase, neuraminidase), thrombospondin-1, and

ROS (Barcellos-Hoff et al., 1996, Munger et al., 1997). In vitro TGF-β can be activated by

transient acidification (below pH 4), alkalization (above pH 9), or heating (60-80ºC) (Brown

et al., 1990). Plasmin may activate TGF-β either by the release of latent TGF-β from matrix

storage or by direct activation of latent TGF-β (Munger et al., 1997). Because TGF-β can

induce increased PAI-1 levels, this plasmin activation system may be considered self-

regulating. The general hypothesis on the process of TGF-β activation as proposed by Munger

et al., (1997) includes two major steps - latent TGF-β bound to the matrix is released by one

or more proteases, and associates with the cell surface where it is activated by plasmin.

Upon activation TGF-β binds to TGF-β receptor type II (TβR-II), TGF-β receptor type I

(TβR-I) is then recruited into TGF-β/TβR-II complex and phosphorylated by TβR-II

(reviewed by Attisano and Wrana, 1996). Intracellular signalling pathway involves Smad

protein family (Miyazono et al., 2000). Smads can be divided into three subclasses,
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distinguished by their functions in signalling. “Receptor-activated” Smads (R-Smads), include

Smad2 and Smad3, and are directly phosphorylated by activated TβR-I. These Smads interact

with the next subclass of so called “common-partner” Smads (Co-Smads) – Smad4.

Complexes of R-Smads/Co-Smads are translocated to the nucleus, where, in association with

DNA-binding partners they regulate transcription of target genes. The third subclass is called

“inhibitory” Smads (Smad6 and Smad7), and function as negative feedback regulators to

repress TGF-β responses. Recent investigations demonstrated that Smads act rather as co-

factors determining target genes that will be activated in response to TGF-β. Transcription

factors, which have been identified as Smad partners are FAST-1, AP-1, TFE3 (reviewed by

Massagué and Wotton, 2000). TGF-β induced Smad signalling is confirmed in mesangial

cells in vitro (Poncelet et al., 1999).

TGF-β is involved in the development of renal damage in many ways. It is implied to be

involved in the development of some hereditary diseases like Alport syndrome (Sayers et al.,

1999). Glomerular expression of TGF-β is increased in human glomerular disease (Yoshioka

et al., 1993), and in diabetic nephropathy (Border and Noble 1993). Increased plasma levels of

TGF-β1 are found in patients with pyelonephritis, renal carcinoma and dialysis patients

(Junker et al., 1999). Expression of TGF-β1 in the rat kidney was found to increase after

ischemic injury, and it was linked with the increase in mRNA for TIMP-1, collagen IV,

fibronectin, PAI-1 (Basile et al., 1998). Neutralisation of TGF-β1 with anti-TGF-β antibody

reduced mRNA expression of ECM proteins and proteinases by 27-73%. The authors

hypothesised that TGF-β activity induced by ischemia participates in renal regeneration by

promoting ECM synthesis. Other authors, on the contrary, suggest that TGF-β promotes

tubuloepithelial hypertrophy, stimulates ECM production, and is likely to be contributing to

sclerotic processes in the kidney (Sharma and Ziyadeh 1993).

TGF-β is involved in immunoregulation, and can affect production of IL-1, TNF-α, IFN-γ,

decrease IL-1 and IL-2 receptor expression, as well as T-cell and macrophage activation

(Sasaki et al., 1992). These effects may play an important role in the development of renal

damage, including CGD. For example, TGF-β1 inhibits T cell toxicity and their ability to

initiate interstitial nephritis in a mouse model (Meyers and Kelly, 1994). TGF-β-producing T-
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cells are found to considerably reduce autoimmune response, including glomerular IgG

deposition in a rat model (Bridoux et al., 1997).

There are different opinions on the role of TGF-β in the development of CGD. Several lines

of evidence support the hypothesis of the pro-atherosclerotic effect of TGF-β.  Use of anti-

TGF-β antibody was able to reduce neointimal formation (Wolf et al., 1994), while

administration of TGF-β stimulated neointima formation (Kanzaki et al., 1995). Increased

TGF-β was found in graft arteriosclerosis of aortic grafts (Waltenberger et al., 1996, Little et

al., 1999), in a rat model of chronic rejection of renal grafts (Shihab et al., 1996), in

transplanted hearts undergoing chronic rejection (Waltenberger et al., 1993), and in biopsy

material from renal grafts (Horvath et al., 1996). Other authors suggest that TGF-β by serving

as a negative regulator of Th1 response may attenuate transplant arteriosclerosis (Koglin et al.,

1998). However, in this study TGF-β deficiency was limited to the cells infiltrating the graft

but did not change the VSMC contribution to vascular remodelling as reflected by the

expansion of neointimal SMC and the degree of perivascular fibrosis. Little et al., describing

dichotomy between TGF-β1 serum levels and expression in the graft, suggested that TGF-

β1 effect depends on the gradient between the circulatory system and the graft (Little et al.,

1999). Clinical studies in which TGF-β expression was evaluated in kidney graft material or

in plasma of patients with renal graft dysfunction are few and do not allow to draw any

conclusion (reviewed in Jain et al., 2000). Given up-to-date knowledge on TGF-β it is

difficult to establish the direct pathophysiological connection between TGF-β expression and

the development of graft arteriosclerosis.

Angiotensin II

Ang II elicits its biological actions by binding to specific receptors on the target cells. Two

major Ang II receptor subtypes have been identified so far – AT1 and AT2. These receptors are

structurally distinct, and frequently have opposite effects on the cell. Physiological and

pharmacological studies revealed that most of the known biological actions of Ang II are

mediated by AT1 receptors, while AT2 receptors seem to be involved in fetal development, but

are also up-regulated in some pathological conditions. It has been suggested that the ratio

between AT1 and AT2 receptors may determine Ang II effect on the particular cell, such as

VSMC and MC (Dubey et al., 1997).  Major sites of AT1 and AT2 receptors are the kidneys,
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adrenal gland, heart, and brain (Allen et al, 2000). Distribution of AT1 receptors is highly

conserved between species, whereas that of AT2 is variable. High densities of AT1 receptors

are found in the glomeruli, where they localise to MC, and on the interstitial cells throughout

the inner stripe of the outer medulla. AT1 mRNA and the protein are also detected in proximal

tubular cells, distal tubular cells, and VSMC. The distribution of AT1 and AT2 receptors in

blood vessels is highly site and species specific. AT1 receptors are detected in VSMC of most

arteries and in the adventitia of some. AT1 receptors are found at different densities in the

heart. AT1 and AT2 receptors possess seven trans-membrane domains that are characteristic to

G-protein-coupled receptor super-family. Ang II induced signalling involves multiple second-

messenger systems - protein kinase C, phospholipase C, ERK, JAK-2, JNK, and others,

however the particular role of all these signalling systems is not known (Timmermans et al.,

1993, Inagami, 1999).

Ang II was at first considered to be mainly a vasoactive molecule, but recent studies have

described pleiotropic effects of Ang II on vascular structure (Daemen et al., 1991, Pratt,

1999), macrophage activation (Hernandez-Presa et al., 1997), and oxidation (Rajagopalan et

al., 1996, Ushio-Fukai et al., 1999) - all possible contributors to atherosclerotic lesion

formation. Ang II upon binding to AT1 receptor affects VSMC proliferation (Su et al., 1999),

matrix production (Kim et al., 1995), IL-6 synthesis (Kranzhöver et al., 1999). Many of Ang II

effects, mediated by AT1 involve autocrine TGF-β loop (Liu et al., 1997, Ford et al., 1999).

AT1 blockade experiments elucidated the role of Ang II in the development of cardiovascular

diseases, and demonstrated that AT1 receptor blocking was able to improve recovery in most

cases of vascular and cardiac damage (reviewed by Kim and Iwao 2000). Inhibition of AT1

receptor helps to improve the outcome after 5/6 nephrectomy in the rat (Hamar et al., 1999).

Preservation of cardiac graft and reduction of coronary arteriosclerosis by an AT1 receptor

blocker was reported by (Furukawa et al., 1996). AT1 receptor blockers are used for blood

pressure control in renal graft recipients (Stigant et al., 2000), however it is not known yet

whether AT1 receptor blockade will provide additional benefits besides blood pressure control

for this group of patients.
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Lipid metabolism and oxidation

Changes of lipid metabolism and oxidation are implied to influence the outcome of solid

organ transplantation by increasing the risk for both cardiovascular complications and for the

development of CGD (Dimeny et al., 1993B, Kobashigawa and Kassiske, 1997).

Lipid oxidation occurs under normal physiological conditions (Craig et al., 1995A), is

increased in many pathological conditions including kidney (Vega et al., 1995, Warwick et al.,

1993), cardiovascular diseases (Holvoet et al., 1995, Salonen et al., 1997), and in the

posttransplant period (Ghanem et al., 1996, Holvoet et al., 2000). Products of lipid oxidation

are present in atherosclerotic lesions (Hammer et al., 1995, Palinski et al., 1996) and in renal

biopsy material  (Lee et al., 1998). Recent studies demonstrated existence of different types of

lipid oxidation, cell-mediated oxidation, copper or iron induced oxidation, myeloperoxidase

oxidation, resulting in a variation in biological properties of oxidation products (Harduin et

al., 1995). Copper and endothelial cell-mediated oxidation produce a similar apolipoprotein

(Apo) B fragmentation, while malondialdehyde (MDA)-modification of low-density

lipoprotein (LDL) produces an aggregated Apo B (Viita H et al., 1999). Differences in Apo B

breakdown and aggregation patterns may affect immunological and biological properties of

oxidised LDL (oxLDL), for example uptake by macrophages or binding on fibroblasts

(Harduin et al., 1995). LDL binds to the LDL receptor, which is trans-membrane glycoprotein

with a large extracellular domain and a short intracellular domain (Hussain et al., 1999). LDL

receptor binds also IDL, VLDL, and lipoprotein lipase. OxLDL binds to several, so called

scavenger receptors, for example CD36, CD68, MARCO, FcγRII, LOX-1 (Endemann et al.,

1993, Stanton et al., 1992, Sawamura et al., 1997). These receptors bind either oxLDL or an

immune complex containing oxLDL and antibody against oxLDL (Ab-oxLDL). Wu et al.,

(1995) suggest that oxLDL in an immune complex can be taken up easier compared to free

oxLDL. Since oxLDL are known to have several damaging effects on cells, it is assumed that

binding of oxLDL to Ab-oxLDL is a beneficial event. However it should be noted that binding

of immune complexes can activate macrophages (Keiner et al., 1995).

In vitro studies have demonstrated that lipoproteins have multiple effects on VSMC,

endothelial cells, and renal cells. OxLDL is believed to be more biologically active compared

to native LDL. OxLDL is able to suppress LPS-induced gene (IL-1β, TNF-α) expression in

macrophages (Hamilton et al., 1995), and induce enhanced expression of MHC class II
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molecules on human monocytes (Frostegård et al., 1990). OxLDL also has proliferative or

cytotoxic (dependent on concentration and incubation time) effects on vascular smooth

muscle cells (Augé et al., 1995), stimulates collagen synthesis by cultured arterial smooth

muscle cells (Jimi et al., 1995), alters expression of VSMC contractile proteins (α-actin,

smooth muscle myosin) (Damiani et al., 1998), activates Fas-mediated endothelial cell

apoptosis (Sata et al., 1998), and induces apoptosis in cultured VSMC (Nishio et al., 1996).

Differences in the reported LDL/oxLDL effects on cultured cells, depend upon LDL

preparation, concentration, oxidation state, and stimulation time.

LDL and oxLDL exert multiple effects on mesangial cells. Presence of LDL receptors and

their ability to specifically bind LDL was demonstrated on cultured rat MC (Wheeler et al.,

1991). Similarly, human MC in vitro bind, take up, and degrade LDL and oxLDL (Krämer-

Guth et al., 1996). In rat MC binding of oxLDL was 2-3-fold greater than that of native LDL

(Fernando et al., 1993). ECM generated by MC in vitro binds oxLDL, Lp(a), and oxLp(a) in a

concentration-dependent, but non-saturable manner (Krämer-Guth et al., 1996).  ECM

accumulation of lipoproteins becomes significant because similarly to VSMC, the type of MC

response depends upon lipoprotein concentration, oxidation state and incubation time

(Nishida et al., 1997). The ability to oxidise LDL was demonstrated for all renal cells in vitro

(Fernando et al., 1993, Fernando et al., 1998). Prolonged incubation with either LDL or

oxLDL results in decreased MC proliferation, and reduction in cell counts (Krämer-Guth et

al., 1996, Nishida et al., 1997), and may induce apoptosis (Tashiro et al., 1999, Zezina et al.,

1998), which together with the induction of increased ECM protein synthesis (Rovin et al.,

1993, Roh et al., 1998) may result in glomerulosclerosis. As demonstrated by recent studies,

lipoproteins are able to induce intracellular signalling in mesangial cells through different

pathways: protein tyrosine kinase, mitogen activated (MAP) kinase (Kamanna VS et al.,

1999), protein kinase C (Studer et al., 1995). In glomerular epithelial cells oxLDL stimulate

TGF-β expression, both mRNA and protein, and fibronectin synthesis (Ding et al., 1997).

A number of animal models is used to study the influence of hyperlipidemia on the

development of renal damage. Because of differences in the experimental approach, lipid-

enriched diet composition, and lipoprotein metabolism between the species and between

inbred strains, the results of these studies vary, and may not always be translated directly into

clinical situations. As a rule, in order to make the kidney more susceptible to lipid-induced
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damage, some type of challenge of renal function must be inflicted, for example: pyromycin

aminonucleoside (PA) nephrosis (Ding et al., 1993, Magil et al., 1993), uninephrectomy

(Eddy, 1996), uninephrectomy + Thy-1 nephritis (Scheuer et al., 2000), two-kidney + one clip

(Gröne et al., 1989). High-cholesterol diet in combination with uninephrectomy resulted in

lipid deposition in the glomeruli and in the interstitium, macrophage infiltration into the

interstitium, up-regulation of TGF-β1 mRNA, and ECM accumulation (Eddy 1996). In the

study by Scheuer et al., hyperlipidemia aggravated renal damage induced by a combination of

uninephrectomy with Thy-1 nephritis, and led to a rise in mesangial cell density, ECM

accumulation, macrophage infiltration of glomeruli, and modest tubulointerstitial damage

(Scheuer et al., 2000). Enhancement of TGF-β1 mRNA up-regulation along with increase in

macrophage infiltration could be induced by cholesterol (Chol) feeding of the rats with PA

nephrosis (Ding et al., 1993). Increase in macrophage infiltration in these two studies is in the

agreement with the observation that LDL induces expression of monocytes chemoattractant

protein-1 mRNA in cultured  MC (Rovin et al., 1993). Chol feeding worsened glomerular

lesions in a rat model with arterial hypertension induced by a clip on the renal artery, and

induced glomerular ECM expansion, lipid accumulation in the mesangium, and podocyte

alterations in uninephrectomised rats (Gröne et al., 1989). Based on a study of two rat models

with hypercholesterolemia and hypertriglyceridemia, Joles et al., (2000) suggest that lipid

induced renal damage may occur in the absence of MC activation, but is a consequence

podocyte changes. It should be noted that Chol feeding induces increased production of ROS

in rabbit aorta (Alexander 1995), in rats with PA glomerulosclerosis (Magil et al., 1993), and

in uninephrectomised rats with Thy-1 nephritis (Scheuer et al., 2000). Presence of oxLDL in

diseased glomeruli is confirmed in the rat (Magil et al., 1993) and in humans (Lee et al.,

1998).

Immune mechanisms are involved in atherogenesis but their role remains unclear. LDL

undergoes in vivo modifications which lead to its increased immunogenicity, and

autoantibodies to epitopes on oxidised LDL are detected in mice, rabbits and humans (Palinski

et al., 1996).  Ab-oxLDL are detected in sera of healthy subjects (Fukumoto et al., 2000),

patients with ischemic heart disease (Boullier A et al., 1995), vascular diseases (Salonen JT et

al., 1992), uremic patients (Maggi et al., 1994) and kidney graft recipients (Ghanem et al.,

1996). Current data on the subject are contradictory, and it is generally agreed that the matter

needs extensive further investigation. Mode of oxidation has influence on the composition of
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LDL particle and its immunological properties (Harduin et al., 1995, Lopes-Virella et al.,

2000). This heterogeneity may at least partly account for much confusion surrounding the

evaluation of Ab-oxLDL levels. A large variety of Ab-oxLDL are raised to several epitopes on

oxLDL (Palinski et al., 1996), and different antibodies may have different pathological

significance (Shaw et al., 2000).

Lipid metabolism and lipid oxidation are becoming acknowledged risk factors for progressive

renal disease (Attman et al., 1999, Muntner et al., 2000). Apo depositions, predominantly of

Apo B and Apo E, are found in renal biopsy material from patients with several glomerular

diseases (Takemura et al., 1993), along with products of lipid oxidation (Lee et al., 1998).

Muntner et al., (2000) demonstrated that high triglycerides (TG) and low HDL Chol, but not

LDL Chol are able to predict a decrease in renal function, estimated by a rise in serum

creatinine in a presumably healthy population. Clinical studies in kidney graft recipients differ

in their findings. Some studies find no association between lipid pattern and graft or patient

survival (Bumgardner et al., 1995). However, increased TG levels and Apo B are described in

patients with proven CGD (Fernandez-Miranda et al., 1997). Association between pre-

transplant Chol and morphological damage is found by Dimeny et al., (1993A). Wissing et al.,

(2000) analysing the outcome of 772 describes hypecholesterolemia as an independent risk

factor for graft loss from chronic rejection in males who previously had acute rejection.

Elevated total serum Chol is an independent risk factor for graft, patient and “over-all-graft”

survival in a study of 676 patients with at least 5 years follow-up (Roodnat et al., 2000).

Hypertension

Hypertension is a common finding in transplanted patients, and its role in the development of

damage in the native kidneys is well documented (Klahr, 1989). Posttransplant hypertension is

an important risk factor for graft and patient loss (Opeltz et al., 1998). Hypertension in the

posttransplant period is found to be associated with impaired graft function, both as a cause

and as a consequence of CGD (Brazy et al., 1992, Sanders et al., 1995). The damaging effect

of hypertension, as demonstrated by animal models is associated with glomerular changes,

leukocyte adhesion, VSMC migration and proliferation, and intimal thickening. Treatment of

hypertension is shown to improve renal graft morphology (reduced the extend of

glomeruloslerosis) and graft survival in animal models (Paul and Benediktson, 1994).
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development of CGD, and test different treatment options (Schmitz-Rixen et al., 1988,

Akyürek et al., 1995A, Lemström et al., 1996,). Histopathological lesions in the allografts

with CGD carry a variety of manifestations depending in the type of the transplanted organ.

One feature common for all of them is obliterative transplant arteriopathy. A non-

immunosuppressed aortic transplant model resembles vascular lesions of solid organ grafts in

human subjects (Mennander et al., 1991A, Isik et al., 1992). The major reason for developing

such a model was that it allows investigating the effects of individual drugs of graft

arteriosclerosis without employing any unwanted prophylactic immunosuppression.

Knock-out mouse models have become valuable tools for dissecting the mechanisms of

diseases. These models are widely used in atherosclerosis research, in the investigation of

growth factor role in the embryonic development and in disease. Most recently this approach

was used to study the importance of separate inflammatory cell types involved in the

development of CGD, and transplant arteriosclerosis in particular, in mice lacking CD4 cells,

CD 8 cells, macrophages, and natural killer cells (Shi et al., 1994).

Questions can be raised regarding the use of cell cultures. MC and VSMC culture may

provide important information on the specific mechanisms operating during the development

of CGD, such as ROS, lipids, growth factors, drug toxicity, and elucidate potential

contribution of each of these factors in particular. However, this model does not allow

reproducing the exact in vivo situation, and the findings must be further tested in vivo.

Treatment options
Prevention of CGD may be carried out on three levels. First, peri-transplant, which means

conditioning of the donor and reduction of ischemia-reperfusion injury. Second, is

posttransplant reduction of immunological factors contributing to graft damage, which

includes adequate immunosuppression and reduction of the number of acute rejection

episodes, which are thought to be an important risk factor for the development of CGD (Van

Saase et al., 1995, Ashraf et al., 1998, Prommool et al., 2000). The third level involves

modification of tissue remodelling and vascular changes. At this level prevention and/or

treatment can be carried out by interfering with bioactive substances such as growth factors

and hormones, their receptors or signalling pathways, and by affecting cell behaviour and cell-
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ECM interactions. Due to the existence of so-called “point of no return” in the development of

CGD, this therapy should be started early.

Ischemia/reperfusion injury

Damage from ischemia/reperfusion (I/R) may influence early graft function and the

development of CGD. Several experimental studies have demonstrated up-regulation of

ICAM-1, IL-2, IL-4, INF-γ, and TGF-β as well as increase in the numbers of infiltrating cells

induced by I/R in kidneys (Takada et al., 1997), and aortic grafts (Wanders et al., 1995).

Ischemia time inversely correlated with the graft function in a rat model (Tillius et al., 2000).

In patients with a cadaveric renal graft initial delayed transplant function decreased graft

survival (Matas et al., 2000). Attempts to reduce I/R injury include desferioxamine and

vitamin E treatment in a rabbit kidney ischemia model (Defaigne et al., 1994), treatment of the

donor with mycophenolate mofetil in a heart transplantation model in the rat (Valentin et al.,

2000). Intercellular adhesion molecule-1 (ICAM-1) is up-regulated in response to I/R

(Akyürek et al., 1995B). Monoclonal antibodies against ICAM-1 and against leukocyte

function associated antigen-1 inhibited the development of cardiac graft arteriosclerosis in a

mouse model (Russell et al., 1995). As demonstrated in knock-out mouse models, blocking of

P-selectin (Singbartl et al., 2000) and of inducible nitric oxide synthase (Ling et al., 1999)

protects from I/R damage and may be considered among potential therapeutic strategies.

Blocking of P- and E-selectin with a recombinant soluble P-selectin glycoprotein ligand-1

reduced renal damage and preserved kidney function in the rat (Takada et al., 1997).

Immunosuppressive treatment

Pharmaceutical agents used for immunosuppression include inhibitors of calcineurin or

TOR/RAFT, inhibitors of de novo purine synthesis, and blockers of IL-2 receptor function.

Mycophenolate mofetil treatment reduced CGD in kidney (Azuma et al., 1995A) and aortic

(Räisänen-Sokolowski et al., 1995) allografts in the rat. Deoxyspergualin at the dose 1-10

mg/kg decreased neointima formation and preserved media cells in aortic allografts in the rat

(Räisänen-Sokolowski et al., 1994). Experimental studies are carried out to test the therapeutic

potential of antibodies directed against T-cells. Anti-CD28 protein, CTLA4Ig, prevented

development of CGD in kidney grafts in the rat (Chandraker et al., 1998).  Anti-CD40L

monoclonal antibodies were successfully used to prevent acute rejection and induce tolerance

(Kirk et al., 1999, Graca et al., 2000). A combination of brief treatment with anti-CD3ε-
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mutant diphtheria toxin-immunotoxin with deoxysergualin induced immune tolerance and

prevented CGD (Thomas et al., 2000).

The progress made in the development of immunosuppressive drugs allowed to reduce the

number of acute rejection episodes, and early graft loss, but had little effect on the late

outcome (Gjertson et al., 1995). Promising results with decreased CGD in renal transplant

patients treated with Mycophenolate mofetil were reported by Ojo et al., 2000. Although

essential to graft survival, most of immunosuppressive drugs induce multiple complications,

which can contribute to CGD (Paul, 1998). Among these adverse effects are enhanced

atherogenety of lipid pattern (Quasching et al., 1999), increased lipid oxidation induced by

CyA (Ghanem et al., 1996), nephrotoxicity (Mihatsch et al., 1995) and increased TGF-β

expression (Prashar et al., 1995). FK 506 is supposed to have less effect on lipid pattern

(Satterthwaite et al., 1998), and TGF-β expression compared to CyA. The importance of

appropriate control of the therapy and patient compliance in order to avoid inadequate

immunosuppression should be mentioned due to connection between the occurrence of CGD

and the variability in CyA trough levels and/or AUC (Kahan et al., 1996, Monaco et al.,

1999).

Antihypertensive drugs

Since immunosuppresive treatment was proven to be unable to revert the development of

CGD in clinical situations, more attention is paid to other drug groups, and first of all to those

which have effect on vascular damage. In this context two groups of antihypertensive drugs

have emerged, ACE inhibitors and AT1 receptor blockers. Several AT1 receptor blockers are

currently available for the treatment of hypertension. Candesartan cilexetil is a prodrug, which

is converted to the active form by cleavage of the cilexetil moiety in the gastro-intestinal tract.

Candesartan has higher affinity to AT1 receptor than other AT1 blockers (80-100 times higher

than losartan) (Oparil S., 2000) In addition it is an insurmountable antagonist, and under

physiological conditions may not dissociate until the receptor is recycled. Recent studies have

demonstrated a beneficial influence of Ang II blocking on the vascular repair processes in the

balloon injury model (Tazawa et al., 1999), and the role of Ang II and AT1 receptors in

vascular biology was discussed above.  AT1 receptor blockers have recently been introduced

for blood pressure control in renal graft recipients (Stigant et al., 2000). Investigation of their
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potential effects on graft arteriosclerosis may provide additional indications for their use in the

posttransplant period.

Carvedilol is an antihypertensive drug, which has properties of alpha- and beta-blocker, of

calcium antagonist, and antioxidative action. Clinical studies demonstrated that it is effective

in blood pressure control, and at the same time it maintains renal blood flow and GFR

(Dupont et al., 1987). Carvedilol was successfully used for blood pressure control in patients

with chronic renal failure, in haemodialysis patients (Masumura et al., 1992), and in kidney

graft recipients (Leeman et al., 1993). Carvedilol possesses some properties that may be

beneficial for kidney graft recipients. Besides being an antihypertensive agent, it is an

antioxidant able to reduce cell-mediated LDL oxidation, LDL-enhanced monocyte adhesion to

endothelial cells (Yue et al., 1995), VSMC proliferation and neointimal formation following

vascular injury (Ohlstein et al., 1993). These effects could be supposed to reduce CGD

progression in grafted kidneys.

Statins

Due to high frequency of posttransplant hyperlipidemia lipid-lowering therapy is applied in

many transplanted patients.  Similarities between atherosclerosis and CGD allow supposing

that such therapy may provide additional benefits in preventing graft loss. 3-hydroxy-3-

methylglutaril-coenzymeA (HMG CoA) reductase inhibitors, statins, are widely used for the

treatment of hyperlipidemia because of their efficacy and good tolerability. These drugs

competitively inhibit HMG CoA reductase, an enzyme in Chol synthesis pathway. Clinical

studies with statins demonstrated an average of 25-35% reduction of LDL levels, and

reduction in coronary events with or without reduction of total mortality (Sacks et al., 1996,

Downs et al., 1998).  Mechanisms of clinical benefits besides decreased LDL and TG levels

and elevated HDL levels, include improved endothelial dependent vascular dilatation

(Williams et al., 1998), decreased VSMC proliferation (Corsini et al., 1993), inhibition of

lymphocyte proliferation (Tatsuno et al., 1997), lymphocyte activity (Kurakata et al., 1996),

and leukocyte-endothelial cell adhesion (Kimura et al., 1997, Pruefer et al., 1999). These

effects result from the decrease in the products of Chol synthesis pathway such as mevalonate

and geranyl, which are involved in intracellular signalling. Antioxidant actions were described

for Fluvastatin. It reduces LDL oxidation (Suzumura et al., 1999, Suzumura et al., 2000), and

resists radical generation in myocardium (Obata et al., 2000). The exact mechanism of the
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antioxidative action of Fluvastatin is not clear, however it is attributed not only to the

hypolipidemic action but to its specific structure as well (Suzumura et al., 1999). Furthermore,

the antioxidative effect of Fluvastatin contributes to its antiatherogenic effect by preventing

Chol accumulation in macrophages and reducing endothelial dysfunction (Kagota et al.,

2000). Statins differ in their effect on VSMC in vitro and on intimal thickening in animal

models.  Fluvastatin, lovastatin, simvastatin reduce VSMC proliferation in vitro, while

pravastatin has almost no effect (Négre-Aminou et al., 1997). Similarly, fluvastatin, lovastatin,

simvastatin but not pravastatin significantly reduce neointimal formation in

normocholesterolemic rabbits (Soma et al., 1993). Kobashigawa et al., (1995) reported a

decreased incidence of coronary vasculopathy in cardiac transplanted patients treated with

pravastatin. This study also demonstrated a decreased natural-killer-cell toxicity in the

pravastatin group. Katznelson et al., (1996) described reduction in the severity of acute

rejection and in the need of acute rejection therapy in kidney graft recipients under Pravastatin

treatment. However, according to a big meta-analysis of lipid-lowering trials reported by

Gould et al., the only significant factor affecting coronary heart disease (CHD) mortality risk

reduction in these trials is the net Chol reduction (Gould et al., 1998). The authors suggested

that a bigger decrease in CHD and total mortality achieved in statin-treated patients could be

explained by a more effective reduction of Chol levels.

Other strategies

Vascular remodelling during the development of graft arteriosclerosis results from several

processes, including endothelial damage, VSMC proliferation, migration, infiltration of the

inflammatory cells. It may be expected that interfering with these processes would allow

reducing vascular damage and/or a more sufficient repair. Among the substances affecting

VSMC proliferation, platelet-activating factor receptor blockers (Räisanen et al., 1993) and

somatostatin analog (Häyry et al., 1993) were found able to preserve vascular structure of the

aortic allograft in the rat. Endothelin is a strong mitogen for MC and VSMC. LU 135252, a

nonpeptide endothelin receptor antagonist reduced glomerulosclerosis, tubulointerstitial and

vascular damage in renal allografts in a rat model (Orth et al., 1999). Blocking of

macrophages may be beneficial in prevention of CGD, as shown in a renal allograft model

(Azuma et al., 1995B). Manipulation on TGF-β effects may become a useful tool in

prevention of fibrosis. Inhibition of TGF-β1 expression by antisense oligonucleotides in anti-

Thy 1 model reduced ECM accumulation in glomeruli (Akagi et al., 1996). Diet
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supplementation with l-arginine may improve graft survival and function by several

mechanisms, including increase in nitric oxide. Indeed, l-arginine improved function of renal

allograft in the rat (Vos et al., 2001). Diet supplement Impact (Novartis Nutrition) containing

l-arginine, improved cardiac allograft survival in the rat (Gibson et al., 2000).

Future therapeutic strategies will probably include manipulating growth factor and receptor

expression and signalling to reduce ECM formation, induction of anti-apoptotic genes in order

to prevent loss of resident cells and reduce inflammation in the graft.
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III AIMS OF THE STUDY
The overall purpose of the project was to investigate the non-immunological mechanisms

involved in the development of chronic graft dysfunction and treatment options to prevent or

reduce CGD.

 The specific aims were:

•  To evaluate LDL induced effects of mesangial cells in vitro, and to investigate TGF-β

upregulation and signalling in MC under LDL stimulation (paper I).

•  To investigate if blocking of cholesterol synthesis by HMG CoA reductase inhibitor

Fluvastatin has an impact on the development of graft atherosclerosis in syngeneic and

allogeneic aortic transplants in the rat when administered alone or in combination with

CyA (paper II).

•  To estimate the effect of AT1 receptor blocker Candesartan cilexetil on the

arteriosclerosis in aortic grafts in the rat (paper III).

•  To investigate if treatment with the antihypertensive drug Carvedilol may reduce

progression of CGD in renal transplanted patients (paper IV).

•  To study whether there is any pharmacokinetic interaction between Carvedilol and

CyA, which may be significant for CyA treatment in transplanted patients (paper V).

•  To evaluate the levels of Ab-oxLDL in kidney graft recipients and their possible

connection to the posttransplant complications (paper VI).
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IV MATERIAL AND METHODS

Methods used in the in vitro experiments (paper I)
Mesangial cell culture

MC were prepared from isolated rat renal glomeruli by a sieving procedure. The outgrowth of

collagenase-treated glomerular remnants appeared as stellate cells growing in interwoven

bundles. Exponential growth was maintained in RPMI 1640 supplemented with 10% heat-

inactivated fetal calf serum (FCS), 2 mM L-glutamine, 2 mM sodium pyruvate and 1%

(vol./vol.) nonessential amino acids (all reagents from Sigma-Aldrich Sweden AB).

LDL preparation

Blood was collected from fasting healthy subjects into EDTA-containing tubes, and plasma

was separated by low-speed centrifugation. Plasma sample density was adjusted by addition of

NaBr solution. Density gradient 1.019-1.065 was created by NaCl solutions. All solutions

contained EDTA. Centrifugation at 40 x103 rpm at 4° C was performed overnight. LDL-layer

was harvested, and the excess of salt was removed by passing LDL through PD-10 column

(Pharmacia Biotech) equilibrated with PBS. Protein concentration was determined by method

based on binding of Coumassie Brillian Blue to protein (Bradford et al., 1976). LDL

preparations were filter sterilised and used within 3 days.

Incorporation of [3H]thymidine

MC were seeded into 24-well culture plates, 25 x103 cells per well, and allowed to grow to

subconfluency in the medium routinely used, followed by 24 h in the same medium without

FCS. MC were stimulated for 24 h with LDL, and pulsed for 20 h with 0.3 µCi/ml [3H]

thymidine ([3H] thymidine, 5 Ci/mmol, Amersham). After precipitation with 10%

trichloracetic acid MC were lysed with 0.3 M NaOH, 1% sodium dodecyl sulphate.

Incorporation of [3H]thymidine into trichloroacetic-insoluble material was determined in

triplicate by liquid scintillation counting.

Immunohistochemical analysis of the expression of TGF-ββββ1, TGF-ββββ3, Tββββ-RI, Tββββ-RII,

Smad2, and phosphorylated Smad2

Cells were seeded on 8-chamber slides, 500 cells per chamber, and grown in the medium

routinely used for 3-4 days, followed by 24 h in the medium without FCS. MC were
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stimulated according to the protocol with LDL (20, 40, 80, and in some cases 160 mg/L), for 4

to 24 hours.

ABC peroxidase method was used for the evaluation of TGF-β1 and 3, Tβ-RI, and Tβ-RII

expression. Primary rabbit polyclonal antibodies against of TGF-β1 and 3, Tβ-RI, Tβ-RII

(gifts of Dr. Heldin, Ludwig Institute, Uppsala), were used at a concentration of 5 mg/ml

(TGF-β1, TGF-β3), 3 µg/ml (Tβ-RI), and 10 µg/ml (Tβ-RII). Secondary antibody was

biotinylated anti-rabbit IgG, followed by incubation with Vectostatin ABC Elite complex (all

from Vector Laboratories, Inc.). The immunoreaction was visualised by using DAB.

Evaluation of the expression of total and phosphorylated Smad2 was done with the help of

following primary antibodies: PS2 against PSmad2, dilution 1:500 (Persson et al, 1998), and

SED, 1:500 dilution, raised against Smad2 (Nakao et al, 1997). Secondary antibody was

TRITC-conjugated goat anti-rabbit antibody (Jackson ImmunoResearch Laboratories, Inc.).

Slides were analysed under light/fluorescence Leica microscope coupled to an image analysis

system Leica Qwin (Leica Imaging Systems).

Evaluation of apoptosis

Advancement of apoptosis in MC, which were grown and stimulated in the same manner as

for TGF-β and receptor staining, was evaluated by annexin and propidium iodine labeling,

with the help of Annexin-V-FLUOS kit (Roche Diagnostics Scand AB) according to the

manufacturer’s instructions.

Detection of Smad2 phosphrylation

MC were seeded in 10 cm dishes, 375 x 103 cells/dish, and grown in the medium routinely

used for 3-4 days, followed by 24 h in the medium without FCS. MC were then stimulated

according to the protocol, with either LDL or TGF-β1 at different concentrations, or

conditioned medium from MC preincubated with LDL (with or without subsequent thermal

activation), and incubated for 0.5-24 h. Conditioned media were collected from MC

stimulated by increasing concentrations of LDL for 12 or 24 h, and half of the conditioned

media was subjected to thermal activation (80°C for 5 min) according to Brown et al. (1990).

After the stimulation according to the protocol, dishes were put on ice, MC were washed

twice with ice-cold PBS and lysed. Equal amounts of sample protein were incubated with an

antibody raised against Smad2/3 (sc-6032, Santa Cruz Biothechnology, Inc.) for 1h at 4°C,

followed by precipitation by protein-G-plus agarose (sc-2002, Santa Cruz Biothechnology,
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Inc.). The immunoprecipitates were separated using 7.5% SDS-PAGE gels and the proteins

were electrophoretically transferred onto pre-wetted PVDF-membranes (Hybond-P,

Amersham). The membranes were incubated with either PS2 (1:1000 dilution), raised against

phosphorylated Smad2 (PSmad2) (Persson et al, 1998), or SED (1:500 dilution), raised

against Smad2 (Nakao et al, 1997), followed by peroxidase-conjugated anti-rabbit antibody,

with washing between the steps. After the final wash in TTBS, signals were visualised using

LumiLight plus system (Roche Diagnostics Scand AB) according to the manufacturer´s

protocol.

Statistical evaluation

Unpaired Student’s t -test was used for the comparison between the groups, ANOVA test was

applied for the comparison of TGF-β1 levels. The results of the experiments are presented as

mean ± SD. A p value below 0.05 was considered statistically significant.

Animal experiments (papers II and III)
Aortic transplantation in the rat

Male PVG and DA rats (from Mollegaard, Skensved, Denmark) aged 3-4 months, weighing

200-270 g were used in the study. Allogeneic transplantation was performed from DA donors

to PVG recipients, and syngeneic transplantation was performed from PVG to PVG rats. The

study protocol was approved by the Local Ethics Committee for Animal Experiments. Animal

care and the experiments were performed in accordance with the international guidelines. The

infrarenal aorta was exposed from the renal arteries to the aortic bifurcation via a midline

laparotomy.  A 10-15 mm aorta segment was removed from the donor animal, and stored in a

histidine buffered solution (Frödin solution) for 1 hour in case of allogeneic transplantation,

and 18 hours in case of syngeneic transplantation. Graft was placed in the recipient animal

from below the renal arteries down to the bifurcation of the abdominal aorta using 9-0 non-

absorbable monofilament nylon sutures. The abdominal incision was closed, and the animal

was returned to the cage. After the eight weeks treatment period the rats were anaesthetised

and the graft were excised. From each recipient rat 5-10 mm long non-transplanted portions of

thoracic and abdominal aorta were harvested to serve as control samples of normal aorta for

image analysis and immunohistochemical stains.
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Treatment protocols for the animals experiments

In order to study the effect on the formation of the arteriosclerosis in the aortic grafts

following drugs and drug combinations were administered, all with 8 weeks duration.

Study II included the following treatment groups of the animals with allogeneic grafts: (1)

Fluvastatin 12.5 mg/kg/day; (2) CyA 2 mg/kg/day; (3) CyA 5 mg/kg/day; (4) Fluvastatin 12.5

mg/kg/day + CyA 2 mg/kg/day; (5) Fluvastatin 12.5 mg/kg/day + CyA 5 mg/kg/day. Animals

with syngeneic grafts received Fluvastatin 12.5 mg/kg/day. Untreated animals with either allo-

or isografts served as respective controls.

In study III animals with either allo- or isografts were treated with Candesartan cilexetil 10

mg/kg/d. Animals in the respective control groups received no treatment.

Immunohistochemistry and image analysis

To characterise development of graft arteriosclerosis and evaluate the effects of applied

treatments we used measurements of neointima and media, as well as quantification of the

area of positive staining with the help of digital camera and Leica Qwin image analysis

software (Leica Imaging Systems). The relative thickness (%) of intima (Qint=intima/

[lumen+intima+media] x 100), and of media (Qmed=media/[lumen +intima+media]x100)

were calculated. Three measurements were performed on proximal and on distal parts of the

graft, total of six measurements, to obtain the mean value for Qint and Qmed.

Immunohistochemical stainings were performed with the following primary antibodies: mouse

anti-alpha smooth muscle actin (SMA) (M0851, Dako, Dakopattis AB, Sweden), mouse anti-

rat ED-1 (MCA341R, Serotec, UK), rabbit anti-TGF-β1 (sc-146, Santa Cruz Biotechnology,

Inc.). Secondary antibodies were horseradish peroxidase conjugated goat anti-mouse IgG

(Serotec), rabbit anti-mouse link antibody, mouse PAP, swine anti-rabbit, rabbit PAP (all

from Dako, Dakopattis AB). The staining was developed with DAB and counterstained with

hematoxylin. The area occupied by the specific staining was determined by dividing the

number of pixels associated with the positive staining for the particular marker by the total

number of pixels in the respective vascular area and multiplying by 1000, in a similar manner

to the one described by Taatjes et al., (2000).

Statistical analysis

The mean value for Qint and Qmed or percentage of the positively stained areas for each

animal were used for statistical analysis with the help of Student’s t   test, results are
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expressed as mean ± SD. Mann-Whitney U test was used for statistical comparison of

immunohistochemical stainings between groups, since these data were nonparametrically

distributed. Results are presented as median and the range (in brackets). A p-value < 0.05 was

considered statistically significant.

Clinical studies (papers IV, V, VI)
Patient groups and study design

For the measurements of Ab-oxLDL (paper VI), frozen serum samples were recovered from

92 out of 151 kidney graft recipients transplanted at Uppsala University Hospital during 1988-

91. The study was approved by the local Ethical Committee. The group consisted of 43 males

and 49 females, age 45 ± 15 years. Eighteen patients lost their grafts during the first three

months after transplantation, eleven male and seven female patients, aged 49 ± 15 (21–72)

years. The causes of graft loss were irreversible acute rejection in nine patients, vascular

thrombosis in four patients, one graft was lost due to technical complications, four patients

died with a functioning graft (pancreatitis - one, sepsis - one, myocardial infarction - two).

Nineteen patients (13 male and six female) had ischemic heart disease (IHD), these patients

were significantly older than patients without IHD, 52 ± 12 vs. 44 ± 15 years (p < 0.05). A

control group for Ab-oxLDL measurements consisted of 90 healthy blood donors included 6

subgroups, 15 persons in each, divided by age (< 35, 35 - 55, > 55 years old) and sex. Ab-

oxLDL serum levels were measured before transplantation and at 3, 6, 12 and 24 months after

transplantation. Lipid pattern, including LDL–, HDL–, total Chol, LDL–, HDL–, and total

triglyceride (TG) serum levels, was measured at the same time points.

The effect of Carvedilol on the progression of CGD (paper V) was evaluated in 25 kidney

graft recipients. CGD diagnosis was based upon a gradual deterioration of graft function and

findings from graft biopsies. Twenty men and five women, aged 50 ± 12 (23–71) years,

entered the study. Mean time after transplantation was 5.0 ± 3.7 (0.5–13.0) years. The study

was designed as an open, pilot, single-centre, phase II, with a duration of two years. The

starting dose was 6.25 or 12.5 mg/day, and was increased gradually during the study (6.25–

12.5–25–37.5–50 mg/day), while other beta-blockers were decreased. Carvedilol dose

adjustment was dependent on the blood pressure. Patients were monitored at day 0, 14, and at

1, 3, 6, 9, 12, 15, 18 and 24 months of Carvedilol treatment. The study was approved by the

local Ethical Committee.
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Twenty-one patients receiving CyA-based immunosuppression were included in the study of

the pharmacokinetic interactions between CyA and Carvedilol (paper VI). Patients were at

least 6 months posttransplant, and had stable CyA dose and trough levels at inclusion.

Carvedilol was administered as described above. CyA trough blood levels were monitored at

day s 0, 3, 7, 14, and after 1, 3, and 6 months of Carvedilol treatment, and an adjustment of

CyA dose was performed if needed.

Clinical and laboratory investigations

For Ab-oxLDL evaluation (papers IV and V) samples from the patients and the control group

were collected and stored in the same manner, and were measured together, with the same

assay. Ab-oxLDL serum levels were measured with a commercially available ELISA kit

(Biomedica Grouppe). Serum samples were added to microtiter plates pre-coated by copper-

oxidised LDL, to which autoantibodies present in the serum bound specifically. A specific

peroxidase conjugated anti-human IgG antibody detected the presence of bound Ab-oxLDL.

Human Ab-oxLDL standards provided by the manufacturer were used to calculate the

concentration of Ab-oxLDL in the sample.

Lipid patterns (paper IV) were evaluated as follows: VLDL, LDL and HDL were separated by

a combination of preparative ultracentrifugation at d=1.006 and precipitation of LDL from the

bottom fraction after centrifugation with a sodium phosphotungstate and magnesium chloride

solution. After low speed centrifugation the HDL lipids were determined in the supernatant.

The concentrations of the lipids in LDL were obtained by subtracting the HDL lipid levels

from the lipid concentrations of the bottom fraction after centrifugation at d=1.006.

Triglycerides and cholesterol were measured by using enzymatic techniques (Boehringer

Mannheim) in a Multistate III F/LS (Instrumentation Laboratories, Lexington, MA, USA)

centrifugal analyser.

In order to evaluate lipid oxidation (paper V) malondialdehyde (MDA) plasma levels were

measured in 12 patients before the start of Carvedilol treatment, and the measurement was

repeated after 1 and 3 months. Blood was collected into dipotassium ETDA and separated at

4°C within 30 min of collection. For measurements of MDA an HPLC system from Merck

Hitachi including a pump, a fluorescence detector, and a Lichrospher 100 RP-18 (250 x

4 mm) column was used, as described elsewhere (Öhrvall et al., 1994).
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CyA trough levels (paper VI) were monitored at day s 0, 3, 7, 14, and after 1, 3, and 6 months

of Carvedilol treatment. In 12 patients blood samples were collected to calculate AUC. CyA

levels were determined with the help of EMIT® Cyclosporin Assay (Syva Company).

Statistical analysis

For all data unpaired t-test was used for comparison of means of continuous variables between

the groups, and paired t-test was used to compare changes of means within the group at

different time points. Chi-square statistics were used for comparison of proportions. Ab-

oxLDL and TG values were logarithmically transformed prior to statistical calculations

because of skewed distribution. Transformation allowed achieving normal distribution of data

(Shapiro-Wilk statistic W for normality test 0.93 - 0.97), and to further use parametric tests.

For examination of linear relations between continuous variables Pearson's correlation

coefficient was used. Ab-oxLDL and TG values are presented as geometrical mean and the

range (in brackets). All other values are presented as mean ± SD.

V RESULTS

LDL-induced effects on rat mesangial cells (paper I)
LDL when applied simultaneously, suppressed bFGF-induced DNA synthesis assessed by

[3H]thymidine incorporation in a concentration-dependent manner. However, if MC were pre-

incubated with LDL (40 or 80 mg/L) for 12 or 24 h, and the medium was changed to a fresh

one, the growth inhibitory activity of LDL disappeared and an increased MC proliferation was

achieved even without any further stimulation. MC response to bFGF stimulation increased in

a LDL concentration-dependent fashion in case of 12-h preincubation. Twenty-four hours

preincubation with LDL resulted in an increased response to bFGF at 40 mg/L LDL (233 % of

the control cells preincubated without LDL, p < 0.01). While after 24-h preincubation with

LDL 80 mg/L no clear increase in DNA synthesis could be seen, i.e. 117 % (p = 0.31, NS).

Apoptosis induction in MC was dependent on LDL concentration and incubation time, with

the first signs of membrane changes observed already after 4 h incubation with 20 mg/L LDL.

TGF-β1concentration was increased in the media from MC stimulated by LDL in a time and

LDL concentration dependent manner during the first 12 h incubation. After 24 h incubation,

the highest TGF-β1 concentration was seen in the media from the wells incubated with 20
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mg/L LDL, while incubation with higher concentrations of LDL (80 and 160 mg/L) did not

increase TGF-β1 concentration compared to 12 h incubation. TGF-β1 expression, estimated

by immunohistochemistry, increased in LDL concentration dependent manner after 4, 8, 12 h

incubation, whereas decreased at later time points (24 and 48 h). TGF-β3 expression followed

similar pattern, but was weaker in all conditions compared to TGF-β1. Expression of both

TβR-I and TβR-II was weak in the non-stimulated MC, but the expression increased over time

until    24 h and decreased at further incubation.

MC responded to TGF-β1 stimulation by Smad2 phosphorylation. No Smad2 phosphorylation

could be achieved in MC by stimulation with LDL (20 and 40 mg/L) for 4, 12, or 24 h, while

expression of Smad2 remained constant. However, when conditioned media from MC

incubated with 20 or 80 mg/L LDL for 12 hours was added to fresh MC, Smad2

phosphorylation could be detected. Heat activation of conditioned media prior to addition to

fresh MC increased the intensity of phosphorylation. Conditioned media obtained after 24 h

incubation induced clear Smad2 phosphorylation both with and without heat activation.

Staining for Smad2 and PSmad2 confirmed the results of immunoblotting.

Effect of Fluvastatin on the development of graft arteriosclerosis in the rat

(paper II)
Fluvastatin treatment alone had no influence on intimal thickening of allografts, Qint 29.1 ±

9.2% vs. Qint 29.7 ± 9.4% in the control group. CyA 5 mg/kg/d reduced neointimal formation

in the allografts Qint 14.5 ± 6.4% (p < 0.005 compared to the control group), while CyA 2

mg/kg/d did not affect intimal thickening (Qint 26.6 ± 7.7%). Addition of Fluvastatin to CyA

therapy had no significant beneficial effect. Neointimal formation was lower in the control

isografts, (p<0.0001 compared to the control allografts).  Fluvastatin reduced isograft Qint

(10.3 ± 5.4% vs. 16.5 ± 3.7% in the control isografts, p<0.005 between the respective

isografts). Area occupied by SMA-positive cells in the allograft neointima was decreased by

Fluvastatin, and to lesser extend by CyA 5 mg/kg/d, but not affected by CyA 2mg/kg/d.

Combination of Fluvastatin with CyA 2 mg/kg/d resulted in an increase in SMA-positive cell

area in the neointima. SMA-positive cell area of the isografts was not affected by Fluvastatin

treatment. No correlation was found between the changes in SMA- positive cell area and the

decrease in Qint.
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Fluvastatin treatment had no influence on medial thickness of the allografts, Qmed 32.2 ±

7.1% compared to 28.3 ± 4.7% in the control allografts. CyA 5 mg/kg/d improved medial

thickness Qmed 35.7 ± 5.6% (p<0.005 compared to the control allografts), while CyA 2

mg/kg/d had no effect, Q med 30.5 ± 1.8%. SMA-positive cells occupied 46 (10-268)‰ of

media in the control allografts, and neither Fluvastatin nor CyA alone nor the combination of

both affected this area. Qmed of the control isografts was higher compared to the control

allografts (35.8 ± 8.8%, p<0.01), and Fluvastatin treatment led to an increase in medial

thickness Qmed 44.7 ± 11.5, p=0.05). The area occupied by SMA-positive cell remained

unaffected after Fluvastatin treatment. None of the applied treatment protocols could restore

the thickness of media or SMA-positive cell area in either allo- or isografts to the values of the

normal aorta (46.0 ± 10.0%, and 650 (237-791)‰ respectively).

TGF-β1 expression was not affected by Fluvastatin treatment either in isografts or allografts.

CyA lowest dose (2 mg/kg/d), but not 5 mg/kg/d, reduced TGF-β1 expression in all vascular

layers. Combined treatment had no additional effect on TGF-β1 expression. Macrophage

infiltration was significantly higher in the control allografts compared to control isografts.

Fluvastatin could slightly reduce macrophage infiltration in the allografts, effect significant in

the allograft adventitia 13.98 (6.12-542.31)‰ vs. 1.17 (0.10-16.60)‰, p < 0.05. CyA

treatment, independent of the dose, reduced macrophage infiltration throughout the allografts.

Combination of Fluvastatin with CyA had no additional effect on ED-1 positive area.

Effect of Candesartan cilexetil on graft arteriosclerosis in the rat (paper

III)
Candesartan cilexetil decreased blood pressure: SBP 58 ± 14 mm Hg vs. 103 ± 30 mm Hg

(p < 0.005) in the control group, DBP 42 ± 8 mm Hg vs. 72 ± 16 mm Hg (p = 0.005), and

MBP 51 ± 11 mm Hg vs. 77 ± 21 mm Hg (p < 0.005), respectively.

Intimal thickening was reduced by Candesartan cilexetil both in allogeneic (Qint 22.1 ± 8.7%

vs. Qint = 30.2 ± 8.8%, p < 0.05 compared to the control group) and syngeneic grafts (Qint

6.7 ± 3.3% vs. Qint 15.5 ± 4.4%, p = 0.0001 compared to the control group). Candesartan

cilexetil treatment led to an increase in the proportion of SMA-positive cells in allograft

neointima, (234 (45-641) ‰) vs. 153 (60-224)‰, p < 0.05), but had no influence on SMA
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positive cells in isograft intima. Media thickness was better preserved in the isografts, Qmed

38.3 ± 12.5% vs. Qmed 28.9 ± 4.6% in the control allografts. Candesartan cilexetil had no

effect on Qmed of the allografts (31.4 ± 7.1%), but improved that of the isografts, Qmed

54.4 ± 4.3%, so that it became comparable to that of the normal aorta (Qmed 46 ± 10%).

Candesartan cilexetil treatment had no significant effect on SMA-positive cell population in

the media.

Expression of TGF-β1 expression was observed in all vascular layers. The expression was

most intensive in the control allografts. Candesartan cilexetil reduced TGF-β1 expression

throughout the allograft vessel wall so that the intensity was comparable to control isografts.

TGF-β1 expression was similarly low in the control and Candesartan cilexetil treated

isografts. No positive staining for TGF-β1 was detected in normal aortas. The most intense

macrophage infiltration was found in the control allografts (7.2 (3.2-96.0)‰, 37.4 (10.1-

287.7) ‰, 13.9 (2.5-13.9) ‰ in the intima, media and adventitia respectively). A trend to a

decrease in macrophage infiltration was observed in Candesartan cilexetil treated allografts,

significant for the media 6.0 (1.9-35.6) ‰, p<0.05. Isografts showed a weak staining with the

macrophage marker (0.03 (0-1.4) ‰ in the intima, 0.01 (0-01) ‰ in the media, and 0 (0-0.1)

‰ in the adventitia), and it was not affected by Candesartan cilexetil treatment.

Carvedilol treatment of kidney graft recipients with CGD (paper IV)
Ten patients completed the study, and 15 interrupted the study due to: adverse events (3), lack

of efficacy (6), lack of efficacy, combined with adverse events (2), other reasons (4).

Lack of efficacy was defined as a 100 µmol/L increase in serum creatinine compared to the

levels at day 0. Patients who withdrew from the study due to lack of efficacy had higher serum

creatinine levels and proteinuria already at the inclusion, and serum creatinine increased in

this group by 174–477 µmol/L (46–191%) from the initial levels. Seventeen patients had

stable graft function evaluated by serum creatinine, out of them 10 patients completed the

study, and seven withdrew from the study due to different adverse events: myocardial

infarction (1), stenosis of renal artery (1), adverse events possibly related to the study drug

(orthostatism, unstable blood pressure, etc) (5). The starting dose of Carvedilol was higher in

patients with graft function deterioration (lack of efficacy group). This difference remained
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during the first month after the start of treatment  (31.3 ± 14.9 mg/d vs. 21.5 ± 7.2 mg/d,

p < 0.05), but at a later time point the doses of Carvedilol became similar in both groups.

Carvedilol provided good control of systolic and diastolic blood pressure, and 5 out of 8

patients who stopped the study due to lack of efficacy continued to take Carvedilol for blood

pressure control. LDL/HDL Chol ratio decreased during Carvedilol treatment due to an

increase in HDL Chol combined with stable LDL Chol. MDA plasma levels decreased from

0.71 ± 0.12 µmol/L to 0.58 ± 0.13 µmol/L after one month, and to 0.49 ± 0.07 µmol/L after 3

months of Carvedilol treatment.  Ab-oxLDL serum levels measured at the same time points

did not change: 401 (86–2000) U/L at day 0 and 374 (75–2000) U/L after three months.

Altogether 24 patients developed adverse events, out of whom 14 patients developed adverse

events which could probably be related to the study drug: orthostatism (1), hypotension (3),

headaches (6), dizziness (3), nasal congestion (4), impotence (1), unstable blood sugar (1). In

six cases these adverse events were considered severe and in three cases they caused

interruption of the study. Adverse events mostly developed at the beginning of the study. The

dose of Carvedilol at the time of adverse event varied from 6.25 to 37.5 mg/day. In all but two

patients multiple adverse events were recorded. Most of the adverse events were related to

already existing diseases, i.e. two cases of recurrence of cancer, one case of recurrence of

Wegener’s granulomatosis in the graft, six urinary tract infection episodes. Eight patients had

cardiovascular adverse events, two patients experienced a myocardial infarction which led to

interruption of the study.

Elevation of CyA blood levels during Carvedilol treatment in renal

transplant patients (paper V)
During the observation period 3/21 patients withdrew from the study due to adverse events (2)

or lack of efficacy (1). The CyA dose was 3.7 ± 0.3 mg/kg at day 0, and was subsequently

decreased to 3.5 ± 0.3 mg/kg at day 14 (p<0.05), 2.9 ± 0.2 mg/kg at 3 months (p<0.001), and

3.0 ± 0.2 mg/kg after 6 months (p<0.05) to allow CyA trough levels to remain within the

therapeutic range. The variability in CyA trough level changes and the resulting CyA dose

adjustments was high between the patients.
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Serum levels of antibodies against oxidised LDL in kidney graft recipients

(paper VI)
Pre-transplant Ab-oxLDL serum levels in kidney graft recipients were lower than in the

control group:  539 (79 – 16748) U/L vs. 766 (133 – 10170) U/L (p < 0.05). The frequency

distribution of Ab-oxLDL levels had different patterns in kidney graft recipients and the

control group, and this frequency distribution remained similar in the posttransplant period.

When patients were divided into the same age and sex groups, it was found that Ab-oxLDL

serum levels tended (n.s.) to be lower in the elder subgroups compared to the younger patient

subgroups and to the control group. No correlation was found between Ab-oxLDL serum

levels and any of the lipid variables either in the control group or in the kidney graft

recipients.

Patients who had lost the graft due to acute rejection had lower pre-transplant Ab-oxLDL

serum levels: 207 (89 – 855) U/L compared to the patients with graft survival > 3 months

546 (79 - 16748) U/L (p < 0.05). Patients who lost their graft due to thrombosis had higher

Ab-oxLDL levels 3601 (984-9538) U/L, p < 0.005 compared to patients with graft survival

> 3 months.

Cut-off levels at lowest and highest 10 percentile of the control group were used to estimate

the influence of extreme Ab-oxLDL serum levels on the outcome of kidney transplantation.

Thirty patients (33%) had pre-transplant Ab-oxLDL levels below 256 U/L. This group had

higher frequency of IHD (37%, p < 0.05), and high but not significantly different incidence of

graft loss due to acute rejection (10%, p = 0.06). Patients with Ab-oxLDL levels > 3533 U/L

had higher frequency of graft loss due to thrombosis.

VI DISCUSSION OF THE RESULTS AND FUTURE PERSPECTIVES
MC participates in the development of glomerular damage in both native and transplanted

kidneys. We investigated the effects of LDL on MC in vitro (paper I). An important finding is

that LDL initially stimulates MC, but the cascade of the events induced by LDL may result in

decreased MC proliferation or even lead to apoptosis. The anti-proliferative effect of LDL was

concentration-dependent, and strong enough to impede bFGF-induced MC proliferation.

Wash-off experiments allowed interrupting the events at the stage of MC activation. The

finding is in the agreement with the hypothesis of Kamanna et al., (1997) that atherogenic
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lipoproteins by activating glomerular cells are able to induce cellular changes associated with

renal disease. The results of wash-off experiment proved once more that LDL effects are

dependent on LDL concentration and stimulation time. The ability of ECM to bind LDL is

documented by in vitro studies (Gupta et al., 1992) and by immunohistochemical investigation

(Takemura et al., 1993), but the amount as well as the oxidation state of accumulated LDL is

difficult to assess. Any damage, even minor, could increase oxidation to such extent that

accumulated LDL could become harmful. This could be the reason why an initial insult is

needed in animal experiments to observe the effects of hyperlipidemia on the development

and progression of renal damage. This notion is supported by the report by Lee et al., (1998)

that glomerular deposition of oxLDL is observed in patients with renal diseases, and that

frequency of positive staining is higher in patients with more advanced disease. We could

further demonstrate by immunohistochemical evaluation and by ELISA measurement that

LDL induced up-regulation of TGF-β. Similarly to other LDL induced events, upregulation of

TGF-β was LDL concentration and time dependent, except for the highest LDL concentrations

(80 and 160 mg/L). The maximal TGF-β1 concentration was reached after 24 h stimulation

with 20 mg/L LDL, with very close levels in the media from MC incubated with LDL 40

mg/L. We suggest the decrease in MC proliferation, as well as in TGF-β1 production

observed in conditions with higher LDL concentrations could partly be explained by induction

of apoptosis. It remains, however to be elucidated to what extend TGF-β induction by LDL is

responsible for this event, and to what extent other mechanisms, and first of all oxidative

stress, contribute to the effects of LDL, and to the anti-proliferative action, in particular.

Smad2 phosphorylation in MC upon LDL stimulation was evaluated in our study. No PSmad2

could be detected in MC lysates by immunoblotting after 4h, 12 h and 24 h incubations of MC

with LDL. This finding may be explained by the fact that PSmad2 expression occurred rapidly

and transiently after TGF-β stimulation or that not all cells became stimulated at the same

time, making PSmad2 detection by immunoblotting difficult. The other possibility is that

TGF-β remains in the latent form. We therefore collected conditioned media, and used them,

with or without heat activation, to stimulate fresh mesangial cells. It was demonstrated that the

major part of secreted TGF-β was preserved in a latent form, but the presence of some amount

of active TGF-β could be detected as well. The amount of active TGF-β appeared to be

dependent on LDL stimulation in a concentration- and time- dependent manner. The up-

regulation of TGF-β1 together with smad2 activation induced by LDL stimulation of MC
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(paper I) provides an important link between lipoprotein metabolism and fibrotic events in the

glomeruli. The protective mechanism, which prevented direct stimulation of MC by autocrine

TGF-β1 in our study, could also be operative in vivo. It will be interesting to evaluate how the

presence of LDL or oxLDL influences MC response to different stimuli, TGF-β for example.

Taking into consideration recent findings in intracellular signalling, we propose that metabolic

conditions may modify cell responses.

Two experimental studies using aorta transplantation model in the rat were undertaken to

investigate possible effects of non-immunosuppressive drugs on the development of graft

arteriosclerosis. It was supposed that HMG CoA reductase inhibitor Fluvastatin (paper II)

would have beneficial effect on the graft vessel wall remodelling due to the ability to suppress

VSMC proliferation (Corsini A et al, 1998), and to inhibit inflammatory cell activation and

their interaction with endothelial cells (Kimura M et al, 1997). The Fluvastatin dose was

selected according to the ability to reduce cholesterol synthesis and was high enough to inhibit

at least 90 % of cholesterol synthesis in the liver (Yamamoto et al., 1994). It was expected that

Fluvastatin should be able to affect development of graft arteriosclerosis and/or enhance the

effect of CyA treatment. However, Fluvastatin treatment did not improve allograft wall

structure in this model. Intimal thickening remained unaffected in Fluvastatin treated

allografts compared to the controls. The decrease in SMA-positive cell area in the neointima

in the Fluvastatin treated allografts may be explained by the anti-proliferative and pro-

apoptotic effects of statins (Corsini AC et al., 1996, Knapp AC et al., 2000). CyA treatment

reduced intimal thickening when administered at 5 mg/kg/d, while lower dose (2 mg/kg/d)

was not effective enough to induce a significant decrease of neointima thickness. Usually

higher doses of CyA (10 mg/mg/d) alone or in combination with other drugs are applied to

reduce aortic graft arteriosclerosis (Lemström et al., 1997). Fluvastatin had no effect on TGF-

β1 expression in the vascular wall. Similarly, Riessen et al., (1999), observed that statins

(Lovastatin, Simvastatin) have no lowering effect on TGF-β1 mRNA or the protein levels in

cultured human VSMC. Moreover, Park and Galper (1999) reported that Simvastatin is able to

up-regulate T-βR II, TGF-β1 and PAI-1 at transcriptional level in chicken atrial cells. One of

the widely discussed effects of CyA is increased TGF-β expression by different cells (Prashar

et al., 1995). However CyA doses used in our study were very low, and the degree of TGF-β1

expression in CyA treated allografts, which was comparable to that of the control isografts,
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could rather reflect a reduction of inflammation than CyA toxicity. A decrease in macrophage

infiltration in the Fluvastatin treated group, although important for the development of graft

arteriosclerosis (Shi et al., 1996, Pilmore et al., 2000) was probably not sufficient enough to

achieve a reduction in neointimal formation or in preservation of VSMC population in the

media in our model. The anti-oxidative effects of Fluvastatin (Obata et al., 2000, Suzumura et

al., 1999, Suzumura et al., 2000) may provide additional protection of the graft against

ischemia-reperfusion injury, which is a major risk factor for graft arteriosclerosis. We suggest

that reduction of isograft neointimal formation may be attributed to the anti-oxidative action

of Fluvastatin. Anti-inflammatory effects of statins are under intensive investigation for their

supposed effect on the development of atherosclerosis (Sparrow et al., 2001). Decrease of

macrophage infiltration under statin treatment was described previously (Park et al., 1998),

along with inhibition of macrophage activation (Rothe et al., 1999, Ferro et al., 2000).

However, similar to Williams et al., (1998) we found no reduction of arteriosclerosis despite

decreased macrophage infiltration. In conclusion (paper II), vascular remodelling during the

development of graft arteriosclerosis results from several processes, including endothelial

damage, VSMC proliferation and migration, and infiltration of inflammatory cells, and it may

be expected that interfering with these processes would reduce vascular damage or an efficient

repair. In contrast with previously described ability to influence many cell functions both in

VSMC and inflammatory cells, it was found that Fluvastatin was not able to significantly

affect allograft remodelling. The combination of Fluvastatin with low doses of CyA gave no

beneficial effect either. The observed effects of CyA were in the agreement with previous

reports. The effect of Fluvastatin on neointimal formation in isografts could be attributed to

decreased ischemia/reperfusion damage rather then to anti-proliferative effect on VSMC.

Ang II is involved in the control of vascular structure and function. Many Ang II effects, such

as VSMC proliferation, contraction, matrix production, are regulated via AT1 receptor (Su et

al., 1998, Ford et al., 1999, Kim et al., 1995). It is suggested that blocking of AT1 receptor by

pharmacological agents inhibits many of the damaging effects of Ang II on endothelial cells

(Pratt et al., 1999) and VSMC (Miyazaki et al., 1999). We investigated if treatment with the

AT1 receptor blocker Candesartan cilexetil would influence the development of graft

arteriosclerosis in aorta transplantation model in the rat (paper III) Candesartan cilexetil

reduced both iso- and allograft neointimal formation as reflected by the decrease of Qint. It

was accompanied by an increase of the proportion of SMA-positive cells, which could be the
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result of a decreased matrix accumulation, which has been reported in other models of

vascular damage (Kim et al., 1995). Blocking of AT1 receptor signalling by Candesartan

cilexetil was associated with reduced expression of TGF-β1 in all allograft layers. A tendency

to decreased TGF-β1 expression in isografts was observed, significant only in the neointima.

Ang II is supposed to be involved in macrophage recruitment into the vessel wall (Gibbons et

al., 1992). However, in our model Candesartan cilexetil had a borderline influence on

macrophage infiltration. Immunological incompatibility in allogeneic transplantation, absent

in mechanical endothelial damage models, contributes to macrophage recruitment into the

vascular wall and may counteract the possible effects of Candesartan cilexetil. While

increased expression of TGF-β is a common finding in the grafts (Waltenberger et al., 1996,

Little et al., 1999), and is associated with chronic rejection (Waltenberger et al., 1993), there

are different opinions on the pathogenic role of TGF-β in CGD. It is suggested that TGF-β by

serving as a negative regulator of Th1 response may attenuate transplant arteriosclerosis

(Koglin J et al., 1998). However, in that study TGF-β deficiency was limited to the infiltrating

cells, and did not affect vascular structure remodeling. TGF-β is involved in the phenotype

changes of vascular myofibroblasts (Shi et al., 1996), and administration of TGF-β stimulates

neointima formation (Kanzaki et al., 1995), while use of anti-TGF-β antibody may reduce

neointimal formation  (Wolf et al., 1994). However, the differences between mechanic

endothelial damage and transplantation, must be kept in mind while comparing the two

models. We suppose that the impact of TGF-β in the graft depend on the type of the cell,

degree of expression, and time after transplantation. In conclusion (paper III), AT1 receptor

blockade by Candesartan cilexetil reduced graft arteriosclerosis in a rat aortic transplant

model. The beneficial effect of the drug may in part be explained by the reduction of TGF-β1

expression in the grafts. We suppose that the findings of this study will advocate the need of a

clinical trial for AT1 receptor blockers in prevention/reduction of CGD.

In two studies the effects of the antihypertensive drug Carvedilol were investigated in renal

graft recipients with CGD (papers IV and V). Carvedilol alone or in combination with other

anti-hypertensive drugs, provided sufficient control of blood pressure for all patients

participating in the study, even in cases of severe deterioration of graft function (paper IV),

which is in agreement with previously published data (Leeman et al., 1992). The anti-

oxidative action of Carvedilol reflected by a decrease in MDA plasma levels was observed
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already after one month of Carvedilol treatment. HDL Chol increase together with stable LDL

Chol resulted in significant decrease in LDL/HDL Chol ratio during Carvedilol treatment.

This finding is in agreement with literature data that Carvedilol inhibits LDL oxidation,

prevents leukocyte adhesion and VSMC proliferation, thus protecting blood vessels from

atherosclerotic changes (Yue et al., 1995). Common characteristics between CGD and native

atherosclerosis, allowed us to assume that above-mentioned properties of Carvedilol would

have beneficial effect on kidney graft function. However, in this study we failed to

demonstrate any attenuation of the progression of present CGD by Carvedilol. Experimental

studies have demonstrated that kidney graft damage is reversible only until a certain critical

time-point, after which progression of both morphological and functional changes cannot be

reversed (Tillius et al., 1994). It is suggested that, since patients included in the study already

had severe morphological and functional changes, CGD could not be reversed by Carvedilol.

Patients from the ”lack of efficacy” group despite similar time post-transplant as the rest of the

study group, had more pronounced graft damage (higher serum creatinine levels and degree of

albuminuria), which resulted in progressive deterioration of graft function. Side effects of the

drug observed in the study were similar to those reported by other investigators (Ruffolo et al.,

1991).

Pharmacokinetic interaction between Carvedilol and CyA was analysed in a subgroup of study

patients who received CyA as a part of the immunosuppressive treatment (paper V).

Introduction of Carvedilol required rather prompt adjustment of CyA dose in order to maintain

therapeutic levels of CyA in blood. A high variability in AUC, trough level changes, and need

for CyA dose adjustment was observed. Both drugs are metabolised through CYP 3A4

(Kronbach et al., 1988, Ged et al., 1989, Fujimaki, 1994), which was suggested to be a

possible site of interaction. In conclusion, these studies (papers IV and V) demonstrated that

Carvedilol provides a good control of blood pressure in renal transplanted patients; it has a

beneficial effect on lipid pattern and reduces lipid oxidation, and can be used as

antihypertensive treatment after kidney transplantation. However, close control of CyA blood

levels is recommended due to interaction between CyA and Carvedilol. Carvedilol treatment

does not seem to alter the graft function deterioration in an unselected population of renal

transplant patients with CGD.
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Kidney graft recipients had different distribution of Ab-oxLDL levels compared to the control

group (paper VI). Low pre-transplant Ab-oxLDL levels as observed in our study may reflect

intensive consumption of antibodies by binding to oxLDL in patients on dialysis treatment

since increased LDL oxidation has been documented in these patients (Roselaar et al., 1995,

Daschner et al., 1996). Another possible explanation may be a deficient immune response in

dialysis patients. The differences between our findings and the report of Maggi et al., (1994)

on elevated Ab-oxLDL levels in the uremic patients are most likely related to the variations in

the assay methodology, method of data presentation, and patient selection, all of which makes

the direct comparison of descriptive data between studies difficult. Renal transplant patients

are supposed to have increased LDL oxidation (Ghanem et al., 1996, Cristol et al., 1998).  A

more atherogenic lipoprotein pattern, increased lipid oxidation, as well as higher Ab-oxLDL

levels are found to be associated with Cy A treatment, and the withdrawal of Cy A has been

shown to improve lipid pattern (Van den Dorpel et al., 1997). We observed a decrease in Ab-

oxLDL levels at 6 months posttransplant, which corresponded to the time of intense

immunosuppression, and therefore might be attributed to it.  Patients who experienced

irreversible acute graft rejection leading to graft loss had significantly lower pre-transplant

Ab-oxLDL levels. Ischemia and reperfusion of the graft during transplantation lead to

formation of a large pool of oxidation products, including oxidised lipids. Since oxLDL is

found to exert several pro-inflammatory effects, including increased adhesiveness of

endothelial cells and monocytes, T-cell activation by an MHC class II-dependent mechanism

and thus intensify the immune response (Huang et al., 1995) Thus, patients with low pre-

transplant Ab-oxLDL levels may have insufficient protection against high amounts of oxLDL

in the circulation. This notion is partly compatible with the reduction of the number of acute

rejection episodes in kidney graft recipients treated with recombinant superoxide dismutase

(Land et al., 1994). Higher Ab-oxLDL levels were observed in patients with early graft loss

due to thrombosis. As demonstrated by Hörkkö et al., (1996), antiphospholipid antibodies are

directed against epitopes on oxidized phospholipids and also recognize oxLDL, and elevated

levels of Ab-oxLDL are considered a marker of antiphospholipid syndrome (Amengual et al.,

1997). Antiphospholipid antibodies are found to be associated posttransplant complications in

renal transplant patients and (Ducloux et al., 1999, Wagenknecht et al., 2000).

Our finding of a tendency to decreased Ab-oxLDL levels in patients with IHD is in agreement

with the report by Hulthe et al., (1998). Similarly, Le et al., (2000) found that patients with
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coronary artery disease (CAD) have lower Ab-oxLDL levels. In both studies the direct values

of Ab-oxLDL levels are presented, while in other studies reporting increased Ab-oxLDL

levels in patients with IHD or CAD, results are presented as ratios between MDA-LDL and

native LDL (Salonen et al., 1992) or as a difference between oxLDL and native LDL

(Lehtimäki et al., 1999). In the present study Ab-oxLDL levels were presented as a result of

the direct measurement of IgG bound to copper-oxidised LDL, and were calculated with the

help of standard Ab-oxLDL dilutions provided by the ELISA manufacturer. Besides, the

coating procedure of the mitcrotiter plates, despite presence of antioxidants, influences

“native” LDL in such a manner that they express epitopes common with oxidatively modified

LDL, which in their turn may affect the results of the readings and the ratio (Hulthe et al.,

1998). A large variety of Ab-oxLDL is raised to different epitopes (Palinski et al., 1996) on

oxLDL, dependent on the mode of oxidation. Different antibodies may have different

pathological significance (Shaw et al., 2000). Antibodies against copper-oxidised LDL were

chosen since serum copper is one of the determinants of serum lipid peroxidation status,

contributing to lipid peroxidation in vivo (Craig et al., 1995). IgG class antibodies against

copper-oxidised LDL are present in atherosclerotic lesions of human arteries (Ylä-Herttuala et

al., 1994) and are widely studied for their reactivity against oxidised LDL (Palinski et al.,

1996, Harduin et al., 1995), and have been suggested to reflect a generalised immune response

compared to antibodies against MDA-LDL or hydroxynonenal-modified LDL (Uusitupa et al.,

1996). In summary, kidney graft recipients have lower Ab-oxLDL serum levels and a different

distribution of Ab-oxLDL levels with a trend to increased frequency of very low levels as

compared with the control group. Low Ab-oxLDL levels were observed in patients with graft

loss due to acute rejection, while patients with graft loss due to thrombosis had significantly

higher Ab-oxLDL levels before kidney transplantation. It is suggested that low Ab-oxLDL

levels found in kidney graft recipients may reflect an impaired  immune response to the

products of lipid oxidation or an increased consumption of Ab-oxLDL.

Lipid oxidation in kidney graft recipients needs to be investigated in more detailed way. We

assume that pro-oxidative state, such as iron over-load, pre-existing oxLDL in the

bloodstream could contribute to reperfusion damage, as well as to immune system activation.

We also believe that many aspects of the biological significance of Ab-ox LDL are yet to be

understood. Ab-oxLDL raised from the spleens of Apo E knockout mice, which bind to

copper oxidised LDL, also bind to oxidised phospholipids, but not to MDA-LDL or native
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LDL (Shaw et al., 2000). Furthermore, one of these Ab-oxLDL (T15) which binds to oxLDL

present in atherosclerotic lesions, also recognises endothelial cells in an advanced stage of

apoptosis, but binds neither to normal endothelial cells nor to those in an early stage of

apoptosis. Future investigations should probably try to elucidate the biological significance of

several other epitopes on oxLDL and the respective autoantibodies, however the amount of

such epitopes is not known and is difficult to predict.



45

VII CONCLUSIONS
In this thesis we have addressed several important complex issues, which are interconnected:

(1) development of chronic graft dysfunction (2) lipoproteins and their role in inducing

pathological conditions such as atherosclerosis and graft damage, (3) oxidation, (4) TGF-β

and its’ role in different pathological conditions, including renal and vascular damage.

We conclude that:

•  LDL induces multiple effects on rat MC in vitro, including modification of cell

proliferation, induction of apoptosis, upregulation of TGF-β1, TGF-β3, TβR-I and

TβR-II, together with Smad2 activation (paper I). These effects were found to be

dependent upon LDL concentration and stimulation time.

•  Fluvastatin neither alone nor in combination with CyA is able to significantly affect

allograft remodeling, but is able to reduce neointima formation in isografts (paper II).

•  AT1 receptor blockade by Candesartan cilexetil reduces graft arteriosclerosis in a rat

aortic transplant model, and the effect might in part be explained by the reduction of

TGF-β1 expression in the grafts (paper III).

•  Carvedilol treatment does not seem to alter the progression of chronic rejection in an

unselected population of renal transplant patients with CGD despite its ability to

efficiently control blood pressure in renal transplanted patients, and a beneficial effect

on lipid pattern and oxidation (paper IV). Close control of CyA blood levels is

recommended due to interaction between CyA and Carvedilol (paper V).

•  Kidney graft recipients have lower Ab-oxLDL serum levels and a different distribution

of Ab-oxLDL levels with a trend to increased frequency of very low levels as

compared with the control group. Decreased Ab-oxLDL levels are observed in patients

with graft loss due to acute rejection and IHD (paper VI).
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