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ABSTRAKT
Chronické onemocnéni ledvin a akutni poSkozeni ledvin patii mezi vyznamné

zdravotni problémy v populaci. Je dilezité, abychom byli schopni rozpoznat osoby s vysokym
rizikem nepfiznivého vyvoje zdravotniho stavu, progresi onemocnéni a ptidruzenych
kardiovaskularnich komplikaci. Cilem disertacni prace bylo studium novych perspektivnich
biomarkert, jejich vztah krendlni funkci, chronickému zanétu, piipadné zvySenému
kardiovaskularnimu riziku. Studovany byly: placentarni ristovy faktor (PIGF), s t€hotenstvim
asociovany protein A (PAPP-A), matrixovd metalloproteindza 2 (MMP-2), matrixova
metalloproteinaza 9 (MMP-9), solubilni receptor pro kone¢né produkty pokrocilé glykace
(sRAGE), protein vézajici vapnik S100A12 — nové identifikovany extraceluldrni protein
vazajici se na receptor pro kone¢né produkty pokrocilé glykace (EN-RAGE) a amfoterin
(HMGB-1) u pacientii se snizenou funkci ledvin vcetné pacientd s chronickym renalnim
onemocnénim, hemodialyzovanych, pacientti s akutnim posSkozenim ledvin a zdravych
kontrol pro srovnani. Prvni studie odhalila, ze hladina PIGF je zvySena u pacienti se snizenou
funkci ledvin. Druha studie zjistila spojitost hladin MMP-2 a PAPP-A s proteinurii u pacientii
s chronickym renalnim onemocnénim. Sérové hladiny MMP-2, MMP-9 a PAPP-A se vyrazné
lisily u pacientli s riznymi nefropatiemi. Hladiny EN-RAGE nebyly zvySeny v souvislosti se
sniZzenou funkci ledvin, ale byly spojeny se zanétlivymi stavy. U pacientll s akutnim renalnim
onemocnénim byly hladiny PAPP-A, EN-RAGE a HMGB-1 vyrazné zvysené, ale PIGF a
sRAGE nebyly zvysené. Hladiny PAPP-A korelovaly s markery nutrice, PIGF, EN-RAGE a
HMGB-1 vykazovaly vyznamnou korelaci se zanétlivymi parametry. V souhrnu tyto studie

prokazaly moznost vyuziti novych biomarkert u pacientd s onemocnénim ledvin.

KLiCovA sLovA

akutni poSkozeni ledvin, biomarkery, chronické onemocnéni ledvin, chronicky zanét,
kardiovaskularni riziko, endotelialni dysfunkce, placentarni rustovy faktor, s téhotenstvim
asociovany protein A, matrixova metalloprotiendza 2, matrixova metalloproteindza 9,
solubilni receptor pro kone¢né produkty pokrocilé glykace, protein vazajici vapnik S100A12
— nov¢ identifikovany extracelularni protein véazajici se na receptor pro konecné produkty

pokrocilé glykace, amfoterin, hemodialyza, malnutrice, oxidacni stres.



ABSTRACT
Chronic kidney disease (CKD) and acute kidney injury (AKI) are major public health

problems. It is important to be able to identify those at high risk of adverse outcome, CKD
progression and associated cardiovascular disease. The aim of the thesis was to study novel
promising biomarkers, their relationship to kidney function, chronic inflammation and/or
cardiovascular risk — placental growth factor (PIGF), pregnancy associated plasma protein A
(PAPP-A), matrix metalloproteinase 2 (MMP-2), matrix metalloproteinase 9 (MMP-9),
soluble receptor for advanced glycation end products (SRAGE), calcium binding protein
S100A12 or extracellular newly identified RAGE binding protein (EN-RAGE), and high
mobility group box protein-1 (HMGB-1) in patients with renal diseases including CKD,
haemodialysis (HD), AKI patients, and healthy controls for comparison. First study revealed
that PIGF is elevated in patients with decreased renal function. Second study demonstrated the
association of MMP-2 and PAPP-A with proteinuria in patients with CKD. Moreover, serum
MMP-2, MMP-9 and PAPP-A levels significantly differed in patients with various
nephropathies. EN-RAGE levels are not elevated in patients with CKD, but are related to
inflammatory status. PAPP-A, EN-RAGE and HMGB-1 levels are significantly elevated, but
SRAGE and PIGF levels are not increased in AKI patients. Whereas PAPP-A correlates with
markers of nutrition; PIGF, EN-RAGE and HMGB-1 are related to inflammatory parameters
in AKI patients. Taken together, these studies identified the novel biomarkers to be useful in

patients with renal disease.

KEY WORDS

acute kidney injury, biomarkers, chronic kidney disease, chronic inflammation, cardiovascular
risk, endothelial dysfunction, placental growth factor, pregnancy associated plasma protein A,
matrix metalloproteinase 2, matrix metalloproteinase 9, soluble receptor for advanced
glycation end products, calcium binding protein S100A12, extracellular newly identified
RAGE binding protein, high mobility group box protein-1, haemodialysis, malnutrition,

oxidative stress.
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1 INTRODUCTION

1.1 OUTLINE

Given the dramatic expansion in the number of patients being treated for renal disease
including patients with chronic kidney disease (CKD) and end stage renal disease (ESRD) and
the increasing number of patients with acute kidney injury (AKI), renal medicine becomes an

increasingly common problem in clinical medicine [1-3].

Kidney disease predisposes to cardiovascular (CV) risk. Modifying CV risk factors is
likely to decrease morbidity and mortality. The multitude of CV risk factors in patients with
renal disease increases with age, the stage of kidney disease, and the level of proteinuria.
Hypertension, a powerful risk factor, goes along with sodium retention and activation of renin
angiotensin system. The mechanisms leading to CV risk (CVR) patients with renal disease
include hemodynamically mediated damage, hormonal factors, immune mediate damage and
endothelial dysfunction. Atherosclerosis results from an impairment of endothelium, which in
turn is associated with albuminuria. Changes in blood-lipid composition and oxidative stress
as a consequence of inflammation due to kidney dysfunction also contribute to endothelial

dysfunction and subsequent cardiovascular disease (CVD) [4].

Hallmarks of kidney dysfunction are drop of the glomerular filtration rate (GFR),

volume expansion, humoral signaling, anaemia, uremic toxins and inflammation.

Biomarkers, defined as signaling events in biological systems, can be conceptualized
and defined in three operational classes: exposure, effect or response, and susceptibility [5].
The identification of early and sensitive biomarkers of exposure allows the development of

strategies to prevent cell and tissue damage that results in persistent and irreversible injury.

Biomarkers of relevance in the context of renal disease and associated CVD mainly
hold the proteins known in either in the field of nephrology or cardiology. The cadre of
biomarkers that are feasible for routine use in the care of patients with CKD and AKI and the
associated CVR is increasing. Based on these assumptions this thesis assesses the
contemporary unmet needs for novel biomarkers in patients with renal disease and the risk for
inflammation, oxidative stress, and high cardiovascular risk. Its purpose is to provide an
overview of the pathophysiological, biochemical, clinical and analytical characteristics of
several biomarkers that have potential clinical utility to identify patients at risk with renal



disease. These biomarkers have demonstrated promise and need to be more thoroughly
evaluated before implementation into routine clinical and laboratory practice. Subsequent
research part presents the results and conclusions of the original studies of several novel
biomarkers in patients with CKD and AKI.

1.2 CHRONIC KIDNEY DISEASE, OXIDATIVE STRESS, ATHEROSCLEROSIS, MICRO-
INFLAMMATION AND CARDIOVASCULAR RISK

CKD is defined as abnormalities of kidney structure or function, present for 3 months,
with implications for health [6]. CKD is defined as the presence of kidney damage,
manifested by markers of kidney damage one or more including albuminuria, urine sediment
abnormalities, electrolyte and other abnormalities due to tubular disorders, abnormalities
detected by histology, structural abnormalities detected by imaging, history of kidney

transplantation, decreased glomerular filtration rate (GFR) < 60 ml/min/1.73 m? [6].

The US NKF-DOQI (National Kidney Federation —Kidney Dialysis Outcomes Quality
Initiative) classification of CKD has been first introduced in 2002 and has rapidly been
adapted internationally. It is both simple and useful, dividing CKD into 5 stages, according to
GFR [7]. In 2012, published in 2013, a new classification was introduced [6, 8]. Table 1
presents the new classification of CKD; severity of CKD is expressed by level of GFR and

albuminuria.

CKD is characterized by hypofiltration, or reduced single nephron glomerular
filtration rate, secondary to endothelial dysfunction, mesangial cell contraction, and
mesangium expansion that reduces the glomerular filtration surface area for filtration (or the
ultrafiltration coefficient, K¢). Reduction in glomerular surface area, which is represented by
K; and directly correlates with glomerular filtration rate (GFR) decline, is caused by several
pathogenic stimuli, including angiotensin I, hyperglycemia, systemic hypertension, high salt
diet, protein overload and inflammatory cytokines [9-16].

These stimuli induce inflammation and oxidative stress in the kidney, which promote
GFR loss by at least four mechanisms. Two of these mechanisms, glomerular endothelial
dysfunction and mesangial cell contraction are acute, dynamic processes involving
dysregulation of GFR. The other two mechanisms, mesangium expansion and fibrosis-

mediated nephron loss, induce long-term structural changes in kidney that reduce GFR.



Chronic activation of inflammatory pathways promotes tubulointerstitial disease, which may

lead to long-term fibrosis-mediated nephron loss.

TABLE 1 GFR AND ALBUMINURIA CATEGORIES IN THE NEW CLASSIFICATION

Caéeggry ml /mﬁlllle ’73 m2 AER, mg/d ACR Equivalent Descriptor
Gl >90 - - Normal or high
Mildly
G2 60-89 i i decreased* T
Mildly to
G3a 45-59 - - moderately
decreased
Moderately to
G3b 30-44 - - severely
decreased
G4 15-29 i i Severely
decreased
G5 <15 - - Kidney failure
Albuminuria
Normal to
Al i <30 <30 mildly increased
A2 . 30-300 30-300 Moderately
increased
A3 : >300 >300 Severely
increased I

ACR — albumin — creatinine ratio, AER — albumin excretion rate, GFR — glomerular filtration
rate

* Relative to young adult level

T In the absence of evidence of kidney damage, neither GFR category G1 nor G2 fulfill the
criteria for chronic kidney disease

1 Including the nephrotic syndrom (AER usually — 2200 mg/d [ACR — 2220 mg/gl].
(according to [6]).

A parallel can be drawn between the pathogenic role of chronic vascular inflammation
in the development of hypertension and atherosclerosis and its role in affecting GFR in CKD.
Inflammation induced oxidative stress is a known mediator of endothelial dysfunction,
smooth muscle tone, and foam cell activation. Chronic vascular inflammation has been shown
to promote hypertension, atherosclerosis, cardiac hypertrophy, and other vascular diseases

[17-19].

Hypertension results from dynamic changes in the function of otherwise normal cells
and can be reversed after relatively short therapeutic interventions, whereas atherosclerosis
represents a structural change in the vasculature and requires a longer period of therapeutic

intervention to demonstrate effect.




Patients with CKD also have a higher rate of CVD morbidity and mortality than the
general population from early stages of the disease, and this rate may increase by 1000-fold in
advanced stages of CKD (stages 4-5 and on renal replacement therapy (RRT)) [4]. The heart
and kidneys are tightly connected; primarily disorders of one of these organs often result in
secondary dysfunction or injury of the other one. Such interactions play a pivotal role in the
pathogenesis of a clinical entity called the cardiorenal syndrome (CRS) [20]. The term refers
to the complex interaction between the cardiovascular and renal systems in acute and chronic
renal diseases. CRS is classified into five subtypes to provide a more concise approach to this
condition [21]. CKD is a well-known independent cardiovascular risk factor due to its role in
left ventricular (LV) hypertrophy and coronary atherosclerosis pathogenesis [22]. The CVR
increases gradually with decreasing renal function [23].

This high rate of morbidity and mortality cannot be explained only by traditional CVR
factors such as diabetes, hypertension, smoking, hyperlipidemia, and age. CKD patients have
additional non-traditional risk factors directly related to their disease including uremia,
hyperhomocysteinaemia, altered calcium and phosphorus metabolism, malnutrition, increased

oxidative stress and chronic microinflammation [24].

Furthermore, among nontraditional risk factors, the chronic micro-inflammation state
present in uremia currently has a very significant role in the development of endothelial
damage in CKD patients. This is shown by the large number of studies published in the
literature reporting an association between the micro-inflammation state and development of
endothelial dysfunction from the early stages of CKD. It is known that endothelial
dysfunction is the first step for subsequent development of atherosclerosis, which can help us
to explain in part the high rate of CVD in this group of patients [25-28].

The vascular endothelium regulates vascular tone by releasing vasoactive substances
such as nitric oxide (NO). Therefore, the deficiency in NO that CKD patients are known to
have from the early stages of the disease [29] will lead to signs of endothelial dysfunction
from impaired endothelium dependent vasodilation, thus promoting the development of

atherosclerosis and subsequent appearance of cardiovascular events.

One of the mechanisms that has been proposed to cause the endothelial damage is the
production of reactive oxygen species (ROS) in areas of inflammation [30] and their release
causing an imbalance between pro-inflammatory and anti-inflammatory mechanisms, which
is known to occur in uremic patients [31]. If the number of ROS is high and if release of these

ROS persists over time, the defense mechanisms of endothelial cell may be insufficient and
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endothelial damage is produced with subsequent development of atherosclerosis, leading to

the reduction of plasma NO levels [29, 32].

The increase in asymmetric dimethylarginine (ADMA), which is a competitive
inhibitor of endothelial NO synthetase, is another mechanism in the reduction of plasma NO
levels caused by reduced renal clearance of ADMA in CKD setting leading to the dysfunction
of the endothelium dependent vasodilation [33]. High levels of ADMA were reported in CKD
and were associated with higher intima-media thickness and cardiovascular events in CKD
[34].

The mechanisms underlying the associations between endothelial damage, oxidative
stress and inflammation in CKD patients are not fully understood but are likely to include
increased production and reduced excretion of proinflammatory cytokines and their soluble
receptors [34-38], activation of immune system in CKD [39, 40] and the enhanced activation
of renin angiotensin system (RAS) [38, 41, 42].

In addition, both hypertension and disorders in lipoprotein composition [43-45] and
metabolism [46] have been recognized consequences of CKD, laying the foundation of

vascular disease in patients with renal disease regardless of aetiology.

Moreover, oxidative stress and impaired antioxidant capacity intensify with
progression of CKD [47, 48] and production of reactive oxygen species and oxidative stress
result in activation of the transcription factor nuclear factor kB (NFxB). NF«kB is a thoroughly
studied actor in innate immunity, stress response, cell survival and development, moreover the
major transcriptional mediator of the inflammatory response [49, 50].

Activated NF«kB is present in the kidneys of patients with diabetic nephropathy but is
undetectable in normal healthy kidneys [51]. It has been demonstrated that in experimental
proteinuric nephropaties, proteinuria increases NF-kB activity, which activates genes
encoding pro-inflammatory and fibrogenic molecules involved renal injury [52, 53]. Chronic
activation of these pathways leads to interstitial inflammation and fibrosis [54-56].

To respond to oxidative and electrophilic stimuli, organisms have developed elaborate
cytoprotective pathways that are directly regulated by the transcription factor nuclear factor
erythroid-2-related factor 2 (Nrf2). Its central role in the maintenance of redox balance and
protection against oxidative stress is now well recognized. Unfortunately, long-term
inflammatory signaling can result in decreased Nrf2 activity, decreased antioxidant capacity,

chronic inflammation and disease progression [57-59]. In animals with CKD, oxidative stress



and inflammation are associated with CKD, oxidative stress and inflammation are associated
with impaired Nrf2 activity [60-62].

Disorders of altered calcium phosphate metabolism including progressing vascular
calcification is a common complication in CKD due in part to disturbed mineral metabolism
and the therapies used to control it [63], but also due to a complex, active process of
osteogenesis in vascular smooth muscle cells [64, 65]. Both vascular stiffness and vascular
calcification have been found to occur in patients with earlier stages CKD [66, 67].
Progressive uremia and dialysis vintage have been reported to worsen vascular and valvular
calcifications [66].

An emerging science around vitamin D receptor (VDR) activation may pertain to
mitigate CKD - related calcification. The VDR is expressed widely in organ and cellular
systems in the body. Impairment of VDR activation has been implicated in the dysfunction of
vascular smooth muscle and endothelium, and in accelerated atherosclerosis, calcification and
cardiac hypertrophy [68, 69]. Pre-clinical research is ongoing into mechanisms by which
vitamin D may exert protective effects on inflammatory cytokines, glycemic control, the
renin-angiotensin-aldosterone system, and directly on the vasculature [70].

Thus vitamin D agents may have pro- and anti-atherosclerotic properties. Calcitriol
appears to influence the gene expression of vascular endothelial growth factor (VEGF), one of
the early steps of atherosclerosis development [71]. Emerging science supports that VDR
activation may favorably affect aortic injury in atherosclerosis [71] and progress of
calcification [72] and thus may have a protective role to play in future therapies that reduce
CVD morbidity in patients with CKD [73].

Moreover, therapeutic interventions that suppress pathogenic inflammation and reduce
oxidative stress in the kidney have the potential to address both the acute/dynamic and long-
term/structural contributors to GFR decline. Since endothelial dysfunction and mesangial cell
contraction result from dynamic biochemical and physiological processes in otherwise normal
cells, these conditions may be reversible in a relatively short period of time.

Hence, their impact on GFR would be observed soon after an intervention and would
likely fade soon after withdrawal of the intervention. By contrast, inhibition of inflammatory
processes may be able to arrest the progression of structural changes, such as mesangium
expansion and fibrosis-mediated nephron loss that impair GFR and may or may not reverse
these conditions. If the anti-inflammatory effects have any beneficial impact, it would likely

manifest over a long period of time, but would be presumably be more durable and may



persist beyond the withdrawal of the interventions. Thus, reversal of inflammatory processes
should manifest as an increase of GFR, due to multiple processes, some of which act acutely
while others act chronically.

In summary, it is evident that the vascular endothelium is a metabolically active organ
with multiple functions, including protection against development of atherosclerosis and
hypertension. The endothelial damage or dysfunction has been detected in patients with renal
impairment from early stages of the disease. Therefore, endothelial damage, oxidative stress,
inflammation, disorders of calcium phosphate metabolism in conjunction with progression of
CKD and interaction with alteration in lipoprotein metabolism do synergistically augment
CVR.

Chronic inflammation is very common in patients with CKD. The high burden of CV
disease in this patient population and the failure of several traditional therapeutic
interventions have led to an increased focus of nontraditional risk factors, of which chronic
inflammation appears to be particularly important. There is currently no single best test to
assess inflammation in CKD for diagnostic purposes. Therefore a working knowledge of
promising biomarkers to assess inflammation in patients with CKD is important to improve
outcomes in this patient population and propose therapeutic strategies to reduce the levels of

inflammatory markers.

1.3 ACUTE KIDNEY INJURY

The term “acute renal failure” was first introduced in 1951 by Homer Smith with
reference to renal failure related to traumatic injury [74]. In spite of its popularity, the term
has suffered from a lack of clear definition which limited discussion in the area and has
complicated comparisons of epidemiological and therapeutic studies. Generally, the
definitions have been based on absolute or relative concentration or changes in levels of

serum creatinine.

The term “acute kidney injury” (AKI) was first proposed in 2004, by Acute Dialysis
Quality Initiative (ADOQI) and experts from other premier nephrology and critical care
associations [75]. The newer term reflects the fact that a rise in serum creatinine does not
necessarily mean failure of the kidneys, but a dysfunction, which may or may not lead to
failure. ADOQI suggested a graded definition called RIFLE criteria (Risk, Injury and Failure)

based on either serum creatinine concentration, GFR or urine output and two levels of



outcome (Loss and End stage renal disease [ESRD]) based on the need for RRT and the time
period [76] Fig. 1.

In 2007 the Acute Kidney Injury Network (AKIN) suggested a modified set of criteria
based on RIFLE approach [77]. AKIN proposed three separate stages for AKI which
correspond to the RIFLE criteria: Stage 1 (Risk), Stage 2 (Injury), and Stage 3 (Failure).
RIFLE levels Loss and Failure are considered outcome rather than stages. AKIN has defined
AKI as: An abrupt (within 48 hours) reduction in kidney function — a rise in serum creatinine
by > 0.3 mg/dL (26.52 umol/L), a percentage increase in serum creatinine > 50% from
baseline, or documented oliguria of < 0.5 mL/kg/hour for more than 6 hours [78].

Until recently, studies of AKI have focused on the epidemiology and management of
AKI during the index hospitalization. However, AKI is now recognized as a disease with
long-term sequelae, including increased risk of death and CKD progression [79-82]. The

mechanisms by which AKI is linked to adverse long-term outcomes are intensively studied.

GFR criteria Urine output criteria
\ /
Increased creatinine x 1.5 or UO<0.5mikg 'h' [
Risk \ GFR decrease >25% x6n | High sensitivity
\ . ,
[
\ Increased creatinine x2 or UO<05mikg'h'
Injury \ GFR decrease >50% x12h f
\ /
4

| Increased creatinine x3 or W /

GFR decroase >75% or 02°4<h°<3 kg W g f
Failure | Creatinine 3 4 mg per BEL AN 5 | High specificity
\100ml(acule rise of anuria x12 h 5/
{ 2 0.5 mg per 100 ml dl) /
¥ 7
\ Persistent ARF = complete loss of
Loss \ renal function > 4 weeks /
ESRD | End-stage renal disease
4

FIG. 1 AKI CRITERIA; ACCORDING TO [83].

A major insight into the pathogenesis of AKI was the recognition that the initial
ischemic insult elicits maladaptive responses that exacerbate the injury [84]. In other words,
the ultimate extent of injury is not inevitably determined by the initial insult but also by
ensuing maladaptive response. These maladaptive responses (Table 2) include inappropriate

intrarenal hemodynamics, altered mitochondrial and other metabolic functions [85-87],



endothelial dysfunction [88, 89], and tubular obstruction and back-leak [90]. In addition there
is a maladaptive inflammatory response [91-94].

TABLE 2 MALADAPTIVE RESPONSES THAT EXACERBATE ISCHEMIC ACUTE KIDNEY INJURY

Maladaptive renal hemodynamics

Endothelial dysfunction

Maladaptive mitochondrial and other metabolic responses

Production of excessive reactive oxygen species

Tubular obstruction and back-leak

Maladaptive inflammation

The following hypothesis supports the mechanism of ischemic AKI: ischemia results
in ROS production, which stimulates TLR4 expression on endothelial cells; at 4 hours of
reperfusion, tubular injury results in the release of HMGB-1; HMGB-1 interacts with
endothelial TLR4 and activates endothelial cells to express adhesion molecules that allow
leukocyte infiltration and the maladaptive inflammation that exacerbates ischemic AKI [95-
97].

Taken together, TLR4 expression is differentially regulated in the different cell types
within the kidney (i.e., endothelial, leukocytes, and tubular epithelial cells) and occurs at
different time points following reperfusion. Regardless of the cell type involved, TLR4
activation by HMGB-1 appears to serve as proinflammatory role in the early stages of

ischemia-reperfusion injury in ischemic AKI.

It is feasible that changes commonly found in CKD patients — anaemia, acid/base
dysregulation, malnutrition, microinflammation, altered mineral metabolism — likely occur in
AKI patients, and as in CKD patients, may be responsible for some these adverse long-term

sequalae.

In addition, there is a close association between renal and cardiac function in both
acute and chronic kidney diseases [98, 99]. First type of cardio-renal syndrome includes acute
worsening of heart function leading to kidney injury and/or dysfunction. Patients with chronic
abnormalities in heart function leading to kidney injury and /or dysfunction fall into cardio-
renal syndrome of second type. Third type was defined as acute worsening of kidney function
leading to heart injury and/or dysfunction. Chronic reno-cardiac syndrome (fourth type)
includes CKD leading to heart injury, disease, and/or dysfunction. And the last fifth type




comprises patients with secondary cardio-renal syndrome due to systemic conditions e.g.
sepsis, systemic lupus erythematosus, diabetes mellitus, amyloidosis, or other chronic
inflammatory conditions, leading to simultaneous injury/or dysfunction of heart and kidney
[21, 100].

AKI reflects the entire spectrum of acute renal failure, recognizing that an acute
decline in kidney function is often secondary to an injury that causes functional or structural
changes in the kidneys. Currently it does not exist a specific therapy for AKI in all cases;
early detection of AKI seems at some point without real consequence because of the general
lack of promising measures to halt its progression. Early detection might lead to a rethinking
in order to implement potentially novel and effective therapies, thereby preventing the onset
of severe AKI and significantly improving the renal and overall prognosis. Therefore, a better
understanding of the key players in AKI is needed to allow interventions which would shorten

the course of AKI, reduce distant organ injury in AKI and improve survival.

1.4 OVERVIEW OF NOVEL BIOMARKERS

An ideal biomarker in renal disease should have the following characteristics: 1) be
easily and reliably measured in a noninvasive or minimally invasive manner; 2) be stable;
3) be rapidly and reliably measurable at bedside; 4) be inexpensive to measure; 5) be able to
detect CKD or AKI (early in the course) and 6) be predictive in its ability to forecast the
course of renal disease and potentially the future implications of renal disease; 7) be useful to
identify patients with renal disease and monitor inflammatory, nutritional and cardiovascular

risk.

The purpose of this chapter is to provide an overview of the biochemistry,
pathophysiology and clinical and analytical characteristics of several biomarkers that may

have potential clinical utility to identify patients with renal disease.

These biomarkers (placental growth factor, pregnancy associated plasma protein A,
matrix metalloproteinses with special attention to matrix metalloproteinase-2 and matrix
metalloproteinase-9, soluble receptor for advanced glycation end products, calcium binding
proteins S100A12, high mobility group box protein-1) have demonstrated promise and need
to be more thoroughly evaluated for implementation into clinical and laboratory practice in

renal medicine.
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The following part provides potential perspectives of other emerging biomarkers in
CKD and AKI.

1.4.1 PLACENTAL GROWTH FACTOR

Placental growth factor (PIGF) is one of a family of platelet derived proteins that
function as potent chemoattractants for monocytes and are involved in the regulation of
vascular endothelial growth. PIGF is a 50-kDa heterodimer consisting of 149 amino acids and
has high homology with vascular endothelial growth factor (VEGF) [101]. PIGF is also
related, albeit distantly, to the platelet derived growth factor (PDGF) family of growth factors
[102].

The PIGF sequence predicts a 149 amino acid mature protein with a 21 amino acid
signal sequence a centrally located PDGF-like domain with 8 conserved cysteine residues that
form a cysteine knot structure [101]. PIGF shares approximately 42% amino acid sequence
identity with VEGF, and the two share structural similarity [102]. Although PIGF does not
share the proangiogenic receptor VEGF R2 with VEGF, both bind VEGF R1 (soluble and
transmembrane forms), Neuropilin-1, and Neuropilin-2 [103-107]. VEGF and PIGF appear to
have different effects on VEGF R1 activity and, subsequently, affect expression of different

downstream genes [108].

PIGF exists in at least four alternatively spliced forms: PIGF-1, PIGF-2, PIGF-3 and
PIGF-4 [102, 109-111]. Notable differences between these forms include the insertion of a
heparin-binding domain in PIGF-2 and PIGF-4 that might result in increased association with
cell membrane or altered affinities for PIGF receptors [112]]. As the name implies, PIGF was
first identified in human placenta, and indeed, is expressed prominently in placenta under
normal conditions [101, 102, 109, 113]. Other tissues expressing PIGF include the heart,

thyroid gland, lung, bone marrow, and skeletal muscle [114].

The biological functions of PIGF are intensively studied. It is known that VEGF is
required in hematopoietic stem cells as an intracrine survival factor. PIGF acts via two distinct
mechanisms, either directly by recruiting VEGFR-1-expressing cells, or by inducing MMP-9
expression in bone-marrow stromal cells. Released MMP-9 cleaves the cell surface of the
soluble Kit ligand and the soluble ligand contributes to the recruitment and mobilization of
the hematopoietic stem cells. Hematopoietic stem cells and endothelial progenitor cells enter

the circulation and contribute to stimulation of angiogenesis and arteriogenesis as well as
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hematopoietic recovery after myelosuppression: processes enhanced by PIGF. On the other
hand, inhibition of VEGFR-1- ligand signaling using anti-VEGFR-1 inhibits stem-cell

recruitment and mobilization as well as inflammatory cell invasion into tissues Fig. 2 [115].

The mechanisms underlying PIGF effects on the vascular endothelia continue to be
elucidated. The activity could come from the direct activation of VEGF R1 by PIGF [116].
However, only the extracellular domain appears to be necessary, suggesting the phenotype
may not be due to intracellular signaling [117]. PIGF can synergistically enhance VEGF

induced angiogenesis and vascular permeability [105, 117-119].

PIGF is secreted as a homodimer, but may also form heterodimers with VEGF [120] .
Although the activity of PIGF/VEGF heterodimer in angiogenesis is unclear, it may induce an
active VEGF receptor heterodimer consisting of VEGF R1 and VEGF R2 [108, 111].

Monocytes/macrophages have also been implicated in neovascularization. PIGF
stimulates monocyte activation and chemotaxis in vitro, and a monocyte-mediated mechanism

has been implicated in PIGF-induced arteriogenesis in vivo [121, 122].

= PIGF (@)
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Anti-VEGFR-1
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FIG. 2 STEM-CELL RECRUITMENT AND MOBILIZATION IN THE BONE MARROW BY PLGF, AND SITES OF
INHIBITION BY VEGFR-1 BLOCKING ANTIBODIES (REPRINTED BY PERMISSSION FROM MACMILLIAN
PUBLISHERS LTD: NATURE MEDICINE 8, 775-777 (2002) [115]
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In addition PIGF appear to be primarily involved in an initiation of the inflammatory
process, which includes the recruitment of circulating macrophages into atherosclerotic
lesions, stimulation of smooth muscle cell growth, and up-regulation of both tumor necrosis
factor o (TNF-0) and monocyte chemotactic protein 1 (MCP-1) by macrophages [118]. PIGF
also reportedly activates stem cells from a quiescent to proliferative state and in this way

stimulate haematopoiesis in the bone marrow of mice [112].

Elevated levels of PIGF expression in placenta, and more specifically in the villous
cytotrophoblasts and the syncytiotrophoblasts, may indicate a role for PIGF in placenta
formation [114, 123, 124]. In addition, PIGF can protect trophoblasts from growth factor
withdrawal — induced apoptosis [116].

Levels of PIGF do fluctuate during human pregnancy. Circulating levels of PIGF
increase during the first 29-32 weeks of pregnancy and decrease thereafter [125]. PIGF has
also been used as predictor of the common pregnancy-associated hypertensive disorder
preeclampsia. Plasma, serum, and urine PIGF levels decrease significantly in women with

preeclamsia, and/or those who subsequently develop the disorder [114, 125-128].

Increased PIGF levels have been described in several conditions including cancer
[129-131], cutaneous wound and bone fracture healing [119, 132-134], and sickle cell disease
[135].

PIGF was recently shown to be up-regulated in early and advanced atherosclerotic
lesions [136]. PIGF stimulates vascular smooth muscle growth, recruits macrophages into
atherosclerotic lesions, up-regulates production of TNF-a and MCP-1 by macrophages and
stimulates pathological angiogenesis [102, 136]. Inhibition of PIGF effects by blocking of its
receptor, Fms-like tyrosine kinase, in an animal model suppressed both atherosclerotic plaque
growth and vulnerability via inhibition of inflammatory cell infiltration [136]. These data

suggest that PIGF may act as a primary instigator of atherosclerotic lesions.

In summary, PIGF appears to be have great potential as an independent biomarker for
plaque disruption, ischemia, and thrombosis. Since accelerated atherosclerosis is one of the
consequential complications of CKD and haemodialysis [137], PIGF might be an early marker

of vascular inflammation possibly related to CV outcome also in patients with renal disease.
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1.4.2 PREGNANCY ASSOCIATED PLASMA PROTEIN A

Pregnancy associated plasma protein A (PAPP-A) is a high molecular mass (~200
kDa) glycoprotein synthesized by the syncytiotrophoblast and is typically measured during
pregnancy for screening of Down syndrome [138]. PAPP-A is a zinc-binding matrix
metalloproteinase belonging to the metzincin superfamily of metalloproteinases. It is
composed of five domains: the N-terminal laminin like domain, the metzincin proteolytic
domain which is responsible for insulin-like growth factor binding proteins cleavage, a central
domain of unknown identity, and a domain defined by five complement control protein
modules which is responsible for binding to the cells surface and C terminal domain [139].
PAPP-A exists as homodimer of 400 kDa which proteolytically active and as a proteolytically
inactive PAPP-A/proMBP (major basic protein) heterotetrameric complex of 500 kDa [139].
PAPP-A has the ability to cleave itself resulting in fragments of 150 kDa and 50kDa [140].

The enzymatic activity of PAPP-A is directed towards insulin-like growth factor (IGF)
binding proteins 2, 4 and 5 and leads to the release of bound IGF [141, 142] Fig 3. [143].

PAPP-A is mainly produced by the syncytiotrophoblast during pregnancy but also by
fibroblasts, osteoblasts, endothelial and vascular smooth muscle cells in both men and
women. It is expressed also in the endometrium, testis, kidney, bone, colon, and various adult
and fetal tissues [144, 145].
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FIG. 3 LOCAL CONTROL OF IGF SIGNALING BY CELL-ASSOCIATED PAPP-A. (REPRINTED BY PERMISSSION
FROM ELSEVIER LTD: TRENDS IN ENDOCRINOLOGY AND METABOLISM 23, 242-249 (2012) [143].
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PAPP-A is widely used to exclude foetal trisomy in the first trimester of gestation.
PAPP-A was also found to be abundantly expressed in eroded and ruptured vascular plaques,
but is only minimally expressed in stable plaques [146]. In pregnancy, PAPP-A circulates in a
heterotetrameric complex consisting of 2 PAPP-A subunits covalently bound with 2 subunits
of the preform of eosinophil major basic protein (proMBP), its endogenous inhibitor [147].
However, PAPP-A present in human fibroblasts and released during atherosclerotic plaque
disruption seems to be a homodimeric active form, uncomplexed with the inhibitor proMBP
[142]. In vitro studies showed that IGF may induce macrophage activation, chemotaxis, low-
desnity lipoprotein (LDL) cholesterol uptake by macrophages and release of proinflammatory

cytokines, thus suggesting a proatherogenic action of IGF-1 [148, 149] Fig. 4 [143].

The presence of PAPP-A in unstable plaques have been observed in patients with
acute coronary syndromes [146]. Subsequently it was reported that PAPP-A levels sensitively
reflect changes in renal function [150] and could be a prognostic marker in dialysis patients
[151, 152].

In summary, additional investigations will be necessary for better understanding of
PAPP-A as an independent biomarker for CV, renal and overall risk in patients with renal
disease; specifically, possible association with endothelial dysfunction linking CV disease and

renal

disease.
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FIG. 4 PAPP-A INDUCED MACROPHAGE ACTIVATION; (REPRINTED BY PERMISSSION FROM ELSEVIER
LTD: TRENDS IN ENDOCRINOLOGY AND METABOLISM 23, 242-249 (2012) [143].
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1.4.3 MATRIX METALLOPROTEINASES, MATRIX METALLOPROTEINASE 2, MATRIX
METALLOPROTEINASE 9

Matrix metalloproteinases (MMPs), also called matrixins, are zinc-dependent
endopeptidases; other family members are adamalysins, serralysins, and astacins. The MMPs
belong to a larger family of proteases known as metzincin superfamily [153].

Humans have 24 matrixin genes including duplicated MMP-23 genes, thus there are
23 MMPs in humans. The activities of most matrixins are very low or negligible in the normal
steady-state tissues, but expression is transcriptionally controlled by inflammatory cytokines,
growth factors, hormones, cell-cell and cell-matrix interaction [154].

Matrixin activities are also regulated by activation of the precursor zymogenes and
inhibition by endogenous inhibitors, tissue inhibitors of metalloproteinases (TIMPs). Thus,

the balance between MMPs and TIMPs are critical for eventual ECM remodeling.

The main function of matrixins has been considered to be the degradation and removal
of ECM molecules from the tissue. However, it has been increasingly recognized that
breakdown of ECM molecules or cell surface molecules alters cell-matrix and cell-cell
interactions and the release of growth factors that are bound to ECM makes them available for
cell receptors. In addition, a number of non-ECM molecules are also potential substrates of
MMPs. MMPs actions that may affect cell migration, differentiation, growth, inflammatory

processes neovascularization, apoptosis, etc.
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FIG. 5 DOMAIN STRUCTURES OF THE MMP FAMILY [155].

sp, signal sequence; pro, pro-domain; cat, catalytic domain, FNII, fibronectin type Il motif;
L1, linker 1; Hpx, hemopexin domain; L2, linker 2; Mb, plasma membrane; TM,
transmembrane domain; Cy,cytoplasmic tail; CysR, cysteine rich; 1g, immunoglobulin
domain; GPI, glycosylphosphatidilyinositol anchor according to [155]).
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The MMPs have a common domain structure and consists of a propetide of about 80
aminoacids, a catalytic metalloproteinase domain of about 170 amino acids, a link flexible
peptide of variable lengths (also called the ‘hinge region’ and a hemopexin (Hpx) domain of
about 200 amino acids ) Fig. 5 [155] .

Two gelatinases, gelatinase A (MMP-2) and gelatinase B (MMP-9), have three repeats
of fibronectin type Il motif in the metalloproteinase domain. The zinc binding motif
HEXXHXXGXXH in the catalytic domain, and the ‘cystein switch’ motif PRCGXPD in the
propeptide are common structural signatures, where three histidines in the zinc binding motif
coordinate and the cysteine in the propeptide coordinate with the catalytic zinc ion and are
common structural signatures. This Cys-Zn®* coordination keeps proMMPs inactive by
preventing a water molecule essential for catalysis from binding to zinc atom. The catalytic
domain also contains a conservative methionine, forming a ‘Met-turn’ eight residues after the

zinc binding motif, which forms a base to support the structure around catalytic zinc [156].

Based on domain organization and substrate preference, MMPs are grouped into

collagenases, gelatinases, stromelysins, matrilysins, membrane-type (MT)-MMPs and others.

MMP-2 have collagenolytic activity, but is classified into other subgroup because of it
domain composition. Gelatinases (MMP-2 and MMP-9) readily digest gelatin with help of
their three fibronectin type Il repeats that binds to gelatin/collagen. They also digest a number
of ECM molecules including type 1V, V, and XI collagens, laminin, agrecan core protein, etc.
MMP-2 but not MMP-9 digests collagens I, Il, and Il in a similar manner to collagenases
[157, 158].

The collagenolytic activity of MMP-2 is much weaker than MMP-1 in solution, but
because proMMP-2 is recruited to the cell surface and activated by the membrane-bound MT-

MMPs, it may express reasonable collagenolytic activity on or near the cell surface.

MMPs are synthesized as pre-proenzymes. The signal peptide is removed during
translation and proMMPs are generated. Activation of these zymogens is therefore an

important regulatory step of MMP activity.

MMP activities are regulated by two major types of endogenous inhibitors: op—
macroglobulin and TIMPs. Human a,—macroglobulin is a plasma glycoprotein of 725 kDa
consisting of four identical subunits of 180 kDa. It inhibits most proteinases by entrapping the
proteinase within the macroglobulin and the complex is rapidly cleared by the receptor (low

density lipoprotein receptor-related protein-1) — mediated endocytosis [159].
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MMP activities in the fluid phase are primarily regulated by a,—macroglobulin and

related proteins.

TIMPs, consisting of 184 — 194 amino acids, are inhibitors of MMPs. They are
subdivided into an N-terminal and C-terminal domain. Each domain contains three conserved
disulphide bonds and the N terminal domain folds as an independent unit with MMP
inhibitory activity. TIMPs inhibit all MMPs tested so far [155].

Taken together, a wealth of knowledge has been accumulated to show that
metalloproteinases play many roles in both biological and pathological processes.
Biochemical studies of MMPs have characterized their functions and the 3D structures have
provided the molecular basis for our understanding of how these multi-domain proteinases
function and interact with ECM molecules and inhibitors. Structural and functional studies

have also provided us with clues as to how to manipulate the enzymatic activities.

1.4.3.1 MATRIX METALLOPROTEINASE 2 (MMP-2)
Matrix metalloproteinase-2 (MMP-2) is a metalloproteinase which can remodel ECM

proteins, leading to a change in the balance between ECM synthesis and degradation, which
may result in an accumulation of ECM molecules [160]. MMP-2 is zinc-dependent and is
known as gelatinase A. MMP-2 degrades ECM proteins in the kidney and vessels including
fibronectin, laminin and collagens [161]. Various forms of glomerular disease are
characterized by a profound imbalance between matrix synthesis and degradation. While in
the scarring process the balance is shifted toward increased synthesis, excess degradative
activity promotes glomerular destruction in inflammatory diseases [162, 163].

Recent studies have shown that MMP-2 is involved in the development and
progression of CKD and CVD inducing tissue remodeling via structural alterations in the

glomerular and tubular areas; MMP-2 also play roles in blood vessel injury [161, 164-166].

Plasma MMP-2 levels have been shown to be positively correlated with serum
creatinine in CKD patients [167, 168]. Moreover, it was suggested that serum levels of MMP-
2 are one of the independent correlates of proteinuria and could be associated with intima

media thickness and atherosclerotic plaque in patients with CKD [169].

In summary, previous studies suggest that MMP-2 may be of value in evaluating
patients with renal disease. However, many important aspects of MMPs and their role in renal

biology and determinants of their levels still remain unclear.
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1.4.3.2 MATRIX METALLOPROTEINASE 9 (MMP-9)
Matrix metalloproteinase-9 (MMP-9) is a zinc-dependent metalloproteinase and is also

known as gelatinase B. Gelatinases have three repeats of the fibronectin-binding domain that
allow them to bind to gelatine, collagen, and laminin. MMP-9 has significantly more
specificity towards types IV and V collagen [161]. Activation of proMMP-9 to the active
moiety can occur as a result of exposure to NO or via proteolytic activation. MMP-9 can
generate angiostatin via an interaction with plasminogen, increase its affinity for collagen,
interact with adhesion molecule-1, and be antiinflammatory by processing interleukin (IL)-1p
from its precursor and by reducing interleukin (IL)-2 response [155]. TIMPs regulate the
effect of MMP-9 and can have a variety of independent biological effects on inflammation
and angiogenesis, which may have important consequences for renal structure and function
[155].

It was suggested that the increased concentrations of MMP-9 were related to
inflammation in atherosclerotic plaques, which in aggregate might be related to the extent of
coronary artery disease (CAD) [170]. An identification of renal disease progression and its

associated CV risk has become increasingly important.

In summary, given the importance of MMPs, especially MMP-9 to the pathological
glomerular, tubulointerstitial and vascular remodeling associated with many renal diseases
[163, 171, 172], and the increased cardiovascular risk of patients with renal impairment [137],
serum MMP-9 measurement may function as a biochemical biomarker of connective tissue
metabolism in patients with renal disease. Additional studies are needed to evolve the clinical

evidence of MMP-9 and support the intended claims.

1.4.4 SOLUBLE RECEPTOR FOR ADVANCED GLYCATION END PRODUCTS (SRAGE)

The receptor for advanced glycation end products (RAGE) has emerged as a central
regulator for vascular inflammation and subsequent atherosclerosis [173, 174]. In addition
RAGE and its ligands are intimately involved in the pathology of a wide range of diseases
that share common features such as enhanced oxidative stress, immune/inflammatory

responses, and altered cell functions.

RAGE consists of an extracellular region containing the ligand-binding domain, a
single hydrophobic transmembrane a-helix, and a short cytosolic tail, which is essential for
RAGE signaling [175].
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Ligand engagement of RAGE triggers cell-specific signaling, resulting in enhanced
generation of reactive oxygen species (ROS), and in the activation of the transcription factor
NF-kB [176]. This leads to sustained up-regulation of pro-inflammatory mediators, adhesion

molecules and to dysfunctional cell phenotype [176, 177].

As a multiligand receptor expressed on the cell surface, it could bind various kind of
ligands such as members of S100/calgranulins family of proinflammatory molecules, high-
mobility group box-1 protein (HMGB-1), B-sheet fibrils, amyloid-B peptide, ,-integrin Mac-
1[178]. As well as advance glycation end products (AGEs) [174].

The interaction between RAGE and its ligands result in pro-inflammatory gene
activation, thereby creating a causative effect in a wide range of disease, including diabetes
mellitus, atherothrombosis, immune/inflammatory conditions, ageing, cancer, and

neurodegeneration [179].

Particularly in patients with decreased renal function, RAGE accumulates and exists in
several variants [180, 181]. Soluble RAGE (sSRAGE), one of them, is a circulating form of
RAGE. The mechanisms of SRAGE generation include the ecdomain shedding the
membrane-associate receptor, and a RAGE isoform lacking the C-terminal (transmembrane)

domain, and in humans it results from alternative splicing of RAGE mRNA [179, 182].

The first process seems to be mediated, at least in part, by several membrane-
associated proteases, including the sheddase A Disintegrin And Metalloprotease (ADAM-10),
and the matrix metalloproteinase-9 (MMP-9) [183-185]. The second one consists in the
expression of a soluble splice-isoform, denominated endogenous secretory (es)RAGE, which

IS characterized by a specific C-terminal 16-amino acid sequence [186].

SRAGE may act a decoy receptor by competitively inhibiting the binding of RAGE
ligands to RAGE, accordingly attenuating the downstream inflammatory responses [181,
187]. Circulating SRAGE levels may inversely reflect RAGE activity, thus providing a useful
biomarker of RAGE-mediated pathogenesis [179, 188].

In summary, these interesting observations suggest that circulating SRAGE monitoring
may function as a biomarker in several diseases including diseases of kidney and as an
indicator of subclinical inflammation and associate atherosclerosis. Additional research is

needed to fully evaluate the true potential of this biomarker.
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1.4.5 EXTRACELLULAR NEWLY IDENTIFIED RAGE BINDING PROTEIN (EN-RAGE) OR THE
CALCIUM BINDING PROTEIN S100A12

Calgranulin C, calcium binding protein S100A12, also known as extracellular newly
identified RAGE binding protein (EN-RAGE), is a natural pro-inflammatory ligand for
RAGE.

The primary structure of human S100A12 consists of 91 amino acids with molecular
mass of 10.4 kD, has two EF-hands and a predicted C-terminal zinc-binding site (His-Xaa-Xaa-
Xaa-His) [189]. The EF-hand structural motif consists of a loop flanked by a-helices (helix-
loop-helix), which together form a single EF-hand calcium binding site [190].

Human S100A12 shows highest homologies with S100A9 (46%) and to S100A8
(40%). The human S100A12 gene, localized within S100 gene cluster on chromosome 1921
between S100A8 and S100A9 genes, is composed of 3 exons which are divided by 2 introns.
Unlike protein S100A8 and S100A9, homologs with protein S100A12 have been only
identifies in some species. There is evidence that chromosomal rearrangements during rodent
evolution damaged the murine S100A12 gene, indicating the absence of the protein in mice
[191].

The occurrence of human S100A12 in the cytoplasm of granulocytes resembles the
distribution pattern of SI00A8/S100A9, with the difference being that it is less abundant [192,
193]. In the presence of calcium, S100A12 forms homodimers, but there is no complex
formation with S100A8 or S100A9 [194]. Thus, S100A12 acts individually during calcium —
dependent signaling, independent of S100A8/S100A9 [195].

S100A12 has been implicated in a novel inflammatory axis, involving RAGE, a
multiligand receptor of the immunoglobulin superfamily expressed on endothelium and cells

of the immune system [175, 196].

S100A12 binds to RAGE. The binding of S100A12 to RAGE results in activation of
various intracellular signaling pathways. As a consequence, surface expression of vascular
cell adhesion molecule 1 (VCAM-1) increases on endothelial cells after SI00A12 stimulation.
Enhanced binding of integrin very late activation antigen 4 — bearing mononuclear cells to
S100A12-stimulated endothelium has been demonstrated [196]. In addition, S100A12
increased expression of intercellular adhesion molecule 1 (ICAM-1), thereby providing a

mechanism by which polymorphonuclear leukocytes might be attracted to S100A12
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stimulated endothelium as well [196]. Induction of VCAM-1 and ICAM-1 expression by
S100A12 is, at least in part, mediated by activation of NF-kB. S100A12 also exhibits direct
chemotactic effects on phagocyte [197, 198]. Furthermore, activation of RAGE by S100A12
up-regulates expression of proinflammatory cytokines, such as tumor necrosis factor (TNF)
and IL-1pB, by murine macrophage like BV-2 cells [196].

Peripheral blood mononuclear cells exposed to S100A12 displayed enhanced release
of IL-2 into culture supernants. In addition to these findings, an enhanced mitogenic response
to crosslinking CD3/CD28 after stimulation of peripheral blood mononuclear cells with
S100A12 was noted [196].

The mechanism of S100A12 action in detail (Fig. 6): 1) an initial pro-
inflammatory stimulus, e.g. lipopolysaccharide (LPS) triggers - among others - the NF-xB
driven expression 2) of calgranulins via TLR4 expressed on granulocytes. 3) Proteins are
released from cells via a tubulin-dependent alternative secretory pathway. 4) Once
extracellular, S100A12 can bind TLR4 or RAGE on target cells. 5) In monocytes or
granulocytes NF-kB -dependent expression of pro-inflammatory cytokines like 1L-1b, IL-6,
IL-18 or TNFa are triggered. 6) IL-1p in particular can in turn stimulate its own secretion by
autocrine feedback-loops or trigger additional IL-1b release from other cells. 7) Finally,
calgranulins can activate endothelial cells via TLR4- and RAGE-dependent pathways. This
results in NF-xB -driven expression of adhesion markers like intracellular and vascular
adhesion molecules (ICAMs, VCAMS) or selectins on the microvascular endothelium. 8) In
addition, monocytes and granulocytes are attracted along a chemokine (e.g. 1L-8, MCP-1)
gradient to the site of inflammation. Crossing the endothelium is facilitated by calgranulin-
triggered upregulation of Mac-1 (CD11b-CD18) and its subsequent binding to ICAM-1. Thus,
calgranulins in concert with IL1-1p are orchestrating a vicious autoinflammatory circle that is

believed to be a key pathological mechanism in autoinflammatory diseases [199].

Taken together, the results of these in vitro studies demonstrated that released S100
proteins activate immune cells critical to pathogenesis of inflammation by triggering

proliferation and generation of cytokines.
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FIG. 6 SI00A12 CAN PERPETUATE INFLAMMATORY MECHANISMS; (REPRINTED BY PERMISSSION FROM
ELSEVIER INC: CLINICAL IMMUNOLOGY 147, 229-241 (2013) [199].

Moreover S100A12 is suggested as a potent contributor to the development of
atherosclerosis with vascular inflammation [173, 187]. In addition, recent data demonstrated
that EN-RAGE could be a strong predictor for CV and all-cause mortality in HD patients
[200, 201].

In summary, additional research will be necessary for better acceptance of EN-RAGE

as a pro-inflammatory marker in patients with renal disease.

1.4.6 HIGH MOBILITY GROUP BOX PROTEIN-1 (HMGB-1)
The high mobility group (HMG) nuclear proteins were discovered in 1973 in an effort
to better define the specific regulators of gene expression [202]. This group of non-histone,

chromatin associated proteins has since been characterized to be involved in DNA

organization and regulation of transcription.
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HMGB-1 is member of a subfamily of the HMG proteins. The nuclear localization of
HMGB-1 and its affinity for DNA is regulated through phosphorylation and acetylation, and
has been found to have a dynamic relationship with chromatin [203].

The structure of HMGB-1 contains two separate ‘boxes’, the A- and B- boxes, each
containing ~ 80 amino acids in an L-shaped fold, along with acidic C-terminal tale [204]. The
B-box domain has been identified as important for many of the proinflammatory properties of
HMGB-1 including cytokine release [205, 206]. The A-box domain does not possess the pro-
inflammatory properties of the B-box and instead competes with HMGB-1 for binding sites

leading to attenuation inflammatory cascade [207].

HMGB-1 is released passively during cellular necrosis by almost all cells which have
nucleus and signals neighboring cells of ongoing damage [208]. However, HMGB-1 also is
secreted actively by immune cells such as monocytes, macrophages, and dendritic cells [209-
211].

Several important receptors have been implicated in HMGB-1 signaling, including
receptor for advanced glycation end products (RAGE) and members of the Toll-like family
receptors (TLRs). HMGB-1 singaling though RAGE promotes chemotaxis and the production
of cytokines in a process that involves the transcription factor NF-xB [212, 213]. Other
RAGE dependent effects of HMGB-1 appear to involve the maturation [206, 214, 215] and
migration [215-217] of immune cells as well as the upregulation of cell surface receptors
[218, 219].

In addition to RAGE, Toll like family of receptors has been demonstrated to be
important in HMGB-1 signaling. TLR4, TLR2, and TLR9 have been all implicated as
HMGB-1 receptors. HMGB-1 binding of TLR2 and TLR4 results in NF-kB upregulation
[220, 221].

Extracellular HMGB-1 is also involved in the progression of several inflammatory
diseases, including septic shock [209], disseminated intravascular coagulation [222], acute
lung injury [211, 223], as well as chronic inflammatory diseases such as rheumatoid arthritis
[224] and atherosclerosis [225, 226].

More recently studies in animal models demonstrated that HMGB-1 is an early
mediator of injury an inflammation in liver, heart and kidney ischemia reperfusion injury [96,
227, 228]. Moreover, the only study in CKD patients has shown that HMGB-1 correlates with

renal function as well as markers of inflammation and malnutrition in CKD patients [229].
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In conclusion, further research in this area will improve our understanding the HMGB-

1 mediated inflammatory response to the pathogenesis of renal disease.

1.4.7 EMERGING BIOMARKERS IN CHRONIC KIDNEY DISEASE AND ACUTE KIDNEY INJURY:
FUTURE PERSPECTIVES

Recently, promising biomarkers have been identified for CKD and AKI. These may be
more sensitive biomarkers of kidney function, the underlying pathophysiological and

biochemical processes, and/or cardiovascular risk.

Potential biomarkers in the diagnosis of CKD and its progression referring to kidney
function include cystatin C [230], B-trace protein [231], uric acid [232]. In addition, in
patients with CKD, elevated levels of cystatin C are associated with all-cause mortality,

cardiovascular events, and incident heart failure [233].

Biomarkers referring to kidney structure embrace neutrophil gelatinase associated
lipocalin (NGAL) [234], kidney injury molecule 1 [235], N-acetyl-p-D-glucosaminidase
[236], liver-type fatty acid binding protein [237], tenascin and tissue inhibitor of
metalloproteinases 1 [238], glomerular injury including urinary nephrin, podocin and
podocalyxin [239, 240]. NGAL was found to be a useful early predictor of AKI, with urine or
plasma/serum NGAL levels functioning as well [241]

Biomarkers in the diagnosis of CKD and its progression with focus on endothelial
dysfunction are intensively studied include asymmetric dimethylarginine (ADMA) [242],
cardiovascular peptides [243, 244]. Brain natriuretic peptide (BNP) was prospectively studied
as biomarker of cardiovascular events in CKD population in Japan, where the relative risk of
cardiovascular events was significantly higher in those with the highest BNP levels [245].

ADMA is a strong predictor of cardiovascular and mortality in ESRD [246].

There are increasing numbers of inflammatory and fibrotic markers in CKD: C-
reactive protein and soluble tumor necrosis factor receptor 11 [247, 248], pentraxin 3 [249],
urinary IL-18 [250], transforming growth factor-p1 [251], CD14 mononuclear cells in the
urine [252].

Next group includes the biomarkers in the diagnosis of CKD and its progression in
terms of metabolic factors such as fibroblast growth factor-23 (FGF-23) [253], apolipoprotein
A-1V [254] and adiponectin [255]. Elevated levels of FGF-23 have been shown to be
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predictive of mortality in ESRD and cardiovascular events in CKD patients starting dialysis
[256].

Several markers including NGAL [257, 258], Kidney Injury Molecule -1 (KIM-1)
[259, 260], interleukin (IL) -18 [261, 262], N —acetyl-B-D-glucosominidase (NAG) [263],
Fatty Acid Binding Protein (FABP) [264, 265], Netrin-1 [266], MCP-1 [267], osteopontin
[268, 269] are intensively studied in AKI [270].

Serum creatinine, eGFR, and proteinuria are rutinely used but the reliance on CKD
progression, AKI and associated CVR may result in extensive time lapse where successful

interventions could be tested and applied.

Therefore, new validated biomarkers are required for CKD progression, AKI,
cardiovascular disease (CVD) risk and require further validation in diverse populations with

renal disease before translation into clinical practice.
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2 AIMS OF THE STUDY
The aim of this thesis is to study and compare the novel potential biomarkers in

patients with renal diseases including CKD, HD, AKI patients and healthy controls for
comparison. Moreover, the study aims to testify the hypothesis that these biomarkers are
related to inflammatory and nutritional parameters, atherosclerosis, and cardiovascular

disease.
1. Circulating serum PIGF levels in patients with decreased renal function:

e Comparison of serum PIGF levels in patients with CKD, HD patients and
healthy controls

e Detection of the PIGF levels in the urine of CKD patients

e Possible relationships of serum PIGF concentrations and markers of

inflammation and atherosclerosis
2. Circulating serum EN-RAGE levels in patients with decreased renal function:

e Comparison of serum EN-RAGE levels in patients with CKD, HD patients

and healthy controls

e Possible relationships of serum EN-RAGE levels to inflammatory markers in
CKD, HD patients and healthy controls

3. Changes in MMP-2 and PAPP-A levels in CKD patients stages 1-5:

e Comparison of MMP-2 and PAPP-A at each level of CKD

e Biochemical determinants of MMP-2 and PAPP-A in CKD patients stages 1-5
4. Changes of MMP-2, MMP-9, PAPP-A in patients with various nephropathies:

e Comparison of circulating levels of MMP-2, MMP-9 and PAPP-A in patients

with various biopsy proven nephropathies

5. Evaluation of PIGF, PAPP-A, sRAGE, EN-RAGE and HMGB-1 levels in patients

with acute kidney injury:

e Comparison of PIGF, PAPP-A, sRAGE, EN-RAGE and HMGB-1 levels in
AKI patients

e Possible relationships of studied biomarkers to inflammatory markers and

markers of nutrition
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3 MATERIAL AND METHODS

3.1 METHODS

3.1.1 ENZYME IMMUNOASSAY FOR THE QUANTITATIVE DETERMINATION OF PLGF IN HUMAN

SERUM
The Quantikine Human PIGF Immunoassay was used for the determination of PIGF

concentrations in serum and urine (R&DSystems, Inc., Minneapolis, MN, USA

www.RnDSystems.com).

3.1.1.1 PRINCIPLE OF THE ASSAY
This assay employs the quantitative sandwich enzyme immunoassay technique. A

monoclonal antibody specific for PIGF has been pre-coated onto a microplate. Standards and
samples are pipetted into the wells and any PIGF present is bound by the immobilized
antibody. After washing away any unbound substances, an enzyme-linked polyclonal
antibody specific for PIGF is added to the wells. Following a wash to remove any unbound
antibody-enzyme reagent, a substrate solution is added to the wells and color develops in
proportion to the amount of PIGF bound in the initial step. The color development is stopped
and the intensity of color is measured, using a spectrophotometer microplate reader set at dual
wavelength 450/570 nm.

3.1.1.2 MATERIALS AND REAGENTS

e PIGF Microplate — 96 well polysterene microplate (12 strips of 8 wells) coated with a

mouse monoclonal antibody against PIGF

e PIGF Conjugate — 21 mL/vial of polyclonal antibody against PIGF conjugated to

horseradish peroxidase with preservative

e PIGF Standard — 1 ng/vial of recombinant human PIGF in a buffered protein base with

preservative, lyophilized
e Assay Diluent RD1-22 — 11 ml/vial of a buffered protein base with preservative
e Calibrator Diluent RD 6-11 — 21 mL/vial of a buffered protein base with preservative

e Wash Buffer Concentrate — 21 ml/vial of a 25-fold concentrated solution of buffered

surfactant with preservative
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e Color Reagent A — 12.5 mL/vial of stabilized hydrogen peroxide
e Color Reagent B — 12.5 mL/vial of stabilized chromogen (tetramethylbenzidine)
e Stop Solution — 6 mL/vial of 2 N sulfuric acid

e Plate Covers — Adhesive strips.

3.1.1.3 SAMPLES
Blood was allowed to clot for 30 minutes before centrifugation for 10 minutes at

1450 g. Serum was frozen at —80 °C. Urine was stored at —80° C. Analysis of all samples was

performed within 6 months after collection.

3.1.1.4 ASSAY PROCEDURE
All reagents and samples were brought to room temperature before use. 20 mL of

Wash Buffer Concentrate was diluted into distilled water to prepare 500 mL of Wash Buffer.
To prepare Substrate Solution Color Reagents A and B were mixed together in equal volumes
within 15 minutes of use. 200 pL of the resultant mixture was required per well. The PIGF
Standard was reconstituted with 1.0 mL of Calibrator Diluent RD6-11 for serum samples, or
Calibrator Diluent RD6-11 (1/2x) for urine samples. 10 mL of Calibrator Diluent RD6-11 was
added to 10 mL of distilled water to prepare 20 mL of Calibrator Diluent RD6-11 for urine
samples. The reconstitution produced a stock solution of 1000 pg/mL. The standard was
allowed to sit of 15 minutes with gentle agitation prior to making dilutions. 500 pL of the
appropriate Calibrator Diluent was pipetted into each tube. The stock solution was used to
produce a dilution series with 500 pg/mL, 250 pg/mL, 125 pg/mL, 62.5 pg/mL, 31.2 pg/ml,
15.6 pg/mL. Each tube was mixed before next transfer. The undiluted standard served as the
high standard (1000 pg/mL). The Calibrator Diluent RD6-11 served as the zero standard (O
pg/mL).

1. 100 pL of Assay Diluent RD1-22 was added to each well.

2. 100 pL of Standard, control, and sample was added per well and covered with
adhesive strip provided. Subsequently the plate layout was incubated for two hours at

room temperature.

3. Each well was aspirated and washed, repeating the process three times for a total of

four washes with Wash Buffer (400 pL). Complete removal of liquid at each step was
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essential to good performance. After the last wash, any remaining Wash Buffer was

removed by aspirating. The plate was inverted and blotted against clean paper towels.

4. 200 pL of PIGF Conjugate was added to each well covered with a new adhesive strip.
The plate was incubated for two hours at room temperature. The aspiration and wash

was repeated as in step (3).

5. 200 pL of Substrate Solution was added to each well. The plate, protected from light,

was incubated for 30 minutes at room temperature.

6. 50 uL of Stop Solution was added to each well. The color in the wells was changed

from blue to yellow.

7. The optical density of each well was determined within 30 minutes, using a
spectrophotometer microplate reader set at dual wavelength 450/570 nm.

The PIGF concentration of the sample was read from a calibration curve, using

Genesis software. The minimum detectable dose of PIGF was 7 pg/mL.

3.1.1.5 MEASUREMENT
Spectrophotometer Lab Systems, Multiscan RC, Finland was used set at dual

wavelength 450/570 nm. The concentrations of PIGF are given in pg/mL.

3.1.2 ENZYME IMMUNOASSAY FOR THE QUANTITATIVE DETERMINATION OF RAGE IN
HUMAN SERUM

The Quantikine Human RAGE Immunoassay was used for the determination of
soluble RAGE concentrations in serum (R&DSystems, Inc., Minneapolis, MN, USA

www.RnDSystems.com).

3.1.2.1 PRINCIPLE OF THE ASSAY
This assay employs the quantitative sandwich enzyme immunoassay technique. A

monoclonal antibody specific for RAGE (extracellular domain) has been pre-coated onto a
microplate. Standards and samples are pipetted into the wells and any RAGE present is bound
by the immobilized antibody. After washing away any unbound substances, an enzyme-linked
polyclonal antibody specific for RAGE (extracellular domain) is added to the wells.
Following a wash to remove any unbound antibody-enzyme reagent, a substrate solution is

added to the wells and color develops in proportion to the amount of RAGE bound in the
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initial step. The color development is stopped and the intensity of the color is measured, using

a spectrophotometer microplate reader set at dual wavelength 450/570 nm.

3.1.2.2 MATERIALS AND REAGENTS

RAGE Microplate — 96 well polysterene microplate (12 strips of 8 wells) coated with

a mouse monoclonal antibody against RAGE

RAGE Conjugate — 21 mL/vial of polyclonal antibody against RAGE conjugated to

horseradish peroxidase with preservatives

RAGE Standard — 50 ng/vial of recombinant human RAGE/Fc Chimera in a buffer

with preservatives, lyophilized

Assay Diluent RD1-60 — 11 ml/vial of a buffered protein base with preservative and

blue dye
Calibrator Diluent RD6-10 — 21 mL/vial of a buffered protein base with preservatives

Wash Buffer Concentrate — 21 ml/vial of a 25-fold concentrated solution of buffered

surfactant with preservatives

Color Reagent A — 12.5 mL/vial of stabilized hydrogen peroxide

Color Reagent B — 12.5 mL/vial of stabilized chromogen (tetramethylbenzidine)
Stop Solution — 6 mL/vial of 2 N sulfuric acid

Plate Covers — Adhesive strips.

3.1.2.3 SAMPLES

Blood was allowed to clot for 30 minutes before centrifugation for 10 minutes at

1450 g. Serum was frozen at —80 °C. Analysis of all samples was performed within 6 months

after collection.

3.1.2.4 ASSAY PROCEDURE

All reagents and samples were brought to room temperature before use. 20 mL of

Wash Buffer Concentrate was diluted into distilled water to prepare 500 mL of Wash Buffer.

To prepare Substrate Solution Color Reagents A and B were mixed together in equal volumes

within 15 minutes of use. 200 pL of the resultant mixture was required per well. The RAGE
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Standard was reconstituted with 1.0 mL of distilled water. The reconstitution produced a stock

solution of 50,000 pg/mL. The standard was allowed to sit of 15 minutes with gentle agitation

prior to making dilutions. 100 uL of the stock solution and 900 uL of the appropriate

Calibrator Diluent RD6-10 was pipetted into the 5000 pg/mL tube. 500 uL of appropriate

Calibrator Diluent was pipetted into the remaining tubes. The stock solution was used to
produce a dilution series with 2500 pg/mL, 1250 pg/mL, 625 pg/mL, 312 pg/mL, 156 pg/mL,

78 pg/mL. Each tube was mixed before next transfer. The undiluted standard served as the

high standard (5000 pg/mL). The appropriate Calibrator Diluent RD6-10 served as the zero
standard (0 pg/mL).

1.

2.

100 pL of Assay Diluent RD1-60 was added to each well.

50 pL of Standard, control, and sample was added per well and covered with adhesive
strip provided. Subsequently the plate layout was incubated for two hours at room

temperature.

Each well was aspirated and washed, repeating the process three times for a total of
four washes with Wash Buffer (400 puL). Complete removal of liquid at each step was
essential to good performance. After the last wash, any remaining Wash Buffer was

removed by aspirating. The plate was inverted and blotted against clean paper towels.

200 pL of RAGE Conjugate was added to each well covered with a new adhesive
strip. The plate was incubated for two hours at room temperature. The aspiration and

wash was repeated as in step (3).

200 pL of Substrate Solution was added to each well. The plate, protected from light,

was incubated for 30 minutes at room temperature.

50 uL of Stop Solution was added to each well. The color in the wells was changed

from blue to yellow.

The optical density of each well was determined within 30 minutes, using a

spectrophotometer microplate reader set at dual wavelength 450/570 nm.

The soluble RAGE concentration of the sample was read from a calibration curve,

using Genesis software. The minimum detectable dose of soluble RAGE was4.12 pg/mL.

3.1.2.5 MEASUREMENT

Spectrophotometer Lab Systems, Multiscan RC, Finland was used set at dual

wavelength 450/570 nm. The concentrations of RAGE are given in pg/mL.
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3.1.3 ENZYME IMMUNOASSAY FOR THE QUANTITATIVE DETERMINATION OF MMP-2 IN
HUMAN SERUM

The Quantikine Human MMP-2 Immunoassay was used for the determination of
soluble MMP-2 concentrations in serum (R&DSystems, Inc., Minneapolis, MN, USA

www.RnDSystems.com).

3.1.3.1 PRINCIPLE OF THE ASSAY
This assay employs the quantitative sandwich enzyme immunoassay technique. A

polyclonal antibody specific for MMP-2 has been pre-coated onto a microplate. Standards and
samples are pipetted into the wells and any MMP-2 present is bound by the immobilized
antibody. After washing away any unbound substances, an enzyme-linked polyclonal
antibody specific for MMP-2 is added to the wells. Following a wash to remove any unbound
antibody-enzyme reagent, a substrate solution is added to the wells and color develops in
proportion to the amount of MMP-2 bound in the initial step. The color development is
stopped and the intensity of the color is measured, using a spectrophotometer microplate

reader set at dual wavelength 450/570 nm.

3.1.3.2 MATERIALS AND REAGENTS

e MMP-2 Microplate — 96 well polysterene microplate (12 strips of 8 wells) coated
with a polyclonal antibody against MMP-2

e MMP-2 Conjugate — 21 mL of a polyclonal antibody against MMP-2 conjugated to

horseradish peroxidase with preservatives

e MMP-2 Standard — 100 ng of recombinant human MMP-2 in a buffered protein

solution with preservatives, lyophilized
e Assay Diluent RD1-74 — 11 ml of a buffered protein solution with preservatives
e Calibrator Diluent RD5-32 — 21 mL of a buffered protein solution with preservatives

e Wash Buffer Concentrate — 21 mL of a 25-fold concentrated solution of a buffered

surfactant with preservatives

e Color Reagent A — 12.5 mL of stabilized hydrogen peroxide
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e Color Reagent B —12.5 mL of stabilized chromogen (tetramethylbenzidine)
e Stop Solution — 6 mL of 2 N sulfuric acid

e Plate Covers — 4 Adhesive strips

3.1.3.3 SAMPLES
Blood was allowed to clot for 30 minutes before centrifugation for 10 minutes at

1450 g. Serum was frozen at —80 °C. Analysis of all samples was performed within 6 months

after collection.

3.1.3.4 ASSAY PROCEDURE
All reagents and samples were brought to room temperature before use. 20 mL of

Wash Buffer Concentrate was diluted into distilled water to prepare 500 mL of Wash Buffer.
To prepare Substrate Solution Color Reagents A and B were mixed together in equal volumes
within 15 minutes of use. 200 pL of the resultant mixture was required per well. The MMP-2
Standard was reconstituted with 1.0 mL of distilled water. The reconstitution produced a stock
solution of 100 ng/mL. The standard was allowed to sit of 15 minutes with gentle agitation
prior to making dilutions. 200 puL of the Calibrator Diluent RD5-32 was pipetted into 50
ng/mL tube. 200 pL of Calibrator Diluent RD5-32 was pipetted into the remaining tubes. The
stock solution was used to produce a dilution series: with 25 ng/mL, 12.5 ng/mL, 6.25 ng/mL,
3.13 ng/mL, 0.78 ng/mL. Each tube was mixed before next transfer. The 50 ng/mL standard
served as the high standard. The Calibrator Diluent RD5-32 served as the zero standard (0
ng/mL).

1. 100 pL of Assay Diluent RD1-74 was added to each well.

2. 50 uL of Standard, control, and diluted samples was added per well and covered with
adhesive strip provided. Serum required 10-fold dilution (20 pL of sample and 180 pL
of Calibrator Diluent RD5-32). Subsequently the plate layout was incubated for two

hours at room temperature on the microplate shaker set at 450 rpm. .

3. Each well was aspirated and washed, repeating the process three times for a total of
four washes with Wash Buffer (400 pL). Complete removal of liquid at each step was
essential to good performance. After the last wash, any remaining Wash Buffer was

removed by aspirating. The plate was inverted and blotted against clean paper towels.
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4. 200 uL of MMP-2 Conjugate was added to each well covered with a new adhesive
strip. The plate was incubated for two hours at room temperature on the shaker.. The
aspiration and wash was repeated as in step (3).

5. 200 pL of Substrate Solution was added to each well. The plate, protected from light,

was incubated for 30 minutes at room temperature on the benchtop.

6. 50 pL of Stop Solution was added to each well. The color in the wells was changed
from blue to yellow.

7. The optical density of each well was determined within 30 minutes, using a

spectrophotometer microplate reader set at dual wavelength 450/570 nm.

The MMP-2 concentration of the sample was read from a calibration curve, using
Genesis software. The minimum detectable dose of MMP-2 was 0.047 ng/mL.

3.1.3.5 MEASUREMENT
Spectrophotometer Lab Systems, Multiscan RC, Finland was used set at dual

wavelength 450/570 nm. The concentrations of MMP-2 are given in ng/mL.

3.1.4 ENZYME IMMUNOASSAY FOR THE QUANTITATIVE DETERMINATION OF MMP-9 IN
HUMAN SERUM

The Quantikine Human MMP-9 Immunoassay was used for the determination of
soluble MMP-9 concentrations in serum and urine (R&DSystems, Inc., Minneapolis, MN,

USA www.RnDSystems.com).

3.1.4.1 PRINCIPLE OF THE ASSAY
This assay employs the quantitative sandwich enzyme immunoassay technique. A

monoclonal antibody specific for MMP-9 has been pre-coated onto a microplate. Standards
and samples are pipetted into the wells, and MMP-9 is bound by the immobilized antibody.
After washing away unbound substances, an enzyme-linked polyclonal antibody specific for
MMP-9 is added to the wells. Following a wash to remove unbound antibody-enzyme
reagent, a substrate solution is added to the wells and color develops in proportion to the
amount of total MMP-9 bound in the initial step. The color development is stopped and the
intensity of the color is measured, using a spectrophotometer microplate reader set at dual
wavelength 450/570 nm.
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3.1.4.2 MATERIALS AND REAGENTS

Total MMP-9 Microplate — 96 well polysterene microplate (12 strips of 8 wells)

coated with a mouse monoclonal antibody against MMP-9

Total MMP-9 Conjugate — 21 mL/vial of a polyclonal antibody against MMP-9
conjugated to horseradish peroxidase with preservatives

Total MMP-9 Standard — 20 ng/vial of recombinant human MMP-9 in a buffered
protein solution with preservatives, lyophilized

Assay Diluent RD1-34 — 11 ml of a buffered protein solution with preservatives

Calibrator Diluent RD5-10 — 21 mL/vial of a concentrated buffered protein base with

preservatives

Wash Buffer Concentrate — 21 mL/vial of a 25-fold concentrated solution of a

buffered surfactant with preservatives

Color Reagent A — 12.5 mL of stabilized hydrogen peroxide;

Color Reagent B — 12.5 mL of stabilized chromogen (tetramethylbenzidine)
Stop Solution — 6 mL/vial of 2 N sulfuric acid

Plate Covers — 4 Adhesive strips.

3.1.4.3 SAMPLES

Blood was allowed to clot for 30 minutes before centrifugation for 10 minutes at

1450 g. Serum was frozen at —80 °C. Analysis of all samples was performed within 6 months

after collection.

3.1.4.4 ASSAY PROCEDURE

All reagents and samples were brought to room temperature before use. 20 mL of

Wash Buffer Concentrate was diluted into distilled water to prepare 500 mL of Wash Buffer.

To prepare Substrate Solution Color Reagents A and B were mixed together in equal volumes

within 15 minutes of use. 200 pL of the resultant mixture was required per well. The MMP-2

Standard was reconstituted with 1.0 mL of distilled water. The reconstitution produced a stock

solution of 20 ng/mL. The standard was allowed to sit of 15 minutes with gentle agitation
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prior to making dilutions. 500 uL of the Calibrator Diluent RD5-10 was pipetted into each

tube. The stock solution was used to produce a dilution series: 10ng/mL, 5 ng/mL, 2.5 ng/mL,
1.125 ng/mL, 0.625 ng/mL, 0.312 ng/mL. Each tube was mixed before next transfer. The 20

ng/mL standard served as the high standard. The Calibrator Diluent RD5-10 served as the

zero standard (0 ng/mL).

1.

100 pL of Assay Diluent RD1-34 was added to each well.

100 pL of Standard, control, and diluted sample was added per well and covered with
adhesive strip provided. Samples required a 10-fold dilution (5 pL of sample and 450
uL of Calibrator Diluent RD5-10). Subsequently the plate layout was incubated for

two hours at room temperature on microplate shaker set at 450 rpm.

Each well was aspirated and washed, repeating the process three times for a total of
four washes with Wash Buffer (400 uL). Complete removal of liquid at each step was
essential to good performance. After the last wash, any remaining Wash Buffer was

removed by aspirating. The plate was inverted and blotted against clean paper towels.

200 uL of MMP-9 Conjugate was added to each well covered with a new adhesive
strip. The plate was incubated for one hour at room temperature on the shaker. The

aspiration and wash was repeated as in step (3).

200 pL of Substrate Solution was added to each well. The plate, protected from light,
was incubated for 30 minutes at room temperature on the benchtop.

50 pL of Stop Solution was added to each well. The color in the wells was changed

from blue to yellow.

The optical density of each well was determined within 30 minutes, using a

spectrophotometer microplate reader set at dual wavelength 450/570 nm.

The MMP-9 concentration of the sample was read from a calibration curve, using

Genesis software. The minimum detectable dose of MMP-9 was 0.156 ng/mL.

3.1.4.5 MEASUREMENT

Spectrophotometer Lab Systems, Multiscan RC, Finland was used set at dual

wavelength 450/570 nm. The concentrations of MMP-9 are given in ng/mL.
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3.1.5 TIME RESOLVED AMPLIFIED CRYPTATE EMISSION IMMUNOFLURESCENT ASSAY FOR
THE QUANTITATIVE DETERMINATION OF PAPP-A IN HUMAN SERUM

The KRYPTOR automated immunoflurescent assay was used for the quantitative
determination of PAPP-A in serum (Thermo Fisher, Scientific, BRAHMS GmbH,;

Hennigsdorf, Germany www.brahms.de).

3.1.5.1 PRINCIPLE OF THE ASSAY
The measurement principle of KRYPTOR is based on TRACE® Technology (Time

Resolved Amplified Cryptate Emission), which measures the signal emitted from an
immunocomplex with time delay. The basis of the TRACE® Technology is non-radiative
energy transfer form donor (a cage like structure with an europium ion in the center
[cryptate]) to an acceptor, which is part of a chemically modified, light-collecting algal
protein (XL 665). The proximity of donor (cryptate) and acceptor (XL 665) when they are
part of an immunocomplex and the spectral overlap between donor emission and acceptor
absorption spectra on the one hand, intensity the fluorescent signal of the cryptate and on the
other hand they extend the life span of the acceptor signal, permitting the measurement of

temporally delayed fluorescence.

When the sample is excited with a nitrogen laser at 337 nm, the donor (cryptate) emits
a long-life fluorescent signal in the mill-second range at 620 nm, while the acceptor (XL 665)
generates a short-life signal in the nanosecond-range at 665 nm. When the two components
are bound in an immunocomplex, both the signal amplification and the prolongation of the
life span of the acceptor signal occur at 665 nm, so that it can be measured over p-seconds.

This long-life signal is proportional to the concentration of the analyte to be measured.

Non-specific signals, e.g. the signals of the short-life and unbound acceptor XL 665
and the medium-specific interference signals conditional upon the natural fluorescence
measurement. The signal generated by the cryptate at 620 nm serves as an internal reference
and is measured simultaneously with the long-life acceptor signal at 665 nm which is the
specific signal. Interfering influence, e.g. from the turbid sera, are automatically corrected by

means of the internally calculated ratio of the intensities at these wavelengths.
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3.1.5.2 MATERIALS AND REAGENTS

e Cryptate Conjugate — 4.5 mL/vial of anti-PAPP-A monoclonal antibody conjugated
with europium cryptate, buffer, bovine albumin, unspecific mice immunoglobulins,

potassium fluoride
e Diluent — 9 mL/vial of a new born calf serum with preservatives

e XL665-Conjugate — 5.6 mL/vial of anti-PAPP-A monoclonal antibody conjugated
with XL 665, buffer, bovine albumin, unspecific mice immunoglobulins, potassium

fluoride

3.1.5.3 SAMPLES
Blood was allowed to clot for 30 minutes before centrifugation for 10 minutes at

1450 g. Serum was frozen at —80 °C. Analysis of all samples was performed within 6 months

after collection.

3.1.5.4 AssSAY PROCEDURE
1. All reagents and samples were brought to room temperature before use. Conjugates

and the sample (50 pL) were dispensed into the reaction plate and the signal emitted

was measured periodically.

2. After the measurement of fluorescent signal, the data obtained from the software were

compared to the memorized standard curve.

3. The minimum detectable dose of PAPP-A was 4 mIU/L.

3.1.5.5 MEASUREMENT
KRYPTOR Thermo Fisher, Scientific, BRAHMS GmbH; Hennigsdorf, Germany was

used set. The concentrations of PAPP-A are given in mIU/L.

3.1.6 ENZYME IMMUNOASSAY FOR THE QUANTITATIVE DETERMINATION OF S100A12/EN-
RAGE IN HUMAN SERUM

The CircuLex S100A12/EN-RAGE ELISA Kit was used for the quantitative
determination of S100A12/EN-RAGE concentrations in serum (CycLex Co., Ltd, Nagano,

Japan www.cyclex.co.jp).
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3.1.6.1 PRINCIPLE OF THE ASSAY
The CircuLex S100A12/EN-RAGE ELISA Kit employs the quantitative sandwich

enzyme immunoassay technique. A monoclonal antibody specific for SI00A12/EN-RAGE
has been pre-coated onto a microplate. Standards and samples are pipetted into the wells and
the immobilized antibody binds any S100A12/EN-RAGE present. After washing away any
unbound substances, an HRP conjugated polyclonal antibody specific for S100A12/EN-
RAGE is added to the wells. Following a wash to remove any unbound antibody HRP
conjugate, the remaining conjugate is allowed to react with the substrate H,O,-
tetramethylbenzidine. The color development is stopped by addition of acidic solution and the
intensity of the color is measured, using a spectrophotometer microplate reader set at dual
wavelength 450/570 nm.

The absorbance is proportional to the concentration of S100A12/EN-RAGE. A
standard curve is constructed by plotting absorbance values versus S100A12/EN-RAGE
concentrations of calibrators, and concentrations of unknown samples are determined using

this standard curve.

3.1.6.2 MATERIALS AND REAGENTS

e Total SI00A12/EN-RAGE Microplate — 96 well polysterene microplate (12 strips of 8
wells) coated with a monoclonal antibody against SI00A12/EN-RAGE

e 10x Wash Buffer — 100 mL of 10x buffer containing 2% Tween®-20

e 5x Dilution Buffer — one bottle containing 20 mL of 5X buffer, diluted 5 times and
used for sample dilution

e SI100A12 Standard — one vial containing 510 ng of lyophilized recombinant
S100A12/EN-RAGE

e 20x HRP conjugated Detection Antibody — one vial containing 0.6 horseradish

peroxidase conjugated anti-S100A12/EN-RAGE polyclonal antibody
e Conjugate Dilution Buffer - one bottle containing 12 mL of Conjugate Dilution Buffer

e Substrate Reagent — one bottle containing 20 mL of the chromogenic substrate, tetra-
methylbenzidine, ready to use
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e Stop Solution — one bottle containing 20 mL of 1 N sulfuric acid, ready to use.

3.1.6.3 SAMPLES
Blood was allowed to clot for 30 minutes before centrifugation for 10 minutes at

1450 g. Serum was frozen at —80 °C. Analysis of all samples was performed within 6 months

after collection.

3.1.6.4 ASSAY PROCEDURE
1. All reagents and samples were brought to room temperature before use. Serum

samples were diluted 1:200 (5 pL serum sample and 995 pL dilution buffer).

2. 100 uL of S100A12/EN-RAGE Standards and diluted samples were pipetted in

duplicates, into the appropriate wells.
3. The plate was incubated at room temperature for one hour on the shaker at 300 rpm.
4. Each well was washed 4-times by filling Wash Buffer (350 uL).
5. 100 uL of HRP conjugated Detection Antibody was added into each well.
6. The plate was incubated for one hour at room temperature on the shaker at 300 rpm.
7. Each well was washed 4 times by filling with Wash Buffer (350 uL).
8. 100 pL of Substrate Reagent was added.
9. The plate was incubated for 15-20 minutes at room temperature.
10. 100 pL of Stop Solution was added to each well.

The optical density of each well was determined within 30 minutes, using a
spectrophotometer microplate reader set at dual wavelength of 450/570 nm.

The S100A12/EN-RAGE concentration of the sample was read from a calibration
curve, using Genesis software. The minimum detectable dose of SI00A12/EN-RAGE was 56
ng/mL.

3.1.6.5 MEASUREMENT
Spectrophotometer Lab Systems, Multiscan RC, Finland was used at dual lengths of

450/570 nm. The concentrations of SI00A12/EN-RAGE are given in ng/mL.
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3.1.7 ENZYME IMMUNOASSAY FOR THE QUANTITATIVE DETERMINATION OF HMGB-1 IN
HUMAN SERUM

The IBL International HMGB-1 ELISA kit was used for the determination of HMGB-
1 concentrations in serum (IBL International GmbH, Hamburg, Germany www.IBL-

international.com).

3.1.7.1 PRINCIPLE OF THE ASSAY
HMGB-1 ELISA is a sandwich-enzyme immunoassay for the quantitative

determination of HMGB-1 in serum and plasma. The wells of the microtiter strips are coated
with purified anti-HMGB-1 antibody. HMGB-1 in the sample binds specifically to the
immobilized antibody and is recognized by a second enzyme marked antibody. After substrate
reaction the HMGB-1 concentration is determined by the color intensity.

3.1.7.2 MATERIALS AND REAGENTS
o Microtiter Plate — 96 well polystyrene microplate (12 strips of 8 wells) coated with a

polyclonal antibody against HMGB-1
e Enzyme Conjugate contains HMGB-1 conjugated to peroxidase
e Standard Solution — contains pig HMGB-1
e Positive Control contains pig HMGB-1
¢ Diluent Buffer — ready to use, contains buffer 0.01% NaN3
e Enzyme Conjugate Diluent — ready to use, contains buffer
e Wash Buffer concentrate 5x — contains phosphate buffer, <0.5 % Tween 20
e Color Reagent A - contains TMB
e Color Reagent B - contains buffer with 0.005 M hydrogen peroxide
e Color Stop Solution — ready to use, contains 0.35 M H,SO4

o Adhesive foil.

3.1.7.3 SAMPLES
Blood was allowed to clot for 30 minutes before centrifugation for 10 minutes at

1450 g. Serum was frozen at —80 °C. Analysis of all samples was performed within 6 months

after collection.
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3.1.7.4 ASSAY PROCEDURE

1.

10.

All reagents and samples were brought to room temperature before use and each vial
of liquid reagent and sample were gently swirled before use. 50 uL of Diluent Buffer

were pipetted into the respective wells of the mictotiter plate.

50 uL of Standard, positive control and each of serum sample were pipetted into the

respective wells of Microtiter Plate, shaking briefly 30 seconds.
The plate was covered with adhesive foil and incubated 24 hours at + 37 °C.

The adhesive foil was removed and incubation solution was discarded. The plate was
washed 5 times with 400 pL diluted Wash Buffer. Excess solution was removed by

tapping with inverted plate on a paper towel.
100 puL of Enzyme Conjugate was pippetted into each well.
The plate was covered with adhesive foil and incubated for 2 hours at +25 °C.

The adhesive file was removed. Incubation solution was discarded. The plate was
washed 5 times with 400 pL diluted Wash buffer. Excess solution was removed by
tapping the inverted plate on a paper towel.

100 pL of Color Solution was pipetted into each well.
The plate was incubated 30 minutes at room temperature.

The color reaction was stopped by adding 100 pL of Stop Solution into each well.
Contents were briefly mixed by gently shaking the plate.

The optical density of each well was determined within 60 minutes, using a

spectrophotometer microplate reader set at dual wavelength of 450/620 nm.. The

concentration of the samples was read directly from the standard curve. The minimum
detectable dose of HMGB-1 was 1.4 ng/mL.

3.1.7.5 MEASUREMENT

Spectrophotometer Lab Systems, Multiscan RC, Finland was used at dual wavelength

of 450/620 nm. The concentrations of HMGB-1 are given in ng/mL.

3.1.8

MEASUREMENT OF OTHER PARAMETERS
Routine laboratory parameters were assessed by commercially available Kits using

standard laboratory techniques.
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e Serum creatinine was determined using Jaffé method (Modular analyzer, Roche
Diagnostics GmbH, Germany).

e Total protein measurement on the 24-h urine sample was performed on the Roche
Modular System (pyrogallol red) (Modular analyzer, Roche Diagnostics GmbH,
Germany) on the same day as collections were completed.

o Total cholesterol was evaluated enzymatically (Modular analyzer, Roche Diagnostics
GmbH, Germany).

e C-reactive protein (CRP) was determined turbidimetrically (Roche Diagnostics,
Modular analyzer, Roche Diagnostics GmbH, Germany).

e Orosomucoid (acidic al-glycoprotein) and a-2 Macroglobulin were assessed
nephelometrically (Immage, Beckman Coulter, USA).

e Fibrinogen was measured by the trombin method (Clauss).

e Albumin was determined by photometry with bromcresole green (Roche Diagnostics,
Modular analyzer, Roche Diagnostics GmbH, Germany).

e Prealbumin measurement was performed turbidimetrically (Roche Diagnostics,
Modular analyzer, Roche Diagnostics GmbH, Germany).

e Blood count was measured with an automated haematological Beckman Coulter
LH750 Hematology analyzer (Beckman Coulter, USA).

The eGFR was calculated using the MDRD formula [271].

All the measurements were performed according to the manufacturer’s instructions;

results were calculated by reference to standard curves.

3.2 SUBJECTS

3.2.1 PLACENTAL GROWTH FACTOR IN PATIENTS WITH CHRONIC KIDNEY DISEASE

PIGF was studied in patients with CKD and various degrees of decreased renal
function (CHRI), HD patients, and age matched healthy controls. All patients were in stable
clinical status at the time of the study, without signs of acute infection or acute cardiac
problems. Written informed consent and laboratory samples were obtained from all subjects
according to ethical guidelines. The study was performed in adherence to the principles of the

Declaration of Helsinki and approved by the Institutional Ethical Committee.
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3.2.1.1 PATIENTS WITH CKD
The group of patients with CKD not yet dialyzed (CHRI group) consisted of 45

patients, 28 males and 17 females with mean age 61415 years. Their GFR ranged from 0.10 to
2.137 mL/s/1.73 m? (median 0.39 mL/s/1.73 m?), and proteinuria ranged from 0.04 to 11.6
9/24 hours. The duration of their renal diseases was from a minimum of 5 months to a
maximum of 31 years. Causes of nephropathy were immunoglobulin A nephritis (IgA) in 10
patients, membranous nephropathy in 2 patients, hypertensive nephropathy in 13 patients,
diabetic nephropathy in 3 patients, interstitial nephritis in 7 patients, cystic kidney disease in 6
patients, and multifactoral in 4 patients. The majority of the patients had hypertension and
was treated with moderate doses of antihypertensive drugs. Fourteen patients had diabetes
type 2. Twenty-six patients had dyslipidemia and were treated with statins.

3.2.1.2 PATIENTS WITH ESRD TREATED WITH HD
The HD group consisted of 31 long-term HD patients, 15 males and 16 females, mean

age 59+15 years. Causes of renal failure were as follows: glomerulonephritis in 4 patients,
hypertensive nephropathy in 4 patients, cystic kidney disease in 7 patients, interstitial
nephritis in 5 patients, diabetic nephropathy in 4 patients, and multifactoral in 7 patients.
Their mean residual diuresis was 660694 mL/24 h. The majority of patients were dialyzed 3
times/week for 4 hours, and their dialysis treatment lasted for 3 months to 17 years. They
received 1,500+658 IU heparin per session; their mean ultrafiltration rate was 598 mL/hour,
and Kt/V 1.46+£0.2. HD treatment was performed using conventional bicarbonate-buffered
dialysate in all patients. Of all patients, 91% used native arteriovenous fistulae for dialysis; in
other cases arteriovenous fistulae with artificial graft were used. 10 patients were dialyzed
with high flux dialyzers and, in the rest of the group low flux dialyzers were used. Dialyzers
were made of polysulphone (35.5%), diacetate cellulose (48.3%), and triacetate cellulose
(16.2%). The majority of the patients had hypertension and was treated with moderate doses
of antihypertensive drugs. Eight patients had type 2 diabetes treated with insulin or peroral
antidiabetics. 14 patients had dyslipidemia treated by statins. They were administered an

average weekly erythropoietin 109 1U/kg body weight.

3.2.1.3 CONTROL GROUP
The control group consisted of 38 age matched healthy subjects, 16 males and 12

females, mean age 57+8 years. They were not administered any special alimentary

supplements at the time of the study.
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3.2.1.4 SAMPLES
In HD patients, blood was collected via puncture of the arteriovenous fistula before

starting the dialysis session and prior to heparin administration. In other subjects, blood was
collected after overnight fasting via puncture of the cubital vein, simultaneously with blood
collection for routine control examinations. Blood was centrifuged for 10 minutes at 1,450 g,
and serum was frozen at —80 °C. Additionally, in about half of the patients with renal
insufficiency not yet dialyzed, a 24-hour urine sample was collected, frozen, and also used for

analysis. Analysis of all samples was performed within 6 months after collection.

3.2.1.5 LABORATORY PARAMETERS
In all patients and controls PIGF levels and other biochemical parameters were

measured using methods as were described above in the text.

3.2.2 SERUM S100A1Z2 (EN-RAGE) LEVELS IN PATIENTS WITH DECREASED RENAL
FUNCTION AND SUBCLINICAL CHRONIC INFLAMMATORY DISEASE

S100A12 was studied in patients with CKD and various degrees of decreased renal
function (CHRI), HD patients, and healthy controls. All patients were in stable clinical status
at the time of the study, without signs of acute infection or acute cardiac problems. A sub-
analysis was performed comparing S100A12 values in patients with lower < 6.5 mg/L and
higher > 6.5 mg/L CRP levels in both studied groups. Written informed consent and
laboratory samples were obtained from all subjects according to ethical guidelines. The study
was performed in adherence to the principles of the Declaration of Helsinki and approved by
the Institutional Ethical Committee.

3.2.2.1 PATIENTS WITH CKD
The group of CKD patients not yet dialyzed (CHRI group) consisted of 46 patients.

Their GFR ranged from 0.10 to 2.137 mL/s/1.73 m? (median 0.39 mL/s/1.73 m?), and
proteinuria ranged from 0.04 to 11.6 g/24 hours. The duration of their renal diseases was from
a minimum of 5 months to a maximum of 31 years. Causes of nephropathy were IgA nephritis
in 11 patients, membranous nephropathy in 2 patients, hypertensive nephropathy in 13
patients, diabetic nephropathy in 3 patients, interstitial nephritis in 7 patients, cystic kidney
disease in 6 patients, and multifactoral in 4 patients. The majority of the patients had
hypertension and were treated with moderate doses of antihypertensive drugs. Fourteen
patients had diabetes type 2. Twenty-six patients had dyslipidemia and were treated with

statins.
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3.2.2.2 PATIENTS WITH ESRD TREATED WITH HD
The same group of HD patients as in the first study was used.

3.2.2.3 CONTROL GROUP
The control group consisted of 24 healthy subjects. They were not administered any

special alimentary supplements at the time of the study.

3.2.2.4 SAMPLES
In HD patients, blood was collected via puncture of the arteriovenous fistula before

starting the dialysis session and prior to heparin administration. In other subjects, blood was
collected after overnight fasting via puncture of the cubital vein, simultaneously with blood
collection for routine control examinations. Blood was centrifuged for 10 minutes at 1,450 g,
and serum was frozen at —80 °C. Analysis of all samples was performed within 6 months after

collection.

3.2.2.5 LABORATORY PARAMETERS
In all patients and controls S100A12/EN-RAGE levels and other biochemical

parameters were measured using methods as were described above in the text. GFR was
calculated by 24-hour urine collection.

3.2.3 DETERMINANTS OF CIRCULATING MMP-2 AND PAPP-A IN PATIENTS WITH CHRONIC
KIDNEY DISEASE

159 white patients at different stages of CKD were included in a cross-sectional study.
All enrolled patients were in stable clinical status at the time of the study, without signs of
acute infection, tumor or acute cardiac problems. The control group consisted of 44 healthy
subjects. Written informed consent and laboratory samples were obtained from all subjects
according to ethical guidelines. The study was performed in adherence to the principles of the
Declaration of Helsinki and approved by the Institutional Ethical Committee.

3.2.3.1 PATIENTS WITH CKD
The aetiology of CKD was the following: Anti-neutrophil cytoplasmic antibodies

(ANCA)-associated vasculitis (20 %), hypertensive nephropathy (8 %), lupus nephritis (14
%), 1gA nephritis (21 %), diabetic nephropathy (4 %), membranous nephropathy (15 %), focal
and segmental glomerulosclerosis or minimal change disease (11 %), amyloidosis (5 %) and
other (1 %). Patients were separated into five CKD groups according to their estimated
glomerular filtration rate [eGFR; Modification of Diet in Renal Disease (MDRD)], based on
Kidney Dialysis Outcomes Quality Initiative (K/DOQI), as follows: stage 5 (n = 15; eGFR <
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15 ml/min), stage 4 (n = 31; eGFR 15-30 mL/min), stage 3 (n = 42; 30-60 mL/min). Patients
with CKD stage 1 and 2 were analyzed together (n = 71; GFR > 60 mL/min). History of
cardiovascular disease (CVD) was taken from medical records of each patient, comprising
ischemic heart disease, peripheral ischemic disease and/or cerebrovascular disease. Most
patients received medications commonly used in patients with chronic kidney disease, such as
diuretics; antiplatelet drugs; calcium and vitamin D supplements; statins; and antihypertensive
drugs.

3.2.3.2 CONTROL GROUP
The control group consisted of 44 healthy subjects. They were not administered any

special alimentary supplements at the time of the study.

3.2.3.3 SAMPLES
Fasting blood samples from each patient were collected via puncture of the cubital

vein simultaneously with blood collection for routine examination. Blood count and serum
concentrations of routine biochemical parameters were determined in fresh samples. For
special biochemical analysis, blood was collected into tubes without anticoagulant and were

centrifuged for 10 minutes at 1.450 g (4 °C). Sera were stored at —80 °C until analysis.

3.2.3.4 LABORATORY PARAMETERS
In all patients and controls MMP-2 and PAPP-A levels and other biochemical

parameters were measured using methods as were described above in the text. All
measurements were performed in duplicate by investigators blinded to patients’

characteristics.

3.2.4 CHANGES OF MMP-2, MMP-9, PAPP-A IN PATIENTS WITH VARIOUS
NEPHROPATHIES
173 subjects were studied, including 128 patients with various types of glomerular

disease (GN), defined by kidney biopsy, and 45 healthy controls randomly selected form local
population. All enrolled patients were in stable clinical status at the time of the study, without
signs of acute infection, tumor or acute cardiac problems. Written informed consent and
laboratory samples were obtained from all subjects according to ethical guidelines. The study
was performed in adherence to the principles of the Declaration of Helsinki and approved by

the Institutional Ethical Committee.

3.2.4.1 PATIENTS WITH VARIOUS NEPHROPATHIES
33 had IgA glomerulonephritis (IgA), 23 membranous glomerulonephritis (MN), 11

focal segmental glomerulosclerosis (FSGS), 7 minimal change nephrosis disease (MCNS), 22
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lupus nephritis (LN), and 32 anti-neutrophil cytoplasmic antibody (ANCA)-associated
glomerulonephritis (AAV).

About 88% of patients received ACE inhibitors and/or AR blockers. Most patients received
medications commonly used in patients with chronic nephropathy, such as diuretics;

antiplatelet drugs; calcium and vitamin D supplements; statins; and antihypertensive drugs.

Written informed consent and laboratory samples were obtained from all subjects according

to ethical guidelines. The study was approved by the local Institutional Ethical Committee.

3.2.4.2 SAMPLES
Fasting blood samples from each patient were collected via puncture of the cubital

vein simultaneously with blood collection for routine examination. All blood samples were

centrifuged for 10 min at 1.450 g (4°C). Sera were stored at -80 °C until analysis.

3.2.4.3 LABORATORY PARAMETERS
In all patients and controls MMP-2, MMP-9, and PAPP-A levels and other biochemical

parameters were measured using methods as were described above in the text. All
measurements were performed in duplicate by investigators blinded to patients’
characteristics. The eGFR was calculated using the MDRD formula [271]. We used the US
NKF-DOQI classification (2002) to stratify patients with CKD into stages according to GFR.

3.2.5 EVALUATION OF PLGF, PAPP-A, SRAGE, EN-RAGE AND HMGB-1 LEVELS IN
PATIENTS WITH ACUTE KIDNEY INJURY

This cross-sectional study enrolled forty AKI patients at the inception of renal
replacement therapy (RRT). Forty two patients with CKD 5 at the onset of RRT, thirty one
long-term HD and thirty nine age-matched healthy control subjects served for comparison.
The study was performed in adherence to the principles of the Declaration of Helsinki and

approved by the Institutional Ethical Committee.

3.2.5.1 PATIENTS wITH AKI
AKI was determined using the RIFLE (Risk, Injury, Failure, Loss, and End stage

kidney) staging criteria for changes in the serum creatinine within one week [75]. The
enrolment was performed by attending nephrologists prior to RRT initiation. Further, blood
tests and physiological parameters were obtained for each patient at the time of admission to
the department after inclusion but before initiation of RRT. The aetiologies of AKI were
ischemia (39.8%), nephrotoxicity (22%), and multifaceted factors (38.2%). All enrolled
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patients with AKI were hemodynamically stable. The patients on mechanical ventilation were
not included. We included AKI patients without sepsis. Most patients received medication
used in acute kidney injury including vasoactive therapy, fluid supplementation before RRT,
anticoagulation, antihypertensive treatment. Eligible patients received empirical antibiotic
regimens. Antibiotics were generally dosed as recommended in the corresponding package
inserts. The dose of antibiotics was adjusted according to patients’ conditions and creatinine

clearance.

3.2.5.2 PATIENTS WITH CKD STAGE 5
Forty two patients with CKD stage 5 with glomerular filtration rate (eGFR < 15

ml/min/1.73 m?) at the onset of RRT were included. The aetiology of CKD were vasculits
(11%), chronic glomerulonephritis (23%) hypertension (19 %) and diabetes (12 %). Most
patients received medications commonly used in patients with CKD, such as diuretics;

antiplatelet drugs; calcium and vitamin D supplements; statins; and antihypertensive drugs.

3.2.5.3 PATIENTS WiITH ESRD TREATED WITH HD
The same group of HD patients as in the first and second study was used.

3.2.5.4 CONTROL GROUP
The control group consisted of thirty nine age matched healthy subjects. They were

not administered any special alimentary supplements at the time of the study.

3.2.5.5 SAMPLES
In AKI and CKD 5 groups, blood was collected prior to the first dialysis session and

prior to heparin administration. In HD patients, blood was collected via puncture of the
arteriovenous fistula before starting the dialysis session and prior to heparin administration. In
other subjects, blood was collected after overnight fasting via puncture of the cubital vein,

simultaneously with blood collection for routine control examinations.

Blood count and routine biochemical parameters were determined in fresh samples.
For special biochemical analyses, blood was centrifuged for 10 min at 1,450 g, and serum was

frozen at —80 °C until analysis.
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3.3 STATISTICAL ANALYSIS

3.3.1 PLGF IN PATIENTS WITH DECREASED RENAL FUNCTION

Results are expressed as mean = SD. Analysis of variance, Mann-Whitney test, and t-
test were used for evaluation of differences among groups. Associations between parameters
were determined by using Pearson or Spearman correlation coefficients. All results are
considered statistically significant at p less than 0.05. All tests were performed using InStat

software (GraphPad Software, Inc., La Jolla, CA, USA, www.graphpad.com).

3.3.2 SERUM S100A12 (EN-RAGE) LEVELS IN PATIENTS WITH DECREASED RENAL
FUNCTION AND SUBCLINICAL CHRONIC INFLAMMATORY DISEASE

Results are expressed as mean = SD. Analysis of variance, Mann-Whitney test, and t-
test were used for evaluation of differences among groups. Associations between parameters
were determined by using Spearman correlation coefficients. All results are considered
statistically significant at p less than 0.05. All tests were performed using InStat software
(GraphPad Software, Inc., La Jolla, CA, USA, www.graphpad.com).

3.3.3 DETERMINANTS OF CIRCULATING MMP-2 AND PAPP-A IN PATIENTS WITH CHRONIC
KIDNEY DISEASE

Statistical analyses were performed using Statistics Toolbox™ MATLAB® software

(The MathWorks™, Inc., Natick, Massachusetts, USA, www.mathworks.com). Data are

presented as the mean + SD for continuous variables and percentages for categorical
variables. Univariate comparisons of continuous variables between control subjects and renal
disease patients were conducted with unpaired sample t-tests; and ANOVA with post tests for
normally distributed continuous variables. Mann-Whitney U test and Kruskal-Wallis ANOVA
with Tukey’s post tests for non-normal distributions was used to compare continuous
variables between control subjects and renal patients subgrouped by four quartiles of eGFR
(CKD stage). Variables with non-normal distributions were log-transformed where
appropriate. Association among analyzed parameters was assessed using Spearman’s or
Pearson’s correlation coefficient. Stepwise multivariate regression analysis was used to assess
independent predictors of studied biomarkers. All results were considered statistically
significant at p less than 0.05.
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3.3.4 CHANGES OF MMP-2, MMP-9, PAPP-A IN PATIENTS WITH VARIOUS
NEPHROPATHIES

Statistical analyses were performed using Statistics Toolbox™ MATLAB® software

(The MathWorks™, Inc., Natick, Massachusetts, USA, www.mathworks.com). Data are

presented as the mean + SD for continuous variables and percentages for categorical
variables. Comparisons between groups were conducted with unpaired sample t-tests and
ANOVA for normally distributed continuous variables and Mann-Whitney U test and
Kruskal-Wallis  ANOVA for non-normal distributions. Variables with non-normal
distributions were log-transformed where appropriate. Association among analyzed
parameters was assessed using Spearman’s or Pearson’s correlation coefficient. All results

were considered statistically significant at p less than 0.05.

3.3.5 EVALUATION OF PLGF, PAPP-A, SRAGE, EN-RAGE AND HMGB-1 LEVELS IN
PATIENTS WITH ACUTE KIDNEY INJURY

Statistical analyses were performed using Statistics Toolbox™ MATLAB® software

(The MathWorks™, Inc., Natick, Massachusetts, USA, www.mathworks.com ). Data are

presented as the mean + SD for continuous variables and percentages for categorical
variables. Univariate comparisons of continuous variables between control subjects and renal
disease patients were conducted with unpaired sample t-tests; and ANOVA with post tests for
normally distributed continuous variables. Mann-Whitney U test and Kruskal-Wallis ANOVA
with Tukey-Kramer or Dunn’s post tests for non-normal distributions was used to compare
continuous variables between control subjects and renal patients. Variables with non-normal
distributions were log-transformed where appropriate. Association among analyzed
parameters was assessed using Spearman’s or Pearson’s correlation coefficient. Stepwise
multivariate regression analysis was used to assess independent predictors of studied

biomarkers. All results were considered statistically significant at p less than 0.05.
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4 RESULTS

4.1 ELEVATION OF PLGF IN PATIENTS WITH DECREASED RENAL FUNCTION

Detailed characteristics of patients and controls are listed in Table 3.

TABLE 3 CLINICAL AND LABORATORY DATA OF CONTROL SUBJECTS AND PATIENTS WITH DECREASED
RENAL FUNCTION

Parameter HD patients | CHRI patients | Control subjects
Number of patients (men/women) | 31 (15/16) | 45 (28/17) 38 (16/12)
Age, years 59+16 61+£15 57+8
Hypertension, n 29 43 0

History of cardiovascular disease, n | 13 12 0
Diabetes mellitus, n 8 14 0
Dyslipidemia, n 16 29 0

BMI, kg/m? 24.4+4.1 27.2+45.1 25.743.4
Cholesterol, mmol/L 4.2+1.01 4.6+1.0 5.3+0.6
HDL chol., mmol/L 1.1+0.4 1.2+0.3 1.740.3
LDL chol., mmol/L 2.4+1.0 2.6+0.9 3.0+0.5
Triglycerides, mmol/L 2.0+1.1 2.1£1.3 1.4+0.8
Haemoglobin, g/L 108+10 119+14 14149
CRP, mg/L 109+£11.2 | 7.5£1.3 4.4+3.2
Albumin g/L 40.7+£3.3 41.6+4.8 44.6£3.0

Data expressed as mean + SD.

Abbreviations: BMI — body mass index, CRP — C-reactive protein, CHRI — chronic renal
insufficiency, HD — haemodialysis, HDL — high density lipoprotein, LDL — low density
lipoprotein, SD — standard deviation

PIGF levels were significantly elevated in both CHRI and HD groups compared to
healthy subjects, without significant differences between CHRI and HD patients (10.5+3.3
pg/mL in CHRI patients and 11.5£3.4 pg/mL in HD patients versus 8.1+1.8 pg/mL in

controls; both p < 0.0001 versus controls; Fig 7).
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FIG. 7 SERUM PLGF LEVELS IN PATIENTS WITH CHRONIC KIDNEY DISEASE AND VARIOUS DEGREES OF
DECREASED RENAL FUNCTION (CHRI, HD PATIENTS, AND HEALTHY SUBJECTS).

Results expressed as mean = SD. *** p < 0.0001, HD and CHRI versus controls.

Even in a subgroup of 16 patients with mild and marked renal insufficiency, mean
GFR 54+24 mL/min/1.73 m? PIGF was elevated when compared to control subjects (9.9 +2.8
pg/mL versus 8.1+£1.8 pg/mL, p < 0.002). Concerning HD patients, no difference of serum
PIGF levels between patients using low flux (n=21) and high flux (n=10) membranes was
shown (11.3+2.9 vs. 12.142.9, n.s).

In 15 of 19 patients with nephropathy PIGF was detectable in urine samples (mean
5.84+5.4 pg/mL) and correlated with its serum levels r=0.45, p < 0.05, Fig. 8. No relationship
between PIGF and serum creatinine concentrations was found in CHRI patients. In CHRI
patients the negative correlation of PIGF with diuresis (r=-0.28) was of borderline
significance (p=0.06). In HD patients the negative correlation between serum PIGF levels and
residual diuresis was not significant (r=-0.43, p=0.18). There was no correlation of serum

PIGF to proteinuria in CHRI patients.
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FIG. 8 CORRELATION OF SERUM PLGF LEVELS AND THEIR DETECTABLE IN THE URINE PLGF LEVELS IN
CKD PATIENTS

Higher levels of PIGF were found in CHRI patients with CVD, compared to those free
of such complication (12.1+£3 pg/mL versus 10.0+£3.2 pg/mL, p=0.03). The differences of
PIGF in HD patients with CVD and those HD patients without this complication were not
significant (11.8+2.3 pg/mL versus 11.2+4.0 pg/mL, p=0.48).

No difference in serum PIGF levels was observed between patients with DM and those
without DM in both CHRI patients (10.1£3.5 pg/mL versus 11.442.4 pg/mL, p=0.15) and HD
patients (12.5+£2.5 pg/mL versus 11.1 £3.6pg/mL, p=0.23).

We found that PIGF in CHRI group correlated significantly with triglyceride
concentrations (r=0.32, p < 0.05), and in HD group correlated significantly with low density
lipoprotein concentrations (r=0.36, p < 0.05). In addition serum levels of PIGF were not
significantly different among patients with dyslipidemia treated with statins and those without
this treatment in both CHRI and HD groups. PIGF also correlated with age in CHRI group
(r=0.35, p=0.02), correlations in controls (r=0.30) was of borderline significance (p=0.06).

PIGF was not associated with CRP levels in any of the studied groups.

In summary, PIGF levels are increased in patients with renal impairment with

decreased renal function including haemodialysis patients. The increase could have been
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demonstrated even in the subgroup of patients with mild and marked renal insufficiency.
PIGF is also present in the urine, and serum and urine concentrations of PIGF are significantly
interrelated. It is higher in CKD patients with cardiovascular disease. In HD patients PIGF
levels are related to LDL cholesterol concentrations as a risk marker of atherosclerosis, but

not to CRP as an inflammatory marker.

4.2 LEVELS OF EN-RAGE IN PATIENTS WITH DECREASED RENAL FUNCTION AND
SUBCLINICAL CHRONIC INFLAMMATORY DISEASE

Detailed characteristics of patients and controls are listed in Table 4. S100A12 levels
were not different in CHRI and HD patients compared to controls (166140 ng/mL in CHRI
patients and 127+101 ng/mL HD patients versus 126£106 ng/mL in controls, p=0.27, non
significant). Comparing patients with higher and lower CRP levels, higher levels of SI00A12
were found in patients with higher CRP values in both studied groups: HD patients (174+125
ng/mL, n=15 versus 84+43 ng/mL, n=16, p=0.03) and CHRI patients (237+178 ng/mL, n=17
versus 124+94 ng/mL n=29, p=0.02).

Hence, no relationship between S100A12 and serum creatinine concentrations was
found in CKD patients. In 17 of 19 patients with nephropathy S100A12 was detectable in
urine samples (mean 453.1+445.6 ng/mL) and correlated with serum creatinine levels r=0.53,

p = 0.03. No correlation with proteinuria was observed.

Because the age difference between controls and the studied group of patients with
decreased renal function could bias the results, we analyzed a subgroup of subjects
comparable in age: 48+12 years, in 17 HD patients and 49+12 years in 24 CHRI patients
versus 43+9 years in 24 controls, p=0.14. In this subgroup as in the whole population,
S100A12 values were not different (174+158 ng/mL in CHRI patients and 99+73 ng/mL HD
patients versus 126+106 ng/mL in controls, p=0.13).

No difference in serum S100A12 levels was observed between patients with DM and
those without DM in CHRI patients (157.13+123.85 ng/mL versus 169.87+149.28 ng/mL,
p=0.78, non-significant). In HD patients there was a trend of higher S100A12 levels in
patients with DM than those without DM (182.86+136.68 ng/mL and 108.15+81.80 ng/mL,

p=0.07 was of borderline significance).
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TABLE 4 CLINICAL AND LABORATORY DATA OF CONTROL SUBJECTS AND PATIENTS WITH DECREASED

RENAL FUNCTION

Parameter HD patients CHRI Control subjects
patients p:Anova
Number of patients (M/F) | 31 (15/16) 46 (29/17) 24 (19/5)
Age, years 59+16 60+16 43+9 <0.0001
Hypertension, n 29 43 0
History of cardiovascular 13 12 0
disease, n
Diabetes mellitus, n 8 14 0
Dyslipidemia, n 16 29 0
BMI, kg/m* 24.4+4.1 26.9+5.0 25.643.4 0.04
Cholesterol, mmol/L 4.2+1.01 4.6+£1.0 5.3+1.1 0.002
HDL chol., mmol/L 1.1+0.4 1.240.3 1.4+0.3 <0.0001
LDL chol., mmol/L 2.4%1.0 2.6£0.9 3.240.9 0.02
Triglycerides, mmol/L 2.0+1.1 2.4+0.4 1.5+0.8 0.05
Albumin, g/L 40.7+3.3 41.4+4.9 48.54+2.7 <0.0001
CRP, mg/L 10.9+11.2 7.3+8.2 6.1+2.4 0.12
: 1.0+0.4 1.2+0.5 n.a (Reference range: 0217
Orosomucoid, g/L
9 0.50 to 1.20)
a2-Macroglobulin g/L 2.0+0.8 2.1+0.7 n.a (Reference range: 0.51¢
1.3t0 3.0)
Fibrinogen g/L 4.8+1.5 4.7+£1.4 n.a (Reference range: 0.707
210 4)
Haemoglobin, g/L 108+10 119+14 144+8 0.0001
Leukocytes (x10°)/L 7.542.5 7.942.3 5.9+1.3 0.001
S100A12 (EN-RAGE) 127101 1664140 126+106 0.27
ng/mL
SRAGE pg/mL 2.1747+£1.239 | 2.271£1.104 850+275 0.0001
S100A12/sRAGE ratio 0.06+0.06 0.09:0.09 0.21+0.25 0.008

Data expressed as mean+SD; t — t-test

Abbreviations: BMI — body mass index, CRP — C-reactive protein, CHRI — chronic renal
insufficiency, SI00A12 (EN-RAGE) — extracellular newly identified RAGE-binding protein,
HD — haemodialysis, HDL — high density lipoprotein, LDL — low density lipoprotein, SD —
standard deviation, n.a. — non assessed

In CHRI patients, S100A12 correlated with C-reactive protein (CRP) levels (r=0.46,
p=0.001), orosomucoid (r=0.35, p=0.02), and inversely with a-2-macroglobulin (r=-0.3,

p=0.04). Correlations with leukocyte count were of borderline significance (r=0.26, p=0.07).
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In HD patients, S100A12 correlated with age (r=0.42, p=0.02), CRP (r=0.56, p=0.001),
orosomucoid (r=0.4, p=0.04), fibrinogen (r=0.54, p=0.002), and leukocyte count
(r=0.60,p=0.0004). S100A12 was not correlated with CRP (r=0.03, p=0.9) and leukocyte
count (r=0.24, p=0.25) in control subjects.

We found that S100A12 was not correlated with triglyceride concentrations,
cholesterol or lipoprotein concentrations in both CHRI and HD groups. In addition serum
levels of S100A12 were not significantly different among patients with dyslipidemia treated
with statins and those without this treatment in both CHRI (170+122 ng/mL versus 152+164
ng/mL, p=0.4) and HD (137+123 ng/mL versus 113+70 ng/mL, p=0.9) groups.

In addition, serum levels of SI00A12 were not significantly different among patients
treated with angiotensin converting enzyme inhibitors or sartans (ACEI/ABR) and those
without this treatment in both CHRI (168 + 154 ng/mL, n = 34, vs. 159 + 98 ng/mL, n= 12, p
=0.6) and HD (148 + 121 ng/mL, n = 16, vs. 105 £ 73 ng/mL, n = 15, p = 0.3) groups.

We performed a stepwise multivariate regression analysis of contributing factors to
explain S100A12 levels in all studies groups. Table 5 shows the results of stepwise
multivariate analysis after adjustment for age of factors predicting S100A12 levels:
orosomucoid in CHRI patients; CRP, leukocyte count, fibrinogen and negatively SRAGE in

HD patients, and leukocyte count in healthy controls.

TABLE 5 FACTORS ASSOCIATED WITH S100A12 (EN-RAGE) IN ALL STUDIED GROUPS

Studied
group with B- 2
independent | coefficient SE t P Intercept R
variables
Controls: | 36 7 15.37 2.39 0.025 -90.30 0.20
leukocytes
CHRI:
. 108.927 41.18 2.64 0.0112 35.30 0.1372
orosomucoid
HD: 12.64 481 262 0014 | -1189 | 0756
leukocytes
fibrinogen 18.29 7.69 2.37 0.025
CRP 3.75 0.66 5.66 <0.0001
SRAGE -0.0033 0.0088 -3.84 <0.001

Abbreviations: B, beta coefficient, SE, standard error; t, t-test statistic; R 2, coefficient of
determination, CRP — C-reactive protein, CHRI — chronic renal insufficiency,sRAGE —
soluble receptor for advanced glycation end products
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In summary, S100A12 levels were not elevated in CKD and HD patients compared to
controls. Nevertheless in a subgroup of patients with higher CRP levels in contrast to the
whole population, S100A12 values were increased in both CHRI and HD patients. In CKD
patients not yet dialyzed S100A12 levels were related to orosomucoid as an inflammatory
marker. In HD patients S100A12 levels also correlated to markers of inflammation such as
CRP, leukocyte count, fibrinogen and negatively to SRAGE. In healthy controls, S100A12
levels were related to leukocyte count.

These results suggest that serum S100A12 levels are regulated by factors related to
subclinical inflammation in patients with CKD. S100A12 is also present in the urine, and

urine concentrations are higher compared to serum levels and correlate with serum creatinine.

4.3 BIOCHEMICAL DETERMINANTS OF PAPP-A AND MMP-2 IN PATIENTS WITH
CHRONIC KIDNEY DISEASE

The baseline clinical characteristics of the subjects are summarized in Table 6. Mean
serum MMP-2 concentrations at different stages of CKD were 228 + 99 ng/mL. Compared
with healthy controls, CKD patients (3-5) had no significant changes in MMP-2 levels. MMP-
2 levels (195 + 76 versus. 255 £ 77 ng/mL, p < 0.0001) were significantly lower in CKD
patients 1-2.

Mean serum PAPP-A levels at different stages of CKD were 10.3 + 7.5 mIU/L. From
CKD 4 we noted an increase in PAPP-A levels (12.1 + 8.5 versus. 9.3 = 2.2 mIU/L p =
0.001).

Parameters statistically and significantly related to MMP-2 levels were age (r = 0.42, p
<0.0001), PAPP-A (r = 0.51, p < 0.001), cholesterol (r = 0.35, p < 0.001), fibrinogen (r = 0.2,
p = 0.012), creatinine (r = 0.34, p < 0.0001), a-2-macroglobulin (r = 0.41, p < 0.0001), and
proteinuria (r = 0.52, p < 0.0001) (Fig. 9); whereas eGFR (r=-0.38, p<0.0001), haemoglobin (r
=-0.33, p <0.001), and albumin (r = -0.54, p < 0.001) (Fig. 10) were inversely related.

59



TABLE 6 CLINICAL, DEMOGRAPHIC AND LABORATORY CHARACTERISTICS OF THE STUDY GROUP AND

CONTROLS
p:
ANOVA
. CKD CKD for CKD
Variable Controls 1.5 142 CKD3 | CKD4 | CKD5 subgroups
and
controls
Nu_mber of 44 159 71 42 31 15
patients
Age (years) 57+10 49+17 40+15 54+16 59+12 58+11 <0.001
M/F % 36/64 53/47 58/42 36/64 61/39 53/47
Smoking % 29 13 16 9 13 7 0.71
BMI (kg/m2) 25.543.5 | 26.8+4.4 | 25.8+4.2 | 26.9+4.4 | 28.7+4.8 | 27.6+3.9 0.02
Hypertension % 0 73 58 81 87 100 0.0003
;}'Story of CVD 0 19 3 24 42 40 <0.0001
DM % 0 14 1 21 29 27 0.0004
MDRD. 71+11 55+33 86 + 22 44+92 | 215+36 | 11.8+1.9 | <0.0001
(mL/min)
Proteinuria 0-0022£0. 1 3 34,590 | 2.60+3.20 | 3.00£4.00 | 5704930 | 2.9+3.0 | <0.0001
(9/24h) 0004
Creatinin 86+12 160110 | 85£19 135427 | 256+64 | 429+87 | <0.0001
(umol/L)
Albumin (g/L 43.742.4 | 31.948.0 | 32.3+8.8 | 31.8+8.0 | 31.047.6 | 31.8+54 | <0.0001
Prealbumin (g/L) | 0.27+0.02 | 0.27+0.08 | 0.26+0.07 | 0.26+0.08 | 0.29+0.10 | 0.29+0.08 0,22
CRP (mg/L) 33420 | 6.4+79 | 4.8+47 | 7.0+11.0 | 7.647.2 | 7.949.3 0,02
Orosomucoid 0.78+0.19 | 1.10£0.50 | 0.91£0.43 | 1.25£0.56 | 1.24+0.44 1.33 < 0.0001
(g/L) +0.44
Cholesterol 5.43+0.85 5.9+2.2 6.0+2.1 5.9+2.2 5.842.2 5.0£2.3 0.31
(mmol/L)
Fibrinogen (g/L) | 3.3#0.5 | 43+1.0 | 43+09 | 43+13 | 454097 | 4.52+0.82 | <0.0001
Haemoglobin 14110 118+20 13117 113£19 10313 1019 | <0.0001
(g/L)
o-2-
Macroglobulin 21+0.6 | 24+1.0 | 26+1.1 | 24+09 | 22+08 | 23+09 0.05
(g/L)
MMP-2 (ng/mL 255+77 | 228491 | 195+76 | 231+76 | 270+99 | 280+ 110 | <0.0001
PAPP-A (mIU/L) | 93+22 | 103+7.5 | 87+49 | 94+45 | 12.1+85 | 16+15 0.001

Data expressed as mean + SD and analysed using ANOVA, p for CKD subgroups 1-5 and

controls.

ANOVA, analysis of variance, BMI, body mass index, CRP, C-reactive protein, CKD,

chronic kidney disease, DM, diabetes mellitus, F, female, M, male, MDRD, Modification of
Diet in Renal Disease, MMP-2, matrix metalloproteinase-2, PAPP-A, pregnancy-associated
plasma protein-A, SD — standard deviation
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We found positive correlations of PAPP-A with age (r = 0.27, p = 0.009), MMP-2 (r =
0.51, p < 0.0001), creatinine (r = 0.33, p < 0.001), a-2-macroglobulin (r = 0.23, p = 0.003),
and proteinuria (r = 0.29, p < 0.0001) (Fig. 11). Albumin (r = -0.26, p < 0.001) (Fig. 12), eGFR
(r=-0.27, p < 0.001), and haemoglobin (r = -0.17, p = 0.04) inversely correlated with PAPP-
A.

y =0.1218*x + 2.3067, Pearson correlation coefficient r = 0.52, p < 0.0001
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FIG. 9 CORRELATION OF LOG MMP-2 AND LOG PROTEINURIA IN CKD PATIENTS (1-5)
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y =-0.102*x + 2.6519, Pearson correlation coefficient r = -0.54, p < 0.001
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FIG. 10 CORRELATION OF LOG MMP-2 AND ALBUMIN IN CKD PATIENTS (1-5)
y =0.0993*x + 0.9363, Pearson correlation coefficient r = 0.29, p < 0.0001
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y =-0.0072*x + 1.182, Pearson correlation coefficient r = -0.26, p < 0.001
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FIG. 12 CORRELATION OF LOG PAPP-A AND ALBUMIN IN CKD PATIENTS (1-5)

Because these significant parameters were closely correlated to each other, multiple
regression analysis was performed. Multivariate analysis revealed that PAPP-A (p < 0.0001),
proteinuria (p = 0.001), a-2-macroglobulin (p = 0.01), and negatively albumin (p = 0.02),
haemoglobin (p = 0.0002) (Table 7) were independent correlates of MMP-2 after adjustment
for age and eGFR (R = 0.45). Proteinuria (p = 0.02), creatinine (p < 0.0001), and negatively
albumin (p = 0.01) (Table 8) were independent correlates of PAPP-A adjusted for age and
eGFR (R*=0.25).

Taken together, circulating MMP-2 levels in CKD patients (1-5) and serum PAPP-A
concentrations in CKD patients (1-3) are not elevated compared to age matched controls.
Serum PAPP-A are increased from CKD 4; MMP-2 values are associated with PAPP-A, a-2-
macroglobulin, proteinuria, lower haemoglobin and lower albumin in CKD (1-5) patients of
various nephropathies not yet undergoing dialysis. Similarly, the determinants of PAPP-A in
CKD (1-5) patients are proteinuria, serum creatinine, and lower albumin. Both MMP-2 and
PAPP-A PAPP-A are associated with proteinuria, a significant marker of CKD and an

independent risk marker for CVD as well.
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TABLE 7 FACTORS ASSOCIATED WITH MMP-2. MULTIVARIATE REGRESSION ANALYSIS USING SERUM
MMP-2 AS THE DEPENDENT VARIABLE (ADJUSTED TO AGE, EGFR)

Independent B

variables SE T P-Value | intercept | R?
Coefficient

Albumin -0.0036 0.0016 -2.2 0.023 2.5 0.45

PAPP-A 0.0059 0.0014 4.1 0.000047

Haemoglobin -0.0019 0.00052 -3.7 0.00024

Proteinuria 0.0071 0.0021 3.2 0.0014

a -2-Macroglobulin 0.029 0.011 2.5 0.013

Abbreviations: B, beta coefficient, SE, standard error; T, t-test statistic; R 2, coefficient of
determination, PAPP-A, pregnancy-associated plasma protein-A

TABLE 8 FACTORS ASSOCIATED WITH PAPP-A. MULTIVARIATE REGRESSION ANALYSIS USING SERUM
PAPP-A AS THE DEPENDENT VARIABLE (ADJUSTED TO AGE, EGFR)

Independent B

variables SE T P intercept | R?
Coefficient

Albumin -0.005 0.0020 2.4 0.014 0.97 0.25

Proteinuria 0.0073 0.0031 2.3 0.021

Creatinine 0.00066 0.00012 51 |6.8x107

Abbreviations: B, beta coefficient, SE, standard error; T, test statistic: R 2, coefficient of

determination

4.4 SPECIFIC CHANGES OF MMP-2, MMP-9, PAPP-A IN PATIENTS WITH CHRONIC
KIDNEY DISEASE

Clinical characteristics of study population: Demographic and clinical characteristics
of the subjects are summarized in Table 9. Of the 128 patients 63 were males and 65 were
females. Their age ranged from 19 to 78 years. Their glomerular filtration ranged from 0.14 to
3.08 ml/s/1.73m2. The male-to-female ratio was higher in IgAN group than in other groups.
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The mean age was significantly lower in the LN and IgAN groups than in MN and
MCNS/FSGS and AAV groups. There were not statistically significant differences in BMI,
CRP, and haemoglobin when controls were compared with patients of various nephropathies
(all p > 0.05). Baseline proteinuria was markedly lower in the LN and AAV groups than in
other groups. Accordingly mean serum albumin were higher in LN and AAV groups than in
other groups. No patient was nephrotic in the AAV group, and less then 5% of patients were
nephrotic in LN and IgAN groups, whereas more than 20% of the patients were nephrotic in

the other groups.

Serum MMP-2, MMP-9 and PAPP-A in controls and GNs: Mean serum levels of total
MMP-2, total MMP-9, and PAPP-A in the six groups of chronic nephropathies and controls
are shown in Table 10. Compared with controls, IgAN patients exhibited a significant
decrease in serum levels of MMP-2 contrasted with increased MMP-9 and unchanged PAPP-
A levels. In LN patients exhibited a parallel significant decrease in serum MMP-2, MMP-9
and PAPP-A levels. In the MCNS/FSGS group, unchanged MMP-2, MMP-9 and PAPP-A
levels were observed. In MN patients, significantly increased MMP-9 levels contrasted with
unchanged MMP-2 and PAPP-A levels. In AAV patients, unchanged serum levels of MMP-2,
MMP-9 and PAPP-A were found (all p< 0.05).
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TABLE 9 DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF THE SUBJECTS

Variable Controls IgAN MN MCNS FSGS LN AAV ANFC))VA
Dg
Number of patients 45 33 23 7 11 22 32
Age, years 57+ 10 41 16 56+ 15 43 £20 46 £ 17 32+10 55+13 <0.001
Gender (M/F sex ratio) 16/29 2419 13/10 4173 417 4/18 16/16
BMI, kg/m2 25.5+3.5 26.3+5.2 28.5+3.3 27.1+£2.2 25.5+4.4 246 +4.5 27.0+£4.6 0.11
Cls (%) 0 9.1 65.2 42.4 36.4 45.5 84
CS (%) 0 27.3 65.2 85.7 44.5 100 90.6
eGFR, ml/min 71+11 50 + 34 76 £ 37 63+18 74 +£ 31 72 +£27 50+ 34 <0.0001
Proteinuria, g/24h 0.002 £ 0.0004 3.0+£54 4.6+49 7.4+57 4.0+£4.0 1.5+1.9 1.1+£1.2 <0.001
Creatinine, umol/I, 86+ 12 200 £ 140 99 £ 59 110 +21 99 £42 103 £ 46 190 &+ 100 < 0.0001
Albumin, g/l 437+2.4 34.6+6.1 27.7+6.7 346 £6.1 29+ 12 333+£54 35.3+50 <0.0001
CRP, mg/l 33+2.0 711 44+35 52+6.5 41+3.1 7.7+8.1 7.1+8.1 0.53
Haemaoglobin, g/dI 14.1£1.0 11.9+2.1 125+£2.1 120+2.5 126 £2.0 11.6+£1.8 109+1.8 0.06
MMP-2, ng/ml 255+ 77 183 + 89 237+ 61 270+ 110 240+ 120 183 + 64 229 + 64 0.006
MMP-9, ng/ml 430 + 280 830+ 550 800 £+ 550 610 + 360 590 + 420 220 £ 160 570 + 400 0.0001
PAPP-A, mlU/I 9.3+2.2 82+3.5 102+6.4 13.1£9.9 7.7+1.4 7.1+£2.4 105+3 0.005

Data expressed as mean + SD.

Abbreviations: AAV — anti-neutrophil cytoplasmic antibody (ANCA)-associated glomerulonephritis, BMI — body mass index, CRP — C-reactive
protein, Cls — combined imunosupression therapy, CS — corticosteroids, FSGS — focal segmental glomerulosclerosis, Dg — diagnosis, eGFR —
estimated glomerular filtration rate, IJAN — IgA glomerulonephritis, F — female, M — male, MCNS — minimal change nephrosis disease, MN —
membranous glomerulonephritis, MMP-2 — matrix metalloproteinase-2, MMP-9 — matrix metalloproteinase-9, LN — lupus nephritis, PAPP-A —
pregnancy-associated plasma protein-A, SD — standard deviation
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TABLE 10 BASELINE LABORATORY VALUES IN THE SIX GROUPS OF VARIOUS NEPHROPATHIES
COMPARED WITH HEALTHY CONTROLS

MCNS/
Controls IgAN MN FSGS LN AAV
MMP-2 ng/ml, 255+ 77 183 + &9 237 £ 257+ 116 | 183+64 | 229+ 64
(p vs controls) (0.0003) 61(0.32) (0.95) (0.0003) (0.12)
MMP-9 ng/ml, 430 + 280 830 £ 550 | 800 £ 550 | 600 +391 | 220+ 160 | 570 =400
(p vs controls) (<0.0001) | (0.0005) (0.06) (0.002) (0.0.8)
PAPP-A miU/I, 93427 82+35 |102+64 | 13.1+£99 | 7.1+£24 10.5+3
(p vs controls) ' ' (0.08) (0.41) (0.65) (0.0005) (0.06)
Data expressed as mean + SD.
Abbreviations: AAV — anti-neutrophil cytoplasmic antibody (ANCA)-associated

glomerulonephritis, FSGS — focal segmental glomerulosclerosis, IgAN — Immunoglobulin A
associated glomerulonephritis, MCNS - minimal change nephrosis disease, MN —
membranous glomerulonephritis, MMP-2 — matrix metalloproteinase-2, MMP-9 — matrix
metalloproteinase-9, LN — lupus nephritis, PAPP-A — pregnancy-associated plasma protein-A
Relationships between serum levels of MMPs, PAPP-A and eGFR: In the IgAN groups, there
was a positive correlation between serum MMP-2 and PAPP-A (r = 0.58, p < 0.0001),
whereas MMP-9 did not correlate with either MMP-2 or PAPP-A. In the FSGS group, there
was a positive correlation between MMP-2 and PAPP-A (p = 0.69, p = 0.02), whereas MMP-
9 inversely correlated with MMP-2 (r = - 0.0.82, p = 0.002). In the MCNS group, there was
only a positive correlation between MMP-2 and PAPP-A (r = 0.87, p = 0.01). In the MN
group, no correlation appeared between studied parameters. In LN group, MMP-2 correlated
with PAPP-A (r = 0.48, p = 0.02). In the AAV group, there was only an inverse correlation
between MMP-9 and PAPP-A (r = -0.37, p = 0.04). In all GN groups, eGFR values inversely
correlated with serum MMP-2 (r= - 0.36, p < 0.0001) and PAPP-A (r= -0.32, p < 0.0001)

concentrations.

4.5 PLGF, PAPP-A, SRAGE, EN-RAGE AND HMGB-1 LEVELS IN PATIENTS WITH

ACUTE KIDNEY INJURY
Serum PIGF, PAPP-A, sRAGE, EN-RAGE, and HMGB-1 determined from blood

obtained in AKI, CKD 5, HD and control groups are displayed at Table 11.
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TABLE 11 CLINICAL AND LABORATORY DATA OF CONTROL SUBJECTS, AKI, CKD 5 AND HD PATIENTS

Variable AKI CKD5 *HD Controls | pANOVA
Number of patients (M/F) 22/18 24/18 15/16 14/25
Age, years 58417 5913 59416 57+10 0.87
BMI, kg/m? 283467 | 28.6£6.9 | 24.3+4.1 | 252434 | <0.001
PIGF, pg/mL 117474 | 123124 | 115438 | 85:2.4 | 0.02
PAPP-A, mIU/L 2004169 | 20.2+28.1 | 20.8+10.1 | 9123 | <0.006
SRAGE, pg/mL 2400+1400 | 3200+£1500 | 2700+£1200 | 1760+730 | <0.0001
EN-RAGE, ng/mL 4804450 | 190+£120 | 120£100 | 60+£62 | <0.0001
HMGB-1, ng/mL 58475 | 32#3.1 | 25+21 | °1.7£1.4 | <0.0001
Blood urea nitrogen, mmol/L 29+13 27.1£7.8 | 26.4+7.5 4.9+1.2 <0.0001
Creatinine, pmol/L 593 +£272 | 520+140 | 800+210 86+12 <0.0001
Albumin, g/L 30.1£7.0 | 35.5+7.1 | 40.7+3.3 | 43.6£24 0.0001
Prealbumin, g/L 0.2+0.1 | 0.26+0.11 | 0.32+0.7 | 0.26+0.02 | <0.0001
CRP, mg/L 60+70 19422 12+16 32+2.1 | <0.0001
Fibrinogen, g/L 52419 | 52+14 | 4.8+14 | 3.35+057 | 0.002
Orosomucoid, g /L 1.6+0.67 | 1.38+0.47 | 1.740.38 | 0.78+0.19 | <0.001
Haemoglobin, g/L 10122 102+19 108+10 141+10 0.001
Leukocytes x10° 107453 | 85435 | 7.5425 | 6318 | <0.001
Proteinuria g/ 24 hours 25+38 | 28434 _ _
Residual diuresis, L/ 24 hours| 19413 | 1.8+1.0 |0.67+0.70 = <0.0001
GFR, mL/s/1.73 m” 0.18+0.18 | 0.18+0.09 | 0.11+0.05 | 1.26+3.0 | <0.0001

Data expressed as mean + SD.

& Measured in 27 control subjects.
Abbreviations: AKI — acute kidney injury, CKD5 — chronic kidney disease stage 5, BMI —
body mass index, CRP — C-reactive protein, F — female, M — male, SRAGE — soluble receptor
for advanced glycation end products, EN-RAGE - extracellular newly identified receptor for
advanced glycation end products binding protein, HMGB-1 — high mobility group box
protein-1, PAPP-A — pregnancy-associated plasma protein-A, PIGF — placental growth factor,
SD - standard deviation, GFR — glomerular filtration rate
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PIGF was not increased in AKI (11.7 = 7.4 pg/mL) compared with controls (8.5 £ 2.4 pg/mL,
n.s.), but was elevated (p < 0.05) in HD (11.5 £ 3.8 pg/mL, p < 0.05) versus controls ( Fig. 13
Serum PIGF-A levels of AKI, CKD5, HD and control groups

).

PAPP-A was elevated in AKI (20.0 = 16.9 mIU/L) CKD 5 (20.2 + 28.1 mIU/L) and
HD (20.8 + 10.1 mIU/L) compared with controls (9.1 + 2.3 mIU/L, p < 0.001). (Fig. 14).

sRAGE was not elevated in AKI (2400 + 1400 pg/mL) compared with controls (1760
+ 730 pg/mL, n.s), but was lower compared with CKD 5 (3200 + 1500 pg/mL, p < 0.05).
SRAGE was increased in CKD 5 (3200 + 1500 pg/mL) and HD (2700 + 1200 pg/mL) versus
controls (Fig. 15).
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FIG. 13 SERUM PLGF-A LEVELS OF AKI, CKD5, HD AND CONTROL GROUPS
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FIG. 15 SERUM SRAGE LEVELS OF AKI, CKD5, HD AND CONTROL GROUPS

EN-RAGE was elevated in AKI (480 + 450 ng/mL) in comparison with controls (60 +
62 ng/mL), CKD 5 (190 + 120 ng/mL), and HD (120+ 100 ng/mL), all p < 0.001 (Fig. 16).

Similarly, HMGB-1 was increased in AKI (5.8 £ 7.5 ng/mL) versus controls (1.7 + 1.4
ng/mL), CKD 5 (3.2 + 3.1 ng/mL) and HD (2.5 £2.1 ng/mL), all p< 0.001, as well as HMGB-
1 was higher in CKD 5 and HD in comparison with controls (Fig. 17).
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FIG. 17 SERUM LEVELS OF AKI, CKD5, HD AND CONTROL GROUPS

The results of univariate correlations between PIGF, PAPP-A, sRAGE, EN-RAGE,
HMGB-1 and other variables in AKI patients and other studied groups were shown at Table
12.
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TABLE 12 UNIVARIATE CORRELATIONS BETWEEN BIOMARKERS AND OTHER VARIABLES

AKI CKD 5 HD Controls
CRP,
r=0.57, p=10.002
PIGE Fibrinogen, EN-RAGE, B Age,
r=0.47, p=0.002 r=0.34,p=0.03 r=-041,p=0.01
Prealbumin,
r=—0.37,p=0.02
Leucocyte count,
Albumin Fibrinogen, r=-0.34,p=0.03
r :_0.42’p20‘01 r:—0.34,p:0.03 Albumin,
PAPP-A Transferin, Serum protein, r=-0.038,p=0.03 Cholesterol,
) r=0.36,p=0.01 r=-038,p=0.03 CRP, r=—0.44,p=0.01
Prealbumin BUN, r=04,p=002
r=-042,p=0.01 r=0.32, p=0.03 Cholesterol,
r=04,p=0.02
Leucocyte count, EN-RAGE,
r=—0.44,p=0.001 GFR, r=0.43,p=0.02 GFR,
r=-0.32,p=0.02 r=-0.37,p=0.04
CRP,
r=0.36, p=0.03 HMGB-1,
Orosomucoid, r=0.63,.p =0.001
r=046,p=0.003 Fibrinogen, Prealbumin,
Ferritin, HMGB-1, r=0.49,p=0.01 r=0.39,p=0.02
EN- r=0.51, p=0.001 r=0.38, p = 0.04 CRP, GFR,
RAGE Leucocyte count, Age, r=0.78, p=0.001 r=0.33, p=0.04
r=051,p=003 r=-0.44,p=0.04 Orosomucoid, SRAGE,
GFR, r=0.43,p=0.001 r=-0.41,p=0.01
r=-034,p=004 Leukocyte count,
BUN, r=-0.56,p=0.01
r=0.33,p=0.03
Leucocyte count,
r=0.42,p=0.01 CRP,
HMGB- Proteinuria, Leucocyte count, r=045p=001 B
Cholesterol, r=048,p=001

r=-034,p=0.03

Data are expressed as mean + SD

Abbreviations: AKI — acute kidney injury, BUN — blood urea nitrogen, CKD5 — chronic kidney
disease stage 5, CRP — C-reactive protein, SRAGE — soluble receptor for advanced glycation end
products, EN-RAGE - extracellular newly identified receptor for advanced glycation end products
binding protein, HMGB-1 — high mobility group box protein-1, PAPP-A — pregnancy-associated
plasma protein-A, SD — standard deviation, GFR — glomerular filtration rate.
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In AKI group, SRAGE levels were inversely correlated with haemoglobin (r = - 0.44, p
= 0.001). In multivariate regression analysis: PAPP—A levels were associated with transferrin
(p <0.001), negatively with albumin (p < 0.01) and prealbumin (p < 0.05); PIGF levels were
associated with C - reactive protein (p < 0.001). EN-RAGE levels were associated with
ferritin (p < 0.01) and orosomucoid (p=0.02), and HMGB-1 levels with leukocyte count (p <
0.01) and negatively with proteinuria (p = 0.02) (Table 13).

TABLE 13 ASSOCIATIONS OF PLGF, PAPP-A, EN-RAGE AND HMGB-1 LEVELS IN AKI PATIENTS
(MULTIVARIATE REGRESSION ANALYSIS)

Predictor B Coefficient SE T p intercept | R?
PIGF
0.0018 0.00043 4.2 |0.0001
CRP 0.8 0.32
PAPP-A Albumin -0.0153 0.0048 3.1 0.003 1.6 0.47
Transferrin 0.0674 0.0174 38 0.0004
Prealbumin -0.6379 0.3005 2.1 0.04
EN-RAGE | Ferritin 519.26 181.72 28 | 0.006 | -955.48 | 0.35
Orosomucoid 722.37 318.18 2.2 0.02
HMGB-1 | Leucocyte 1.063 0.384 27 | 0008 | -0537 | 028
count
Proteinuria/24 -0.307 0.128 23 | 002
hours

Abbreviations: CRP — C-reactive protein, SRAGE — soluble receptor for advanced glycation end
products, EN-RAGE - extracellular newly identified receptor for advanced glycation end products
binding protein, HMGB-1 — high mobility group box protein-1, PAPP-A — pregnancy-associated
plasma protein-A

To conclude the PAPP-A, EN-RAGE and HMGB-1 levels are significantly elevated,
but SRAGE and PIGF levels are not increased in AKI patients. SRAGE has a reverse relation
to haemoglobin. PAPP-A levels are independently associated with markers of nutrition:
transferin and negatively with albumin and prealbumin. PIGF is associated with CRP. EN-
RAGE is independently associated with inflammatory markers: ferritin and orosomucoid.

HMGB-1 is associated with leukocyte count and negatively with proteinuria in AKI patients.
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5 DISCUSSION

5.1 THE IMPACT OF CIRCULATING LEVELS OF PLGF, PAPP-A, MMP-2, MMP-9,
SRAGE, EN-RAGE, AND HMGB-1 IN PATIENTS WITH CHRONIC KIDNEY DISEASE

Recent investigators have indicated that increase in biomarker upstream from
biomarkers of inflammation, oxidative stress, nutrition, and endothelial dysfunction [26, 27,
29-31, 34, 35, 272-276] may provide earlier assessment of renal, cardiovascular and overall
patient risk and aid in identifying patients with higher risk of an adverse event and poor
outcome in CKD and AKI settings. Based on this, we explored whether alterations of novel
biomarkers (PIGF, PAPP-A, MMP-2, MMP-9, sRAGE, EN-RAGE, and HMGB-1) would
contribute to the characterization of risk profile in patients with renal disease.

5.1.1 PLGF IN PATIENTS WITH DECREASED RENAL FUNCTION

The first question in our study was whether serum PIGF levels were changed in
patients with decreased renal function including HD patients. Furthermore, we aimed to
investigate the association between PIGF and serum lipids as markers of dyslipidemia and

CRP as inflammatory marker.

In this study in 45 patients with CKD with different degrees of renal insufficiency not-
yet-dialyzed and 31 haemodialysis patients we noted elevated PIGF levels compared to
healthy controls. The serum levels of PIGF in HD patients do not differ from those PIGF
concentrations in patients with various degrees of decreased renal function not-yet-dialyzed.
Additionally, this is the first study where PIGF levels were measured simultaneously in serum
and urine in patients with decreased renal function. PIGF is present in the urine of patients
with renal impairment and serum and urine concentrations of PIGF are significantly
interrelated in patients with decreased renal function. Given that PIGF is a small dimeric
protein with a molecule (= 50 kDa) [101], it is readily filtered into urine even in the absence
of renal damage [126]. PIGF is derived entirely from the circulating blood and not from the
cells of the kidney itself (glomerular podocytes and tubular cells) as urinary vascular
endothelial growth factor (VEGF) [277, 278]. Although no relationship between PIGF and
serum creatinine concentrations was found in CHRI patients, serum PIGF levels tended to

correlate with diuresis in CHRI and HD patients.
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PIGF expression increases significantly in early gestation, peaks at around 26-30
weeks and decreases as term approaches [279]. PIGF has also been used as a predictor of the
common pregnancy associated hypertensive disorder preeclampsia. Plasma, serum, and urine
PIGF levels decrease significantly in women with preeclampsia, and/or those who
subsequently develop the disorder [125, 127, 128, 279]. Serum PIGF levels in non-pregnant
subjects (both males and females) are much lower in comparison with pregnant women.
PIGF-mRNA is present in very small amounts in heart, lung, thyroid, goiter, and skeletal

muscle. It is not expressed, however in kidney and pancreas [110, 280].

PIGF was recently shown to be up-regulated in early and advanced atherosclerotic
lesions [136, 281]. Irrespective of its potential role in the development of atherosclerosis, in
the present study increased plasma PIGF levels obviously characterize patients with renal
disease as a separate population when compared with normal subjects without renal and
cardiac disease. In contrast, in a recent study examining the role played by soluble fms-like
kinase-1 (sFlt-1), an endogenous antagonist of the proatherogenic cytokine PIGF, authors
demonstrated that plasma PIGF levels were unaffected by differences in renal function.
Although the PIGF/sFIt-1 ratio was negatively correlated with the eGFR, plasma PIGF levels
were not affected by it [282].

In addition, our study showed higher levels of PIGF in CKD patients not-yet-dialyzed
with CVD compared to those patients without CVD. This finding suggests that PIGF might be
an indicator of CVD and atherosclerotic complications in patients with decreased renal
function. This finding is in line with finding of Onoue et al. [282], where the PIGF/sFIt-1 ratio
was significantly higher in patients with multivessel coronary artery disease than in patients
with single-vessel or no coronary disease. In the animal part of the study a reduction in the
circulating levels of sFIt-1 was associated with the worsening of atherosclerosis that
accompanied renal dysfunction, whereas serum PIGF concentrations were higher in the 5/6-
nephrectomized mice. In the peripheral circulation, free PIGF, free sFLT-1, and the PIGF-
sFIt-1 complex are present simultaneously. The PIGF-sFIt-1 complex was most closely
correlated with the severity of atherosclerosis in both patients with renal dysfunction and 5/6-

nephrectomized mice [282].

In a cohort of 190 type 1 diabetic patients with diabetic nephropathy, elevated PIGF
levels predicted higher risk of coronary heart disease after 10 years of follow-up independent

of kidney function and established coronary heart disease risk biomarkers [283]. In this study,
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the PIGF levels in patients with decreased renal function with DM and those patients without
DM were not different. The reason might be due to the relatively small sample size of patients
with DM in this study.

In the general population elevated PIGF levels showed a modest correlation between
PIGF levels and triglyceride concentrations and inverse correlation with high density
lipoproteins levels among women without known coronary heart disease [284]. This study
suggested that elevated PIGF levels might be associated with subsequent risk of coronary
heart disease. In our study we found a modest relation between plasma PIGF levels and low
density lipoproteins in haemodialysis patients and triglyceride concentrations in patients with
chronic kidney disease. The finding that PIGF is linked to classic risk factors of atherogenesis
in our cohort of patients with decreased renal function is a novel finding suggesting that this
growth factor might play a role in atherosclerosis in these patients. Furthermore, PIGF might
be considered as one of the candidates to be a biomarker for accelerated atherosclerosis,
particularly plaque instability, myocardial ischemia and prognosis of the patients with

cardiovascular and renal disease [285].

In the present study PIGF levels in HD patients with low-flux and high-flux dialysis
membranes were not different, as with larger solutes of 50 kDa the clearance by low-flux, and
even high-flux, dialysis is practically nil [286]. Therefore, we can also hypothesize that PIGF
is not filtered during dialysis due to the size of the protein. We can speculate that one source
of increased PIGF levels in HD patients might be monocytes activation during long-term

haemodialysis.

Circulating levels of VEGF and PLGF are increased in animal models of sepsis [287].
Recently the same authors suggested that up-regulation of PIGF in sepsis is an adaptive host
response that exerts its benefit, at least in part, by attenuating VEGF signaling implicating
that the effects of PIGF are highly context dependent. In our study there was no correlation
between serum PIGF levels and CRP. Although CRP levels were slightly higher in the studied
groups, PIGF levels were low; patients were in a stable clinical state. These factors might be

the reason that no relationship of PIGF and CRP, a marker of microinflammation, was found.

Statins exert cardioprotective actions partly through anti-inflammatory actions in
addition to their lipid lowering effects [288, 289]. Recently it was shown that atorvastatin
increased plasma levels of soluble Fms-like tyrosine kinase-1 while decreasing VEGF and

PIGF levels. These changes were associated with late improvement of post myocardial
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infarction ventricular function and might represent an additional benefit of statin therapy
[290]. Although there were no differences in PIGF levels of CHRI and HD patients with and
without statin therapy in this study probably due to small sample size, the beneficial effect of
lipid lowering therapy on PIGF levels cannot be excluded in patients with chronic kidney

disease.

Atherosclerosis is more commonly observed in the elderly than in the young. In the
general population it was shown that PIGF weakly correlated with age [284]. In the present
study there was a modest correlation between serum PIGF levels and age in the CHRI group
and the control group. The correlation in the control group was of borderline significance; in
the HD group the correlation with age was not significant probably due to the small sample
size and other possible influencing factors. Renal insufficiency and worsening of
atherosclerosis is a complex process related to renal dysfunction and ageing, and many factors

are still unknown.

In summary, PIGF, an endogenous cytokine, is elevated in patients with decreased
renal function. This study also shows that PIGF is present in the urine, and its serum and urine
levels are interrelated. It is higher in CKD patients with cardiovascular disease. This finding
warrants further investigation to understand PIGF’s importance in atheroma formation and
plaque destabilization to determine utility as a long-risk biomarkers in patients with kidney

disease.

5.1.2 SERUM S100A12 (EN-RAGE) LEVELS IN PATIENTS WITH DECREASED RENAL
FUNCTION AND SUBCLINICAL CHRONIC INFLAMMATORY DISEASE

In the next study we aimed to determine S100A12 (EN-RAGE) levels and describe
their relationship to inflammatory markers in patients with decreased renal function including

haemodialysis patients.

This study shows that levels of SI00A12 were not different in not-yet-dialyzed CKD
patients with different degrees of renal insufficiency and HD patients compared to healthy
controls. The patients were all in stable clinical status at the time of the study without signs of
acute infection or acute cardiac problems. However, in a subgroup of patients with higher
CRP levels in contrast to the whole studied population the S100A12 values were increased.
Thus, we suggest that although serum S100A12 levels are not increased at basal conditions,

the presence of subclinical inflammation though is likely to result in the higher levels of
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S100A12 in CKD and HD patients. In addition, we detected S100A12 in the urine of CKD
patients which correlated with serum creatinine, but not with serum S100A12 levels.

These results are in contrast with the finding of Mori et al. [291], where levels of
S100A12 were significantly higher in HD patients with atherosclerosis. Also the same authors
reported a significant increase in S100A12 concentrations in patients on continuous
ambulatory peritoneal dialysis (CAPD) [292]. This discrepancy could be due to the relatively
small sample size in this study and also to the heterogeneity of the study population [291].
Further studies are necessary to clarify this issue.

In line with previous reports [180, 187], our study confirms that serum sRAGE levels
are elevated in patients with decreased renal function in both patients with CKD and HD
patients as compared with those in healthy controls. Also the S1I00A12/sRAGE ratio appears
to be more favorable in CKD and HD patients than in the controls. SRAGE concentrations
increase with declining renal function and significantly decrease after renal transplantation
[293, 294]. The precise mechanism of sSRAGE increase in patients with declining renal
function is still unknown, suggesting either a decreased clearance of SRAGE accompanying
the decline in renal function, or its upregulation as protective factor against toxic effects of
advanced glycation end products (AGES) in patients with progressing loss of renal function
[187, 200]. In HD patients, levels of SRAGE are elevated in comparison with healthy subjects,
and might modulate vascular and inflammatory reaction during dialysis. Other causes such as
stimulation of neutrophils on dialysis membrane, puncture of arteriovenous fistula, and
heparin administration might participate in increased serum S100A12 levels in HD patients
[187].

In stepwise multivariate regression analysis after adjustment for age, S100A12
remained correlated with inflammatory markers in all studied groups: orosmucoid in CHRI
patients; CRP, leukocyte count, fibrinogen and inversely sRAGE in HD patients; and
leukocyte count in healthy controls. It is conceivable that SI00A12 might contribute to some

of the risk for inflammation associated with renal impairment.

Considering the proinflammatory functions of S100A12, it is possible that neutrophil —
derived S100A12 might be involved in an inflammatory process of CKD and HD patients.
Correlations of serum S100A12 levels with inflammatory parameters (CRP, orosomucoid,
negatively with alfa-2-macroglobulin) in CKD patients and (CRP, orosomucoid, fibrinogen,

in addition to leukocyte count) in HD patients in this study support this possibility. Indeed,
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S100A12 is secreted from activated neutrophils and exerts its proinflammatory effects on the
endothelium and leucocytes via binding to RAGE expressed on these cells [195, 198].
Interaction of EN-RAGE (S100A12) with cellular RAGE on the endothelium, mononuclear
phagocytes, and lymphocytes triggers cellular activation with generation of key
proinflammatory mediators [295]. Low sRAGE and high S100A12, but not Ne-
(carboxymethyl)-lysine-protein adducts (CML), were strongly associated with increased risk
for cardiovascular disease (Framingham score) in diabetic and non-diabetic subjects. Thus,
the inverse correlation between S100A12 and SRAGE suggests that chronic proinflammation,
including atherosclerosis, may up-regulate plasma S100A12 levels, which in turn decreases
plasma sRAGE levels [187]. Recently, Nakashima et al. [200] showed that S100A12 and
SRAGE are elevated and have opposite associations with inflammation in prevalent HD

patients.

In addition, S100A12 was also isolated, via drug-affinity chromatography, as a protein
binding to three different anti-allergic drugs: amlexanox, cromolyn and tranilast [296]. It is
feasible that exaggerated release of this SI00A12 protein at sites of inflammation induces a
positive feedback loop in which primed phagocytes and S100A12 stimulated endothelium

facilitate the further recruitment of even more leukocytes [297].

In accordance with the study of Basta et al. [181], we also found a close association
between hsCRP and serum S100A12 levels in CKD patients. Hasegawa et al. [298] have
demonstrated that levels of mRNA/protein of S100A12 were enhanced by another pro-
inflammatory molecule i.e. IL-6 in cultured THP-1 cells. SI00A12 serum concentrations
indicate neutrophil activation in Crohn’s disease [297], juvenile rheumatoid arthritis [299],
rheumatoid and psoriatic arthritis [300], cystic fibrosis [301], Kawasaki disease [302], MPO-
ANCA associated glomerulonephritis [303] and type 2 diabetes [304].

Atherosclerosis has an inflammatory aetiology and elevated CRP in patients with
atherosclerosis not only serves as a biomarker for cardiovascular disease risk but it also
functions as an active mediator of atherosclerosis by its direct proatherogenic effects on
vasculature [305, 306]. Moreover, CRP and orosomucoid were shown to be the inflammatory
markers in different stages of CKD [307]. Mahajan N et al. [308] suggested that CRP is able
to augment mMRNA expression of both RAGE and S100A12 genes. Augmented expression of
S100A12 in the presence of CRP points to close correlation between S100A12 and activation
of granulocytes and monocytes under inflammatory conditions. The parallel trend observed

for the increased expression of RAGE and its ligand represents an attractive model to explain
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how RAGE and its proinflammatory ligand S100A12 contribute to pathophysiology of
various inflammatory diseases including atherosclerosis [308]. Also orosomucoid displays
several activities on one cell type: on neutrophils it influences chemotaxis, superoxide
generation and aggregation [309]. Orosomucoid, being an acute-phase reactant, contributes to
the general function of the acute phase response as a coordinated system that modulates host

immune response during periods of intense inflammation and tissue destruction.

Although there were no differences in S100A12 levels in CHRI and HD patients with
and without statin therapy in this study probably due to the small sample size, the beneficial
effect of lipid lowering therapy on S100A12 levels cannot be excluded in CKD patients.
Recently it was shown that atorvastatin treatment significantly attenuated CRP-induced
RAGE and S100A12 expression in THP-1 cells [308], indicating the importance of anti-
inflammatory properties of atorvastatin which may be mediated by non-steroidal products of

the mevalonate pathway.

Angiotensin-converting enzyme 1 inhibitors are also another factor that may
potentially modulate the AGE-RAGE pathway [310]. We did not observe a significant
difference in S100A12 levels in relation to treatment with ACEI/ABR in our patients with
decreased renal function. However, a larger cohort of patients should be tested to confirm or
exclude the effect of the above mentioned drugs on S100S12 levels in this population.

This study has some limitations. First, our study was limited by its observational
nature, which allowed us to establish associations, but not causality. Second, the studied
groups were older than the controls. We performed the general liner regression analysis and
multivariate analysis with appropriate adjustment to age. Third, because the S1I00A12 protein
has been measured in a small sample of subjects, our data need to be confirmed in a larger

cohort of patients.

In conclusion, S100A12 (EN-RAGE), a sensitive and specific marker of localized
inflammatory process, is not elevated in patients with decreased renal function at stable
clinical status without signs of overt inflammation. Even in these basal conditions, it is
significantly related to inflammatory markers. In addition, this study also shows that S100A12
is present in the urine, and urine levels are higher in comparison with those in serum and
correlate with renal function. This finding warrants further investigation to understand the
importance of S100A12 in the inflammatory process, and to determine its utility as an

inflammatory biomarker in patients with kidney disease.
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5.1.3 BIOCHEMICAL DETERMINANTS OF PAPP-A AND MMP-2 IN PATIENTS WITH CKD

The third study evaluated whether changes in MMP-2 and PAPP-A values in CKD are
measurable by serum assays, each level of CKD is associated with a specific pattern in
circulating MMP-2 and PAPP-A values, and specific biochemical determinants of circulating
MMP-2 and PAPP-A are detectable in CKD patients stages 1-5 of various nephropathies not

yet undergoing dialysis.

Three important findings emerge from our study. First, there were not marked
significant differences in the serum levels of MMP-2 between patients with different levels of
kidney function and healthy controls. On the other hand, serum PAPP-A levels are increased
from CKD 4, whereas in CKD 1-3 they are not different. Second, and more importantly,
serum MMP-2 and PAPP-A levels are the independent correlates of proteinuria in CKD
patients. Third, MMP-2 and PAPP-A are interrelated and correlate negatively with albumin,
MMP-2 is also related to a-2-macroglobulin, a MMP inhibitor. These observations suggest
that MMP-2 and PAPP-A are associated with proteinuria, indicating a contribution of these

proteases to renal and vascular damage in patients with CKD.

Although, MMP-2 and PAPP-A correlated with estimated GFR, MMP-2 levels were
not different between patients with different levels of renal function in this study. PAPP-A
values were increased in late stages of CKD only. Indeed, a number of studies evaluated
MMPs in patients with CKD [167, 168]. Progression of CKD was shown to be loosely related
with the increase in MMP-2 serum levels in patients with CKD and patients on dialysis [152,
167, 311, 312]. On the other hand, other authors report no difference in the serum MMP-2
levels in relation to the level of renal function [172], or even depict decreased MMP-2 levels
including dialysis patients [313]. Recently, it was indicated that serum levels of MMP-2 are
one of the independent correlates of proteinuria and could be associated with intima media
thickness and atherosclerotic plaque in patients with CKD. Moreover, increased values of
MMP-2 and Fibroblast growth factor 23 in CKD were implied to accentuate higher risk of
developing CV complications [314].

Increased PAPP-A levels are known to reflect changes in renal function [350] and
could be a prognostic marker in dialysis patients [151, 152]. The association of PAPP-A and

serum creatinine in our multivariate model supports this notion. Also, it was suggested that
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PAPP-A may be produced by activated cells in atherosclerotic plaques and released to ECM
[146].

We extend these findings by investigating CKD (1-5) patients of various
nephropathies not yet undergoing dialysis for biochemical determinants of MMP-2 and
PAPP-A serum levels.

The changes in proteases that occur in CKD patients may mediate both degradation of
extracellular matrix components and cell proliferation and facilitate leukocyte function [161,
315]. There is still uncertainty as to whether abnormal regulation of proteases and their
inhibitors represents a cause or simply an effect of the respective renal disease [316]. In
nephropathies metalloproteinases appear to play a dual role as antifibrotic enzymes and as
proinflammatory mediators, their exact biologic function may depend upon the level of MMP
activity and the acuteness or the chronicity of the underlining renal disease [316].

Several factors were associated with MMP-2 and PAPP-A levels in our multivariate
model; among them is proteinuria, supporting the concept that MMP-2 and PAPP-A are
involved in proteinuria and suggesting that MMP-2 and PAPP-A levels could be markers of
renal injury in patients with CKD. The novelty of our observation was the fact that serum
levels of PAPP-A were associated with proteinuria in CKD patients. It is well known that
proteinuria represents an independent risk factor for poor outcome in most types of
glomerular disease and is related to the severity of tubulointerstitial injury [317]. The
stimulation of tubular epithelial cells triggers a cascade of biological reactions that culminate
in the transcriptional activation of genes for vasoactive and chemoattractant peptides [317,
318]. The increased release of such peptides may play a role in the accumulation of
monocytes in renal interstitium and the stimulation of fibroblasts in the same area leading to
interstitial inflammation, scarring and fibrosis [315, 319]. MMPs have been implicated in
mesangioproliferative changes and tubulointerstitial damage, thus being involved in
proteinuria [315, 320]. In addition, circulating MMP-2 has been shown to be correlated with
proteinuria in kKidney transplant recipients as well [321]. On the other hand, whether PAPP-A

can degrade ECM remains unclear [146].

In this study, both serum MMP-2 and PAPP-A were negatively associated with
albumin. Indeed, glomerular basal membrane is the site where albumin is lost into urine in
CKOD, it is also a site for MMP related damage and activation of inflammation and promotion

of glomerular sclerosis, fibrosis, and hypertrophy in CKD. Podocytes are highly specialized
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cells of glomeruli, which not only synthesize the components of GBM (collagen 1V,
fibronectin, laminin, etc) [322], but also produce the matrix degrading molecules such as
MMP-2, MMP-9, etc [323]. Over-expression of MMP-2 and MMP-9 is related with
progressive kidney damage. It was reported that albumin up-regulated the expression of
MMP-2 and MMP-9 in podocytes at gene and protein levels in a time and dose dependent
manner [323].

Another independent determinant of MMP-2 levels in this cohort of patients is a-2-
macroglobulin. a-2-macroglobulin is a known MMP inhibitor [164, 324]. a -2-macroglobulin
is one of the major plasma proteins in humans, and acts as a molecular trap for proteinase
molecules. MMPs bound to a-2-Macroglobulin are unable to act on protein substrates.
Trapped proteinase changes conformation of a-2-Macroglobulin and the changed
conformation of the a-2-Macroglobulin and MMPs rapidly cleared from the circulation by the
reticuloendothelial system. a-2-Macroglobulin is also an inflammatory, acute-phase protein.
Hence, the relationship between MMP-2 activity and inflammation remains an important
component of CKD that remains to be further studied.

Another interesting finding in this study is the interrelationship between MMP-2 and
PAPP-A in CKD patients (1-5) not yet dialyzed. This association might represent a marker of
an enhanced inflammatory state in asymptomatic CKD patients. MMPs are also potential
indicators of arterial inflammation, and by degrading ECM, they contribute to the lipid rich,
atherosclerotic plague and finally to its rupture. PAPP-A was recently found to be abundantly
expressed in both eroded and ruptured plaques, but in contrast, is only moderately expressed
in stable plaques [146, 325]. These observations suggest that MMP-2 and PAPP-A might be

causative risk factors linking renal and vascular damage in patients with CKD.

We observed a close association between declining haemoglobin and MMP-2. To the
best of our knowledge, we are the first to describe this association. It is not clear how
haemoglobin levels influence either the production or clearance of MMP 2. Haemoglobin is a
major component of blood and a potent mediator both of oxidative stress and antioxidant
function. Reduced tissue oxygenation associated with anaemia may elicit gelanolytic activity
of MMP-2. Certainly anaemia in CKD identifies patients at increased risk for progressive
renal disease, hospitalization and premature death [326]. This association raises a possible

role of declining haemoglobin in kidney injury partly through MMP-2 activation.
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The present study used serum levels of MMP-2 and PAPP-A as surrogate markers to
reflect changes in renal levels of these enzymes. However, there are several limitations to this
approach that must be acknowledged. First, MMP activation occurs at different organs. Thus,
serum levels do not necessarily reflect the net ECM proteolytic activity within the renal tissue.
Data from previous clinical and experimental studies though suggest that differences in serum
levels of MMP-2 and PAPP-A observed between reference controls and patients with CKD
are likely to reflect differences at the renal level [167, 327]. Second, MMPs activities are
regulated by tissue inhibitors of metalloproteinases (TIMPs) [328, 329], which have not been
addressed in this study and may help elucidate the importance of our findings. Third, several
therapies commonly prescribed for patients with CKD may influence MMPs function [330].
Also the relationship between serum levels of MMPs and plasma MMP activity was not
assessed in this study since enzyme concentrations might change to compensate for

irregularities in enzyme activity and vice versa.

In summary, the present study demonstrates that increased levels of MMP-2 are
associated with PAPP-A, a-2-macroglobulin, proteinuria, lower haemoglobin, and lower
albumin in CKD (1-5) patients of various nephropathies not yet undergoing dialysis.
Similarly, the determinants of PAPP-A in CKD (1-5) patients are proteinuria, serum
creatinine, and lower albumin. Both MMP-2 and PAPP-A are associated with proteinuria, a
significant marker of renal damage and an independent risk marker for CVD as well.
Additional studies are needed to determine whether an elevation in MMP-2 and PAPP-A are
causes or consequences of renal and vascular damage in patients with CKD and if these
MMPs are biomarkers for CVD in patients with CKD.

5.1.4 CHANGES IN SERUM LEVELS OF MMP-2, MMP-9 AND PAPP-A IN PATIENTS WITH
VARIOUS NEPHROPATHIES

In the next study we focused to determine whether specific changes exist in the levels
of MMP-2, MMP-9 and PAPP-A in patients with various nephropathies compared with those

found in healthy subjects.

We indeed found that patients with various nephropathies have significant, marked
differences in the serum levels of MMP-2, MMP-9 and PAPP-A compared with healthy

subjects. Moreover, serum patterns of MMPs and PAPP-A considerably differed between
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various histopathological types of glomerulonephritis and thus seems to be characteristic of
each type of GN. Furthermore, with the exception of MMP-9, serum MMP-2 and PAPP-A

concentrations inversely varied with the levels of renal function.

In IgAN patients, we observed decreased levels of MMP-2 contrasting with increased
MMP-9 level as compared with healthy controls. Similarly, in IgAN patients studied by
Akiyama et al. [163] serum MMP-2 levels were lower; MMP-9 were not evaluated in this
study. Koide et al. [331] noted increased MMP-9 mRNA expression contrasting with low
MMP-2 mRNA expression in circulating monocytes of IgAN patients. In contrast, Bauvois et
al. [172] observed decreased levels of plasma MMP-9, whereas plasma MMP-2 levels as in
our IgAN patients were lower as compared with healthy subjects. Urushihara et al. [171]
reported enhanced MMP-9 expression in proliferative mesangial areas of glomeruli in kidney
biopsy samples from IgAN patients. Interestingly, Danilewicz et al. [332] revealed
significantly increased glomerular immunoexpression of MMP-2 but not MMP-9 in a
Henoch-Schonlein nephritis groups as compared with idiopathic IgAN. PAPP-A levels in this
study were comparable with those found in healthy controls. One possible reason for the
difference in findings is that in IgAN, the expression levels of MMPs vary depending on the
balance between attenuation of matrix accumulation and proliferation of mesangial cells via
transient stimulation of the synthesis of MMP proteins. Thus, the markedly decreased MMP-2
serum levels and the increased MMP-9 concentrations as observed in our patients contribute
to inter-individual differences in expression of MMPs in human renal disease in IgAN

patients.

In MN patients, we observed an increase in serum MMP-9, whereas levels of serum
MMP-2 and PAPP-A were not different in comparison with healthy control subjects. In
contrast Akiyama et al. [163] Bauvois et al. [172] and Lods et al. [333] reported increased
levels of MMP-2 contrasting with decreased levels of MMP-9. In contrast, Koide et al. [331]
noted insignificant variation in MMP-2 and MMP-9 mRNA expression in peripheral blood
monocytes of MN patients. In a model of membranous nephropathy, in murine Heymann
nephritis, McMillan et al. [334] observed an increased expression of MMP-9 in cultured
glomerular epithelial cells, which correlated with proteinuria, therefore suggesting a role of
MMP-9 in the breakdown of the glomerular basement membrane. Though previous studies
[163, 172, 333] reported increased MMP-2 and decreased MMP-9 level, the finding of
increased MMP-9 serum concentrations in human MN nephritis is a novel finding,

implicating that MMP-9 may play a role in glomerular disease in membranous nephropathy.
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In our MCNS/FSGS nephrosis group, the serum MMP-2 and PAPP-A levels were
unchanged, and there was a trend of higher serum MMP-9 concentrations as compared with
controls. In contrast, Bauvois et al. [172] and Lods et al. [333] reported reduced serum MMP-
9 levels accompanied by increased [333] or unchanged [172] MMP-2 levels. In experimental
FSGS it was suggested that the enhanced cross-linking of extracellular matrix by tissue
transglutaminase and decreased degradation due to the reduced active MMP-9 expression may
be at least partially responsible for the deposition of fibronectin within injured glomeruli
[335]. Thus in view of these contradictory findings it is difficult to conclude specific patterns
of circulating MMPs in MCGN/FSGS group. Our data, though, support the notion that also in
MCGN/FSGS group the specific changes in serum levels of MMPs and PAPP-A are distinct
from those found in other patients with chronic nephropathy in this study.

In LN patients, we observed decreased levels of serum MMP-2, MMP-9 and PAPP-A
levels as compared with healthy controls. Similarly, Robak et al. [336] observed lower serum
levels of MMP-9 in patients with systemic lupus erythematosus (SLE) than in healthy
controls. In contrast Akiyama et al. [163] found the elevation of serum MMP-9 levels and the
unchanged MMP-2 levels in patients with SLE. Faber-Elman et al. [337] also observed the
elevated activity of serum MMP-9 in patients with SLE. Makowski et al. [338] found that
concentrations of neutrophil MMP-9 were inversely related with anti-dsDNA antibodies, a
diagnostic marker of SLE. Recently Jiang et al. [339] revealed enhanced expression in MMP-
9 and MMP-2 levels and their association with TIMPs in LN patients, when compared with
healthy controls and patients without LN.

PAPP-A as a marker of complex coronary lesions investigated by Cosin-Sales et al.
[340] in patients with atherosclerotic endothelial dysfunction as an independent predictor of
the number of complex atherosclerotic carotid lesions. These findings support the notion that
levels of circulating MMPs fluctuate in SLE, and raised levels of MMPs probably reflect an
increased inflammatory process, whereas lower concentrations of MMP-2, MMP-9 and

PAPP-A can result from the accumulation of MMPs in inflamed blood vessels and tissues.

In AAV patients, the levels of serum MMP-2, MMP-9 and PAPP-A were comparable
with those found in healthy control subjects. There was a trend of higher serum levels of
PAPP-A in AAV patients. Leeuw et al. [341] observed the increased carotid intima-thickness
accompanied by the raised levels of hsCRP, MMP-3 and MMP-9 and TIMP in patients with

Wegener granulomatosis, suggesting that enhanced inflammation and excessive vascular
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remodelling are contributing factors in the development of accelerated atherosclerosis in
Wegener granulomatosis. Bjerkeli et al. [342] noted that those patients with active disease had
a selective up regulation of MMP-2 and MMP-8 compared with healthy controls, and a down
regulation of TIMP-1 and TIMP-3 compared with other patients with Wegener
granulomatosis. The reason of insignificant changes of MMP-s and PAPP-A in this study may
reflect the use of immunosuppressive drugs in the developing remission patient group.
Nevertheless, these findings suggest that disturbed MMPs and PAPP-A activity may have a
role in the pathogenesis of AAV.

In the present study, an inverse correlation between both serum levels of MMP-2 and
serum concentrations of PAPP-A, on one hand, and the degree of renal dysfunction as
evaluated by eGFR, on the other, was found in the whole GN cohort. There was no correlation
between serum MMP-9 and eGFR. These data are partially in line with findings by Chang et
al. [161], but are in contrast to the study by Bauvois et al. [172] where no correlation to
plasma aMMP-2 and MMP-9 with degree eGFR was found. In addition, serum PAPP-A was
loosely correlated with eGFR in all GN groups, and these findings are in line with those of
Peiskerova et al. [314], who observed an elevation of serum PAPP-A levels in late stages of
chronic kidney disease. Such discrepancies may result from the methodology and in the

different profiles between the groups examined.

In conclusion, our data confirm that serum levels of MMP-2, MMP-9, and PAPP-A
are markedly altered in patients with various nephropathies as compared with healthy
subjects. Moreover, the patterns of MMP-2, MMP-9, and PAPP-A concentrations
significantly differed between various histopathological types of nephropathies, reflecting the
involvement of different mechanisms in regulation of glomerular and tubulinterstitial fibrosis.
Decreased barrier function of peritubular capillaries and endothelial dysfunction following
renal injury in various nephropathies suggest that MMPs and PAPP-A leak into vascular
system, which may account for the presence of MMPs and PAPP-A in human serum. Not
only are the tissue levels of MMPs and PAPP-A changed in patients with various
nephropathies, but also serum levels of MMP-2, MMP-9 and PAPP-A are altered, suggesting
that circulating MMPs and PAPP-A levels may provide a biologically relevant marker of
connective tissue metabolism in patients with various nephropathies. In addition significant
relationships between serum MMP-2 and PAPP-A and the levels of eGFR were found,
implying that these biomarkers are cleared by the kidney. However, the determination of these

putative mechanisms would require further careful examination. Thus, further studies that
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assess the exact role of MMPs and PAPP-A in nephropathies are needed, not only to
understand the pathogenic mechanism of various nephropathies, but also to improve current
therapeutic strategies.

5.2 EVALUATION OF NOVEL BIOMARKERS (PLGF, PAPP-A, SRAGE, S100A12 (EN-
RAGE), AND HMGB-1 IN PATIENTS WITH ACUTE KIDNEY INJURY

This is the first study where we demonstrate the circulating levels of PLGF, PAPP-A,
SRAGE, EN-RAGE and HMGB-1 levels in patients with AKI requiring RRT. Significantly
higher levels of PAPP-A, EN-RAGE and HMGB-1, but not increased levels of SRAGE and
PIGF were observed in the serum of patients with AKI as compared with controls. Further,
this study demonstrates significant independent associations of PAPP-A with markers of
nutrition, and the associations of PIGF, EN-RAGE, HMGB-1 with inflammatory parameters
in these patients for the first time.

Although PIGF levels in AKI patients were not elevated, PIGF was significantly
correlated with inflammatory markers CRP and fibrinogen and inversely with a negative
inflammatory marker prealbumin. However, only CRP was positively associated with PIGF
levels by multivariate analysis. CRP is a short pentraxin and an established biomarker of
inflammation in kidney disease [247]. A recent study has suggested that the level of the ratio
of CRP to prealbumin was associated with mortality of AKI patients [343]. Moreover, lower
serum prealbumin levels were strongly associated with a higher risk of death independent of
AKI severity [344]. On the other hand, serum fibrinogen is independently predictive of
cardiovascular and all-cause mortality in end-stage kidney disease [345] and in patients with
CKD [346]. In AKI serum fibrinogen levels were comparable with those found in healthy
controls [347]. It is thus conceivable that PIGF is released from endothelial cells, among

others, in response to inflammation in AKI.

PAPP-A levels were increased in AKI patients in comparison with healthy controls,
but were comparable to those found in CKD 5 and HD patients. In line with previous report,
PAPP-A is elevated in HD patients [348] and is a prognostic marker in dialysis patients [152].
The PAPP-A levels were also significantly decreased in dialysis patients after successful

kidney transplantation, but remained higher than in control group [349]. The mechanisms of
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PAPP-A increase most probably include the increased synthesis, but also the decreased
clearance of PAPP-A in patients with decreased renal function, including the patients with
AKI. In this study, PAPP-A levels were independently associated with markers of nutrition:
transferin and negatively with albumin and prealbumin. These results permit the conclusion
that PAPP-A levels are elevated in patients with AKI and related to markers of nutrition, but

are not related to inflammatory markers, as in HD patients in this and previous studies [311].

We provide here evidence that SRAGE levels are increased but not significantly in the
setting of AKI. An explanation for the comparable SRAGE levels in AKI might be an
enhanced consumption of this molecule. SRAGE acts as an anti-inflammatory “decoy’” by
binding and preventing their interaction with cell surface RAGE, suppresses the RAGE
mediated inflammatory response [180]. The ligands EN-RAGE and HMGB-1 binding to
SRAGE might influence the levels of SRAGE and increase the propensity towards
inflammation. RAGE ligands therefore have better binding across to cell membrane receptor,
the binding of which activates the inflammatory pathways. Interestingly, in a recent study in
septic AKI patients SRAGE levels were elevated [350]. In CKD and HD patients serum
SRAGE levels were also increased in this and the previous study and was inversely related to
inflammation [293]. The correlation revealed in our AKI patients between serum sRAGE
levels and declining haemoglobin suggest that reduced tissue oxygenation associated with
anaemia may contribute to the formation of AGEs and activation of RAGE with possible
toxic effect of them on hematopoiesis, while SRAGE might inhibit their pathological effect.
We cannot also exclude the effect of amelioration of endothelial and inflammatory injuries on
the serum sRAGE activity in AKI. SRAGE levels in AKI, similarly as in CKD and HD, could
be an indicator of enhanced RAGE expression as counter-regulatory system against
endothelial damage i.e. inflammation and oxidative stress. Given the importance of anaemia
in decreased renal function, the association between SRAGE and anaemia in AKI patients

deserves further studies.

In the present study, EN-RAGE levels were significantly increased in AKI patients,
but not in CKD5 and HD patients. These results are in line with our previous study where the
serum concentrations of CKD patients and HD were not elevated in comparison with healthy
controls [351]. Similarly as in CKD, HD and peritoneal dialysis patients [351, 352], also in
AKI patients a relation of serum EN-RAGE levels to markers of inflammation was found.
Specifically, EN-RAGE concentrations were independently associated with orosomucoid and

ferrtitin.
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Plasma EN-RAGE triggers the RAGE pathway as proinflammatory ligand activating
key inflammatory signals such as NF-kp and MAP kinase and stimulates cell adhesion
molecules. Circulating EN-RAGE is associated with CVD events and CVD-related mortality
in HD patients, which partly explained by its link to inflammation [201], and is related to
mortality of HD patients due to infection [353]. Orosomucoid, being an acute phase protein,
contributes to immune response in inflammatory states modulating chemotaxis of neutrophils,
superoxide generation and aggregation [309]. On the other hand, a recent study in a murine
model of acute renal failure has shown that orosomucoid partially restored activity of clotting
and complement systems in acute renal failure [354]. This effect may be due to accumulation
of orosomucoid in renal tissue and its protective action in situ. Taken together, higher serum
EN-RAGE levels and relation to inflammatory markers in this study may be associated with

amplified inflammatory response and vascular damage in AKI patients.

In the present study all AKI patients in our study had elevated circulating HMGB-1
levels as compared with controls. We could also show that HMGB-1 levels were
independently associated with leukocyte count and negatively with proteinuria in AKI setting.
Although, we could not exclude patients with high CRP levels in AKI patients, in multivariate
analysis no relationship to CRP levels were found. HMGB-1 is one of the high-affinity
ligands for RAGE/SRAGE, a potent cytokine playing an important role in the pathogenesis of
inflammation. Previous studies have shown that HMGB-1 differs from early innate
proinflammatory cytokines, such as TNF and IL-1, in endotoxaemia and sepsis models [207,
208]. HMGB-1 release occurs in response to a number of alarm signals including endotoxin,
interferons, TNFs and largely is a consequence of NF-«xB activation and HMGB-1 acetylation
at its nuclear localization site [203, 355]. This induces vesicular sequestration and leads to
extracellular HMGB-1 release [210, 356]. In addition, passive diffusion from necrotic cells
might occur [208, 210]. Another interesting finding is the negative association of HMGB-1
and proteinuria in AKI setting, supporting the concept that HMGB-1 could be a marker of
renal injury in patients with AKI. Whether high HMGB-1 levels in AKI are the consequences
of the disease or a potential contributing factor to the disease needs to be elucidated.

The most frequent cause of AKI in the Intensive Care Units is sepsis [357].
Endothelial activation defined as upregulation of adhesion molecules by proinflammatory
cytokines, may be central to the development of sepsis induced AKI. In this study the CKD
and HD patients with overt inflammation were excluded. We endeavored to include a

comparative cohort of AKI patients specifically without sepsis. Although, we have not
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included the patients with sepsis in this study, the association of studied biomarkers with
inflammatory markers support the notion that also in sepsis induced AKI the levels of studied
biomarkers might be changed. Indeed, pretransplant inflammation including the elevation of
PAPP-A in transplant recipients might play an important role in the pathogenesis of ischemic
AKI and could be a risk factor for the development of delayed graft function [358]. Serum
PAPP-A levels frequently increases in patients with severe sepsis and appears to be associated
with sepsis related myocardial dysfunction [359]. PIGF levels are elevated in preclinical
models of sepsis [360]. PIGF protects liver endothelial cells against septic injury, explaining
why sepsis morbidity is increased following genetic or pharmacological PIGF blockade [287,
360]. SRAGE levels were elevated during acute lung injury, regardless of the presence or
absence of severe sepsis [361]. Also in another study in septic patients an elevation of SRAGE
levels were shown [362]. Non-survivors had higher plasma sRAGE concentrations than
survivors. In addition, recently also in septic AKI patients SRAGE levels were elevated [350].
In contrast, in a recent study the SRAGE levels were not changed in severe sepsis, while the
EN-RAGE concentrations were significantly increased in patients with severe sepsis stratified
to the three most common infectious sources (lungs, abdomen, and urinary tract) [363]. In
addition, HMGB-1 has been identified as late cytokine mediator of endotoxaemia and sepsis
[356, 364, 365]. HMGB-1 was persistently elevated in patients with severe sepsis and severe
shock [366]. Taken together, PIGF, PAPP-A, SRAGE, EN-RAGE and HMGB-1 might play a
role also in sepsis induced AKI. Further studies are warranted to test the clinical utility of
these biomarkers in managing patients with sepsis and AKI and to better understand their

relationship with kidney morphology during acute kidney injury.

There are several limitations in this study, including small sample size of adult patients with
severe AKI (RIFLE category failure). Nevertheless, this is the first study to report an
association of studied biomarkers and relevant parameters in AKI patients. Second, the
studied population was composed by heterogeneous AKI patients treated at single centre of
faculty hospital. Third, we did not compare studied biomarkers with established one such as
neutrophil gelatinase associated lipocalin. Finally, we did not perform a kinetic study on novel

biomarkers including more frequent sampling.

The study presented here provides first insight into levels of circulating PIGF, PAPP-
A, sSRAGE, EN-RAGE and HMGB-1 in patients with AKI. The PAPP-A, EN-RAGE and
HMGB-1 levels are significantly elevated, but SRAGE and PIGF levels are not increased in
AKI patients. Whereas PIGF, EN-RAGE, and HMGB-1 levels are significantly related to
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inflammatory markers, PAPP-A levels are associated with markers of nutrition in AKI setting.
Larger, prospective clinical studies are needed to confirm the results of our single centre

study.
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6 CONCLUSION
The aim of the thesis was to study novel promising biomarkers of kidney function, the

underlying biochemical and pathophysiological processes, chronic inflammation and/or
cardiovascular risk — placental growth factor (PIGF), pregnancy associated plasma protein A
(PAPP-A), matrix metalloproteinase 2 (MMP-2), matrix metalloproteinase 9 (MMP-9),
soluble receptor for advanced glycation end products, calcium binding protein S100A12 or
extracellular newly identified RAGE binding protein (EN-RAGE), and high mobility group
box protein-1 (HMGB-1) in patients with renal diseases including CKD, HD and AKI
patients. Moreover, the study aimed to testify the hypothesis that these biomarkers are related

to inflammatory and nutritional parameters, atherosclerosis, and cardiovascular disease.

We have observed that PIGF, an endogenous proatherogenic cytokine, is elevated in
patients with decreased renal function. PIGF is present in the urine, and its serum and urine

levels are interrelated. It is higher in CKD patients with cardiovascular disease.

We have shown that S100A12 (EN-RAGE), a sensitive and specific marker of
localized inflammatory process, is not elevated in patients with decreased renal function at
stable clinical status without signs of overt inflammation. Even in these basal conditions, it is
significantly related to inflammatory markers. In addition, this study also shows that SI00A12
is present in the urine, and urine levels are higher in comparison with those in serum and

correlate with renal function.

We have demonstrated that increased levels of MMP-2 are associated with PAPP-A,
a-2-Macroglobulin, proteinuria, lower haemoglobin and lower albumin in CKD (1-5) patients
of various nephropathies not yet undergoing dialysis. Similarly, the determinants of PAPP-A
in CKD (1-5) patients are proteinuria, serum creatinine, and lower albumin. Both MMP-2 and
PAPP-A are associated with proteinuria, a significant marker of renal damage and an

independent risk marker for CVD as well.

We have provided the first insight into levels of circulating PIGF, PAPP-A, sSRAGE,
EN-RAGE and HMGB-1 in patients with AKI. The PAPP-A, EN-RAGE and HMGB-1 levels
are significantly elevated, but SRAGE and PIGF levels are not increased in AKI patients.
Whereas PIGF, EN-RAGE, and HMGB-1 levels are significantly related to inflammatory

markers, PAPP-A levels are associated with markers of nutrition in AKI setting.
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This thesis demonstrated potential clinical use of several candidate biomarkers for risk
stratification in patients presenting with CKD, AKI, ESRD treated by HD and for improved
understanding of the biochemistry and pathophysiology of patients with reduced renal
function. Concerns that have been addressed for biomarkers reflecting pro-inflammatory, anti-
inflammatory, metabolic, nutritional and proatherogenic factors will need to be validated in

future studies.
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