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ABBREVIATIONS

ACN .., acetonitrile

ACR ..., albumin-creatinineioat

AGE ......coooeeviiiinnnn. advanced glycation @ndducts

AusDiab ................. Australian Diabetes, 6ibeand Lifestyle

BMI oo, body mass index

CD e Crohn’s disease
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MALDI-TOF/MS ...matrix-assisted laser desorption/ionization timdlight mass spectrometry
MGO-HSA ............. human serum albumin modifwgith methylglyoxal
MM .o, microalbuminuric usibgth IN and HPLC methods
MS L, mass spectrometry

NM e normoalbuminuric By, Imicroalbuminuric by HPLC method

NN ., normoalbuminuric ieats using both IN and HPLC methods
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RF i, relative fluorescen

RIA s radio-immuno assay
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SDS-PAGE ............ sodiumdodecylsulphate paljlamide gel-electrophoresis
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TFSG ..., total free sulfhydgybups

t-UAlb . total urinary albumin
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SUMMARY

Albumin, under physiological conditions, is exceeta the urine in very small amounts
of less than 30 mg per day. Since the 1980s kim@svn that the excretion of very small
amounts of albumin in the urine (30-300mg/day)¢alted microalbuminuria that could
not be detected by standard dipsticks, predictexicestion of large amounts of proteins
in the urine (proteinuria) in patients with dialetenellitus. A few years later,
microalbuminuria was also proven to be a powerfiddictor of mortality in these
patients and later that it is also an independesdiptor of cardiovascular diseases and
mortality in the general population. Cardiovasculeéseases are the leading cause of
death in the Western world therefore the screefongubjects with an increased risk
for cardiovascular diseases has a great importdmdRis respect, the detection and the
exact measurement of albumin in the urine playsmgortant role. However, there is

no consensus regarding the way of the measurerhafiiwomin.

Conventional assays, used in every-day laboratorgdicme, are based on
immunochemical methods using antibodies raisednagaerum albumin rather than
urinary albumin. These assays detect immunoreadibemin and other albumin
compounds such as albumin aggregates and albuagménts with a molecular weight
of >12kDa. In 2003 a new method has been introdimethe measurement of albumin
in the urine, using size-exclusion high performanicpiid chromatography (later
referred as high performance liquid chromatograpBgrly studies using this method
have shown that concentration of albumin is highsrmeasured by conventional,
immuno-based assays; with other words there isrtopoof albumin which is not
immunoreactive. The albumin measured by high peréorce liquid chromatography is
referred as total urinary albumin. As an expectedsequence, the nature of albumin
measured by high performance liquid chromatograpdey been addressed. Moreover,
some authors proposed that the method simply datdsave sufficient resolution.

As afirst part of this thesis we wanted to address these questions. Firstly, we
have established a high performance liquid chrografthy method equipped with
tandem UV and fluorescent detection to assessheges of detectability of albumin
with the rate of modification. For this measuremiantitro differently modified forms
of albumin were used. As a part of these measurenven have also aimed to measure
the modification rate of the total urinary albunaihdiabetic patients to find a potential

connection between the modification rate and dihgarameters. We concluded that



albumin modification does not affect immunoreadtivinterestingly, we found that the
modification rate of total urinary albumin in didlzepatients correlates with the renal
function and not with the parameters of glycaerfiacondly, we have established a
reversed-phase high performance liquid chromatdgramethod to assess the
interference rate of the albumin peak of size-esiolu high performance liquid
chromatography. With the help of this method therfierence rate of the albumin peak
was found to be 12.7% on average, which does raiexthe measured concentration
difference between the immuno-based and high pednce liquid chromatography

methods.

In only 4 years after the publication of this newethod for the measurement of
albuminuria, reevaluation of big studies such as Alustralian Diabetes, Obesity and
Lifestyle study has been published to address testepn if there is any clinical
significance of high performance liquid chromatgrgmeasured albuminuria. They
found that both traditional immunonephelometry &émel new high performance liquid
chromatography method have the same power for ginegimortality. In this study,
albuminuria was measured by immunonephelometryashf urine at the time of the
original collection (1999-2000) and by high perfamee liquid chromatography in
stored urine at first thaw after storage at -807QG007.

Based on some publications which showed that stocagld strongly decrease
the concentration of urinary albumin assecond part of this thesisve wanted to
investigate the effect of storage on the concantrabf high performance liquid
chromatography-detected urinary albumin and we ditoefind possible mechanisms
for the results we have found. We found that meament of the concentration of
albumin by high performance liquid chromatographwriine, stored for long periods at
-80°C gives unreliable results, as we have foustaificant 24% decrease in urinary
albumin concentration after 2.5 years of storage.f@uind this decrease pH-dependent.
As it was suggested by one study, the nonimmuntiveaiorm of urinary albumin is a
partially cleaved form of albumin which is maintathwith an intact relative molecular
mass by the help of the disulfide bonds and whaehmffragments into smaller parts to
reducing agents. That is why we have measured sotéhydryl groups of our urine
samples, in an attempt to assess whether this@léeydryl group capacity could play a
role in the decrease of high performance liquicbotatography-detected albuminuria,

by reducing disulfide bonds of albumin. We foundteong correlation between free
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sulfhydryl groups and urinary pH in fresh urine gé&s which, could not be observed,
in stored urine and concentration of free sulfhydygoups significantly decreased
during the storage. We interpreted these resultgias has a potentially high level of
reducing activity which is pH-dependent, and smiy play a role in the decrease of
high performance liquid chromatography-detecteduralinuria by breaking up the

cleaved nonimmunoreactive form of urinary albumin.

Although clinical application of albuminuria is Iktiargely limited to the area of
diabetes it has been shown in several other clirdcsorders that measurement of
albuminuria can be a valuable marker. For instantegsurement of albuminuria has
been shown to have the potential to be an objeatiakker in the monitoring of disease
activity and response to treatment in inflammatooyel diseases. Aa third part of
this thesiswe followed up a young Crohn’s disease patienhiréquent exacerbation
phases to measure the changes of the concentadtiotal aloumin in the course of his
disease compared to the measured concentratiormbyumo-based methods. The
surprising high difference between the two methtmts us to further analyze the
albumin peak of the size-exclusion chromatograghh@ Crohn’s disease patient using
techniques that allowed us the identification osgble biomarkers. We concluded
from this study that urinary albumin measured byesixclusion chromatography
method in acute phase of Crohn’s disease is niabtelsince it measures a high amount
of other proteins. On the other side, the idedife®eluting urinary proteins, thel
acid glycoprotein and the Zm2 glycoprotein, showed a perfect association i
clinical status, which let them recognize as a howen-invasive, easy-to-access

activity biomarkers in Crohn’s disease.
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INTRODUCTION AND AIMS OF THE THESIS

DEFINITION AND PROPERTIES OF ALBUMIN

Albumin is one of the longest known and probably mmost studied of all proteins. The
name albumin comes from the more general tatbymenthe early German word for
protein which origin was the Latirglbus (white), the color of that part of an egg
surrounding the yolk when it is cook&®y definition, the term “albumin” refers to any
proteins that are soluble in water and in modeyatehcentrated salt solution, and that
are coagulable on heating.

The human serum albumin (further referred as albynsi the most abundant
protein in human blood plasma. It is synthesizedhm liver as preproalbumin which
has a 24 amino acid extension at the N terminughda¢h 18 amino acids are removed
before the nascent protein is released from th@hroendoplasmic reticulum. The
product, proalbumin, is further cleaved in the Galgsicles to produce the secreted
albumin. After being produced in the liver, it ailates as a non-glycosylated,
negatively charged polypeptide chain of 585 amiai@sawhich is crosslinked by 17
disulphide bonds. Approximately 30%-40% of the afihu synthesised is retained
within the plasma compartment. The remaining pedbtated mostly in the muscles
and in the skin. Albumin is practically not storeepatically (<2 g) and therefore there
is no reserve for release on demand. However, yplisiological circumstances only
20-30% of hepatocytes produce albumin and so ssistltan be increased on request
by 200-300%. Synthesis of the albumin is a constant procesgulaged at both
transcriptional and posttranscriptional levels lpeafic stimuli, but a change in
interstitial colloid oncotic pressure is thought be the predominant regulatory
influence. Albumin has a molecular mass of 66,438tdh, a molecular radius of
approximately 36 A, and a pl of 5°6.However chemical and physical data support a
heart shaped structure for the albuththe molecule can rapidly change conformafion.
The mean half-life of the albumin is 14.8 days.

Constituting almost 60% of the total plasma prqteillbbumin is responsible for
approximately 70% of the colloid osmotic pressamg binds a variety of ligands such
as fatty acids, metal ions, pharmaceuticals, andoétes, playing a significant role in
drug delivery, efficacy and detoxification. Becausfeits only free cysteine residue
albumin is the major extracellular source of thialsd acts as scavenger of reactive

oxygen and nitrogen species.
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Albumin, under physiological conditions, is excikia the urine in very small
amounts of less than 30 mg per day. It is assurhatdalbumin passes through the
glomerular filtration barrier, and is reabsorbed the proximal tubular cells by
receptors such as megalin and cubulin, after witide delivered to the lysosomal
system and broken down to amino acids which aigeted back into the circulatidi.
Increased amounts of albumin can appear in theeumasulting from increased
glomerular filtration and/or altered tubular reatpdimn. However, these processes are
still debated’.

ALBUMINURIA AS A WELL-ESTABLISHED RISK MARKER

Persistent excretion of albumin in the urine (albwma) in the range of 30-300 mg/day
(microalbuminuria) is recognized as one of theiestrlindicators of nephropathy in
patients with type 1 or type 2 diabetes melltdiSMoreover, it has been recognized as
a powerful marker and predictor for cardiovasculaease and overall mortality in
diabetes and in the general population, as Wéfl.The underlying mechanism of
leakage of albumin into the urine is suggestedeceihdothelial dysfunction which is
most probably limited not only to the kidneys, bught be an indication of generalized
endothelial dysfunctiof®?*

MEASUREMENT OF ALBUMINURIA

Given the fact that diabetes mellitus and cardiovks disease are the leading causes of
death in industrialized countries, accurate measen¢ of albuminuria is of great
importance to be able to identify those at riskonder to be able to start preventive
treatment. The very first laboratory tests devetbfmedetect urinary albumin (dipstick
tests) could only estimate concentrations of 3002chour and above. The first
analytical test that could measure lower albuminceatrations was a radio-immuno
assay’ (RIA), using '*1 labeled albumin which is based on immune reaction
Unfortunately this method was time and money-consgnand too expensive for
routine laboratory measurement. Therefore otherumorbased (immunonephelometry
and immunoturbidimetry§2® automatic assays have been developed where theialb
containing sample (serum or urine) is mixed withuahin-antibody, resulting in small
aggregates. These aggregates will scatter lightrdmount of scatter is measured. In

the clinical setting, assessment of microalbumaur(30-300 mg/day by
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immunonephelometry or immunoturbidimetry) has bestablished as a valuable risk
marker.

Recently, a high-performance liquid chromatograffii?LC) method based on
size-exclusion has been developed to detect allwrainThe very first studies using
this new method have shown that urinary albuminceatration detected by HPLC is
significantly higher compared with conventional ass~*° Moreover, one study
suggested that with the HPLC method microalbumauaan be detected earlier in both
type 1 and 2 diabetes mellittisUrinary albumin measured by HPLC is referred 4alto
urinary albumin. The fraction of albumin which i®tndetectable by conventional
immunochemical methods, but which can be measwétFLC is referred as immuno-

unreactive, nonimmunoreactive or immunochemicatigneactive albumin.

MEASUREMENT OF MODIFICATION AND INTERFERENCE RATE B
URINARY ALBUMIN DETECTED BY SIZE-EXCLUSION HPLC (PART | OF THIS
THESIS)
The exact nature of HPLC-measured albumin is noiwkn In diabetic patients — and
also in general patients - the free radicals aregged e.g. by glucose oxidation or
non-enzymatic glycation of proteins. During nongnatic glycation, carbonyl groups
of reducing sugars react with free amino groupgroteins forming reversible Schiff
bases, thereafter intermediate Amadori adducts faradly advanced glycation end
products (AGEs) through a complex casc¥dSince this glycation process includes
oxidative steps it is called glycoxidation. Sometltd AGEs, as well as their oxidation
adducts, are fluorophores, and these can usuallgbe for detection at wavelengths of
370 nm of excitation and 440 nm of emissior- Moreover previously we have shown
that fluorescence measured at these wavelengthslates with the non-fluorescent
AGE product, N-(carboxymethyl)lysine-levels measured by compatignzyme-linked
immunosorbent assay in patients with type 2 diayété has been suggested that
AGEs have a significant role in the development didibetic complication®®*°
Especially modified albumins, such as glycated @ilinucould have a crucial role in the
development of renal insufficiené.

Some authors proposed that oxidative stress-induoedification of albumin
could be one of the reasons for immuno-unreactiityhile other authors proposed
that the size-exclusion HPLC method does not hawcent resolution to separate

albumin from other similar molecules of similaresfZ
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First aim of the PhD thesis was to decide thesestopres. Therefore a HPLC-
based method has been worked out and applied ddyisg the reason for immuno-
unreactivity. The role of interference with othebstances affecting the detection and
the change of immunoreactivity by oxidative streas been considered. Our aim has
also been to reveal a connection between the oatihe glycoxidative modifications of
total urinary albumin with clinical parameters @itignts with diabetes mellitus.

HPLC-MEASURED ALBUMINURIA AND STORAGE OF SPECIMENSPART I
OF THIS THESIS)
In the past decade, several large epidemiologtcdiess have investigated albuminuria
as a predictor for renal and cardiovascular diseas®y immuno-based methods. Since
the introduction of the new HPLC-based urinary albumeasurement, several studies
proved that HPLC detects more albumin than the inorbased method$243%°
However, the clinical significance of the measuretna& the total albumin remained
unclear. That is why it was not surprising that soof these big studies repeated their
measurements - with their stored samples - usiaghéw HPLC method to recalculate
predictivity in order to answer the question if HRmeasured albuminuria has a
clinical significance. The first paper which aimedaddress this question was just a few
years ago publisheld.n this article Magliano et al investigated in tlmngitudinal
Australian Diabetes, Obesity and Lifestyle (AusDiatudy whether HPLC-detected
albuminuria identifies more patients at risk of tabty than IN and they found that
each test has a similar ability to predict moryalithe only advantage of the HPLC
method was that it provided more information on tady risk than IN. In this study
albuminuria was measured by IN in fresh urine attime of the original collection
(1999-2000) and by HPLC in stored urine (at firgtw after storage at -80°C) in 2007.

However, it was already questioned by conventionainuno-based assays
whether storage of samples at -20°C, but also GtG8is permissible for the correct
assessment of albumin in the urfieVloreover, it was not even known how HPLC-
detected total albumin affected by long-term steratherefore the second aim of the
PhD thesis was to determine changes of HPLC-detemiteuminuria, regarding both
HPLC-detectable dimeric and monomeric albumin forms2.5 years deep-frozen (-
80°C) urine samples.

At the time of the publication of Magliano et amwas also known that the non-

immunoreactive albumin, which is measured by HPLE,sensitive to reducing
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conditions, as it fragments into smaller partsvdss proposed that non-immunoreactive
form of albumin is a partially cleaved form of atbin which is maintained in an intact
relative molecular mass (66 kDa) by the help ofdfsilfide bond4?® It has been also
suggested that urinary pH is a determinant of wyiaébumin decrease. However, there
are scant data on how pH affects urinary albumincentratiorf’ Because of that
further aims of this study were also to find fastarhich can be responsible for the loss
of albumin in prolonged stored urine samples, @sfigaegarding to HPLC-measured
total urinary albumin. That is why we aimed to exanpossible pH-dependency of
decline of albumin concentration and to assessdtiecing capacity of stored and fresh

urines by measuring the total sulfhydryl groupshef urine samples.

NEW POTENTIAL BIOMARKERS DISCOVERED BY MEASURING
ALBUMINURIA WITH HPLC (PART lll OF THIS THESIS)

Crohn’s disease (CD) represents one of the two rfaims of inflammatory bowel
diseases (IBD). It is characterized by a chronigree with phases of remissions and
acute episode¥. Assessment of the activity and the severity ofi€EBometimes still a
challenge for physicians despite the hallmark @gdbstic tools, laboratory markers
and clinical indices! Laboratory markers in CD are measured mostly dodhlor stool
which sampling procedure is cumbersome. Howevénguas a non-invasive, easy-to-
access source is incomprehensibly ignored.

Previously, it has been demonstrated that measuteafealbuminuria has the
potential to be an effective objective method ia thonitoring of disease activity and
response to treatment in IBB.Moreover, it has been shown that its concentration
correlates with the intestinal histopathologicadjng® and with serum concentration
of tumor necrosis factor-alpha, an important paltysplogical factor of CD, which
suggests that it may be important in the pathodsmésmicroalbuminuria® Recently,
we encountered a young CD patient with frequentcestmtion phases as part of a
cross-sectional study, published lately by our wookip>® Since no data existed about
the measurement of total urinary albumin in CDagslot study we followed up this
patient in the course of his disease and measuredconcentration of urinary
immunoreactive and toal albumin. The surprisingiitesled us to further analyze the
total albumin of our CD patient using techniquest tllow the identification of possible

biomarkers.
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MATERIALS

PREPARATION OF THE DIFFERENT FORMS OF ALBUMIN IN YRO

In order to decide whether oxidative modificatidtes albumin immunoreactivity we
used in our experiments different forms of albunmamely human serum albumin
(HSA; A9511, Sigma-Aldrich Co., St. Louis, MO, USAylycated human serum
albumin (GSA; A8301, Sigma-Aldrich Co., St. LoudO, USA) and human serum
albumin modified with methylglyoxal (MGO-HSA). Wepplied MGO since it is

proven to be the most important AGEs forming agéRreparation of MGO-HSA was
performed by the method of Westwood et’dBriefly, 6.6 mg/ml HSA was incubated
with 1 mM methylglyoxal (M0252, Sigma-Aldrich C&t. Louis, MO, USA) in sodium

phosphate buffer, pH=7.4, at 37°C for 24 hours,enraseptic conditions. After the
incubation time MGO-modified albumin was dialyzeghast ammonium bicarbonate
buffer (pH 7.9) at 4 °C for 72 hours to remove espee MGO. A solution of 6.6 mg/ml
of HSA and GSA were prepared, as well. The solstiohHSA, GSA and MGO-HSA

were 50-fold diluted, then serially diluted to dgleé following concentrations: 132, 66,
33, 16.5 and 8.25 mg/l.

PREPARATION OF THE URINE OF PATIENTS WITH DIABETERELLITUS

The procedures used were approved by the Ethicain@ittee of the Medical Faculty of
the University of Pécs, Hungary. Seventy-nine pasievith type 1 (n=20) or type 2
(n=59) diabetes mellitus with previously immunonelpimetry (IN) diagnosed

normoalbuminuria (n=59) and microalbuminuria (n=20¢re enrolled in a cross-
sectional study. Patients with acute diseasesyer fend/or suffering haemodynamic
stress as well as pregnant or menstruating womaa exeluded from the study.

The first morning urine specimen was collected freech patient. Urine
samples were stored at -80°C for a maximum of 2ke/deefore measurement. They
were thawed to room temperature, vortexed and ibegeid (2500 x g) for 10 minutes
before use. Supernatant of the urine was usediftrdr examination.

Age, gender, type of diabetes mellitus, type of icegttbns, smoking habits,
systolic and diastolic blood pressure and body nradsx were recorded from patient
histories. Urine pH was measured with a microprsaebased pH meter (HI 9024 pH-
meter, Geo Scientific Ltd., Vancouver, British Quoloia, Canada). All other clinical
parameters such as plasma glucose, fructosamiamduobin A, total-, low-density

lipoprotein- (LDL), high-density lipoprotein- (HDLxholesterol, total blood count,
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serum creatinine were determined with routine latwy diagnostic at the Department
of Laboratory Medicine of the University of Pédshe estimated glomerular filtration
rate was calculated using the Cockroft-Gault foamtil

Because of the fact that first morning urine sampleere used, urinary
creatinine levels were measured as well as pamwfne laboratory work by buffered
kinetic Jaffé reaction without deproteinizationofi@as Integra 400, Roche, Germany),
and albumin-creatinine ratios were calculated fathdN and HPLC-measured albumin

concentrations.

MEASUREMENT OF THE CONCENTRATION OF ALBUMIN

The in vitro prepared different forms of albumin asell as urinary albumin
concentrations were measured in triplicate by measfs (IN) (IMMAGE
Immunochemistry Systems, Beckman Coulter Inc., dftdh, CA, USA, sensitivity
(quantitation limit): 2 mg/l, linearity: 2-8640 mginter-assay and intra-assay precision
(percentage coefficient of variation) 8 % and 5&4pectively) in the routine laboratory
diagnostic, and by means of the size-exclusion HRlgthod (Shimadzu SPD 10AVvp,
Shimadzu Corp., Japan) using a FDA approved Acclfnkit (Accumin Diagnostics
Inc., New York, NY, USA, sensitivity (quantitatioimit): 3 mg/l, linearity: 3-2000
mg/l, inter-assay and intra-assay precision (peaggncoefficient of variation) 5.8 %
and 2.5 % respectively). The Accutiihkit contained a Zorbax Bio-Series GF 250
column and Zorbax Diol guard column (both from A&gil Technologies Inc., Santa
Clara, CA, USA). The mobile phase was phosphatéebstline (pH=6.93, provided
with the kit). The HPLC system used for the meas@mts was consisted of DGU-14A
four-line vacuum membrane degasser, a FCV-10ALJpesb proportioning valve, a
LC-10ADvp solvent delivery unit, a SIL-10ADvp autmspler, a SPD-10AVvp UV-
VIS detector and a SCL-10Avp system controller falfts purchased from Shimadzu
Corp., Kyoto, Japan).
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Figure 1. Schematic structure of the HPLC system.

During the HPLC measurements gbof the samples (in vitro prepared albumin or
centrifuged urine) were used. Absorbance was medsatr214 nm. The time program
included 6 min at flow rate of 0.5 ml/min, thenaamp up to 2 ml/min and washing time

of 6.5-11.5 min. Then ramping down to 0.5 ml/minGrb min and washing were

employed until a steady baseline was observed lfysuatil 22 min). The peak

retention time of albumin was within = 2 % of tHaten time of the monomer albumin

under the circumstances recommended by the manufactData acquisition was

carried out with LCSolution software (Ver.: 1.111SBhimadzu, Japan).
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Figure 2. Detection of relative fluorescence of differentrfigr of albumin in the in vitro
experiment. Panel A shows the chromatograms of huseaum albumin (HSA), panel B of
glycated human serum albumin (GSA) and panel Cuofidn serum albumin modified with 1
mM methylglyoxal (MGO-HSA) of the same concentrati@83 mg/ml). The gray line shows
the chromatogram of UV detectioh=214 nm) and the black line shows the chromatogram
fluorescence detection (excitation at 370 nm andsgion at 440 nm). Average lag time
between UV and fluorescence detection was 0.437 Ranel D shows the ratio of the peak
area (PA) of fluorescence and PA of UV of differéarms of albumin (n=5 in each case) where
the average of the ratio of HSA was considered ¢0160%. Results are expressed as
mean+SEM; p<0.001 Kruskall-Wallis testrversus HSA, p<0.001; #=versus GSA, p<0.001
Mann—Whitney U-test.
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MEASUREMENT OF THE MODIFICATION RATE OF ALBUMIN

To be able to measure the modification rate ofafhemin in the same run of the same
sample the UV detector of the size-exclusion HPL&s woupled to the fluorescent
detector (Shimadzu RF 10AXL, Shimadzu Corp., JagBigure 1). Fluorescence was
recorded at characteristic wavelengths of glycaxida modification (370 nm of
excitation and 440 nm of emission). Sensitivity gagh of the fluorescent detector was
set to the maximum for the first 6 min, then setmedium until the end of the sample
running. On average there was a 0.437 min delayt{the of the albumin to get from
the UV detector to the fluorescent detector) betwtbe UV and the fluorescent signal

of the albumin.
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Figure 3. Detection of glycoxidation of urinary albumin inadbetic patients. Panel A shows the
chromatograms of a patient normoalbuminuric usiothkimmunonephelometry and HPLC
(NN). Panel B shows chromatograms of a patient pafbuminuric by immunonephelometry
but microalbuminuric by HPLGNM) and panel C of a patient microalbuminuric bgttb
methods (MM). The gray line shows the chromatogodnV detection ¥=214 nm) and the
black line shows the chromatogram of fluoresceneedlion (excitation at 370 nm and
emission at 440 nm). Panel D shows the ratio optek area (PA) of fluorescence and the PA
of UV of the patient groups. Results are expresseaneantSEM. p<0.001 Kruskall-Wallis
test; NN versus NM, p=0.852; *= versus NN, p<0.08tyersus NM, p=0.001 Mann-Whitney
U-test.

Chromatograms obtained in the case of sample rgnoinHSA, GSA and
MGO-HSA can be seen in Figures 2A, B and C. In daglre two chromatograms can
be seen. The first was obtained through UV detecibile the second one provided
fluorescent detection. In each case the first peakediately preceding the albumin
peak is that of albumin dimer and was not takeo rdnsideration during albumin
measurements. A peak following the albumin peak d@n noticed on the
chromatograms of fluorescent detection. It was @doto be an artefact by injecting a
phosphate buffer dose (blind sample) and was mkslylcaused by the flow rate
change imposed after the elution of the albumine (sene program of HPLC
measurements).

Chromatograms obtained in the case of samplesnaatdrom diabetic patients
can be seen in Figures 3A, B and C. The chromatograre similar to those
chromatograms obtained in the case of in vitro @reg albumins. It must be noticed
that during the running of urine samples the pelklioumin dimer was not always
present. The peak of albumin was followed by ottnponents of urine which were
not identified.

Integration of the chromatograms was carried outaseline using LCsolution
software (version 1.11 SP1, Shimadzu, Japan).
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In order to calculate the modification rate of aibn we have introduced the
concept of relative fluorescence (RF) which wasulaked as follows:

Fluorescence peak area of albumin

UV peak area of albumin

ASSESSMENT OF THE INTERFERENCE RATE OF ALBUMIN PEARF SIZE-
EXCLUSION HPLC

The purity of albumin peak was assessed in a sepasgeriment carried out with
reversed-phase (RP) HPLC. For these studies eighe samples of the diabetic
patients were randomly chosen. Albumin fractiosiaé-exclusion HPLC was collected
from each urine sample of three consecutive ruhs. dollected fraction was desalted
and concentrated with Ultracel YM-3 Centricon ceéagal filter devices (Millipore,
MA, USA) to a final volume of 15Ql. These samples were analysed further using a
RP-HPLC method.

For the separation a lately developed non-porousakib MS C18 column
(particle size: 1.5um, 33x4,6 mm, Zeochem AG, Uetikon, Switzerland) waed,
which enables a short analysis time and sensitparstion of complex sampl&sA
gradient consisting of eluent “A” (0.1% trifluorcatec acid (TFA) and 5 % acetonitrile
in water) and eluent “B” (0.1% TFA and 5 % wateraicetonitrile) was employed at 1
ml/min flow rate. The applied gradient was thedualing: 0-20 min: ramp up from 0 %
“B” to 60% “B” , 20-25 min: ramp up from 60 % “B’ot 100% “B”. The HPLC
instrument was built up from a Dionex P680 gradigmtinp and a Dionex UVD170U
UV-VIS detector (Germering, Germany). Data analyseere carried out by
Chromeleon software (version 6.60 SP3, Sunnyvate SA).

Chromatograms obtained during RP-HPLC presentedtdwtbree peaks with a
very small elution time difference (Figure not sitmwrhe albumin peak was identified
in each case with external albumin standard. Dubdésmall elution time difference of
the peaks interference could be assessed by dahguthe ratio of non-albumin peak
area (PA) to the total PA.
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STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS (&GS Inc., Chicago, IL, USA) and
MedCalc (MedCalc Software, Mariakerke, Belgium)gmams. The Bland-Altman bias
plot was used to compare the IN and HPLC methodsa Bf normal distribution were
analyzed by one-way ANOVA and Pearson’s correlati@ata of non-normal
distribution were analyzed with the Kruskall-Waltest, the Mann-Whitney U test and
Spearman’s rho correlation. Chi-square tests weesl o compare categorical data.
Data with normal distribution are presented as m8&M., while data with non-normal
distribution are presented as median and interfpiadnges. P values <0.05 were
considered to be statistically significant. Forwanrdltivariate stepwise linear regression
analyses were performed to determine the indepérmutedictors of the RF of urinary

albumin.

RESULTS

CHARACTERIZATION OF THE UV-FLUORESCENT HPLC SYSTEM

To calculate between-day imprecision of the measangés with UV and fluorescent
detectors five samples (concentrations: 8.25, 18566 and 132 mg/l) of each kind of
albumin form (HSA, GSA and MGO-HSA) were testedifes in one week. The
between-day imprecision (expressed as the perositiaient of variation(%oCV)) of
the lowest concentration (8.25 mg/l) were as fodo®.5% and 11.8% for HSA, 3.7%
and 11.6% for GSA and 5.9% and 5.6% for MGO-HSApeesvely for the UV and
fluorescent measurements. The %CVs of the highestentration (132 mg/l) were as
follows: 1.1% and 5.1% for HSA, 1.5% and 3.0% faeAsand 1.8% and 2.0% for
MGO-HSA respectively for the UV and fluorescent s@w&ments. To investigate
reproducibility of the measurements over time @&f th/ and fluorescent detections, the
same samples after 12 months of freezing at -808( whawed and were measured the
same way as for the between-day imprecision usingvakit. The total imprecision of
the two between-day imprecision measurements olbthiest concentration (8.25 mg/l)
were as follows: 10.7% and 13.9% for HSA, 12.5% 40®% for GSA and 11.7% and
11.5% for MGO-HSA respectively for the UV and flescent peak areas; and of the
highest concentration (132 mg/l) were as follow€% and 8.9% for HSA, 7.5% and
9.1% for GSA and 3.4% and 7.8% for MGO-HSA respetyi for the of the UV and

fluorescent peak areas.
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Between-day imprecision was calculated for theausamples as well. To make
the calculations, 10 samples were randomly chosennaeasurements were repeated
one week after the first measurement. The betwegnidprecision expressed as the
percent CV of UV and fluorescent peak areas ofutiee samples of patients with
diabetes mellitus were 6.1% and 8.8% respectiviayinvestigate reproducibility of the
measurements over time the urine samples were ralsmalyzed after 12 months.
Interestingly, we have found a significant decreiasthe UV signal of the albumin (-
2519%, p<0.05) and a non-significant increase ia fluorescent signal (11+20%,
meanzSD, p=0.093).

COMPARISON OF THE CONCENTRATION OF THE DIFFERENT R®™S OF IN
VITRO PREPARED ALBUMIN BY IN AND BY HPLC

The different forms of albumin (HSA, GSA and MGO-MS prepared in the
concentrations of 8.25, 16.5, 33, 66 and 132 megHewneasured by HPLC and IN in
triplicate. Then the albumin concentrations measug HPLC were divided by the
concentrations measured by IN. These quotients 9A,H5SA and MGO-HSA were
compared by one-way ANOVA. The test failed to fiad significant difference
(p=0.210, HSA: 132+10%, GSA: 120+8% and MGO-HSA248%).

RELATIVE FLUORESCENCE OF THE DIFFERENT FORMS OF INITRO
ALBUMIN

To avoid any possible confounding effect of fluee® measurement, such as non-
linear changes in the peak area of fluorescende @ahcentration, correlation analysis
of UV and fluorescence signal of the different alta forms were tested in the
examined concentration range and were as followA H&0.9998, GSA=0.9999,
MGO-HSA, r=0.9997.

Relative fluorescence (RF) of the in vitro preparaltbumin forms was
determined. The average RF of HSA was considerée tt00 %. Figure 2D shows that
RF of GSA and of MGO-HSA is higher (p<0.001 for ljotompared with HSA, which
indicates extensive changes in the albumin straafiboth GSA and MGO-HSA.
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CHARACTERISTICS OF THE PATIENTS WITH DIABETES MELOUS

Using the conventionally accepted cut-offs for atimrcreatinine ratio (ACR) for
microalbuminuria (male: 2.5-25 mg/mmol, female: -3% mg/mmolj® the diabetic
patients were grouped as follow: normoalbuminusing both IN and HPLC (NN,
n=47), normoalbuminuric by IN but microalouminudfy HPLC (NM, n=12), and
microalbuminuric by both methods (MM, n=20). Clas$iACR cut-off values were
used for HPLC measured urinary albumin concentnatias well, since there are no
accepted ACR cut-off values for HPLC yet. Clinicddaracteristics of the groups of
patients are summarized in Table 1. In the NM dredNIM groups serum creatinine
levels were significantly higher and eGFR levelsevgignificantly lower compared to
the NN group; however there was no difference betwbe NM and MM groups. More
patients took angiotensin converting enzyme inbikiin the MM group than in the NN
group. There was no further difference betweergtbeps.

Figure 4 shows a Bland-Altman bias plot for botkags. ACR values of both
methods were log-transformed before plotting beeadsta showed non-normal
distribution. It is apparent that in the majority cases HPLC measured a higher
concentration of urinary albumin than IN and alsattthe amount of bias increases as
urinary albumin decreases. This phenomenon, whiek wabserved in our in vitro

measurements as well, is already repofted.
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Table 1.Clinical characteristics of the groups.

NN NM MM P
(n=47) (n=12) (n=20) NN vs. NM NN vs. MM NM vs. MM

Age (years) 5242 60+4 5942 NS NS NS
Gender (male/female) 22/25 715 11/9 NS NS NS
Type of diabetes mellitus (type 1/type 2) 13/34 2/10 5/15 NS NS NS
Smokers/non-smokers 5/42 1/11 5/15 NS NS NS
Angiotensin converting enzyme inhibitor (yes/nd) 37/10 111 20/0 NS <0.05 NS
Angiotensin Il receptor blockers (yes/nd) 11/36 2/10 7/13 NS NS NS
ACR IN (mg/mmol)? 0.42 (0.21-0.77)  1.56 (0.89-2.16) 6.92 (5.06-10.48) <0.001 <0.001 <0.001
ACR HPLC (mg/mmol) # 0.75 (0.36-1.26)  4.43 (3.05-7.35)  8.69 (6.75-13.84) <0.001 <0.001 <0.001
Random plasma glucose (mmol/l) 8.72+0.51 10.12+1.60 7.57+0.70 NS NS NS
Fructosamine (umol/l) 317+11 333+30 303+16 NS NS NS
Hemoglobin A (%) 7.61+0.27 7.15+0.35 6.84+0.37 NS NS NS
Systolic blood pressure (mmHd) 120 (110-130) 120 (112-130) 130 (120-150) NS NS NS
Diastolic blood pressure (mmHg) 70 (70-80) 70 (61-70) 80 (60-80) NS NS NS
BMI (kg/m?) 30.51+0.98 32.60+3.57 32.68+1.13 NS NS NS
Cholesterol (mmol/l) 4.44+0.14 4.27+0.26 4.77+0.41 NS NS NS
Triglycerides (mmol/l) 2.07+0.23 2.10+0.33 2.50+0.40 NS NS NS
LDL cholesterol (mmol/l) 2.50+0.13 2.35+0.18 2.53+0.30 NS NS NS
HDL cholesterol (mmol/I)? 1.18 (0.98-1.45)  1.10 (0.88-1.22) 1.07 (0.94-1.16) NS NS NS
Hemoglobin (g/1) 132.0+2.4 134.8+4.4 131.3+4.7 NS NS NS
Hematocrit (%) 40.0+0.6 40.5%¥1.1 39.5+1.4 NS NS NS
Serum creatinine (umol/lf 78 (66-92) 96 (77-154) 101 (66-157) <0.05 <0.05 NS
Estimated glomerular filtration rate (Cockroft-Gaul t) (ml/min) 102+6 73+9 79.319 <0.05 <0.05 NS
Urine pH?® 5.90 (5.30-6.20) 6.2 (5.00-6.50) 5.45 (5.00-5.90) S N NS NS

®Data of non-normal distribution are presented asdiame(25-75 percentiles). All other parameters rroemally distributed and are expressed as
mean+SEMPPlease note that some patients take both angintensiverting enzyme inhibitor and angiotensin tegtor blockers and 5 patients of

group NN did not take any of these medications.

Ndtmoalbuminuric patients using both

immunonepheloyn and HPLC,

NM=normoalbuminuric by immunonephelometry but malbtuminuric by HPLC, MM=microalbuminuric using bothethods. ACR=albumin-
creatinine ratio, IN=immunonephelometry, HPLC=hjg#rformance liquid chromatography, BMI=body masiein
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Figure 4. Bland-Altman bias plot of albumin-creatinine raticalculated by albumin
concentration ascertained by size-exclusion higfiopmance liquid chromatography (HPLC)
and by immunonephelometry (IN). The continual Inepresents the mean; the dashed lines
represent the + 1.96 SD limits.

RELATIVE FLUORESCENCE OF URINARY ALBUMIN IN DIABETC PATIENTS
We found a higher RF of albumin in the urine of M&l group compared to the NN
and NM groups (p<0.001 and p=0.007, respectively) there was no difference
between the NN and NM groups (p=0.201) (Figure 3H.of urinary albumin showed
significant positive correlation with the serumatiaine levels (r=0.295; p=0.009) and
significant negative correlation with the estimaggoimerular filtration rate eGFR levels
(r=-0.255; p=0.026), but not with glycaemic paraenget(concentration of plasma
glucose, p=0.766; concentration of fructosaming).p#9; levels of hemoglobin 14
p=0.442). By forward stepwise multivariate lineagmression analyses, both serum
creatinine and eGFR levels proved to be indepenglealictors of urinary albumin RF
(p=0.397; p=0.014 anf=-0.337; p=0.039, respectively). The first modalinied age,
plasma glucose, fructosamine, hemoglobif, Aystolic and diastolic blood pressure,
triglycerides, LDL- and HDL-cholesterol, haemogloband serum creatinine; the
second model included the same parameters witexbeption of In eGFR in place of

serum creatinine.

INTERFERENCE RATE OF ALBUMIN PEAK OF SIZE-EXCLUSIONPLC

Carrying out our albumin peak purity test of sizetasion HPLC using RP-HPLC it
was found that non-albumin material (calculatechas-albumin PA to total PA) was
present in 12.7+1.9% in the albumin peak of sizeltesion HPLC.
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PART I

STORAGE AT -80°C DECREASES THE CONCENTRATION OF HPL
DETECTED URINARY ALBUMIN: POSSIBLE MECHANISMS AND
IMPLICATIONS

Journal of Nephrolology 2009;22(3):397-402
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METHODS

STUDY POPULATION

In 2005 patients with type 2 diabetes mellitus @&ttending the 2nd Department of
Medicine and Nephrological Center, Pécs, Hungarth vgreviously IN diagnosed
normo- and microalbuminuria, were enrolled in assreectional study. To assess total
free sulfhydryl groups (TFSG) of fresh urine samspknother 30 IN diagnosed normo-
and microalbuminuric type 2 diabetic patients,ratteg the Department, were included
in the study in 2008. The clinical characteristidsthese patients did not differ from
those patients with stored urine (see Table 2)h Baidies were approved by the Ethical
Committee of the Medical Faculty of the University Pécs, Hungary. Written

informed consent was obtained from all participants

Table 2. Clinical characteristics.

Stored urine Fresh urine
group group p value
(n=30) (n=30)

Age (years) 61+14 56+12 0.109

Gender (male/female) 15/15 19/11 0.436
Medication on RAAS (yes/no) 2713 2317 0.166

Random plasma glucose (mmol/l) 7.3£2.7 9.5+5.4 0.065
Fructosamine (umol/l) 285+74 304+79 0.366
Hb A1 (%) 7.2£1.5 7.7+1.6 0.259
Systolic blood pressure (mmHQ) 128+17 127+12 0.777
Diastolic blood pressure (mmHg) 73+11 7519 0.424

BMI (kg/m?) 3045 2945 0.924

Cholesterol (mmol/l) 4.61+1.15 4.59+1.06 0.923
Triglycerides (mmol/l) 2.39+1.58 2.49+2.92 0.169
LDL cholesterol (mmol/l) 2.62+1.02 2.33+0.84 0.281
HDL cholesterol (mmol/l) 1.19+0.36 1.42+0.50 0.053
Blood urea nitrogen (mmol/l) 8.68+5.52 7.79+£5.07 0.673
Serum creatinine (umol/l) 107455 101467 0.355
Estimated glomerular filtration rate

(Cockroft-Gault) (ml/min) 7233 84+28 0.144

Urine pH 6.0+0.7 5.8+0.8 0.274

Continuous data are expressed as meantSD. RAAS=aagiotensin-aldosterone system, Hb
A;=hemoglobin A, BMI=body mass index, LDL=low-density lipoproteidDL=high-density
lipoprotein.

LABORATORY METHODS

Urinary albumin concentration (UAC) of fresh urigiiest morning urine, centrifuged at
2500xg for 10 min, separated in three polypropylehguots and kept at -80°C for a
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maximum of 2 weeks before use) was assessed a®ymslvdescribed in detail with
the FDA-approved HPLC Accumil kit (Accumin Diagnostics Inc., New York, NY,
USA, sensitivity (quantitation limit): 3 mg/l, limeity: 3-2000 mg/l, inter-assay and
intra-assay precision (percentage coefficient oiati@n) 5.8 % and 2.5 % respectively)
at the time of the original collection (2005) amd2008. Routine laboratory parameters
of patients were measured as well as urinary pth Inyicroprocessor-based pH meter
(HI 9024 pH-meter, Geo Scientific Ltd., Vancouv@rjtish Columbia, Canada) and
both dimeric and monomeric forms of urinary alburassessed with AccuminTM kit
according to the guidelines of the manufacturethaspeak immediately preceding the
albumin peak is that of albumin dimer) and dim@acmonomeric ratio of urinary
albumin (DMR) was calculated. Presence and accuraejution time of dimeric form
were verified using the spike recovery method birgl external human albumin
standard (containing both forms of albumin) to $henples.

After 2.5 years of -80°C storage one of the twoemeused aliquots of the
patients’ urine was thawed and UAC was measuretheysame HPLC method. We
have measured both dimeric and monomeric form wfaty albumin and DMR was
calculated again.

TFSG of the stored and of newly collected fresmeirsamples were also
measured. Urine preparation was the same as fod#&@ measurements. Briefly, in
excess (final concentration (fcc) of 10M) 10 ul of colorimetric Ellman’s reagent, 5,
5'-dithio-bis (2-nitrobenzoic acid) (DTNB) (Sigmddkich, Schnelldorf, Germany) was
added to 0.98 ml of urine in a 3 ml quartz cuvditeximum absorbance was measured
against urine not containing DTNB at 412 nm withtddhi U-2001 double-beam
Spectrophotometer, Tokyo, Japan during a 3600isecdcan. As baseline was reached
(reaction completed) 1@l (fcc of 10 uM) of freshly prepared reduced glutathione
(GSH) (Sigma-Aldrich, Schnelldorf, Germany) was edidto the samples and
absorbance elevation was measured again. From tie#¢aeTFSG of urine (in GSH
equivalent unit) could be calculated as followsxmam absorbance with GSH minus
maximum absorbance with DTNB (delta), then the mmaxn absorbance with DTNB
divided by the delta and multiplied by 10 to g equivalent. Both stored and freshly
collected urine samples were measured at room t@type. Measurement of TFSG in

the fresh urine samples was performed in 1 hour.

34



STATISTICAL ANALYSES

Statistical analysis was performed using the SPES (EPSS Inc., IE, USA) software.
Wilcoxon tests were used to test changes in stored and paired-samples t-test to test
changes in DMR. Independent samples t-tests wezd tes test differences between
fresh and stored urine and to compare the clinobaracteristics of the two study
populations. Correlation analyses were carried umsihg Pearson’s correlation. Chi-
square tests were used to compare qualitative Data. are presented as meantSD. P

values <0.05 were considered as statistically Bagmit.

RESULTS

Mean decreasexSD in HPLC-detected albuminuria &fteryears at -80°C storage was
2419% (UAC: 88+259 vs. 55+187 mg/l, p=0.002). Wheattients were categorized
according to their decrease of UAC to higher amekelothan interassay imprecision and
their urinary pH (above and under mean pH), we doansignificant relationship
between under mean urinary pH and higher UAC-dser§a=0.030, data not shown).
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Figure 5. Panel A shows the increase (p<0.001) of the dorterimonomeric urinary albumin
ratio (DMR) after 2.5 years of storage. Panel Bvghthe changes (p<0.001) of peak areas of
monomeric form and Panel C the non-significant gean(p=0.275) of peak areas of dimeric
form of albumin after 2.5 years. Since the peak a&a of both monomeric and dimeric forms
of albumin showed a non-normal distribution date presented in box plot. The thick line
represents the median; the end of the rectanglsssthe 25 and 75 percentile and the end of
the box plots shows the minimum and maximum.
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Figure 6. Panel A shows the correlation (r=-0.795; p<0.06d linear correlation) between
urinary pH and free sulfhydryl groups of fresh eriin uM reduced glutathione (GSH)
equivalent). Panel B shows the loss of this cotiga(r=-0.216; p=0.261 for linear correlation)
in 2.5 year stored urine. Please note that at gdHaid 5.6 2-2 samples had very similar data
(2.86, 2.89 and 0.41, 0.46). Panel C shows thesledion (r=-0.382, p=0.041) between urinary
pH and high performance liquid chromatography (HPU@easured alteration of urinary
albumin dimer/monomer ratio in the 2.5 year period.
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On the other hand, a significant increase couldliserved in the DMR (Figure
5, Panel A; p<0.001). However, only peak areashef monomeric form of albumin
changed significantly (Figure 5, Panel B; p<0.004hjle peak areas of the dimeric
form of albumin did not change significantly (Figus, Panel C; p=0.275). We found an
exponential correlation between urinary pH and TG of fresh urine samples
(Figure 6, Panel A) (r=-0.795; p<0.001 for linearrelation), but not in 2.5 year stored
urine samples (Figure 6, Panel B) (r=-0.216; p=0D.&& linear correlation). Average
TFSG was significantly lower in stored urine conguhto the fresh urine (6.6+7.7 vs.
22.7£14.3 inuyM GSH equivalent, p<0.001). Moreover, we found gngicant
correlation between increase of DMR and pH (FigyrBanel C) (r=-0.382, p=0.041).
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Part Il

POTENTIAL URINARY BIOMARKERS OF DISEASE ACTIVITY INCROHN'S
DISEASE

Scand J Gastroenter@010 Jul 26. [Epub ahead of print]
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METHODS

STUDY PATIENT

A 23-year-old non-smoker Hungarian male patienfesufg frequent exacerbations
from CD was involved in a pilot study. CD was pasly (2006) diagnosed on the

basis of endoscopy (Montreal classification A2, BiL)*°

and histology. The patient

attended the 2nd Department of Medicine and Nepgrchl Center, Pécs, Hungary and
suffered from no other disease than CD. His reguiadication included oral

mesalamine (3x1000 mg/day) and azathioprine (2.%&g/iday). During acute phase
regular medication was supplemented with parentstaoid (methylprednisolon 1

mg/kg/day). To assess disease activity, the Crdbissase Activity Index (CDAI) was

used. Scores150 are defined as actife.

First morning urine samples were obtained from plagient at the time of
clinical visits. Urine samples were vortexed andtotuged (2500xg for 10 min) and
were used for analysis immediately. At the timdaigfclinical visits samples were taken
for routine biochemistry. All routine laboratory asrements were carried out at the
Institute of Laboratory Medicine of the Universif Pécs. Aliquots of urine and serum
samples were reserved at -80°C for later examingti@as well. The study was
performed in accordance with the ethical standasisformulated in the Helsinki
Declaration and was approved by the Ethical Conemitif the Medical Faculty of the

University of Pécs, Hungary.

URINARY ALBUMIN ASSAYS

Concentrations of immunoreactive (ir-uAlb) were sw@w&d in duplicates by means of
IT (Roche Diagnostics GmbH, Mannheim, Germany) gistoche/Hitachi 812 Modular
P analyzer (sensitivity: 3 mg/l, linearity: 3-3000qg/l, inter-assay and intra-assay
precision 4.3% and 2.6% respectively). Concentnatiaf total urinary albumin (t-uAlb)
were measured in triplicates by the previously dbed SE-HPLC protocol.

REVERSED-PHASE HPLC ANALYSIS OF THE ALBUMIN PEAK OFSIZE-
EXCLUSION HPLC

Central fractions of albumin peaks of the analyasthes were collected and
concentrated ~15 to 20-fold by use of a 3 kDa dutoémbrane (Millipore Corp.,
Bedford, USA). The HPLC instrument used for thelgsia of the concentrated albumin

peaks consisted of a Dionex P680 gradient pummen&y/ne 8125 injection valve and
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a Dionex UVD 170U UV-VIS detector (all parts purskd from Germering, Germany).
Data acquisition was carried out on Chromeleonnsoi (version: 6.6). Proteins being
present in the size-exclusion peak were separated Kovasil MS-C18 non-porous
column (Zeochem AG, Uetikon, Switzerland). ElueAt tonsisted of 5 % (v/v) ACN
in water and 0.1 % TFA and eluent “B” contained?®3v/v) ACN and 0.1 % TFA. The
gradient applied was: 0-20 min: 0 % ,B3 60 % ,B”, 20-25 min: 60 % ,B™— 100 %
,B”. The flow rate was: 0.7 ml/min. Chromatogramsne acquired at 214 nm. Eluted
peaks were collected, evaporated to dryness anel aralyzed with MALDI-TOF/MS
directly after taken up in Sul bidistilled water or after in solution digesticas
described?

GEL-ELECTROPHORETIC STUDIES
Central fractions of albumin peaks from SE-HPLC eveollected and prepared as
described earlier. Due to the high concentratiorsalf of the size-exclusion fraction,
additional desalting prior to sodiumdodecylsulphadé/acrylamide gel-electrophoresis
(SDS-PAGE) was needed and was performed as deséfibte salt-free sample was
evaporated to dryness and the proteins were takem Dl bidistilled water.

Thus prepared samples were separated by SDS-PAGEday to Laemmif?
Two ug protein per lane was analyzed in a 12.5 % gele@®en of protein fractions
was performed by silver post-intensification acdogdto Willoughby* following the
traditional Coomassie brilliant blue R-250 stainifyoteins identified were excised
from gel and after in-gel digestion as descrBetere analyzed by MALDI-TOF/MS.

MALDI-TOF/MS MEASUREMENTS

An Autoflex 1l MALDI instrument (Bruker Daltonics,Bremen, Germany) was
employed for the mass spectrometric measurememts.tie measurement of the
digested proteins 8 mg efcyano-4-hydroxycinnamic acid was dissolved in 1ofnb0

% ACN and 0.1 % TFA in water. For the measureménintact proteins a saturated
sinapinic acid matrix was prepared in 50 % v/v A@i 0.1 % TFA in water. In each
case 1ul of the matrix was deposited on a stainless s&ggket together with ful of the
sample. All mass spectra were monitored in positnagle with pulsed ionizatior. =
337 nm; nitrogen laser, maximum pulse rate: 50 rtHaximal intensity 20-30 % of the
laser for peptides). Peptides of the digests wesasored in reflectron mode using a

delayed extraction of 120 nsec and proteins werasored in linear mode at a delayed

41



extraction of 550 nsec. The accelerating voltags wet to +19 kV, the reflectron

voltage was set to + 20 kV. Spectra of peptides @nadeins were the sum of 1000
shots, external calibration has been implementeda [Processing was executed with
Flex Analysis software packages (version: 2.4.).tRe analysis of in solution digestion
Sequence Editor software (Bruker Daltonics, Brem@armany) was used with the
following criteria: 1. All cysteines were supposedbe treated with iodoacetamide 2.
Monoisotopic masses were allowed 3. The maximumbauirmof missed cleavage sites

was two.

RESULTS

ALBUMIN ASSAYS

Clinical characteristics of the patient during tivae of the study are summarized in
Table 3. Total uAlb measured by SE-HPLC showed &ethincrease during active
phase comparing with the measured value of IT. difierence between the uAlb
concentrations measured by the two methods dutigeaphase was almost 15-fold
which difference decreased to 6-10-fold during fiveéc phase. A representative
chromatogram of urine obtained during active ph{ateck line) with albumin standard
(grey line; 306 mg/l) is presented on Figure 7.sThnexpectedly high difference

between the t-uAlb and ir-uAlb led us to analyzetfer our results.
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Figure 7. Representative chromatogram of a urine samplardataduring active phase of the
Crohn’s disease patient (black line), shown witkuatin standard (grey line; 306 mg/l).
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Table 3. Patient characteristics.

CDAl iruAlb tuAlb u-Creat "UAID/  LUAID/ LUABT o oo ESR Feriin Wbe Hgh T atelet
u-Creat u-Creat ir-uAlb count
(a.u.) (mg/L) (mg/L) (mmol/L) (mg/mmol) (mg/mmol) ratio (mg/L) (mm/h) (ng/mL) (G/L) (g/L) (GI/L)
Study entry | 16.08.2007 81 7 72.7 33.0 0.2 2.2 10.4 56.3 66 162 115 131 7 46
Acute phase | 25.10.2007 269 37 548.2 61.2 0.6 9.0 14.8 247.7 85 412 13.05 12 737
Remission 01.11.200[7 62 13 81.8 41.3 0.3 2.0 6.3 25.3 40 363 16.9 122 1 49
Acute phase | 05.02.2008 232 35 518.1 62.8 0.6 8.2 14.8 182.1 86 n.m. 12881 1 389
Remission 14.02.2008 108 4 22.9 16.8 0.2 1.4 5.7 21.1 30 128 12.7 129 8 44

CDAI: Crohn’s disease activity index; ir-uAlb: immareactive urinary albumin; t-uAlb: total urinarfpamin; u-Creat: urinary creatinine; hs-CRP: higmsitive C-
reactive protein; ESR: erythrocyte sedimentatide;/bc: white blood cell count; Hgb: hemoglobimmnnot measured.
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REVERSED-PHASE HPLC AND SDS-PAGE ANALYSIS OF THE BUMIN
PEAK BY SIZE-EXCLUSION HPLC

Chromatogram of RP-HPLC of albumin fraction of SBPHL obtained during acute
phase shown by Figure 8 (black line) clearly inthsathe presence of co-eluted
proteins. Two fractions were collected from the $dparation. Fraction 1 included
those proteins eluted at 12.40 min and 12.69 mémdorecognized as two partially
resolved constituents, while Fraction 2 containetiialy uAlb that was verified by
injecting albumin standard solution at a concemnadf 306 mg/l (Figure 8, grey line)
and later by MALDI-TOF/MS. Considerable decreasdirst-fraction-proteins but not
albumin could be observed in the urine obtainedamission (Figure 9 and 10).

Presence of two co-eluting proteins was provenB8-£AGE, as well (Figure 11).
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Figure 8. Chromatogram obtained by reverse-phase high peaioce liquid chromatography
by running the albumin fraction of size-exclusioighth performance liquid chromatography
obtained during acute phase (black line) shown alitbhmin standard (grey line; 306 mg/l).
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Figure 9. Changes of the levels of the proteins in the sidusion central peak of albumin by
reversed-phase HPLC. First relapse. Chromatogrambeul is albumin standard of 153
mg/L, whereas number 2 is study entry, numbera®ige episode and chromatogram number
4 is remission.
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Figure 1C. Changes of the levels of the proteins in the siadusion central peak of albumin
by reversed-phase HPLC. Second relapse. Chromatagrenber 1 is albumin standard of 153
mg/L, whereas number 2 is acute episode and nugniseremission.
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Figure 11. Sodiumdodecylsulphate polyacrylamide gel-
electrophoresis of Crohn’s disease patient urirtaioéd
during acute phase compared with control urine feom
healthy subject, prepared the same as the uriGeabin’'s
disease patient’s.

MALDI-TOF/MS MEASUREMENTS
Mass spectrum measured from the first fraction BfHRPLC is shown by Figure 12A.
The peak appearing at 70.3 kDa can be considerbd tbe dimer of the protein with a
mass of 34.7 kDa. Investigating this mass spectsuiggests the presence of two
proteins in the first fraction, which observatios &also supported by the RP-
chromatogram.

Figure 12B exhibits the resulted peptide mass fimgating (PMF) and in Table
4 all the peptides of the PMF recognized by Maslad& base search engine are listed.
Three proteinsgl-acid-glycoprotein-1al-acid-glycoprotein-2 and Za2-glycoprotein
have been identified with high scores and sequengerage values of 39.3%, 56.2%
and 48.1%, respectively. Identification of thesetpins was also corroborated by post-

source decay spectra of the corresponding tryejtiges.
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Figure 1ZA. Mass spectrum measured from the first fraction reverse-phase high
performance liquid chromatography.
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Figure 1zB. Peptide mass fingerprint of the digested first ticac of reverse-phase high
performance liquid chromatography. The numbersré&f@r toa-1 acid glycoprotein 1 and 2

and number 3 refers to 42 glycoprotein. Results summarized in Table 4.
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Table 4. Peptides of the peptide mass fingerprinting recogphiby Mascot database

from Fraction 2 of reversed-phase HPLC.

observed theoretical mass
mass mass error data-
[Da] [Da] [ppm] base sequence access key protein

808.389 808.3512 46 NCBI  YYYDGK CAA49574 zn-a-2-glycoprotein

926.58 926.4843 97 NCBI IDVHWTR CAA49574 zn-a-2-glycoprotein
974.583 974.4876 98 NCBI SQPMGLWR CAA49574 zn-a-2-glycoprotein
994.624 994.5204 91 NCBI TEDTIFLR P02763/P19652 a-1-acid-glycoprotein-1-2
1018.604 1018.4874 94 NCBI DKCEPLEK P02763/P19652 a-1-acid-glycoprotein-1-2
1112.593 1112.5259 60 NCBI  SDVVYTDWK P02763 a-1-acid-glycoprotein-1
1127.64 1127.5691 63 NCBI AGEVQEPELR CAA49574 zn-a-2-glycoprotein
1144.589 1144.4979 80 NCBI SDVMYTDWK P19652 a-1-acid-glycoprotein-2
1160.674 1160.5887 73 NCBI  WFYIASAFR P02763 a-1-acid-glycoprotein-1-2
1233.661 1233.5609 81 NCBI CLAYDFYPGK CAA49574 zn-a-2-glycoprotein
1234.785 1234.7055 65 NCBI EHVAHLLFLR P19652 a-1-acid-glycoprotein-2
1276.715 1276.6321 65 NCBI WEAEPVYVQR CAA49574 zn-a-2-glycoprotein
1352.766 1352.6879 58 NCBI AREDIFMETLK CAA49574 zn-a-2-glycoprotein
1408.787 1408.7359 36 NCBI  YSLTYIYTGLSK CAA49574 zn-a-2-glycoprotein
1418.711 1418.6508 36 NCBI TLMFGSYLDDEK P19652 a-1-acid-glycoprotein-2
1445.724 1445.6617 43 NCBI TYMLAFDVNDEK P02763 a-1-acid-glycoprotein-1
1451.763 1451.6835 55 NCBI  AYLEEECPATLR CAA49574 zn-a-2-glycoprotein
1515.844 1515.7148 85 NCBI SDVMYTDWKKDK P19652 a-1-acid-glycoprotein-2
1532.852 1532.7856 43 NCBI QKWEAEPVYVQR CAA49574 zn-a-2-glycoprotein
1742.872 1742.8054 38 NCBI EQLGEFYEALDCLR P02763 a-1-acid-glycoprotein-1
1778.987 1778.9105 43 NCBI AKAYLEEECPATLRK CAA49574 zn-a-2-glycoprotein
1790.049 1789.8313 94 NCBI DTKTYMLAFDVNDEK P02763 a-1-acid-glycoprotein-1
1920.081 1919.9538 66 NCBI  SVQEIQATFFYFTPNK P02763/P19652 a-1-acid-glycoprotein-1-2
2113.087 2112.9729 54 NCBI EQLGEFYEALDCLCIPR P19652 a-1-acid-glycoprotein-2
2403.368 2403.2092 66 NCBlI HVEDVPAFQALGSLNDLQFFR CAA49574 zn-a-2-glycoprotein

Proteins identified from the excised gel slabs atemfirmed these results
whereas albumin is band 1 and 2 (66 kDa and albdiragment of 55 kD%), Zn-u2-

glycoprotein is band 34-1-acid-glycoprotein is band 4. Investigating cohtrrine from

healthy individual allowed only the identificatioof albumin. Results of MALDI-

TOF/MS measurements are summarized in Table 5.

Table 5.Proteins identified from the excised gel slabs LDI-TOF/MS.

mass sequence error
protein [Da] coverage score [ppm] access key  database

control

band 1 human serum albumin 66 kDa 27% 142.15 49 CAA01217 NCBI
band 2 human serum albumin 55 kDa 20% 83.09 58 (see reference 15) NCBI
patient

band 1 human serum albumin 66 kDa 29% 186.25 30 CAA01217 NCBI
band 2 human serum albumin 55 kDa 20% 73.44 65 (see reference 15) NCBI
band 3 zn-a-2-glycoprotein 41 kDa 26% 122.06 45 CAA49574 NCBI
band 4 a-1-acid-glycoprotein-1-2 45 kDa 23% 57.33 75 P02763/P19652 NCBI
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DISCUSSION

While there are an increasing number of publication the significance of HPLC-
measured albuminuria in diabetic patiéhts its properties and possible connection to
clinical parameters are hardly addressed. Thetsestithese studies proved that HPLC
measures total urinary albumin, which includes actfon of albumin which is not
detectable by conventional immunochemical meth®ts. exact nature of this form is
not fully understood. Agarw#l proposed that a fraction of albumin is modified by
oxidative stress, which modification could be theason of immuno-unreactivity.
Sviridov et af? proposed that the size-exclusion HPLC method doesave sufficient
resolution to separate albumin from other similaslenular size molecules, so the
higher concentration by HPLC is an artefact caumsednresolved interferences.

To investigate the hypothesis above, that modiboabf albumin may alter
immunoreactivity,as the first part of this PhD thesiswe have measured known
concentrations of in vitro differently modified fas of albumin with IN and with size-
exclusion HPLC. To be able to verify the modificatirate of the different forms of
albumin we have established an HPLC method equipp#d tandem UV and
fluorescent detection. Results based on IN and HPh€asurements of in vitro
differently modified forms of albumin showed no msificant difference, which allows
us to assume that modification (specifically glysatand/or oxidation) has a very low
or no effect on immunoreactivity. As a matter oftféhere is already one study which
proposes that immuno-unreactive albumin is a fofnaloumin which has a limited
number of polypeptide chain scissions but is helgether by non-covalent intra-chain
bonding disulfide bridge®

In our study we have also used our tandem UV-fleoeat detector HPLC
system for clinical purposes. For the first times have assessed the glycoxidation rate
(in terms of relative fluorescence, RF) of HPLC-swead total urinary albumin and its
connection to clinical parameters on diabetic pagie Our study showed that the
glycoxidation rate of total urinary albumin refledidney pathophysiology by showing
correlations with serum creatinine and eGFR lewwls not with the parameters of
glycaemia (concentration of plasma glucose, comagon of fructosamine and levels
of hemoglobin A¢). Moreover, in linear regression models serumtorgee and eGFR
levels proved to be the independent predictordyafoyidation rate of urinary albumin.
Regarding the handling of modified forms of alburbiythe kidney (mainly glycated
albumin was studied), inconsistent conclusionshlEafound in the literature. An earlier
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work suggested that excretion of modified (glycatadbumin is facilitated in diabetic
patients with normo- and microalbuminuria in costréo non-glycated albumfi. It
was also assumed that glycated proteins have arpreial transport to the mesangial
space and they arise in a greater amount in thenyrispacé®®® Others could not
verify preferential urinary excretion of glycatedbwamin/® Our findings with the
tandem UV-fluorescent detector HPLC method showkedt turinary albumin is
modified to a higher rate in patients with micraatbinuria than in patients with
normoalbuminuria, which finding agrees with the utes of earlier works.
Hyperglycaemia can induce oxidative stress in liocthe kidney of diabetic patierts
which may contribute to the formation of glycatéligrescent) aloumin. We assume
that this oxidative milieu could cause rapid madifions in molecules present in the
urinary tracts, just like the short treatment of AH®ith 1mM methylglyoxal in our in
vitro experiment. This would mean that a more sevenal function decline - which
means a higher oxidative stress level in the kidrayould produce more modified
molecules (including albumin) in loco. Therefore theasurement of modified albumin
would reflect the status of the kidney instead erigyalized oxidative stress.

From a recent study it is known that urinary albmmmoncentration measured by
HPLC significantly decreases during long-term fiegZ* In our study as a part of
characterization of the UV-fluorescent HPLC syst@enhave measured reproducibility
after one year of -80°C storage and we have fousgraficant -25%, decrease in the
PA of albumin. This finding agrees with the finding Brinkman et al (29%). A new
result of our study is that we found that in vimepared albumin forms are not affected
by long-term freezing. Moreover, it can also beeasgned that RF of urinary albumin
is less and inversely affected by freezing, whlpriesumably because of albumin still
being exposed to the oxidative agents of urinengdyireezing.

Some authors proposed that other proteins may at@elluring size-exclusion
HPLC measurements with albumin in such quantities tould cause higher albumin
concentrations than that one obtained with immuaotgbal methods. Based on the
rough results of our RP-HPLC examinations thisrietence is only 12.7% on average,
which is not more than has been assessed by dthére. propose that this level of
interference could only have a small significanece dontrast to the 2-3 fold
concentration-differences between HPLC and IN.

A limitation of our study is that our method desgenbn-specific fluorescence of

AGEs, fluorescent oxidation and lipoxidation adduonly and does not detect non-
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fluorescent AGEs. However, concentration of someheke non-fluorescent products
correlates with the concentration of fluoresceotpicts®’

Since the introduction of HPLC-based albuminurisasugement, several studies have
proven that HPLC detects more albumin than the inorbased method$:**°
Recently, Magliano et al published their resultsto¢ impact of HPLC-detected
albuminuria on mortality by measuring albuminuriahwHPLC after 7 years of -80°C
sample storag® However, the studies to date did not pay enouggnéon to the
reproducibility of the measurements after long-testorage. Brinkman et al published
that loss of albumin after freezing urine dependsanly on freezing temperature but
also on the detection method, as they found a mgmfisant 5% change in albuminuria
by IN and a significant 29% decrease by HPLC afzmonths of storage at -80°€.
As the second part of this PhD thesiswe have confirmed this observation by
measuring our samples after 2.5 years of storag@0a€C and found a 24% decrease by
HPLC. This decrease in long-term frozen urine neduce the value of albuminuria for
the prediction of mortality as was proven by INet#éd albuminuria in prolonged
frozen storage of urine samples at -20"®Elowever, a prospective study needs to
elucidate this question.

In accordance with Brinkman et al we have also dbanconnection between
urinary pH and a decrease of albuminuria as medsbyeHPLC’?> As a possible
explanation increased aggregation of urinary allouatilow pH was assumed because
the isoelectric point of albumin is at pH 4%7However, only dimerization of bovine
serum albumin under mildly acidic conditions waseistigated in the literatufeand
we did not find any data on human urine analysepe@ally on HPLC-detected
albuminuria. Our study provided the opportunityassess the change of monomeric and
dimeric forms of urinary albumin in 2.5 years an@ Wwave found that only the
monomeric form decreased significantly, whereas dmeeric form did not change
significantly - as was previously proposed. Thensigant change in 2.5 years of the
derived parameter of DMR, which represents thegrgege of the dimeric form to the
monomeric form of albumin, was found to correlaiéhvthe pH. However, this change
and correlation with pH is a consequence of thenghaof the monomeric form only.
This finding confirms that a decrease of urinatyuahin determinedy HPLC is pH-
dependent and not due to an aggregation to theridinhem. In this way other

mechanisms such as degradation could be the réastire observed decrease. In fact,
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our hypothesis was just recently confirmed by Kagtiaal who showed that proteases
are present and active in stored human urine sanvghéch rapidly degraded urinary

albumin into large fragments within minutes aftdjustment to low pH. They proposed

that adjustment to neutral pH or addition of pretemhibitors may be useful techniques
for sample preservatiofi.

It is also known that the non-immunoreactive forfuoinary albumin is a
partially cleaved form which is maintained with gmact relative molecular mass (66
kDa) by the help of the disulfide bonds and whionf fragments into smaller parts to
reducing agent® Therefore we measured the total sulfhydryl groofoisoth stored and
newly collected fresh urine in an attempt to assdssther this free sulfhydryl group
capacity could play a role in the decrease of HRle@cted albuminuria by reducing
disulfide bonds of albumin. We also aimed to deteemwhich factors influence the
concentration of these groups. We found a stromgeladion between free sulfhydryl
groups and urinary pH in fresh urine samples, wlughld not be observed in stored
urine and concentration of free sulfhydryl groupgm#icantly decreased. This means
that urine has a potentially high level of reducawgivity which is pH-dependent and it
may play a role in changes of HPLC-detected albunanby breaking up the cleaved

non-immunoreactive form of urinary albumin.

Crohn's disease is a lifelong illness with unpretite disease course. The main goal in
treating CD is to control acute flares of the degeand to maintain remission. To

control relapses early recognition is essentiat{dite the hallmark of available methods

for recognizing disease activity, a perfect bioneaik still lacking.

Changes in the levels of ir-uAlb have been alrestitywn to be a useful marker
in CD>**3Recently, it was proven that albumin in urine &xis non-immunoreactive
form, as weft® and so the concentration of albumin in urine ileast 3-times higher, as
earlier believed® Moreover, it was also suggested by one study 8&tHPLC-
measured t-uAlb predicts diabetic nephropathy earthan ir-uAlb, measured by
conventional immunoassay, in both type 1 and 2ed&bmellitus? In the third part
of this PhD thesiswe investigated the hypothesis that measuremetuéib may
provide also some advantages in CD, as well. Howdlve huge difference between the
concentrations measured by the two methods, edlyeitiaacute episode (almost 15-
fold), led us to analyze the peak of the albuminS&-HPLC further. As a result of
further RP-HPLC, SDS-PAGE and MALDI-TOF/MS measuesnts we have identified
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two other major proteins in the peak of the albuofiSE-HPLC which were practically
absent in the urine samples obtained in remission.

Alpha-1-acid glycoprotein in serum, an acute pheessgctant and a potential
factor in the development of IBD,is already known as an activity marker in CD;
however its half-life of five days made it less fus&" Nevertheless, urinary-1-acid-
glycoprotein was only examined thoroughly in diabgatients, but never in CD
patients, and its concentration was found to bdfected by the serum concentrati6h.
Besides, it was found to be a powerful predictor cafdiovascular mortality in
normoalbuminuric diabetic patientThe fact that serum and urinary concentrations
are independent from each other means that measatesha-1-acid-glycoprotein in
urine can be a new activity marker in CD. Moreoviecan also explain the phenomena
we found that the molecular weight of nativd -acid-glycoprotein was only 23.5 kDa
(mass of peptide backbone without glycans) wasdaarthe urine samples instead of
41-43 kDa.

The same phenomena could be observed withu-Zrglycoprotein; only 34.7
kDa was detected by MALDI-TOF/MS, instead of thebodnydrate-containing protein
with a mass of 41 kDa. However, until nowadays exXaaction of this protein is
unknown. Structurally it shows high similaritiestivimajor histocompatibility complex
class | protein&’ It is thought to be involved in depletion of fatigids from adipose
tissues and it is already a potential serum maskseveral cancefé.We speculate that
the elevated expression and excretion of this prateacute phase of CD is also related
with fatty acid mobilization. However, to the bedtour knowledge this protein was
never investigated in CD or in any IBD.

Undoubted weakness of this study is that deductamesbased on one single
patient, however examination of stored urine ofeot@D patients in relapse from our
lately published cross-sectional stttlyshow also high excretion ofi-1 acid
glycoprotein and the Zn-2 glycoprotein (Figure 13).

Summarizing our findings we have shown that uAltasuged by the new SE-
HPLC method in CD is not reliable since it measwdsgh amount of other proteins.
As a matter of fact the resolution of SE-HPLC hasrbaddressed by oth&and by
us? however, coeluting proteins was expected to be3@@. On the other side these
coeluting urinary proteins, thel acid glycoprotein and the Zn2 glycoprotein, in the
peak of the albumin showed an almost perfect aggogiwith the clinical status; they

were highly excreted in relapse and were almoserabs remission (as shown in
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Figure 9 and 10). Furthermore, as well as urinafyacid glycoprotein, urinary Za-2
glycoprotein has also never been investigated, overe not even associated with CD.

al-acid-glycoprotein and

Zn-a2-glycoprotein albumin
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Figure 13. Levels of the different proteins in the size-esidn peak of albumin by reversed-
phase high performance liquid chromatography. Chatogram number 1 is albumin standard
of 153 mg/l, whereas number 2 is chromatogram diealthy subject and number 3 is

chromatogram of another Crohn’s disease patieit nglapse.
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CONCLUSIONS

To answer the questions raised time first part of the thesis firstly, we have
established a high performance liquid chromatogyaptethod coupled with UV-
fluorescent detection to be able to detect reldtiverescence of total urinary albumin,
and a reverse-phase high performance liquid chrmgnaphy to assess interference rate
of non-albumin proteins in the size-exclusion peélalbumin. Based on our in vitro
studies with differently modified forms of albumiwe have shown that relative
fluorescence reflects the glycoxidative modificatioate of the albumin and that
modification of albumin potentially did not causketloss of immunoreactivity.
Measurements of urine samples of diabetic patiefits our coupled UV-flourescent
high performance liquid chromatography revealedglligeoxidation rate of total urinary
albumin reflects kidney pathophysiology by showaagrelations with serum creatinine
and estimated glomerular filtration rate but nothwihe parameters of glycaemia.
Performing a reverse-phase high performance lighrdmatography separation of the
size-exclusion peak of albumin of urine of diabgtatients we were able to provide an
estimation of an average interference rate of 11é%albumin material being present

in the albumin peak.

In thesecond part of the thesisve have investigated the possibility of the deseeaf
the concentration of albumin measured by high perémce liquid chromatography in
stored urine samples. We concluded that measureofehé concentration of albumin
by high performance liquid chromatography in urig@red for long periods at -80°C
gives unreliable results, as we have found a saamt 24% decrease in urinary albumin
concentration after 2.5 years of storage. We fotind decrease pH-dependent in
accordance with some others, performed similar oreasents by immuno-based
methods. That is why we concluded that for the mmesmsent of urinary albumin by
high performance liquid chromatography only fresimes samples should be used and
we think that conclusions based on stored urinesoreanents should be handled with
caution. We have found also a strong correlatiotwéen the amount of the free
sulfhydryl groups and urinary pH in fresh urine gées which correlation could not be
observed, and concentration of free sulfhydryl geogignificantly decreased in stored
urine. Since it was suggested by one study thahdmémmunoreactive form of urinary
albumin is a partially cleaved form of albumin whics maintained with an intact

relative molecular mass by the help of the diselfilbnds and which form fragments
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into smaller parts to reducing agents we interpreffeese results as urine has a
potentially high level of reducing activity which pH-dependent, and so it may play a
role in the decrease of high performance liquidootatography-detected albuminuria

by breaking up the cleaved nonimmunoreactive fornrimary albumin.

The serendipitous findings of thkird aim of this thesis are more than interesting in
the era of the biomarkers. Our aim of comparingdhanges of the concentration of
total albumin by high performance liquid chromasggry, and the immunoreactive
albumin by immunoturbidimetry in pilot study in agle Crohn’s disease patient with
frequent exacerbation phases has exceeded our tattpec The surprisingly high
difference between the two methods led us to furtmalyze the peak of the total
albumin using matrix-assisted laser desorptionzamon time-of-flight mass
spectrometry, a technique that allowed us the ifieastion of two possible biomarkers:
thea-1 acid glycoprotein and the Znr2 glycoprotein. However, from this study we had
to conclude also the fact that urinary albumin mea$ by size-exclusion
chromatography method in the acute phase of Craflissase is not reliable, since it

measures a high amount of other proteins.
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LIST OF PHD THESES

1)

2)

3)

4)

5)

6)

7)

Glycoxidative modification of the albumin does affiect immunoreactivity.

Glycoxidative modification rate of total urinary balmin in patients with

diabetes mellitus reflects renal pathophysiology.

Coeluating proteins in the peak of albumin by sxelusion chromatography
are present less than 20% on average in the ufirdkabetic patients. This
interference rate does not explain the differene®vben the concentration of
albumin measured by immuno-based and size-exclusibromatography

methods.

Concentration of albumin by high performance ligoidomatography in stored

urine decreases despite storage at -80°C whicleadsels pH dependent.

Fresh urine has a potentially high level of redgcarctivity. This reducing

capacity is pH dependent and disappears with storag

Urinary albumin measured by size-exclusion chromgpaphy method in acute
phase of Crohn’s disease is not reliable.

The urinarya-1 acid glycoprotein and the urinary @r2 glycoprotein are

possible new biomarkers of disease activity in @isllisease.

60



REFERENCES

61



REFERENCES

1) Peters T, Jr. All About Albumin - Biochemistry, Gaics, and Medical
Applications ISBN: 978-0-12-552110-9.

2) Garcovich M, Zocco MA, Gasbarrini A. Clinical uséabumin in hepatology.
Blood Transfus. 2009;7:268-77.

3) Peters T, Jr. Serum albumin. Adv Protein Chem 138%61-245.

4) Clavant SP, Comper WD. Urinary clearance of albummiaritically determined
by its tertiary structure. J Lab Clin Med 2003;1372-84.

5) Russo LM, Bakris GL, Comper WD. Renal handling dfuanin: a critical
review of basic concepts and perspective. Am J &ydbis 2002;39:899-919.

6) Eddy AA. Proteinuria and interstitial injury. Nephr Dial Transplant
2004;19:277-81.

7) Brunskill NJ. Albumin handling by proximal tubulaells: mechanisms and
mediators. Nephrol Dial Transplant 2000;15 Supp9&40.

8) Comper WD, Haraldsson B, Deen WM. Resolved: norgiameruli filter
nephrotic levels of albumin. J Am Soc Nephrol 20@3427-32.

9) Parving HH, Oxenboll B, Svendsen PA, et al. Eadtedtion of patients at risk
of developing diabetic nephropathy. A longitudirsalidy of urinary albumin
excretion. Acta Endocrinol (Copenh) 1982;100:550-5.

10)Viberti GC, Hill RD, Jarrett RJ, et al. Microalbumuiria as a predictor of clinical
nephropathy in insulin-dependent diabetes mellitascet 1982;1:1430-2.

11)Mogensen CE, Christensen CK, Vittinghus E. The estaop diabetic renal
disease. With emphasis on the stage of incipieatiedic nephropathy. Diabetes
1983;32 Suppl 2:64-78.

12)Mogensen CE, Christensen CK. Predicting diabetigphr@pathy in insulin-
dependent patients. N Engl J Med 1984;311:89-93.

13)Mogensen CE. Microalbuminuria predicts clinical gefouria and early
mortality in maturity-onset diabetes. N Engl J Mé84;310:356-60.

14)Mogensen CE. Microalbuminuria as a predictor afichl diabetic nephropathy.
Kidney Int 1987;31;673-89.

15)Hillege HL, Janssen WM, Bak AA, et al. Microalbumira is common, also in
a nondiabetic, nonhypertensive population, and ratependent indicator of
cardiovascular risk factors and cardiovascular midsb J Intern Med
2001;249:519-26.

62



16)Hillege HL, Fidler V, Diercks GF, et al. Urinarybaimin excretion predicts
cardiovascular and noncardiovascular mortality irenegal population.
Circulation 2002;106:1777-82.

17)Damsgaard EM, Froland A, Jorgensen OD, et al. Hmimine year mortality in
known non-insulin dependent diabetics and contiildney Int 1992;41:731-5.

18)Rossing P, Hougaard P, Borch-Johnsen K, et al.id®oedsl of mortality in
insulin dependent diabetes 10 year observationdibwioup study. BMJ
1996;313:779-84.

19)Gerstein HC, Mann JF, Yi Q, et al. Albuminuria ansk of cardiovascular
events, death, and heart failure in diabetic amdrabetic individuals. JAMA
2001;286:421-6.

20)Jarrett RJ, Viberti GC, Argyropoulos A, et al. Miatbuminuria predicts
mortality in non-insulin-dependent diabetics. Dialbled 1984;1:17-19.

21)Weis U, Turner B, Gibney J, et al. Long-term préatie of coronary artery
disease and mortality in type 1 diabetes. QIJM. ZBDG23-30.

22)Messent JW, Elliott TG, Hill RD, et al. Prognostisignificance of
microalbuminuria in insulin dependent diabetes sl a twenty-three year
follow-up study. Kidney Int 1992;41:836-9.

23)Stehouwer CD, Fischer HR, van Kuijk AW, et al. Etigdial dysfunction
precedes development of microalbuminuria in IDDNal2tes 1995;44:561-4.

24)Pedrinelli R, Giampietro O, Carmassi F et al. Matbmminuria and endothelial
dysfunction in essential hypertension. Lancet 1394:14-8.

25)Keen H., Chlouverakis, C. An immunoassay methoduforary albumin at low
concentrations. Lancet 1963;282:913-4.

26)Harmoinena A., Ala-Houhalaa 1., Vuorinen P. Rapid aensitive immunoassay
for albumin determination in urine. Clin Chim Ac&885;149:269-274.

27)Spencer K., Price CP. Kinetic immunoturbidimetiye testimation of albumin.
Clin Chim Acta 1979;95:263-76.

28)Teppo AM. Immunoturbidimetry of albumin and immuiagulin G in urine
Clin Chem 1982;28:1359-61.

29)Comper WD, Osicka TM, Jerums G. High prevalenceanohuno-unreactive
intact albumin in urine of diabetic patients. ArKidney Dis 2003;41:336-42.

63



30)Comper WD, Jerums G, Osicka TM. Differences in amynalbumin detected by
four immunoassays and high-performance liquid clatography. Clin Biochem
2004;37:105-11.

31)Comper WD, Osicka TM, Clark M, et al. Earlier degtex of microalbuminuria
in diabetic patients using a new urinary albuminsags Kidney Int
2004,65:1850-5.

32)Brownlee M. Advanced protein glycosylation in ditdseand aging. Annu Rev
Med 1995;46:223-34.

33)Gerdemann A, Wagner Z, Solf A, et al. Plasma legélsdvanced glycation end
products during haemodialysis, haemodiafiltratiod daemofiltration potential
importance of dialysate quality. Nephrol Dial Tsptant 2002;17:1045-9.

34)Méndez JD, Xie J, Garcia-Pérez E. Urea inhibits ithevitro formation of
fluorescent advanced glycation end products. Wagdl Sci J 2007,2:90-8

35)Monnier VM, Cerami A. Nonenzymatic browning in vivpossible process for
aging of long-lived proteins. Science 1981;211:891-

36)Yanagisawa K, Makita Z, Shiroshita K, et al. Specffuorescence assay for
advanced glycation end products in blood and umhediabetic patients.
Metabolism 1998;47 1348-53.

37)Wagner Z, Wittmann |, Mazak I, et al. N(epsilong(coxymethyl)lysine levels
in patients with type 2 diabetes role of renalction. Am J Kidney Dis
2001;38:785-91.

38)McCance DR, Dyer DG, Dunn JA, et al. Maillard reéactproducts and their
relation to complications in insulin-dependent @@s mellitus. J Clin Invest
1993;91:2470-8.

39)Suzuki D, Yagame M, Naka R, et al. Immunohistocloanstaining of renal
biopsy samples in patients with diabetic nephropathnon-insulin dependent
diabetes mellitus using monoclonal antibody to aded glycation end
products. Nephrology 1995;1:199-205.

40)Cohen MP, Lautenslager GT, Hud E, et al. Inhibitialpumin glycation
attenuates dysregulation of VEGFR-1 and collagesulchain production and
the development of renal insufficiency. Am J PhlsiRenal. Physiol
2007;292:F789-95.

41)Agarwal R. On the nature of proteinuria with acrgral injury in patients with
chronic kidney disease. Am J Physiol Renal Phy0l5;288:F265-71.

64



42)Sviridov D, Meilinger B, Drake S K, et al. Coelutiof other proteins with
albumin during size-exclusion HPLC Implicationsr fanalysis of urinary
albumin. Clin Chem 2006;52:389-97.

43)Brinkman JW, Bakker SJ, Gansevoort RT, et al. Wmathod for quantifying
urinary albumin excretion gives what outcome? A pamson of
immunonephelometry with HPLC. Kidney Int 2004;920S6.

44)Polkinghorne KR, Su Q, Chadban SJ, et al. Populagwevalence of
albuminuria in the Australian Diabetes, Obesity,aifdstyle (AusDiab) study:
Immunonephelometry compared with high-performamgpaid chromatography.
Am J Kidney Dis 2006;47:604-13.

45)McQueen MJ, Gerstein HC, Pogue J, et al. Reevaludly high-performance
liquid chromatography: Clinical significance of maalbuminuria in individuals
at high risk of cardiovascular disease in the Headtcomes Prevention
Evaluation (HOPE) study. Am J Kidney Dis 2006;48&5.

46)Magliano DJ, Polkinghorne KR, Barr EL, et al. HPd€tected albuminuria
predicts mortality. J Am Soc Nephrol 2007;18:3171-6

47)Schultz CJ, Dalton RN, Turner C, et al. Freezingthoe affects the
concentration and variability of urine proteins &hd interpretation of data on
microalbuminuria. The Oxford Regional Prospectivedy Group. Diabet Med
2000;17:7-14.

48)0Osicka TM, Comper WD. Characterization of immunauleally nonreactive
urinary aloumin. Clin Chem 2004;50:2286-91.

49)Brinkman JW, Heerspink HL, de Zeeuw D, et al. UnjnpH affects albumin
concentrations after prolonged frozen storage. KN#piDial Transplant
2007;22:3670.

50)Nikolaus S, Schreiber S. Diagnostics of inflammatdbowel disease.
Gastroenterology 2007;133:1670-89.

51)Vermeire S, Van Assche G, Rutgeerts P. Laboratoaykers in IBD: useful,
magic, or unnecessary toys? Gut 2006;55:426-31.

52)Mahmud N, Stinson J, O'Connell MA, et al. Microaitinuria in inflammatory
bowel disease. Gut 1994;35:1599-1604.

53)Mahmud N, McDonald GS, Kelleher D, et al. Microatuauria correlates with
intestinal histopathological grading in patientshwnflammatory bowel disease.
Gut 1996;38:99-103.

65



54)Mahmud N, O'Connell MA, Stinson J, et al. Tumoucnosis factor-alpha and
microalbuminuria in patients with inflammatory bdwelisease. Eur J
Gastroenterol Hepatol 1995;7:215-9.

55)Szigeti N, Marko L, Molnar GA, et al. Microalbumina in inflammatory bowel
diseases using immunoturbidimetry and high-perfoicea liquid
chromatography. Acta Gastroenterol Belg 2009; 724894,

56)Shinohara M, Thornalley PJ, Giardino I, et al. @xgression of glyoxalase-I in
bovine endothelial cells inhibits intracellular aded glycation endproduct
formation and prevents hyperglycemia-induced irns@eain macromolecular
endocytosis. J Clin Invest 1998;101:1142-7.

57)Westwood ME, Thornalley PJ. Molecular charactersstof methylglyoxal-
modified bovine and human serum albumins. Compansgith glucose-derived
advanced glycation endproduct-modified serum allbbsmi. Protein Chem.
1995;14:359-72.

58)Cockcroft DW, Gault MH. Prediction of creatinineeatance from serum
creatinine. Nephron 1976,16:31-41.

59)Ohmacht R., Kiss |. Application of a new nonporosttionary phase
(KOVASIL-H) for the fast separation of peptides BYPLC. Chromatographia
1996;42:595.

60)Silverberg MS, Satsangi J, Ahmad T, et al. Towandirgtegrated clinical,
molecular and serological classification of inflaatory bowel disease: Report
of a Working Party of the 2005 Montreal World Coegg of Gastroenterology.
Can J Gastroenterol 2005;19 Suppl:A5-36.

61)Best WR. Predicting the Crohn’s disease activitdex from the Harvey-
Bradshaw index. Inflamm Bowel Dis 2006;12:304-10.

62)Takatsy A, Boddi K, Nagy L, et al. Enrichment of Adori products derived
from the nonenzymatic glycation of proteins usingnescale boronate affinity
chromatography. Anal Biochem 2009;393:8-22.

63)Laemmli UK. Cleavage of structural proteins duriagsembly of the head
bacteriophage T4. Nature 1970;27:680-5.

64)Willoughby EW. A sensitive silver stain for protein agarose gel. Anal
Biochem 1983;130:353-8.

65)Shevchenko A, Tomas H, Havlis J, et al. In-gel dliga for mass spectrometric

characterization of proteins and proteomes. Natolerd006;1:2856-60.

66



66)Candiano G, Musante L, Bruschi M, et al. Repetifnagmentation products of
albumin and alphal-antitrypsin in glomerular dissagssociated with nephrotic
syndrome. J Am Soc Nephrol 2006;17:3139-48.

67)Ghiggeri GM, Candiano G, Delfino G, et al. Glycogtbumin and diabetic
microalbuminuria demonstration of an altered rehahdling. Kidney Int
1984;25:565-70.

68)Daniels BS, Hauser EB. Glycation of albumin, nobngérular basement
membrane, alters permeability in an in vitro modeabetes 1992;41:1415-21.

69)Williams SK, Siegal RK. Preferential transport ofonrenzymatically
glucosylated ferritin across the kidney glomerukisiney Int 1985;28:146-52.

70)Cavallo-Perin P, Chiambretti A, Calefato V, et@tinary excretion of glycated
albumin in insulin-dependent diabetic patients witimicro- and
microalbuminuria. Clin Nephrol 1992;38:9-13.

71)Molnar GA, Wagner Z, Markd L, et al. Urinary ortliyrosine excretion in
diabetes mellitus and renal failure evidence fodrbyyl radical production.
Kidney Int 2005;68:2281-7.

72)Brinkman JW, de Zeeuw D, Lambers Heerspink HJ. Ag@maloss of urinary
albumin during long-term frozen storage HPLC vs umonephelometry. Clin.
Chem. 2007;53:1520-6.

73)Hilliard LM, Osicka TM, Clavant SP, et al. The aygt and characterization of
immuno-unreactive urinary albumin in healthy voksers. Clin. Biochem.
2006;39:143-51.

74)Brinkman JW, de Zeeuw D, Gansevoort RT, et al.dgéd frozen storage of
urine reduces the value of albuminuria for momnalirediction. Clin Chem
2007;53:153-4.

75)Brahma A, Mandal C, Bhattacharyya D. Charactemratif a dimeric unfolding
intermediate of bovine serum albumin under mildéyda condition. Biochim
Biophys Acta 2005;1751:159-69.

76)Kania K, Byrnes EA, Beilby JP, et al. Urinary prases degrade albumin:
implications for measurement of albuminuria in stbrsamples. Ann Clin
Biochem 2010;47:151-7.

77)Hochepied T, Wullaert A, Berger FG, et al. Overegsion of alpha(l)-acid
glycoprotein in transgenic mice leads to sensitsato acute colitis. Gut
2002;51:398-404.

67



78)Christiansen MS, Hommel E, Magid E, et al. Orosoomlidn urine predicts
cardiovascular and over-all mortality in patientsthwType Il diabetes.
Diabetologia 2002;45:115-20.

79)Christiansen MS, Hommel E, Magid E, et al. Orosoondicin urine is a
powerful predictor of cardiovascular mortality irormoalbuminuric patients
with type 2 diabetes at five years of follow-upabetologia 2005;48:386-93

80)McDermott LC, Freel JA, West AP, et al. Zn-alphdgegprotein, an MHC
class I-related glycoprotein regulator of adiposesues: modification or
abrogation of ligand binding by site-directed muetagsis. Biochemistry
2006;45:2035-41.

81l)Hassan MI, Waheed A, Yadav S, et al. Zinc alphaly2eprotein: a
multidisciplinary protein. Mol Cancer Res 2008;628%06.

82)Markd L, Molnar GA, Wagner Z, et al. Measurementtlod modification and
interference rate of urinary albumin detected kpe-sxclusion HPLC. Physiol
Meas 2009;30:1137-50.

68



LIST OF PUBLICATIONS

69



LIST OF PUBLICATIONS

Cumlative impact factor: publications 32.159, abstacts: 43.311

Cumulative impact factor of publications used in ths thesis: publications: 4.766
abstracts: 3.154

This thesis is based on the following publications:

1. Marké L, Cseh J, Kszegi T, Szab6 Z, Molnar GA, Mohas M, Szigeti N,
Wittmann |. Storage at -80 degrees C decreasesdheentration of HPLC-
detected urinary albumin: possible mechanisms amglications.J Nephrol
2009:22(3):397-402F: 1.252

2. Markdé L, Molnar GA, Wagner Z, Boddi K, Koszegi T, Szabo Matus Z,
Szijarto |, Mérei A, Nagy G, Wittmann |I. Measurerhen the modification and
interference rate of urinary albumin detected lpe-sxclusion HPLCPhysiol
Meas2009:30(10):1137-1150F: 1.430

3. Marké L, Szigeti N, Szab6 Z, Boddi K, Takatsy A, Ludany Kgszegi T,
Molnar GA, Wittmannl. Potential urinary biomarkeo$ disease activity in
Crohn’s diseaseScand J Gastroenter@010 Jul 26. [Epub ahead of prinFg:
2.084

4. Marké L., Mikolas E., Molnar G. A., Wagner Z.,d8zegi T., Szijartd I. A,
Mohas M., Matus Z., Szab6 Z., Boddi K., Mérei A.jtiwiann I. Normo- és
microalbuminurias cukorbetegekben a HLCP-vel mérizeletalbumin-
fluoreszcencia a vesefunkciés paraméterekkel fugsgd) nem a glikémias
ertékkel.Diab Hung2009:17(3):229-238.

5. Marké L., Szijarté I. A., Cseh J.,86zeqgi T., Szab6 Z., Molnar G. A., Matus Z.,
Mérei A., Wittmann I. A HPLC-vel mérhétvizeletalbumin koncentréacidja -80
°C-os tarolas soran jeldisen csokken: lehetséges mechanizmusok és
kovetkezményekypertonia és Nephrologia009:13(2):88-93.

This thesis is based on the following congress pesgations and abstracts:

1. Marké L., Molnar G. A., Wagner Z., Wagner L.,6Bzegi T., Nagy J.,
Wittmann I.: Determination of protein glycoxidatipmoducts in the urine of
diabetic patientdNephrol Dial Transplan2006:21(S5):v84-83F: 3.154
Place of presentation:XLIll ERA-EDTA (Eurpoean Renal Association-
European Dialysis and Transplant Association) Cesgr July 15-18, 2006,
Glasgow, United Kingdom

2. Marké L., Molnar G.A., Wagner Z., Wagner L., Matus Z§¥egi T., Laczy
B., Tamaské M., Mohas M., Cseh J., Nagy J., Wittman Vizelet fehérje
glikoxidaciés termékek meghatarozasa diabetesesegéldien. Magyar
Belorvosi Archivun2006:59(S2):111-112.

Place of presentationMagyar Belgyogyasz Tarsasag Dunantuli Szekcidjana
LIll. Vandorgyilése, Sopron, 2006. janius: Legjobb fiatabaglok dija: 3.
helyezés

70



3. Marké L., Molnar G. A., Wagner Z., Wagner L., Matus Zg¥eqi T., Laczy
B., Tamaskoé M., Moh&s M., Cseh J., Nagy J., Wittman Determination of
protein glycoxidation-products in the urine of détib patientsActa Physiologia
Hungarica2006:93(2-3):210.

Place of presentatiorMagyar Elettani Tarsasag LXX. Vandofd§se, Szeged,
2006. janius

4. Marko L., Wagner Z., Cseh J.,d8zegi T., Matus Z., Wittmann I.: HPLC és
nephelometria (NM) 0sszehasonlitasa a mikroalburi@nuwliagnozisaban.
Hypertonia és Nephrologia006:10(S5):107.

Place of posterpresentation Magyar Nephrologiai Tarsasag XXIII.
Nagygyilése, Eger, 2006. oktdber

5. Marké L., Molnéar G. A., Kiszegi T., Cseh J., Mohas M., Matus Z., Wittmann |.
Analysis of albuminuria with high performance liquthromatography (HPLC)
and immunonephelometry (IN) in diabetic and/or hyg@&c patients.Acta
Physiologica Hungaric2009:96(1):101.

Place of posterpresentatioA Magyar Elettani Tarsasag LXXII. Vandoriggse
es a Magyar Kiseérletes és Klinikai Farmakoldgiaisédag kozés konferencigja,
Debrecen, 2008. janius

6. Markoé L., Cseh J., Kszegi T., Szabo Z., Molnar G. A., Mohas M., Szidéti
Szijarté 1., Wittmann I. A HPLC-vel mérhgtvizelet albumin mennyisége a -
80°C-os téarolds soran jelésen csokken. Lehetséges mechanizmusok és
kovetkezményekypertonia és Nephrologia008:12(S5):222.

Place of posterpresentation Magyar Nephrologiai Tarsasag XXIII.
Nagygyilése, Szeged, 2008. szeptember

Other publications:

1. Molnéar G. A., Wagner ZMarko L., Készegi T., Mohas M., Kocsis B., Matus
Z., Wagner L., Tamaskd M., Mazak I., Laczy B., NagyWittmann I Urinary
ortho-tyrosine excretion in diabetes mellitus amdal failure: evidence for
hydroxyl radical productionKidney Int2005:68(5):2281-22874F: 4.927, No.
of citation: 5

2. Wagner L., Laczy B., Tamaské M., MazakMarko L., Molnér G. A., Wagner
Z., Mohas M., Cseh J., Fekete A., Wittmann |.: @ege smoke-induced
alterations in endothelial nitric oxid synthase gblworylation: role of protein
kinase CEndotheliun2007:14(4):245-253F: 1.740, No. of citation: 5

3. Maasz A., Kisfalvi P., Horvatovich K., Mohas MMarké L., Csbngei V.,
Farago B., Jaromi L., Magyari L., Safrany Cs., 8ip€s., Wittmann |., Melegh
B.: Apolipoprotein A5 T-1131C Variant Confers Ri&k Metabolic Syndrome.
Pathol Oncol Re2007:13(3):243-2471F: 1.272, No. of citation: 11

71



10.

11.

Kisfali P., Mohas M., Maasz A., Hadarits AMarkd L., Horvatovich K.,
Oroszlan T., Bagosi Z., Bujtor Z., Gasztonyi B., tiMiann |., Melegh B.:
Apolipoprotein A5IVS3+476A Allelic Variant Associed With Increased
Trigliceride Levels and Confers Risk for DevelopmehMetabolic Syndrome
in HungariansCirc J 2008:72(1):40-43F: 2.387, No. of citation: 6

Mohas M., Szigeti NMarko L., Molnar G. A., Cseh J., Laczy B., Tamasko M.,
Balla J., Kappelmayer J., Wagner L., Wagner Z.kZ8., Nagy J., Wittmann
I.. Serum Total LDH Activity and LDH-2 Isozyme indghrotic Syndrome.
Kidney Blood Press R&908:31(1):47-54lF: 1.268

Degrell P, Wagner Z, Szijarto IA, Wagner Marko L, Mohas M, Cseh J,
Wittmann 1. Morphology of glomerular hematuria isproduced in vitro by
carbonyl stress\Nephron Exp Nephrd008:110(1):e25-30F: 1.596

Laczy B, Cseh J, Mohas MJlarkoé L, Tamasko M, Koszegi T, Molnar GA,
Wagner Z, Wagner L, Wittmann |. Effects of pentghtihe and pentosan
polysulphate combination therapy on diabetic neatiop in type 2 diabetes
mellitus.Acta Diabetol2009:46(2):105-111F: 1.549

Boddi K, Takatsy A, Szab6é Sarkd L, Mark L, Wittmann I, Ohmacht R,
Montské G, Vallant RM, Ringer T, Bakry R, Huck C\Bpnn GK, Szabd Z.
Use of fullerene-, octadecyl-, and triaconthylcsilifor solid phase extraction of
tryptic peptides obtained from unmodified and itraviglycated human serum
albumin and fibrinogenJ Sep Sci2009:32(2):295-3081F: 2.551, No. of
citation: 1

Takatsy A, Boddi K, Nagy L, Nagy G, Szab6 Barké L, Wittmann |,
Ohmacht R, Ringer T, Bonn GK, Gjerde D, Szabd Zidbment of Amadori
products derived from the nonenzymatic glycatiorpafteins using microscale
boronate affinity chromatograph#nal Biochen2009:393(1):8-22F: 3.287

Kisfali P, Mohas M, Maasz A, Polgar N, Hadarits Markd L, Brasnyé P,
Horvatovich K, Oroszlan T, Bagosi Z, Bujtor Z, Gaswi B, Rinfel J,
Wittmann |, Melegh B. Haplotype analysis of the lgpmprotein A5 gene in
patients with the metabolic syndromgutr Metab Cardiovasc Didn Press,
Available online 18 August 2009, DOI:10.1016/j.nwd£009.05.001,IF:
3.517

Szigeti N,Marko L , Molnar GA, Fabian G, Cseh J, Mohas M, Figler Nkalky
A, Kbszegi T, Wittmann I. Microalbuminuria in inflamatory bowel diseases
using immunoturbidimetry and high-performance ldjehromatographyActa
Gastroenterol Bel@009:72(4):394-401F: 1.010

72



12.Nagy G, Gaszner B, Lanyi Blarko L, Fehér E, Cseh J, Kdszegi T, Betlehem
J, Sulyok E, Cziraki A, Wittmann I. Selective asstion of endogenous
ouabain with subclinical organ damage in treatepehgnsive patientsl Hum
Hypertensin Press, Available online 11 Mar 2010, doi:10.8/1$.2010.24IF:
2.289 (2009)

13.Toth P, Koller A, Pusch G, Bosnyak E, Szapary Lty S,Marko L, Nagy
J, Wittmann 1. Microalbuminuria, indicated by toteérsus immunoreactive
urinary albumins, in acute ischemic stroke patiedtStroke Cerebrovasc Dis
2010 Aug 31. [Epub ahead of print]

Hungarian or English publications appeared in natimal journals

1. Tamasko M., Kalmar Nagy K., Degrell P., Molnar G, Bérczy K., Schmidt E,
Kalabay L., Wagner L., Wagner Z., Mazak |., Laczy Barkd L., Mohas M.,
Nagy J., Wittmann [.: Végtagi gangraenat okoz¢ ipaldaxis pancreas-vese
transzplantacion atesett beteglinkben. A fetuin téélges szerepeMagyar
Belorvosi Archivun2004:57:190-193.

2. Wittmann |, Marké L., Degrell P., Molnar G.A., Tamaské M., Laczy B.,
Mohas M., Wagner Z., Wagner L., Nagy J.: A protei@mefronpusztulashoz és
ezdaltal atherosclerosishoz vezet diabetes melluskd-ocus Medicinae
2005:7(1):19-22.

3. Szelestei T., Wagner Z., Molnar G. A., Tamaské Wagner L., Kocsis B.,
Marké L., Mohas M., Laczy B., Nagy J., Wittmann |.: L-angirszérumszintje,
valamint a glutation-peroxiddz és katalaz génekidedyi 2-es tipusu
cukorbetegekbemMagyar Belorvosi Archivurad005:58(1):7-10.

4. Wittmann 1., Molnar G. A., Wagner L., Wagner Z.,masko M., Laczy B.,
Brasny6 P., Halmai R.Marké L., Nagy J.: A metabolikus szindréma két
koncepcidjanak 6sszehasonlitasa: WHO-kritériumoKERB-I1I feltételrendszer.
Diab Hung2005:13(4):263-272.

5. Tamasko M., Molnar G. A., Wagner Z., Mazéak |., Vaigd., Wagner L., Laczy
B., Marké L., Mohas M., Nagy J., Wittmann I.: Folyamatos intierélis
cukormonitorozassal (CGMS) javithatd a glikémiabdi@szes betegekben.
El6zetes eredményekiab Hung2005:13(4):229-235.

6. Wittmann I.,Marko6 L., Wagner L., Wagner Z., Molnar G. A., Tamaskd M.,
Laczy B., Mohas M., Boros A. G., Nagy J.: Proteiaudiabetes mellitusban.
Medicus Anonymug005:13(12):13-15.

7. Wittmann 1., Wagner L., Wagner Z., Molnar G. A.,msko M., Laczy B.,
Marké L., Mohas M., Nagy J.: Cukorbetegek koros albuminariénint
cardiovascularis kockazati tényez ege Artis Medicina®005:15(12):891-894.
(6sszefoglald kézlemény)

73



8. Wittmann I.,Markd L., Molnar G. A., Tamaskoé M., Laczy B., Mohas M., Bse
J., Wagner Z., Wagner L.. Az endotheldysfunctio gpsreres kezelése.
Granum?2006:9(4):7-10.

9. Laczy B., Molnar G. A., Kszegi T., Wagner L., Wagner Z., Tamasko M.,
Markdé L., Mohas M., Wittmann |.: Az acetil-szalicilsav eggsi, nagy
dozisban javitja az anaemiat 2-es tipusu diabetebitusban és kronikus
veseelégtelenségben a neocytolysis gatlasan kiéredtagyar Belorv Arch
2006:61(4):274-280.

10.Wittmann I., Molnar G. A., Tamaské M., Laczy Blarké L., Mohas M., Cseh
J., Wagner Z., Wagner L.: A protein kinazGszelektiv gatldsanak jeléisege
a diabeteszes microvascularis smimények kezelésébenDiab Hung
2006:14(Suppl 4):13-18. (felkért dsszefoglald)

11.Wittmann I., Wagner LMarké L., Tamaské M., Laczy B., Mohas M., Cseh J.,
Melegh B.: A herediter haemochromatosis jeledgje a diabeteszes betegek
gondozasabar®rv Hetilap2007:148(3):111-115.

12.Wagner Z., Wagner L., Tamaskd MAarko L., Mohas M., Cseh J., Wittmann
l.. A renin-angiotenzin-rendszer patogenetikai sper az érkarosodas
kialakulasabanHaziorv Tov Szem2007:12(1): 47-51.

13.Laczy B.,Marké L., Tamaskd M., Cseh J.,06zegi T., Wagner L., Wagner Z.,
Molnar G. A., Mohas M., Wittmann I.: A pentoxifyfliés pentosan polysulphat
kombinacios kezelés hatasa a diabeteszes neur@atPies tipusu diabetes
mellitusbanDiab Hung2007:15(1):21-29.

14.Wittmann 1., Molnar G. A., Wagner L., d6zegi T., Wagner Z., Laczy B.,
Tamasko M.Marko L., Mohas M., Nagy J.: Single dose of acetylsalicgitd
in patients with Type 2 diabetes mellitus and/aoaic renal failure ameliorates
anaemia by decreasing the rate of neocytolydita Phys Hung2007:94(1-
2):159-166.

15.Mohas M.,Marké L., Molnar G. A., Cseh J., Laczy B., Tamasko6 M., Ball,
Kappelmayer J., Wagner L., Wagner Z., Csiky B., Wdg Wittmann I.: A
szérum LDH-aktivitAs és a vese-LDH izoenzim jelsgge nephrosis
szindromabanMagyar Belorv Arct2007:62:47-52.

16.Bekd V., Mazak I.,Marko L., Cseh J., Wagner L., Wittmann I.: A dihydralazin
eritropoezisre  kifejtett hatdsanak vizsgalata egyotaemias beteg
kortorténetébertHypertonia és Nephrologia007:11(2):91-94.

17.Wagner L., Bek V., Wagner Z.Marko L., Mohas M., Nagy J., Wittmann 1.:

Az anaemia korrekci6janak jeléstge a diabeteses nephropathia komplex
kezelésébertaziorv Tov Szeml2007:12:73-78.

74



18.Wittmann I., Laczy B., Mikolas EMarké L., Mohéas M., Cseh J., Wagner L.:
A dohanyzas inzulinrezisztenciat okoz és novelies 2ipusu diabetes mellitus,
illetve a metabolikus syndroma kialakuldsanak kaekd. Diab Hung
2007:15(4):305-311.

19.Markoé L., Molnar G. A., Wagner Z., §szegi T., Matus Z., Mohas M., Kuzma
M., Szijarté 1. A., Wittmann |.: Immunnephelometrigs nagyteljesitmériy
folyadékkromatografia a microalbuminuria vizsgétatd. Ujonnan javasolt
hatarértékek vizsgalat@rv Hetil 2008:149(2):59-67.

20.Kisfali P., Mohas M., Maész A., Hadarits Marké L., Oroszlan T., Bagosi Z.,
Bujtor Z., Lupkovics G., Gasztonyi B., WittmannAz apolipoprotein A5 gén
IVS3+476A és 1259C allélvariansok vizsgalata mdikbs szindromaban
szenved betegekbenviagyar Belorv Arct2008:61(2):123-127.

21.Csiky B.,Marko L., Mohas M., Cseh J., Mikolas E., Szijarto I., Wiginm I. A
losartan pleiotrop hatdsai. A hagysavszintcsoklkenéfentsége.Lege Artis
Medicinae2008:18(10):663-666.

22.Vas T.,Marké L., Mohas M., Cseh J., Mikolas E., Szijarté 1., Wignm |I.:
Cardiovascularis rizikocsokkenés vesebetegekBesmum?2008:11(4):17-22.

23.Szigeti N.,Marko6 L., Molnar G. A., Fabian Gy., Cseh J., Figler M., &yr A.,
Készegi T., Wittmann [I. Microalbuminuria kronikus dhadasos
bélbetegségekben. Az immunturbidimetrias és a natglbontasu
folyadékkromatografias moédszer 6sszehasonlitasanclvetegekben és colitis
ulcerosaban szenvékben.Magyar Belorv Arci2009:62(1):26-33.

24.Szigeti N., Molnar G. A.Marko L., Fabian Gy., Cseh J., Mérei A., Szijarto 1.,
Wittmann I. Microalbuminuria colorectalis carcinobad. Magyar Belorv Arch
2009:62(6):460-465.

Therapeutic guideline

1. Wittmann I., Marké L., Degrell P., Molnar G. A., Tamaskdé M., Laczy B.,
Mohas M., Wagner Z., Wagner L., Nagy J.: A protei@unephronpusztuldshoz
és ezaltal atherosclerosishoz vezet diabetes us#liin. Nephrologiai Utmutatd.
A Magyar Nephroldgiai Tarsasag szakmai irdnyel8eierk.: Tari S., Matyus J.,
Kiss I., Karpati I. Medition Kiado, Budapest, 200%.7-152. old.

International abstracts: (IF: 43.311)
1. Wagner Z., Molnar M., Molnar G. A., Tamaskd M., kgdB., Marko L., Csiky
B., Heidland A., Nagy J., Wittmann I.: Serum canpmethyl-lysine level

predicts mortality in haemodialysis patient®dlephrol Dial Transplant
2005:20(S5):v3040F: 2.976

75



. Wagner L., Laczy B., Tamasko M., MazakMarko L., Molnar G. A., Wagner
Z., Mohas M., Cseh J., Fekete A., Wittmann |.: Efffect of cigarette smoke on
the phosphorylation of endothelial nitric oxide thase: role of protein kinase
C. Nephrol Dial Transplan2007:22(S6):vi243-244F: 3.167

. Horvatovich K., Magyari L., Maasz A., Faragé B.,cks B., Markd L.,
Wittmann |., Melegh B.: Association between ApoA51131C mutation and
triglyceride level in Hungarian patients with metib syndrome and diabetes
mellitus.Eur J Hum Gene2006:14(S1):234F: 3.697

. Kisfali P., Horvatovich K., Mohas M., Maasz Adarké L., Csongei V., Farago
B., Jaromi L, Magyari L., Safrany E., Sipeky C., tiMann I., Melegh B.:
Common allelic variants of APOA5S gene in the met@bgyndromeEur J Hum

Genet2007:15(S1):210F: 4.003

. Maasz A., Horvatovich K., Kisfali P., Mohas M., MarL., Csongei V., Farago
B., Ja&romi L, Magyari L., Safrany E., Sipeky C., tiWiann |., Melegh B.:
Apolipoprotein A5 T-1131C variant confers risk fmetabolic syndrometur J
Hum Gene007:15 (SI):178F: 4.003

. Kisfali P., Moh&s M., Maasz A., Hadarits Marké L., Kési I., Oroszlan T.,
Bagosi Z., Bujtor Z., Rinfel J., Gasztonyi B., Whitnn I., Melegh B.
Apolipoprotein A5 gene APOA5*2 haplotype variantnéers risk for the
development of metabolic syndromeur J Hum Genef008:16(S2):328F:
3.925

. Molnar GA, Beko V,Marko L, Koszegi T, Wittmann |. Connections between
anemia and a marker of oxidative stress, the yrinatho/paratyrosine ratial
Vasc Re2008:45(S2):15%: 2.792

. Toth P, Halmai R,Marko L, Bosnyak E, Toth M, Bagoly E, Szapary L,
Wittmann |, Nagy J, Koller A, Komoly S. Manifestati of systemic vascular
disease: microalbuminuria and renal dysfunctioradute strokeJ Vasc Res

2008:45(S2):119: 2.792

. Téth P, Koller A.,Marké L., Halmai R., Bosnyak E., Szapary L., Komoly S,
Nagy J, Wittmann |. Correlation between acute srakd microalbuminuria.
Potential role of underlying systemic microvascudadothelial diseasEASEB
J2009:23:613.9F: 6.401

10.T6th P,Marké L., Halmai R., Bosnyak E., Szapary L., Koller A., Koy S,

Nagy J, Wittmann |. HPLC is more sensitive to assasnary albumin than
nephelometry in acute stroke patieff8SEB J2009:23:613.10F: 6.401

76



Abstracts in Hungarian

1.

Marké L., Molnar G.A., Wagner Z., &szegi T., Tamaské M., Laczy B.,
Wagner L., Mazéak I., Degrell P., Matus Z., Kocsis Blohas M., Nagy J.,
Wittmann |.: Osszefiiggés egy vizelet hidroxil szhbgyok marker és a
vorosvertestképzés kozotypertonia és Nephrologia004:8(S4):94

Place of presentationMagyar Nephrolégiai Tarsasag XXVI. Nagydgse,
Eger, 2004. november

Tamasko M., Wagner L., Laczy.BMolnar G.A, Wagner Z.Marké L., Mohas

M., Nagy J., Wittmann |.: Az endothelidlis nitrogémonoxid szintdz (eNOS)
enzim foszforilaciéjanak szerepe a dohanyzas okatdotél diszfunkcio
kialakulasdban vorosvértestképzés kozotdypertonia és Nephrologia
2004:8(S4):115

Wagner L., Laczy B., Wagner Z., Molnar G.Aamasko M., Mazak IMarko
L., Mohas M., Nagy J., Wittmann I.: Az azotaemiabar2és tipusu diabetes
mellitusban (DM) kialakulo erythropoetin (EPO) reztiencia acetilszalicilsavval
attorhed. Hypertonia és Nephrologi2a004:8(S4):94

Wagner Z., Molnar M., Molnar G.ATamasko M., Laczy BMarké L., Mohas
M., Nagy J., Wittmann I.: Az étehaladott glikacidos végtermékek szérum
szintjét meghatarozé tényiedializalt betegekberHypertonia és Nephrologia
2004:8(S4):95

Wittmann 1., Wagner L., Laczy B., Molnar G,AWagner Z., Tamaskdé M.,
Mazék I.,Marko L., Mohas M., Nagy J.: A 2-es tipusu diabetes meliin és
azotaemiaban kialakulo erythropoetin-rezisztencetiszalicilsavval attorhét
Magyar Belorvosi Archivura004:(S2):145

Laczy B., Tamaskd M., Molnar G. A., Cseh JgsKegi T.,Marko L., Wagner
Z., Wagner L., Nagy J., Wittmann |.: &dizsgalat arrél, hogy a pentoxifyllin
kezelés hogyan befolyasolja a diabeteses neur@paés az albuminuriat.
Hypertonia és Nephrologia005:9(S4):83

Tamasko M., Mohés M., Vas T.,6Kzegi T., Molnar G. A., Laczy B., Wagner
L., Wagner Z.,Marké L., Plavics E., Nagy J., Wittmann 1.: A szérum laktat
dehidrogenaz aktivitas preditiv értéke nephrosisdeymaban.Hypertonia és
Nephrologia2005:9(S4):71

Wittmann 1., Marké L., Degrell P., Molnar G. A., Tamaskoé M., Laczy B.,
Mohas M., Wagner Z., Wagner L., Nagy J.: Proteimueads to nephron-loss
and this way to atherosclerosis in diabetes mslitta Physiologia Hungarica

2005:92(3-4):322-323.

77



9. Marké L., Molnar G.A., Wagner Z., K&szegi T., Matus Z., K&cB., Nagy J.,
Wittmann |.: Diabetes mellitusban a glikoz vesétigtéend bekoncentralddasa
in loco fokozott hidroxil szabadgydk-képzddéshezzete Diabetologia
Hungarica2006:14(S2):107-108
Place of presentatiorMagyar Diabetes Tarsasdg XVIIl. Kongresszusaaiiyh
2006. aprilis

10.Wagner Z., Molnar G.A.Marké L., Bir6 Zs., Nemes V., Ludany A., Nagy J.,
Wittmann |.: Oxidativan kérosodott fenilalanin-sna@zékok felszaporodasa
senilis és diabeteses cataractas lencsékbPrabetologia Hungarica
2006:14(S2):172-173

11.Tamaskd M., Molnar G.A., Laczy BMarké L., Wagner L., Wagner Z., Nagy
J., Wittmann I.: Folyamatos cukormonitorozassal iS3 javithato a glykaemia
diabeteszes betegekben. Pancreas-vese transziglahi@ésa a szénhidrat-
anyagcseréerdiabetologia Hungaric&2006:14(S2):161-162

12.Laczy B., Tamasko6 M., &zegi T.,Marko L., Wagner L., Wagner Z., Nagy J.,
Wittmann |.: A pentoxifyllin- és SP54-kezelés kedien befolyasolja a
diabeteszes neuropathiat és az albuminuridzei¢s eredmeényekiabetologia
Hungarica2006:14(S2):98

13.Laczy B., Tamaské M., Wagner Z., Wagner L.gskegi T., Molnar G.A.,
Marké L., Mohas M., Cseh J., Nagy J., Wittmann I.. A peifidin- és
pentozan-poliszulfat kombinacids kezelééngbsen befolyasolja a diabeteses
neuropathiat és az albuminuriMagyar Belorvosi Archivun2006:59(S2):104-
105

14.Tamaskd M., Kalmar Nagy K., P6to L., Boros A.G., IN&r G.A., Laczy B.,
Marké L., Wagner L., Wagner Z., Nagy J., Wittmann I.: A cudorszint-
oszcillacio szabalyozasanak vizsgélata cukorbetegekMagyar Belorvosi
Archivum2006:59(S2):167-168

15.Halmai R., Wagner L., Wagner Z., Laczy Blarko L., Sarszegi Zs., Gaszner
B., Cziraki A., Wittmann I.: Az inzulinterapia bexetésének hatasa az endothel-
diszfunkciora 2-es tipust diabetes mellitusben \szd#n betegekben -—
elétanulmanyMagyar Belorvosi Archivurd006:59(S2):70

16. Tamasko M., Kalmar Nagy K., P6t6 L., Boros A. G.olhtar G. A., Laczy B.,
Marké L., Wagner L., Wagner Z., Nagy J., Wittmann |.: A aécorszint-
oszcillaci6 szabalyozasanak vizsgalata. A vese legest szerepe.Acta
Physiologia Hungaric&006:93(2-3):235

17.Horvatovich K., Magyari L., Maasz A., Farag6é B.,ckg B., Marko L.,
Wittmann 1., Melegh B.: ApoA5 T-1131C mutacio égyliceridszint kozotti
Osszefliggés vizsgalata metabolikus szindrémabanll.égipust diabetes
mellitusban szenvéd betegcsoportbanKlinikai és Kisérletes Laboratoriumi
Medicina2006:(S32):69

78



18.Marké L., Molnar G. A., Szijarto I. A., Mikolas E., Wagné&t, Készegi T.,
Matus Z., Boros A. G., Wittmann |.: Osszefiiggészalet hidroxil szabad gyok
marker o-/p-Tyr hanyados és a vorosvértestképzestkdiabeteses és/vagy
azotaemias betegekbdtolia Hepatologica2007:11(S3):28
Place of presentatiorMagyar Szabadgyok Kutatd Tarsasag IV. Konfergacia
Pécs, 2007. oktober

19.Wagner L, Laczy B., Boros A. G., Tamaskdé M., Mikolk., Szijartd I. A.,
Markdé L., Mohas M., Cseh J., Fekete A., Wittmann I.: Kivédke a
dohanyzas nitrogén monoxid-termelést csokkdmtasa?olia Hepatologica
2007:11(S3):40-41

20.Wagner L., Laczy B., Tamasko M., MazakMarko L., Molnar G.A., Wagner
Z., Mohas M., Cseh J., Fekete A., Wittmann |. Aacejtafiist hatasa az
endotelialis nitrogén oxid szintaz foszforilaci@am protein-kinaz C szerepe.
Hypertonia és Nephrologia007:(11)S3:25-92

21.Brasnyo P., Csiky B., Fazekas Marko L., Wittmann I. Intenziv osztalyon
akut veseelégtelenség miatt dializalt betegek é&&l prognosztikai faktorok.
Hypertonia és Nephrologia007:(11)S3:25-92

22.Cseh J., Degrell P., Fulop N\Marké L., Mohas M., Pajor L., Chatam J. C.,
Wittmann |. Diabeteses nefropatiaban fokozodik aglikozilacio mind a
tubulusokban, mind a glomerulusokb&nvosi Hetilap2008:149:15:712

23.Szigeti N,Marké L, Molnar GA, Cseh J, Mohas M, Mikolas E, Kiszegi T,
Fabian Gy, Figler M, Kirdly A, Wittmann |: Microaliminuria vizsgéalata
nagyteljesitmény folyadékkromatogréafias (HPLC) és immunturbidimésr(IT)
modszerrel gyulladasos bélbetegekbetypertonia és Nephrologig€2008:12
(S5):238

24.Cseh J., Degrell P., FUlop NMarké L., Mohas M., Pajor L., J.C. Chatam,
Wittmann |. Diabeteszes nephropathiaban emelkedik @-glikozilacio
mennyisége a tubulusokban és a glomerolusokdgpertonia és Nephrologia
2008:12(S5):219

25.Toth P., Halmai R.Marko L., Bosnyak E., Toth M., Bagoly E., Szapary L.,
Wittmann I., Nagy J., Koller A., Komoly S. Evaluati of kidney function and
microalbuminuria in patients with acute stroléeta Physiologica Hungarica
2009:96(1):140

26.Nagy G., Gaszner B., Mérei A., Lanyi BMarko L., Cseh J., Sulyok E.,
Betlehem J., Czirdki A., Wittmann |. Endogén ouabd&s a szubklinikai
szervkarosodasok kapcsolata hiperténias vesebdtegelHypertonia és
Nephrologia2009:13:4

79



Non-referred presentations

1.

Boddi K.,Marko L., Készegi T., Jelinek L., Mark L., Montské G., OhmaBht
Szabo Z., Wittmann 1.: Vizelet albumin karakteré&altomegspektrometrias,
folyadékkromatografids és nephelometrias mobdszekdgyar Kémikusok
Egyesiilete, Centenariumi Vegyészkonferencia ,2083dpron. Program és
elbadasdsszefoglalé 21 ill. 160. oldal.

Marko L., Wagner Z., Cseh J.,d8zegi T., Matus Z., Wittmann I.: HPLC és
nephelometria (NM) 6sszehasonlitasa a mikroalburi@ndiagnézisabanPro
Medicina Nemzeti Egészségugyi Programok Kongres@00¥, Budapest,
Programfiuizet 15. oldal.

Horvatovich K., Magyari L., Maasz A., Farago B.rqlai L., Laczy B.,Markoé
L., Wittmann 1., Szolnoki Z., Talian Cs. G., Melegh: BApoA5 T-1131C
varians és triglicerid szint vizsgalata metabolilsgndromaban és Il. tipusu
diabetes mellitusban szenwvedbetegcsoportbanMagyar Humangenetikai
Tarsasag VI. Kongresszusa 2008pgramfizet 108. oldal.

Gulyassy P., Boddi KMarké L ., Mark L., Wittmann I, Ohmacht R., Simegi
B., Vallant R. M., Huck Ch. W., Bakry R., Bonn G.,K5zab0, Z. Improvement
of the Sequence Coverage Applying Different Masjcgolid Phase Extraction
(SPE) and HPLC Separation of the Tryptic DigesHaiman Serum Albumin
(HSA) by Matrix-Assisted Laser Desorption/ionizatidVlass Spectrometry
(MALDI)-A comprehensive study. 7th Balaton Sympasiu2007 Siofok,
Hungary

Boddi K., Szabé Z., Takatsy AMarkdé L., Wittmann I, Ohmacht R.
Enrichment of Amadori Products Derived from the Mazimatic Glycation of
Human Serum Albumin (HSA) using Microscale Boronatffinity
Chromatography 8th Balaton Symposium 2009 Siofakydary

80



ACKNOWLEDGEMENT

81



ACKNOWLEDGEMENT
| would like to dedicate this work to my Grandpasemost of them who passed away.
The work involved in this thesis could not haverbearried out without help from a
number of persons, to whom | owe a great debt atitgde and whom | would like to
thank for their valuable contribution.

| am first of all thankful to my Parents, Grandpdseand my Sister, who have
supported me throughout my life and made it posdibbkreach my goals.

| am thankful to my supervisor Prof. Istvan Wittmafor inviting me to his
excellent research group as a medical studentetarhing the way of thinking in the
research and in the clinandfor all his support, time and energy he investedthm |
would also like emphasize my deep gratitude tow&nad. Judit Nagy who helped me
to carry out the work for my Ph.D. thesis at tA2epartment of Internal Medicine and
Nephrology, University of Pécs.

| am thankful to all of the former and current Phstudents in the lab who
helped me in my research: from all of these felldwasn extremely thankful for Geig
A. Molnar who helped me a lot as a young medicaflestit researcher and a beginner
Ph.D. student. | am grateful for llona Samikné, wiehped my work with more than
just her excellent technical assistance.

| am thankful for the help of the colleagues of epartment of Biochemistry
and Medical Chemistry, University of Pécs: espéciblowe my gratitude to Zoltan
Szabd, Katalin Boddi, and Aniké Takatsy. Withouerh critical parts of my thesis
would be unanswered. | am thankful to my former iTedchemistry teacher, Zoltan
Matus for his chemical knowledge and help in HPk8uEs.

| am thankful for the help of the colleagues oé timstitute of Laboratory
Medicine, University of Pécs: especially for Tant&&szegi and Andrea Ludany for
analyzing hundreds of urine samples and for theeetige in the gel-electrophoretic
studies.

| am thankful to all of the colleagues and paseof the 2 Department of
Internal Medicine and Nephrology, University of Bdor making possible to answer
the scientific questions raised not only in thiedils, and for their help in the duties and
clinical work. | am especially grateful to Nora §eii for her excellent idea to measure
albuminuria in Crohn’s disease and for her friemplsham also especially grateful to
the nurses of the"? Department of Internal Medicine and Nephrology,iugrsity of

Pécs who were always to my help.

82



| also owe my gratitude to Prof. Friedrich C. Laftd Dominik Mdller, who
made it possible to work further as a Ph.D. studentBBerlin, Germany at the

Experimental and Clinical Research Center.
| am thankful to everyone who is not listed aboué dontributed to my research

or my life.
And last but not least | am thankful to my Love,efnMelis who supported me

with all of her love.

83



