Inflammatory markers in psoriasis

Doctoral (Ph.D.) theses

Dr. Balazs Németh

Head of the Doctoral School: Prof. Dr. Gabor L. Kos

Program leader: Prof. Dr. Istvan Kiss

Tutor: Prof. Dr. Istvan Kiss

Dr. Zéné Ajtay

University of Pécs
Medical School
Pécs
2019



Abbreviations

ADMA: asymmetric dimethylarginine

ACEI: angiotensin converting enzyme inhibitor
AMI: acute myocardial infarction

APACHE II: acute physiology and chronic health enadilon 11
DBP: diastolic blood pressure

DDAH: dimethylarginine dimethyl aminohydrolase
ELISA: enzyme linked immunosorbent assay
HPLC: high performance liquid chromatography
Hs-CRP: high-sensitivity C reactive protein

ICU: intensive care unit

IQR: interquartile range

L-arg: L-arginine

LC/MS: liquid chromatography / mass spectrometry
MDA: alondialdehyde

NO: nitric oxide

NOS: nitric oxide synthase

PTC: procalcitonin

RAAS: renin-angiotensin-aldosterone system
SAPS II: simplified acute physiology score Il

SBP: systolic blood pressure

SD: standard deviation

SEM: standard error of mean

SOFA: Sequential organ failure assessment
WBC: white blood cell count

LDH: lactate dehydrogenase
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l. Introduction

Cardiovascular diseases are the most common déseaskelwide. They are responsible for one
third of global deaths and they are the leadingeaxf disability, too. The usage of different
levels of prevention in combination with effectiisk assessment improved these statistical
data. Risk assessment based on classic risk faenecently been supported with several new
markers, such as asymmetric dimethylarginine (ADNMiich is an endogenous competitive
inhibitor of nitric oxide synthase (NOS). Approxitaly 15% of the generated ADMA is
excreted through the renal system. The remaininguains degraded by the dimethylarginine
dimethyl aminohydrolase (DDAH) enzyme, which is aimpd by oxidative stress.

Moreover, ADMA has been shown capable of uncoupdiegtron transport between L-Arg and
NOS resulting in production of reactive oxygen sp&cAccordingly, ADMA can be a useful
marker and mediator of oxidative stress. Comparechdalthy controls elevated ADMA
concentrations were found in patients sufferingnfroypertension, coronary artery disease
(CAD), heart failure, stroke, obesity, diabetes litusl, kidney injury and even inflammatory
bowel diseases, which are of high public healthiBgance. Correlation between intima media
thickness and ADMA concentrations was also dematestr

Previous studies showed that ADMA is a suitablécatr of endothelial dysfunction, which is
held to be the previous state of atherosclerogsel@l researches found positive correlation
between higher levels of ADMA and coronary arteisedse onset, or progression of existing
coronary disease. According to a study involvin@@@atients, asymmetric dimethylarginine is
an independent risk factor of cardiovascular mibytai patients with coronary artery disease.
Moreover, NO pathway and ADMA seems to play an irtga role in the pathophysiology of
sepsis. Sepsis syndrome remains one of the ma&traiag healthcare issues worldwide. The
prominently high mortality rate (approximately 30%0d costs of care (22,000 USD/case)
makes it a remarkable disease. Septic shock betorthe leading causes of death in intensive
care units, even nowadays. Early diagnosis anddjoedted therapy are essential for favorable
outcome. Beside of the clinical signs and symptolaisoratory parameters are essential in
proper decision-making. Monitoring the septic psxis an essential part of successful therapy;
therefore, biomarkers with predictive capacity vabdle of utmost importance, which are
unfortunately not available in the current managamésepsis. NO is a crucial mediator in the
inflammatory activation process. During sepsis, di@rproduction plays a major role in the
development of hemodynamic instability and orgaituf@s. Due to uncoupling of NOS,
excessive production of free radicals, particulgmyoxynitrite, leads to oxidative cell injury.



Previous studies have shown that NOS inhibitore Endogenous dimethylarginines take

considerable role in sepsis by modulating NO rdlaiechemical pathways.

ll. Aims
[I.1. ADMA and sepsis

We aimed to investigate the changes of ADMA levaisl its connection with routine

laboratory parameters and scores in septic patients

I1.2. ADMA levels and CO2 treatment

We aimed to investigate the effect of CO2 therapyADMA levels in hypertensive patients.
Furthermore we aimed to find connection between ¢hanges of ADMA levels and
antihypertensive drugs.

[1.3. ADMA reference range

We aimed to determine the reference range of pla#dbMA in healthy adults by performing a

systematic review and a meta-analysis.

[1l. Materials and Methods

[I.1. ADMA and sepsis

The present study was performed at our multidis@py adult ICU from January 2015 to April
2015. Severe septic patients were enrolled andwelll- up for 5 days. Severe sepsis was
defined as recommended by the current consensuggaidélines. Inclusion criteria were
survival of intensive care unit (ICU) stay, sepaddced organ dysfunction, hypoperfusion
abnormalities or hypotension and procalcitonin lkevef >2 ng/ml. The first sample was
obtained within 24 hours after clinical diagnosmsl durther samples were taken on the 3rd and
5th days, respectively. Sequential organ failusessment (SOFA) scoring system was used to
describe organ dysfunctions. The study protocol \@pproved by the Regional Ethics
Committee of University of Pécs (permission N0.24316- 2900/KK15/2011.) in accordance
with the 2008 Helsinki declaration. Informed wrnitteonsent was obtained from every patient.
Exclusion criteria were history of chronic kidnelgehse, acute myocardial infarction (AMI),
stroke, likelihood risk of death due to primaryedise and withdrawal of consent. Age- and
gender-matched patients with similar medical histere recruited for control group. Only one
sample was obtained from the control patients. yDaoutine parameters (white blood cells
(WBC), high-sensitivity Creactive protein (hs-CRP)procalcitonin  (PCT), lactate



dehydrogenase (LDH), creatinine, urea, etc.) wezasured in our university clinical laboratory
on automated analyzers by manufacturer’'s protoCbhical data, like organ dysfunction
parameters (blood pressure, urine output, drug9, @tere registered daily. For the assessment
of disease severity and mortality prediction, timepdified acute physiology score Il (SAPS II),
the acute physiology and chronic health evaluatigaAPACHE II) and the SOFA scores were
calculated. Patients surviving ICU were considémete survivors. Blood samples were taken
using both from septic and control patients besithes daily blood collection for routine
laboratory tests. After sample preparation, L-angin ADMA and SDMA levels were
determined by liquid chromatography-tandem massctepaetry method described by
Martens-Lobenhoffer et al. Statistical analysis vpasformed by IBM SPSS Statistics for
Windows Version 22 (IBM Corp., New York, NY, USA).

[1.2. ADMA levels and CO2 treatment

The present study has been performed at our ISQ 866€redited Cardiology Rehabilitation
Inpatient Unit from April 2016 to November 2016. iINemoker, abstinent, hypertensive
patients with an ejection fraction over 55% wermbed. Patients who had previously received
CO2 therapy were excluded. Moreover, patients wamb suffered from myocardial infarction,
stroke or undergone open surgery less than a yefarebthe study were also excluded.
Additionally, individuals diagnosed with cancer kidney injury were also excluded. To
monitor the changes of plasma ADMA concentratidmsod samples were obtained one hour
before and 1 hour, 24 hours and 3 weeks aftei$te¥O2 treatment, respectively. The patients
received three transcutaneous CO2 treatments e fime3 weeks. CO2 gas was administered
for 35 minutes in a plastic bag sealed at mid-ttiorkevel, as previously described by Fabry et
al. Clinical data (medical history, age, weightighg¢ drugs, ejection fraction, laboratory data,
etc.), were registered by the same investigatspeetively. Healthy individuals were recruited
for the control group. Controls did not undergo Qg&atment. Only one sample was obtained
from controls. Informed written consent was obtdifiem every patient. The study protocol
was approved by the Regional Ethics Committee oifvéssity of Pécs, Pécs, Hungary
(Permission No.: 5919.), in accordance with the826f&Isinki declaration. Plasma ADMA
concentrations were determined by ELISA. Statik@celysis was performed by IBM SPSS
Statistics for Windows Version 22 (IBM Corp., New¥, NY, USA).

[1.3. ADMA reference range



On June 30th 2016 a comprehensive literature sewashperformed in Medline and Web of
Science using the following keywords: “asymmetnmethylarginine” AND “healthy” NOT
“animal”. Literature search and managing of refeesnwere performed using “End- Note X7
software”.

To be included in full text evaluation records hadl, report plasma ADMA concentrations; 2,
report ADMA concentrations of healthy individuaBs;report the method of ADMA analysis; 4,
report20 patients. Review articles, meta-analyses rmeasurement methodical studies, were
excluded. To analyze the data of an adult populgbiapers reporting ADMA concentrations
from individuals under the age of 18 were dropp&drthermore, due to well-known
endocrinological changes, studies investigatingmaat individuals were excluded. After full
text evaluation, to be included in quantitative lgsia articles had to: 1, report ADMA values
measured by either ELISA or HPLC; 2, report ADMANncentrations numerically; 3, state
and/or indicate in “patients characteristics” ttreg controls are healthy individuals; 4, refer or
report the method of ADMA measurement in detailfoBe statistical analysis another detailed
review was performed to reveal diseases (e.g. teqson, diabetes, obesity, etc.) and sample
origin. Papers reporting any unhealthy individuaisother samples than plasma (e.g. serum,
urine, cell cultures, ect.) were excluded fromfthal database. The final database contained the
following parameters: name of the first author, lmabon date, ADMA levels inumol/L,
number of participants, age of participants, gewlitgribution, the applied method, percentage
of smokers, country and region of the study, SBBPand BMI. Continuous variables were
recorded as mean + standard deviation (SD) or atdnerror of mean (SEM) or median +
interquartile range (IQR).

Normal approximation was used for the meta-anglysith for the mean and for the reference
interval. Reference interval was calculated as m#ah.96SD (under the assumption of
normality, this has a coverage of 95%). Confidenterval for the endpoints of the reference
interval was also calculated with normal approxioratBoth fixed effects and random effects
models were estimated, but due to the extreme dgsreity, only the results of the random
effects models are presented. The models wereastinusing restricted maximum likelihood.
Effects of moderator variables were studied witandard meta-regression approach. All

calculations were performed under R statisticafjm package version 3.3.2.



V. Results
[I.1. ADMA and sepsis

In the present study 17 severe septic patientd @radje-, gender- and medical history- matched

control individuals were enrolled. Demographic datarepresented in Table 1.

Control group Septic patients
Number of patients 16 17
Mean age years (+ SD) 61 (13) 66 (15)
Male, n (%) 9 (56) 8 (47)
Hypertension, n (%) 13 (81) 14 (82)
Pulmonary diseasen (%) 6 (38) 8 (47)
Diabetes Type 2n (%) 4 (24) 4 (24)

Table 1 Demographic data of the involved patients

Among 17 septic patients 12 suffered from septaxckhthe remaining five patients developed

sepsis-induced organ dysfunctions. characterisfit®e involved patients are shown in Table 2.

Septic patients

Type of admission

surgical, n (%) 11 (65)
non-surgical, n (%) 6 (35)
Length of ICU stay, days (IQR) 7 (3-8)
SOFA score(IQR) 7 (5-9)
SAPS Il score (IQR) 39 (34-51)
APACHE Il score, (IQR) 16 (12-23)

Table 2 Clinical characteristics of septic patients. Mediata and IQR are presented.

The baseline of controls and follow-ups of sept@MA, SDMA, L-arginine, ADMA/SDMA
ratio and L-arginine/ADMA ratio are shown on ougures (Fig. 1 and Fig. 2). Both hs-CRP
and PCT showed decreasing tendency during thewtallm period. Hs-CRP and PCT levels
decreased significantly from day 1 to day 3 (p<B)Dfurther decrease was found from day 3 to
day 5 (p<0.005). There were no significant diffees in ADMA concentrations between
controls and septic patients on the first follow-dgy. However, ADMA was significantly

higher in septic patients on day 3 (p=0.001) and51§=0.003) compared to controls. During



the follow-up ADMA increased significantly from ddyto day 3 (p=0.003), afterwards on day
5 ADMA decreased but remained significantly higtlean on day 1 (p=0.027). Patients
suffering from more than three organ failures higaicantly higher ADMA concentrations
compared to patients with less than three orgdaréai (0.573 vs. 0.425 mmol/L, p=0.018).
Regarding the first follow-up day higher ADMA comteations were found in patients with
SOFA >10 compared to SOFA <10 patients (0.542 30/0mmol/L, p=0.004). ADMA levels
correlated well with SOFA scores (0.587, p=0.0L38).the first follow-up day lower L-arginine
concentrations were measured in septic patientgamd to controls (p<0.001). However, a
significant elevation was found from day 1 to daiy 3epsis, (p<0.001), afterwards L-arginine
levels decreased significantly from day 3 to dgp£0.004). Control patients had significantly
higher L-arginine/ADMA ratio than septic patients day 1 (p<0.001), afterwards the ratio
showed an increasing non-significant tendency. Ilyiren day 5 it decreased and remained
significantly lower compared to controls (p=0.00¥Ye found significantly increased L-
arginine/ADMA ratio from day 1 to day 3 (p=0.00BJoreover on day 5 L-arginine/ADMA
ratio decreased significantly compared to day 30((23). Patients with sepsis-induced
hypoperfusion showed significantly elevated L-aigdADMA ratios (p=0.015).

Control patients had significantly higher ADMA/SDM#atio than septic patients on day 1
(p<0.001). Regarding the septic patients signifigancreased ADMA/SDMA ratio was found
from day 1 to day 3 (p=0.015), afterwards the riie@ls decreased significantly from day 3 to
day 5 (p=0.036).
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[I.2. ADMA levels and CO2 treatment
We enrolled 47 patients and 30 controls. Clinidedracteristics of the subjects are shown in
Table 3.

Control group Patient group P-value
(n=30) (n=47)
Mean age, years 28+8.4 67£12.7 <0.001
Male, n (%) 13 (43) 20 (43) 0.808
Diabetes Type 2, n (%) - 18 (38) -
CABG, n (%) - 10 (21) -
ML, n (%) - 8 (17) -
BMI, kg/m? 25.2 +3.8 29.1+4.7 0.706
WBC count, G/L 6.53+1.81 6.12 +1.36 0.238
ADMA 0, umol/L 0.35 +0.07 0.43+0.03 0.018
ADMA 1h, pmol/L - 0.38 £0.02 -
ADMA 24h, umol/L - 0.41+0.03 -
ADMA 3w, umol/L - 0.40 +0.08 -

Table 3 Clinical characteristics of the participants. G&B:oronary artery bypass surgery, Ml:
myocardial infarction, BMI: body mass index, WBChite blood cell count, EF: ejection
fraction, ADMA: asymmetric dimethylarginine; MearSP values are presented.

Baseline plasma ADMA concentrations were signifigahigher in the patients compared to
the controls (0.4Lumol/l vs. 0.35umol/l; p=0.018). Patients suffering from diabetesllitus
had significantly higher baseline plasma ADMA cantcations compared to non-diabetic



patients (0.47umol/l vs. 0.37 umol/l; p=0.038). Relatively weak but significant gitove
correlation was found between baseline ADMA levatsl age (p=0.011, r=0.392). ADMA
levels decreased significantly one hour after thst €02 treatment compared to the baseline

concentrations (p=0.003; Figure 3).
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Figure 3. Plasma ADMA levels (mean and SD) of the involvedtmls and follow-ups of the
patients. ADMA: asymmetric dimethylarginine,

Twenty-four hours after the treatment, ADMA levaisreased approximately to the baseline.
Comparing ADMA concentrations measured 1 and 24shaiter the first CO2 treatment, a
modest but statistically not significant increaseswbserved. After receiving 9 CO2 treatments
in an interval of 3 weeks, ADMA levels were fourw lie modestly lower than the baseline
(p=0.210). We investigated the effects of basefelication (angiotensin converting enzyme
inhibitors (ACEIs), angiotensin 1l receptor blockerbeta-receptor blockers, diuretics,
antidiabetics, antiplatelet therapy, proton pumpikitors, H2-receptor blockers) on the
lowering of ADMA levels that was demonstrated ormurafter the first CO2 treatment.
Significantly greater reduction was only found amopatients in whom ACEIls were
administered (p=0.019). Other medications showeeffiaats on ADMA levels.



[1.3. ADMA reference range
Using the method discussed above 914 citations vdemtified on June 30th 2016. After
dropping duplicates 642 abstracts were revieweterAdbstract screening, 183 records were

included in full text evaluation. . Detailed reasaf exclusions are given in Fig 4.
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Figure 4. Study flow diagram

Eventually, 66 studies were included in the quatiié analysis (24 using ELISA and 44 using
HPLC). The total number of healthy individuals itided was 5528 (3178 men and 2350
women, 41.6 + 16.9 years old). The majority of #tadies involved in our article were
undertaken in Europe (HPLC: 78.7%, ELISA: 93.1%ueDio the character of this meta-

analysis most of the involved articles are casdrobstudies. 42 studies using HPLC were



included in the statistical analysis. 36 of thestclas referred to a HPLC method using
fluorescence detection, the remaining 6 studiesl W$&/MS detection to measure ADMA
concentrations. 24 studies using ELISA were inviblvie the quantitative analysis. 11 used
ELISA kits purchased from DLD Diagnostika GmbH (Haumg, Germany), 12 used ELISA
kits purchased from Immundiagnostik (Bensheim, Geryh the remaining 1 referred to a
method developed by Schulze et al. The referenogeraf ADMA (in umol/l) was 0.34
(0.29+0.38)% 1.10 (0.85£1.35) with a mean of 0.057+0.85) (n = 4093) measured by HPLC
and 0.25 (0.18+0.31)+ 0.92 (0.76+1.09) with a me&®.57 (0.48+0.66) (n = 1435) by ELISA.
Detailed results for each subgroup are given irer@l\; with both methods combined, ADMA
had a reference range of 0.30 (0.27+£0.34)x 1.(8#1..20) (mean: 0.66 [0.56+0.75]).

V. Discussion
[I.1. ADMA and sepsis

Several studies investigated plasma dimethylargitemels is sepsis. However, in some studies
more than 24 hours elapsed between sepsis diagmuassample collection, consequently initial
stage of sepsis was missed, while others were lonited to two samples. Only two relevant
studies investigated L-arginine, ADMA and SDMA l&sgogether. One of these used an
inaccurate sampling protocol, taking blood samplethe onset of sepsis and between the 2nd
and 4th day. Another study missed to report the@bs of L-arginine and L-arginine/ADMA
ratio, thereby lacking the information of NO biodahility. The precise regulation of NO
system is essential to survive sepsis. Insufficigmoiduction of NO impairs the activity of
antimicrobial system. However, uncontrolled NO pcitbn can lead to uncontrollable
hypotension and massive oxidative stress, whichreanlt in organ failure and death. These
findings delineate the effects of L-arginine anohelihylarginines on NO system during sepsis.
ADMA levels are considered to be associated wifisisesurvival due to its significant role in
vascular reactivity, microcirculation and organfpsion. This association was confirmed even
in this few-patient population by revealing sigeéint correlation between ADMA levels and
SOFA score measured and calculated on day 1. Regatjan dysfunctions, SDMA seem to
be an early marker of acute kidney injury as dbscriin 3.2 which can be explained by its
urinary excretion. The initially decreased L-argmilevels showed on Fig. 1 are in line with
literature explained by massive catabolic state radldiced ,,de novo” L-arginine production.
The causes of increased L-arginine levels duriregdburse of sepsis are controversial. As

described in subsection 3.1 and shown on Fig. dodbllevels of L-arginine and ADMA



elevating significantly from day 1 to day 3 which ¢orresponding with the so called ,,L-
arginine paradox”. Namely, ADMA levels are high agh to impair the function of eNOS
enzyme making it unable to convert L-arginine to MEspite the sufficient amount of L-
arginine. Afterwards both L-arginine and ADMA shawn-significant decreasing tendencies,
but remain still significantly higher than on theset of sepsis. This can be explained by the
efficient treatment which is indicated by the desiag tendencies of hs-CRP and PCT and high
survival rate. L-arginine/ADMA ratio is considerad an indicator of NO bioavailability. The
crucial importance of NO levels in sepsis is probgdseveral studies. Regarding the onset of
sepsis we found decreased L-arginine/ADMA ratiockigan indicate reduced endothelial NO
production due to reduced availability of L-argminto NOS. The elevation of L-
arginine/ADMA ratio experienced from day 1 to dagéah be once again dedicated to the ,,L-
arginine paradox”. Interestingly comparing L-argeiADMA ratio calculated on day 1 to day
5 showed no significant differences. The resultvidled by Brenner et al. showed similar
trends in changes of L-arginine/ADMA ratio, howevdth a 2-day right shift in time. Due to
the high survival rate and decreasing tendencid3GX and hs-CRP L-arginine/ADMA ratio
showed on Fig. 2 could be a survival pattern. Iditeth ADMA/SDMA ratio shows an
increasing trend from day 1 to day 3 and from day 8ay 5 which is very similar to the time

course of survival patients demonstrated by lapwlet al.

[1.2. ADMA levels and CO2 treatment

The observed baseline elevation in ADMA concerdratis probably due to the ongoing
disease. Young individuals were enrolled as comtimlule out possible undiscovered diseases
that could alter ADMA concentrations. In line witterature data, elevated ADMA levels were
found in patients suffering from diabetes melliausd positive correlation was found between
ADMA and age. To the best of our knowledge, thithes first study investigating the effect of
CO2 treatment on ADMA levels. The prompt decreds@@MA levels demonstrated 1 hour
after CO2 treatment indicates that the treatmedt beneficial effects on the NO pathway,
possibly due to vasodilation. Thus, ADMA levels capresent the current vascular state. Such
rapid changes have already been reported previadmslg monitoring ADMA levels during on-
pump and off-pump cardiac surgery. The authorse@lthe changes of ADMA concentrations
to the intensity of inflammation and oxidative ste After the initial decrease of ADMA
concentrations, we observed an increase withino2dshafter the CO2 treatment, which may be

due to a rebound effect explained by the subsidinipe vasodilator effect. In a recent study,



Bolevich et al. have proved that CO2 is “a univemshibitor of oxidative stress”. Reduced
oxidative stress results in an increased efficiesfdyDAH leading to decreased ADMA levels.
In line with these findings, long-term CO2 treatmean decrease the production of reactive
oxygen species, which is indicated by the decrgasamdency of ADMA observed after
receiving 9 CO2 treatments within 3 weeks. Besjgtesenting the changes of ADMA levels
after CO2 treatment, significantly greater shomateéADMA reduction was found among 25
patients in whom ACElIls were administered. Onlya $udies have investigated the relation
between ADMA and ACEIs. Veresh et al. showed thalvVi activates the renin-angiotensin-
aldosterone system (RAAS), which leads to vasodetish and increased oxidative stress.
Moreover, Ito et al. found reduced ADMA levels amgonypertensive patients after being
treated with ACEls. Napoli et al. investigated th#uence of zofenopril on oxidative stress.
ADMA and malondialdehyde (MDA) were used to monittve oxidative changes. After
administering zofenopril, both ADMA and MDA levetiecreased. The authors suggest that
zofenopril alters the NO pathway and reduces oweagtress. Moreover, ACEIs have been
shown to stimulate NO production through their tylanin-sparing” property. Interestingly, in
the present study, baseline ADMA levels were nawshto be significantly lower in patients
receiving ACEIls compared to those without ACEIls.wdwger, according to our results and
previous findings, ACE inhibition is not only proteve against oxidative stress, but it can also
improve vascular reactivity demonstrated by thertsteom changes of ADMA after CO2

treatment.

[1.3. ADMA reference range

The results of this study are based on the plasDBIA levels of 5528 apparently healthy
individuals, which is eligible to calculate a propeference interval. Most of the studies
provided narrow mean ADMA concentrations with Iaarglard deviation, which indicates that
the involved subjects had similar ADMA levels. Samgly, the number of participants
suffering from ADMA altering conditions was low. NMepver, according to the meta-
regression, age had no significant influence on ADMvels, which can indicate that the
involved individuals were indeed healthy. The stidBntification and selection method used in
this manuscript were sufficient to enroll a popokat which is appropriate for analysis. The aim
of our study was to provide a proper referenceniatdor plasma ADMA. However, due to the
high heterogeneity the interpretation of results ba challenging. The practical usage of the

relatively wide reference interval determined bys tmeta-analysis is limited. This can be



explained by pre-analytical errors, the usage fiémint laboratory equipment and evaluation
softwares, especially in the case of studies ubBiR§C. Some studies using HPLC provided
noticeably higher ADMA levels. In the case of tiiedy published by Zincir et al., the correct
separation of asymmetric dimethylarginine from syetno dimethylarginine can be doubted,
however, ADMA and SDMA levels are presented separal urkcuoglu et al. obtained nearly
double plasma ADMA concentration as referred tthenmethodological instructions of the kit
that they have used; nevertheless, the possibéemdar this is not discussed by the Authors.
Despite the fact that, these studies might hava besed by some methodological errors, they
were not excluded because they were found eligibberding to the criteria stated in materials
and methods. Interestingly, in the case of studssg ELISA, high heterogeneity persisted
even in testing studies using ELISA kits develofgm®dthe same manufacturer. Previous
comparative studies found ELISA to overestimatesmpia ADMA concentrations compared to
HPLC.

In 2007 Horowitz et al. published a non-systematierview, which included the plasma and
serum ADMA levels of 2371 healthy individuals. Tiadiinto account that the focus of this
study is on the ADMA measurement methodologicakaerations, the comparability of mean
plasma ADMA levels provided by this paper and therent meta-analysis is limited. To the
best of our knowledge, this is the first systemiagigew and meta-analysis investigating plasma
ADMA levels in healthy individuals. Interestinglyhe available data have shown opposite
results regarding the plasma ADMA concentrationasueed by HPLC and ELISA. Our study
points out how analytical differences can resulalimost incomparable results in the case of
ADMA levels determined by HPLC and ELISA methodewvlrtheless, the results of this meta-
analysis bring up several methodological questmmmected to ADMA measurement, which

could be answered by prominent researchers ofeluk f

VI. Theses

1. ADMA and sepsis

We monitored the changes of L-arginine, ADMA and\&during sepsis(first, third and fifth
day).

We achieved to identify an L-arginine/ADMA “survivpattern” during sepsis. Namely, L-
arginine/ADMA ratio increased significantly fromyla to day 3 and decreased significantly

from day 3 to day 5.
2. ADMA levels and CQ treatment



We monitored the short term (1h and 24h) and |lemm t(3week) changes of ADMA levels
after CQ treatment.

Significantly lower ADMA levels were found 1h aftéhe CO2 treatment compared to the
baseline values.

Significantly greater AMA reduction was found amopatients in whom ACEIs were
administered.

3. ADMA reference range

We performed a comprehensive literature search edlide and Web of Science using the
following keywords: “asymmetric dimethylarginine’ND “healthy” NOT “animal” in 2016.

We determined the plasma ADMA reference intervaltfealthy adults for both ELISA and
HPLC measurement techniques

We pointed out that analytical differences can ltesualmost incomparable results in the case
of ADMA levels determined by HPLC and ELISA methods
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