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Nitric Oxide and C-Reactive Protein Levels
in Ischemic Stroke

Iskemik Inmede Nitrik Oksit ve C-Reaktif
Protein Duzeyleri
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ABSTRACT

Purpose: Nitric oxide(NO) is one of the important substances that are synthesized to keep the blood
vessels dilated enough to provide adequate flow and to maintain cerebrovascular homeostasis. C-
reactive protein(CRP) is a highly sensitive indicator of inflammation and tissue damage. High CRP
concentrations are thought to have effects such as dysfunction of vascular endothelium and decreased
NO release. The purpose of this study was to investigate the levels of CRP and NO and to see the
correlation of these markers in ischemic stroke patients.

Material and Methods: Fifty ischemic stroke patients and 31 healthy control group were included in
this study. Ischemic stroke was differentiated by computerized tomography scan. The patients blood
samples were taken at admission to the emergency department, within 24 hours of stroke symptom
onset, before any treatment was given. Serum CRP and NO levels were evaluated.

Results: The mean serum NO concentration of the patients (6.52+9.52 umol/L) was significantly lower
than control group (20.48+22.17 umol/L) (p<0.01). Serum CRP levels in patients (13.47+18.58 mg/L)
significantly higher than the control group (1.98+1.37 mg/L) (p<0.01). There was no significant
correlation between NO and CRP levels (p>0.05).

Conclusion: Although we found decreased NO levels and increased CRP levels in the patients, there
was no correlation between these two. The results of this study show NO’s possible role in
neuroprotection and increased levels of CRP may be associated with ischemic stroke. Further studies
are necessary to assess the functional interactions between CRP and NO and their contribution to the
pathophysiology of cerebral ischemia.

Key Words: Nitric Oxide, C-Reactive Protein, ischemic Stroke
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OZET

Amac: Nitrik oksit (NO), kan damarlarim1 dilate tutarak yeterli akisi sadlayan ve serebrovaskiiler
homeostazin korumasinda 6nemli olabilecek maddelerden biridir. C-reaktif protein (CRP) iltihaplanma
ve doku hasarinin olduk¢a hassas bir gostergesidir. Yiiksek CRP konsantrasyonlarinin vaskiler
endotelyumun disfonksiyonu ve azalmis NO salimmi gibi etkileri oldugu diisiiniilmektedir. Bu
calismanin amaci CRP ve NO diizeylerini arastirmak ve bu belirteclerin iskemik inmeli hastalarda
Korelasyonunu gormekti.

Gerecg ve Yontem: Calismaya 50 iskemik inme hastasi ve 31 sadlikli kontrol grubu dahil edildi. iskemik
inme bilgisayarli tomografi taramasi ile ayirt edildi. Acil servise basvuruda inme semptomlarinin
baslamasindan 24 saat icinde, herhangi bir tedavi verilmeden 6nce hastalarin kan Ornekleri alindi.
Serum CRP ve NO diizeyleri degerlendirildi.

Bulgular: Hastalarin ortalama serum NO Kkonsantrasyonu (6.52+9.52 pumol/L) kontrol grubundan
(20.48=22.17 pmol/L) anlaml olarak daha disiiktii (p<0.01). Serum CRP duzeyleri (13.47+18.58 mg/L)
kontrol grubundan (1.98+1.37 mg/L) anlamh olarak daha yuksekti (p<0.01). NO ve CRP duzeyleri
arasinda anlaml korelasyon yoktu (p>0.05).

Sonuc: Hastalarda NO diizeyleri azalmis ve CRP diizeyleri artmis olsa da, bu ikisi arasinda korelasyon
tespit edilemedi. Bu calismanin sonuclan NO'in ndroproteksiyondaki olasi roliinii gostermektedir ve
artmis CRP seviyeleri iskemik inme ile iliskili olabilir. CRP ve NO arasindaki fonksiyonel etkilesimleri ve
serebral iskeminin patofizyolojisine katkilarini degerlendirmek icin daha fazla calisma gereklidir.

Anahtar Kelimeler: Nitrik Oksit, C-Reaktif Protein, iskemik inme

INTRODUCTION are  neuroprotective, whereas  higher
. . . . concentrations are clearly neurotoxic (5). The
Stroke is a neur(.)loglc dysfur.lctlon in focal CRP has also been associated with
area of the brain due to mt.errupted 9r endothelial cell dysfunction and progression
reduced blood supply. Ischemic stroke is of atherosclerosis possibly by decreasing NO
most common (80%-85%) compared to synthesis. Also it has been suggested that
hemorrhagic type (20%-15%) (1). CRP may affect the NO pathway. High CRP
C-reactive protein (CRP), is a highly sensitive ~concentrations are thought to have effects
indicator of inflammation and tissue Such as dysfunction of vascular endothelium
damage. Elevated CRP concentration has and decreased NO release (6,7).
been associated with an increased risk of
cerebrovascular and cardiovascular events.
Many studies have also observed elevated
CRP levels in the circulation of patients after
acute ischemic stroke. A single measurement
of CRP in serum may be a predictor of first or
recurrent cerebrovascular events. Also many
studies showed that, CRP assay may be

The data indicate that in the first 24 hours
after ischemic injury, the post-stroke
immune response occurs in a time-
dependent fashion. Therefore, studies of CRP
that have extended the time window beyond
24 hours would not accurately represent
baseline inflammatory status. Consequental
) ) results were obtained in studies related to
important  for  assessing the acute NG 544 CRP levels in ischemic stroke. So the

inflammation .and. .pred.ictin.g the .degree of purpose of this study was to investigate the
long-term disability in ischemic stroke levels of CRP and NO and to see the

patients (2-4). correlation of these markers in acute

Nitric oxide (NO) is a principle vasodilator ischemic stroke in the early phase.
released by the endothelium, maintains
cerebrovascular homeostasis and is an
important biomarker of inflammation and
oxidative stress. Physiological amounts of NO

MATERIAL AND METHODS

50 patients with cerebrovascular infarction
and healthy control group of 31 individuals

116 Turk Klinik Biyokimya Derg 2020;18(3)




were included in this study. The study was
approved by the ethical committee of the
study hospital. Detailed anamnesis of each
patient was taken, and neurological and
systemic examinations were performed. All
patients were examined by a qualified
neurologist and ischemic stroke was
differentiated by computerized tomography
(CT) scan.

Patients with an anamnesis of major renal,
hepatic, endocrinological disorders, skeletal
disorders, cancerous diseases, cardiac
diseases were excluded from this study. We
also excluded the patients with recent
infections and/or inflammatory events, with a
hemorrhagic stroke and subarachnoid
hemorrhage. Patients admitted to the
hospital 24 hours after stroke symptoms
onset were excluded from the study.

Infarct was confirmed on neuroimaging,
blood samples for NO and CRP levels were
taken within 24 hours of stroke symptom
onset. The samples of patients were
centrifuged, seperated and stored at -80 ° C
for later analysis of NO. A commercial Kit
using sandwich ELISA method was used to
determine serum NO levels (Human nitric
oxide ELISA kit Andy Gene Biotechnology,
China). Serum CRP levels were measured on
Olympus AU 680 autoanalyzer (Beckman
Coulter CRP Latex Kkit). Total cholesterol, LDL,
HDL cholesterol and triglyceride levels were
estimated by commercially available Kits
supplied by Beckman Coulter using an
Olympus AU 2700 autoanalyzer.

All data were analysed using the statistical
software package SPSS Statistics version 21.
Kolmogorov Smirnov test was used for to see
the normality of the distributions. The data
were expressed as mean * SD value. Mann-
Whitney U test was used to compare means
of variables. Correlations were measured
with Spearman correlation analysis.
Statistical significance level was taken as p
<0.05.

Turk Klinik Biyokimya Derg 2020; 18(3)
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RESULTS

Patients (23 women, 27 men) with a mean
age of 69.78 = 12.42 and healthy subjects
(15 women, 16 men) without any known
disease and drug usage; with a mean age of
50.97 * 15.15 were included in this study.

The mean serum NO concentrations of the
patients and controls are shown in Figure 1.

CRP concentrations of the groups are shown
in Figure 2.

NO (umol/L)

25 7
0 1

15 17

o/ -

Patient

B NO (pmol/L)

wn

Control

Figure 1. Mean Levels of Serum NO in patients and
control group

CRP(mg/L)

= CRP {mg/L)

o N e @
P —

Patient Control

Figure 2. Mean Levels of Serum CRP in patients and
control group

Clinical characteristics of stroke patients and
controls were shown at Table 1. There were
no significant differences between
cholesterol, triglyceride and body mass
indexes (BMI) of patients and control group
levels.

The mean serum NO concentration of the
patients was 6.52+9.52 pumol/L and the
control group was 20.48+22.17 pmol/L and
there was a statistically significant difference
between them (p <0.01).
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Table 1. Clinical characteristics of stroke patients and controls

Patients (n=50) Controls (n=31)
Age 69.78 + 12.42 50.97 * 15.15
Male/female 27/23 16/15
Total cholesterol (mgy/dl) 189.8+40.55 182.94+36.5
Triglycerides (mg/dl) 143.5+76.93 136.42+69.16
HDL cholesterol (mg/dl) 41.72+11.63 53.45+12.60
LDL cholesterol (mg/dl) 123.22+29.70 104.45+31.76
BMI (kg/m2) 24.2+1.9 24.1+1.7

Age, total cholesterol, low density lipoprotein (LDL) cholesterol, high density lipoprotein (HDL) cholesterol,

triglycerides, body mass index levels are given as mean+SD

In the comparison of serum CRP levels, the
mean value in patients (13.47 +18.58 mg/L)
was significantly higher than the control
group (1.98+1.37 mg/L) (p <0.01).

There was no significant correlation between
NO and CRP levels (p=0.737, r=0.049).

DISCUSSION

Cerebrovascular disease is one of the most
common cause of death worldwide and the
pathogenesis of stroke need to be further
studied. Several studies in different
populations have demonstrated that an
elevated level of plasma CRP in healthy
individuals is a strong predictor of future
cerebrovascular and cardiovascular events.
Also, the CRP levels have been reported to be
elevated in the blood circulation of patients
after acute ischemic stroke in some studies
(8-12).

Elevated CRP levels secondary to brain
damage through activation of the
complement system was also detected in
animal models of focal cerebral ischemia
(13). Previous studies have assessed the
value of CRP in the early phase of stroke as a
prognostic factor for functional outcome.
Most of these studies were small and tested
the association between CRP and mortality
rather than outcome (14,15). The largest
study was carried out by Ladenvall et al.
employing 600 patients and 600 controls in
a Swedish population (16).

118

A study by Winbeck et al. documented raised
CRP in 127 patients without thrombolysis
with a first ischemic stroke no more than 12
h after the symptom onset. They also noticed
a CRP increase between 12 and 24 h after
symptom onset predicts an unfavorable
outcome (17). Also, Kumar et al. found that
the hs-CRP level is significantly higher in
ischemic strokes and by its elevation within
72 h of symptom onset was a bad prognostic
indicator. Elevated hs-CRP values were a risk
factor in association with other risk factors
such as diabetes/ hypertension (18). Anusha
et al. found that CRP was elevated in 60
patients with stroke and patients with
elevated CRP had increased risk of mortality.
(19). Two prospective studies did not find an
association between the CRP levels obtained
within 6 or 12 h after symptom onset and
death or dependency at follow-up (17,20). In
the present study, our result was compatible
with most of the other studies. CRP was
measured after CT confirmation and within
24 h of onset of symptoms and we found
that CRP was elevated in patients compared
to control group significantly (p<0.01).

NO has a dual identity including
neuroprotection and neurotoxicity during
ischemia reperfusion (21). Increased NO
metabolite concentration in cerebrospinal
fluid has been associated with a greater
brain injury and early neurological
deterioration. However, endothelium-derived
NO has been shown to be beneficial in
experimental stroke, and it has been

Turk Klinik Biyokimya Derg 2020;18(3)



suggested that administration of NO might
be beneficial in acute stroke (22).

In this study, the serum levels of NO were
found to be significantly lower in stroke
patients in comparison with controls
indicating oxidative stress (p<0.01).
However, Rajeshwar et al. found that CRP
and NO levels were significantly elevated in
stroke patients in comparison with controls
and they predict the incidence of ischemic
stroke and CRP is an independent prognostic
factor of poor outcome at 3 months (23). The
significant increase in NO in patients studied
within the first 24 h from stroke onset in
comparison to controls is also reported by El
Kossi and Zakhary (24), Also Castillo et al.
and Aygul et al. reported higher NO levels in
ischemic stroke patients (22,25). But Rashid
et. al. assessed plasma NO levels in patients
with acute stroke and their association with
both severity and outcome and they found
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ABSTRACT

Aim: The evaluation of biomarkers linked with inhibition and activation of vascular calcification in pre
and post renal transplant period in renal transplant recipients was aimed in this research.

Patients and Methods: 35 recipients who had undergone living-donor kidney transplantation were
included. Plasma 1,25-dihydroxyvitamin D3, serum 25-hydroxyvitamin D3, calcium, phosphorus,
inorganic pyrophosphate (PPi), osteoprotegerin (OPG), alpha-2 heremans-schmid glycoprotein (Fetuin-
A), alkaline phosphatase (ALP), bone morphogenic protein-2 (BMP-2), creatinine, parathyroid hormone
(PTH) levels were analyzed immediately before and 6 months after transplantation. Statistical analysis
was done using SPSS version 20.0.

Results: This research reported that vitamin D deficiency continues independently of renal function in
renal transplant recipients. Despite the low levels of vitamin D, its active form was increased with the
improvement of renal function. It also observed that PPi and Fetuin-A levels increase, OPG and ALP
levels decrease with the improvement of graft function.

Conclusion: Serum biomarkers could serve as important indicators of vascular calcification in renal
transplant recipients. The increase in serum levels of OPG and ALP, which are thought to play a role as
activators in the calcification process in patients with Chronic Kidney Disease may be beneficial in early
detection of calcification. Further larger studies are required to evaluate time-dependent changes after
renal transplantation.
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OZET

Amac: Bu arastirmada renal transplant alicilarinda, renal transplant Oncesi ve sonrasi donemde
vaskiiler Kalsifikasyonun inhibisyonu ve aktivasyonu ile iliskili biyobelirteclerin degerlendirilmesi
amaclanmustir.

Hastalar ve Yontemler: Canli dondrden renal transplantasyon yapilan 35 hasta arastirmaya dabhil
edildi. Plazma 1,25-dihidroksivitamin D3, serum 25-hidroksivitamin D, kalsiyum, fosfor, inorganik
pirofosfat (PPi), osteoprotegerin (OPQ), alfa-2 heremans-schmid glikoprotein (Fetuin-A), alkalen fosfataz
(ALP), kemik morfojenik protein-2 (BMP-2), Kkreatinin, paratiroid hormon (PTH) seviyeleri,
transplantasyondan hemen &nce ve 6 ay sonra analiz edildi. istatistiksel analizler icin SPSS 20.0
programi kullanildi.

Bulgular: Bu arastirma renal transplant alicilarinda D vitamini eksikliginin greft fonksiyonundan
bagimsiz olarak devam ettigini bildirmistir. Diisiik D vitamini seviyelerine ragmen, greft fonksiyonunun
duzelmesiyle aktif D vitamini formu artmistir. Ayrica greft fonksiyonunun diizelmesiyle PPi ve Fetuin-A
diizeylerinin arttii, OPG ve ALP diizeylerinin ise azaldigi g6zlemlenmistir.

Sonuc: Serum biyobelirtecleri, renal transplant alicilarinda vaskiiler kalsifikasyonun énemli gostergeleri
olarak hizmet edebilir. Kronik bobrek hastalarinda kalsifikasyon siirecinde aktivator olarak rol oynadidi
dusiiniilen serum OPG ve ALP diizeylerindeki artis, kalsifikasyonun erken tespitinde faydali olabilir.
Renal transplantasyondan sonra zamana bagl degisiklikleri degerlendirmek icin daha biiyuk oOlgekli
calismalara ihtiyag vardir.

Anahtar Kelimeler: renal transplantasyon, vaskiiler kalsifikasyon, biyobelirtecler, Fetuin A, PPi

INTRODUCTION of vascular calcification (3). Activators and
inhibitors involved in this pathogenesis
regulate the process by virtue of complex
mechanisms. Bone morphogenic protein-2
(BMP-2) and Alkaline Phosphatase (ALP) are
considered as activators; whereas,
Osteoprotegerin (OPG), Alpha-2 Heremans-
Schmid Glycoprotein (Fetuin-A) and inorganic
Pyrophosphate (PPi) are considered as
inhibitors of this process. Furthermore, ALP,
Osteopontin (OPN), Bone Sialoprotein and
proteins such as type I collagen have been
found to be associated with calcification in
vascular smooth muscle cells (4). There exists
scarce literatire in context of vascular
calcifications in renal transplant recipients.

Renal transplantation is an ideal treatment
for end-stage renal failure. However, it
suffers from certain limitations of it own
including adverse effects such as increased
incidence of infectious diseases, tumor
development due to the necessity of a
lifelong immunosuppressive therapy and
graft function failure.

A literature review revealed that
cardiovascular diseases (CVD) are the leading
cause of mortality in renal transplant
recipients. Mineral-bone disorders and the
subsequent vascular calcification, are the
leading factors contributing towards

cardiovascular morbidity and mortality in
chronic kidney disease (CKD) population (1,
2). Secondary hyperparathyroidism remains
the upmost important contributor related to
vascular calcification in CKD patients.
However, there exists subtantial gap in
present day understanding of the exact
mechanism of the uremic calcification
process. In previous years, vascular
calcification was thought to be associated with
serum calcium-phosphorus balance, but
recent studies have shown that many minerals
(such as citrate, magnesium) and specific
proteins also play a role in the pathogenesis

Some authors have reported a trend toward
normalization of calcification inhibitors (Fetuin
A, matrix Gla protein and OPG) serum levels
after transplantation (5).

Vitamin D has been linked with the
acceleration of the vascular calcification
phenomenon and its levels has been shown
to correlate well with the vascular
calcification intensity (6). In addition, uremia
also stimulates proinflammatory cytokine
release. The cytokines such as TNF-a (tumor
necrosis factor-a) lead to matrix
mineralization in vascular muscle cells of
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experimental
activity (6).

animals by increasing ALP

Previous studies regarding the vitamin D
analogues have shown conflicting effects on
vascular calcification and cardiovascular
ordganization (7). Additionally, vitamin D has
been proven as potent preventer of vascular
calcification by inhibiting BMP-2 expression
(8).

As the progression of vascular calcification in
renal transplant  recipients is not
homogeneous and is influenced by several
factors, some of which still not widely studied
till date. The aim of this study was to
evaluate the relationship between calcification
activators and inhibitors before and 6
months after renal transplantation.

PATIENTS AND METHODS

Adult renal transplant recipients, registered
at the Kidney transplantation unit, at Akdeniz
University Medical Faculty Organ
Transplantation Center between March 2013-
March 2015, were included in this single-
center prospective study. The study was
conducted in accordance with the ethical
standards of our Institutional Ethics
Committee (Approval number: 461) and with
the Helsinki Declaration, and all patients
provided written informed consent. Patients
who had transplantation from a cadaveric
donor, malignancy, combined (pancreas or
liver) transplantation, graft failure related to
surgical causes were excluded. The kidney
graft recipients were treated according to our
center protocol which include Tacrolimus,
mycophenolate mofetil, basiliximab/
evorolimus/ sirolimus. Blood samples were
collected before and 6 months after surgery.
Estimated Glomerular filtration rates (eGFR)
were calculated by “Chronic Kidney Disease
Epidemiology” (CKD-EPI) Formula
implementing the values of patients serum
creatinine (10).

All blood samples were centrifuged and
stored at -80 °C until analysis. Plasma 1,25-
dihydroxyvitamin D3 levels and serum 25-
hydroxyvitamin D3, calcium, phosphorus,
PPi, OPQG, Fetuin A, ALP (tissue non-specific
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alkaline phosphatase), BMP-2 levels were
analyzed.

1,25-dihydroxyvitamin D3 Analysis by
LC-MS/MS

1,25-dihydroxyvitamin D3 measurements
were completed by using a triple quadrupole
LC-MS/MS instrument. A commercial Kit
(1,25(0H)2D3/D2 ImmuTube LC/MS/MS Kit,
Immundiagnostik AG, Catalog No. KM1000,
Bensheim, Germany) was used. This assay is
based on the quantitative measurement of
1,25-dihydroxyvitamin D3 after extraction
steps. A LCMS-8040 triple quadrupole
tandem mass spectrometer (Shimadzu
Corporation, Japan) combined with ultra fast
liquid chromatography (LC-20 AD UFLC XR,
Shimadzu Corporation, Japan) was used by
multiple reaction monitoring (MRM) method
with positive electrospray ionization (ESI).

Two different solvents were used for the
mobile phase, Mobil Phase A and Mobil
Phase B, and 1,25(0OH)2D3-d6 with isotope
labeling was used as the internal standard. A
multiple-reaction monitoring (MRM) transition
and internal standard data were obtained for
each analyte. m/z values were found to be
399.11/134.58 for 1,25(0H)2D3; 405.21/
134.68 for 1,25(0H)2D3-d6 (internal
standard). A column of Raptor™ ARC-18 (100
X 2.1 mm, 2.7 um particle size) was used for
chromatographic separation. The flow rate of
the device was 0.3 mL /min, the column
temperature was 45 °C and the injection
volume was 50 pL, gradient program solvent
B was 10% (0.01-2.49 min), 100% (2.5-3.5
min), 10% (3.51-6 min). Analysis and column
cleaning time was 6 min for each sample.

and

25-Hydroxyvitamin D, Calcium

Phosphorus Analysis

Serum 25(OH)D levels were measured by the
electrochemiluminescence immunoassay
(ECLIA) method on the COBAS E-602
autoanalyzer using the Vitamin D Total
commercial kit (Roche Diagnostics, Germany).

Serum calcium and phosphorus levels were
measured by using colorimetric commercial
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Kits in the COBAS 8000 autoanalyzer (Roche
Diagnostics, Germany).

PPi Analysis

Serum PPi levels were measured by
fluorometer (BioTek, SynergyMx, USA) using
fluorometric ABCAM Pyrophosphate Assay Kit
(Cat. No: ab112155).

OPG, Fetuin-A, ALP and BMP-2 Analysis

Serum OPG levels were measured using
YEHUA Human Osteoprotegerin (OPG) ELISA
kit (Cat. No. YHB2218 Hu). Serum fetuin-A
levels were measured using QUANTIKINE
ELISA Human Fetuin A Immunassay kit (Cat.
No. DFTAOO). Serum ALP levels were measured
using YEHUA Human Alkaline Phosphatase
(ALP) ELISA kit (Cat.No: YHBO138Hu). Serum
BMP-2 levels were measured using YEHUA
Human Bone Morphogenic Protein 2 (BMP-2)
ELISA kit (Cat. No. YHBO498Hu).

Statistical analysis

All statistical analysis were done using SPSS
version 20.0. Kolmogorov-Smirnov test was
performed to assess deviation from normal
distribution. Quantitative variables were
summarized as mean and standard deviation
(SD), or as median. Student t test or the
Mann-Whitney's U test was wused for
comparison of continuous variables between
groups. Differences in the levels of 1,25-
dihydroxyvitamin D3, 25-hydroxyvitamin D3,
calcium, phosphorus, PPi, OPG, Fetuin A, ALP
and BMP-2 between the groups were
examined before and after transplantation.
Pearson correlation analysis was performed
for the parameters fit the normal
distribution, and Spearman Rank correlation
analysis was performed for the parameters
not fit the normal distribution. A p value of
0.05 was considered significant.

RESULTS

A total of 35 patients were registered for
renal transplant during the study period.
After excluding patients (n=5) who had
transplantation from a cadaveric donor,
malignancy, combined (pancreas or liver)
transplantation, graft failure related to
surgical cuses, 30 patients were included in
the final study analysis. Age of patients was
40.30+12.86 years (mean*SD, age range:
19-70). There were 20 (66.7%) male and 10
(33.3%) female patients. 12 patients received
hemodialysis (HD), 5 patients received
peritoneal dialysis (PD) treatment before
transplantation. The preemptive kidney
transplantation was carried out for 13
patients.

Table 2 summarizes the serum creatinine,
phosphorus, calcium, PTH, 25(OH)D, 1,25
(OH), D5, ALP, PPi, OPG, BMP-2, Fetuin A
levels and eGFR values in patients before and
after transplantation. 1,25(OH),D; and
25(OH)D levels showed a significant increase
due to the improvement of kidney function
after transplantation (p<0.0001, p=0.0003
respectively) (Table 2). Serum creatinine,
phosphorus and ALP levels significantly
decreased after transplantation, while
calcium levels increased. Serum PTH levels
were significantly lower after transplantation,
but still above the reference ranges. We did
not find any significant difference BMP-2
levels before and after transplantation. On
the other hand, significant differences were
observed for PPi, OPG and Fetuin A levels
before and after transplantation. The
percentage of recipents with vitamin D
deficiency (<15 ng/mL) was 87 % before
transplantation, which exhibited a downward
trend to 73 % six months after
transplantation. Furthermore, vitamin D
insufficiency (15-30 ng/mL) was detected in
13 % before transplantation and in 27 %
after 6 months.
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Table 1. Demographic features of all patients.
Tablo 1. Tiim hastalarin demografik 6zellikleri.

All patients

Recipient age (year) 40.30+12.85
Donor age (year) 41.43+12.82
Gender (F/M) (%) 10/20 (66.7/33.3)
BMI (kg/m?) 23.74+ 4.76
Type of Renal Replacement Therapy n(%)
PD (%) 517
HD (%) 12 (40)
Preemptive (%) 13 (43)
Glomerulonephritis (%) 5 (16.67)
Diabetes Mellitus (DM) (%) 4 (13.33)
Hypertension (%) 3 (10)
Vesico Urethral Reflux (%) 3 (10)
Polycystic Kidney Disease (%) 3 (10)
Etiology unknown (%) 9 (30)
Other (%) 3 (10)
Total (%) 30 (100)

Results are expressed as numbers and percentages.

PD, peritoneal dialysis; HD, hemodialysis.

Correlation analyzes were performed in order CKD was found to induce vascular

to evaluate the relation between parameters
before and after transplantation. All
significant correlations are depicted in Table
3.

DISCUSSION

Vascular calcifications have been revealed to
be strongly associated with cardiovascular
events in patients with renal transplantation.
The mechanisms underlying vascular
calcifications are multifactorial and
incompletely understood. The aim of our
study was to reveal possible interactions of
vascular calcification activators and inhibitors
in the early post-transplantation period.
Furthermore, the relationship between
vitamin D status and vascular calcification
activators (BMP-2, ALP) and inhibitors (PPI,
OPG and Fetuin-A) were investigated.

Vitamin D deficiency is associated with
vascular calcification in patients with CKD.
Wang et al. found that the frequency of
vascular calcification was significantly higher
in hemodialysis patients with low 25-
hydroxyvitamin D levels in comparison to
patients with normal levels. They also

reported that 25-hydroxyvitamin D levels
were negdatively correlated with the
calcification score (11). A long-term

administration of vitamin D to patients with
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calcification. On the other hand, there is
increasing evidence suggesting that calcitriol
increases vitamin D receptor (VDR)
expression in vascular smooth muscle cells.
VDR also modulates cell proliferation and
differentiation. Calcitriol has been also
shown to induce of osteopontin (OPN)
expression, which is a local inhibitor of
vascular calcification, in vascular smooth
muscle cells. It was also reported that
calcitriol may lead to calcification by
increasing the RANKL / OPG ratio (6).

In our study, both 25-hydroxyvitamin D and
1,25-dihydroxyvitamin D3 levels were
increased significantly after transplantation
in line with previous studies (12). It can be
expected that improvement in renal function
after transplantation is associated with this
increment.

In a study by Rennenberg et al. OPG
elevation was associated with coronary artery
calcification progression 1 year after
transplantation (4). However it is still
uncertainty whether OPG is a marker of
atherosclerosis or an active component of
atherosclerotic process. Most studies have
shown that cardiovascular events are
inversely related to serum RANKL and
positively related to serum OPG (13). Serum
OPG levels decreased after transplantation in
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our study (p=0.007). These data could
support that high OPG levels may be a
predictor for cardiovascular events in CKD.

Dalfino et al. reported that BMP-2 is
negatively associated with renal function in a
study conducted in CKD patients and also
they found a moderately positive correlation
between BMP-2 and vascular stiffness in CKD
patients (14). In our study, glomerular filtration
rate improved by renal transplantation did

not have a significant effect on BMP-2 (Table
2). On the other hand, a strong positive
correlation between BMP-2 and OPG was
found in our study which may suggest that
BMP-2 could be a component of the
calcification process in both periods of
transplantation (Table 3). Further
investigations with larger sample size are
required to elucidate the role of serum BMP-
2 levels in renal transplant patients.

Table 2. Comparison of the parameters of renal transplant recipients measured before and 6 months after

transplantation.

Tablo 2. Renal transplant alicilarinin nakil 6ncesi ve nakil sonrasi 6. ayda Olgiilen parametrelerinin karsilastiriimasi.

Parameters ‘ Pre-transplant Post-transplant P
1,25(0H),D; (pg/mL) 43.70+14.15 68.48+18.35 <0.0001
25(OH)D (ng/mL) 5.80+4.28 10.96+5.50 0.0003
Ca (mg/dL) 8.38+0.87 9.08%+0.50 <0.0001
P (mg/dL) 4.78+1.10 2.90+0.62 <0.0001
CaxP 39.89+9.88 26.38+6.26 <0.0001
PTH (pg/mL) 424.04+399.30 116.59+82.30 <0.0001
Creatinine (mg/dL) 8.94+2.85 1.21+0.29 <0.0001
eGFR (mL/min) 6.80+2.55 73.17+20.10 <0.0001
ALP (U/L) 112.63+40.45 90.77+23.42 0.011
PPi (uM) 1.27+0.50 1.79+1.23 0.03
OPG (ng/mL) 3.10+£0.85 2.30+1.31 0.007
Fetuin A (ng/mL) 792.80+x119.55 897.69+155.05 0.006
BMP-2 (ng/mL) 3.158+0.76 3.239+0.61 0.333

Pp<0.05 was accepted as significant and marked as bold.
Data are given as mean=standard deviation.

Table 3. Significant correlations of parameters measured before and after renal transplantation.
Tablo 3. Renal transplantasyon 6ncesi ve sonrasinda Ol¢iilen parametrelerin anlaml korelasyonlari.

PRE-TRANSPLANT CORRELATIONS (r)

1,25(0H),D; | 25(0H)D | Fetuin-A | PPi OPG BMP-2 | ALP Creatinine
1,25(0H),D; 0.317 -0.422 0.509
25(0OH)D 0.317 0.390 0.317 0.397 -0.339 0.286
Fetuin-A -0.422 -0.500 -0.444 0.485 -0.721
PPi 0.390 -0.478 -0.781 0.701
OPG 0.317 -0.500 -0.853 0.516
BMP-2 0.397 -0.444 0.716 0.500
ALP -0.339 0.485 -0.781 -0.853
Creatinine 0.509 0.286 -0.721 0.701 0.516
POST-TRANSPLANT CORRELATIONS (r)

1,25(0H),D; | 25(0OH)D | Fetuin-A | PPi OPG BMP-2 ALP Creatinine
1,25(0H),D; 0.755
25(0OH)D 0.513 0.465 -0.626 0.306
Fetuin-A -0.335 0.548 -0.819
PPi 0.603 -0.799 0.721
OPG 0.513 -0.781 0.696
BMP-2 0.465 -0.335 0.639
ALP -0.626 0.548 -0.799 | -0.781
Creatinine 0.755 0.306 -0.819 0.721 0.696

p<0.05 was accepted as significant.
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Additionally, serum Fetuin-A reacts as a
negative acute phase glycoprotein is down-
regulated acute and chronic inflammatory
states. In CKD patients, serum Fetuin-A
levels are significantly lower than in controls
and are associated with increase vascular
calcification and inflammation and
consequently high cardiovascular mortality
(15). Few data are avaliable regarding effect
of Fetuin-A in renal transplant recipients.
Study of Mehrsai et al. showed that Fetuin-A
levels increased after transplantation (16).
Lorenzen et al. found that serum Fetuin A
levels exhibited specific time-dependent
changes after transplantation, but no
significant change in patients with graft
calcification (17). It can be expected that
improvement in renal function after Kidney
transplantation is associated with increased
serum levels of Fetuin A. Therefore we
hypothesized that serum  fetuin A
concentrations increase with time after renal
transplantation and our results are in line
with this hypothesis (p=0.006). In addition,
there was strong inverse correlation with
fetuin and creatinine in both periods of
transplantation (Table 3).

A comparios of circulating PPi levels and
vascular calcification in CKD patients
revealed that plasma PPi is negatively
associated with vascular calcification in CKD
(18). In our study, plasma PPi levels are
increased after transplantation (p=0.03).
However, there was a significant correlation
between plasma PPi and serum BMP-2 and
OPG levels in both periods of transplantation
(Table 3). Considering that uremic vascular
calcification has multifactorial etiology, it
may be thought that the effect of increase in
plasma PPi levels may be a defense
mechanism against increased risk of
calcification.

ALP is considered a sign of bone metabolism
in individuals with CKD. Tissue non-specific
ALP inactivates PPi, the endogenous inhibitor
of hydroxy apatite formation that causes
medial calcification. In our study, there was a
strong negative correlation between ALP and
PPI in both periods of transplantation. these
findings also support that ALP inhibits PPi. In
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our study, serum ALP levels were significantly
lower after transplantation, whereas PPi
levels after transplantation showed a
significant increase. which may indicate that
the risk of calcification is reduced.

Thus to conclude, our results revealed that in
renal transplant recipients, vitamin D
deficiency continues independently of renal
function. Despite the low levels of vitamin D,
its active form was increased with the
improvement of renal function. According to
this study, it may be possible to think that
PPi, Fetuin A and vitamin D as inhibitors;
OPG and ALP as activators in the calcification
process. The change in these parameters,
which is seen with improvement of the graft
function, may suggest that decreases the risk
of calcification after transplantation.

Addition to these results, it observed that
serum/plasma vitamin D, PPi and Fetuin-A
levels increase, OPG and ALP levels decrease
with the improvement of graft function. The
increase in serum levels of OPG and ALP,
which are thought to play a role as activators
in the calcification process in CKD patients,
may be beneficial in early detection of
calcification.

In summary, we observed that in renal
transplant recipients, the important markers
of vascular calcification risk were significantly
associated with the improvement of graft
function except BMP-2. The present study
has several limitations; for example, relatively
small sample size may be insufficient to
allow exploration of the potential relationships
between parameters and vascular
calcification risk. Further larger studies are
required to evaluate time-dependent
changes after renal transplantation.

CONCLUSION

Detection of vascular calcification is complex
and asymptomatic in early stages of CKD.
Therefore, selected biomarkers would be
valuable and clinically important in non-
invasive monitoring of early signs of vascular
calcification owing to the significant
differences observed in this study. Larger
scale studies in this context are required to
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support our findings and

improve CKD

outcomes.
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OZET

Amag: Adolesan donemde fiziksel, cinsel, biyolojik, psikolojik ve sosyal degisimler olmaktadir. D
Vitamini, viicudun kalsiyum (Ca) ve fosfor (P) dengesini diizenleyerek kemik gelisimini saglayan, immiin
sistem olusumuna katkida bulunan, kanser gelisimini engelleyen antienflamatuar bir hormondur.
Serbest radikaller; DNA, protein, lipidler gibi yapilara zarar veren molekiillerdir. En O6nemli
gostergelerinden biriside Cinko ve bakir, metaloenzimlerin yapisinda bulunan elementlerdir. Cinkonun,
oksidatif stresten koruyucu rolii, bakirin ise hidroksil (OH) iyonu olusturdugu bilinmektedir. Biz bu
calismamizda D vitamini yetersizlidi olan ad6lasanlarda, ¢inko ve bakir elementlerinin yani sira oksidatif
stresin gostergesi olan MDA diizeylerinde degdisim olup olmadidini arastirmay1 amacladik.

Gerec¢ ve Yontem: Bu calisma, D vitamini yetersizlidi olan 30 (Grup I) ve D vitamini diizeyleri normal
olan 30 adodlesan da (Grup II) yapilmistir. Calismada plazma c¢inko, bakir, magnezyum, MDA,
hemoglobin seviyeleri dederlendirilmistir.

Bulgular: Bakir diizeylerinde; D vitamini eksikligi olan grupta (Grup I) istatistiksel olarak anlamli
p<0.05, MDA diizeyleri ise istatistiksel olarak anlamli olmayan p>0.05 yiikseklik saptanmistir. Cinko
diizeylerinde, D vitamini eksikligi olan grupta (Grup I) istatistiksel olarak anlamh p<0.05 diisukliik
bulunmustur. Diger parametrelerde herhangi bir degisiklik goriilmemistir. Yapilan analize gbre D vit
duzeyleri ile ¢inko arasinda orta duzeyde pozitif yonde, bakir arasinda ise orta diizeyde negatif yonde
korelasyon saptanmistir

Sonuc: Yaptidimiz bu calismada D vitamini yetersizligi ile birlikte, oksidatif stres gostergesi olan MDA
diizeylerinin ve bakirin arttidini, ¢inko diizeylerinin ise azaldigimi saptadik. Saglikli bir yasam igin D
vitamini yetersizlii saptanan addlesanlarda diyetlerininin dizenlenmesinde cinko ve bakirinda g6z
oniine alinmasini dusiunmekteyiz.

Anahtar Kelimeler: D vitamini, MDA, hemoglobin, ¢inko, bakir.
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ABSTRACT

Aim: Physical, sexual, biological, psychological and social changes occur in the adolescent period.
Vitamin D is an anti-inflammatory hormone that regulates the body's calcium (Ca) and phosphorus (P)
balance, provides bone development, contributes to the formation of the immune system and prevents
cancer development. Free radicals; They are molecules that damage structures such as DNA, proteins
and lipids. One of the most important indicators of zinc and copper are elements in the structure of
metalloenzymes. It is known that zinc has a protective role against oxidative stress and copper forms
hydroxyl (OH) ion. In this study, we aimed to investigate whether there is change in MDA levels, which is
an indicator of oxidative stress, as well as zinc and copper elements in adolescents with vitamin D
deficiency.

Materials and Methods: This study was conducted on 30 adolescents with vitamin D deficiency (Group
I) and 30 adolescents with normal vitamin D levels (Group II). Plasma zinc, copper, magnesium, MDA,
hemoglobin levels were evaluated in the study.

Results: In copper levels; In the group with vitamin D deficiency (Group I), a statistically significant p
<0.05, and a statistically insignificant p> 0.05 increase in MDA levels were found. A statistically
significant p <0.05 decrease in zinc levels was found in the vitamin D deficient group (Group I). There
was no change in other parameters. According to the analysis, a moderate positive correlation was
found between D vit levels and zinc, and a moderate negative correlation between copper.

Conclusion: In this study, we found that along with vitamin D insufficiency, MDA levels and copper,
which are indicators of oxidative stress, increased and zinc levels decreased. We think that zinc and
copper should be taken into consideration in the regulation of diets of adolescents with vitamin D
deficiency for a healthy life.

Keywords: Vitamin D, MDA, hemoglobin, zinc, copper.

GIRIS cocuklarda D vitamini yetersizlid@i oranmnin
mevsimsel dedisiminde g6z Oniine alinarak
yapilan cesitli calismalarda % 25,5 - % 93
arasinda oldugu tespit edilmistir (8-10).
Amerika ve Meksika'da yapilan calismalarda
bu oranin %28-%58, italya ve dider Avrupa
ulkelerinde %42-%49, Afrika'da %12-%96
civarinda oldugu gosterilmistir (11-13). D
vitamininin temel olarak deride, ultraviyole B
(UVB) 1sinlant ile 7-dehidrokolesterolden
sentezlenen Kkolekalsiferol (vitamin Ds) ve
diyetle ergesterol olarak alinan yine UVB
isinlar ile etkisi ile deride olusan ergekalsi-
ferol (D,) formlar vardir (14,15). Daha sonra
her iki D vitamini formu, D vitamin bagdlayici
proteinler aracilidlyla karacigere gelmektedir.
Karacigerde 25 hidroksilasyona ugrayarak 25
OH Vitamin D formuna donusir. Bu molekiil
sonrasinda bobrede gelir ve 1 alfa hid-
roksilaz enzimi ile hidroksillenmek suretiyle
aktif form olan 1,25 dihidroksivitamin D
(kalsitriol)’e donitisur.  Kalsitriol —etkilerini
niikleer transkripsiyon faktorii olan vitamin D
reseptorii (VDR) ile gerceklestirmektedir (16).
D vitamini eksikligi cocukluk ¢aginda rikets,
eriskinlerde osteomalazi olusturmaktadir.

Adolesan donemi, Diinya saglik orgiitiinde
gldre 10-19 yas olarak tanimlanmakta ve bu
ddnemde, fiziksel, cinsel, biyolojik, psikolojik
ve sosyal dedisimler olmaktadir (1).
Adolesanlar, diinya nifusunun yaklasik %
30'unu, Tirkiye'de ise yaklasik olarak % 20-
25'ini olusturmaktadir (2). D vitamini, viicu-
dun Kkalsiyum (Ca) ve fosfor (P) dengesini
diizenleyerek kemik gelisimini saglayan,
immiin sistem olusumuna katkida bulunan,
kanser gelisimini engelleyen, apopitoz ve
antienflamatuar 6zellikleri olan steroid yapili
bir hormondur (3-5). insanlarda D vitamini
dizeyleri yas, cinsiyet, etnik Kkoken ve
mevsim gibi cesitli parametrelere gore
degismektedir (6). D vitaminin yetersizlik ve
eksiklik diizeyleri calismalarda farkhilik gos-
termekle birlikte Endocrine Society tarafin-
dan 2016 yilinda yaymnlanan raporda 25-OH
D duzeyine gére <12 ng/mL ise D vitamini
eksikligi, 12-20 ng/mL D vitamini yetersizligi,
>20 ng/mL ise normal D vitamini dizeyi
olarak tanimlamistir (7). D vitamini yetersiz-
ligi ve eksikligi tum diinyada oldugu gibi
tilkemizde de oldukga yaygindir. Ulkemizdeki
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Ayrica son yillarda yapilan calismalarda D
vitamini eksikliginin Hasimato, kanser, oto-
immun hastaliklar, kalp hastaliklari, reaktif
artritler, diyabet gibi hastaliklarin gelisimine
katkida bulundugu gosterilmistir (17-20).
Eser elementler organizmada bir ¢ok reaksi-
yonda kofaktor olarak bulunmaktadir. Cinko
ve bakir 6nemli reaksiyonlarda rol alan eser
elementlerdir. Cinko, DNA polimeraz, RNA
polimeraz, superoksit dismutaz, karbonik
anhidraz, alkalen fosfataz, karboksipeptidaz,
ve alkol dehidrogenaz gibi metaloenzimlerin
yapisinda bulunan element olup, oksidatif
stresten koruyucu rolu gosterilmistir (21).
Bakir, SOD, sitokrom oksidaz, lizil oksidaz,
trozinaz gibi enzimlerin yapisinda bulun-
makta olup, metabolik reaksiyonlari duzen-
lemekte ve oksidan sistemin baskin oldugu
durumlarda artmaktadir (22). Serbest radi-
kaller, DNA, protein, lipidler gibi yapilara
zarar veren, yaptidi oksidatif hasara bagl
olarak dokulari, organlari etkileyerek islev
kayiplart olusturan molekillerdir. Hiicre
membranlarinda olusturulan lipid peroksi-
dasyonunun en iyi gostergelerinden birisi de
malondialdehid (MDA) diizey Olgumleridir
(23).

Biz bu calismamizda D vitamini yetersizligi
olan Kkiz addlasanlarda metabolizma igin
onemli fonksiyonlara sahip olan ¢inko, bakir
elementlerinin yani sira oksidatif stresin
gostergesi olan MDA duzeylerinde degisim
olup olmadigini arastirmay! amacladik.

GEREC VE YONTEM

Calismamiz, Kahramanmaras Necip Fazil
Sehir Hastanesi Kadin Dogum ve Cocuk ek
binasinda, cocuk poliklinigine kas agrisi
nedeniyle basvuran herhangi bir tedavi alma-
yan, sigara kullanmayan, kronik hastalidi
olmayan, 11-17 yas grubunda olan addlesan
donemdeki Kiz cocuklarinda yapilmistir. Bu
calismadaki D vitamini duzeyleri, Diinya
Saghk Orgiitii kriterlerine gére 25-OH D
duzeyi <12 ng/mL ise D vitamini eksikligi,
12-20 ng/mL D vitamini yetersizligi, >20
ng/mL ise normal D vitamini baz alinmis, D
vitamini yetersizligi olan (12-20 ng/mL) 30
adolesan (Grup I) ve normal D vitamini olan
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(>20 ng/mL) 30 adolesan (Grup II) olmak
uzere 60 kiside yapilmistir. Calismada plaz-
ma cinko, bakir, MDA, hemoglobin seviyeleri
degerlendirilmistir. Hastalardan ve Kkontrol
dgrubundan 12 saatlik achgdi takiben venoéz
kan Ornekleri alinmistir. Hemoglobin igin K,
EDTA iceren tiipler kullanilmistir. Orneklerin
analizinde asadida belirtilen yoOntemler
Kullaniimistir.

Malondialdehid (MDA) Olciim Yéntemi:
Lipid peroksidasyonu sonucu malondialdehit
sekonder iiriinii olusur. Olgiimii aerobik
sartlarda pH 3.4'te MDA'nin 95 °C'de tiyobar-
bitirik asit (TBA) ile inkubasyonu sonucu
olusan pembe renkli kompleksin 532 nm’'de
absorbans 6lciimii esasina dayanmaktadir.

Serumda Cinko ve Bakir Yontemi: Cinko
duiizey tayini, serum Ornekleri % 5°lik gliserol
ile 1/4 dilusyon gergeklestirildikten sonra
Perkin Elmer Analyst 800 model atomik
absorbsiyon spektrometre cihazinda, alev
spektrofotometri yontemiyle belirlendi. So-
nuclar pg/dl olarak hesaplanmistir. Bakir
diizey tayini, serum Orneklerinde % 10luk
gliserol ile 1/2 dilusyon gerceklestirildikten
sonra Perkin Elmer Analyst 800 model
atomik absorbsiyon spektrometre cihazinda,
alev spektrofotometri yontemiyle belirlen-
mistir. Sonuclar ng/dl olarak hesaplanmustir.

Hemoglobin: Hemoglobin dizeyleri, Sysmex
XN-1000 (Corporation, Chuo-ku, Kobe, Japan)
cihaz1 ile florasan akis sitometrisi yontemi
ile olculmustiir.

Magnezyum: Roche Hitachi Cobas C501
otoanalizor cihazinda (Roche Diagnostics,
F. Hoffmann-La Roche Ltd., Kaiseraugst,

Switzerland) kalorimetrik olarak olciilmuistuir.

25 OH D vitamini: Cobas e 600 otoanalizor
cihazinda (Roche Diagnostics, F.Hoffmann-La
Roche Ltd., Kaiseraugst, Switzerland)
electrochemiluminescence immunoassay
yontemiyle Olciilmiistiir.

Istatistik Analiz

Veriler, Windows igin SPSS 20.0 programi
(SPSS, Inc., Chicago, IL, ABD) Kkullanilarak
analiz edildi. Siirekli ve siireksiz verilerin
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normal dagilimi Kolmogorov ve Smirnov testi
ile, varyanslarin homaojenlidi ise Levene testi
ile analiz edildi. Tanmmlayic1 istatistikler
ortanca (minimum-maksimum) olarak ifade
edildi. D vit yetersizligi ve kontrol gruplari
arasinda parametrelerin karsilastirilmasinda
Mann-Whitney U testi kullanildi. Korelasyon
icin Spearman’in rho yontemi kullanildi. D
vitamini ile Cinko ve Bakir seviyeleri
arasindaki iliski scatter plot dagilim grafigi ile
gosterildi.

BULGULAKR

D vitamini dizeyleri (ng/ml), Grup 1:15.35
(12-18.5), Grup II: 23.75 (20.2-36.2), He-
moglobin duzeyleri (g/dl): Grup I: 13.9 (8.4-
16.8), Grup II: 13.8 (11.4-16.2), Magnezyum
diizeyleri (mgydl): Grup I: 2.04 (1.80-2.67),
Grup 1I: 2.02 (1.75-2.40), MDA (nmol/L)
diizeyleri Grup I: 4,75 (4-8,7), Grup II: 4,35
(1.2-8.0), Cinko (Zn) duizeyleri (ug/dl), Grup I
63.9 (36.2-124.7), Grup II: 849 (52.6-
112.6), Cu (bakir) diizeyleri (ug/dl), Grup I:
126.9 (74.6-198.9), Grup II: 115.2 (73.9-
156.2) saptanmistir. Bakir diizeylerinde; D
vitamini eksikligi olan grupta (Grup 1) istatis-

tiksel olarak anlamh p<0.05, MDA diizeyleri
ise istatistiksel olarak anlamli olmayan
p>0.05 yiikseklik saptanmistir. Cinko diizey-
lerinde, D vitamini eksikligi olan grupta
(Grup I) istatistiksel olarak anlamli p<0.05
disiiklik bulunmustur. Diger parametre-
lerde herhangi bir degisiklik goriilmemistir.
Yapilan analize gore D vit diizeyleri ile ¢inko
arasinda orta diizeyde pozitif yonde, bakir
arasinda ise orta diizeyde negatif yonde
korelasyon saptanmistir (Tablo 1), (Tablo 2).

girion
150,00 [

Mean

D vt yetersiwly 1,00 hortral 2,00
grup
Sekil 1: Gruplar arasi Cinko Bakir Diizeyleri
Figure 1: Zinc Copper Levels between Groups

Tablo 1. Calisma gruplarinin demografik ve biyokimyasal sonuglari
Table 1. Demographic and biochemical results of the study groups

D vit yetersizligi Kontrol P degeri

(n= 30) (n= 30)
D vit (ng/ml) 15.35 (12-18.5) 23.75 (20.2-36.2) 0,000%
Mg (mg/dl) 2.04 (1.80-2.67) 2.02 (1.75-2.40) 0,533
Hb (g/dl) 13.9 (8.4-16.8) 13.8 (11.4-16.2) 0,799
Yas (y1l) 15 (11-17) 14 (11-17) 0,156
Cinko (ug/dl) 63.9 (36.2-124.7) 84.9 (52.6-112.6) 0,005%
Bakir (ug/dl) 126.9 (74.6-198.9) 115.2 (73.9-156.2) 0.232
MDA (nmol/ml) 47.5 (4-87) 43.5 (1.2-80) 0,161

* P de@eri Mann-Whitney U Testine dayanmaktadir.

Tablo 2. D vitamini ile Diger Parametreler Arasindaki Korelasyon
Table 2. Correlation Between Vitamin D and Other Parameters

Parameters r P

Mg -0.078 0.568
Hb 0.161 0.236
Yas -0.202 0.136
Cinko 0.386 0.004*
Bakir -0.271 0.046*
MDA -0.227 0.094

Turk Klinik Biyokimya Derg 2020;18(3)



ginka
f

D

Bakir

Adolasanlarda Eser Element ve Oksidatif Stres

Dvit

Sekil 2: Serum D vitamin diizeyleri; Cinko ile pozitif yonde, Bakir ile negatif ydonde korele bulundu
Figure 2: Serum vitamin D levels; It was positively correlated with zinc and negatively correlated with copper

TARTISMA

Giinumuzde D vitamini'nin sadece kalsiyum
ve fosfor metabolizmasi yoninden degil
daha cesitli fonksiyonlarmin varhigi acisindan
tizerinde durulmasi gerektigi diistintilmelidir.
Adolesanlarda bulylime hizli oldugundan,
kemik buylimesi acisindan daha fazla kalsi-
yum ve dolayisiyla daha fazla D vitamini
ihtiyaci oldugu bilinmektedir. Giines acisin-
dan yeterli zenginlige sahip olan ulkemizde
bunun saglikli besinlerle dengelenmesi daha
saglikll nesillerin yetistirilmesi agisindan da
onem tasimaktadir. Ancak bunun yani sira bu
konuda toplumun da yeterli bilin¢ diizeyine
erismesi gerekmektedir. D vitamini eksikligi
ve yetersizligi cok sik goriulmekte olup,
yetersizlik oranlari, eksiklik oranlarina gore
daha fazla bulunmustur (8,24). D vitamini
diizeylerini belirlemede, yar1 6mrii daha uzun
olan ayrica endojen sentezi ve diyetle alinan
D vitaminini yansitan 25 OH D vitamini formu
Kullanilmaktadir (25). D Vitamini, vucudun
kalsiyum (Ca) ve fosfor (P) dengesini dizen-
leyerek kemik gelisimini sagladid@i gosteril-
migtir (3-5). D vitaminin, immim sistemin
icersinde olan makrofajlarin, natural Killer
hiticrelerinin fagositoz, monositlerin antimik-
robiyal aktivitesini artirdiqi, ayrica IL-4, IL-5,
gibi antiinflamatuar sitokinleri artirip, IL-2,
IL-3 gibi proinflamatuar sitokinlerin sentezini
azalttii dolayisi ile gliclii bir immiin sistemin
olusmasinda O6nemli oldugu gosterilmistir
(26-28). Kronik uzun sireli inflamasyonlar,
serbest oksijen radikallerinin olusmasina
neden olarak proteinlerde ve DNA'da hasara
yol acarak kanser olusumuna neden oldugu
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belirtilmistir. D vitamininin proinflamatuar
sitokinlerin sentezini azaltarak, kanser geli-
simi lizerine koruyucu etkilerinin varhdindan
bahsedilmistir (29). MDA, oksidatif hasarin en
onemli gostergelerinden birisi olup, DNA,
protein, lipidler gibi molekiillere zarar vere-
rek, kanser, ateroskleroz gelisimi gibi olay-
lara neden olmaktadir (23). Calismamizda
MDA diizeyleri, D vitamini yetersizligi olan
grupta istatistiksel olarak anlamli olmasa da
yuksek bulundu. Dolayisi ile bu Kisilerde
oksidan sistemin baskin oldugu, bdylece
hiicre, doku ve organ fonksiyonlarinin etkile-
necegdini diisinmekteyiz. Cinko, proteinleri
dayanikli hale getiren, karbonhidrat, protein,
lipit, nikleik asit gibi sentezlerde Onemli
rolleri olan, antioksidan sistemde yer alan
enzim ve molekiillerin bileseni olan eser ele-
menttir (22). Cinkonun, fagosit fonksiyonun-
da, yeterli immiinglobiilin sentezinde onemli
oldugu, buna bagh olarak immiin sistemin
gelisimine katki sagladigi gosterilmistir (30).
D vitamini'nin, c¢inko emilimini artirdigi
gosterilmistir (31). Fazla miktarda alinan
bakir, fosfat ve oksalatin ¢inko emilimini
azalttiqi gosterilmistir (32). Biz calismamizda
cinko diizeylerini, D vitamini yetersizligi olan
grupta istatistiksel olarak anlaml olarak
disuk ve aralarinda pozitif korelasyon, bu-
lundugunu tespit ettik. D vitamini yetersiz-
liginin c¢inko dusiikligiine neden olmasi,
cinkonun barsaktan emiliminin azalmasina
bagli olabilecedini sOylemek mumkiin
godrunmektedir. Ayrica hem D vitamini, hem
de cinko yetersizliginin yeterli antioksidan
uretimine katki sadlayamamasindan kay-
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nakli, doku ve organlarin daha fazla oksidan
strese maruz kalabilecedi, bunun sonucunda
immun sistem gelisimi, DNA sentezi gibi
onemli fonksiyonlarda bozulmalara neden
olabilecedi dustinulmektedir. Calismamizda
bakir diizeyleri, D vitamini yetersizligi olan
grupta istatistiksel olarak anlaml yiiksek ve
negatif korelasyon bulunmustur. Bakir, SOD,
sitokrom oksidaz, lizil oksidaz, trozinaz gibi
enzimlerin yapisinda bulunmakta ve meta-
bolik reaksiyonlar1 diizenlemektedir (21).
Redoks gecisli metal olan bakirin hidroksil
radikali olusumunu artirarak DNA'ya hasar
verdigi ve fazla miktarda bakirin immun sis-
tem depresyonu yaptidi saptanmistir (33,34).
Solunum yolu hastaliklarinda, &zellikle
astimda bakir/cinko oranin arttiqi gosteril-
mistir (35). Biz fazla miktardaki bakirin
hidroksil radikalini artirdigini, metal toksisi-
tesine cok duyarli olan bobrek renal tiibiil-
lerini ve sonrasinda parankimi etkiledigini
bdylece bakirin, oksidan stres yaninda, bob-
rek fonksiyonlarini bozarak, hem D vitami-
nin, hemde ¢inkonun emilimini azalttiginm
disiinmekteyiz. Bakirin kanda karacigerde
sentezlenen bir akut faz proteini olan seru-
loplazmin tarafindan tasindidi bilinmektedir
(36). D vitamini yetersizliinin ve ¢inko
eksikliginin oksidatif stresi artirdiqi goz
oniine alindiginda, seruloplazmin sentezinin
oksidatif stresten etkilendigi ve azaldiqi bu
durumun ise bakir artisina neden oldugunu
disunmekteyiz. Magnezyum D vitaminin
aktivasyonundaki hidroksilaz enzimlerinin
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kofaktorudir (37). Ayrica magnezyum DNA'yi
oksidatif hasara karsi korumakta ve apopi-
tozu diizenlemektedir (38). Yaptidimiz calis-
mada gruplar arasinda bir fark goriilme-
mistir. Vitamin D ve eritropoez arasinda
cesitli calismalar yapilmis ancak bu konu
lizerinde uzlasilmis goriis birligi bulunma-
maktadir. D vitamininin, eritropoetin resep-
tor yada hepsidin sentezini artirdiqim gos-
teren calismalar vardir (39,40). Calisma-
mizda gruplar arasinda herhangi bir fark
bulunamamuistir.

Sonug¢ olarak, adolesanlar hizli biyiime
doneminde oldugundan bir¢ok vitamin ve
mineral acisindan risk grubundadirlar. Yapti-
dimiz bu calismada D vitamini yetersizligi ile
birlikte, oksidatif stres gostergesi olan MDA
diizeylerinin ve bakiri arttigini, ¢inko diizey-
lerinin ise azaldigim tespit ettik. D vitamini
yetersizligi saptanan adolesanlarda ¢inko,
bakir ve MDA duzeylerinin belirlenmesi, bu
Kisilerin eger giines isinlarindan yeterince D
vitamini alamiyorlarsa diyetlerine D vitamini
ile birlikte cinko ilave edilmesi ve bakir
iceren gidalardan kacinilmasi, ayrica antiok-
sidan olan A,E,C vitaminleri ve selenyum gibi
minerallerin eklenmesinin saglikli nesillerin
yetismesinde gerekli oldugunu diisunmek-
teyiz. Bu calismanin daha ileride yapilacak
ayrintih  calismalara kaynak olusturmasini
umit etmekteyiz.

6. Sempos CT, Vesper HW, Phinney KW, Thienpont
LM, Coates PM. Vitamin D status as an international
issue: national surveys and the problem of
standardization. Scand J Clin Lab Invest Suppl
2012;243:32-40.

7. C Munns CF, Shaw N, Kiely M, Specker BL, Thacher
TD, Ozono K, et al. Global consensus
recommendations on prevention andmanagement
of nutritional Rickets. J Clin Endocrinol Metab
2016;101:394-415.

8. Akman AO, Tumer L, Hasanoglu A, Ilhan M, Cayc
B. The frequency of vitamin D insufficiency in
healthy children between 1 and 16 years of age in
Turkey. Pediatr Int 2011;53:968-73.

9. Karaguzel G, Dilber B, Can G, Okten A, Deder O,
Holick MF. Seasonal vitamin D status of healthy
school children and predictors of low vitamin D
status. J Pediatr Gastroenterol Nutr 2014;58:654-60.

Turk Klinik Biyokimya Derg 2020;18(3)



10.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

Turk Klinik Biyokimya Derg 2020; 18(3)

Kocamaz H. Cocukluk ¢adi gastrointestinal sistem
hastaliklarinda D vitamini diizeyleri. Ortadogu Tip
Derg 2019;11(4):542-7.

Brito A, Cori H, Olivares M, Mujika FM, Cediel G, de
Romana D L. Less than adequate vitamin D status
and intake in Latin America and the Caribbean: a
problem of unknown magnitude. Food Nutr Bull
2013;34(1):52-64.

Chakhtoura M, Rahme M, Chamoun N, El-Hajj
Fuleihan G. Vitamin D in the Middle East and North
Africa Bone Reports. 2018;135-146.

Wagner CL, Greer FR. Prevention of rickets and
vitamin D deficiency in infants, children and
adolescents. Pediatrics 2008;122:1142-52.

Chen TC, Persons KS, Lu Z, Mathieu JS, Holick MF.
An evaluation of the biologic activity and vitamin D
receptor binding affinity of the photoisomers of
vitamin D3 and previtamin D. J Nutr Biochem
2000;11:267-72.

Japelt, RB, Jakobsen J. Vitamin D in plants: a
review of occurrence, analysis, and biosynthesis.
Front Plant Sci 2013;4:136.

Sang-Min J, Eun-Ae S. Exploring vitamin D
metabolism and function in cancer. Exp Mol
Med 2018;50(4):20. doi: 10.1038/512276-018-
0038-9.

Jamka M, Ruchala M, Walkowiak J. Vitamin D and
Hashimoto’s disease. Pol Med J 2019;47(279);111-
3.

Feldman D, Krishnan AV, Swami S, Giovannucci E,
Feldman BJ. The role of vitamin D in reducing
cancer risk and progression. Nat. Rev. Cancer
2014;14,342-57.

Saggese G, Vierucci F, Boot AM, Czech-Kowalska J,
Weber G, Camargo CA Jr, et al. Vitamin D in
childhood and adolescence:an expert position
statement. Eur J Pediatr 2015;174:565-76.

Holick MF, Chen TC. Vitamin D deficiency: a
worldwide problem with health consequences. Am
J Clin Nutr 2008;87(4):1080-6.

Cikim G, izgi K, Aksu E. The levels of trace
elements  and homocysteine in  arterial
hypertension. Trace Elements and Electrolytes
2017;34:34-9.

Cikim G, izgi K, Kilinc M, Celik A, Karaveli C,
Karaveli A, et al. Trace elements and oxidant-
antioksidant levels in the etiology of indirect
inguinal hernia. Trace elements and Electrolytes
2016;33(1):8-12.

Matés JM,: Effects of antioxidant enzymes in the
molecular control of reactive oxygen species
Toxicology 2000;153:83-104.

S. Cashman KD, Dowling KG, Skrabakova Z,
Gonzalez-Gross M, Valtuena J, De Henauw S, et al.
Vitamin D deficiency in Europe: Pandemic? Am.
J.Clin. Nutr 2016;103:1033-44.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Adolasanlarda Eser Element ve Oksidatif Stres

Holick, M.F. Vitamin D status: Measurement,
interpretation, and clinical application. Ann.
Epidemiol 2009;19:73-8.

Ozkan B, Déneray H. D vitamininin iskelet sistemi
disi etkileri. Cocuk Sagli@ ve Hastaliklari Derg
2011;54:99-119.

Bikle D. Nonclassic actions of Vitamin D. J Clin
Endocrinol Metab 2009;94:26-34.

Bikle D, Oda Y, Xie Z. Calcium and 1,25(OH)2D:
interacting drivers of epidermal differentiation. J
Steroid Biochem Mol Biol 2004;89-90:355-360.

Giammanco M, Di Majo D, La Guardia M, Aiello
S, Crescimannno M, Flandina C, et al. Vitamin D in
cancer chem oprevention. Pharm. Biol 2015;
53(10):1399-434.

Pasowska R. Role of selenium and zinc in the
pathogenesis of food allergy in infants and young
children Arch Med Sci 2012;8:1083-8.

Schwalfenberg GK, Genuis SJ. Vitamin D, Essential
Minerals, and Toxic Elements: Exploring
Interactions between Nutrients and Toxicants in
Clinical Medicine. Hindawi Publishing Corporation
Scientific World Journal 2015;2015:1-8.

Ozdemir O, Tabanh G. Cinko Eksikliginin Alerjik
Hastaliklardaki Rolii. Sakarya Med J 2016;6(4):267-74.

Gaetke LM, Chow CK. Copper toxicity, oxidative
stress and antioxidant nutrients. Toxicology 2003;
189:147-63.

Maggini, S.; Beveridge, S.; Sorbara, J.P.; Senatore,
G. Feeding the immune system: The role of
micronutrients in restoring resistance to infections.
CAB Rev 2008;3:1-21.

Kadrabova J, Mad'aric A, Podivinsky F, Gazdik F,
Ginter F: Plasma zinc, copper and copper/zinc ratio
in intrinsic asthma. J Trace Elem Med Biol 1996;
10:50-3.

Dubick MA, Barr JL, Keen CL. Atkins JL. Ceru-
loplasmin and hypoferremia: Studies in burn and
non-burn trauma patients. Antioxidants 2015; 4:
153-69.

Zittermann A. Magnesium deficit ? overlooked
cause of low vitamin D status? BMC Medicine
2013;11:229. doi: 10.1186/1741-7015-11-229.

Petrovic, J, Stanic D, Dmitrasinovic G, Plecas-

Solarovic B, Ignjatovic S, Batinic B, et al
Magnesium Supplementation Diminishes
Peripheral Blood Lymphocyte DNA Oxidative

Damage in Athletes and Sedentary Young Man.
Oxid Med Cell Longev 2016;2016:2019643.

Carvalho C, Isakova T, Collerone G, Olbina G, Wolf
M, Westerman M, et al. Hepcidin and disordered
mineral metabolism in chronic kidney disease. Clin
Nephrol 2011;76(2):90-8.

Fettah A, Reis G, Erten i, Cayir A. Cocuklarda serum
D vitamini diizeyinin anemi ve demir parametreleri
uzerine etkisi ve literatiir derlemesi. Medicine
Science 2016;5(3):821-5.

135




Tirk Klinik Biyokimya Derg 2020; 18(3): 136-143 Arastirma

Elevation of NT-pro-BNP levels in high
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ABSTRACT

Objective: We aimed to investigate the NT-proBNP levels in high fever patients without heart failure, to
contribute to the proper request and interpretation of the test.

Methods: Patients group included 31 patients who admitted with a body temperature =38°C and
showed no signs of heart failure on their echocardiograms. Patients were internalized in the Infectious
Diseases Clinic. The control group included 31 healthy subjects. NT-pro-BNP, Procalcitonin (Cobas e
601 Roche Diagnostics, Germany), Complete Blood Count (Beckman Coulter LH 780, USA) and CRP
(Siemens BN II Nephelometer, Germany) levels were evaluated.

Results: Median (2.5-97.5 % percentiles) body temperature values of the patients and controls were
38.4 (38.0 - 39.8) and 36.1 (36-36.6) C° respectively (p < 0.0001). Median (2.5-97.5 % percentiles) NT-
proBNP levels of the patients and control groups were; 240 (48.3- 2637) and 34.8 (5.35-86) ng/L
respectively (p < 0.0001). NT-proBNP levels correlated significantly with body temperature, CRP, and
PCT ( r=0.761, 0.726 and 0.727 respectively, all p's < 0.0001). We observed recovery at 8 patients (at
least 48 hours without fever), and median (2.5-97.5 % percentiles) NT-proBNP levels at time of fever and
without fever were 378.3 ( 80.2- 1642) and 183 (9- 419.8) ng/L, respectively ( p=0.007). In multiple
regression analyses; body temperature, leucocyte count and PCT were found predictive for NT-proBNP
levels. (R2=0,456, F=11.987, P<0,001)

Conclusion: Despite to the normal cardiac functions, elevated NT- proBNP levels are observed in
patients with fever. This situation should be considered in the interpretation of high NT- proBNP levels.

Keywords: CRP, Fever, NT-proBNP, Procalcitonin, Heart failure
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OZET

Amac: Kalp yetmezlidi olmayan yiiksek atesli hastalarda NT-proBNP diizeylerini degderlendirip testin
dogru istem ve yorumuna katki saglamayi amacladik.

Yontem: Calisma grubu hastaneye = 38 n C ates nedeniyle basvuran ve ekokardiyografide kalp
yetmezligi saptanmayan 31 hastadan olusmaktadir. Hastalar enfeksiyon hastaliklar klinigine tedavi ve
ileri arastirma amach yatirildi. Kontrol grubu 31 sagliklidan olusmaktadir. NT-proBNP ve PCT dizeyleri,
Cobas e 601 (Roche Diagnostics, Mannheim, Almanya), tam kan sayimi Beckman Coulter LH 780
(Miami-Florida, ABD), CRP ise Siemens BN Il Nephelometre (Siemens, Almanya) cihazlarinda calisildi.

Bulgular: Hasta ve kontrol grubunun viicut 1s1 medyan (2.5-97.5 % persentil) degerleri sirasiyla 38.4
(38.0 - 39.8) ve 36.1 (36-36.6) C° bulundu (p < 0.0001). Medyan (2.5-97.5 % persentil) NT-proBNP
diizeyleri hasta ve kontrol grubunda sirasiyla 240(48.3- 2637) ve 34.8(5.35-86) ng/L (p < 0.0001)
bulundu. NT-proBNP diizeyleri ile viicut 1sisi, CRP ve PCT arasinda anlaml diizeyde korelasyon saptandi
(sirastyla r=0.761, 0.726 ve 0.727, p’ler < 0.0001). Sekiz hastada iyilisme (en az 48 saat atessiz dénem)
gozlendi ve atesli dénem ve atessiz ddnem medyan (2.5-97.5 % persentil) NT-proBNP diizeyleri sirasiyla
378.3 (80.2- 1642) ve 183 (9- 419.8) ng/L bulundu (p=0.007). Coklu regresyon analizinde viicut 1sisi,
16kosit sayisi ve PCT NT-proBNP diizeyleri tizerinde etkili bulundu. (R2=0,456, F=11.987, P<0,001)

Sonuc: Normal kardiyak fonksiyona ragmen yiiksek atesli hastalarda artmis NT-proBNP diizeyleri
gozlendi. Bu durum yiiksek NT-proBNP diizeylerini dederlendirirken g6z 6niine alinmaldir.

Anahtar Sozciikler: CRP, Ates, NT-proBNP, Prokalsitonin, Kalp yetmezligi

INTRODUCTION normal values exclude the necessity of
ECHO. The probability of CHF development
in patients with normal plasma NP levels is
very low (6). BNP and NT-proBNP are
prognostic predictors in acute heart failure(4)
and hypertension (7). The serial
measurements of NPs help monitor CHF
therapy since there are well-documented
correlations between NPs levels and
simultaneous  hemodynamic and left
ventricular function indicators (8).

Natriuretic peptides (NP's) play a key role in
the maintenance of cardiovascular
homeostasis as regulatory hormones against
volume and pressure overload (1). Brain
natriuretic peptide (BNP) is the most widely
used NP in clinical practice; it is measured
either as a biologically active form of 32
amino acids, BNP1-32 or inactive amino
terminal part of 76 amino acids, NT-proBNP.
BNP plasma levels are low in healthy
individuals but it is drastically increased in
congestive heart failure (CHF). In CHF, both

Factors such as age and sex affect BNP and
NT-proBNP levels; NP's levels rise with age (9)

BNP and NT-proBNP are directly synthesized
in response to the myocardial wall stress
caused by the volume and pressure overload
(2, 3, 4). The biological function of BNP is to
reduce the preload and afterload of the heart
via natriuresis, diuresis, and vasodilatation.
The increased plasma NP levels in heart
failure (HF) patients are found directly
proportional to the severity of the CHF
according to the New York Heart Association
classification (4). Both are useful in the
differential diagnosis of cardiac dyspnea
from other origins of dyspnea (5). NP
measurement as an initial diagnostic tool is
especially beneficial in the absence of
echocardiography (ECHO); the increased
values indicate further examination and the
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and are higher in women in every age group
(10). On the other hand, lower NP levels are
detected in obese individuals (1). Although
BNP/NT-proBNP are widely used in the
diagnosis and exclusion of CHF, their plasma
levels are also increased in other diseases.
These diseases may be of cardiac origins
such as myocardial, cardiac valve diseases
and atrial fibrillation or non-cardiac origins
such as primary pulmonary diseases,
anemia, stroke, subarachnoidal hemorrhage,
hyperthyroidism, renal failure and septic
shock (4,11,12,13,14).According to the
animal and tissue culture experiments, there
is significant evidence that the production
and secretion of NPs are activated by
endotoxins and inflammatory mediators (15).
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The synthesis of NP's has stimulated ba
various growth factors and cytokines
including interleukin-1®, TNF-(, leukemia
inhibitor factor (16, 17, 18). It is also shown
that IL-6 induces ANP and BNP gene
expression in rat ventricular myocytes (19).
NP's are also shown to be expressed in
specific immune tissues and cells such as
timus, spleen, lymph nodes, tonsils; BNP
plays a role in inflammation (20, 21).Based
on this knowledge on the association of NP's
with the inflammatory process, BNP levels
were investigated in inflammatory and
infectious diseases, sepsis, or critical illness
(22, 23, 24) and high BNP levels were
observed in infected patients without severe
sepsis or septic shock.(25).

In this study; we aimed to investigate the NT-
proBNP levels in high fever patients without
heart failure, to contribute to the proper
request and interpretation of the test.

METHODS
Study design and subjects

A total of 38 patients (males; 47.3 %,
females; 52.7 %) attending to the emergency
department (ED) of the hospital with fever
(=38°C) between October 2017-January
2018 were evaluated in this prospective
observational study. All the patientswere
conscious, oriented, non-pregnant, and
normotensive with no-cardiacdisease history.
Body temperatures were measured at the
tympanic membrane by infrared technology
with Covidien Genius2 (Mansfield, USA)
thermometer (Accuracy +/-0.1°C, given by
the manufacturer) by trained nurses at the
time of admission to ED. Blood culture, urine
culture, complete blood cell count,C-reactive
protein (CRP), procalcitonin (PCT), and NT-
proBNP analyses were performed without
delay from the patients whose body
temperatures =38°C. Urinalysis,
complementary diagnostic serological and
microbiological tests, and additional cultures
were performed if required. To exclude
comorbid CHF and cardiac valve disease,
ECHO was performed in the first 24 hours by
the same cardiology specialist, and 7
patients (4 females, 3 males) were excluded
because of cardiac pathologies such as
diastolic dysfunction, valve disease, infective
endocarditis or pulmonary hypertension.

Thus; 31 patients (48.3% males, 51.7%
females) with normal ECHO signs who were
internalized in infectious Diseases Clinic for
further evaluation and therapy were included
in the study. Median (2.5-97.5 percentiles)
values for age was 44 (19-62.7) years. The
control group consisted of 31healthy hospital
staff volunteers (45.2% males, 54.8 %
females) and median (2.5-97.5 percentiles)
values for age was 41.7 (19-61) years.

Sampling

Antecubital vein area was wiped with 70%
alcohol and 2% chlorhexidine and oneset of
blood culture specimens (1 aerobe, 1
anaerobe) were taken in BD BACTEC (Becton
Dickinson, New Jersey, USA; lot n0:7297961)
culture bottles. Blood was collected in BD
(Beckton Dickonson, New Jersey, USA; lot no:
7275502) vacutainer tubes with pure gel for
NT-proBNP, PCT, and CRP tests, and in BD
(Beckton Dickonson, New Jersey, USA; lot no:
7142798) vacutainer tube with dipotassium
ethylenediaminetetraacetic acid for complete
blood count. The second set of blood
cultures were taken from the other
antecubital vein after 5-30 minutes. Blood
samples were centrifuged at 1500 g for 10
min and studied without delay The patient
was informed about the urine culture and
requested towash the hands and wipe the
genital area from front to back with a soapy
gauze then take mid-flow urine into the
sterile urine container Firatmed (Ankara,
Turkey; lot:1703).

Methods

NT-proBNP (lot n022774806) and PCT ( lot
no 27885702) was measured by Cobas e 601
(Roche Diagnostics, Mannheim, Germany)
with the electrochemiluminescence method.
CRP was measured with the nephelometric
method by Siemens BN II Nephelometer
(Siemens, Germany). with Siemens Cardio
Phase hsCRP kit (Marburg, Germany; lot no:
167561D). Complete blood cell count was
measured by Beckman Coulter LH 780
analyzer (Miami-Florida, USA).

Statistical Analysis

The distribution of data was assessed by the
Kolmogorov-Smirnov test, and since the
data were abnormally distributed, results
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were expressed as median (2.5-97.5
percentiles). The non-parametric data were
compared using theMann-Whitney U test for
independent samples and the Wilcoxon test
for paired samples. The correlation of NT-
proBNP levels with body temperature, CRP,
PCT and leucocyte count was measured by
Spearman correlation. MedCalc Statistical
Software (version 12,Med- CalcSoftware,
Mariakerke, Belgium) was used. To
investigate the impact of body temperature,
CRP, and PCT on patients’ NT-proBNP levels,
multiple regression analysis was performed
using SPSS program (Statistical Package for
Social Science, version 25;Chicago, IL). The
level of significance was set at p < 0.05.

Informed consent of the patients was
obtained and the study was approved by
theethical committee of our institution.
Decision number: 2017/514/114/5

RESULTS

A total of 62 participants (53.2% female) with
a median age of 42.8 years were included in
the study. The summary statistics of the
patient and the control group was shown in
Table 1. Comparisons of NT-proBNP levels
for the patients and control groups were
shown by Box and Whisker graphs as
median, 25-75% percentiles, lower-upper
limit, and extreme values (Figure 1). The
diagnosis and characteristics of the patients
among age, gender, body temperature, and
NT-proBNP levels were summarized in Table
2.

NT-proBNP levels correlated significantly with
body temperature, CRP, and PCT (p's
<0.0001, r=0.761, 0.726 and 0.727
respectively) but there was no significant
correlation between NT-proBNP  and
leukocyte count.In multiple regression
analyses with NT-proBNP as dependent
variable and body temperature, CRP,
leucocyte count and PCT as independent
variables; body temperature, leucocyte
count and PCT were predictive variables for
NT-proBNP (R?=0,456, F=11.987 P<0,001
(Table 3).The patient group was divided into
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subgroups as culture-positive andculture-
negative and although culture-positive
patients had higher NT-proBNP levels; there
was no significant difference between the two
groups. (P=0.058) (Figure 2). During
hospitalization body temperatures of 8
patients decreased to the normal levels thus
second blood samples were taken to
compare NT-proBNP levels with the timeof
fever and without fever. There was a
significant difference  betweenNT-proBNP
levels of two periods (P=0.0078). NT-proBNP
levels and change % at the time of fever and
without fever were shown in Table 4.
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Figure 1. Box and Whisker plot of NT-proBNP levels in
patient and control groups.(The values of the
control group are multiplied by 10.)
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Figure 2. Box and Whisker plot of NT-proBNP levels in
culture positive and culture negativepatients
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Table 1. Summary statistics of the patient and control groups.

Parameter Control Group Patient Group P
Median Median
(2.5-97.5% Percentile) (2.5-97.5% Percentile)
Age (year) 44 (19-63) 41.7 (19-61) 0,640
Gender(F/M) 17/14 16/15 0,801
Body temperature (°C) 36.1(36-36.6) 38.4 (38-39.8) *0.0001
CRP (mg/ L) 2.8(1.25-3.17) 163(12.3-331) *0.0001
PCT (ng/L) 0.03(0.01-0.08) 0.30 (0.03-18.5) *0.0001
NT-proBNP (ng/L) 34.8 (5.35-86) 240 (48.3-2637) *0.0001
*p<0.05
Table 2. Summary statistics of the patient group
Body NT-
Diagnosis Age(Years) | Gender Temperature(°C) proBNP Culture
(ng/L)
Soft tissue infection 49 Male 38 55.5 Negative
Febrile neutropenia 55 Male 38.9 693 Tissue:Aspergillus
Flavus
Urlr.la.ry. tract .mfectlon 60 Male 38.4 322 Negative
/epididimorsit
Spondylodiscitis 56 Female 38.3 116 Negative
Febrile neutropenia 46 Female 39 95.9 Negative
Fever of unknown origin 34 Female 38.2 186 Negative
Soft tissue infection 60 Male 38 240 Negative
Pneumonia/urinarytract infection 22 Male 38 1936 Negative
Urinary tract infection 52 Male 38 55.7 Negative
Menenjit 44 Male 38.7 209 Negative
Fe.brlle neutrf)pem_a/Bacteraemla/ 53 Female 39 1641 Blooq+pr1ne -
urinary tract infection Escherichia Coli
Urinary tract infection 24 Male 38 309 Negative
Brucella 54 Male 39 434 Blood:Brucella
!5 Bagteraemla/ urinary tract 42 Female 383 1935 Blooc?+L}rme .
infection Escherichia Coli
Acute retroviral syndrome 26 Male 38.8 75 Negative
Febrile neutropenia/ Tifilitis 34 Male 38 188 Negative
Fever of unknown origin 26 Female 38 478 Negative
Fever of unknown origin 52 Male 38 801 Negative
Uppe.:r resplratqry traFt infection 19 Male 38.5 91.4 Urine; Escherlchla
+ urinary tract infection Coli
pomphcated urinary tract 46 Female 38.1 211 Negative
infection
Complicated urinary tract 35 Female 40.1 1315 Negative
infection
pomphcated urinary tract 52 Female 38.2 331 Negative
infection /Pneumonia
Wound:
Diabetic foot infection 63 Male 38.3 2904 Enterobacter
cloacae
Cellulite 54 Female 38.1 80.2 Negative
Upper respiratory tract infection 33 Female 38.8 313 Negative
Febrile neutropenia 41 Male 38.2 46.2 Negative
Spondilodiskit/prosthesis 62 Female 38.5 188 Negative
infection
Febriln6tropeni/oral candidiyazis 22 Female 38 196 Negative
Catheter infection 20 Female 39 1642 Blood:Staphylococe
us aureus
Oralc.amdld.lasm/lower respiratory 40 Female 38 54 Sputur.n:l'laemophll
tract infection us influenzae
Still disease 19 Female 38.7 424 Negative
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Table 3. Multiple Lineer Regression analyses using body temperature, CRP, PCT and leucoyte count as independent
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variables.
- . Standardized
Variables Unstandardized Coefficients Coefficients t sig.
b Std.Error Beta
(Constant) -8725.7 2587.4 -3.372 0.001
Body Temperature 233.9 70.1 0.49 3.339 0.001
CRP -1.21 1.02 -0.225 -1.184 0.214
Leucocyte Count 0.04 0.01 0.316 3.687 0.001
PCT 45.9 17.5 0.447 2.621 0.01
(R*=0.457, F= 11.987, ANOVA p<0.0001)
Table 4. NT-proBNP levels of 8 patients at time of fever and without fever.
NT-proBNP (ng/L) )
With Fever Without fever (%) Change P
186 107.9 41.9 *0.0078
693.4 222 67.9
322.4 193 40.1
91.4 24.2 73.5
434.3 173 60.1
80.2 9.03 88.7
801.3 319.1 60.1
1642 419.8 4.4
*P<0.005
DISCUSSION levels after endotoxin (22).

In this study, we investigated the NT-proBNP
levels in patients with fever and without heart
failure. We determined higher NT-proBNP
levels in patients with fever compared to the
control group. In 8 patients whose second
measurements could be performed and
recovery was observed, NT-proBNP levels
decreased as the body temperature turned to
the normal.

It has been shown that inflammatory
cytokines play a role in the pathogenesis of
HF. They also affect the natriuretic peptide
levels in non-cardiac failure patients. Therefore
they have been largely investigated in sepsis
or septic shock patients. During response to
infection/ inflammation, endothelium-derived
substances such as adrenomedullin and
endothelin are released. They are both
important in vasculer tone regulation.
Adrenomedullin causes vasodilation and
endothelin is the potent vasoconstrictor. Vila
et al. showed an increse in NT-proBNP levels
in response to the bacterial endotoxin-
induced inflammation in 10 males who
received lipopolysaccharide (LPS).There was
a correlation between NT-proBNP levels and
heart rate, body temperature, CRP and IL1
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Lipopolysaccharides and pro-inflammatory
cytokines stimulated the expression of BNP
mRNA and protein secretion via p38 MAP
kinase activation depending on dose mn a
study conducted in cultered rat myocytes
(26).In humans; a series of neuroendocrine
and immune changes interact with each
other during response to the bacterial
endotoxins (27) and mediators of
inflammation like IL-1, IL-6, and TNF are
assumed as stimulants of BNP secretion (28).
Goritsas et al. investigated BNP levels as a
prognostic marker in community-acquired
infections. They observed that NT-proBNP
levels were significantly higher than the
control group and the highest levels were
observed in lower respiratory tract infection
patients. They also found that NT-proBNP
was a prognostic marker of the infection
(23). Similar to our findings; in a study by
Castillo et al, a significant decrease was
observed in NT-proBNP levels of 9 patients
with septic shock after recovery (24).
Piechota et al. found a significant correlation
between NT-proBNP, CRP, and PCT levels in
20 patients with sepsis. The correlation was
more significant with NT-proBNP and CRP
than NT-proBNP and PCT. NT-proBNP levels
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were significantly lower in the survivor group
than non-survivors (29). Similarly, Rudiger et
al. showed a significant positive correlation
with NT-proBNP, CRP, and leukocyte count in
12 critically ill patients and concluded that
NT-proBNP and BNP levels were influenced
by the systemic inflamatuar response(30).We
showed significant correlation between NT-
proBNP levels and body temperature, CRP
and PCT but we couldn't show correlation
between NT-proBNP levels and leucocyte
count. The discrepancy between studies
could arise from the diversity of patient
characteristics; this study was performed in
critically ill patients with septic shockwhile
our study group consisted of patients with
fever but without sepsis and heart failure and
in generally stable status. Further researches
with large populations are needed to show
the relation between NT-proBNP levels and
parameters showing systemic inflamatuar
response. The variety of the diseases
inducing fever and inclusion or exclusion of
non-infective febrile patients might also
cause the difference. In a study by Varpula et
al.; a correlation was observed between
positive blood culture and NT-proBNP levels
in 254 severe sepsis and septic shock
patients, and positive blood culture was
shown as the predictor on NT-proBNP levels
in linear regression analysis (31). In our
study, although culture-positive patients had
higher NT-proBNP levels; there was no
significant difference between the two
groups. In our study; body temperature,
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OZET

Amac: Romatoid artrit (RA), sinovyal enflamasyon, kikirdak hasar1 ve kemik erozyonu ile karakterize
kronik, progresif, otoimmiin bir hastaliktir. iskemi modifiye albiimin (IMA), ateroskleroz ile iliskili
miyokard iskemisini degerlendirmek icin kullanilabilecek potansiyel bir belirtectir. Miyokard enfarktusii
ve inme gibi kardiyovaskiiler olaylar romatizmal hastaliklarda sik gdriilen hastaliklardir. Romatoid artritli
hastalarda hastalik aktivitesi ile iskemi modifiye albiimin duzeyi ve iskemi modifiye albiimin/albiimin
orani (iMAO) arasindaki iliskiyi degerlendirmeyi amacladik.

Materyal ve Metod: Bu calismaya 72 romatoid artrit hastasi ve 72 saglikli kontrol alindi. Hastalik
aktivitesi, hastalik aktivite skoruyla (DAS-28) degerlendirildi. Serum iskemi modifiye albiimin diizeyi,
albiimin kobalt baglanma testi kullanilarak spektrofotometrik olarak 6lculdi.

Bulgular: Romatoid artrit grubunda ve saglikli kontrollerde ortalama iskemi modifiye albumin diizeyleri
sirastyla 0.46 = 0.16 ABSU ve 0.39 *+ 0.10 ABSU idi ve aralarindaki fark istatistiksel olarak anlamliyd: (p
= 0.002). Romatoid artrit grubunda, hastalik aktivite skoru ile serum iskemi modifiye albiimin duzeyi (r
= 0.419, p = 0.001), serum iskemi modifiye albiimin /albiimin orani (r=0,594, p<0,001) ve serum C-
reaktif protein (CRP) diizeyi (r = 0.648, p < 0.001)arasinda istatistiksel olarak anlaml pozitif iliski
bulundu.

Sonuc:Romatoid artrit 'li hastalarda DAS-28 ile iskemi modifiye albiimin diizeyi arasindaki pozitif ydbnde
iliski, iskemi modifiye albiimin'in hastalik aktivitesi icin biyobelirte¢ olarak Kkullanilabilecegini
dusiuindiirmektedir.
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Romatoid Artritte iskemi Modifiye Albiimin

ABSTRACT

Purpose: Rheumatoid arthritis (RA) is a chronic, progressive, autoimmune disease characterized by
synovial inflammation, cartilage damage and bone erosion. Ischemia modified albumin (IMA) is a
potential marker that can be used to assess atherosclerosis-related myocardial ischemia.
Cardiovascular events such as myocardial infarction and stroke are common diseases in rheumatic
diseases. We aimed to evaluate the relationship between disease activity and ischemia modified
albumin level and ischemia modified albumin / albumin ratio (IMAO) in patients with rheumatoid
arthritis.

Material and Methods: This study included 72 rheumatoid arthritis patients and 72 healthy controls.
Disease activity was evaluated with the disease activity score (DAS28). Serum ischemia-modified
albumin concentration was measured spectrophotometrically using the albumin cobalt binding test.

Results: The mean ischemia-modified albumin concentrations in rheumatoid arthritis group and
healthy controls were 0.46 + 0.16 ABSU and 0.39 = 0.10 ABSU, respectively, and the difference was
statistically significant (P = 0.002). Serum ischemia-modified albumin levels were found to be positively
correlated with Disease Activity Score of 28 joints (DAS28), serum ischemia modified albumin / albumin
ratio and serum C-reactive protein (CRP) level (r = 0.419, r = 0.594, r = 0.648, respectively,).

Conclusion: Higher levels of ischemia-modified albumin in patients with rheumatoid arthritis or in
those with active disease suggest that it may be associated with pathogenesis and activity of the
disease.

Key words: Disease activity score, Ischemia modified albumin, Rheumatoid arthritis

GIRIS Laboratuvar bulgularinda en sik kullanilan
inflamasyon gostergesi eritrosit sedimantas-
yon hizi (ESH) ve C-reaktif protein (CRP)
duzeylerindeki artig; hastahga 6zgu olmasa
da hastaliqin aktif oldugunu distindiiriir (5).
Hastalik aktivitesinin takibinde; klinik, labo-
ratuvar ve radyolojik degerlendirmeleri
kapsayan bir indeks olan DAS 28 (hastalik
aktivite skoru) hastalik aktivite skoruna

bakilir. DAS 28, hassas eklem sayisi, Sis

Romatoid artrit (RA), sinovyal enflamasyon,
kikirdak hasari ve kemik erozyonu ile
karakterize kronik, progresif, otoimmun bir
hastaliktir (1). Diinya capinda yetiskinlerde
tahmini prevalansi % 0,8-1 olan ve daha sik
Kadinlar1 etkileyen RA, fonksiyonel sinirla-
malara, calisma gicligiine ve diisiik yasam
kalitesine neden olur (2). RA etiyolojisi kesin

bilinmemekle birlikte enfeksiyon, genetik,
cevresel ve endokrin faktorlerin rol aldigi
diusunulmektedir. RA’'da en ¢ok sinovyal ve
kikirdak hicreleri etkilendigi icin erken
belirtileri eklem agrisi ve sisliktir. RA” in tanisi
kadar, erken remisyonu sadlamak ve
sakathdr onlemek veya azaltmak igin hizli ve
dogru yonlendirme o6nemlidir (3). RA riski
tasiyan hastalart veya hastaligin erken
asamasini saptamak, gelisimini dnlemek ve
tedaviye baslamak icin biyobelirtecler den
yararlanilir. Bu biyobelirte¢lerden romatoid
faktor (RF) duyarl fakat 6zgul olmayan bir
Olciittur ve RA de % 50-80 artti@i saptan-
mustir. Serumda siklik sitrulin peptid'e karsi
olusmus antikorlarin (anti-CCP), romatoid
artrit icin daha ylksek oranda spesifik
oldugu gosterilmistir(4).
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eklem sayisi, ESH ve hastanin genel
durumunu ile iliskilidir(6).

Albuminin amino terminal ucu, kobalt ve
nikel gibi metalleri baglama kapasitesine
sahiptir. Cesitli hastaliklarla iligkili iskemi,
hipoksi, artan serbest radikaller ve asidoz,
albuminin molekiiler yapisinda degisikliklere
neden olur ve bu metal iyon baglama
kapasitesini azaltir. Albuminin bu yeni
izoformuna iskemik modifiye albumin (iIMA)
adi verilir. Serum IMA diizeyleri ve IMA /
albiimin  oraninin  (IMAO)  miyokardiyal
iskemi, akut inme, kas iskemisi ve bagirsak
iskemisi gibi cesitli hastaliklarda arttiqi
gosterilmistir (7,8). Romatizmal hastaliklar-
da, miyokard enfarktiisii ve inme gibi kardi-
yovaskiiler olaylar sik goriiliir. Literatirde RA
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de artmis serum IMA konsantrasyonlarini ve
IMAO" bildiren calismalar bulunmakla birlikte
hastalik aktivitesi ile ilgili calismaya rastlan-
mamustir. Calismamizda RA'lT  hastalarda
hastalik aktivitesi ile IMA diizeyi ve IMAO ara-
sindaki iliskiyi dederlendirmeyi amacgladik.

GEREC VE YONTEMLER

izmir Tepecik Egitim ve Arastirma Hastanesi
Fizik Tedavi Poliklinigine basvuran hastalar-
dan 72 RA hastast ve 72 saglikli kontrol
calismaya alindi. Calisma icin SBU Tepecik
Egitim ve Arastirma Hastanesi etik kurulun-
dan izin alindi. Hasta ve kontrol grubunun
dislama Kriteri olarak akut enfeksiyon, diya-
bet, kanser ve kronik hastaliklar belirlendi.
Hastalik aktivitesi, hastalik aktivite skoruyla
(DAS-28) degerlendirildi ve buna gore
hastalar 3 alt gruba ayrildi. DAS 28 aktivite-
sinin 5.1’'den fazla olmasi yuiksek diizey
hastalik aktivitesini, 5.1- 3.2 arasi orta diizey
hastalik aktivitesini, 2.6-3.2 arasinda dusik
diizey hastalik aktivitesini gostermektedir.

Serum IMA seviyeleri, Bar-Or ve arkadasla-
rinin gelistirdigi kolorimetrik bir ydntem olan
albiimin kobalt baglama testi ile olctilda (9).
200 uL hasta serumu, 50 uL 0.1% cobalt
Klorid ile kanstirilip 5 dakika siuireyle inkiibe
edilerek, kobaltin albiimine baglanmasi sag-
landi.  inkiibasyondan sonra 50 uL
dithiothreitol (DTT) (Sigma, 1.5 mg/ml H20)
eklendi ve DTT'nin albiimine baglanmamis
kobalt ile renkli bir kompleks olusturmasi
sadlandi. Olusan renkli kompleks 470 nm
dalga boyunda spektrofoto- metrik olarak
olciildi. Sonuclar absorbance units (ABSU)
olarak verildi. IMA diizeyleri, serum albiimin
diizeylerine  bélilnerek IMAO diizeyleri
hesaplandi. IMAO diizeyleri ABSU/g (absolii
tnite/gram) seklinde gosterildi.

Bireylerden 8 saat aclik sonrasinda biyokim-
yasal tetkikler icin kan alindi. Hastalarin
veno6z kanlari, SST (5.0 ml) Becton Dickinson
Vacutainer SST II Advance (lot no: 5159077;
BD Diagnostics, Plymouth, UK) tupiine alindi
ve 5-6 kez alt-uist edilip pihtilasmasi icin oda
sicakliginda 30 dk beklendi. Oda isisinda
1600 x g’'de 10 dk santrifiij edildi. Hemolitik,
ikterik ve lipemik 6rnekler calismadan cika-

rildi. Biyokimyasal testler ayni giin calisildi.
IMA icin, serumdan alikotlanan 6rnekler -
80°C'de en fazla 6 ay siireyle muhafaza
edildi. Calismadan Once ¢oziulmiis numu-
neler, 6nce birkac kez ters cevrilerek oda
sicakhdina getirildi. Serum CRP, albumin,
kolesterol, trigliserid, LDL-K, HDL-K diizeyi,
‘Beckman Coulter AU 5800 (Olympus
Diagnostics, GmbH, Hamburg, Germany)
‘otoanalizoru Kkullanilarak dlculdii.

Istatistiksel Analiz

Verilerin istatistiksel degerlendirmesinde
SPSS 17.0 (SPSS Inc, Chicago, IL, USA) analiz
programi  kullanildi. Kolmogorov—Smirnov
testi ile degiskenlerin normal dagilimi de-
derlendirildi. Normal dagihm gosteren kont-
rol ve hasta grubunun degerleri ortalama +
SD seklinde gosterildi ve independent
student-t testiyle gruplar arasindaki fark
degerlendirildi. Degdiskenler arasindaki kore-
lasyona spearman korelasyon testiyle bakildi.
RA hasta alt gruplarinda normal dagdilhim
ozelligi gosteren verilerin karsilastirilmasinda
tek yonlii varyans analizi (ANOVA) testi ve
post hoc Bonferroni testi kullanildi. Normal
dadgiim goéstermeyenler Kruskal Wallis testi
ile Karsilastirildi. iIMA ve IMAO parametre-
lerinin tanisal degerlerinin analizi icin ROC
(reciever operator characteristics curve)
analizi yapildi. P<0,05 istatistiksel olarak
anlamli kabul edildi.

BULGULAK

Calisma gruplarinin demografik 6zellikleri ve
laboratuar bulgular1 Tablo 1'de gosterilmistir.
RA grubunda ve sagliklhi Kkontrollerde
ortalama IMA diizeyleri sirasiyla 0.46 + 0.16
ABSU ve 0.39 = 0.10 ABSU idi ve
aralarindaki fark istatistiksel olarak anlaml
bulundu (p = 0.02). Aym sekilde RA
grubunda iMA / albiimin orani (IMAO) 0,14 =+
0,05 kontrol grubunda 0,09 + 0,02 idi ve
aralarindaki fark anlamli bulundu (p<0.01).
DAS 28 aktivitesi ti¢ ayr1 grupta (dusiik, orta,
yiiksek) incelendi. Hastalarin 13i disik
diizey, 414 orta diizey, 18'i yiiksek diizey
hastalik aktivitesine sahipti. Hastalik aktivite
skoru DAS28 ile serum IMA diizeyi (r =
0.419, p = 0.001), serum IMAO (r=0.594,
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p<0.001) ve serum C-reaktif protein (CRP)
dizeyi (r = 0.648, p < 0.001) arasinda
istatistiksel olarak anlamh pozitif iliski
bulundu. RA hasta sub gruplan arasinda,
serum IMA, IMAO, CRP ve albiimin degerlerinde
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1,200

1,000

800

o . : . £
anlamh fark gdzlendi (Tablo 3). IMA ve IMAO
degerlerinin hastalik tanisal degeri icin yapi-
lan ROC (reciever operator characteristics
curve) analizi sonuglarma goére IMA tanisal
dederi %65.5 iken (egri altinda kalan alan: o=
0.655), IMAO tanisal degeri %75.9 olarak eRUP -
(egri altinda kalan alan: 0,759) bulundu.
Serum IMA diizeyinin sensi-vitesi %31.9 ve  Sekil 2. Kontrol grubu ve RA hastalarinda IMA
spesivitesi %98.6, serum IMAO diizeyinin _ __ dizeylerinin karsilastinimasi
. | %642 ivitesi %90.3 ol Kk Figiir 2. Comparison of IMA levels in the control group
sensivitesi %64.2 ve spesivitesi %90.3 olara and RA patients
bulundu.
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DISgENS SRgmema B pruchicac B fes Sekil 3. RA grubunda serum IMA seviyeleri ile DAS28
skoru arasindaki korelasyon
Sekil 1. ROC analizi sonuclari Figiir 3. Correlation between serum IMA levels and

Figiir 1. ROC analysis result

DAS28 score in RA group

Tablo 1. Hasta ve kontrol grubunun biyokimyasal testlerinin karsilastirmasi
Table 1. Comparison of biochemical tests of patient and control group

KONTROL HASTA P
(n=72) (n=72)
Yas (y1l) 49.8 £ 11.5 53.5 = 13.2 0.08
Cinsiyet (K/E) 56/14 60/14
Kolesterol (mg/dL) 216 * 42 209 * 42 0.35
Trigliserit (mg/dL) 146 + 70 145 = 70 0.91
HDL-Kolesterol(mg/dL) 57 + 52 45 = 12 0.08
LDL-Kolesterol (mg/dL) 135 + 37 134 = 35 0.84
Albiimin (g/dL) 45+ 0.6 35*07 <0.01
CRP (mg/dL) 1.7+ 13 2.4 3.4 0.13
IMA (ABSU) 0.39 = 0.10 0.46 = 0.16 0.02
IMAO (ABSU/g) 0.09 * 0.02 0.14 = 0.05 <0.01

CRP: C- reaktif protein, IMA: iskemi modifiye albiimin, iIMAO: iskemi modifiye albiimin / albiimin orani
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TARTISMA

RA hastalik patogenezini olusturan inflama-
tuvar yanitta hicresel ve humoral immii-
nitenin birlikte yer aldidi gosterilmistir.
Genetik ve cevresel faktorler dahil olmak
uzere cesitli faktorler arasindaki etkilesimle-
rin, uygun olmayan bir immunomodulasyona
yol actidi ve sinovyal yapilarin hasar gérme-
siyle sonuclanan inflamatuar bir stirece yol
actidi dusiintilmektedir. Reaktif oksijen turle-
rinin (ROS) bu siirecte 6nemli rol oynadidi
belirtilmistir(10). Sistemik bir hastalikla bir-
likte artan oksidatif stres, iltihap gelisiminde
ve ilerlemesinde 6énemli bir faktordiir. iskemi
modifiye albiimin (IMA), oksidatif stresin
sistemik bir belirteci olarak son zamanlarda
kabul gérmiistiir. IMA, albiiminin adir gegis
metallerini baglama kapasitesindeki degisik-
liklerin bir sonucu olarak uretilir ve ateros-
klerotik kalp hastalidi ile iliskisini gOsteren
cok sayida calisma yapilmustir(8). Iskemik
hastaliklar icin farkh IMA kesme degerleri
bildirilmesine ragmen, 0.400 absorbans biri-
minden (ABSU) yiuksek serum seviyeleri
genellikle iskemi belirtisi olarak kabul edi-
lir(11). Calismamizda; RA li hastalarda serum
IMA diizeyi bu sininn iizerinde bulundu ve
kontrol grubuna kiyasla daha yiiksek IMA
seviyelerine sahipti. RA hastalarinda IMA
dizeyinin  degderlendirildigi  calismalarda,
bizimkine benzer sekilde RA hastalarinda IMA
diizeyleri yuksek ve Kkontrol grubuna gore
anlamh fark bulunmustur (8,12). Kronik
karaciger hastalarinda, albiimin diizeyinin
diismesine badl olarak IMA olciimii ile
birlikte, daha degerli bir veri olabilecegi
diisiiniilerek bazi calismalarda iMA / albiimin
orani da hesaplanmistir (13). Bizim calisma-
mizda da RA hastalarinda serum IMA /
albumin oranimi yiiksek bulunmus olup
kontrol grubuyla arasindaki fark anlamli
cikmustir.

RA hastalarinda, Hastalk aktivite skoru
DAS28 ile serum IMA, IMAO ve serum C-
reaktif protein (CRP) diizeyi arasindaki iliskiyi
degerlendirdigimizde, bu parametrelerde
istatistiksel olarak anlamli pozitif yonde bir
iliski bulundu. RA hastalarinda hemogram
parametrelerinden noétrofil lenfosit orani
(NLO), trombosit lenfosit (PLO) oranlarinin

degerlendirildigi bir calismada DAS 28
aktivite skoru artisi ile NLO ve PLO arasinda
pozitif bir iliski saptanmistir(6). Yine benzer
bir calismada RA hasta grubunda serum CRP,
ESH seviyeleri, NLO ve PLO anlamh olarak
yiiksek bulunmustur(5).

RA hastalarinda, IMA ve IMAO degerlerinin
tanisal dederini inceledigimizde, serum IMA /
albiimin oraninin serum IMA seviyesine gore
daha yuksek sensivite ve spesiviteye sahip
oldugunu saptadik. Bdylece serum iMA diize-
yinin degerlendirildigi calismalarda, ayrica
serum IMA / albiimin oranminmin belirlenmesi-
nin 6nemli oldugunu gdsterdi.

RA hastalarmin alt gruplarim1 degerlendirdigi-
mizde serum IMA, IMAO ve CRP seviyelerinin
diusiik seviyeli grupdan yuksek seviyeye
dogru gittikge arttidini, albiimin seviyesinin
ise azaldigini saptadik. Her li¢ parametrede
de gruplar arasinda anlamh fark vard.
Hastalik aktivite durumunun degerlendirildigi
bir calismada da CRP seviyeleri bizimkine
benzer sekilde artis gostermistir(6).

RA hastalarinda serum leptin duzeylerinin
degerlendirildigi baska bir calismada, yiiksek
hastalik aktivitesi grubundaki diizey, dusiik
hastalik aktivitesi grubundan ve saglikli kont-
rollerden anlamlh derecede yiiksek bulun-
mus, yuksek ile orta hastalik aktivite grubu
karsilastirildiginda serum leptin diizeyinde
anlamh bir fark go6sterilmistir. RA grubunda
serum leptin seviyesi ile hastalik aktivite
skoru (DAS28) arasinda istatistiksel olarak
anlamli pozitif bir iliski gdzlenmistir(1).

Rutin Klinik uygulamada RA hastalik takibin-
de kullanilan inflamatuvar parametreler CRP
ve ESH gibi hastaliga 6zgil olmayan
inflamatuvar belirteclerdir (5). Calismamizda
serum CRP duzeyi hasta grubunda Kkontrol
grubuna goére yiikksek olmasina ragmen
aralarinda istatiksel olarak fark bulunmadi.
Bu farkin olmamasini, kontrol grubunu
olustururken serum CRP diizeyini etkileyen
faktorleri yeterince dislamamis olabilecegi-
mize bagladik. Ciinkii RA hastalarinda serum
CRP diizeyi, DAS28 ile pozitif yonde kore-
leydi. Calismamizin kisithiliklarindan bir bas-
kasi da, oksidatif stres belirteci olarak sadece
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IMA ve IMAO, enflamasyon belirteci olarak ise
sadece CRP degerlerini kullanmamizdir.

RA hastalarinda, serum IMA ve IMAO diizeyi-
nin kontrol grubuna gore yiiksek bulunmasi
ve hastalik aktivitesi ile pozitif yonde iligkili
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OZET

Amac: B lenfositlerinin Klonalitesinin akim sitometri analizi ile dogrulanmasi Kronik Lenfositik Losemi
(KLL) tanisinda 6nemli bir yere sahiptir. Bu retrospektif calismada KLL hiicrelerinin monoklonalitesinin
gostergesi olarak hangi ytlizey hafif zincir paterni gosterdikleri arastirildi.

Gerec ve Yontem: 33 KLL hastasinin (12 kadin/ 21 erkek) periferik vendz kanina ait akim sitometri
sonuclart geriye doniik incelenmistir. KLL immunfenotipleme panelinde yer alan antikorlarin
uygulanmasi ve lysing prosediiriinden sonra elde edilen Orneklerin okuma sonuclar1 degerlendirildi.
CD19 ve CD5’i birlikte eksprese eden hiicreler KLL hiicreleri, olarak kabul edildi ve bu hiicrelerin
monoklonalitesini dederlendirmek i¢in kappa ve lambda hafif zincir ekspresyonlar dederlendirildi.

Bulgular: Tim vakalar degerlendirildidinde kappa monoklonalitesi gosteren vaka ytizdesi %30.3 iken
lambda monoklonalitesi gOsteren vaka yilizdesi %51.5 oldugu goriildii. %18.2 vakada da her iki hafif
zincir ekspresyonunun da olmadigi gorildii.

Sonuc: Calismaya alinan hastalarimizda KLL hiicrelerinde en sik lambda hafif zincir restriksiyonu
gozlenmistir.
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KLL vakalarinda /A hafif zincir ekspresyonu

ABSTRACT

Objective: Confirmation of the clonality of B lymphocytes by flow cytometry analysis has an important
role in the diagnosis of Chronic Lymphocytic Leukemia (CLL). In this retrospective study, we
investigated which surface light chain pattern they showed as indicative of the monoclonity of CLL cells.

Material and Methods: Flow cytometry results of 33 CLL patients (12 women / 21 men) were
examined retrospectively. The reading results of the samples obtained after the application of the
antibodies in the CLL immunophenotyping panel and the lysing procedure were evaluated. Cells that
co-express CD19 and CD5 were considered CLL cells, and kappa and lambda light chain expressions
were evaluated to the monoclonity of these cells.

Results: When all cases were evaluated, the percentage of cases showing kappa monoclonity was
30.3%, while the percentage of cases showing lambda monoclonity was 51.5%. It was observed that
both light chain expressions were absent in 18.2% of cases.

Conclusion: In our patients, lambda light chain restriction was observed most frequently in CLL cells.

Keywords: Chronic Lymphocytic Leukemia; Flow Cytometry; kappa/lambda

GIRIS

Kronik Lenfositik Losemi (KLL) kemik iliginde
bulunan tek bir hiicrenin DNA’sinda sonradan
meydana dgelen degisiklik nedeniyle,
morfolojik olarak olgun goérinimli Kiicik
monoklonal B lenfositlerinin ilerleyici birikimi
ile karakterize lenfoproliferatif bir hastaliktir.

KLL tanisi igin, National Comprehensive
Cancer Network (NCCN), International
Workshop on Chronic Lymphocytic Leukemia
(IWCLL) ve European Society of Medical
Oncology (ESMO) ortak yayinladiklari rehber-
de periferik kanda B lenfosit sayisinin
>5%10° /L olmasi ve dolagimdaki B
lenfositlerinin Klonalitesinin akim sitometri
analizi ile dogrulanmasi gerektigi konusunda
hemfikirdir (1, 2, 3). NCCN, akim sitometri
analizi ile immiinofenotipleme icin, kappa
/lambda, CD19, CD20, CD5, CD23 ve CD10
hiicre ylizeyi markirlarimin  Kkullaniimasini
onermektedir. Neoplastik B hiicrelerinin
CD19, CD5, CD23 eksprese ederken CD20 ve
monoklonal yilizey immiunoglobulinin (slg)
zayif eksprese etmesi immunfenotiplemede
tani Olgutii olarak gosterilmektedir. KLL tani-
sinda molekiiler anormallikler gdsterilmekle
beraber, hicbiri KLL icin spesifik olmadigin-
dan immiinofenotipleme KLL tanisinda
onemli bir rol oynamaktadir.
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Neoplastik B hiicrelerinde hafif zincir eks-
presyonlarinin akim sitometri analizi ile
gosterilmesi Kklonaliteyi dogrulamanin bir
yoludur (4). immiinoglobulinlerin kappa ve
lambda olmak tizere iki tip hafif zinciri vardir.
Normal bir B hiicresi ya kappa ya da lambda
hafif zincirinden sadece birini eksprese eder.
Saglikli Kisilerde B lenfosit popiilasyonlari
yaklasik olarak 2:1 oraninda kappa:lambda
hafif zincirleri ekspresyonunu goésterirken (5),
3: 1 ve 0.3: 1 araiginin disinda bir oran
genellikle monoklonal (3.0 ila 0.3) olarak
kabul edilir (6). Arastirmalar malign hiicre-
lerin, genetik bir transformasyon ve tek bir
hiicrenin proliferasyonundan kaynaklandidi
hipotezini uzun zamandir desteklemektedir.
Bu nedenle, tek bir hiicre hattindan prolifere
olan malign B hicreleri bir Klon olarak
tanimlanir. Bu Klonal artis da “monoklonal
hafif zincir restriksiyonu” olarak adlandirilir.
Monoklonal hafif zincir restriksiyonu neo-
plastik B hiicrelerinin bir gostergesi olarak
kabul edilmekle birlikte her iki hafif zinciri
ayr ayr eksprese eden B hiicre populasyonu
iceren KLL vakalari (biklonal) (7,8) ile her iki
hafif zinciri birlikte eksprese eden B hiicre
populasyonu iceren KLL vakalan (dual) da
gosterilmistir (9).

Bu calismada KLL tanisi alan vakalarimizin
lenfositlerinde hangi yuzey hafif zincir paterni
gosterdikleri arastirildi.
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GEREC VE YONTEM

Bu calismada Afyonkarahisar Saglk Bilimleri
Universitesi Uygulama ve Arastirma Merkezi
Hematoloji Kliniginde, Kklinik, morfolojik ve
immunfenotipik bulgular ile tan1 almis yas
ortalamasi 64 (en kiciik 44, en biliyuk 78)
olan 33 KLL hastasinin (12 kadin/ 21 erkek)
periferik vendz kanina ait akim sitometri
sonuclar1 geriye doniik incelenmistir (2011-
KAEK-2 kodlu etik kurulun 2020/292 sayili
Karari ile onay alinmustir).

Akim Sitometri Analizi

Etilendiamintetraasetik asit (EDTA) iceren
tiplere alinan periferik ven6z kan ornekleri
24 saat icerisinde isleme alinan hastalarin
sonuglar calismaya alinmistir. KLL immunfe-
notipleme panelinde yer alan (CD19, CD20,
CD5, CD23, CD38, CD10, CD2, CD200, CD7,
CD79a, CD34, CD117, CD43, FMC7, CD14,
CD33, MPO, kappa ve lambda hafif zincir)
antikorlarin uygulanmasi ve lysing prosedii-
rinden sonra elde edilen 6rneklerin okuma
sonuglar1 degerlendirildi. Okumalar Beckman
Coulter, (Miami, USA) firmasina ait Navios Ex
model cihazinda, yine ayni firmaya ait anti-
korlar kullanilarak gerceklestirildi. ilk olarak
CD45-Side Scatter (SSC) grafigi uzerinde
lenfositler isaretlendi. Bu popiilasyonda
CD19 ve CD5'i birlikte eksprese eden
hucreler KLL hiicreleri, olarak degerlendirildi.

B hiicrelerinin monoklonalitesini degerlen-
dirmek icin kappa ve lambda hafifzincir
ekspresyonlari dederlendirildi. Kappa:
lambda orani 3:1 ve 0.3:1 araliginin disinda
olanlar monoklonal olarak kabul edildi (6).

Istatistik

Hicre yuizeyinde kappa ve lambda hafif zincir
eksprese eden KLL hicrelerinin ylizdeleri
akim sitometri cihazinin verilerinden elde
edilmistir.

BULGULAR

Akim sitometri ile belirlenen ylizey hafif zincir
ekspresyonlari ug farkh patern ortaya koydu-
lar. ilk patern sadece kappa hafif zincir
eksprese ederken (n:10) (Sekil 1A), ikinci
patern sadece lambda hafif zinciri (n:17)
(Sekil-1B), ucumcii patern de hafif zincir
eksprese etmedigi goruldi (n:6) (sekil-1C).
Tim vakalar dederlendirildiginde kappa
monoklonalitesi gdsteren vaka yuzdesi
%30.3 iken lambda monoklonalitesi gos-
teren vaka ytizdesi %51.5 oldugu goritldu.
%18.2 vakada da her iki hafif zincir ekspres-
yonunun da olmadidi goriildii (Tablo 1). Sekil
2’de Hafif zincir eksprese eden KLL hiicre-
lerinin yuzdeleri verilmistir. KLL hicrelerinin
lambda Kklonite gosteren vakalarda kappa
Klonite gdsteren vakalardan daha fazla hafif
zincir eksprese ettigi gorulmustir.

Tablo 1. KLL hastalarinin hafif zincir ekspresyon paternleri
Table 1. Light chain expression patterns of CLL patients

Hasta Sayisi 10
(Kadin/Erkek) (4/6)
Hasta % %30,3

% (Kadin/Erkek) (12.1/18.2)

17 6
(6/11) (2/4)
%51.5 %18.2

(18.2/33.3) (6.1/12.1)

Turk Klinik Biyokimya Derg 2020;18(3)



KLL vakalarinda «/A hafif zincir ekspresyonu

KAPPA FITC / CD19 ECD LAMBDA PC7 / CD19 ECD
E | U++: 0.55%
a a
9 = =
- =
8 8
T+-: 0.79%) (U+-: 0.33%|
w0 |(Ir' III)5‘ 10 |||]‘ 1;)5 III:F
KAPPA FITC LAMBDA PC7
[E] KAPPA FITC / CD19 ECD i LAVEDKPCT | GO BEY
1 B+ |[AB++: 0.20%] | IAC- |AC++: 76.23%
3 i -l R ateice £ 142
o 10 95.1..0 o W
bred b
B o 10* o
P a
S 10° = 10° 3
... |AB+-: 1.00% “AC... w
! & . 1 |AC+-: 1.09%
10° 10¢ 10° 10* |||Jl 11.‘ |E15 100
KAPPA FITC LAMBDA PC7
v_LAMB[)iPC? / KAPPA FITC [AH] KAPPA FITC / CD19 ECD LAMBDA PC7 / CD19 ECD
. SAN-+:| [AN++: 0.04% s rTE [laL++: 0.70% e TR ++1 1.44%
10.59% 81.39% “80.69%
o, 10% 105 | 10"{
E =] : -] S 3 g
C = o m‘-ﬁ | o 10‘«% 32'*
3 5 A : 5 j "
107 5 AN-- 107 1 = 10
97, AN+-: 1.44% AR | = i
17.72% | {
l'“u‘ 1"'0‘ 1o |ID' ulr' uli" 1ot
LAMBDA PC7 KAPPA FITC

Sekil 1: KLL hucrelerinde hafif zincir ekspresyon paternleri;
Figure 1: Light chain expression patterns in CLL cells;
(A) Kappa klonite gbsteren patern / (A) Pattern showing Kappa clone
(B) Lambda Klonite gbsteren patern / (B) Pattern showing lambda clonite
(C) Hafif zincir eksprese etmeyen patern. / (C) Pattern not expressing light chains.
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Sekil 2. Kappa ve Lambda Klonite gosteren KLL hiicrelerinin hafif zincir ekspre etme ytizdeleri.
Figure 2. Light chain expression percentages of CLL cells showing Kappa and Lambda clonites.

TARTISMA

Olgun B hiicreleri, adaptif immun sistem
geregince kappa ve lambda hafif zincirden
birini i¢eren immunglobulin eksprese ederek
Klonal cesitlilik gosterirler. Normal veya
reaktif B hiicrelerinin aksine, KLL hiicreleri
Klonaldir, sadece tek bir immunglobulin
tirunt eksprese eder ve bu nedenle kappa

veya lambda hafif zinciri icin monotipiktir.
KLL hiicreleri nadir de olsa biklonal ya da
dual hafif zincir ekspresyonu gosterebilirler.
Bu bulgular KLL tanisinda énemli bir yere
sahiptir.

Bu retrospektif calismada KLL vakalarinda
lambda restriksiyonuna (%51.5) kappa
restriksiyonundan (%30.3) daha sik oranda
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rastlanmistir. Alves ve arkadaslar1 Brezilya'da
80 KLL hastada yaptiklari immunfenotipleme
calismasinda kappa hafif zincir restriksiyonun
lambdadan daha sik rastlandidini (%57.9)
gostermislerdir (10). Pavia ve arkadaslar ise
43 KLL hastasinin tiimiinde kappa/lambda
oranint 10:1'den daha yiiksek bulmuslar ve
%386'sinin kappa hafif zincir, % 14'Uniin de
lambda hafif zincire sahip bir monoklonal B
huicresi proliferasyonu oldugunu gostermis-
lerdir (11). Kappa hafif zincir restriksiyonu-
nun daha fazla gorildugua diger bir calis-
mada da tiim hastalarin %54.5 nin kappa,
%45.5 inin de lambda monoklonaliteye sahip
oldugu gosterilmistir (12). Literatiirdeki bu
verilerden farkli olarak hastalarimizda
lambda hafif zincir restriksiyonunun daha
fazla goOrulmesinin pek c¢ok sebebi
olabilecedi gibi en 6nemli nedeni farkl {ilke
insanlarinda yapilmis olmasidir.

Calismamizda her iki hafif zinciri de eksprese
etmeyen 6 vaka (%18.2) goriilmustur. Genel-
likle yuzey immiunoglobulinlerini eksprese
etmeyen plazma hiicre timorleri ve pre-
Kuirsor B hiticresi akut lenfoblastik 16seminin
(ALL) aksine, B hiicre malignitelerinde yuzey
hafif zincirlerinin ekspresyonu eksikligi sik
rastlanmayan bir durum oldugunu gosteren
calismalar yaninda (11-12) farklh olarak
bizimle benzer sonuclar gosteren calismalara
da rastlanmaktadir. Bhola ve arkadaslari 42
KLL vakasinda yaptiklart calismalarinda 5
vakanin (%11.9) KLL hicrelerinde her iki
hafif zincirin de eksprese etmedigini
gostermislerdir (13). Martini ve arkadaslar
da 271 B hucreli non-Hodgkin lenfoma
vakasi uzerinde yaptiklari calismada yuzey
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KLL vakalarinda /A hafif zincir ekspresyonu

hafif zincir eksprese etmeyen 33 hasta
oldugunu ortaya koymuslardir (14).

KLL vakalarinda godriilen bir diger patern KLL
hiicrelerinin biklonal karakterde olmasidir.
Bu patern oldukc¢a nadir olup insidansi %0.7
ila %3.4 arasinda degdismektedir (15-16).
Hastalarimiz arasinda biklonal paterne
rastlamadik. Hasta saymmizin az olmasi ve
insidansin disiik olmasmin buna neden
olabilir. insidansin %3.4 olarak belirlendidi
calismalardan birinin 5523 KLL vakasinda
(16) bir digerinde de 353 KLL vakasinda
yapildidi gorilmektedir (17).

B hiicre popiulasyonunda hafif zincir restriksi-
yonunun gosterilmesi genellikle monoklo-
nalitenin bir kaniti olup malignitenin de bir
gostergesi olarak kabul edilmekle beraber
son donemde yapilan calismalar her iki hafif
zinciri Dbirlikte eksprese eden (dual) B
hiicrelerin de malignite isareti oldugunu
ortaya koymustur (18). Literatiirde dual hafif
zincir eksprese eden KLL vakalart yer
almakla beraber (9,19,20) insidans gosteren
calismaya rastlanmamistir. Bu calismadaki
KLL hastalar1 arasinda bu nadir gorulen dual
hafif zincir ekspresyonu goriilmemistir.

Akim sitometri analizinde monotipik bir B
hiicresi  popiilasyonunun saptanmasi her
durumda bir B hiicresi neoplazm gdstergesi
degildir. Klonal B hiicreleri reaktif durum-
larda ve monoklonal B hiicreli lenfositozda
da tespit edilebilir. Bu neden ile her ne kadar
akim sitometri verileri KLL tanisinda oldukca
yardimci olsa da daima morfoloji ve Klinik
ozellikler ile birlikte yorumlanmasi gerekir.
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Diyabetik Hastalarda Hemoglobin
Subfraksiyonlari ve Total Hemoglobinin
Degerlendirilmesi

Evaluation of Hemoglobin Subfractions and Total
Hemoglobin in Diabetic Patients
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OZET

Amac: Diyabetik hastalarin tani ve takibinde kullanilan HbAlc ile bu Olgiim esnasinda bakilan HbAO,
HDbF, HbA1 subfraksiyonlarini birlikte dederlendirmek ve hastalarin total hemoglobin (THb) diizeylerini
g6z Oniinde tutarak HbAlc'nin klinik yararlilid: tartismaktir.

Gerec ve Yontem: Bu geriye doniik calismaya Pamukkale Universitesi Hastanesi laboratuvar bilgi
sistemi Kkayitlarinda bulunan ve hastanemize basvuran 338 Kkisi alindi. HbAlc iyon-degistirici HPLC
yontemiyle TosohG8 cihazinda, THb Mindray BC6800 hematoloji analizoriinde kolorimetrik yontemle
Slciilmiistii. Kisiler HbAlc veya THb diizeylerine gére gruplara ayrildi. istatiksel analizde SPSS 22.0
programui Kullanildi.

Bulgular: Calismadaki 338 hastanin HbAlc ortalamasi %7.2+1.68, THb ortalamasi 13.4+1.8 g/dL idi.
Normal grupta (n=29) prediyabete (n=108) gore HbAla (p=0.0001), HbAlb (p=0.004), LHbAlc
(p=0.0001) i¢in anlamh dusiik; HbAO (p=0.0001) i¢in anlamh yiiksek farklar bulundu. Normal
gruptakilerde diyabetiklere (n=201) gore ve prediyabetiklerde de diyabetiklere gére HbAla (p=0.0001),
HbA1b (p=0.0001), LHbAlc (p=0.0001), SHbA1lc¢/THb (p=0.0001) duzeyleri anlamh diisuk; HbAO
(p=0.0001) ise anlamli yiiksekti. Hastalar THb'ye gore dederlendirildiginde; anemik grupta (n=31),
normale (n=286) gore HbAla (p=0.002), LHbAlc (p=0.002), SHbAlc¢/THb (p=0.0001);
hiperhemoglobinemiklere (n=21) gore de HbAla (p=0.034) ve SHbA1c/THb (p=0.0001) anlaml yiiksek
bulundu. Normal ile hiperhemoglobinemikler karsilastirildiinda; HbAO (p=0.021) normal grupta,
LHbAlc (p=0.004%) ve SHbAlc (p=0.014) hiperhemoglobinemik grupta anlaml yiiksekti. THb ile SHbAlc
arasinda zayif pozitif; SHbA1lc ile LHbAlc ve HbAO arasinda giiclii pozitif korelasyonlar mevcuttu. THb
diizeyine gore ayrilan tiim gruplar arasinda anlaml farkin olmadigi HbA1b ve HbF ile SHbA1c arasinda
zayif pozitif korelasyonlar mevcuttu.

Sonuc: Diyabet hastalarinda SHbAlc ile diger Hb subfraksiyonlarini ve THb'yi birlikte degerlendirmek,
hastalarin glisemi durumlarini yorumlamak agisindan daha dogru olacaktir.

Anahtar Kelimeler: Glike hemoglobin A, hemoglobin Alc proteini, anemi.
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ABSTRACT

Aim: We aimed to evaluate HbAlc with HbAO, HbF, HbA1l subfractions and to discuss the clinical
usefulness of HbA1lc by considering the total hemoglobin (THb) levels of the patients.

Materials and Methods: This retrospektif study included 338 individuals recorded in the laboratory
information system of Pamukkale University Hospital. HbA1c analysis was performed on TosohG8 device
by ion-exchanger HPLC method. THb was measured by the colorimetric method on the Mindray BC6800
hematology analyzer. Subjects were divided into subgroups according to HbAlc or THb levels. SPSS
22.0 program was used for statistical analysis.

Results: The means of all patients were 7.2+1.68% for HbAlc, and 13.4+1.8 g/dL for THb. Compared
to normals (n=29) with prediabetics (n=108), HbAla (p=0.0001), HbAlb (p=0.004), LHDbAlc
(p=0.0001) were lower; HbAO (p=0.0001) was higher. Compared to normals with diabetics (n=201) or
prediabetics with diabetics HbAla (p=0.0001), HbA1b (p=0.0001), LHbAlc (p=0.0001), SHbA1c/THb
(p=0.0001) were higher; HbAO (p=0.0001) was lower in diabetics. When the patients were evaluated
according to THb; compared to normals (n=286) HbAla (p=0.002), LHbAlc (p=0.002), SHbA1c/THb
(p=0.0001); compared to hyperhemoglobinemics (n=21) HbAla (p=0.034) and SHbAlc/THb
(p=0.0001) were significantly higher in the anemic group (n=31). Compared to normal group with
hyperhemoglobinemics; HbAO (p=0.021) was higher; LHbAlc (p=0.004) and SHbAlc (p=0.014) were
lower. There were strong positive correlations in SHbAlc with LHbAlc and HbAO and weak positive
correlations in HbA1b and HbF with SHbA1lc.

Conclusion: Interpreting the patients' glycemia status, it could be more accurate to evaluate SHbAlc
with the other Hb subfractions and THbD in diabetes.

Keywords: Glycated hemoglobin A, hemoglobin Alc protein, anemia.

GIRIS HbAlc 6lgiimii, yiiksek performansl sivi
kromatografisi (HPLC) ve kapiller elektroforez
gibi separative yoOntemler, ayni zamanda
immiinolojik ve enzimatik yontemler dahil
olmak uzere farkli analitik prensipler kullani-
larak gerceklestirilebilir’. HbAlc glisemik
kontroliin bir 6nceki bir sonuca gore iyilesip
iyilesmedigini ve hastanin HbA1lc hedefine ne
kadar yakin oldugunu gdsterir. Bu nedenle,
en uygun Klinik Kkullanim icin, analitik
performansin belirlenmesinde referansa gore
bias ve belirsizlik (imprecision) dikkate
alimmahdir. HPLC ‘National Glyhemoglobin
Standardization Program/ Diabetes Control
and Complications Trial' (NGSP/DCCT)‘ye
gore referans metot olarak kabul edilir.
HbAlcnin HPLC yOntemi ile oOlgliminde
HbAlc en yaygin bulunan glike hemoglo- analitik belirsizlik <%2.9, bias =%2.2 ve
bindir ve 6lciim giiniinden en az 8-10 hafta toplam hata <%6.9 olmaldir®®.

6“Crfsmde baslarmis olan hiperglisemiyi yan-  qi,,imiizde HbATc dlciimii icin sik kullanilan
siir’.  HbAlc diyabet tamsi ve tedavisi, yontemlerden biri olan iyon degistirici

diyabet hastalarinin bakim Kkalitesini deger- kromatografi (IEC) ile, labil HbAlc (LHbAIc),
lendirmek ve diyabet komplikasyonlarinin stabil HbAlc (SHbAlc), fetal Hb (HbF)

%161i§_‘m"~5i ve ilerlemessir;de olusan  riskleri HbAla, HbA1lb ve HbAO analizleri yapilmak-
Ongormek icin kullanhr,” tadir'®>. Min6r hemoglobinler, translasyon

Monosakkaridlerin veya glukoz kalintilarinin
proteinlerdeki serbest amino (-NH,) grubu ile
kendiliginden (nonenzimatik) reaksiyona
girmesine glikasyon denir'. Nonenzimatik
glikasyon ile in vitro ve in vivo degdisime
ugradiqQi ilk olarak gosterilen protein, he-
moglobin (Hb)'dir. Eriskin insan eritrositinin
baslica Hb'i iki alfa (a) ve iki beta (B)
zincirinden olusan, dolasimda yaklasik %90
bulunan HbA (HbAO)'dir?>. HbAO’'dan nonenzi-
matik glikasyon ile olusan HbA1 komponent-
leri, kolon kromotografisi ile izole edilmis ve
elusyon sirasina gore HbAla (HbAlal ve
HbAla2), HbAlb, HbAlc, HbAld ve HbAle
olarak adlandinlmstir’.
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sonrasi modifikasyonlarla elde edilir. £
zincirin amino ucuna glukoz (HbAlc), fruktoz
1,6-difosfat (HbAlal), glukoz 6-fosfat
(HbAla2) ya da piruvik asit (HbA1b) bagla-
nabilir'**2, Minér hemoglobinlerin ¢ogunu
olusturan HbAlc labil ve stabil alt
fraksiyonlarina ayrilir. Labil hemoglobin Alc
(LAlc veya pre-glikohemoglobin olarak da
bilinir) hemoglobin glikasyonunun erken
asamasinda olusan geri donisumlil bir schiff
bazidir. Unstabil fraksiyonun konsantras-
yonu, plazma glukoz seviyesindeki akut
degisiklik ile degisir. Bu yiizden diyabet
hastalarin degerlendirilmesinde stabil HbAlc
Kullanilir'®, Literatirde Hb subfraksiyonlari
icin referans aralik henuz mevcut olmayip,
sadece stabil HbAlc degerleri icin; %5.7-6.4
(39-46 mmol/mol) prediyabet, =%6.5 (48
mmol/mol) diyabet olarak degerlendirilmek-
tedir®.

HbAlc degerleri hipergliseminin degerlen-
dirilmesinde guvenilir olmasina ragmen,
analizinde hemoglobinopatiler, anemi, anti-
oksidan (C ve E vitamini) kullanimi gibi
potansiyel interferanslar ile ilgili laboratu-
varlar dikkatli olmahdir’,','3,'6,  Saghkh
bireylerde dolasimda yaklasik %2 bulunan ve
iki o iki B zincirinden olusan HbF'nin yliksek
olmasi da HbAlc icin interferansa sebeb
olabilir ve bu durum asemptomatik HbF
yiiksekligi olan kisilerde sorun teskil
edebilir'”.

Bu calismanin amaci diyabetik hastalarin tani
ve takibinde HbAlc ile bu élcim esnasinda
bakilan HbAO, HbF, HbA1 subfraksiyonlarini
birlikte degerlendirmek ve hastalarin total
hemoglobin diizeylerini g6z 6ntinde tutarak
HbA1c analizinin Klinik yararlihdi tartismaktir.

GEREC VE YONTEMLER
Orneklerin Toplanmasi

Pamukkale Universitesi Hastanesine Mart-
Haziran 2019 tarihleri arasinda diyabet
suphesiyle basvuran hastalarin Pamukkale
Universitesi hastanesi Biyokimya Labora-
tuvarina ait laboratuvar bilgi verileri geriye
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DM‘de Hb Subfraksiyonlari ve THb

doniik olarak tarandi. K,EDTA tiiplerinde
verdikleri tam kan Orneklerinden HbAlc
analizi ve tam kan tetkiki yapilmis 338 Kisi
calismaya dahil edildi. Hastalarin HbAlc
analizi, iyon-degistirici HPLC yontemiyle IFCC

sertifikai Tosoh HLC-723G8 otomatik
glikohemoglobin cihazinda (Tosoh
Bioscience, Tokyo, Japonya) gercekles-

tirilmisti. Tam kanda THb diizeyi hematoloji
analizoriinde (Mindray BC6800 Shenzen, Cin)
kolorimetrik yontemle Olgiilmiist.

Etik Kurul Onay:1

Calisma icin Pamukkale Universitesi Tip
Fakultesi Etik Kurulundan 27.10.2020 tarih
ve 20 sayili etik kurul onayi alindi. Helsinki
deklarasyonuna bagl kalindi.

Yiiksek Performansh Likit
Kromatografisi (High Performance
Liquid Chromatography-HPLC)

Tosoh G8 HPLC Analiz Cihazi, stabil
HbAlc'nin dogrudan belirlenmesini saglar.
Tosoh G8, HbAlcnin stabil kismimi numu-
nede bulunan toplam hemoglobin miktarinin
ylzdesi olarak hizli ve dogru bir sekilde
olcmek icin gozeneksiz bir kolon ve
mikrobilgisayar teknolojisi kullanir. Analizor,
tam kan Ornegdini hemoliz ve yikama soliis-
yonu ile seyreltir ve daha sonra islemden
gecirilmis numuneyi TSKgel Glyco HSI
varyant kolonu uzerine enjekte eder. Ayirma
(seperasyon) islemi, elusyonunda Kkolon
recine yiizeyi uzerindeki katyon degisim
grubu ile hemoglobin bilesenleri arasindaki
iyonik etkilesimlerdeki farkliliklar kullanilarak
sadlanir. Hemoglobin fraksiyonlari (Ala, Alb,
F, LAlc, SAlc, AO ve H-VO, H-V1, H-V2) daha
sonra spesifik tuz ve pH konsantrasyonlarina
sahip Elution Buffers HSi Varyant 1, 2 ve 3
kullanilarak asamali bir eliisyon yapilarak
kolondan cikarilir. HbD, HbS ve Hb C pikleri
mevcutsa, HDAO pikini takip eden he-
moglobin varyant piklerinde (sirasiyla H-VO,
H-V1, H-V2) saptanabilir. Ayrilan hemoglobin
bilesenleri, absorbanstaki degisikliklerin
415nm'de Olciildiigii LED fotometre akis
hiicresinden gecer. G8 yazilimi ham verileri
entegre eder ve azaltir ve ardindan her bir
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hemoglobin fraksiyonunun bagil yiizdelerini
hesaplar. Bu, her pik fraksiyonu icin tutulma
suresine (retention time) karsi absorbanstaki
degisiklikleri temsil eder. Bir analiz sadece
1.6 dakika stirer'®. Bu calismada yapilan bazi
Hb kromatografisi Ornekleri Sekil 1'de
gosterilmektedir.

Istatiksel Analiz

Veriler SPSS (Statistical Package for the
Social Sciences versiyon 22, Chicago, IL,
ABD) paket programiyla analiz edildi. Hasta-
lar HbA1lc diizeyine gdre normal, prediyabet
ve diyabet olarak ve THb duzeylerine gore
(Mindray BC6800 hematoloji analizori
referans aralik tanimlamasi dikkate alinarak)
11-16 g/dL arasinda normal; <11 g/dL
anemik, >16 g/dL hiperhemoglobinemik ola-
rak u¢ gruba ayrildiktan sonra degerlen-
dirilip, sonuclar bu alt gruplar arasinda
karsilastirmalar seklinde verildi. Surekli
degiskenler ortalama = standart sapma ve
kategorik degiskenler say1 ve yuzde olarak
verildi. Parametrik test varsayimlari
sadlandidinda bagimsiz grup farkhliklarin
karsilastirilmasinda iki ortalama arasindaki
farkin Onemlilik testi; parametrik test
varsayimlart sadlanmadiginda ise bagimsiz
grup farkliliklarin Karsilastirilmasinda Mann
Whitney U testi kullanildi. Tum analizlerde
p<0.05 istatistiksel olarak anlamh Kkabul
edildi. Ayrica siirekli degiskenlerin arasindaki
iliskiler Spearman Kkorelasyon analizi ile
incelendi. Korelasyon analizinde r (korelas-
yon kat sayisi) dederi 0.000-0.49 arahig1 zayif
iliski, 0.50-0.69 araligi orta iliski, =0.70
olanlar guclu iliski olarak kabul edildi.

SONUCLAR

Calismaya katilan 338 Kkisini hemoglobin
ortalama konsantrasyonu 13.4*+1.8 (min: 8,
maks: 17.2) g/dL, HbAlc ortalamasi
%7.2+1.68 (min:4 maks:16) idi. Hb
Kromatografisindeki sonugclar ortanca, 1. ve
3. ceyreklikler olarak verildiginde ise; HbAO
icin %90.7 (89.1-91.6), HbAla icin 9%0.5
(0.5-0.6), HbA1b icin 9%0.7 (0.6-0.9), HbF
%0.6 (0.5-0.8), LHDbAlc %2.2 (2-2.5),

SHbAlc %6.7 (6.1-7.7) idi. Hastalarin
SHbAlc diizeyine gore gruplandirildigindaki
THb dizeyleri ve kromatografi analiz
sonuglari1 Tablo 1'de gosterilmektedir.

Gruplar arasinda Hb  subfraksiyonlari
Karsilastirildiginda normal grupta prediyabet
gruba gore HbAla (p=0.0001), HbA1lb
(p=0.004), LHbAlc (p=0.0001) igin istatiksel
olarak anlaml diisiik; HbAO (p=0.0001) icin
anlaml yiiksek fark bulundu. Normal grupta
diyabetik gruba gore HbAla (p=0.0001),
HbA1b (p=0.0001), LHbAlc (p=0.0001) ve
SHbA1c/THb (p=0.0001) istatiksel olarak
anlaml diisik; HbAO (p=0.0001) icin anlamh
yiiksek fark bulundu. Prediyabet ile diyabet
gruplart Kkarsilastirildidinda ise prediyabetik
grupta diyabetiklere gore HbAla (p=0.0001),
HbA1lb (p=0.0001), LHbAlc (p=0.0001) ve
SHbA1c/THb (p=0.0001) istatiksel olarak
anlamh diasuk; HbAO (p=0.0001) agisindan
anlamh yiiksek fark bulundu. Tim gruplar
arasinda THb ve HbF acisindan anlamh fark
bulunmadi.

Hastalarin THb diizeylerine goére gruplara
ayrildiktan sonraki Hb kromatografi sonuclari
ise Tablo 2'de gosterilmektedir.

Gruplar arasinda Hb subfraksiyonlar1 Kkarsi-
lastinldiginda anemik grupta normal gruba
gore HbAla (p=0.002), LHbA1c (p=0.002) ve
SHbA1¢/THb (p=0.0001); hiperhemoglobine-
miklere gore HbAla (p=0.034) ve
SHbA1c¢/THb (p=0.0001) acisindan istatiksel
olarak anlaml yiiksek fark bulundu. Normal
ile hiperhemoglobinemik hastalar karsilas-

tirldidginda ise HbAO (p=0.021) normal
grupta; LHbAlc (p=0.004) ve SHbAlc
(p=0.014) hiperhemoglobinemik grupta
anlamh yuksek bulundu. Tum gruplar

arasinda HbA1b ve HbF acisindan anlami fark
yoktu.

THb'nin Hb subfraksiyonlariyla olan iliskisi
Tablo 3'te 6zetlenmistir.

THDb diizeyi ile diyabet tanisinda kullanilan
SHbAlc arasinda pozitif yonde zayif Kkore-
lasyon mevcutken, LHbAlc ve HDAO ile
anlamli korelasyon yoktu. SHbA1c ile LHbA1c
ve HDAO arasinda pozitif yonde gicli
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korelasyon mevcuttu. THb diizeyine gore

ayrilan tiim gruplar arasinda anlamh farkin
olmadidi HbA1b ve HDbF ile SHbAlc arasinda

DM‘de Hb Subfraksiyonlari ve THb

pozitif yonde zayif korelasyon mevcuttu
(Bknz Tablo 3.).

Tablo 1. SHbAlc diizeyine gore gruplanan hastalarin THb ve Hb subfraksiyon diizeyleri

Grup SHbA1lc |LHbAl1lc |HbAla HbA1b HbF HbAO THb SHbA1c/
THb
Normal 5.4 1.8 0.4 0.6 0.6 92.6 13.1*x1.9 0.42
(n=29) (5.2-5.5) |(1.6-1.9) [(0.4-0.5) |(0.5-0.7) |(0.4-0.7) |(92.3-92.8) |[(8.5-16.6) (0.37-0.44)
Prediyabet (6.1 2 0.5 0.7 0.6 91.6 13.4*1.6 0.45
(n=108) (5.9-6.2) |(1.9-2.1) |[(0.4-0.5) |(0.6-0.8) |(0.5-0.7) |[(91.3-91.9) |[(9.4-17.2) (0.42-0.49)
Diyabet 7.5 2.4 0.5 0.8 0.6 89.6 13.4+1.8 0.57
(n=201) (6.9-7.8) |(2.1-2.7) |(0.5-0.6) |(0.6-1) (0.5-0.8) |(88.1-90.6) |(8-17.2) (0.51-0.66)
*Sonuclar normal dagihm gésteren parametrelerde ortalama * standart sapma ve minimum-maksimum,
normal dagim gostermeyen parametrelerde ise ortanca ve 1.- 3. ceyreklik olarak gosterilmistir.

Tablo 2. THb diizeyine gore gruplanan hastalarin Hb subfraksiyon diizeyleri

Grup THb HbAla HbA1b HbF LHbA1cC SHbA1lc HDbAO SHbA1c/

THb
Anemi 10.1 0.6 0.7 0.6 2.4 6.9 90.1 0.71
(n=31) (9.5-10.6) (0.5-0.6) | (0.6-0.8) | (0.5-0.9) | (2.1-2.9) | (6-7.7) (88.7-90.9) | (0.62-0.83)
Normal 13.5 0.5 0.7 0.6 2.1 6.7 90.8 0.50
(n=286) | (12.6-14.4) | (0.5-0.6) | (0.6-0.9) | (0.5-0.8) | (1.9-2.4) | (6.1-7.6) (89.4-91.7) | (0.44-0.57)
HiperHb | 16.6+0.4 0.5 0.8 0.6+0.3 | 2.7+x0.7 | 8.2%x2.2 89 0.49+0.13
(n=21) (16.1-17.2) | (0.4-0.6) | (0.7-0.9) | (0.3-1.5) | (1.7-4.5) | (5.3-13.8) | (87.4-91.2) | (0.32-0.83)
*Sonuclar normal dagihm gésteren parametrelerde ortalama * standart sapma ve minimum-maksimum,
normal dagiim gostermeyen parametrelerde ise ortanca ve 1.- 3. ceyreklik olarak gosterilmistir.

Tablo 3. THbD ile Hb subfraksiyonlari arasindaki iligki

THb LHbAlc | SHbAlc

THb r \

P 0.499
HbAla r \

P 0.001 0.0001
HbA1b r

P
HbF r

p
LHbAlc r \

P
SHbA1c r

P

*p<0.05 olup anlamu fark vardir.

=0.70 guiclii iliskiyi ifade eder.

*#r korelasyon katsayisit ve kunuzi: iliski yok, mavi: 0.000-0.49 zayif iliski, sari:0.50-0.69 orta iliski, yesil:
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TARTISMA

HbAlc Klinik biyokimya laboratuvarlarinda
diyabet tanmi ve takibinde kullanilan tanisal
testlerden biri olup, HPLC ile analiz edildi-
dinde HbAla, HbA1b, HbF, LHbAlc, SHbAlc,
HDbAO subfraksiyonlar ile birlikte rapor edilir
ancak sadece SHbAlc Kklinisyenlerin deger-
lendirilmesine sunulur.

Calismamizda prediyabet ve diyabet hastala-
rinda LHbAlc normallere goére anlaml
yiiksekti (p=0.0001) ve LHDbAIlc ile SHbAlc
arasinda yiiksek Korelasyon mevcuttu
(r=0.783, p=0.0001). HbAlc sentezi
sirasinda olusan ve erken glikasyon urinii
olan LHDbAlc, daha ileri reaksiyon ve
dizenlemelerle gunler ve/veya haftalar sonra
inflamasyon, oksidatif stres, tromboz, vas-
kiiler hasar gibi bozukluklara neden olan ileri
glikasyon uriinlerine (advanced glycation end
products-AGEs) donusebilir ve bu urinler
diyabetin makro ve mikrovaskiiler komp-
likasyonlarinin  gelisiminde rol oynar'.
Plazma glukozunun akut degisikliklerinden
etkilen Labil HbAlcmin ayr eliie edilmesi,
Hbalcnin son 3 aylik plazma glukozunu
dogru yansitmasi agisindan o6nemlidir’®,
Tosoh G8 cihazinda, yuksek LHbAlc'nin
(glukozun 1000 mg/dLye kadar olan duzey-
lerine kadar) SHbAlcCYyi interfere etmedigi
belirtilmistir'®. Diyabetik retinopatili hastalar-
da yapilan bir arastirmada, aclik kan sekeri
ve HbAlcnin yamisira LHbAlcnin de
hiperglisemik durumu yorumlama ve takipte
faydali olabilecedi belirtilmistir®®.  Bizim
calismamiz da diyabetik hastalarda SHbA1lc
ile yuksek korelasyon gosteren ancak THbD ile
Korelasyonu saptanmayan LHDbAlc diizeyle-
rinin hastalarin hiperglisemi durumlarina
daha ayrintih bilgi saglayacagini destekler
niteliktedir. Ancak c¢ok yuksek glukoz
degerlerinin hem labil hem de stabil HbAlc
olcimunii etkileyebilecedi akilda tutulma-
hdir. Diyabet ve prediyabetik gruplarda
normal gruplara gore daha yiuiksek bulunan
ve SHbAlc ile zayif da olsa Korelasyonlari
mevcut olan HbAla ve Hb1lb de, SHbAlc'nin
yant sira DM hastalarinin degerlendiril-
mesinde faydali olabilir®'.

Calismamizda normal ile anemik gruplar
arasinda SHbAlc acisindan anlamh fark
bulunmadi. Bu durum farkli anemi turlerinin
HbAlcyi farkli yonde etkilemis olmasindan
kaynakhi olabilir*>. Hiperhemoglobinemik
grupta ise LHbAlc (p=0.004) ile SHbAlc
(p=0.014) duzeyleri normallere gore anlaml
yiiksek bulundu. Ayrica THb dizeyi ile
SHbAlc arasinda zayif pozitif yonde kore-
lasyon mevcuttu (r=0.109, p=0.045).
HbA1lcmin tek basina bir analit olmamasi ve
total hemoglobin miktarlarina gbre olusma-
sindan dolayr hemoglobin konsantrasyonun-
daki birey ici ve bireyler arasi farklhiliklar
HbAlc sonuclarini etkilemis olabilir. Bu
degisimi bertaraf etmek icin HbAlc sonug-
larina ek olarak SHbA1c¢/THb orani verilebilir.
Ancak bu orani elde etmede HbAlc ve THb
icin iki aynn Olcum yapilmasi gerekir. Bu da
ayrnt iki Olcum belirsizligin  isin igine
girmesine sebep olacaktir. Bu yilizden her iki
Olcimii de yapabilen 6zgillugii iyi ve klinik
olarak dogdrulugu yiiksek bir analitik cihazin
kullanilmasi ideal olacaktir'®.

THb diizeyine gore ayrilan tum gruplarda
Hb1b agisindan anlamh fark saptanmamasi
ve Hb1b'nin SHbAlc ile zayif da olsa korele
olmasindan dolay1 6zellikle hiperhemog-
lobinemiklerde Hblb'ninde degerlendiril-
mesi, gliseminin yorumlanmasina LHbAlc
gibi yardimai test olabilir. Ayrica yapilan bir
calismada Hblb'nin diyabetik nefropatili
hastalarda erken donemde yikselebilecedi
de belirtilmistir®.

Calismamizda higbir hastanin kromatografik
analizlerinde yuiksek HbF ve anormal varyant
pikine rastlanmadi. Ancak, asemptomatik
HbF veya mindr hemoglobinopatisi olan
hastalarda yanlis HbAlc sonuglarinin sapta-
nabilecedi unutulmamalidir’?*, Cahsmamiz-
da SHbA1c ile LHbAlc arasinda pozitif ydnde
guclit Korelasyonun olmasi bize LHbAlc/
SHbAlc oranlarina bakilarak, bu oranin
HbAlc bandinda anormal pikin tespitinde
yarari olabilece@ini disundiirdi®. Ayrica
HbAlc degerleri klinikle uyumsuz gelen
hastalara hematolojik degerleri de g6z
ontinde bulundurularak hemoglobin varyant
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analizi yapilabilir ve sonuclarina gére HbAlc
diizeyleri yeniden yorumlanabilir.

Calismamizda hastalarin plazma glukoz,
uremi, lipit ve anemi paneli sonuglariyla Hb
kromatografi degerlerinin karsilastirilmamasi
hastalardaki metabolik durumun daha genis
yorumlanmasi acisindan bir kisithlik yarat-
mustir. Yine bu hastalarin varyant analizleri
yapilarak hemoglobinopati agisindan da
dederlendirilmesi, daha dogru HbAlc sonucg-
lan elde etmek adma uygun bir yaklasim
olacaktir. Ancak bu analizler multidisipliner
olarak degerlendirme gerektirmesi ve
maliyet etkin olmamasi acisindan calisma-
mizda uygulanamamistir. Bu baglamda klinik
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boliimlerle isbirligi yapilarak daha cok has-
tayla daha detaylh calismalara ihtiyac vardir.

Ozetle; yapilan calismalarda HbAlc odlciim
sonuclarinin pek cok faktorden etkilendigi
raporlanmistir. Bu faktorler g6z Onilinde
bulundurularak, hastalarin SHbAlc ile diger
Hb subfraksiyonlarint ve total hemoglobini
birlikte degerlendirmek hastalarin glisemi
durumlarmi  yorumlamak acisindan daha
dogru olacaktir.
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ABSTRACT

Aim: Pancreatic cancer (PC) is a disease with complex and poorly understood etiology. One of the
common risk factors of PC is diabetes mellitus (DM). Increased carbohydrate antigen (CA) 19-9 levels
can be used as a biomarker in diagnosis of PC. However, CA 19-9 levels have been reported to increase
in some benign conditions as well. Increased levels of such PC-associated biomarkers due to benign
conditions can lead to unnecessary interventional procedures. The aim of this study was to question the
need for a new CA 19-9 cut-off value when diagnosing PC in patients with type Il DM.

Material and Methods: This retrospective study evaluated a total of 449 patients. The patients were
divided into two groups: the normal glucose regulation (NGR) group (n=292) and type II DM group
(n=157). The mean glucose, HbAlc, CA 19-9, insulin, and homeostatic model assessment for insulin
resistance (HOMA-IR) levels of the groups were compared. The correlation between CA 19-9 and
dlucose, HbA1c, insulin and HOMA-IR was evaluated.

Results: The type Il DM group had significantly higher CA 19-9, glucose, HbAlc, insulin, as well as
HOMA-IR levels compared to the NGR group (P=0.001 for CA 19-9 and P<0.001 in all other pairwise
comparisons). There was a positive correlation between CA 19-9 and HbAlc as well as HOMA-IR
(r=0.132, P=0.005; r=0.109, P=0.020, respectively).

Conclusion: A higher CA 19-9 cut-off value is needed when diagnosing malignant disease of the
pancreas in patients with type Il DM to prevent unnecessary invasive/noninvasive interventions.

Keywords: CA 19-9; pancreatic cancer; type Il diabetes mellitus.
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OZET

Amac: Pankreas kanseri (PC), karmasik ve iyi anlasilmayan etiyolojisi olan bir hastaliktir. PC'nin yaygin
risk faktorlerinden biri diabetes mellitus'tur (DM). Artmis karbonhidrat antijeni (CA) 19-9 seviyeleri PC
tanisinda biyobelirte¢ olarak kullanilabilir. Bununla birlikte, CA 19-9 seviyelerinin bazi benign
durumlarda da artti@: bildirilmistir. Benign durumlar nedeniyle PC ile iligkili bu tiir biyobelirteclerin artan
seviyeleri gereksiz girisimsel prosediirlere yol acabilir. Bu calismanin amaci tip II DM'li hastalarda PC
tanisi1 koyarken yeni bir CA 19-9 esik deg@erinin gerekliligini sorgulamakti.

Gere¢ ve Yontem: Bu retrospektif calismada toplam 449 hasta dederlendirildi. Hastalar iki gruba
ayrildi: normal glukoz regilasyonu (NGR) grubu (n = 292) ve tip Il DM grubu (n = 157). Gruplarin
ortalama glukoz, HbAlc, CA 19-9, insiilin ve insiilin direnci icin homeostatik model dederlendirmesi
(HOMA-IR) diizeyleri karsilastirildi. CA 19-9 ile glukoz, HbAlc, insiilin ve HOMA-IR arasindaki korelasyon
degerlendirildi.

Bulgular: Tip II DM grubu, NGR grubuna kiyasla anlamli derecede yiiksek CA19-9, glukoz, HbAlc,
insulin ve de HOMA-IR seviyelerine sahipti (CA 19-9 icin P=0.001 ve diger tiim ikili karsilastirmalarda
P<0.001). CA 19-9 ile HbAlc ve HOMA-IR arasinda pozitif bir korelasyon vardi (sirasiyla r=0.132,
P=0.005; r=0.109, P=0.020).

Sonuc: Gereksiz invaziv/noninvaziv girisimleri énlemek icin tip II DM'li hastalarda pankreasin malign
hastalidi tanisint koyarken daha yuiksek bir CA 19-9 cut-off dederi gereklidir.

Anahtar Kelimeler: CA 19-9; pankreas kanseri; tip Il diabetes mellitus.

INTRODUCTION tissue damage. When diagnosing PC, relying
on specific cut-off values for CA 19-9, which
might have increased due to benign conditions,
can lead to unnecessary interventional
approaches. Our aim in this study was to
question the need for a new CA 19-9 cut-off
value when evaluating patients with type Il

DM for presence of PC.

Carbohydrate antigen (CA) 19-9 was first
identified as a sialylated Lewis blood group
antigen in early 1980s through a hybridoma
of murine spleen cell and human colorectal
cancer cell line that produced monoclonal
antibodies (1, 2). Studies have reported
increased levels of CA 19-9 in pancreatic and
biliary tract tumors (3-5). The CA 19-9
increase has also been seen in other
malignant tumors (ovarian, colorectal and
hepatocellular carcinomas, and stomach) as
well as some benign conditions associated

MATERIAL AND METHODS
Subjects
This retrospective study included the data of

with biliary tree (cholangitis, pancreatitis, and
choledocholithiasis), pulmonary diseases, and
end-stage renal failure (6-10).

Pancreatic cancer (PC) has one of the highest
mortality rates, because majority of the
patients are already at an advanced stage
when diagnosed, and the disease has no
effective medical treatment. The etiology of
PC is complex and not well understood, but it
has been established that diabetes mellitus
(DM) increases the risk of PC incidence (11).

Elevated CA 19-9 level is one of the signs
used to diagnose PC, but it should be kept in
mind that CA 19-9 levels may also increase
as a result of diabetes-related pancreatic

449 patients that were treated in a tertiary
hospital between January 2016 and January
2020. The patients were divided into two
groups: normal glucose regqulation (NGR)
group (n=292) and type Il DM group (n=157).
In the NGR group, glucose levels were below
100 mg/dL, HbAlc levels were below 5.7%,
and the patients were not diagnosed with DM
(12). Patients in the type I DM group
consisted of individuals who had routine
follow-up with the outpatient clinics due to
DM. The exclusion criteria of the study were:
age <18 years, any missing data (CA 19-9,
fasting serum glucose, HbAlc, fasting serum
insulin), and presence of malignant disease,
as well as acute or chronic pancreatitis.
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Laboratory assays

Two types of tubes were used for collecting
blood samples from all patients. Gel barrier
containing clot-activator tubes (Becton
Dickinson and Company (BD) Vacutainer®
SST 1l Advance tube, 5 mL, 13 x 100 mm, NJ,
USA) were used for CA 19-9, glucose, and
insulin analyses, while tubes with K2EDTA
(BD Vacutainer®, 2 mL, 13 x 75 mm, NJ,
USA) were used for HbAlc analysis. The
serum in SST Il tubes was separated by
centrifuging the tubes at 1500g for 10
minutes. Chemiluminescence immunoassay
method (UniCel DxI 800, Beckman Coulter,
USA) was used for detection of CA 19-9 and
insulin levels in the serum. Analysis of serum
dglucose levels was done by an automated
procedure (AU5800 autoanalyzer, Beckman
Coulter Inc., USA). Boronate affinity high
performance liquid chromatography method
(Premier Hb9210, Trinity Biotech, USA) was
used for detection of HbA1c levels.

The following formula was used for calculating
homeostatic model assessment for insulin
resistance (HOMA-IR): fasting insulin (uU/mL)
x fasting glucose (mg/dL)/405 (13).

Statistical analysis

SPSS version 25 software package (SPSS
Inc., Chicago, USA) was used for statistical
analyses. Shapiro-Wilk test was used to
assess whether the normality of data
distribution. Parametric test (independent
samples t-test) was utilized to infer statistical
differences between the groups for normally
distributed data, while nonparametric test
(Mann-Whitney U) was used for non-normally
distributed data. Gender analysis was done
by using the chi-square test. The results were
expressed as mean * standard deviation or
median and interquartile range. Spearman
rank correlation coefficient was used for
correlation analyses of the non-normally
distributed data. Results with P <0.05 were
accepted as statistically significant.
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Ethical considerations

Local ethics committee approved our study
(Resolution Number 2020/5-12, dated April
04, 2020).

RESULTS

Demographic characteristics and analyte
levels of NGR and type II DM groups are
presented in Table 1. The groups’ gender
distribution was not significantly different
(P=0.119). Type II DM group had
significantly higher age, CA 19-9, fasting
serum glucose, HbAlc, fasting serum insulin,
and HOMA-IR compared to NGR group
(P=0.001 for CA 19-9 and P<0.001 for all
pairwise comparisons) (Table 1 and Figure 1).

The results of the correlation analyses
between CA 19-9 and routine biochemical
analytes were presented in table 2. CA 19-9
was positively correlated with HbAlc and
HOMA-IR (r=0.132, P=0.005; r=0.109,
P=0.020, respectively). However, the r values
presented above indicates a weak correlation
(14).

60

i e
E 404
o
204
= -
T T
NGR Type I DM

Group

Figiire 1. Comparison of CA 19-9 levels between NGR and Type
11 DM groups.

Abbr: NGR, normal glucose regulation; DM, diabetes mellitus.
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Table 1. Demographic characteristics and analytes levels in the NGR and type Il DM groups.

Parameter NGR group Type 11 DM group P
(n=292) (n=157)

Age, years 440 £ 13.5 64.0 + 11.2 <0.001

mean * SD

Sex, 191 (65.4) 91 (58.0) 0.119

Female, n (%)

CA 19-9, U/mL

median (IQR) 6.5 (3.3-12.5) 8.9 (5.0-17.3) 0.001

Fasting Serum Glucose, mg/dL 87.0 (82.0-92.0) 135.0 (121.0-160.0) <0.001

median (IQR)

HbAlc, %

median (IQR) 5.4 (5.2-5.5) 7.1 (6.6-7.9) <0.001

Fasting Serum Insulin, nU/mL

median (IQR) 6.8 (4.4-9.2) 9.8 (5.8-15.8) <0.001

HOMA-IR,

median (IQR) 1.4 (0.9-2.0) 3.1 (2.0-5.9) <0.001

P value <0.05 was considered statistically significant; Statistically significant P values shown in bold.

Abbr: NGR, normal glucose regulation; HOMA-IR, homeostatic model assessment for insulin resistance; DM, diabetes
mellitus; SD, standard deviation; IQR, interquartile range (25"-75'" percentile).

Table 2. The correlation of CA 19-9 with routine biochemical analytes.

CA 19-9
Parameter
r P
Fasting Serum Glucose 0.092 0.051
HbAlc 0.132 0.005
Fasting Serum Insulin 0.053 0.261
HOMA-IR 0.109 0.020

P value <0.05 was considered statistically significant; Statistically significant P values shown in bold.
Abbr: HOMA-IR, homeostatic model assessment for insulin resistance.

DISCUSSION

The most important finding in our study was
that CA 19-9 levels of the type Il DM group
were significantly higher compared to those
of the NGR group. Moreover, CA 19-9 was
positively correlated with HbAlc and HOMA-
IR.

CA 19-9s sensitivity as PC's diagnostic
marker varies between 70-90%, while its
specificity ranges from 68% to 91% (15).
Various non-malignant disease including
thyroid and ovarian disease, as well as
obstructive jaundice also lead to elevated CA
19-9 levels. However, close relationship
between the endocrine and exocrine
functions in the pancreas makes the use of
CA 19-9 in patients with DM contentious.
Bayramicli et al. reported seeing higher
levels of CA 19-9 in patients with type Il DM
compared to controls and a positive

correlation between CA 19-9 and diabetes
irrespective of glucose and HbAlc levels,
age, and gender (16). However, their study
population was relatively small. In another
study, Nakamura et al. reported that patients
with poorer glucose control had higher levels
of CA 19-9 (17). The caveat of their study was
relatively small population size, which
included 60 DM patients and 40 controls
(17). Larger sample size was analyzed in our
study and our finding of higher levels of CA
19-9 in type Il DM group was in concordance
with the previous studies. However, there are
also results in the literature that do not agree
with the studies mentioned above. In
contrast with the results of our study, Ritts et
al. reported that in patients with DM CA 19-9
levels did not exceed 40 U/mL (18).

Although it is not known how diabetes leads
to the increased serum CA19-9 levels, there
have been some hypotheses. One of the
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most notable among these is that increase in
CA19-9 is associated with cellular
dysfunction. Insulin deficiency in DM can lead
to insufficient exocrine functions of the
pancreas and stimulate ductal cells to
secrete CA19-9. From this point of view, it is
stated that the spike in serum CA19-9 is
positively correlated with the magnitude of
cellular dysfunctions (19). Previous studies
that evaluated pancreatic functions in DM
showed presence of pancreatic exocrine
insufficiency in a significant proportion of
patients with DM. Terzin et al. reported
seeing insufficient pancreatic exocrine
functions in type Il DM patients with poor
glycemic control (20). In addition, autopsy
studies and pancreatic histology studies have
shown that patients with DM showed
significant changes in the exocrine glands
compared to non-diabetic controls (21).

Murai et al. proposed a different mechanism
involving elevated levels of CA 19-9 in
patients with DM. They stated that in patients
with DM, the prolonged CA 19-9 half-life
possibly due to decrease in CA19-9's
catabolism, may result in elevated tumor
marker levels. They also noted that a
decrease in catabolism might be due to a
surge in the glycation of CA 19-9 and/or
glycation of proteins involved in the
catabolism of CA 19-9 (22).

The fact that the HbA1c test, which is used to
assess long-term glycemic control, is the
most common diagnostic and screening tool
used for type I DM management and
research has led us to include it in our study
(23). HbAlc is used to identify treatment
goals and predict complications (24). In our
study, HbAlc was evaluated as a marker of
chronic glucose toxicity and was found to be
higher in the type Il DM group. According to
Benhamou et al., patients that had the
highest levels of CA 19-9 were the ones with
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the worst metabolic control. In Benhamou’s
study, the levels of CA 19-9 were significantly
higher in patients whose HbAlc >7.5%
compared to those with HbAlc <7.5%.
Similar to Benhamou et al., we also found
that HbAlc levels were positively correlated
with CA 19-9 (25).

HOMA-IR evaluation was included in our
study to exclude the effects of insulin
resistance in the NGR group (26). We found
that the median HOMA-IR value was below
2.5 in NGR group.

PC is usually diagnosed based on physical
examination, patient history, clinical tests,
and imaging techniques (27). Among the
clinical tests, CA 19-9 is of particularly
important for PC diagnosis. However, it is
important to use accurate cut-off values to
avoid unnecessary invasive and non-invasive
interventions. In our study, we detected
higher CA 19-9 values in patients with type Il
DM, which revealed the necessity to
determine new cut-off value for this patient
group when diagnosing PC.

There are several limitations of this study.
First, similar to other retrospective studies,
we cannot completely rule out the impact of
selection bias. Second, there was a
significant difference between groups in
terms of age. However, according to the
reference of the manufacturer  of
chemiluminescence immunoassay method,
the reference range of CA19-9, which is
between 0-35 U/mL, does not differ based on
age.

In conclusion, the present study points out
the need to use a higher CA 19-9 cut-off
value in differentiating malignant disease of
the pancreas in patients with type Il DM to
prevent unnecessary invasive/noninvasive
interventions.
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YAZARLARA BILGI

Tirk Klinik Biyokimya Dergisi, Tirk Klinik
Biyokimya Dernegdi'nin siireli yayin organidir ve
yilda u¢ sayr olarak yaymlanir. Dergi, Kklinik
biyokimya alaninda yapilmis arastirma,
derleme yazilar, olgu sunumlar ve editore
mektuplar1 yayinlamay1 amaclar.

Derginin yayin dili Turkge ve ingilizcedir. Turk
Klinik Biyokimya Dergisi International Committee
of Medical Journal Editors tarafindan yayimla-
nan “Biyomedikal Dergilere Gonderilen Makale-
lerde Bulunmasi Gerekli Standartlara” uymak-
tadir (http:/www.icmje.org). Gonderilen maka-
leler belirtilen standartlar karsilamahdir.

Dergide yaymlanmak tizere gdnderilen yazilarin
baska yerde yaymlanmamis ve yaymlanmak
uzere dgonderilmemis olmasi gerekir. Daha
once kongrede teblig edilmis calismalar, bu
durum belirtilmek kosulu ile kabul edilir. Yaymn
icin gonderilmis yazilarii, gecikme veya baska
bir nedenle dergiden cekmek isteyenlerin bir
yazi ile basvurmalar gerekir. Dergiye gonde-
rilen yazilara telif hakki 6denmez ve yazarlar
yazimm tim yayin haklarinin Turk Klinik Biyo-
kimya Dernegi'ne ait oldugunu kabul eder. Turk
Klinik Biyokimya Dergisi makale basvurusu ve
degerlendirilmesi icin yazarlardan herhangi bir
ucret talep etmez.

Yayin Kurulu yayin kosullarina uymayan yazilari
yaymlamamak, diizeltmek tlizere yazarina geri
vermek, bicimce dizenlemek yetkisine sahiptir.
Yayinlanmak {izere gonderilen yazilar en az iki
danisman tarafindan degderlendirildikten sonra
yayinlanmasi uygun goriiltirse dergide basilir.
ETIK

Makale gondermeden oOnce, www.ease.ord.uk/
publications/author-guidelines adresinde farkl
dillerde serbest ulasilabilen EASE kilavuzlan
incelenmelidir. Turk Klinik Biyokimya Dergi-
sinde basilan makaleler etik kurallar cerceve-
sinde hazwlanmaldir. Klinik arastirmalarda
calisma protokolii Helsinki Deklarasyonu
Kuralarima uygun olarak hazirlanmalidir
(http://www.wma.net/en/30publications/10polici
es/b3/). Blittin calismalar icin etik komite onayt
alinmaldur.

Yazim Kurallar

Gonderilen yazilarin isleme Kkonulabilmesi icin
on-line gonderilmesi gerekmektedir. Elektronik
posta ile gonderilen yazilar isleme alinmayacaktir.
On-line makale gonderimi icin www.tkbd.org
adresinden dergi bashgna giris yapilarak
talimatlar izlenmelidir.

A. Arastirma yazilan sira ile su bolimlerden
olusmalidir: Baslik sayfasi, Ozet ve anahtar
kelimeler, metin, tesekkir, kaynaklar, tablolar
(her biri ayn sayfada), sekiller icin aciklamalar.
Her DbOlim yeni bir sayfada baslamali ve
sayfalar, baslik sayfasindan baslayarak ard arda
numaralandirilmahdir.

1. Baslik sayfasi: Yazinin Tiirkce ve ingilizce
bashdi (harfler ve bosluklar dahil 90 karakter-
den fazla olmamak kosulu ile), yazarlarin soyad,
adi ve bagh bulunduklar1 kurum ve boéliim, tiim
yazarlarin ORCID bilgisi (https://orcid.org/
adresinden alinmalidir) yazismalardan sorumlu
yazarin adi, soyadi ve tam iletisim adresi (is
adresi, telefon, GSM ve e-posta adresi) makale-
nin diger sayfalarda da yer alacak olan Kkisa
bashdi (harfler ve bosluklar dahil 40 karakter-
den fazla olmamak kosulu ile) ve eder varsa
arastirmayi destekleyen kurum ya da Kurulusun
ad1 yer almaldir. Yazi, kongrelerde sunulmus
ise bu sayfada belirtilmelidir.

2. Ozet: Ozet, arastrma yazilar icin 250
kelimeyi asmayacak sekilde Tiirkce ve ingilizce
olarak yazilmahdir. Ozet; Amac, Gere¢ ve Yon-
tem, Bulgular ve Sonug seklindeki alt bolimleri
icerecek sekilde diizenlenmelidir. Ozette, calig-
manin amaci, temel gereg¢ ve yontemler (olgu-
larin veya laboratuvar hayvanlarmm secimi,
gozlemsel veya analitik yontemler), ana bulgu-
lar (0zguin veriler ve mumkinse istatistiksel
anlamllik) ve bashca sonuclar belirtilmeli; calis-
manin yenilik ve 6nem tasiyan yonleri vurgu-
lanmahdir. Ozette herhangi bir kisaltma kulla-
nilmamalidir. Anahtar kelimeler en az 2 adet
olacak sekilde, Tiirkce ve Ingilizce yazilmalidir.
Kelimeler birbirlerinden noktali virgul (;) ile
ayrilmahdir. ingilizce anahtar kelimeler "Medical
Subject Headings (MESH)"e uygun olarak veril-
melidir (http://www.nlm.nih.gov/mesh/MBrowser.
html). Turkce anahtar kelimeler Turkiye Bilim
Terimleri (TBT)'ne uygun olarak verilmelidir
(http://www.bilimterimleri.com).

3. Metin: Giris, gerec ve yontem, bulgular ve
tartisma boliimleri ardarda yazilabilir.

Giris; calismanin amaci belirtilmelidir.

Gerec ve Yontemler; gozlemsel veya deneysel
olgularin secim (hastalar veya laboratuvar hay-
vanlar) Kkriterleri aciklanmali, yas, cinsiyet
belirtilmelidir. Yontemler, kullanilan madde ve
cihazlar (parentez icinde uretici adi ve adresi,
sehir ve lilke adi olarak belirtilerek) ve yapilan
islemler didger calismacilarin tekrarlayabilme-



sine olanak sagdlayacak sekilde aciklikla anlatil-
malidir. Kulanilan tiim kimyasallar ve ilaclar,
jenerik isimleri, dozlarn ve verilis yolu dahil,
tanimlanmalidir. Klinik ve deneysel calismalar
icin etik kurul goriisleri de bu bolimde belir-
tilmelidir. istatistiksel yontemler, gerektidinde
orijinal verilere ulasan bir okuyucunun
tekrarlayabilmesini saglayacak sekilde ayrintili
olarak tanimlanmaldir. Bir genel bilgisayar
programi kullanildi ise belirtilmelidir.

Bulgular; metinde, grafiklerde ve tablolarda
mantikl bir sira ile sunulmahdir. Grafiklerde ve
tablolarda yer alan tiim bulgular metinde tek-
rarlanmamali, sadece 6nemli bulgular vurgu-
lanmali ve 6zetlenmelidir.

Tartisma; calismanin yeni ve 6nemli yonleri ve
cikarilan sonuclar vurgulanmalidir.

4. Tesekkiir: Tesekkiir boliimii, metnin sonu-
na eklenmeli ve bir paragrafi gegmemelidir.

5. Kaynaklar: Kaynaklar, metin icinde ilk kez
belirtildikleri yere gore siralanmalidir. Kaynak-
lar, Arap rakamlan (1, 2, 3,..) ile parantez
icinde belirtilmelidir. Dergilerin isimlerinin
kisaltilmasi, Index Medicus'ta belirtildigi sekilde
yapilmahdir. Yurt icinde yaymlanan Tirkce ve
ingilizce dergilerin isimleri eder varsa dergide
belirtildigi sekilde kisaltiimali veya tam olarak
yazilmalidir. Makalede bulunan yazar sayisi 6
veya daha az ise tiim yazarlar belirtilmeli, 7
veya daha fazla ise ilk 6 isim yazilip "et al"
eklenmelidir. Kongre bildirileri, kisisel dene-
yimler, basilmamis yayinlar, tezler ve internet
adresleri kaynak olarak gosterilmemelidir. DOI
tek kabul edilebilir on-line referans olmaldir.

Kaynaklarin yazimi igin Ornekler (Noktalama
isaretlerine dikkat edilmesi 6nemlidir):

Makale icin; Yazar(lar)in soyad(lar)1 ve isim(ler)
inin basharf(ler)i, makale ismi, dergi ismi, yil,
cilt, say1, sayfa no'su belirtilmelidir.

Ornek: Stephane A. Management of Congenital
Cholesteatoma with Otoendoscopic Surgery:
Case Report. Turkiye Klinikleri J Med Sci
2010;30(2):803-7.

Kitap icin; Yazar(lar)in soyad(lar)i ve isim(ler)
inin basharf(ler)i, bolim bashgi, editoriin(lerin)
ismi, Kitap ismi, kaginc baski oldugu, sehir,
yayinevi, y1l ve sayfalar belirtilmelidir.

Ornek: Yabanci dilde yayinlanan kitaplar igin;
Underwood LE, Van Wyk JJ. Normal and
aberrant growth. In: Wilson JD, Foster DW, eds.
Wiliams' Textbook of Endocrinology. 1 st ed.
Philadelphia: WB Saunders; 1992. p.1079-138.

Tiirkge Kitaplar icin; Tur A. Acil Hava Yolu
Kontrolu ve Endotrakeal Entlibasyon.
Sahinoglu AH, editér. Yogun Bakim Sorunlari
ve Tedavileri. 2. Baski. Ankara: Turkiye
Klinikleri;2003. p.9-16.

Yazar ve editoérin aym oldugu Kkitaplar icin;
Yazar(lar)in/editoriin soyad(lar)1 ve isim(ler)inin
basharf(ler)i, boliim bashdi, kitap ismi, kacinci
baski oldugu, sehir, yaymevi, yil ve sayfalar
belirtilmelidir.

Ornek: Yabanca dilde yayinlanan kitaplar igin;
Solcia E, Capella C, Kloppel G. Tumors of the
exocrine pancreas. Tumors of the Pancreas. 2
nd ed. Washington: Armed Forces Institute of
Pathology; 1997. p.145-210.

Turkce Kkitaplar icin; Eken A. Kozmesdtikler:
Kozmetiklerle ilaclar Arasi Uriinler. Eken A,
editor. KozmesoOtik Etken Maddeler. 1. Baski.
Ankara: Turkiye Klinikleri; 2006. p.1-7.

6. Tablolar: Her tablo ayr1 bir sayfaya cift
aralikl olarak yazilmali ve metinde gectigi
siraya gore Romen rakamlan (I, 11, III, 1V,....) ile
isaretlenmeli ve tablo kapsammn Kkisa tanimi
baslik olarak konmalidir. Aciklamalar baslikta
dedil dip notta yer almalidir. Baska kaynaklar-
dan veri alinmis ise izin alinmal, kaynak dip
not olarak belirtilmelidir. Tablo bashd Tirkce
ve Ingilizce olmalidir.

7. Sekil ve resimler: Sekiller ve resimler
konuyla dogdrudan iliskili olmali ve metinde
gectigi siraya gore Arap rakamlar ile numara-
landirilmalidir. Daha 6nceden basilmis materyal
veya olgu olarak alinan Kisileri tanimlayan
sekiller kullanilacaksa izin belgesi eklenmelidir.
Sekil bashid Tiirkge ve ingilizce olmahdir.

B. Derleme: Dogrudan veya davetli yazarlar
tarafindan hazirlanabilir. Toplam sayfa sayisi
15'i asmamalidir. Tiirkce ve Ingilizce baslik,
Tiirkce ve ingilizce 6zet (en fazla 100 kelime)
yanisira  verilerin  saptanmasi, secilmesi,
ayrilmasi ve sentez edilmesi icin Kkullanilan
yontemleri tanimlayan bir boliim yer almalidir.

C. Olgu sunumu: Toplam sayfa sayisi Ugu
gecmemeli, Tiirkce ve Ingilizce baslik, Tiirkce
ve ingilizce 6zet (en fazla 100 kelime) giris,
olgu sunumu, tartisma bolumlerini icermelidir.

D. Editore Mektup: Daha 6nce yayinlanmis
yazilara elestiri ve katki sadglamak amaci ile
yazildigindan, Ozet icermemeli, kaynaklar si-
nirh olmal, kKisa ve 6z olarak bicimlendiril-
melidir.



INSTRUCTIONS FOR AUTHORS

Journal of Turkish Clinical Biochemistry is the
official journal of Turkish Society of Clinical
Biochemistry and is published three times a year.
The journal welcomes original research articles,
reviews, case reports and letters to the editor
which are written in the field of clinical
biochemistry.

Official languages of the journal are Turkish and
English.

Manuscripts that are already have been published or
under consideration for publication should not be
submitted. If the works has been presented in
previous congresses it should be mentioned. In
order to withdraw a submitted manuscript the
authors must apply with a written requisition.
There is no payment for copyright and if the
manuscript is accepted to be published by signing
the Copyright Transfer Agreement authors agree
to transfer all the copyright of the manuscript to
the Turkish Society of Clinical Biochemistry.
Journal of Turkish Clinical Biochemistry does not
levy any charge to the authors at any stage of the
publication process.

Manuscripts that are already have been published or
under consideration for publication should not be
submitted. If the works has been presented in
previous congresses it should be mentioned. In
order to withdraw a submitted manuscript the
authors must apply with a written requisition. There
is no payment for copyright and if the manuscript is
accepted to be published by signing the Copyright
Transfer Agreement authors agree to transfer all the
copyright of the manuscript to the Turkish Society of
Clinical Biochemistry. Journal of Turkish Clinical
Biochemistry does not levy any charge to the
authors at any stage of the publication process.

Editorial board may reject or make a change in
style or send the manuscript to be revised.
Submitted manuscripts are sent to at least two
reviewers for evaluation. Depending on reviewers’
comments manuscripts are accepted to be
published.

ETHICS

Before submission, the EASE Guidelines for
Authors and Translators, freely available in many
languages at “www.ease.org.uk/ publications/
author-guidelines” must be followed. Articles
published in the Turkish Journal of Clinical
Biochemistry should be prepared according to
ethical rules. The protocols of clinical studies
must be in accordance with the principles of
“Helsinki Declaration” (http://www.wma.net/en/
30publications/10policies/b3/). For all the studies
ethical committee approval should be taken.

MANUSCRIPT PREPARATION

All manuscripts should be submitted online at
Turkish Society of Clinical Biochemistry web page
(www.tkbd.org ). No other form of submission is
accepted.

A. Research articles: Must include title page,
abstract, key words, main text, acknowledgement,
references, tables and figures. Pages should be
numbered starting with the title page.

1. Title Page: It should include the following
information:

a. full title of submission (both in Turkish and
English), which should include only generic,
not trade, names when describing a test,
assay, etc.;

b. running head of fewer than 65 characters
(including spaces)

c. list of all authors (first name, middle name and
last name, in that order);

d. names of each author’s institution, an indication
of each author’s affiliation and ORCID number of
each author (https://orcid.org/);

e. name, address, telephone and e-mail address
of the corresponding author;

]

keywords (both in Turkish and English);

any previous presentation of the manuscript;

s @

list of abbreviations, in order cited; and

i. Research funding, financial support, or other
disclosure/conflict of interest information

2. Abstract: Structured abstracts both in Turkish
and English should be formatted to include
separate headings of: Aim, Materials and Methods,
Results, and Conclusions. Structured abstracts are
subject to a limit of 250 words. The purpose of
the study, materials and methods (design of the
study, subjects/patients, analytical methods), main
findings (statistical methods, if possible), and
significance of the findings should be given. New
and important observations or aspects of the
study should be emphasized. No abbreviations
should be used in this section.

Minimum 2 maximum 6 keywords should be
provided both in Turkish and English. Keywords
must be separated by a semi colon (;). For English
keywords authors have to use terms from the
Medical Subjects Headings list from Index Medicus
http://www.nlm.nih.gov/mesh/MBrowser.html. For
Turkish keywords, authors have to use terms from
Tiirkiye Bilim Terimleri www.bilimterimleri.com



3. Main text: The body of the paper should
include; Introduction, Materials and Methods,
Results and Discussion.

Introduction; The nature and purpose of the work
must be stated clearly.

Materials and Methods; Clinical (patients/subjects),
technical or experimental (animals etc.) procedures
and sampling should be concisely explained. Age,
gender and inclusion criteria should be included.
For method descriptions full corporate names of
manufacturers of materials should be utilized.

Ethical approval of the study should be mentioned
here. Description of the statistical methods must
enable a knowledgeable reader with access to the
original data to verify the reported results.

Results; Findings should be presented in a certain
flow in the main text, tables and figures. Repeat of
table/figure data should be avoided in the text.

Discussion; New and important observations or
aspects of the study should be emphasized.

4. Acknowledgement: Acknowledgments are
limited to one separate paragraph heading
labeled “Acknowledgments” and should follow the
main text of the manuscript.

5. References: Citations in the text should be
identified by numbers in parenthesis with Arabic
numerals (1,2.3...). The list of the references at
the end of the paper should be given according to
their first appearance in the text, listing all authors
and using journal abbreviations as listed in Index
Medicus. For articles with equal to or more than
seven authors, list the first six authors followed by
"et al." For fewer, list all authors.

Citations of abstract books, personal
communications, unpublished manuscripts in
preparation or under review and web pages
should not appear in the reference list. For
articles from electronic publications DOI number
is accepted.

All the references should be written
according to the below examples:
(Punctuation is important):

Articles from Journals:

Stephane A. Management of Congenital
Cholesteatoma with Otoendoscopic Surgery: Case

Report. Turkiye Klinikleri J Med Sci 2010;
30(2):803-7.
Books:

Underwood LE, Van Wyk JJ. Normal and aberrant
growth. In: Wilson JD, Foster DW, eds. Wiliams'
Textbook of Endocrinology. 1 st ed. Philadelphia:
WB Saunders; 1992. p.1079-138.

Tur A. Acil Hava Yolu Kontrolii ve Endotrakeal
Entiibasyon. Sahinoglu AH, editdér. Yoqun Bakim
Sorunlar1 ve Tedavileri. 2. Baski. Ankara: Tiirkiye
Klinikleri;2003. p.9-16.

Books which the author and editor is the same
person;

Solcia E, Capella C, Kloppel G. Tumors of the
exocrine pancreas. Tumors of the Pancreas. 2 nd
ed. Washington: Armed Forces Institute of
Pathology; 1997. p.145-210.

Eken A. Kozmesotikler: Kozmetiklerle ilaclar Arasi
Uriinler. Eken A, editér. Kozmesotik Etken Maddeler.
1. Baski. Ankara: Tirkiye Klinikleri; 2006. p.1-7.

6. Tables: Tables should be numbered according
to their first appearance in the text with Roman
numerals (I, II, III, 1V,....). Each table should
appear on an individual page. Table headings
should uniquely display the data and not
repetition of information available either in the
text and must be both in Turkish and English.
Place explanatory matters (including permissions
for use of others’ data) in footnotes.

7. Figures and illustrations: They should be
those which display the data and not repetition of
information available either in the text or as a
table. They should be numbered according to
their first appearance in the text with Arabic
numerals. If there is use of previously published
material or cases describing patients, a copy of
signed "Informed consent form" should be
included during the submission. Figure headings
should be both in Turkish and English.

B. Reviews: The journal is open to direct reviews
from authors and 'invited reviews". The total
number should not exceed 15 pages. The title
and abstract (maximum 100 words) should be
both in Turkish and English. Reviews are intended
to provide comprehensive coverage of a topic,
including background clinical or analytical
information, the relevance and importance of the
subject matter, and potential future directions.

C. Case reports: The total number should not
exceed 3pages. The title and abstract (maximum
100 words) should be both in Turkish and English.
They should be structured as introduction,
presentation of the case and discussion.

D. Letter to the Editor: Letters are submitted
directly from authors in response or contribution
to published articles only. It should not include
an abstract. It should be concise and should have
a limited number of references.

8. The declaration of the conflict of interest
should mention at the end of manuscript.
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