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Prerequisites and objective: Abdominal obesity is a common metabolic disease characterized by excessive accumulation 
of white adipose tissue, with excessive production of inflammatory mediators that activate transcriptional nuclear factors, 
in particular the nuclear factor kB. Hepcidin is the main hormone in the systemic regulation of iron. Its expression in-
creases with elevated level of pro-inflammatory cytokines, as a result of which the concentration of iron in the blood 
plasma decreases, which reliably results in the activation of NF-kB. Therefore, the aim of the research was to determine 
the level of expression of ІКβα in subcutaneous adipose tissue in iron deficiency anemia concurrent with obesity. Meth-
ods: The study included 40 female women. Hemogram parameters, parameters of iron metabolism (serum iron, ferritin, 
hepcidin, total iron binding ability of serum, saturation of transferrin by iron) in serum and level of expression of the 
IkBα gene in subcutaneous adipose tissue were evaluated. Research results. The examined women had an average age 
of 40.3 ± 7.59 years. In the distribution of patients due to the cause and degree of severity of IDA, there was no reliable 
difference between the groups. The control group consisted of 10 obese women without IDA. Expression of IkBα by sub-
cutaneous adipose tissue in female patients with IDA with and without obesity compared with the control group did not 
display a significant difference between the groups (p <0.05). In the course of correlation analysis, the expression of 
IkBα by subcutaneous adipose tissue to BMI, iron and hemogram rates did not have a correlated significance. Conclu-
sion. Subcutaneous adipose tissue in women with iron deficiency anemia with and without obesity compared with obese 
women has no difference in expression of IkBα. 
Key words: IkBα expressions, obesity, anemia. 

Ожиріння органів черевної порожнини - це загальне метаболічне захворювання, що характеризується надмірним 
накопиченням білої жирової тканини, з надмірним виробництвом медіаторів запалення, які активують транскрип-
ційні ядерні фактори, зокрема ядерний фактор kB. Гепсидин є основним гормоном системної регуляції заліза. Його 
експресія зростає з підвищеним рівнем прозапальних цитокінів, внаслідок чого концентрація заліза у плазмі крові 
знижується, що надійно призводить до активації NF-kB. Тому метою дослідження було визначення рівня експресії 
ІКβα в підшкірній жировій тканині при залізодефіцитній анемії, що супроводжується ожирінням. Дослідження 
включало 40 жінок. Оцінювали параметри гемограми, параметри метаболізму заліза (сироваткове залізо, фери-
тин, гепсидин, загальна залізозв'язувальна здатність сироватки, насичення трансферину залізом) в сироватці та 
рівень експресії гену IkBα в підшкірній жировій тканині. Опитані жінки мали середній вік 40,3 ± 7,59 років. У роз-
поділі пацієнтів через причину та ступінь тяжкості залізодефіцитної анемії була відсутня достовірна різниця між 
групами. Контрольну групу склали 10 пацієнтів із ожирінням, які не мали залізодефіцитної анемії. Експресія IkBα 
підшкірною жировою тканиною у пацієнтів з залізодефіцитною  анемією з ожирінням та без нього порівняно з ко-
нтрольною групою не відрізнялася значною різницею між групами (p <0,05). У ході кореляційного аналізу експре-
сія IkBα підшкірною жировою тканиною до показників залізодефіцитної анемії, заліза та гемограми не мала коре-
льованого значення. Підшкірна жирова тканина у жінок з дефіцитом заліза з і без ожиріння в порівнянні з жінками 
з ожирінням не має різниці в експресії IkBα. 
Ключові слова: експресія IkBα, ожиріння, анемія. 

Introduction 
Abdominal obesity is a common metabolic disease 

characterized by excessive accumulation of white adi-
pose tissue. 

Subcutaneous adipose tissue is infiltrated by nu-
merous immune cells, primarily macrophages, which 
account for up to 40% of all fatty tissue cells [1] and are 
the main source of inflammatory mediators in the fatty 
tissues of humans and animals. Pro-inflammatory cyto-
kines affect the intracellular pathways regulating in-
flammation by activating transcriptional nuclear factors, 
in particular the nuclear factor kB (NF-kB), which is the 
most important pro-nuclear nuclear transcription factor 
that corresponds to most of the external and internal 
stimuli and provokes inflammation by activating or sup-

pressing the transcription of numerous genes involved 
in the inflammatory reaction [2]. 

Iron plays an important role in immunological surveil-
lance due to its stimulating and differentiating properties 
on the immune system. Excessive concentration of iron 
in macrophages reduced the level of phagocytosis, respi-
ratory burst and cytokine expression – the effects that are 
probably mediated by iron toxicity. On the other hand, in 
non-toxic concentrations, iron contributes to the differen-
tiation of macrophages, and treatment with iron chelators 
inhibits the expression of NF-KB activated by lipopoly-
saccharides, tumor necrosis factor-α and interleukin-6 [3]. 
The addition of ionized iron to the macrophage culture of 
the liver caused activation of IKK (a complex that is a 
critical point of this signaling pathway) [4], which con-
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firmed the role of iron as an independent agonist and po-
tential signaling molecule for activating IKK [3]. 

Hepcidin is the main hormone in the systemic regula-
tion of iron. Hepcidin is a negative regulatory hormone, 
whose expression increased with elevated level of pro-
inflammatory cytokines and iron. The mechanism of ex-
posure to hepcidin was detected in binding with ferro-
portin, which led to its internalization and degradation [5]. 
As a result, the content of circulating iron level was re-
duced and the suppression of its export from macro-
phages was intensified by the same mechanism that re-
liably resulted in the activation of NF-kB. 

However, at present there are no data demonstrating 
the relationship between iron, hepcidin and NF-kB human 
adipose tissue in vivo. The activation of NF-kB may be 
evidenced by changes in the expression of its inhibitor, 
IkBα [6], therefore, the aim of our study was to determine 
the level of expression of ІКβα in subcutaneous adipose 
tissue in iron deficiency anemia concurrent with obesity. 

Materials and methods 
The study was conducted after authorization by the 

Bioethics Commission of Ukrainian Medical Stomatologi-
cal Academy, and all the examined subjects voluntarily 
signed the informed consent. 

A total of 40 female patients with iron deficiency ane-
mia (IDA) (30 women with concomitant obesity and 10 
without obesity) were examined. They were treated at the 
out-patient department of the City clinical hospital in Pol-
tava from March 2016 to January 2017. The control 
group consisted of 10 obese women without IDA. 

The inclusion criteria were the presence of iron defi-
ciency anemia based on: hemoglobin level (Hb) ≤ 120 g/L 
for women, signs of microcytosis and anemia (Mean Cor-
puscular Volume (MCV) ≤ 80 fl, Mean Corpuscular Hemo-
globin (MCH) ≤ 27, 5 pg, Mean Corpuscular Hemoglobin 

Concentration (MCHC) ≤ 335 g/L, in the presence of serum 
iron level (SI) <11.5 μmol/L, total serum iron binding capacity 
(TSIBC) > 72 μmol/L, saturation of transferrin with iron 
(NTZ) <15% and ferritin level ≤ 12 ng/ml in serum. 

The blood parameters were determined using the BC 
3000 Plus Mindray, Shenzhen Mindray Bio-Medical Elec-
tronics Co., Ltd., China. 

Determination of iron level in serum and total serum 
iron binding capacity was carried out with sets of re-
agents of SpinLab Ltd, Ukraine. Saturation of transferrin 
with iron was determined by the method of calculating the 
content of the SI / TSIBC * 100%. 

The level of ferritin (LLC «Alkor-Bio», Russian Fed-
eration), hepcidin (Peninsula Laboratories, LLC, USA) in 
blood serum was determined by the method of immuno-
assay analysis. 

The level of expression of the IkBα gene was deter-
mined in the subcutaneous fat using the real-time PCR 
method. The material was obtained by thin-layer aspiration 
puncture biopsy, samples were stored at -70°C until RNA 
extraction. The total RNA was isolated from the biological 
specimen using a set of “RIBO-sol-V reagents” (AmpliSens, 
Russia). To obtain cDNA, a set of reagents was used for the 
reverse transcription reaction (SYNTOL, Russia). The reac-
tion mixture contained: 10 x reverse transcriptase buffer, 5 
mM deoxynucleotide triphosphate, 15 U / ml oligo primer 
(dT) 15, 50 units/μl of inverse mRNA-RT transcriptase, 5 
units/μl RNase inhibitor, 1-2 μg total RNA, and deionizing 
water free of RNase. Determination of the expression of the 
IkBα gene was carried out in real time using a DT-Light de-
tecting amplifier (“DNA-Technology”, Russia) in the reaction 
mixture. As a reference gene, the Glyceraldehyde-3-
Phosphate Dehydrogenase (GAPDH) gene was used. For 
data analysis, a relative Ct method was used with the calcu-
lation of the formula: 2-ΔСt. 

Table 1. Primers for determining the expression of the IkBα gene [7] 

Gene Sequence of primers 

IkBα F: 5' - GGC TGA AGA AGG AGC GGC TA - 3' 
R: 5' - CCA TCT GCT CGT ACT CCT CG -3' 

GAPDH F: 5' - GGC CTC CAA GGA GTA AGA CC - 3' 
R: 5' - AGG GGA GAT TCA GTG TGG TG - 3' 

 
Furthermore, all patients were evaluated for the level 

of total protein, total bilirubin, ALT, AST, creatinine, en-
doscopic and X-ray examination of the gastrointestinal 
tract, to exclude ulcerative and inflammatory diseases at 
the time of the study. 

For all patients, the examination included measure-
ments of anthropometric indicators: height, body weight, 
waist and hip circumference, body mass index (BMI). The 
index was calculated as the ratio of body weight in kilo-
grams (kg) to the square of height in meters (m2). Adult 
obesity was established according to the WHO definition 
based on (BMI) ≥ 30 kg / m2. 

The distribution of adipose tissue is determined by the 
coefficient of the waist circumference / hip circumference 
(WC / HC). The value of WC / HC in women > 0.85 indi-
cated the abdominal type of obesity. 

The study excluded patients who at the time of the 
study had been taking iron preparations during the last 3 
months, non-steroidal anti-inflammatory drugs more than 
3 times a week during the last 6 months, patient with 
conditions of significant bleeding over the past 6 months, 
oncopathology, autoimmune diseases, acute and chronic 
diseases that can lead to tissue hypoxia, chronic renal 

failure, chronic liver disease with hepatocellular insuffi-
ciency, vegetarianism, pregnancy and lactation. 

The static processing of the obtained data was per-
formed using the software package SPSS 17.0. The reliabil-
ity of the discrepancies (p) of the anthropometric data and 
hematological parameters was evaluated by the one-way 
analysis of variance for independent groups (ANOVA). Rela-
tionships in groups were evaluated using Pearson correla-
tion analysis. For all types of analysis, statistically significant 
differences were considered at p <0.05. 

Results 
The examined women had an average age of 40.3 ± 

7.59 years. In the distribution of patients due to the cause 
and degree of severity of IDA, there was no reliable dif-
ference between the groups. 

In the analysis of anthropometric data of women, the 
group with IDA and obesity had statistically higher BMI com-
pared to the group with IDA and without obesity (p <0.05) 
and had no statistically significant differences compared with 
the control group (p> 0.05). The analysis of the ratio of WC / 
HC revealed that all the examined patients in this group had 
an abdominal type of adipose tissue deposit. 
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Table 2. Indices of hemogram and iron metabolism parameters in women with IDA with and without obesity (M ± SD) 

Indicator, unit of measurement Group with IDA and obe-
sity, (n = 30) 

Group with IDA and with-
out obesity, (n = 10) Control group, (n = 10) 

Erythrocytes, 109/l 3.98 ±0.26 а 4.0 ±0.2 а 4.3±0.2 а 
Hb, g/l 90.4±10.3 а 91.6± 8.65 а 129±3.8 в 
MCV, fl 71.6 ±5.1 а 72.0± 4.8 а 88.4±4.6 в 

MCHC, g/ 316.6 ±19.42 а 316.3± 15.8 а 338.9±6.0 в 
MCH, g/ 22.6 ±1.95 а 22.7 ±1.83 а 29.9±1.3 в 

Fe 3+, μmol /l 5.6±2.38 а 7.3±1.4 а 15.3±2.34 в 
TSIBC, μmol /l 74.5±2.0 а 73.8±1.3 а 61.0±4.96 в 

STI, % 7.7±3.30 а 9.8± 2.0 а 25.0±2.5 в 
Ferritin, ng / ml 4.7±2.68 а 3.5±2.93 а 29.7±10.8 в 

Hepcidin, ng / ml 16.6 ± 11.9 а 25.4±8.6 в 14.4 ± 12.0 а 
Note: aa, bb = no significant difference between the groups (p> 0.05); 

ab, ba = significant difference between groups (p <0.05). 

Indicators of Hb, MCV, MCHC, MCH, SI, STI and fer-
ritin in the groups of women with IDA without and with 
obesity were significantly lower (p <0.05) compared with 
the control group and did not differ significantly between 
these parameters (p > 0.05). On the contrary, TSIBC in 
the groups of women with IDA without and with obesity 
was significantly higher (p <0.05) compared with the con-
trol group and had a significant difference (p > 0.05) (Ta-
ble 1). 

Hepcidin in the serum was higher in women with IDA 
without obesity (p <0.05) compared to women with obe-
sity and control group who did not have significant differ-
ences (p > 0.05) (Table 1). 

 
Figure 1. Expression of IkBα, 2-Δсt in female patients with IDA 

and obesity - (1), IDA without obesity - (2) and control group (3). 

Expression of IkBα subcutaneous adipose tissue in 
female patients in IDA with and without obesity compared 
with the control group did not have a significant differ-
ence between the groups (p <0.05) (Fig. 1). 

In the course of correl1ation analysis, the expression 
of IkBα by subcutaneous adipose tissue to BMI, iron me-
tabolism and hemogram rates did not have a correlated 
reliable significance. 

Discussion 
Our study showed the condition of iron metabolism, 

namely its deficiency, in absolute (true) IDA (Hb, MCV, 
MCHC, MCH) [8] using a rather wide range of indicators 
of its metabolism (SI, STI, TSIBC, ferritin and hepcidin) 
[9]. As is evident, there was no statistically significant dif-
ference between the hemogram parameters and the 
markers of iron homeostasis among the study groups, 
except for the hepcidin, which had a higher level in the 
group with IDA without obesity (25.4 ± 8.6 ng / ml), as 
compared with the group of IDA with obesity and control 
group (16.6 ± 11.9 ng / ml and 14.4 ± 12.0 ng / ml, re-

spectively), but still within the range of reference value. 
This fact may be explained by the presence of a signifi-
cant degree of obesity for increased hepcidin and in-
flammatory markers, as established by Cheng et al. and 
Karl et al.[10, 11]. 

NF-kB is a transcription factor, which is the most im-
portant pro-inflammatory nuclear transcription factor, one 
of the key regulators of immunity, stress reactions, apop-
tosis and cell differentiation. Its activation is observed 
under the influence of numerous stimuli, both intracellular 
and extracellular ones [12]. Intracellular free iron was in-
volved in a number of these stimuli activation [13]. 

Our study was based on two reliable facts: the first 
one – obesity has been studied in recent years as a con-
dition of chronic low-intensity inflammation with excessive 
production of inflammatory mediators, in particular IL-6 
and CRP [14], followed by activation in the expression of 
the hepcidin gene [15], which leads to the accumulation 
of iron trace element in macrophages and according to 
Shigang Xiong et al.[16], iron acts as a pro-inflammatory 
effector molecule by selective induction of intracellular 
signaling for NF-kB; the second one – IDA is the final de-
gree of iron deficiency, characterized by both external 
and intracellular decrease in iron concentration, and ac-
cording to previous studies with chelated iron, the reduc-
tion of free intracellular iron generally inhibits the activa-
tion of NF-kB [17]. 

However, despite these assumptions, our results 
show that the expression of IkBα by subcutaneous adi-
pose tissue in female patients in IDA with and without 
obesity, as well as obese women do not display a signifi-
cant difference between groups (0.26 ± 0.2-2 Δct, 0.3 ± 
0.1-2 Δct, 0.35 ± 0.3-2 Δct, respectively). 

In addition, no significant correlations were found be-
tween expression of the IkBα gene, BMI, iron metabo-
lism, and morphology of erythrocytes. 

This study is the first attempt to describe the expres-
sion of IkBα by subcutaneous adipose tissue in female 
patients in IDA as compared with women only with obe-
sity in vivo. However, it is well understood that adipose 
tissue is not homogeneous [18]. Therefore, despite the 
reported data that IkBα has no significant difference be-
tween the study groups in women, we cannot rule out the 
possibility that visceral adipose tissue has no effect on 
the regulation of systemic or localized iron metabolism. 
Moreover, subcutaneous adipose tissue may have a pro-
tective effect in many pathological conditions. 

Conclusion. Subcutaneous adipose tissue in female 
patients with iron deficiency anemia with and without 
obesity has no difference in expression of IkBα as com-
pared with obese women. 
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