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SUBCUTANEOUS ADIPOSE TISSUE IN FEMALE PATIENTS WITH IRON
DEFICIENCY ANEMIA AND OBESE WOMEN DOES NOT DIFFER IN THE
EXPRESSION OF IKBA*
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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 IKBa 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
IkBa 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 IkBa 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
IkBa 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 IkBa.
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OXUPIHHSI OpraHiB YepEBHOI MOPOXKHMHN - Lie 3ara/lbHe METabOsIiYHE 3aXBOPIOBaHHS, O XapaKTEPU3YETLCI HaAMIPHUM
HaKOIMNYEHHAM BIJIOf KMPOBOI' TKaHMHW, 3 HAAMIPHUM BUPOOHULITBOM MEAIATOPIB 3ara/IeHHs, SKI aKTUBYIOTb TPaHCKPUIT-
LiviHi saepHi gakTopu, 30Kkpema sAaepH @pakTop kB. [ercuanH € OCHOBHUM ropMOHOM CUCTEMHOI perynsauii 3aniza. Yoro
EKCIIpecisl 3pOCTaE 3 MigBULLYEHNM DIBHEM 1PO3anasibHuX UNTOKIHIB, BHAC/TIIOK YOro KOHUEHTpAaLis 3a/1i3a y riasmi Kposi
SHWKYETBCS, WO HAAIVIHO rpu3BoANTb [0 akTuBauii NF-KB. ToMy METOK AOC/KEHHS BY/I0 BU3HAYEHHS PIBHS €KCPECii
IKBa B ripLwKipHivi XXvpoBiit TKaHuHi npu 3ami304ediunTHIVi aHeMIT, LYo CYrpOBOMKYETLCS OXMUPIHHAM. [OCTimKeHHS
BK/o4ano 40 iHok. OUiHIOBa/m napameTpu reMorpamy,, napameTpy MeTabosiamy 3asiza (cupoBaTkoBe 3asi3o, ¢epu-
TUH, FerncuanH, 3arasbHa 3a/1i303B'93yBa/lbHa 34aTHICTb CUPOBATKM, HACUYEHHSI TPaHCQEPMHY 3a/1i30M) B CMpOBaTLi Ta
piBeHb ekcripecii reHy IkBa B MiAWKIPHIV XXvpoBivi TKaHuHi. OnvTaHi XiHKu Mam cepeaHivi Bik 40,3 + 7,59 pokis. Y pos-
ro4ini nauieHTiB Yepe3 rnpuynHy Ta CTyriHb TSXKKOCTI 3a/1i304€@iUNTHOI aHeMIi 6y/ia BiACYyTHS AOCTOBIPHA DI3HWLS MK
rpynamu, KoHTposibHy rpyry ckiam 10 nauieHTiB i3 OXUpiHHAM, sKi He Manm 3anizoaeqiumtHoi aHemil, Excripecis IkBa
MALIKIPHOIO JXUPOBOKO TKaHMHOIO Y NALIIEHTIB 3 3a/1i304€QiUNTHOI aHEMIEID 3 OXUPIHHAM Ta 6€3 HbOro MOPIBHSIHO 3 KO-
HTPOJILHOK MPYIIo0 HE BIAPI3HAIACS 3HaYHOK pisHuLero Mk rpyrnamm (p <0,05). Y xoai kopensauiviHoro aHasisy exkcripe-
cisi IKBa rigLUKipHO JXUPOBOK TKaHMHOKO A0 MOKa3HWKIB 3a/1i304e@iunTHOI aHeMil, 3asi3a 1a reMorpamm He Masa Kope-
JIbOBAHOIro 3HaYeHHs. TTiALKIPHA XUpOoBa TKaHWHA Y XKIHOK 3 AeQDILMTOM 3a/i3a 3 i 6€3 OXUPIHHS B MOPIBHAHHI 3 XXiHKaMu
3 OXUPIHHAM He Ma€E pi3HuLi B excripecii IkBa.

Knto4osi cnoBa: ekcripecia IkBa, oXupiHHSA, aHeMmis.

Introduction 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-a 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-

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-
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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,
IkBa [6], therefore, the aim of our study was to determine
the level of expression of IKBa 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 ymol/L, total serum iron binding capacity
(TSIBC) > 72 pmol/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 IkBa 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/ul of inverse mRNA-RT transcriptase, 5
units/ul RNase inhibitor, 1-2 pg total RNA, and deionizing
water free of RNase. Determination of the expression of the
IkBa 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-ACt.

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

Gene Sequence of primers
KBa 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 GTAAGACC-3'
R:5' - AGG GGA GAT TCAGTGTGG 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
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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)

. . Group with IDA and obe- | Group with IDA and with- _
Indicator, unit of measurement sity, (n = 30) out obesity, (n = 10) Control group, (n = 10)
Erythrocytes, 107/ 3.98 +0.26° 4.020.2° 4.3+0.2°

Hb, g/l 90.4+10.3° 91.6+ 8.65° 129+3.8°
MCV, fl 71.6 £5.1° 72.0+ 4.8° 88.4+4.6°
MCHC, g/ 316.6 £19.42° 316.3+ 15.8° 338.946.0°
MCH, g/ 22.6+1.95° 22.7 +1.83° 29.9+1.3°
Fe >, umol /I 5.6+2.38° 7.3+1.4° 15.3+2.34°
TSIBC, umol /I 74.5+£2.0° 73.8+1.3° 61.0+4.96°
STI, % 7.7+3.30° 9.8+£2.0° 25.0£2.5°
Ferritin, ng / ml 4.7+2.68° 3.5+£2.93° 29.7+10.8°
Hepcidin, ng / ml 16.6 + 11.9° 25.4+8.6° 14.4+12.0°

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).
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Figure 1. Expression of IkBa, 2-Act in female patients with IDA
and obesity - (1), IDA without obesity - (2) and control group (3).

Expression of IkBa 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 IkBa 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-
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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 IkBa 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 Act, 0.3
0.1-2 Act, 0.35 + 0.3-2 Act, respectively).

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

This study is the first attempt to describe the expres-
sion of IkBa 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 IkBa 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 IkBa as com-
pared with obese women.
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