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Abstract

The aim of this work was a comparative
study of the amount of antimicrobial pep-
tides - human neutrophil peptides -
defensins (HNP), hepcidin,
bactericidal/permeability-increasing protein
(BPI), and endotoxin in P-thalassemia.
Blood samples of 135 patients with tha-
lassemia were investigated. All patients
were divided into 3 groups. The first group
included patients with heterozygous form
(n=45). The second group consisted of
patients with homozygous form before
splenectomy (n=45). The third group
included patients with homozygous form
after splenectomy (n=45). The age of
patients varied from 2 to 18 years.
Biochemical [unconjugated and conjugated
bilirubin, alkaline phosphatase, hemoglo-
bin, ferritin, aspartate transaminase (AST),
alanine transaminase (ALT), mean corpus-
cular volume (MCV)] and immune (IgA,
IgM, IgG, phagocytic activity) parameters
were defined. Obtained results suggest that
increased levels of endogenous antimicro-
bial peptides are associated with the devel-
opment of the infectious process and reflect
the dynamics of changes in biochemical
parameters and immune status.

Introduction

According to the data from World
Health Organization, there are 80-90 mil-
lion of thalassemia gene carriers in the
world.!? This disease is found mainly in the
Mediterranean countries in the Middle East,
countries located in the lower part of the
Pacific Ocean, and South China with the
frequency of the disease gene carriers from
2% to 25%.

In Azerbaijan every year the number of
patients with thalassemia increases. In some
regions, this number reaches 15-20% of het-
erozygous carriers. Over 200 infants with
homozygous B-thalassemia are born annual-
ly in republic.3*

Many studies have been published on
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biochemical changes in the immune status
of patients with -thalassemia, but the data
on the study of the level of secretion of
endogenous antimicrobial peptides in this
disease are negligible.

Human body has complex mechanisms
of defence against exogenous pathogens
and internal risks (malignant growth).
Defence strategy is based on the presence of
a two-stage protection: non-specific (innate
immune system) and specific (adaptive
immune system).’

Cells of immune system secrete
chemokines which direct the inflammatory
cells to the lesion, and the danger is elimi-
nated by the united action of phagocytic
cells, cytotoxic cells, cytokines and also
antimicrobial endogenous peptides.

The aim of this work was a comparative
study of the amount of antimicrobial pep-
tides - defensin, hepcidin, protein that
increases the permeability of the mem-
branes (BPI) and endotoxin in B-tha-
lassemia, as well as analysis of the relation-
ship between biochemical indicators, quan-
tity of iron and level of secretion of antimi-
crobial peptides.

Materials and Methods

Objects of the study

This work is based on the results of bio-
chemical and immunological studies of
blood samples from patients (n=135) with
various forms of thalassemia at the age
from 2 to 18 years (60 boys, 75 girls), of
those 60 persons aged 1-4 years, 30 persons
at the age of 5-7 years, from 8 to 12 years -
25 persons, from 13 to 18 years old - 20 per-
sons. The criteria for inclusion of children
in the group of survey were the confirma-
tion of the diagnosis of B-thalassemia, clar-
ification of its form and the patient’s age
from 2 to 18 years. The diagnosis of p-tha-
lassemia was confirmed in all children
through the study of hemoglobin fractions
and also on the basis of criteria for clinical
picture of WHO (size of liver and spleen),
child’s age at the time of the first clinical
manifestations, indicator of hemoglobin at
the time of diagnosis. In addition, DNA
analysis was performed at Thalassemia
Center in Baku to confirm the diagnosis of
B-thalassemia as genotypic and define BY,
B*, B*" as phenotypic. Splenectomy was
performed in all patients at the age from 5 to
12, with the mean age of splenectomy at 8
years. All patients were divided into 3
groups: the first group included patients
with heterozygous form of -thalassemia (n
= 45 persons aged 4-18 years, including 25
males and 20 females).
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The second group consisted of patients
with homozygous form before the splenec-
tomy (n = 45; 27 of them are girls, and 18
are boys). Patients were at age 14 months
through 5 years. The third group consisted
of children aged 5-12 years after splenecto-
my (n =45, of which 17 are boys and 28 are
girls). 20 healthy patients comprised the
control group. Written informed consent
from the patients was obtained, along with
approval from local ethics committee.

Methods of biochemical analysis
The levels of biochemical parameters
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were determined with semi-automatic ana-
lyzer Mindray BA-88A.

Iron was determined with the photomet-
ric method using ferene, conjugated biliru-
bin was determined with colorimetric
method with the help of diazo reagent in the
acidic environment. Both indicators were
measured with the help of reagents from a
set of Human Diagnostics Worldwide.
Activity of alkaline phosphatase in blood
serum was estimated with a standardized
method of end point. Activity of ALT and
AST was determined with Reitman-Frankel
method. Blood hemoglobin levels were
measured with a photometric method using
potassium ferricyanide at wavelength of
540 nm.° Statistical analysis was performed
using the program STATISTICA 6.0. Data
are presented as mean + standard error (SE).
The Mann-Whitney U-test was used to
compare the control group with the groups
of patients. P<0.05 was considered statisti-
cally significant.

Hematologic and immune indicators
Determination of erythrocytic parame-
ters [amount of erythrocytes, mean corpus-
cular volume (MCV) and mean corpuscular
hemoglobin in erythrocytes (MCH)] was
performed with the method of Cost.”
Immunoenzymatic indicators IgA, IgM,
1gG were determined with Mancini method,
phagocytic activity was determined on the
basis of phagocytosis ability of leukocytes.®

Endogenous antimicrobial peptides
The concentration of antimicrobial pep-

tides (defensin, endotoxin and BPI) was

measured with ELISA method using com-

mercial set of Hycult Biotech with the help
of microplate reader Mindray MR-96A. The
concentration of hepcidin was measured
with ELISA method using commercial set
of Hepcidin  Prohormone Enzyme
Immunoassay Kit from IBL International
GmbH.

Results

Biochemical and immunological analy-
ses of blood samples of patients in all 3
groups were carried in order to compare the
dynamics of changes of antimicrobial pep-
tides with the state of metabolism and the
immune status of the studied patients. The
results are shown in Table 1.

As seen from Table 1, a notable increase
in the level of unconjugated and conjugated
bilirubin, ALT is observed in group 3 in
patients with B-thalassemia after splenecto-
my. Thus, conjugated bilirubin increased by
1.99 times, free bilirubin - by 1.34 times,
ALT - by 2.27 times, indicating a decline in
the functional state of the liver. P<0.05
compared with the control group was con-
sidered statistically significant (Mann-
Whitney U-test). There is a sharp increase
in the level of serum iron, ferritin in all 3
groups, thus in group 1 there is 1.9 times
increase in iron; in the second group, which
included patients with homozygous form of
B-thalassemia before splenectomy, - 2.1
times increase, and in group 3 - 3.25 times
increase, indicating the accumulation of
iron in the body.

There is a notable reduction in hemo-

Table 1. Biochemical and immune parameters in patients with [3-thalassemia.
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globin level in the first, second and third
groups by 3%, 7% and 30% respectively.
Similar dynamics of changes are observed
for the MSV and MCH (see Table 1).
Analysis of the obtained indicators,
such as IgA, IgM and IgG, indicates an
increase in IgA and IgG (see Table 1). The
concentration of IgM does not change sig-
nificantly. Thus, the average IgG level in
the control group was 14.40+0.21 g/L. In
group 1, there is 1.005 times increase; in the
second group - 1.13 times, in the third group
- 1.27 times increase compared to control
group. In contrast, there is a noticeable
decline in phagocytic activity of leukocytes.
In Group 1, the average value of this indica-
tor was 32.3+2.6%, that is by 11.5% lower
than in the control group. In Group 2 it was
23.3+1.3%, which is by 36% lower; and in
Group 3 with patients with the homozygous
form of B-thalassemia after splenectomy the
average value was 16.1+0.8%, which is by
56% lower than in the control group. In
Group 2, P<0.05 compared with the control
group was considered statistically signifi-
cant (Mann-Whitney U-test). These data
indicate the relationship between biochemi-
cal and immune parameters in [-tha-
lassemia. As the object of investigation
from endogenous peptides we selected
defensin, hepcidin,permeability-increasing
protein (BPI) and endotoxin, as they are of
great interest in increasing the susceptibility
to infections, as well as during infectious
complications observed in B-thalassemia. It
is proved that defensins are an integral part
of the immune system of many mammalian
species. Six types of a-defensin and four
types of [-defensin are described in

Conjugated bilirubin (mkmol/L) 242+0.15 2.39+0.17* 2.95+0.23* 4.8£0.37*
Unconjugated bilirubin (mkmol/L) 12.74+0.62 13.1+0.5* 14.5+0.78* 17.1+0.92*
Alkaline phosphatase (U/L) 242.7+34 253.1+4.5 247.8+1.7 276.2+4.5
Hemoglobin HB (g/L) 108.2+1.2 105+2.3 101.2+2.4 76.10.92
Serum iron (U/L) 17.95+0.38 334+1.2 37.5+0.13 58.5+7.1
Ferritin (ng/ml) 1625+114 1750+98 2104117 3865+305
ALT (U/L) 0.510.03 0.62£0.07** 1.4+0.2%* 1.16+0.07**
AST (U/L) 0.42£0.02 0.47+0.04** 0.54+0.07** 0.76+0.004**
Mean volume of erythrocytes (MCV) (p/g) 89 76 73 70
Mean corpuscular hemoglobin in erythrocytes (MCH) (fL) 28.25 26 25 22

1gA (g/) 1.84:0.05 1.92:0.07 2.1£0.07 2.4+0.05
IgM (g/L) 2.410.07 2.44+0.04 2.31+0.03 242+0.04
IgG (gL) 14.40+0.21 14.47+0.22 16.2+0.4 18.3+0.7
Phagocytic activity, % 36.0+2.5 32.3+2.6 23.3+1.3* 16.1+0.8

“Patients with heterozygous form of B-thalassemia; "patients with homozygous form before the splenectomy; ¢patients with homozygous form after the splenectomy. *P<0.05, **P<(0.001 compared with the control

group (Mann-Whitney U-test).
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humans. a-defensins are found in biological
fluids of body in neutrophils, monocytes
and lymphocytes. They are presented by
human neutrophil peptides (HNPs) 1-4 and
human defensins (HD) 5 and 6.°

Normally, the level of o-defensins is
below the level required for antimicrobial
protection. However, it increases sharply in
inflammatory conditions. There are data on
a significant, 15-20 times, increase in the
concentration of a-defensins in inflammato-
Iy processes.

The data we obtained on studying the
level of antimicrobial peptides and hepcidin
are shown in Table 2 and Figure 1.

As seen in the first group, which includ-
ed patients with heterozygous [-tha-
lassemia, HNP concentration was 114+0.9
ng/mL, which is 11.8%, i.e. 1.2 times higher
than in control. In group 2 with patients
before splenectomy it was also observed
514.7% i.e. 5 times increase in the level of
defensin compared to the control, which is
much higher than for patients of group 1.
Minimal level of defensin observed in this
group is 320 ng/mL, maximal is 1022
ng/mL, that indicates a strong variation in
the amount of defensin before splenectomy,
that, apparently, depends on the degree of
activation of neutrophils. In group 3, which
included patients with homozygous form of
B-thalassemia after splenectomy with larger
and more frequent transfusions an increase
in the level of defensin amounted for
1551% or 15.5 times compared to the con-
trol. Average observed value was
1582+142.2 ng/mL, with a minimal value
of 1147 ng/mL in this group and maximum
of 2836 ng/mL. P<0.001 compared with the
control group was considered statistically
significant (Mann-Whitney U-test).

BPI protein has bactericidal effect,
mainly on gram-negative bacteria. It is
capable of recognition of lipopolysaccha-
rides (LPS). Recognition of LPS is the most
sensitive and specific reaction mechanism
of macroorganism in response to invasion
of gram-negative bacteria.'

In the neonatal period, unlike defensins,
BPI is characterized by a low level of pro-
duction. The content of neutrophils for new-
borns is 3-4 times lower than neutrophils of
adults.

Data on the level of BPI also show pos-
itive dynamics of changes. As seen from
Table 2, an increase of 466.2% (4.7 times)
is observed in group 1, while there are
2040.5% (20.4 times) increase in group 2
and 3572.1% (35.7 times) increase in group
3, indicating a significant level of changes
compared with the control. P<0.001 com-
pared with the control group was consid-
ered statistically significant (Mann-
Whitney U-test).

Endotoxin is eliminated from the portal
blood system of fixed macrophages, as liver
is organ needing endotoxin the most; under
its stimulating effect liver produces signal-
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ing molecules needed for immunity. In case
of excess supply (or accumulation) of endo-
toxin in the general bloodstream, endotoxin
aggression is developing and, as a conse-
quence, there firstly occurs the immune
hyperactivation with allergic and autoim-
mune component, and then depletion of
immunity with the development of
immunosuppressive state. The most com-
mon cause of endotoxin aggression,
and, consequently diseases, is stress.!
Conducted LAL test on the study of the lev-
els of endotoxin also showed an increase in
all groups of studied patients. Dynamics of
changes in this indicator are similar to
changes in defensin. P<0.001 compared
with the control group was considered sta-
tistically significant (Mann-Whitney U-
test). Thus, 5.4 times increase (545.5%) is
observed in the first heterozygous group, 7

Of EF+ WD

BRI

HNP

Figure 1. Dynamics of changes in antimicrobial peptides in B-thalassemia (control =

100%).

Table 2. Parameters in patients with [3-thalassemia.

HNP (ng/mL) 102:£0.7 114.0£0.9% 524.0+7.07% 1582:6142.2*
(100.4-107.4) (109-1193) (320-1022) (1147-2836)
Hepcidin (ng/mL) 874167 81.2:46.0* 23.76.2* 62.946.0%
(83.2:913) (77.1-835) (195-264) (58.9-64.0)
BPI (ng/mL) 022220019 1.035:+0.020* 45320.117* 793+1.179%
(0.17-0.35) (083-1.15) (3.72:5.4) (452-2321)
LAL (EU) 00330012 0.18£0.004* 0.23£0.006* 0.476:£0.033*
(0.004-0.09) (0.16-0.2) (0:202-0254) (0.33-0.65)

Patients with heterozygous form of {3-thalassemia; bpatients with homozygous form before the splenectomy; “patients with homozygous form after the splenectomy. *P<0.001 compared with the control group

(Mann-Whitney U-test).

OPEN 8ACCESS

[Thalassemia Reports 2018; 8:7744]

[page 103]



times (697%) - in the second group, and
14.4 times (1442.4%) - in the third group.
The average value of this indicator in the
control group was 0.033+0.012 ng/mL, in
the first group 0.18+0.004 ng/mL, in the
second group 0.23+£0.006 ng/mL, and in the
third group 0.476+0.033 ng/mL. Increase in
the level of the indicator is probably due to
changes of the functional state of liver as
metabolism of endotoxin takes place in this
organ.

Humoral regulator hepcidin functions
between these remotely distant processes of
iron metabolism. Obtained data show that
the level of hepcidin decreases by 3.7 times
compared with the control group in the sec-
ond group with patients with B-thalassemia
before splenectomy, owing to anemia char-
acteristic for P-thalassemia. In the third
group in the interval between transfusions
the hemoglobin level gradually decreases
and ineffective erythropoiesis increases.
P<0.001 compared with the control group
was considered statistically significant
(Mann-Whitney U-test).

Discussion

Studies conducted by a team of scien-
tists have allowed establishing a negative
correlation between the activity of natural
killer cells (NK) and the amount of transfu-
sions. Preliminary incubation of effector
cells with iron chelators led to increased
killer activity.!”? These results indicate that
the decrease in activity of NK cells is asso-
ciated with blood transfusions and excess
iron.

A comprehensive study of such mor-
phofunctional properties of neutrophils as
phagocytic activity, NBT test (nitroblue
tetrazolium test) and also cytochemical fig-
ures allowed to establish the change of
intracellular biochemical parameters, for
example, increased activity of acid and
alkaline phosphatase, peroxidase, a
decrease in glycogen content, and to identi-
fy reduction in absorbent and digesting
activities of these cells.!* The mechanism of
these changes is as follows. Multiple blood
transfusions, iron accumulation, frequently
observed infectious complications lead to
the formation of a large number of circulat-
ing immune complexes (CICs) antigen-anti-
body in the blood plasma of patients with
thalassemia.'

Phagocytosis and destruction of these
complexes are implemented by phagocytes,
on the other hand, phagocytes, particularly
neutrophils, participate in the removal of
hemolysis products from organism.
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Consequently, the number of activated neu-
trophils being at the stage of metabolic
explosion increases dramatically in the
blood of patients with thalassemia. One of
the expected consequences of this process is
an increased level of secretion of endoge-
nous antimicrobial peptides by these cells
and amplification of non-specific compo-
nent of the immune system.'® It is known
that transport function of iron is performed
by the main iron-binding protein - transfer-
rin, and iron is deposited as a part of ferritin,
mainly in the liver. Besides, iron
metabolism involves lactoferrin - iron-con-
taining protein of neutrophils.'®

Strengthening erythropoietic activity
suppresses hepcidin synthesis, resulting in
increased adsorption of iron. Tissue hypoxia
directly inhibits hepcidin expression in hep-
atocytes, regardless of iron stores in body.
Thus, hypoxia plays a leading role in the
regulation of iron metabolism in patients
with anemia associated with ineffective ery-
thropoiesis.!”!®

According to Nemeth ef al., suppressive
effect of hemolytic anemia on the develop-
ment of hepcidin is observed even in iron
overload of the organism. It can be conclud-
ed that the ineffective erythropoiesis is a
stronger incentive than an excess of iron,
which was supposed to cause the induction
of hepcidin. Such interaction of effects
explains the cause of hemosiderosis in f3-
thalassemia. In such cases, the reduced
amount of hepcidin results in iron overload
of the organism, and only chelation therapy
can prevent this process. In the third group,
which includes patients after splenectomy,
compared to the second group there is an
increase of hepcidin and defensin when fre-
quent transfusions are applied because of
the possible development of the inflamma-
tory process. Thus, the secretion of defensin
and hepcidin is directly proportional to the
intensity of the inflammatory process.
However, erythropoiesis is crucial in hep-
cidin secretion in blood disease.
Conclusion: the optimal mode of applica-
tion of chelation therapy can be selected
studying the level of hepcidin, whereas
defensin is a marker of inflammatory pro-
cess. 1920

Comparison of the dynamics of changes
in BPI with the level of increase in defensin
shows a noticeable difference. The explana-
tion for this is, probably, the fact that an
increase in the secretion of BPI is the most
common characteristic of infectious dis-
eases of respiratory tract. Much more fre-
quently these bacterial diseases of respirato-
ry system such as bronchitis, pneumonia,
caused by gram-negative microorganisms,
are observed in patients with B-thalassemia.

[Thalassemia Reports 2018; 8:7744]
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Conclusions

The following conclusions can be sum-
marized:

- An increased secretion of defensin is
observed in homozygous form of p-tha-
lassemia; 5.1 times increase before
splenectomy and 15.4 times increase
after splenectomy, against the back-
ground of lower phagocytic activity of
leukocytes and decreased functional
state of liver.

- Accumulation of iron is observed in the
group of patients with p-thalassemia
with frequent transfusions and, an
increase of the endotoxin concentration
in blood plasma occurs against this
background.

- The optimal mode of application of
chelation therapy can be selected taking
into account the level of hepcidin.

- Frequent infectious complications lead
to increased secretion of BPI.

- Increase in the level of endogenous
antimicrobial peptides is the marker of
infection process and reflects the
dynamics of changes in biochemical
parameters and immune status.
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