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Human-Beta-Defensin-1, Ferritin, Interleukin-6
and their Relationship with Clinical

and Laboratory Parameters of the Severity

of the Tuberculosis Process

Establishing relationships between clinical and laboratory parameters, such as general patient’s state,
parameters of complete blood count and blood biochemistry and markers of the course of tuberculosis in the future
can be used to predict the severity of dysfunction of various organs and tissues in patients with tuberculosis and
in particular in patients who receive anti-tuberculosis treatment.

Objective — to investigate the relationship between biochemical markers, namely Human-beta-defensin-1,
ferritin and interleukin-6, and clinical and laboratory indicators of the severity of the tuberculosis process.

Materials and methods. 100 patients diagnosed with pulmonary tuberculosis were included in the study. After
receiving 60 doses of anti-tuberculosis treatment, the patients were retrospectively divided into 2 groups. Group 1
(n =77) consisted of patients in whom sputum conversion was observed after 60 doses of treatment, determined by
sputum microscopy. Group 2 (n = 23) comprised patients in whom bacterial secretion was maintained after
60 doses of treatment, as detected by microscopy. In addition to the routine studies provided for the monitoring
of patients with tuberculosis by the current orders of the Ministry of Health of Ukraine, the levels of Human-beta-
defensin-1, ferritin and interleukin-6 (IL-6) in the fasting blood were additionally measured by ELISA at the
beginning of treatment and after 60 days. Statistical data processing was carried out using the Statistica 8.0
software environment.

Results. A comparison of the investigated parameters between groups at the beginning of treatment showed
significantly higher values of Human-beta-defensin-1 (Group 1 — (18.97 *+ 2.42) pg/ml, Group 2 — (55.02 +
+ 15.69) pg/ml), ferritin (Group 1 — (94.86 = 6.02) ng/ml, Group 2 — (141.61 + 24.66) ng/ml) and IL-6
(Group 1 — (80.33 + 5.03) pg/ml, Group 2 — (110.13 + 10.35) pg/ml) in patients with positive sputum micros-
copy after 60 doses of treatment, p < 0.05. All studied markers demonstrated a reliable positive relationship with
the massiveness of bacterial excretion, a conditional indicator of the severity of clinical symptoms and signs, ESR
and urea level, as well as reliable negative correlations with creatinine level. In addition, patients with a lower body
mass index were found to have higher levels of Human-beta-defensin-1 and ferritin. Higher levels of Human-beta-
defensin-1 and ferritin are associated with lower hemoglobin levels (Human-beta-defensin-1 was also negatively
correlated with erythrocyte count). An increase in the leukocytes level is accompanied by a significant increase in
the level of Human-beta-defensin-1 and IL-6. Additionally, a significant negative correlation was found between
the level of glucose and ferritin, as well as between the level of bilirubin and ferritin and IL-6.

Conclusions. The determined significantly higher levels of Human-beta-defensin-1, ferritin and interleukin-6
in patients in whom sputum microscopy was positive after 60 doses of treatment allow considering the investigated
biochemical parameters as markers of the ineffectiveness of anti-tuberculosis therapy. The identified positive
relationships with the severity of clinical symptoms indicate the possibility of using the studied parameters as
markers of the severity of the tuberculosis course. The possibility of using Human-beta-defensin-1 and ferritin as
markers of anemia was also found. Correlations with parameters of blood biochemistry allow us to talk about
increased levels of Human-beta-defensin-1, ferritin and interleukin-6 against the background of kidney damage.
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uberculosis is a serious chronic infectious disease

that leads not only to the destruction of pulmo-
nary tissue, but also to the damage of other organs
and systems and violation of their functioning. Later
this becomes the cause of invalidation of patients,
decrease of life quality, adherence to anti-tuberculo-
sis treatment and treatment effectiveness.

One of the most common disorders in tuberculosis
patients is anemia. Release of interleukin-6 (IL-6) in
tuberculosis patients’ stimulates the synthesis of hep-
cidin, which is a negative regulator of iron processing
and absorption, including due to its binding to ferritin.
As a result, the availability of iron for erythropoiesis
decreases, which is manifested by an increase in the
level of ferritin and a decrease in the level of iron [5].

As for the leukocyte branch of hematopoiesis,
patients with tuberculosis may have various disor-
ders: leukopenia, neutropenia, lymphocytopenia,
monocytopenia, leukocytosis, neutrophilia, lympho-
cytosis, monocytosis, and pancytopenia (in patients
with miliary tuberculosis) [6] .

Also, tuberculosis is associated with thrombocy-
tosis, which in turn is associated with an increase in
the level of IL-6, which is responsible for the state of
hypercoagulation. The degree of thrombocytosis
correlates with common markers of inflammation,
such as C-reactive protein and ESR [13].

Anti-tuberculosis treatment also has a significant
impact on the patients state. Metabolism of Isoniazid
by the liver due to N-acetyltransferase-2 and micro-
somal cytochrome P4502E1 enzyme, potentiation of
hepatotoxicity of other drugs by rifampicin due to
the hepatocellular pattern of DILI, inhibition of
CYP45058 by pyrazinamide and a number of other
adverse reactions of antituberculosis drugs lead to
hepatotoxicity and corresponding changes in bio-
chemical blood analysis [8, 12, 15].

Some anti-tuberculosis drugs, such as Rifampicin,
have a nephrotoxic effect, in particular, due to a
type II or IIT hypersensitivity reaction with antibo-
dies against Rifampicin form immune complexes
that are deposited in the renal vessels, glomerular
endothelium, and interstitium [11]. This leads to the
narrowing of blood vessels and tubular ischemia, acute
tubular necrosis and acute interstitial nephritis [3].

So, the question arises: is there a relationship
between clinical and laboratory parameters, such as
general patient’s, parameters of complete blood
count and blood biochemistry, and markers of the
tuberculosis course, in particular, ferritin, Human-
beta-defensin-1 and IL-6 which were studied in our
work? Establishing such relationships in the future
can be used to predict the severity of dysfunction
of various organs and tissues in patients with tuber-
culosis, and in particular in patients receiving anti-
tuberculosis treatment.

Objective — to investigate the relationship
between biochemical markers, namely Human-beta-
defensin-1, ferritin and interleukin-6, and clinical
and laboratory parameters of the severity of the
tuberculosis process.

Materials and methods

100 patients with pulmonary tuberculosis were
included in the study. After receiving 60 doses of
anti-tuberculosis treatment, the patients were ret-
rospectively divided into 2 groups: Group 1 (n=77)
comprised patients in whom sputum conversion was
observed (determined by sputum microscopy) after
60 doses of treatment, while Group 2 (n = 23) com-
prised patients without sputum conversion (deter-
mined by microscopy) after the same duration of
treatment.

In addition to the routine studies provided for
the monitoring of tuberculosis patients by the cur-
rent orders of the Ministry of Health of Ukraine,
the levels of Human-beta-defensin-1, ferritin and
IL-6 in fasting blood by the ELISA method were
determined at the beginning of treatment and after
60 days. For the numerical expression of clinical
symptoms and signs, a conditional score was used,
in which each of the main symptoms of tuberculosis
(cough, shortness of breath, chest pain, weight loss,
weakness) was evaluated as 1 point.

Statistical data processing was carried out using
the Statistica 8.0 software environment using
descriptive statistics (mean, standard error, median)
and non-parametric statistics (Spearman’s correla-
tion coefficient, Mann—Whitney coefficient); the
obtained results were considered statistically sig-
nificant at p < 0.05.

Results

A comparison of the investigated indicators
between the groups at the beginning of treatment
(Fig. 1) showed a significantly higher level of
Human-beta-defensin-1 (Group 1 — (18.97 = 2.42)
pg/ml (median — 6.81 pg/ml), Group 2 — (55.02 +
+ 15.69) pg/ml (median — 57.85 pg/ml)), ferritin
(Group 1 — (94.86 £ 6.02) ng/ml (median —
78.41 ng/ml), Group 2 — (141.61 £ 24.66) ng/ml
(median — 135.81 ng/ml)) and IL-6 (Group 1 —
(80.33 £ 5.03) pg/ml (median — 67.93 pg/ml),
Group 2 — (110.13 + 10.35) pg/ml (median —
105.83 pg/ml)) in patients with positive sputum
microscopy after 60 doses of treatment (p < 0.05).

A comparison of the studied parameters between
the groups after 60 doses (Fig. 2) showed signifi-
cantly higher levels of Human-beta-defensin-1
(Group 1 — (15.44 £ 2.24) pg/ml (median —
6.76 pg/ml), Group 2 — (71.25 = 12.53) pg/ml
(median — 54.90 pg/ml)), ferritin (Group 1 —
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(60.39 + 6.60) ng/ml (median — 33.15 ng/ml),
Group 2 — (135.63 = 21.61) ng/ml (median —
115.55 ng/ml)) and IL-6 (Group 1 — (38.04 £ 2.88)
pg/ml (median — 24.18 pg/ml), Group 2 —
(99.87 = 15.86) pg/ml (median — 105.80 pg/ml))
in patients with positive sputum microscopy after
60 doses of treatment (p < 0.05).

When studying correlations between Human-
beta-defensin-1, ferritin, IL-6 and clinical and labo-
ratory parameters of the severity of the tuberculosis
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process, all studied markers demonstrated a reliable
positive relationship with the massiveness of bacte-
rial excretion, a conditional indicator of the severity
of clinical symptoms, ESR and urea level, as well as
reliable negative correlations with creatinine level.
In addition, patients with a lower body mass index
were found to have higher levels of Human-beta-
defensin-1 and ferritin. Higher levels of Human-beta-
defensin-1 and ferritin are associated with lower
hemoglobin levels (Human-beta-defensin-1 was also
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Fig. 1. Comparison of the levels of Human-beta-
defensin-1 (A), ferritin (B) and IL-6 (C) at the beginning
of treatment between patients in whom sputum
microscopy was negative after 60 doses of treatment (0)
and patients in whom sputum microscopy was positive
after 60 doses treatment (1)

Fig. 2. Comparison of the levels of Human-beta-
defensin-1 (A), ferritin (B) and IL-6 (C) after 60 doses
between patients in whom sputum microscopy was
negative after 60 doses of treatment (0) and patients
in whom sputum microscopy was positive after 60 doses
of treatment (1)
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Table. Correlations between clinical and laboratory parameters of the severity of the tuberculosis process

and the investigated biochemical markers

Human-beta-defensin-1 Ferritin IL-6

Body mass index (BMI) —-0.32 -0.26 —
Conventional indicator of severity of clinical symptoms +0.52 +0.29  +0.26
The massiveness of bacterial excretion, determined by sputum microscopy +0.48 +0.43  +0.44
The massiveness of bacterial excretion determined

by sputum culture on Lowenstein—Jensen medium +0.33 +0.30 —
Hemoglobin —-0.26 -024 —
Erythrocytes -0.27 — —
Leukocytes +0.29 — +0.35
ESR +0.53 +0.37  +0.23
Creatinine —-0.36 -033 -0.28
Bilirubin —-0.40 -022 -025

Note. All the given parameters have reliable correlations (p < 0.05); «—» the absence of a reliable correlation (p > 0.05).

negatively correlated with erythrocytes level). An
increase in leukocytes level is accompanied by a
significant increase in the levels of Human-beta-
defensin-1 and IL-6. In addition, a significant nega-
tive correlation was found between the level of
glucose and ferritin, as well as between the level of
bilirubin and ferritin and IL-6. The obtained data
are presented in the Table.

Discussion

In previous works, we considered the possibil-
ity of using ferritin, Human-beta-defensin-1, and
IL-6 as markers of the tuberculosis treatment
effectiveness, but their relationship with clinical
and radiological parameters of the severity of the
tuberculosis process was not sufficiently studied
[1, 16].

In the course of the study, significantly higher
levels of Human-beta-defensin-1, ferritin, and IL-6
were found in patients who, after 2 months of anti-
tuberculosis treatment, maintained bacterial excre-
tion, which allows us to consider the investigated
biochemical indicators as markers of the effective-
ness of tuberculosis treatment.

The revealed inverse relationship between BMI,
Human-beta-defensin-1 and ferritin is probably a
consequence of the fact that with a massive tuber-
culosis lesion, which leads to exhaustion of the
patient, the severity of the immune response
increases, which is manifested by an increase in the
studied inflammatory markers. Interestingly, no
significant relationship between BMI and IL-6 was
found. This can be explained by the fact that the
production of IL-6 is one of the first to increase when
immune cells are in contact with M. tuberculosis, and
IL-6 remains a key inducer of the immune response
regardless of the volume of the tuberculosis lesion
and the general patient’s state [9].

In all three investigated markers, reliable positive
correlations were observed with the severity of
clinical symptoms and the massiveness of bacterial
excretion, which allows them to be considered as
markers of the tuberculosis course severity. At the
same time, the highest correlation strength was
observed in Human-beta-defensin-1, which makes
it the most sensitive of the studied markers.

Ferritin plays an important role in the anti-
tuberculosis immune response not only by acting as
a pro-inflammatory cytokine [10], but also by reduc-
ing the availability of iron to M. tuberculosis, as iron
is an important cofactor of metabolic enzymes of
mycobacteria [1]. In fact, in tuberculosis, there is a
transition from available, transferrin-bound iron to
accumulated iron, that is, ferritin [14]. However,
reducing the availability of iron for the pathogen,
ferritin also reduces its availability for the host’s
body, which is reflected in the negative relationship
between the level of ferritin and hemoglobin that
we found. In turn, iron deficiency leads to a violation
of the production of antimicrobial peptides, includ-
ing the family of beta-defensins, and reduces their
bactericidal activity [11]. The negative correlations
we found between the level of Human-beta-
defensin-1 and hemoglobin and erythrocytes con-
firm this fact.

A positive relationship between the levels of
Human-beta-defensin-1, IL-6 and leukocytes was
expected, since the latter are the main producers of
these cytokines [12, 13].

The revealed negative relationship between the
levels of Human-beta-defensin-1, ferritin and IL-6
on the one hand and the levels of bilirubin and cre-
atinine on the other indicates a malfunction of the
liver and kidneys against the background of active
tuberculosis inflammation and taking anti-tubercu-
losis drugs.
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Conclusions

The determined significantly higher levels of
Human-beta-defensin-1, ferritin and interleukin-6
in patients in whom sputum microscopy was positive
after 60 doses of treatment allow considering the
investigated biochemical parameters as markers of
the ineffectiveness of anti-tuberculosis therapy. The
identified positive relationships with the severity of

No conflict of interest.

clinical symptoms indicate the possibility of using
the studied parameters as markers of the severity of
the tuberculosis course. The possibility of using
Human-beta-defensin-1 and ferritin as markers of
anemia was also found. Correlations with parameters
of blood biochemistry allow us to talk about increased
levels of Human-beta-defensin-1, ferritin and inter-
leukin-6 against the background of kidney damage.
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! XapKiBCbKMil HaLlioHaNbHUI MEAUYHUI YHiBEPCUTET, XapKiB
2 BYKOBUHCbKUI AepaBHUI MeguuHuit yHiBepcuTeT, YepHiBui

3 THcTuTyT hTusionHesmonorii imeHi Kupuna [lparaHioka, Kuwunis, Mongosa

B-nedensun-1, epuTtus, iHTEPNENKIH-6 Ta IXHIN 3B'A30K
13 KNIHIYHUMU Ta 1a60PATOPHUMM ITOKAZHUKAMU TAKKOCTI

TYOEPKYbO3HOTO ITPOLECY

VeraHOBIIEHHST 3B'I3KIB MK KJITHIKO-/Ia00PAaTOPHUMU TTapaMeTpaMi (3arajibHuii CTaH Malli€HTa, OKa3-

HUKJ KJiHiYHOTO i 6ioXiMiuHOro aHamisiB KpOBi) Ta MapkepaMu mepebiry TyOepKy/Ib03y B IEepPCIeKTHBI
MOsKe OyTH BHKOPHCTAHE /s TIPOTHO3YBAHHSI TSKKOCTI TIOPYIIeHHsT (DYHKITIOHYBaHHS PI3HUX OPraHiB i
TKAHWH y XBOPHX Ha TyOepKyJ/Ib03, 30KpeMa B MAIEHTIB, sIKi OTPUMYIOTh ITPOTUTYOEPKY/IbO3HE JIIKYBaHHSI.
Mema po6omu — nociinutu 38’s13k1 Mixk Gioximiuranmu Mmaprepamu (B-aedensun-1, heputun, intep-
neiikin-6 (1J1-6)) i krinignuMu Ta 1ab0paTOPHUMU MOKAZHIUKAMHU TSKKOCTI TYOEPKYIbO3HOTO MIPOILIECY.
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Mamepiaau ma memoou. Y nocyimkentist 6yso samydero 100 xBopux Ha TyOepKyibo3 jieredb. [Ticis
orpuMants 60 103 TPOTUTYOEPKYIHO3HOTO JIIKYBaHHS MAIIEHTIB PETPOCIIEKTUBHO POIMOIININ Ha B
rpymnu: 77 TAIIEHTIB, ¥ SIKUX 3apEECTPYBAIHM MPUTMHEHHsT OaKTepiOBU/IIIEHHS (32 TaHUMHU MiKPOCKOTIi
MOKPOTHHHS), i 23 matieHT, y akux s6epiraaocs 6akrepioBuiIeHHs (3a JaHUMU MIKPOCKOIIT MOKPOTHH-
#s1). KpiM pyTHHHUX TOCITKEHD, TiepeibadeHIX [IJisi MOHITOPUHTY TIAI[EHTIB i3 TYGEPKYIb030M HaKa3aMu
MO3 Vkpainuu o0 BeleHHs XBOPUX Ha TyOepKyJIb03, BUMIPIOBAIN PiBeHb B-aedensuny-1, pepurnny Ta
[JI-6 y xpoBi Hatile MeTOmOM iMyHO(MDEPMEHTHOTO aHaJi3y Ha MOYaTKy JiKyBaHHSI Ta depe3 60 mHiB.
Craructuuny 0OpoOKy JaHUX ITPOBEIEHO 3a JI0TIOMOTOI0 TPOTPaMHOro cepeoBuina Statistica 8.0.

Pesynvmamu ma 062060penns. I1opiBHAHHS JOCTKYBaHUX MOKA3HUKIB Y IPyIax Ha MOYATKY JHKY-
BaHHSI BUSIBIJIO CTaTHCTUYHO 3Hauy1io (p < 0,05) Buiimii pienb y rpyii 2 B-gedensuny-1 ((18,97 £ 2,42)
ta (55,02 = 15,69) nir/mu), bepurnny ((94,86 + 6,02) i (141,61 £ 24,66) ur/m) ta 1J1-6 ((80,33 + 5,03) i
(110,13 = 10,35) 1r/ma1). Yci gocmipKyBaHi MapKepy Majid CTaATUCTUYHO 3HAYYITUI ITPSIMO TIPOIIOPIIMHMIA
3B'I30K 3 MACHMBHICTIO GaKTePiOBMIIJIEHHS, YMOBHUM TTOKa3HUKOM BHMPA3HOCTI KJIHIYHKX CHMIITOMIB,
IIIOE Ta piBHEM CEYOBMHH, a TAKOXK CTATUCTHYHO 3HAUYIIMNA 0O€pPHEHO MPONOPILIHHNIN 3B'S30K i3 piBHEM
KpeaTuHiny. ¥ TaIli€HTiB 3 MEHIITUM iHZEKCOM MacH TiJia 3aPeECTPOBAHO BUII MOKA3HUKN B-medensuny-1 i
deputuny. Binbina konnenTpanis B-aedensuny-1 ta hepuTUHy 0B’ sI3aHa 3 HUKYUM PiBHEM TeMOTJIO0IHY
(mnst B-nedensumy-1 TakoK yCTaHOBIEHO 0OEPHEHO MPOIMOPIIIHHNIN 3B’S30K 13 KiJBKICTIO €PUTPOIHTIB).
306i/bIIeHHS KIJIBKOCTI JIEHKOLUTIB CYIMPOBOIKYBAJIOCS CTATUCTUYHO 3HAYYIIUM IIBUIIECHHIM PiBHS
B-nedensumy-1 ta IJI-6. YcTaHOBIEHO CTATHCTHYHO 3HAYY NI 00ePHEHO TIPOTIOPIITHIIT 3B’I30K MiK BMicC-
TOM IJIIOKO3H Ta (DePUTHHY, a TAKOK MiK piBHeM OLripy6iny i dheputuny Ta 1J1-6.

Bucnogxu. Cratrctiano 3Hauynio BUIM piBHI B-nedensuny-1, dpeputnny ta 1JI-6 y marienTis, y Sknx
yepes 60 103 JiKyBaHHs 30epiranocst OakTepioBUILIEHHS, JAI0Th IiCTaBy PO3IJSAAATH AOCIKYBaHi 6i0-
XiMiYHI TIOKa3HUKK SIK MapKepu HeeeKTUBHOCTI IPOTUTYOEPKYIbO3HOT Tepartil. YCTaHOBJIEH] TIPSIMO MTPo-
TOPIIiHI 3B’SI3KM 3 TSKKICTIO KTHIYHOI CHMITTOMATHKHY CBiT4aTh PO MOKJIMBICTD 3aCTOCYBAHHS OCTIIKY -
BAHUX TTAPaMETPIiB K MApPKePiB TSKKOCTI Tepediry TyOGepKyIb03y. BUsBIEHO MOKIIMBICTD BUKOPHCTAHHS
B-medpensuny-1 ta pepurnny gk Mapkepis anemii. HagBricTb Kopesaiii 3 mokasHukaMu 6i0XiMigHOTO aHa-
JIi3y KpOBI CBITYUTH TIPO TABUIIEHHA piBHA B-nedensuny-1, deputuny ta 1JI-6 Ha To1i ypaskeHHS HUPOK.

Kmouoei cnoea: Ty6epkynbos, B-aedensut-1, pepuTuH, iHTepaeiikin-6, IpOrHOCTUYHI MapKepH.
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