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Abstract. Background. Lack of information about proinflammatory interleukins (IL) and tumor necrosis factor
alpha (TNFa) levels in case of metabolic-associated liver steatosis (MALS) and their roles in its progression
to steatohepatitis are key reasons for the relevance and actuality of our study. The purpose: to evaluate
proinflammatory interleukins 2, 6, and TNFa levels in concomitant liver steatosis. Materials and methods. Thirty-
five patients with hypertension stage lI-ll, type 2 diabetes mellitus were examined. All of them were treated on an
outpatient basis according to the guidelines of the Ministry of Health of Ukraine and the Declaration of Helsinki.
Participants were divided into the main group with MALS (n = 24, males 45.8 %, females 54.2 %, average age
55.83 + 0.89 years) and the control group without steatosis (n = 11, males 54.5 %, females 45.5 %, average age
53.00 + 1.55 years). In addition to standard parameters, levels of IL6, IL2, TNFa, selectin, resistin, insulin, C-peptide,
glycated hemoglobin, non-esterified fatty acids were evaluated, and some indexes were calculated, including
triglyceride-glucose index and Castelli indexes | and Il. Results were processed statistically, with significance level
of p < 0.05. Results. Although MALS is not followed by qualitative differences in proinflammatory IL2, IL6 and
TNFa compared to no steatosis, the risk of TNFa elevation was 5 times higher in patients with MALS (odds ratio
5.08; 95% confidence interval 1.02-25.17). An increase in IL2 and TNFa is unfavorable for patients with MALS, it
can be considered as a marker of steatosis progression to steatohepatitis, as it is associated with transaminase
activation, endogenous intoxication, lipid distress and glucose intolerance. IL6 was rather lower in patients with
MALS compared to those without steatosis, but its growth was exponential and proceeded simultaneously to IL2
and TNFa. Conclusions. MALS was not associated with significant changes in IL2, IL6 and TNFa compared
to no steatosis, but their elevation can be criteria for transformation into steatohepatitis due to the activation of
transaminases, inflammation, endogenous intoxication, lipid distress, glucose intolerance.
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Introduction

Metabolic dysfunction-associated fatty liver disease
(MAFLD), which gradually progresses from metabolic-as-
sociated liver steatosis (MALS) to steatohepatitis and liver
cirrhosis, is a worldwide pandemic. It affects one third of adult
population in the developed countries [1] and causes a de-
crease in the effectiveness of treatment for other diseases due
to the high metabolic activity of the liver. It was recently dis-
covered that liver itself is an endocrine-paracrine organ, which

secrets regulatory substances hepatokines, including those with
marked pro-inflammatory activity, particularly interleukins,
tumor necrosis factor alpha (TNFa), and more commonly
known orosomucoids, C-reactive protein, fibrinogen.
Interleukin 2 (IL2) is produced by CD4+ and CD8+
T-lymphocytes, some B-lymphocytes, and dendritic anti-
gen-presenting cells, located in liver tissue, providing im-
munological response to multiple blood antigens. It adjusts
leukocyte activity and immune system function (prevents
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autoimmunological reactions, controls T-lymphocyte sub-
populations ratio, increases activity of natural killer cells and
cytotoxic T-lymphocytes), but its precise role in MAFLD
origin and progression remains unknown. It was outlined that
in patients with non-alcoholic steatohepatosis, the quantity
of IL2 receptors on cell surface rises simultaneously with
tissue fibrosis development. Thuswise, level of IL2 receptors
can be used as a MAFLD marker [2] or as a marker of ad-
vanced cirrhosis (contrary to mild or no cirrhosis) in patients
with MAFLD [3]. In a trial, IL2 induced minor increase in
lactate production in isolated hepatocyte suspension [4].
1L6 is produced by macrophages, including those located
in liver parenchyma; however, its role in MAFLD patho-
genesis is also unclear. In experiment, L6 affected isolated
hepatocyte suspension in a similar way as IL2, inducing less
noticeable lactate increase, which is a marker of gluconeo-
genesis activation [4], specifically IL6 instead of TNFo en-
hanced lipogenesis in culture of rat hepatic cells [5].

TNFa is produced by macrophages (including liver paren-
chyma macrophages) and by a variety of other cells (lympho-
cytes, cardiomyocytes, adipocytes, hepatocytes, fibroblasts,
and neurons) in response to bacteria lipopolysaccharide and
IL1 elevation. It stimulates insulin resistance, maintains im-
mune response, induces apoptosis, causes fever and cachexia,
regulates anti-inflammatory response alongside with 1L6,
activates pro-inflammatory hepatokine synthesis in liver (oro-
somucoids, C-reactive protein, fibrinogen) and in excessive
amount it can trigger cytokine storm and shock [6]. Lack of
information about ILs and TNFa levels in case of MALS and
their role in its progression to steatohepatitis are key reasons
for the relevance and actuality of our study.

The purpose of study was to evaluate proinflammatory in-
terleukins 2, 6, and TNFa levels in concomitant liver steatosis.

Materials and methods

Thirty-five patients with hypertension 11111 stage, grade
2—3, compensated heart failure I—II functional class ac-
cording to NYHA classification, type 2 diabetes mellitus
were examined. All of them were treated on an outpatient
basis according to the guidelines of the Ministry of Health
of Ukraine and the Declaration of Helsinki.

Participants were divided into two groups: the main group
with MALS (n = 24, males 11/45.8 %, females 13/54.2 %; ave-
rage age 55.83 £ 0.89 years) and the control group without ste-
atosis (n = 11, males 6/54.5 %, females 5/45.5 %; average age
53.00 % 1.55 years). Groups were identical in gender, age, and
hypertension duration (9.83 & 2.09 and 10.10 = 3.25 years).
At the same time, it turned out that in 19 (79.2 %) patients
with MALS, hypertension was associated with chronic forms
of coronary artery disease (CAD) with duration of 1.76 & 0.43
years, whereas in control group, no patients had CAD
(p < 0.05). Duration of type 2 diabetes was 3.37 + 0.55 years
in main group; in controls, it was newly diagnosed (p < 0.05).

Although according to body mass index, patients with
MALS were obese and controls were overweight (33.47 = 1.00
and 28.72 & 1.09 kg/m?; p < 0.05), both groups were identical
in nature of obesity and waist-to-hip ratio (1.03 = 0.05 and
0.98 £ 0.02; p > 0.05), which allows us to evaluate adipose
tissue development as analogical. In addition to standard li-
ver function parameters, endogenous intoxication parame-

ters (creatinine, urea), lipid and carbohydrate metabolism,
insulin, C-peptide, glycated hemoglobin (HbAlc) and oral
glucose tolerance test, non-esterified fatty acids, 1L6, 112,
TNFa, selectin, resistin levels were evaluated and variety of
complex indexes was calculated, including De Ritis ratio,
triglyceride-glucose index (TyG = TG (mmol/l) x fasting
glucose (mmol/1)) / 2 [7] and two Castelli risk indexes (I —
total cholesterol (TC)/high-density lipoproteins (HDL); IT —
low-density lipoproteins (LDL)/HDL). Results were pro-
cessed statistically, with admitted significance level of p < 0.05.

Results

In the examined patients, MALS presence did not
interfere with IL2 level, which ranged within 0.56—
15.1 pg/ml and was 6.52 + 0.67 pg/ml in patients with MALS
and 5.67 + 0.54 pg/ml in those without steatosis (p > 0.05).
Level of IL2 in MALS correlated directly with adipocytokine
resistin (r=0.62; p < 0.01) and cytokine TNFa levels (r = 0.54;
p <0.05). It also had negative correlation with TyG (r = —0.46;
p <0.05) — criteria of insulin resistance [8], pre-clinical athe-
rosclerosis [9], atherosclerotic plaques stability in carotid and
intracranial arteries [10] and MAFLD in general [11].

In patients with concomitant MALS, 1L.2 level above ave-
rage (9.57 £ 0.58 pg/ml) was associated with significant dif-
ferences: shorter CAD duration (0.78 & 0.17 vs 2.46 + 0.68
years), but higher levels of both transaminases (aspartate ami-
notransferase: 46.46 £ 6.79 vs 31.84 & 1.85 mmol/h/l; alanine
aminotransferase: 50.82 + 7.39 vs 37.61 £ 1.95 mmol/h/l), less
pronounced endogenous intoxication syndrome (creatinine:
81.37 £ 3.56 vs 94.56 & 5.02 umol/1), p < 0.05 for all findings,
as well higher level of TNFa. (8.94 £ 1.34 vs 5.63 + 1.10 pg/ml;
p = 0.07). Hence, higher level of L2 typical for patients with
shorter history of concomitant CAD, but more active, al-
though short-time inflammation, as we can assume from 11.2
and TNFa levels itself, can be considered as an acute because
it was not followed by endogenous intoxication syndrome.

According to conducted correlational analysis, further
growth of IL2 will be associated with increased resistin
(r=0.74; p < 0.05) and decreased selectin levels (r = —0.64;
p <0.05), along with lipid distress aggravation (TC: r = 0.74;
Castelli index I: r = 0.96) and carbohydrate intolerance
(postprandial glucose measurement: r = 0.66); p < 0.05 for
all of the above. Whereas increased level of IL.2 was associa-
ted with significantly higher pro-inflammatory TNFa, its
correlation patterns in the presence of high 12 have also
been indicated. An increase in TN Fa was followed by endo-
genous intoxication syndrome (creatinine: r = 0.86; p < 0.01)
and lipid distress (HDL: r = —0.89; Castelli index I: r = 0.89;
p < 0.05 for both of them), as well as rise of resistin level
(r=0.68; p <0.05), which is considered to be the marker of
obesity, inflammation, and advanced liver tissue fibrosis [12].

Discussion

Levels of TNFa in patients with MALS and without stea-
tosis were similar (7.07 £+ 0.90 and 6.01 + 0.84 pg/ml; p > 0.05)
and remained within the normal range (up to 10.0 pg/ml),
concentrations fluctuated from 1.32 to 14.5 pg/ml, which
corresponds to literature-based data, where its increase is
described as a marker of steatohepatitis [13, 14] or advanced
fibrosis in case of MAFLD [15, 16].
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TNFa concentration, in addition to L2, had direct cor-
relation with resistin levels in the examined patients (r = 0.50;
p <0.05). Nevertheless, in MALS, the risk of TNFa elevation
was 5 times higher (OR 5.08; 95% CI 1.02—25.17). Accor-
ding to absolute value of determined parameters, patients with
higher (11.24 + 0.96 pg/ml) and lower (3.87 + 0.38 pg/ml)
than average levels of TNFa did not differ from each other.

Correlational analysis has shown that among patients
with above average TNFa level, its further growth would be
associated with endogenous intoxication syndrome (urea:
r=0.78; p < 0.05). It also correlates directly with resistin
levels (creatinine-resistin: r = 0.71; p < 0.05) that can be
considered as a marker of MALS progression to steatohepa-
titis. Whereas increased resistin level leads to elevation of
C-peptide and TC (r=0.63; p=0.07 and r=0.77; p < 0.05),
markers of carbohydrate and lipid metabolism impairment.
It means that MALS is characterized by normal TNFa level,
but 5 times higher probability of its elevation, which in turn
would be associated with development of endogenous intoxi-
cation, lipid distress, glucose intolerance and progression of
steatosis into steatohepatitis.

In the examined patients, presence of steatosis did
not significantly influence IL6 level (3.22 £ 0.67 and
3.23 + 0.84 pg/ml; p > 0.05), its concentration in patients
with MALS was characterized by a great amplitude (0.47—
13.7 pg/ml) and did not correlate with other parameters.
Interestingly, in most cases (79.2 %), level of this cytokine
was below average, whilst elevated in 20.8 % (p < 0.05), but
in that case, it was 2.4—4.2 times above limit. One-fifth of
patients with increased 1L6 (8.60 £ 1.67 pg/ml) was cha-
racterized by shorter hypertension duration (4.40 = 1.50
vs 11.26 + 2.52 years; p < 0.05), less intense course of en-
dogenous intoxication syndrome (creatinine: 76.10 £+ 2.10
vs 93.09 £ 4.14 pumol/l; p < 0.01; urea: 4.16 £ 0.33 vs
5.27 £ 0.39 mmol/l, p < 0.05) and better lipid profile (LDL:
2.30 £ 0.33 vs 3.91 £ 0.53 mmol/l; TC: 4.67 = 0.31 vs
5.98 = 0.48 mmol/1; p < 0.05 for both; Castelli index II:
1.44 £0.26 vs 3.16 £ 0.49; p < 0.01).

In our opinion, low IL6 level is unfavorable, as it is ob-
served in case of long-term hypertension and is followed by
distress of lipid metabolism. In patients with MALS and 1L6
concentrations above average, among all measured cytokines,
only TNFa correlated significantly with creatinine (r = 0.94;
p < 0.05) and non-esterified fatty acids (r=—0.97; p <0.01).

Amidst patients with 1L6 level below average, its concen-
tration was significantly associated with elevated production
of other cytokines, IL2 (r=0.67; p <0.01), TNFa (r = 0.66;
p < 0.05) and resistin (r = 0.63; p < 0.05), which were also
connected significantly (IL2-resistin: r = 0.60; IL2-TNFa.:
r=0.60; resistin-TNFa: r = 0.51), on the background of bet-
ter carbohydrate profile (TyG: r = —0.68; p < 0.05; C-pep-
tide: r=0.94); all p < 0.05.

MAFLD is a growing global health burden among the
population with high susceptibility to obesity and insulin
resistance [17]. The most effective prevention strategy for
MAFLD is lifestyle modification [18]. Considering the pre-
valence and its impact, several novel methods, including the-
rapeutic and surgical approaches, are currently under investi-
gation [19]. Pharmacological interventions, such as treatment
with antidiabetic medications, and anti-obesity drugs, can be

considered for MAFLD patients but should be chosen wisely
on a case-to-case basis. In addition, bariatric surgery aimed
to obtain durable weight loss is an option for MAFLD patients
who either fail medical management or have associated co-
morbidities. Novel approaches in drug delivery would be ideal
for managing MAFLD in the future [20].

Conclusions

Although MALS is not followed by qualitative differences
in proinflammatory IL2, IL6 and TNFa compared to no
steatosis, the risk of TNFa elevation was 5 times higher in
patients with MALS (OR 5.08; 95% CI 1.02—25.17). An
increase in IL2 and TNFa is unfavorable for patients with
MALS, it can be considered as a marker of steatosis progres-
sion to steatohepatitis, as it is associated with transaminase
activation, endogenous intoxication, lipid distress and glu-
cose intolerance. IL6 was rather lower in patients with MALS
compared to those without steatosis, but its growth was ex-
ponential and proceeded simultaneously to 1.2 and TNFa.

Further studies perspectives: to study levels of these cyto-
kines in other metabolic-associated liver diseases.
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/\bBIBCbK HALIOHOABHUA MEANYHI YHIBEPCUTET iMeHI AQHUAQ QAMLILKOrO, M. /\bBIB, YKpPQIHQ

Mpo3anaAbHi iIHTePAENKIHU-2, -6 | GAKTOP HEKPO3Y NYXAUHU AAbPA B NALLIEHTIB
3 APTEPIAABHOIO FiNepPTEeH3IEI0 TA LLYKPOBUM AiIQGETOM 3AAEXXHO
BiA HOSIBHOCTi METABGOAIYHO-ACOLIMOBAHOIO CTEATO3Yy NeYviHKun

Pe3iome. Axmyaavnicmo. HenocratHsa KinbKicTh iHboOpMallii
Mpo BMicT npo3ananbHuxX iHtepaeiikinis (1JI) i pakTopa Hekposy
nyxauHu anbba (OHII-a) 3a yMoB MeTab0IiYHO-aCOLiIOBAHOTO
crearody neuinku (MACII) ta ixHbOI poJi B Ipolieci nepexony B
cTeaTorenaTuT 3yMOBUIU NTOUUIBHICTh Ta aKTyalbHIiCTh HAILIOTO
nocmimkeHHs1. Mema: oniHuT BMicT niposananbHux J1-2, 1J1-6
Ta ®HII-0 3a ymoB cynyrHboro MACII. Mamepiaau ma memoou.
O06cTexxeHo 35 malieHTiB 3 apTepialbHOIO TiMepTeH3i€l0 Ta 1y-
KPOBUM J1iabeTOM 2-T0 TUITY, IKUX JIIKyBaJIu aMOyJIaTOPHO BillImo-
BimHO 1o ctaHmaptiB MO3 Ykpainu Ta [enbciHChbKOI Aekapartii.
YyacHuku Oyau mofisieHi Ha ocHoBHY rpymy 3 MACII (n = 24,
vyosoBiku 45,8 %, xinku 54,2 %; cepenniii Bik 55,83 & 0,89 poky)
Ta KOHTPOJIbHY Ipymy 6e3 cTeatosy (n = 11, yonoBiku 54,5 %; XiH-
k1 45,5 %; cepenniii Bik 53,00 £ 1,55 poky). Kpim cranmapTHIX
napameTpiB, oliHioBaau piBHi 1J1-6, 1J1-2, ®HII-a, cenekTuny, pe-
3UCTHHY, iHCYJiHY, C-TIeTTU LY, ITTIKOBAHOTO TeMOTJI00iHY, BITbBHUX
SKUPHUX KUCJIOT, PO3PaxOBYBaIM TPUIIILIEPUA-TIIIOKO3HUIT iHIEKC
ta inpekcu Castelli I, I1. Pe3ynsratu onpanboBaHO CTATUCTUYHO.
Pezyabmamu. Xoua npu MACII He ciocTepiraiocst BiqMiHHOCTE y

piBHsx nposananbHux 1J1-2, 1J1-6 Ta @HII-0. mopiBHSAHO 3 MaLieH-
Tamu 0e3 crearosy, ocoou 3 MACII manu B 5 pa3iB Bullly HMOBIip-
HicTb 3poctanss @HIT-a (BimHOCHU pusuk 5,08; 95% nosipumii
intepsan 1,02—25,17). Hecnipustiausum 1uis nauieHTiB i3 MACII
Oyo 36iabiieHHs 1J1-2 i @HII-o, sike MOXXHa BBa>kaT MapKepoM
Mepexo/ly CTeaTo3y B CTEATOTeNaTUT, OCKUIbKY 1€ aCOLIIOETHCS 3
aKTUBAIli€I0 TpaHCaMiHa3, EHIOT€HHOIO iIHTOKCUKALII€I0, JiMiTHUM
TIICTPECOM Ta HETIEPEHOCUMICTIO TtoKo3u. Bmict 1J1-6 y mattieHTiB
i3 MACII OyB fe1110 HIKYUM, HiX B 0ci0 6e3 cTeaTosy, ofiHaK ioro
3pocTaHHsI OyJ10 eKCIOHEeHIIIHUM i BinOyBasock napanenbHo 1J1-2
ta ®HIT-0. Bucnosxu. Hasiuictb MACII He BUKJIMKaJa iCTOTHUX
3miH J1-2, U1-6, @HII-0, npoTe 3pocTaHHSs iXHBOTO PiBHS MOXKHA
BBaXKaTU HECTPUSITIMBUM YMHHUKOM TEpPeXoy B cTeaTorerna-
TUT, OCKUIBKM BOHO OYJIO TIOB’SI3aHO 3 aKTUBAIIi€I0 TpaHCaMiHa3,
CUCTEMHMM 3araJIeHHSIM, €HIOT€HHOIO iIHTOKCUKALIIi€10, il IHUM
TIUCTPECOM Ta HETIEPEHOCUMICTIO TJIIOKO3H.

KiouoBi cjioBa: nykposuii niaber; iHTepieiikin-2; iHTepieii-
KiH-0; akTOp HEKPO3y MyXJIUH aibda; MeTaboTiYHO-acoIlilioBa-
HUIA CTeaTO3 NeYiHK1
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