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Ascetic Soluble CD206 and Serum Interleukin-4
Can Predict Mortality in Acute Decompensated
and Acute-on-Chronic Liver Failure

Sameh A. Lashen, Perihan Salem, Esraa Ibrahim, Dalia Abd Elmoaty, Walid I. Yousif*

Alexandria University, Egypt

Aim. Acute-on-chronic liver failure (ACLF) is the most severe form of acute decompensation with intense systemic
inflammation and immune dysfunction. IL-4 polarizes macrophages toward the M2 phenotype. CD206 can identify
inflammatory peritoneal macrophages in cirrhotic patients and could be linked to prognosis in ACLF. We investigat-
ed the predictive value of serum IL-4 and ascitic soluble CD206 in patients with acute decompensation and ACLF
and their relation to morbidity and early mortality.

Materials and methods. We included 60 patients with ACLF and acute decompensation as well as 30 cirrhotic
controls. Clinical data were collected, and survival was followed for 1 and 3 months. Blood samples were analyzed
at admission for liver and renal function tests as well as serum IL-4 and ascitic soluble CD206 levels. Correlation with
liver function indicators and prognosis was assessed.

Results. IL-4 and CD206 were significantly higher in acute decompensation and ACLF patients compared to control
and were positively correlated with each other’s Child — Pugh score, MELD-Na, and ACLF severity scores. Multivar-
iate regression showed that baseline Child — Pugh score, ascitic soluble CD206, and serum IL-4 level are the only
independent predictors of 1-month as well as 3-month mortality.

Conclusion. Serum IL-4 and ascitic soluble CD206 (macrophage markers) could predict early mortality in acute
decompensation and ACLF. Incorporation of these markers into the traditional liver disease scores can improve their
prognostic/predictive performance.
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PacTteopumbiit CD206 B acLumMTU4ECKOM XXUAKOCTUN U YPOBEHb UHTEpNenknHa-4
B CbIBOPOTKE KPOBU MOIYT NPOrHO3MpoBaTb CMEPTHOCTb NPU OCTPOM

AEKOMMEeHCUPOBAHHOM U OCTPOM Ha (pOHE XPOHMYECKON NMEeYEeHOYHON HeaoCTaTO4YHOCTU

C.A. NaweH, M. Canem, 3. U6parum, [1. A6g dnbmoatn, B.N. lOcnd*
AnekcaHapuincknii yHuBepcuTeT, AnekcaHapuvs, Erunet

Llenb. OcTpas Ha pOoHE XPOHMYECKOWN nevyeHo4YHas HepocTaTtodHocTb (OXIMNH) npeacTtaBnseT cobon Hanbonee TH-
Xenylo GopmMy OCTPO AEKOMMEHCALMM LUMPPO3a NEYEHU, XapakTEPU3YIOLLYIOCS WHTEHCUBHLIM CUCTEMHbLIM BOC-
naneHnemMm n ANCPOyHKUMEN MMMYHHOMN CUCTEMbI. MI3BBECTHO, 4YTO MUHTEPNEnknH-4 (IL-4) nonapmndyetr makpodaru
B CTOPOHY M2-deHoTtuna. Peuentop CD206 no3BonsieT naeHTnduumpoBatb BOCNaNNTENbHbIE NEPUTOHEaNIbHbIEe
Makpodarm y naumMeHToB C LLMPPO30M U MOXET ObITb CBSI3aH ¢ NporHo3oM npu OXIMH. Mbl n3y4nnun nporHocTuye-
CKYIO LlEHHOCTb CbIBOPOTOYHOrO IL-4 1 ypoBHS pacteopumoro CD206 (sCD206) B aCLMTUHECKOM XUOKOCTN Yy Naum-
EHTOB C ocTpon gekomneHcaumein n OXIMNH, a Takke nx cBs3b C Pa3BUTUEM OCIIOXKHEHUI 1 PaHHEN NETANIbHOCTLIO.
Martepuanbi n meToabl. B nccnenoaHue 6b11m BktodeHb! 60 naupeHTos ¢ OXIMH v ocTpoii aekomneHcaumen, a Takke
30 naumeHToB C UMPPO30M MEYEHN B KAYECTBE KOHTPOJILHOM Fpynnbl. Bbiiv cobpaHbl KNMHUYECKUE AaHHble, HAbNoae-
HME 3a BbPKMBAEMOCTbIO MPOBOAWIOCH B TedeHre 1 1 3 mecsiLeB. [Mpur nocTynneHnm 6uinm npoaHann3npoBaHbl 06pasupl
KPOBW AJ151 OLleHKM DYHKLMM NEYEHU 1 MOYEK, a TakKe onpeneneHbl ypOBHM CbIBOPOTOYHOrO IL-4 n CD206, pacTBOpnMO-
ro B aCLMTUYECKOM XnaKocTn. OueHeHa Koppensiums ¢ nokasaTensmv GyHKLMW NEYEHN U MPOrHO30M.

Pesynbratbl. YpoBHu IL-4 1 CD206 6binv JOCTOBEPHO BhILLE Y MALMEHTOB C OCTPOW AekomneHcaumen n OXIMH
Mo CPaBHEHUIO C KOHTPOJIbHOWM FPYMMON 1 MONOXUTENBbHO KOPPENMPOBaAM APYr C APYrOM, a TakXe CO LuKanamu
Yannpa — lNeto, MELD-Na n ctenenu tsxkectn OXIMH. MHOrodakTopHbIn perpecCUOHHbIN aHanu3 nokasan, 4To Uc-
X04HbIN 6ann no wkane Yarnga — lNblo, ypoBeHb acumtTnieckoro sCD206 1 cbiIBOPOTOYHOrO IL-4 aBnsatoTcs eanH-
CTBEHHbIMW HE3ABMCUMbIMU NPEANKTOPAMU NETANBHOCTY B TEYEHME KaK OOHOr0, Tak Y TPEX MECSILIEB.
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BbiBoAbl. CbiIBOPOTOYHbIN IL-4 n acuutmnyeckmin sSCD206 (Mapkepbl Makpodaros) MOryT NPOrHO3MPOBATbL PAHHIOK
NIETANbHOCTb NpKn OCTPOn aekomneHcaumu n OXIMH. BknoyeHre 3Tux MapkepoB B TPAAULIMOHHBIE LKaslbl OLLEHKN
3a60neBaHNN NEYEHN MOXET NMOBbLICUTb X MPOrHOCTUYECKYO 9D DEKTUBHOCTD.

KnioueBble cnoBa: uyppo3 nedyeHun, CD206, nHTepnenknH-4, octpas AekoMneHcauus, octpas Ha GOHEe XPOHUYe-

CKOW Ne4yeHo4YHas HegocTaTtoyHocTb, OXIMH

KoHdnukT HTEepecoB: aBTopbl 3as8BASIOT 06 OTCYTCTBUN KOHMNNKTA UHTEPECOB.
JaHHble nccnenoBaHus Gbinm paHee onybnnkoBaHsl B BUAe npenpuHTa (https://doi.org/10.21203/rs.3.rs-7049789/v1).

Ansa untupoBanus: JlaweH C.A., Canewm I., M6parum 3., A6a Snbmoatu ., Ocud B.U. PactBopumelin CD206 B acumtyeckom
XUOKOCTU N YPOBEHb MHTEPNENKNHA-4 B CbIBOPOTKE KPOBM MOMYT MPOrHO3MPOBAaTb CMEPTHOCTb MPY OCTPOM AEKOMMNEHCUPOBAH-
HOW 1 OCTPOM Ha POHE XPOHNYECKON NEYEHOYHOW HEAOCTAaTOYHOCTU. POCCUNCKNI XXypHaN raCTPO3HTEPOIONN, renaTonornm, Kono-
npokTonorun. 2026;36(1):16-26. https://doi.org/10.22416/1382-4376-2026-36-1-16-26

Introduction and aim

During the course of liver cirrhosis, acute de-
compensation represents the typical complication,
with the acute-on-chronic liver failure (ACLF)
representing the most severe phenotype. ACLF
is marked by organ failures, significant systemic in-
flammation, and increased 28-day mortality [1, 2].

Peritoneal macrophages make up most of the
immune cells residing in the peritoneum. They
produce and regulate hepatic and systemic inflam-
mation by identifying damage-associated and patho-
gen-associated molecular patterns [3]. Macrophages
are typically categorized into M1 (pro-inflammato-
ry) or M2 (anti-inflammatory) types as they adapt
to the local environment during liver injury [4].
Recent evidence indicates a link between immune
activation in the peritoneum, systemic inflamma-
tion, complications, and outcomes in decompensat-
ed cirrhosis [3].

Interleukin-4 (IL-4) directs macrophages to adopt
the M2 phenotype. Depending on the type of cell,
IL-4 may trigger regulatory, suppressive, or pro-
inflammatory reactions [6]. CD206, previously uti-
lized for identifying activated (M2) macrophages,
is a membrane-bound C-type lectin that acts as a pat-
tern recognition scavenger receptor [7]. CD206 fa-
cilitates endocytosis, enhances antigen presentation,
and activates T-cells. Soluble variants of CD206 are
released peripherally following proteolytic cleavage
from the surface of macrophages and can modify both
adaptive and innate immune responses [8].

Markers of macrophages have been used as sur-
rogate parameters to predict disease severity and
outcomes in a wide range of disorders [9]. In this
context, the present study aimed to evaluate serum
levels of TL-4 and ascitic levels of soluble CD206
(sCD206) in cirrhotic patients with acute decom-
pensation and ACLF and their relation to the sever-
ity of liver disease and patient survival.

Materials and methods

In a prospective case-control design, we in-
cluded patients with liver cirrhosis who presented
to our hospital with acute decompensation or ACLF,

whose symptoms started within two weeks before
admission. The sample size was calculated assuming
a power of 95 %, an a-error of 0.05, a between-groups
variance of 0.2 and a prevalence of 30 % for ACLF
in Egyptian tertiary hospitals [10].

Among 130 patients who were screened, 70 pa-
tients were excluded due to non-eligibility (patients
with hepatocellular carcinoma or other malignan-
cies, chronic heart failure, chronic pulmonary, re-
nal, or rheumatological diseases, severe alcoholic
hepatitis, and patients with incomplete records).
Finally, 60 participants were included. We also in-
cluded 30 patients as a control group.

Cohort definition

The total 90 patients were assigned into three
groups as following:

- Group A (patients with acute decompensation)
consisted of patients with liver cirrhosis with acute
decompensation, defined as jaundice, coagulopa-
thy (international normalized ratio (INR) > 1.5),
and presence of large ascites (Grade 2 or 3) within
< 2 weeks of presentation, those with acute hepatic
encephalopathy, and with gastrointestinal bleeding.

- Group B (ACLF patients) included patients with
acute hepatic insult plus organ failure: liver failure
as defined by a serum bilirubin level > 5 mg/dL;
renal failure as defined by a serum creatinine
> 2 mg/dL; cerebral failure as defined by hepatic
encephalopathy Grade IIT or IV; coagulation fail-
ure (INR > 2.5 and/or platelet count of less than
20 x10°/L); circulatory failure as defined by the use
of vasopressors; and respiratory failure as defined
by a peripheral capillary oxygen saturation (SpO,)
to FiO, ratio of < 200, within the last 4 weeks [11].

Group C (control group) included patients
with cirrhotic ascites who did not fulfill the criteria
of patients in Group A or B.

All patients were followed for a minimum
of 90 days through outpatient systems and by tele-
phone to assess survival. The endpoint of the study
was the occurrence of death or end of follow up,
whichever comes first.

All patients received a clinical evaluation. Blood
samples were collected at the time of admission

Poc sypH ractposuTepoJi rematon koaonpokros 2026; 36(1) / Rus J Gastroenterol Hepatol Coloproctol 2026; 36(1)

17



Original articles / OpurnHanbHbIe MCCIEOBAHUS

www.gastro-j.ru

for complete blood cell count, and blood chem-
istry including liver profile, renal function tests,
and electrolytes. Serum IL-4 levels were measured
using a commercially available ELISA kit (Finetest,
Wuhan, China; cat. No. EHO0199). Ascitic fluid
analysis was done with ascitic sCD206 quantifi-
cation using a commercially available ELISA kit
(Finetest, Wuhan, China; cat. No. EH1802).

The severity of liver disease was graded according
to Child — Turcotte — Pugh, and the Model for End-
Stage Liver Disease (MELD-Na) scores. CLIF-C acute
decompensation score was used for patients with acute
decompensation while ACLF was assessed by the CLIF-
SOFA score [12]. Severity was stratified by consid-
ering the number of organs failed (OF): Grade 1
(1 OF), Grade 2 (2 OFs), and Grade 3 (3 to 6 OFs).
Survival rates were assessed for 1 and 3 months.

Ethics

The study was approved by the institutional eth-
ical committee board (IRB No. 0107126), and con-
ducted following the provisions of the Declaration
of Helsinki of 1975, as revised in 2008. The in-
formed consent was obtained from all subjects
(or their legal guardians when applicable) included
in the study. We have no financial support.

Statistical analysis

The IBM SPSS software package version 26.0
(IBM Corp., USA) was used for statistical anal-
ysis. The sample size was calculated using STATA
15.1 package (StataCorp, USA). Data were present-
ed as (minimum-maximum), median, Mean + SD,
or number (per cent). Categorical variables were
compared using the Chi-square test or Fisher’s exact
test. Means were compared by Kruskal — Wallis or
Mann — Whitney U tests. ROC analysis was done
on MELD-NA, serum IL-4, and ascitic sCD206.
Kaplan — Meier analysis for 1-, and 3-month
mortality as well as Cox regression analysis were
used to evaluate the effect of baseline parameters
on mortality risk.

Results

Demographic data

The baseline data of the study groups are shown
in Table 1. Precipitating factors for acute presenta-
tion included acute HCV infection, variceal bleed-
ing, and recent infections other than viral hepatitis
[pneumonia (38 %), soft tissue infections (21 %),
and urinary tract (17 %)]. Spontaneous bacterial
peritonitis was met in 7 (22.6 %) patients (2 pa-
tients in the group with acute decompensation,
5 patients in the ACLF group).

Comparison between groups as regards

the serum 1L-4 and levels of ascitic sCD206

The serum levels of IL-4 ranged between 0.21—
11.28 pg/mL, 1.03—16.82 pg/mL, and 0.06—
2.14pg/mLin acute decompensation, ACLF patients,
and the control group, respectively. The median

level of serum 11L-4 was significantly higher in acute
decompensation group and ACLF patients when
compared to the control group, and in ACLF pa-
tients compared to patients with acute decompensa-
tion (p < 0.001).

The level of sCD206 in ascitic fluid ranged be-
tween 1.40—49.77 ng/mL, 4.23-59.70 ng/mL
and 0.20—17.12 ng/mL in acute decompensation,
ACLF patients, and the control group, respective-
ly. The median level of ascitic sCD206 was signifi-
cantly higher in acute decompensation and ACLF
groups compared to the control group, and in ACLF
patients compared to patients with acute decompen-
sation (p < 0.001) (Table 1).

In a subgroup analysis, patients with clinical
sepsis were compared to patients with no sepsis
as regards the mean levels of serum IL-4 and ascitic
sCD206. There was no statistically significant dif-
ference between subgroups (p > 0.05).

ROC analysis for serum 1L-4 and levels

of ascitic sCD206 and its relation to cumulative

mortality at one-month mortality

ROC analysis was performed for the serum IL-4
and ascitic level of sCD206 to investigate their per-
formance in predicting one-month mortality among
patients with acute decompensation and ACLF.
At a cut-off value 3.60 pg/mL for serum IL-4
and 19.30 ng/mL for sCD206 both could predict
mortality at one month with a sensitivity of 92.9 %,
89.3 %, and specificity of 75 % and 90.5 % respec-
tively (AUC = 0.91 (p = 0.001) and AUC = 0.94
(p = 0.002), respectively), compared to sensitivity
and specificity of 82.1 % and 62.5 % respectively
for MELD-Na (Fig. 1).

When we applied the rule of having both IL-4
> 3.6 pg/mL and CD206 > 19.3 ng/mL, at the same
time, the sensitivity and specificity, positive pre-
dictive value, and negative predictive value of this
combination in the prediction of 1-month mortality
were 85.7 %, 95.2 %, 88.9 %, and 93.7 %, respec-
tively. When we applied the rule of having both
MELD-Na > 26.5 together with ascitic sCD206
> 19.3 ng/mL, at the same time, the sensitivity
and specificity, positive predictive value, and nega-
tive predictive value of this combination in the pre-
diction of 1-month mortality were 78.6 %, 93.4 %,
91.6 %, and 83.3 %, respectively.

Correlation between serum I11-4

and ascitic sSCD206 and different parameters

Serum IL-4 and ascitic level of sCD206 were
positively correlated with history of recent infec-
tion, white blood cells count, absolute neutrophil
count, C-reactive protein, ascitic fluid polymorph
nuclear leucocytes, Child — Turcotte — Pugh
score, MELD-Na in all patients, CLIF-AD in acute
decompensation patients; and CLIF-C ACLF,
and CLIF-OF scores in ACLF patients. Serum IL-4
showed a significant correlation to ascitic sCD206
in all patients (Table 2).
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Table 1. Baseline demographic data of study population at admission

Tabauua 1. Vicxonnbie neMorpaduyeckue JaHHbIe UCCIELYEMOI MOMYJISIIMA Ha MOMEHT TOCTYILIECHIS

Acute decgm ensation Acilit‘gflfl:i:ll:;%mc Cirrhoti_c control P
(n= (n = 30) (n = 30)

Age 56.62 £ 16.45 59.41 £ 14.90 56.10 £ 8.78 0.60
Gender (male), n (%) 13 (43.30) 15 (50.00) 17 (56.70) 0.58f
Etiology of chronic liver disease
Viral hepatitis, n (%) 21 (70) 21 (70) 14 (46.66) 0.08

- Post DAAs for HCV 12 (40.00) 8 (26.66) 7 (23.33)

- Active chronic HCV 4 (13.33) 8 (26.66) 4 (13.33) 0.22¢

- HCV/HBV co-infection 2 (6.66) 1 (3.33) 0 (0.00) '

- Chronic hepatitis B 3 (10) 4 (13.3) 3 (10.00)
Alcoholic liver disease 2 (6.66) 2 (6.66) 3 (10.00) 0.94¢
MASLD 4 (13.33) 5 (16.66) 3 (10.00) 0.91¢
Autoimmune hepatitis 1 (3.33) 2 (6.66) 2 (6.66) 0.99¢
Budd — Chiari syndrome 1 (3.33) 0 (0.00) 1 (3.33) 0.99°
Unknown 1 (13.33) 0 (0.00) 7 (23.3) 0.34¢
Precipitating factors of acute presentation

- Acute HCV infection 0 (0.00) 2 (6.66) 0 (0.00) -

- Recent infection® 12 (40.00) 17 (56.66) 2 (6.66) <0.001f

- Variceal bleeding 18 (60.00) 16 (53.33) 0 (0.00) 0.001
Clinical examination
MBP (mmHg) | 83.84+12.21 | 82.12 + 12.73 | 80.54 + 8.52 0.53
Hepatic encephalopathy:

- Absent 11 (36.67) 7 (23.33) 30 (100)

- Grade 1 6 (20.00) 0 0

- Grade 2 11 (36.67) 0 0 <0.001¢

- Grade 3 2 (6.66) 6 (20.0) 0

- Grade 4 0 (0.00) 17 (56.70) 0
Ascites grades:

- Mild 1 (3.33) 5 (16.67) 4 (13.33)

- Moderate 13 (43.33) 17 (56.66) 8 (26.67) 0.03¢

- Marked /tense 16 (53.34) 8 (26.67) 18 (60.00)
Baseline laboratory parameters
Hemoglobin, g/dL 9.01 £ 2.23« 10.23 + 2.30¢ 10.30 + 1.78 0.033
Platelets, x10° ¢/cmm? 32.00—551.00 (104.00) | 14.00—478.00 (87.00) 26.00—516.00 (101) 0.1258
TLC, x10% ¢/cmm? 2.70—18.57 (6.54) 1.88—23.60 (9.48) 2.09—10.4 (5.24) <0.001¢
ALT, TU/L» 12.00—450.00 (31.50) | 14.00—2031.00 (43.50) | 13.00—103.00 (30.50) | 0.047¢
AST, TU /L2 18.00—1760.00 (66.00) | 23.00—4397.00 (104.0) | 20.00—200.00 (47.00) | 0.0012
Albumen, g/dL 2.73 £ 0.57 2.55 + 0.50 2.67 + 0.31 0.30
Bilirubin, mg/dL? 0.60—12.00 (3.10) 2.10—35.10 (11.90) 0.72—4.80 (1.90) <0.001¢
INR 1.67 + 0.30« 2.28 + 0.87¢ 1.33 £ 0.17 <0.001
Blood urea, mg/dL 7414 + 44.57 152.56 + 73.50¢ 42.69 + 14.61 <0.001
Creatinine, mg/dL 1.26 + 0.54¢ 4.10 + 2.244 0.98 + 0.24 <0.001
Serum Na, meq/L 130.46 + 7.23 131.53 £ 6.30 132.30 + 4.76 0.51
Serum potassium, meq/L 4.11 + 0.63 4.28 + 0.90 4.17 + 0.64 0.65
Serum IL-4, pg/mL? 0.21—11.28 (1.03) 1.03—16.82 (12.08)¢ 0.06—2.14 (0.22) <0.001¢
Ascitic CD206, ng/ml>* 1.40—49.77 (13.95)« | 4.23-59.70 (35.59)¢ 0.20—17.12 (5.00) | <0.001#
Severity of liver disease
CTP score | 1033 £1.33«¢ | 11.97 + 1.44¢ | 9.23 + 1.33 | <0.001
CTP class

- A 0 (0.00) 0 0

-B 8 (26.67) 0 19 (63.30) <0.001f

=C 22 (73.33) 30 (100) 11 (36.70)
MELD-Na score 22.8 + 6.44< 35.83 + 6.60 ¢ 16.80 + 4.70 <0.001
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End of table 1. Baseline demographic data of study population at admission
Oxonuanue mabauupt 1. Vicxogubie neMorpadudeckre JaHHbIe UCCAeLyeMON TOMyJISIUN HA MO-

MEHT MOCTYILJIECHUA

ACLF grade

-1 — 1 (3.33) = =

- 10 - 8 (26.67) - -

- 11 — 21 (70.00) - -
CLIF-C AD 58.97 + 8.64 — —
CLIF-C ACLF — 58.73 + 11.24 — —
CLIF-OF — 12.16 + 2.46 = =
CLIF SOFA-ACLF — 12.16 + 2.46 — —

Note: ACLF — acute on chronic liver failure; AD — acute decompensation; ALT — alanine aminotransferase; AST —

aspartate aminotransferase; CTP — Child — Pugh — Turcotte; DAAs — direct-acting antiviral drugs; HBV — hepatitis B
virus; HCV — hepatitis C virus; IL — interleukin; INR — International Normalization Ratio; MASLD — Metabolic
Dysfunction-Associated Steatotic Liver Disease; MBP — mean blood pressure; MELD — Model of End-stage Liver
Disease; TLC — total leucocyte count; © — data is expressed as minimum-maximum (median); * — One-way ANOVA test;
¢ — significant difference from the ACLF group (Mann — Whitney U test); ¢ — significant difference from the control
group (Mann — Whitney U test); © — Fisher’s Exact test; I — Chi-square test; 9 — Kruskal — Wallis test; * — other than
hepatotropic viruses.

ITpumeuanue: ACLF — ocmpas neuenounas Hedocmamounocmv Ha (owe xponuueckou; AD — ocmpas dexomnencauus;
ALT — anranun-amunompancepasa; AST — acnapmam-amunomparncepasa; CTP — wxara Yaunda — Tropkomma — ITvio;
DAAs — npomusosupycruvie npenapamol npamozo deticmeus; HBV — eupyc zenamuma B; HCV — eupyc eenamuma C;

IL — unmepaetixun; INR — mexdynapoonoe nopmanusogannoe ommowenue; MASLD — cmeamomuueckas 601e31b nevenu,
ceszannas ¢ memaboauuecko oucymxkyuei; MBP — cpednee apmepuaivioe dasrenue; MELD — modenv mepMunaivHoU
cmaduu 3abonesanus neuenu; TLC — obwee xoauuecmeo 1eikoyumos; © — oannvie npedcmasienvl Kax MUHUMYM-MAKCUMYM
(meduana); * — oonopaxmoprwii ducnepcuonnoi anaruz (ANOVA); © — snauumoe pasnuuue no cpasuenuto ¢ epynnoi ACLF
(kpumepuii Manna — Yumnu); ¢ — 3nauumnoe paziuuue no cpasHeruio ¢ Konmpoavnou zpynnot (kpumeputi Manna — Yum-
Hu); © — mounvitl kpumeputi Quwepa; I — xkpumepuii xu-xeadpam; ¢ — kpumepui Kpackara — Yornuca; * — 3a uckiwoue-
HUeM 2eNamomponHvly 6UPYcos.

Mortality/survival assessment

and Kaplan — Meier analysis

The cumulative 1- and 3-month mortality rates
were significantly different between groups. At one
month, 8 (26.7 %) patients in the acute decompen-
sation group, 20 (66.7 %) patients in the ACLF
group and none of the control group died (p < 0.001;
x> = 31.5). At 3 months, 12 (40 %) patients with
acute decompensation group, 24 (80 %) patients
in the ACLF group, and 5 (16.7 %) patients in the
control group died (p < 0.001; y* = 24.81).

Patients with serum IL-4 levels > 3.6 pg/mL
had higher mortality rates than patients with IL.-4

Sensitivity

0.2 levels < 3.6 pg/mL at 1- and 3 months, respectively
(p <0.001). Similarly, patients with ascitic sCD206
levels > 19.30 ng/mL had higher mortality rates

095 = e - o ph than patients with sCD206 levels < 19.30 ng/mL
at 1- and 3-months, respectively (p < 0.001) (Table 3).

1 - Specificity — The overall survival rate was significantly dif-
--~MELD_Na ferent among the three study groups. Patients

—Reference Line

in the ACLF group had a median of 8 days of sur-
vival (95% CI: 2.00—9.99), patients in the acute
decompensation group had a median of 30 days
of survival (95% CI: 24.56—35.44), while the con-
trol group had a median of 88 days (log-rank test

Figure 1. ROC curve analysis for serum IL-4,
levels of ascitic sCD206 and MELD-Na to find cut-

off value for risk of mortality at one month

Pucynox 1. Anamu3 ROC-kpuBoii g ypos-
Heir coiBopoTouHoro IL-4, acmurudeckoro sCD206
n MELD-Na nsist onipe/iesieHust moporoBoro 3HaueHus
PHUCKA CMEPTHOCTHU 4Yepe3 OJIUH MeCsII]

x> = 43.5, p < 0.001; 95% CI: 16.15—159.86).
Kaplan — Meier analysis was done only for
the serum IL-4 and ascitic CD206 to stratify cas-
es, and the analysis was done for the acute decom-
pensation and ACLF groups (n = 60). At 1 month,
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Table 2. Correlations between serum IL-4, ascitic sCD206, and clinical laboratory parameters
Tabauua 2. Koppemsiiiun Mexay cbiBoporounbiM [1-4, aciutuueckum sCD206 u KInHUYECKUMU

JaGOPATOPHBIMU MTApaMeTpaMu

Parameter* IL-4 sCD206
r P r 7}
History of infection® 0.48 <0.001 0.47 <0.001
White blood cells count 0.36 <0.001 0.46 <0.001
Absolute neutrophil count 0.43 <0.001 0.53 <0.001
C-reactive protein 0.38 <0.001 0.33 0.002
1L-4 — — 0.87 <0.001
Ascitic PMN 0.63 <0.001 0.74 <0.001
CTP score 0.67 <0.001 0.68 <0.001
MELD-Na 0.79 <0.001 0.75 <0.001
CLIF-AD** 0.49 0.006 0.41 0.027
CLIF-C-ACLF**#* 0.48 0.007 0.65 <0.001
CLIF-OF*** 0.57 0.001 0.59 0.001

Note: IL-4 — interleukin-4; PMN — polymorph nuclear leucocytes; CTP — Child — Turcotte — Pugh; MELD-Na —
the Model for End-Stage Liver Disease-Sodium; CLIF — chronic liver failure; AD — acute decompensation; ACLF —
acute-on-chronic liver failure; OF — organ failure; # — Pearson correlation; * — analysis for the three groups
(n=90); ** — patients with acute decompensation (n = 30); *** — ACLF patients (n = 30).

IIpumeuanue: 1L-4 — unmepneiuxun-4; PMN — norumopguosdepuvie neuxoyumo,, CTP — wxara Yaiunrda — Tioprxom-
ma — ITvio; MELD-Na — modeav ouenxu msxecmu 3a60/e6anus newenu na KoHeuwHot cmadui ¢ ucnoib308aHUeM nampusi;
CLIF — xponuueckas neuenounas medocmamounocmv;, AD — ocmpas dexomnencayus; ACLF — ocmpas neuenounas nedo-
cmamounocmo na gone xponuneckou; OF — opzannas nedocmamounocmy; * — xoppeasyus ITupcona; * — anaius ois mpex

epynn (n = 90); ** — nayuenmol ¢ ocmpou dexomnencayuet (n = 30); *** — nayuenmor ¢ ACLF (n = 30).

Table 3. Comparison of cumulative 1- and 3-months mortality according to I1.-4 and sCD206 cut-
off values among patients with acute decompensation and acute-on-chronic liver failure (n = 60)

Tab6auua 3. CpaBHeHnne KyMyJISITUBHOI cMepTHOCTH 3a 1 u 3 Mecsiiia B 3aBUCHMOCTH OT TIOPOTOBBIX
3Hauennit 1L-4 mw sCD206 cpenn mammeHTOB ¢ OCTPOW JIEKOMIIEHCAIlME W OCTPON TeYeHOYHON HempocTa-

TOYHOCTHIO Ha (poHe xpoHnueckoi (n = 60)

1L-4 IL4 > 3.60 pg/mL (n = 34) IL4 < 3.60 pg/mL (n = 26)

Mortality Yes No Yes No X p
At 1 month 26 (76.50 %) 8 (23.50 %) 2(7.70 %) 24 (92.30 %) 28.0 | <0.001
At 3 months 32 (94.10 %) 2 (5.90 %) 4 (15.4 %) 22 (84.6 %) 38.10 | <0.001

CD206 sCD206 > 19.30 ng/mL (n = 28) | sCD206 < 19.30 ng/mL (n = 32)

Mortality Yes No Yes No X P
At 1 month 25 (89.30 %) 3 (10.70 %) 3(9.40 %) 29 (90.60 %) 38.30 | <0.001
At 3 months 28 (100 %) 0 8 (25.0 %) 24 (75.0 %) 35.00 | <0.001

Note: [L — interleukin, sCD206 — soluble CD206.

Hpumeuanue: 1L — unmepaeixun, sSCD206 — pacmeopumviti CD206.

patients with serum IL-4 > 3.6 pg/mL had a sig-
nificantly shorter median overall survival com-
pared to patients with IL-4 < 3.6 pg/mL — 15 vs.
29 days (Log-rank test ¥> = 44.21; p < 0.001; 95 %
CI: 11.2—19.2 and 95% CI: 28.1—30.7, respective-
ly) (Fig. 2A). Similarly, at 1 month, patients with
ascitic CD206 > 19.3 ng/mL had a significantly
shorter median overall survival compared to pa-
tients with ascitic CD206 < 19.3 ng/mL — 8 vs.
28 days (Log-rank test x> = 44.80; p < 0.001; 95%
CIL: 5.6—17.1 and 95% CI: 27.4—30.1, respectively)
(Fig. 2B).

At 3months, patients with serum IL-4> 3.6 pg/mL
had significantly shorter median survival com-
pared to patients with IL-4 < 3.6 pg/mL — 18 vs.
81 days (Log-rank test y> = 52.51; p < 0.001;
95% CI: 12.7—24.9 and 95% CI: 72.4—90.2, respec-
tively) (Fig. 2C). Similarly, at 3 months, patients
with ascitic sCD206 > 19.3 ng/mL had a signifi-
cantly shorter median overall survival compared
to patients with ascitic sCD206 < 19.3 ng/mL —
14 vs. 76 days (Log-rank test > = 57.20; p < 0.001;
95 % CI: 9.0—18.9 and 95 % CI: 67.5—85.0, respec-
tively) (Fig. 2D).
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Figure 2. Kaplan — Meier analysis for serum IL-4 and levels of ascitic sCD206 as regards 1- and 3-months
mortality (A) mortality at one month for serum IL-4, (B) mortality at one month for ascitic sCD206, (C)

mortality at three months for serum IL-4, (D) mortality at three months for ascitic sCD206

Pucynox 2. Anamms Ramrmana — Meifiepa mis yposHeil cbiBopoTouHoro IL-4 n acrmtmaeckoro sCD206
B OTHOIIIEHUU cMepTHOCTH Yepe3 1 u 3 Mecsina: A — CMEPTHOCTD Yepe3 OJIMH MeCsIl JIJIsl ChIBOPOTouHOTO 11.-4;
B — cmeptHOCTD uepe3 oauH Mecsr g acimtndeckoro sCD206; C — cMepTHOCTD Yepe3 TpU MecsIa s ChI-
Boporounoro 1L-4; D — cmeprHOCTD yepe3 Tpu Mecsia st aciutudeckoro sCD206

Table 4. Cox regression for predictors of in-hospital as well as 3 months mortality among acute
decompensation and acute-on-chronic liver failure patients (n = 60)
Tab6.auua 4. Perpeccronnpiii ananns Kokca st TPOrHO3UPOBAHUS BHYTPUOOTIBHUIHON 1 3-MeCsIHON
CMEPTHOCTH CPEH TAIIMEHTOB € OCTPOIl JeKOMITeH caIell 1 ocTpoil Ha (hoHe XPOHUUECKOW TTeUeHOTHOI

Henoctatounoctu (n = 60)

One month mortality Three months mortality
Parameter

7 OR 95% CI P OR 95% CI
CTP score 0.01 0.59 0.39—-0.89 0.018 0.64 0.45—0.93
MELD-Na 0.40 — — 0.66 — —
Creatinine 0.22 - — 0.52 — —
Bilirubin 0.95 — — 0.65 — -
INR 0.08 — — 0.18 — —
Serum IL-4 <0.001 1.3 1.12—1.47 < 0.001 1.27 1.14—1.42
Ascitic CD206 0.001 1.1 1.03—1.13 < 0.001 1.08 1.04—1.14

Note: OR — odd’s ratio; CI — confidence interval; CTP — Child — Turcotte — Pugh; MELD — model of end-stage liver

disease; INR — international normalization ratio; 1L-4 — interleukin-4.

HIpumeuanue: OR — omnowenue wancos; CI — dosepumenvuvii unmepear; CTP — wxana Yainoa — Twopxomma — ITvio;
MELD — modeav oueHku msxecmu 3a60.e6anus newenu Ha Koneunou cmaduu; INR — mexdynapooHoe HOpMAIUI08AHHOE

omuowenue; 1L-4 — unmepreixun-4.
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Cox regression analysis for predictors

of mortality

The univariate analysis identified baseline param-
eters (Child — Turcotte — Pugh score, MELD-Na,
serum creatinine, serum bilirubin, INR, ascitic
sCD206, and serum IL-4) as significant for the pre-
diction of 1- and 3-month mortality. However, cox
regression analysis showed that baseline Child —
Turcotte — Pugh score, ascitic sCD206, and serum
IL-4 level are the only independent predictors of
1- and 3-month mortality (p < 0.001) (Table 4).

Discussion

Immune dysregulation is the cornerstone
for the progression of ACLF. As portal hyperten-
sion progresses, immune dysfunction intensifies
and ultimately leads to total immune exhaustion
[13]. CD206 is regarded as a marker of M2 mac-
rophage phenotype, and can be released into the
bloodstream as a soluble form [14]. While numer-
ous scores have been developed to estimate mor-
tality in ACLF and acute decompensation, these
metrics fall short of incorporating indicators that
reflect disease progression or pathogenesis. Thus,
it is essential to identify novel promising markers
that accurately forecast prognosis. In this research,
we measured the serum concentration of IL-4 and
ascitic sCD206 in cirrhotic individuals with ACLF
or acute decompensation, and analyzed their associ-
ation with liver disease severity and patient survival.

Our study’s initial finding reveals that both as-
citic sSCD206 and serum IL-4 levels were notably
elevated in patients with acute decompensation
and ACLF, showing a positive correlation with liver
disease severity scores; additionally, these markers
effectively categorized patients with increased risks
of mortality at 1 and 3 months. Simultaneously,
patients exhibiting IL-4 levels > 3.6 pg/mL
and sCD206 levels > 19.3 ng/mL experienced in-
creased mortality rates and reduced survival times.

Typically, CD206 functions in recognizing
and internalizing pathogens. Although sCD206
is consistently found in the plasma of healthy in-
dividuals, its concentration rises across various
diseases when triggered by activation from fungi
and lipopolysaccharide both in vivo and in vitro
[8]. CD206 associated with macrophage-derived
extracellular vesicles can influence the immune re-
sponse by modifying the phenotype of endothelial
cells and T cells, leading to enhanced recruitment
and activation of leukocytes [15].

Patients with liver diseases, severe illness, sep-
sis, and organ failure exhibited notably elevat-
ed sCD206 levels [16]. sCD206 is not specific to
any disease; instead, it reflects the overall status
of the immune system. It shows a strong association
with indicators of significant immune activation,
such as tumor necrosis factor [9]. sCD206 levels

show a relationship with inflammation and fibro-
sis in metabolic dysfunction-associated steatotic
liver disease, chronic hepatitis C viral infection,
and primary biliary cirrhosis patients. In liver cir-
rhosis, elevated serum sCD206 levels were observed
compared to healthy individuals and were linked
to liver decompensation [17]. Additionally, levels
of CD206 were reduced following antiviral therapy
[18]. Patients with acute alcoholic hepatitis, acute
liver failure, and ACLF exhibit the highest concen-
trations of sCD206 [8, 19].

A connection exists between sCD206 and chang-
es in metabolic pathways associated with mito-
chondrial energy production, contributing to the
advancement of organ failure in ACLF. Activation
of macrophages in cirrhosis might indicate a per-
sistent inflammatory upregulation, which may
be further intensified by an overall systemic in-
flammatory condition, resulting in immune activa-
tion [20]. Due to its large molecular size, the renal
clearance of sCD206 protein is improbable. In ad-
dition, decreased hepatic metabolism, and shunting
of portal blood may also explain the elevated levels
of sCD206 in our study.

All participants in our research experienced por-
tal hypertension, which, along with the impaired
gut-blood barrier, facilitates the translocation of in-
testinal bacteria and pathogen-associated molecular
patterns. These can stimulate the toll-like receptors
of resident hepatic macrophages inside the liver.
sCD206 showed a correlation with gut permeability
indicators. sCD206 also has been assessed in predic-
tive scores for clinically significant portal hyperten-
sion [21, 22].

In our research, ascitic sCD206 and serum IL-4
emerged as independent predictors for mortality at
1 and 3 months. Incorporating sCD206 into MELD-
Na enhanced its effectiveness in predicting patient
survival. Serum sCD206 was linked to mortality
at 28 and 90 days in ACLF [18, 21]. Integrating
sCD206 with the CLIF-C acute decompensation
score significantly enhances the accuracy of pre-
dicting mortality at 90 and 180 days for patients
with acute decompensation [19, 23]. ACLF patients
with elevated sCD206 levels exhibited more severe
liver, coagulation, cardiovascular, or cerebral fail-
ures and encountered bacterial infections and sep-
sis. Additionally, sCD206 influenced the progno-
sis in cirrhotic patients without ALCF, suggesting
a role that is separate from severe inflammation [19].

In ACLF patients, the level of sCD206 was re-
lated to the severity of the disease [24]. sCD206
has the ability to bind with CD45 on macrophages,
resulting in cellular reprogramming towards an in-
flammatory phenotype driven by Src/Akt/NF-«xB
pathway. Moreover, sCD206 is involved in remov-
ing glycoproteins through the breakdown of endog-
enous glycoproteins like B-glucuronidase and pro-
collagen, which increase during inflammation [25].
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Only a single prior study examined ascitic sCD206
in individuals with spontaneous bacterial perito-
nitis. At concentrations greater than 0.53 mg/L,
sCD206 indicated poorer survival at 3 months.
The disparity in the outcomes between our find-
ings and those of S. Stengel et al. (2020), might
be attributed to the greater number of patients
with spontaneous bacterial peritonitis in their re-
search, unlike ours [5].

Live bacteria and toll-like receptor agonists can
stimulate peritoneal macrophages, resulting in al-
terations to their CD206 expression, triggering
the release of sCD206 [5]. Comparing sCD206 lev-
els across studies is difficult because there is no stan-
dardized assay available for detecting sCD206. The
peritoneal concentration of sCD206 correlates with
an inflammatory macrophage phenotype and acti-
vation of macrophages. Peritoneal macrophages
expressing sCD206 showed notably elevated levels
of toll-like receptors and chemokines when stimu-
lated. Additionally, sCD206 is involved in the cap-
ture of antigens and their transport to cells that
participate in the humoral immune response. This
contradicts the earlier thought that CD206+ macro-
phages have anti-inflammatory properties, indicat-
ing their plasticity [26].

In our study, we found a correlation between
IL-4 and sCD206. Previous research has demonstrat-
ed that IL-4 enhances the expression of CD206 [27].
IL-4 prompts monocytes and macrophages to dif-
ferentiate into M2 phenotypes. The transcription
factors STAT6, IRF4, and PPARy, responsible
for regulating genes associated with M2a macro-
phages such as CD206, are activated and relocat-
ed by IL-4. In M2a macrophages, the mRNA ex-
pression of the mannose receptor CD206 reached
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