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Abstract

Aim of the study: Metabolic associated steatotic liver disease (MASLD) is one of the most frequent chronic liver 
diseases in the world; macrophage activation is reflected by increased expression of CD163, which sheds as 
serum soluble CD163 that is linked to hepatic steatosis, inflammation, and fibrosis. Aim of the study was assess-
ment of liver macrophage activation and hepatic histopathological changes in patients with MASLD.

Material and methods: A total of 30 patients with MASLD and equal numbers of age- and sex-matched healthy 
controls were enrolled in the study. Quantitative serum levels of soluble CD163 (sCD163) were determined using 
a  commercially available standard sandwich ELISA kit. Core liver biopsies were obtained from patients with 
MASLD and evaluation of CD163 using anti-CD163 Ab-1 (Clone 10D6) – mouse monoclonal antibody.

Results: The median sCD163 level was significantly higher in patients with MASLD compared with healthy 
controls. It can discriminate patients with MASLD from healthy controls at a cut-off value of 814 pg/ml. sCD163 
level and intrahepatic total CD163-positive cell count were positively correlated, and both showed positive cor-
relations with nonalcoholic fatty liver disease activity score.

Conclusions: Soluble CD163 can discriminate MASLD patients from healthy controls after the exclusion of other 
causes of inflammation.

Key words: metabolic associated steatotic liver disease, non-alcoholic fatty liver disease activity score, macro-
phage, Kupffer cells.
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Introduction

In June 2023, a multi-society Delphi consensus in-
troduced the term metabolic dysfunction-associated 
steatotic liver disease (MASLD) instead of non-alco-
holic fatty liver disease (NAFLD) [1]. 

Metabolic dysfunction-associated steatotic liver dis- 
ease is one of the most frequent chronic liver diseases 
in the world [2]. MASLD is a broad category of hepatic 

pathological conditions ranging from simple steatosis 
to metabolic dysfunction-associated steatohepatitis 
(MASH) with or without fibrosis, cirrhosis, and hepa-
tocellular carcinoma (HCC) [3]. MASLD has been de- 
fined as the liver manifestation of metabolic syndrome. 
It is closely linked to obesity, insulin resistance (IR), 
type 2 diabetes mellitus (DM), hypertension, and  
hypertriglyceridemia [4]. The complex interaction be-
tween some or all of these factors leads to the accumu-
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lation of lipotoxic lipid products, which activate liver 
resident macrophages or Kupffer cells (KCs) [5].

Hepatic steatosis results from an imbalance be-
tween increased free fatty acid (FFA) acquisition 
through hepatic FFA synthesis and uptake and de-
creased FFA elimination via β-oxidation and very 
low-density lipoprotein exportation [6]. Lipotoxicity 
occurs when the liver is stressed by increased fatty 
acids and other lipotoxic lipid products, causing ac-
tivation of KCs that release inflammatory cytokines 
such as tumor necrosis factor α (TNF-α), interleukin 
(IL)-6, IL-1β and chemokine such as the chemokine 
(C-C motif) ligand 2 (CCL2) leading to recruitment 
of bone marrow-derived monocytes, which can differ-
entiate into monocyte-derived KCs and contribute to 
disease progression. Lipotoxicity leads to endoplasmic 
reticulum stress, mitochondrial injury, and oxidative 
stress, thereby leading to lipoapoptosis, the main fea-
ture of MASH [5, 7, 8]. Transforming growth factor β 
(TGF-β), platelet-derived growth factor (PDGF), TNF-α, 
and IL-1β produced by hepatic macrophages activate 
hepatic stellate cells to become collagen-producing 
myofibroblasts that secrete extracellular matrix result-
ing in liver fibrosis [9]. Furthermore, IL-6 and TNF-α 
contribute to HCC occurrence by activating different 
oncogenic pathways such as c-Jun terminal kinase, nu-
clear factor-kappa B signaling, and signal transducer 
and activator of transcription [10, 11].

Metabolic dysfunction-associated steatotic liver 
disease is associated with systemic inflammatory con-
ditions caused by increased inflammatory cytokines 
produced by proinflammatory macrophages that can 
promote different extrahepatic diseases. These cyto-
kines cause impaired insulin signaling, causing IR and 
increasing risk for DM development; moreover, they 
promote liver production of C-reactive protein, plas-
minogen activator inhibitor-1, and fibrinogen, causing 
endothelial dysfunction which together with athero-
genic dyslipidemia causes progressive cardiovascular 
disease [4, 12]. Endothelial dysfunction and oxidative 
stress can induce upregulation of the renin-angiotensin 
system; also, IR can induce fetuin-A secretion, causing 
acute kidney injury, and may progress to chronic kid-
ney disease in MASLD patients [13]. Increased risk of 
extrahepatic malignancies in patients with MASLD 
may be due to IR that increases the expression of insu-
lin-like growth factor (IGF)-1, which has anti-apoptotic 
and mitogenic effects [14].

Macrophage activation in MASLD is reflected by 
increased expression of CD163, which is a hemoglo-
bin-haptoglobin scavenger receptor that is expressed 
by the macrophages and monocytes; following mac-
rophage activation, shedding of CD163 from the cell 

surface occurs and is detected in the blood as sCD163 
[15]. sCD163 plasma levels are reported in disorders 
involving macrophage activity, such as acute and 
chronic inflammation, and are linked to hepatic ste-
atosis, inflammation, and fibrosis [16].

Material and methods

In a  case-control study, 30 patients diagnosed 
with MASLD were referred to the Hepatobiliary Unit. 
MASLD diagnosis was based on clinical, laboratory, 
radiological, and histopathological findings consistent 
with MASLD. Also, 30 age- and sex-matched healthy 
subjects were included as a control group. Ethical ap-
proval was obtained from the institutional ethics com-
mittee, and informed consent was obtained from all pa-
tients and controls participating in the study. MASLD 
patients included in the study were ≥ 21 years old with 
MASLD criteria by ultrasonography. Exclusion criteria 
were seropositivity for hepatitis C virus (HCV) or hep-
atitis B virus infection, known causes of other chronic 
liver diseases, history of alcohol consumption, and 
any malignancies other than HCC. All patients were 
subjected to clinical examination and anthropometric 
measurements (weight, height, and body mass index 
(BMI) were calculated as body weight in kg divided 
by height in meters squared and waist circumference), 
complete blood count (CBC) and liver function tests, 
including serum alanine aminotransferases (ALT), 
aspartate aminotransferase (AST), alkaline phospha-
tase (ALP), total serum bilirubin, serum albumin and 
prothrombin activity. Viral markers including HCV 
antibodies, hepatitis B surface antigen, and hepatitis B 
core antibodies were assessed using enzyme-linked 
immunosorbent assay (ELISA). Lipid profile included 
serum levels of total cholesterol, high-density lipo-
protein cholesterol (HDL-C), low-density lipoprotein 
cholesterol (LDL-C), and triglyceride (TG). Fasting 
blood glucose (FBG), fasting serum insulin (FSI), and 
homeostatic model assessment for insulin resistance 
(HOMA-IR) were assessed [17]. Severity of liver dis-
ease was assessed by a) fibrosis-4 index (FIB-4) = age 
(years) × AST (U/l)/(platelets (109/l) × (ALT (U/l))1/2) 
[18]; b) AST to platelet ratio index (APRI) score (AST/
upper limit of normal)/platelet count (109/l) × 100 
[19]; c) NAFLD fibrosis score (NFS) = −1.675 + 0.037 
× age (years) + 0.094 × BMI (kg/m2) + 1.13 × IFG/
diabetes (yes = 1, no = 0) + 0.99 × AST/ALT ratio − 
0.013 × platelet (×109/l) − 0.66 × albumin (g/dl) [20]; 
d) BARD score comprised three variables: BMI ≥ 28 = 
1 point; AST/ALT ratio ≥ 0.8 = 2 points; and diabetes 
= 1 point. The possible score ranges from 0 to 4 points 
[21]. Abdominal ultrasonography was performed.
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Measurement of serum soluble CD163 levels

Serum levels of sCD163 were determined quantita-
tively in patients with MASLD and healthy subjects us-
ing a commercially available standard sandwich ELISA 
kit according to the manufacturer’s instructions (Fine 
test, catalog No: EH0075), and results were reported as 
pg/ml [22].

Histopathological examination

Core liver biopsies obtained from patients with 
MASLD were fixed in 10% formalin solution, em-
bedded in paraffin, cut into 5-μm thick sections, and 
subsequently stained with hematoxylin-eosin and Ma-
son trichrome stains for the diagnosis of MASLD, and 
morphologic evaluation for the presence of steatosis, 
inflammation, and fibrosis using the Brunt system. Ac-
tivity grade was assessed according to the non-alcohol-
ic fatty liver disease activity score (NAS) using the sum 
of 3 components (total: 0-8 points):
•	 Steatosis: 0 – < 5%, 1 – 5-33%, 2 – > 33-66%, and 

3 – > 66%;
•	 Lobular inflammation: 0 – no foci, 1 – < 2 foci/200× 

field, 2 – 2-4 foci/200× field, and 3 – > 4 foci/200× 
field;

•	 Hepatocyte ballooning: 0 – none, 1 – few, and  
2 – many. 

Fibrosis stage was assessed as follows: stage 0 – 
none, stage 1 – perivenular (zone 3) or portal fibro-
sis, stage 2 – perivenular and portal fibrosis, stage 3 
– bridging fibrosis; and stage 4 – cirrhosis [23].

Immunohistochemistry for CD163: Immunohis-
tochemical staining of formalin-fixed paraffin-em-
bedded tissue sections was performed by applying 
the streptavidin-biotin-peroxidase method. The Ul-
traVision detection system (Thermo Fisher Scientif-
ic) was used. Tissue sections were deparaffinized and 
incubated with the following primary antibody at 4°C 
overnight in a  humid chamber: Anti-CD163 Ab-1 
(Clone 10D6) – mouse monoclonal antibody (Invitro-
gen, Thermo Fisher Scientific – Catalog #MA5-11458) 
at a  dilution 1 : 25. Slides were then incubated with 
biotinylated goat anti-polyvalent (linking reagent), 
followed by peroxidase-conjugated streptavidin, each 
for 20 minutes at room temperature. Tissue sections 
were washed with PBS for 5 minutes after each step. 
A brown color reaction was developed using 3-3’ di-
aminobenzidine tetrahydrochloride (DAB) mixture 
for 10 minutes. The slides were finally dehydrated, 
counterstained with hematoxylin, and mounted. Neg-
ative control sections (where the primary antibody has 
been omitted) were included in each run.

Evaluation of CD163 immunostaining

The density of cells within the portal tract and liver 
lobule, which stained positive, was determined by 
counting the number of CD163-positive cells in 10 ran- 
dom portal tracts and 10 areas of the lobular region at 
a  magnification of 200× under light microscopy, and  
the mean was calculated [24].

Statistical analysis

IBM SPSS software version 20.0 was used for data 
analysis. Qualitative data were represented as num-
bers and percentages. Quantitative data were repre-
sented as range (minimum and maximum), mean  
± standard deviation and median. The chi-square (χ2) 
test was used to compare between different categorical 
variables. Fisher’s exact or Monte Carlo correction for 
χ2 was used when more than 20% of the cells had an 
expected count of less than 5. When comparing two 
groups of normally distributed quantitative variables, 
the Student t-test was employed. When comparing two 
groups with abnormally distributed quantitative vari-
ables, the Mann-Whitney test was used. Correlation 
between two non-normally distributed quantitative 
variables was done using the Spearman coefficient test. 
Correlation between quantitative variables that were 
normally distributed was done using the Pearson coef-
ficient. Significance of the obtained results was deter-
mined at the 5% level. A receiver operating character-
istic (ROC) curve was generated by plotting sensitivity 
on the Y axis versus 1-specificity on the X axis at dif-
ferent cut-off values. The area under the ROC curve 
denotes the diagnostic performance of the test. By 
calculating the sensitivity, specificity, positive predic-
tive value (PPV), and negative predictive value (NPV), 
the accuracy of serum sCD163 level for discriminating 
MASLD patients from controls was determined.

Results

Demographic data and biochemical profiles of par-
ticipants enrolled in the study are shown in Table 1.  
The median level of sCD163 was significantly higher 
in patients with MASLD compared with healthy con-
trols (p < 0.001) (Table 1, Fig. 1A). ROC curve analysis 
showed that the sensitivity and specificity of sCD163  
level in discriminating patients with MASLD from 
healthy controls were 93.33 and 100.0, respectively, at 
a cut-off value of 814 pg/ml (AUC = 0.993), and the PPV 
and NPV were 100.0 and 93.7 respectively (Fig. 1B).

The histopathological findings in liver specimens 
from patients with MASLD are presented in Table 2 and 
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Figure 2. MASLD patients were subdivided according 
to NAS into patients with NAS < 5 in 16 cases (53.3%) 
and NAS ≥ 5 in 14 patients (46.7%) (Table 2). Steato-
sis was predominantly macrovesicular, and zone 3 
was the predominantly affected area in most cases  
(Fig. 2A). Lobular inflammation, hepatocyte balloon-
ing degeneration, and fibrosis stage are presented in 
Table 2 and Figures 2B, 2C, and 2D, respectively.

The results of CD163 immunohistochemical stain-
ing of liver specimens from patients with MASLD and 
the distribution of CD163-positive cells in hepatic 
lobules and portal tracts are presented in Table 3 and 

Figure 2E, F. The mean count of CD163-positive cells 
in hepatic lobules (HL) was significantly higher in 
patients with NAS ≥ 5 than in patients with NAS < 5  
(p < 0.001). The mean count of CD163-positive cells in 
portal tracts (PT) was significantly higher in patients 
with NAS ≥ 5 than in patients with NAS < 5 (p < 0.001). 
The total intrahepatic CD163-positive cell count (HL + 
PT) was significantly higher in patients with NAS ≥ 5 
than in patients with NAS < 5 (p < 0.001). The hepat-
ic lobule/portal tract CD163-positive cell count ratio 
(HL/PT) was significantly lower in patients with NAS 
≥ 5 than in patients with NAS < 5 (p < 0.001) (Table 3).

Table 1. Comparison between metabolic dysfunction-associated steatotic liver disease (MASLD) and control groups and between patients with NAS < 5 and NAS 
≥ 5 according to demographic and laboratory data

Demographic 
and laboratory data

MASLD
(n = 30)

Control
(n = 30)

p NAS < 5
(n = 16)

NAS ≥ 5
(n = 14)

p

Sex, n (%)

Male 3 (10) 9 (30) 0.053 2 (12.5) 1 (7.1) 1.000

Female 27 (90) 21 (70) 14 (87.5) 13 (92.9)

Age (years)

Mean ±SD 44.67 ±12.09 39.73 ±10.22 0.093 47.38 ±12.74 41.57 ±10.93 0.195

BMI (kg/m2), mean ±SD 32.79 ±5.14 23.73 ±1.5 < 0.001* 29.33 ±2.67 36.73 ±4.39 < 0.001*

Waist circumference (cm), mean ±SD 103.7 ±12.1 92.5 ±10.3 0.001* 98.06 ±10.55 110.21 ±10.58 0.004*

Hb (g/dl), mean ±SD 12.66 ±1.31 13.2 ±0.92 0.071 12.94 ±1.47 12.34 ±1.06 0.209

WBCs (×103/mm3), mean ±SD 7.67 ±2 6.91 ±1.44 0.098 7.77 ±1.47 7.56 ±2.53 0.786

Platelet count (×103/mm3), mean ±SD 281.4 ±73.14 296.9 ±59.23 0.369 268.0 ±68.38 296.64 ±77.89 0.292

AST (U/l), median (min.-max.) 22 (14-46) 20 (16-28) 0.547 22.5 (14-46) 19.5 (14-42) 0.208

ALT (U/l), median (min.-max.) 22 (11-64) 18 (7-25) 0.001* 22.5 (11-58) 21.5 (13-64) 0.580

ALP (U/l), median (min.-max.) 84.5 (52-238) 76.5 (60-92) 0.109 82.5 (52-238) 93 (53-165) 1.000

Albumin (g/dl), mean ±SD 4.20 ±0.31 4.36 ±0.46 0.121 4.16 ±0.32 4.25 ±0.31 0.452

Bilirubin (mg/dl), median (min.-max.) 0.5 (0.2-1.3) 0.6 (0.2-0.9) 0.102 0.5 (0.2-0.8) 0.5 (0.2-1.3) 0.728

Prothrombin activity (%),  
median (min.-max.)

103.8 (80-122) 105 (90-113) 0.478 104.4 (86.1-14) 103.2 (80-122) 0.918

Total cholesterol (mg/dl), mean ±SD 185.1 ±33.51 153.9 ±17.42 < 0.001* 185.5 ±33.26 184.57 ±35.03 0.941

HDL-C (mg/dl), mean ±SD 43.6 ±5.57 46.13 ±5.01 0.069 43.13 ±6.03 44.14 ±5.16 0.626

LDL-C (mg/dl), mean ±SD 111.53 ±24.09 83.83 ±5.07 < 0.001* 113.31 ±25.69 109.5 ±22.91 0.673

Triglycerides (mg/dl),  
median (min.-max.)

169 (63-430) 104 (89-128) < 0.001* 125.5 (63-184) 190 (131-430) < 0.001*

FBG (mg/dl), median (min.-max.) 94.5 (85-196) 89.0 (75-99) < 0.001* 93.5 (89-115) 98 (85-196) 0.208

FSI (µIU/ml), mean ±SD 16.35 ±7.55 5.94 ±1.21 < 0.001* 11.53 ±5.66 21.85 ±5.39 < 0.001*

HOMA-IR, mean ±SD 4.27 ±2.26 1.29 ±0.26 < 0.001* 2.76 ±1.36 5.99 ±1.80 < 0.001*

sCD163 (pg/ml), median (min.-max.) 1144.95 (752-2714) 568.6 (409.4-814) < 0.001* 960 (752-1334) 1538.7 (987-2714) < 0.001*

p – p-value for comparing between the two studied groups, *statistically significant at p ≤ 0.05 
Normally distributed data are expressed as mean ±SD and were compared using the Student t-test, and abnormally distributed data are expressed as median and were compared 
using the Mann-Whitney U test; c2 – Chi-square test was used to compare the two groups as regards sex MASLD – metabolic associated steatotic liver disease, BMI – body mass index, 
Hb – hemoglobin concentration, WBCS – white blood cell count, ALT – alanine aminotransferase, AST – aspartate aminotransferase, ALP – alkaline phosphatase, HDL-C – high-density 
lipoprotein cholesterol, LDL-C – low-density lipoprotein cholesterol, FBG – fasting blood glucose, FSI – fasting serum insulin, HOMA-IR – homeostasis model of assessment insulin 
resistance, sCD163 – soluble CD163, NAS – non-alcoholic fatty liver disease activity score
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The median sCD163 level was significantly higher 
in patients with NAS ≥ 5 compared to those with NAS 
< 5 (p < 0.001) (Table 1, Fig. 3A). ROC curve analysis 
showed that the sensitivity and specificity of sCD163 
level in discriminating patients with NAS < 5 from 
those with NAS ≥ 5 were 92.86 and 93.75, respectively, 
at a cut-off value of 1182.4 pg/ml (AUC = 0.955) and the 
PPV and NPV were 92.9 and 93.7 respectively (Fig. 3B).

Body mass index (BMI), waist circumference, TG, 
and HOMA-IR levels were significantly higher in pa-
tients with NAS ≥ 5 than those with NAS < 5. The lev-
els of Hb, WBCs, platelet count, ALT, AST, ALP, serum 
albumin, serum bilirubin, prothrombin activity, total 
cholesterol, LDL, and HDL showed no difference be-
tween patients with NAS < 5 and those with NAS ≥ 5 
(Table 1).

Total CD163-positive cell count and sCD163 level 
were positively correlated (r = 0.999, p < 0.001) (Fig. 4A), 
sCD163 level showed a positive correlation with NAS 
(r = 0.873, p < 0.001) (Fig. 4B), and total CD163-posi-
tive cell count showed a positive correlation with NAS 
(r = 0.854, p < 0.001) (Fig. 4C, Table 4).

Total CD163-positive cell count and sCD163 level 
showed positive correlations with steatosis grade, lob-
ular inflammation, and ballooning, but not with fibro-
sis stage (Table 4).

Total CD163-positive cell count and sCD163 level 
showed positive correlations with BMI, waist circum-
ference, TG, and HOMA-IR (Table 4).

APRI score, FIB-4 index, NFS, and BARD score in 
patients with MASLD showed no significant difference 
between patients with NAS ≥ 5 and those with NAS 
< 5 (Table 5). Intrahepatic total CD163-positive cell 
count was positively correlated with NFS (r = 0.405, 
p < 0.026), but no correlation was found between total 

CD163-positive cell count or sCD163 and APRI, FIB4 
index, or BARD score (Table 4).

Discussion

This study showed a  significantly higher level of 
sCD163 among patients with MASLD compared 
with healthy controls and positive immunostaining of 
CD163-positive macrophages in hepatic lobules and 
the portal tract in liver biopsy of MASLD patients, sug-
gesting increased expression of CD163-positive mac-
rophages in MASLD patients and enhanced shedding 
of sCD163 as a response to the inflammatory macro-
phage activation [25]. Intrahepatic total CD163-pos-
itive cell count was positively correlated with serum 
sCD163 level, suggesting that sCD163 is a marker of 
KC activation. Moreover, both were correlated with 
NAS with more significant increases of sCD163 and 
intrahepatic total CD163-positive cell count in pa-
tients with NAS ≥ 5, suggesting that early hepatic lip-
id buildup may be associated with KC activation and 
inflammation, even before it is histologically evident 
and macrophage activation was ongoing throughout 
all stages of MASLD [16].

During MASLD progression, KCs are activated by 
free fatty acids, lipotoxic lipid products, and gut-de-
rived lipopolysaccharides that activate the Toll-like re-
ceptors (TLR4) and secrete multiple cytokines such as 
TNF-α, IL-6 and IL-1β [26]. TNF-α and IL-1β induce 
more lipid accumulation by decreasing peroxisome 
proliferator-activated receptor α (PPAR-α) transac-
tivating activity, which, in turn, affects fatty acid oxi-
dation and induces lipogenesis [7]. In the progression 
from MASLD to MASH, hepatocytes undergoing ne-
crosis release danger-associated molecular patterns 

Fig. 1. A) Comparison between the two studied groups according to sCD163, B) ROC curve for sCD163 to discriminate metabolic associated steatotic liver disease 
(MASLD) cases from controls
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such as high mobility group box-1 that binds to TLR4 
and stimulates TNF-α release in KCs and extracellu-
lar vehicles as apoptotic bodies which are engulfed by 
KCs, resulting in the production of TNF-related apop-
tosis-inducing ligand leading to hepatocyte death [27].

In agreement with our results, Hegazy et al. revealed 
that NAFLD patients had higher levels of sCD163 than 
controls, and CD163 had a  positive correlation with 
NAS [28]. In line with that, Rosso et al. found that both 
sCD163 and hepatic CD163 were related to the degree 
of steatosis in the liver biopsy [15]. Moreover, De Vito  
et al. found that hepatic CD163-positive cell counts 
were elevated in liver biopsies of children with NAFLD 

and were significantly elevated in children with NAS  
≥ 5 [24]. Also, Kazankov et al. reported that patients 
with steatohepatitis had higher levels of CD163-posi- 
tive macrophages, and it was associated with sCD163 
[25]. In contrast with our results, Skytthe et al. found 
that hepatic expression of CD163 had a negative correla-
tion with sCD163 [29]. It could be explained by disease 
progression, where CD163-positive KCs were depleted  
and replaced by short-lived monocyte-derived macro-
phages [30].

The present study showed an increase in BMI and 
waist circumference in patients with MASLD com-
pared to healthy controls, and both showed a positive 
correlation with intrahepatic total CD163-positive 
cell count and sCD163 levels, suggesting an associa-
tion between adiposity and macrophage activation. 
Moreover, adipose tissue macrophages probably con-
tribute with KCs to serum sCD163 levels [15]. Obesity 
appears to contribute to the incidence of steatosis and 
its progression to steatohepatitis; it is associated with 
low-grade and chronic inflammation, with higher lev-
els of activated macrophages in the adipose tissue [31]. 
Besides liver macrophages, activated macrophages 
in the adipose tissue may add to the development of 
MASH by inducing the production and secretion of 
various adipocytokines [32]. This study found a signif-
icant increase in HOMA-IR in patients with MASLD 
compared to healthy controls and showed a  positive 
correlation with intrahepatic total CD163-positive cell 
count and sCD163 levels, and levels of HOMA-IR were 
even higher in patients with NAS ≥ 5, which can be ex-
plained by obesity, which is linked to the development 
of insulin resistance and MASLD progression. Insulin 
resistance makes adipose tissue resistant to the antilip-
olytic effect of insulin, allowing TG to be broken down 
and increasing the overflow of free fatty acids to the 
liver, promoting steatosis and lipotoxicity, ending in 
cellular dysfunction and apoptosis, an essential feature 
of MASH [33].

This study showed a significant increase in levels of 
TG in patients with MASLD compared to healthy con-
trols and showed positive correlations with sCD163 
levels and intrahepatic total CD163-positive cell count. 
That could be explained by the excessive release of free 
fatty acids from adipose tissue, due to the effect of in-
sulin resistance, which act as substrates for the excess 
synthesis of hepatic very-low-density lipoprotein, and 
interference in triglyceride-rich lipoproteins’ clear-
ance [34]. In line with this, Schwenger et al. reported  
that compared to healthy controls, patients with non-
alcoholic steatohepatitis had higher TGs, HOMA-IR, 
and BMI [35]. Also, higher TG levels and waist cir-
cumference were found in children with NAS ≥ 5,  

Table 2. Histopathological finding of liver biopsies of patients with metabolic 
dysfunction-associated steatotic liver disease (MASLD) (n = 30) 

Parameter n (%)

Steatosis

< 5% 1 (3.3)

5-33% 12 (40)

33-66% 12 (40)

> 66% 5 (16.7)

Lobular inflammation (200× field)

No FOCI 1 (3.3)

< 2 FOCI 11 (36.7)

2-4 FOCI 16 (53.3)

> 4 FOCI 2 (6.7)

Ballooning

No ballooning 10 (33.3)

Few ballooning 13 (43.3)

Prominent ballooning 7 (23.3)

NAS 

Score < 5 16 (53.3)

Score ≥ 5 14 (46.7)

Score 1 1 (3.3)

Score 2 4 (13.3)

Score 3 7 (23.3)

Score 4 4 (13.3)

Score 5 7 (23.3)

Score 6 3 (10)

Score 7 4 (13.3)

Fibrosis stage

F0 (None) 9 (30)

F1 (Perivenular or portal fibrosis) 15 (50)

F2 (Perivenular and portal fibrosis) 5 (16.7)

F3 (Bridging fibrosis) 1 (3.3)

NAS – non-alcoholic fatty liver disease activity score, MASLD – metabolic associated 
steatotic liver disease
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as reported by De Vito et al. [24]. In agreement with 
our results, a  study by Hegazy et al. showed a  sig-
nificant correlation between the level of CD163 and  
BMI [28].

Alanine aminotransferases reflects hepatocyte ne-
crosis, which increases during lipoapoptosis with dis-
ease progression [36]. It might explain the significant 

increase of serum ALT level in MASLD patients com-
pared to controls in our study, but it did not correlate 
with sCD163 level. In line with our findings, a study 
by Schwenger et al. found a higher level of ALT in pa-
tients with steatosis than in healthy subjects [35]. Also,  
Hegazy et al. reported no significant correlation be-
tween CD163 levels and ALT [28].

Fig. 2. A) Mild macrovesicular steatosis, with an azonal distribution (H&E 100×); B) A focus of lobular inflammation (thick arrow). Many of the surrounding 
hepatocytes show glycogenated nuclei (H&E 400×); C) A contiguous patch of hepatocytes showing prominent ballooning injury (arrows) is seen, sharply contrasted 
against the surrounding non-ballooned hepatocytes in the field (H&E 200×); D) A  case showing bridging fibrosis (arrows) (Masson trichrome stain 200×);  
E) A case with mild steatosis demonstrating numerous brown-stained CD163-positive cells in the hepatic lobule, with scant positive cells in the portal tract (lower 
right) (anti-CD163 200×); F) High power view demonstrating more numerous macrophages with brown staining in the hepatic lobule as compared to those  
in the portal tract (upper left) (anti-CD163 400×)
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Our study showed no relation between APRI score, 
FIB-4 index, NFS, BARD score, and sCD163 in patients 
with MASLD with only a correlation between intrahe-
patic total CD163-positive cell count and NFS, which 
may be due to a low degree of fibrosis in our patients, 
and normal laboratory parameters of our patients also 
may contribute to this result. In line with that, Soresi 
et al. found that using serum markers to evaluate the 
presence of fibrosis did not yield reliable results [37]. 
In disagreement with our study, Önnerhag et al. re-

ported that liver-related complications can be predict-
ed by non-invasive fibrosis scoring systems [38].

Conclusions

In patients with MASLD, there was increased ex-
pression of CD163-positive macrophages, which is as-
sociated with disease progression. Serum sCD163 can 
discriminate between MASLD patients and healthy 
controls after the exclusion of other causes of inflam-
mation. 

Table 3. Frequency of intrahepatic CD163-positive cells in patients with metabolic dysfunction-associated steatotic liver disease (MASLD) (n = 30) and statistical 
comparisons between patients with NAS < 5 and NAS ≥ 5

Parameter MASLD NAS Test of sig. p

n = 30 < 5 (n = 16) ≥ 5 (n = 14)

CD163+ cells in HL 

Mean ±SD 112.52 ±30.56 93.51 ±22.2 134.24 ±23.7 t = 4.859* < 0.001*

Median (min.-max.) 112.15 (50-189.6) 98.05 (50-119.7) 135.8 (100.8-189.6)

CD163+ cells/PT

Mean ±SD 8.48 ±3.82 5.7 ±2.2 11.65 ±2.58 t = 6.821* < 0.001*

Median (min.-max.) 7.9 (1.5-15.8) 6.35 (1.5-8.3) 11.6 (6.8-15.8)

CD163+ count (HL+PT)

Mean ±SD 120.99 ±33.9 99.21 ±24.01 145.89 ±25.44 t = 5.168* < 0.001*

Median (min.-max.) 120.65 (51.5-205.4) 103.8 (51.5-127.8) 147.7 (107.6-205.4)

CD163 count ratio (HL/PT)

Mean ±SD 15.47 ±6.01 18.66 ±6.55 11.81 ±2.01 U = 26.0* < 0.001*

Median (min.-max.) 14.49 (7.61-33.33) 16.27 (10.94-33.33) 11.45 (7.61-15.02)

MASLD – metabolic associated steatotic liver disease, NAS – non-alcoholic fatty liver disease activity score, HL – hepatic lobule, PT – portal tract 
p – p-value for comparing between NAS < 5 and NAS ≥ 5; *statistically significant at p ≤ 0.05 
t – Student t-test, U – Mann-Whitney U test; *statistically significant at p ≤ 0.05

Fig. 3. A) Comparison between patients with non-alcoholic fatty liver disease activity score (NAS) > 5 and NAS < 5 according to sCD163, B) ROC curve for 
sCD163 to discriminate NAS > 5 from NAS < 5
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Table 4. Correlation between sCD163 and intrahepatic total CD163-positive cell count with different parameters in MASLD group (n = 30)

Parameter sCD163 (pg/ml) Intrahepatic total CD163-positive cell count 

rs p r p

Total CD163-positive cell count 0.999* < 0.001*

NAS 0.873* < 0.001* 0.854* < 0.001*

Steatosis 0.746* < 0.001* 0.715* < 0.001*

Ballooning 0.724* < 0.001* 0.699* < 0.001*

Lobular inflammation 0.575* 0.001* 0.550* 0.002*

Fibrosis stage 0.262 0.162 0.262 0.162

Waist circumference (cm) 0.776* < 0.001* 0.736* < 0.001*

BMI (kg/m2) 0.957* < 0.001* 0.905* < 0.001*

Serum triglycerides (mg/dl) 0.999* < 0.001* 0.918* < 0.001*

HOMA-IR 0.998* < 0.001* 0.976* < 0.001*

APRI –0.211 0.264 –0.143 0.450

FIB-4 0.012 0.948 0.025 0.896

NFS 0.329 0.076 0.405* 0.026*

BARD score 0.271 0.147 0.284 0.128

 rs – Spearman coefficient, r – Pearson coefficient; *statistically significant at p ≤ 0.05
NAS – non-alcoholic fatty liver disease activity score, BMI – body mass index, HOMA-IR – homeostasis model of assessment insulin resistance, APRI – aspartate aminotransferase- 
to-platelet ratio index, FIB-4 – fibrosis-4 index, NFS – NAFLD fibrosis score
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Fig. 4. A) Correlation between sCD163 and total intrahepatic CD163 count 
in metabolic associated steatotic liver disease (MASLD) group; B) Correlation 
between sCD163 and non-alcoholic fatty liver disease activity score (NAS) in 
MASLD group; C) Correlation between total intrahepatic CD163 and non-
alcoholic fatty liver disease activity score (NAS) in the MASLD group



Clinical and Experimental Hepatology 2/202410

Doaa H. Hegazy, Fathalla S. Mohamed, Sabah A. H. Mahmoud, Nevine M. F. El Deeb, Amany S. Elyamany, Ahmed M. Elgendi

Disclosures

The authors declare no conflict of interest.
This research received no external funding.
The study was approved by the Bioethics Commit-

tee of the Alexandria University, Faculty of Medicine, 
Research Ethics (Approval No. 0201382).

References

1.	Rinella ME, Lazarus JV, Ratziu V, et al. A multisociety Delphi 
consensus statement on new fatty liver disease nomenclature. 
Ann Hepatol 2023; 29: 101133.

2.	Lekakis V, Papatheodoridis GV. Natural history of metabolic 
dysfunction-associated steatotic liver disease. Eur J Intern Med 
2024; 122: 3-10.

3.	Ebrahimi F, Hagström H, Sun J, et al. Familial coaggregation of 
MASLD with hepatocellular carcinoma and adverse liver out-
comes: Nationwide multigenerational cohort study. J Hepatol 
2023; 79: 1374-1384.

4.	Yanai H, Adachi H, Hakoshima M, et al. Metabolic-dysfunc-
tion-associated steatotic liver disease-its pathophysiology, as-
sociation with atherosclerosis and cardiovascular disease, and 
treatments. Int J Mol Sci 2023; 24: 15473.

5.	Parthasarathy G, Revelo X. Pathogenesis of nonalcoholic steato-
hepatitis: An overview. Hepatol Commun 2020; 4: 478-492.

6.	Bessone F, Razori MV, Roma MG. Molecular pathways of non-
alcoholic fatty liver disease development and progression. Cell 
Mol Life Sci 2019; 76: 99-128.

Table 5. APRI, FIB-4 index, NFS, and BARD score in patients with MASLD (n = 30) and statistical comparisons between patients with NAS < 5 and NAS ≥ 5

Parameter MASLD
n = 30

NAS Test of sig. p

< 5 (n = 16) ≥ 5 (n = 14)

BARD, n (%)

0 point 2 (6.7) 2 (12.5) 0 (0) χ2 = 5.259 MCp = 0.213

1 point 5 (16.7) 1 (6.3) 4 (28.6)

2 point 4 (13.3) 3 (18.8) 1 (7.1)

3 point 18 (60) 10 (62.5) 8 (57.1)

4 point 1 (3.3) 0 (0) 1 (7.1)

APRI

Mean ±SD 0.26 ±0.16 0.28 ±0.17 0.22 ±0.13 U = 76.0 0.142

Median (min.-max.) 0.22 (0.09-0.81) 0.22 (0.09-0.81) 0.20 (0.11-0.63)

FIB-4

Mean ±SD 0.87 ±0.66 0.97 ±0.61 0.74 ±0.71 U = 66.500 0.058

Median (min.-max.) 0.64 (0.26-3.09) 0.8 (0.32-2.69) 0.55 (0.26-3.09)

NFS

Mean ±SD –2.27 ±1.55 –2.28 ±1.48 –2.27 ±1.69 t = 0.021 0.983

Median (min.-max.) –2.34 (–5.25-0.89) –2.34 (–4.99-0.7) –2.29 (–5.25-0.89)

MASLD – metabolic associated steatotic liver disease, NAS – non-alcoholic fatty liver disease activity score, APRI – aspartate aminotransferase-to-platelet ratio index, FIB-4 – fibrosis-4 
index, NFS – NAFLD fibrosis score
p – p-value for comparing between NAS < 5 and NAS ≥ 5; *statistically significant at p ≤ 0.05, χ2 – chi-square test, MC – Monte Carlo correction, U – Mann-Whitney U test,  
t – Student t-test

7.	Vonderlin J, Chavakis T, Sieweke M, Tacke F. The multifaceted 
roles of macrophages in NAFLD pathogenesis. Cell Mol Gastro-
enterol Hepatol 2023; 15: 1311-1324.

8.	Svegliati-Baroni G, Pierantonelli I, Torquato P, et al. Lipidomic 
biomarkers and mechanisms of lipotoxicity in non-alcoholic 
fatty liver disease. Free Radic Biol Med 2019; 144: 293-309.

9.	Cheng D, Chai J, Wang H, et al. Hepatic macrophages: Key play-
ers in the development and progression of liver fibrosis. Liver 
Int 2021; 41: 2279-2294.

10.	Febbraio MA, Reibe S, Shalapour S, et al. Preclinical models for 
studying NASH-driven HCC: How useful are they? Cell Metab 
2019; 29: 18-26.

11.	Chen Y, Wang W, Morgan MP, et al. Obesity, non-alcoholic 
fatty liver disease and hepatocellular carcinoma: current status 
and therapeutic targets. Front Endocrinol (Lausanne) 2023; 14: 
1148934.

12.	Velarde-Ruiz Velasco JA, García-Jiménez ES, García-Zermeño 
KR, et al. Extrahepatic complications of non-alcoholic fatty liv-
er disease: Its impact beyond the liver. Rev Gastroenterol Mex 
(Engl Ed) 2019; 84: 472-481.

13.	Gonzalez A, Huerta-Salgado C, Orozco-Aguilar J, et al. Role of 
oxidative stress in hepatic and extrahepatic dysfunctions during 
nonalcoholic fatty liver disease (NAFLD). Oxid Med Cell Lon-
gev 2020; 2020: 1617805.

14.	Tomeno W, Imajo K, Takayanagi T, et al. Complications of 
non-alcoholic fatty liver disease in extrahepatic organs. Diag-
nostics (Basel) 2020; 10: 912.

15.	Rosso C, Kazankov K, Younes R, et al. Crosstalk between  
adipose tissue insulin resistance and liver macrophages in 
non-alcoholic fatty liver disease. J Hepatol 2019; 71: 1012-1021.

16.	Mueller JL, Feeney ER, Zheng H, et al. Circulating soluble 
CD163 is associated with steatohepatitis and advanced fibrosis 



Clinical and Experimental Hepatology 2/2024 11

Liver macrophage activation: Relation with hepatic histopathological changes in patients with metabolic associated steatotic liver disease

in nonalcoholic fatty liver disease. Clin Transl Gastroenterol 
2015; 6: e114.

17.	Kanauchi M, Yamano S, Kanauchi K, Saito Y. Homeostasis 
model assessment of insulin resistance, quantitative insulin 
sensitivity check index, and oral glucose insulin sensitivity in-
dex in nonobese, nondiabetic subjects with high-normal blood 
pressure. J Clin Endocrinol Metab 2003; 88: 3444-3446.

18.	Vallet-Pichard A, Mallet V, Nalpas B, et al. FIB-4: an inexpen-
sive and accurate marker of fibrosis in HCV infection. compar-
ison with liver biopsy and fibrotest. Hepatology 2007; 46: 32-36.

19.	Loaeza-del-Castillo A, Paz-Pineda F, Oviedo-Cárdenas E, et al. 
AST to platelet ratio index (APRI) for the noninvasive evalua-
tion of liver fibrosis. Ann Hepatol 2008; 7: 350-357.

20.	Angulo P, Hui JM, Marchesini G, et al. The NAFLD fibrosis 
score: a noninvasive system that identifies liver fibrosis in pa-
tients with NAFLD. Hepatology 2007; 45: 846-854.

21.	Ruffillo G, Fassio E, Alvarez E, et al. Comparison of NAFLD 
fibrosis score and BARD score in predicting fibrosis in nonalco-
holic fatty liver disease. J Hepatol 2011; 54: 160-163.

22.	Jude C, Dejica D, Samasca G, et al. Soluble CD163 serum levels 
are elevated and correlated with IL-12 and CXCL10 in patients 
with long-standing rheumatoid arthritis. Rheumatol Int 2013; 
33: 1031-1037.

23.	Kleiner DE, Brunt EM, Van Natta M, et al. Design and valida-
tion of a histological scoring system for nonalcoholic fatty liver 
disease. Hepatology 2005; 41: 1313-1321.

24.	De Vito R, Alisi A, Masotti A, et al. Markers of activated inflam-
matory cells correlate with severity of liver damage in children 
with nonalcoholic fatty liver disease. Int J Mol Med 2012; 30: 
49-56.

25.	Kazankov K, Barrera F, Møller HJ, et al. The macrophage acti-
vation marker sCD163 is associated with morphological disease 
stages in patients with non-alcoholic fatty liver disease. Liver Int 
2016; 36: 1549-1557.

26.	Kazankov K, Jørgensen SMD, Thomsen KL, et al. The role of 
macrophages in nonalcoholic fatty liver disease and nonalco-
holic steatohepatitis. Nat Rev Gastroenterol Hepatol 2019; 16: 
145-159.

27.	Li H, Zhou Y, Wang H, et al. Crosstalk between liver macro-
phages and surrounding cells in nonalcoholic steatohepatitis. 
Front Immunol 2020; 11: 1169.

28.	Hegazy MA, Mogawer SM, Alnaggar AR, et al. Serum LPS and 
CD163 biomarkers confirming the role of gut dysbiosis in over-
weight patients with NASH. Diabetes Metab Syndr Obes 2020; 
13: 3861-3872.

29.	Skytthe MK, Pedersen FB, Wernberg CW, et al. Obese patients 
with nonalcoholic fatty liver disease have an increase in soluble 
plasma CD163 and a concurrent decrease in hepatic expression 
of CD163. Gastro Hep Advances 2023; 2: 711-720.

30.	Daemen S, Gainullina A, Kalugotla G, et al. Dynamic shifts in 
the composition of resident and recruited macrophages influ-
ence tissue remodeling in NASH. Cell Rep 2021; 34: 108626.

31.	Jin X, Qiu T, Li L, et al. Pathophysiology of obesity and its asso-
ciated diseases. Acta Pharm Sin B 2023; 13: 2403-2424.

32.	Polyzos SA, Kountouras J, Mantzoros CS. Obesity and nonalco-
holic fatty liver disease: From pathophysiology to therapeutics. 
Metabolism 2019; 92: 82-97.

33.	Pal SC, Méndez-Sánchez N. Insulin resistance and adipose 
tissue interactions as the cornerstone of metabolic (dysfunc-
tion)-associated fatty liver disease pathogenesis. World J Gas-
troenterol 2023; 29: 3999-4008.

34.	Amor AJ, Perea V. Dyslipidemia in nonalcoholic fatty liver dis-
ease. Curr Opin Endocrinol Diabetes Obes 2019; 26: 103-108.

35.	Schwenger KJP, Chen L, Chelliah A, et al. Markers of activat-
ed inflammatory cells are associated with disease severity and  
intestinal microbiota in adults with non‑alcoholic fatty liver dis-
ease. Int J Mol Med 2018; 42: 2229-2237.

36.	Ma X, Liu S, Zhang J, et al. Proportion of NAFLD patients with 
normal ALT value in overall NAFLD patients: a  systematic  
review and meta-analysis. BMC Gastroenterol 2020; 20: 10.

37.	Soresi M, Cabibi D, Giglio RV, et al. The prevalence of NAFLD 
and fibrosis in bariatric surgery patients and the reliability of 
noninvasive diagnostic methods. Biomed Res Int 2020; 2020: 
5023157.

38.	Önnerhag K, Hartman H, Nilsson PM, Lindgren S. Non-inva-
sive fibrosis scoring systems can predict future metabolic com-
plications and overall mortality in non-alcoholic fatty liver dis-
ease (NAFLD). Scand J Gastroenterol 2019; 54: 328-334.


