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Abstract: Objective: To investigate the diagnostic values of soluble cluster of differentiation 163 (sCD163) in pa-
tients with liver failure or various inflammations. Methods: Serum samples were collected from patients admit-
ted to the First Affiliated Hospital, Zhejiang University from October 2013 to January 2015 for treatment of with 
liver diseases, including liver failure (n=38), hepatitis B virus (HBV)-induced liver cancer (HBsAg positive) (n=40), 
HBV-induced hepatic cirrhosis (HBsAg positive) (n=40), chronic hepatitis B (n=38), HBV carrier (n=40), fatty liver 
patients without HBV infection (n=40), chronic glomerulonephritis (n=38), community acquired pneumonia (n=38) 
and acute pancreatitis (n=38). The CD163/sCD163 was determined using commercial ELISA kits according to the 
manufacturer’s instructions. Results: Significant decrease was noticed in the sCD163 in patients with fatty liver and 
HBV carrier compared with that of patients with chronic hepatitis B (P < 0.05). Compared with the healthy controls, 
the level of sCD163 was remarkably increased in the other groups (P < 0.05). The serum sCD163 in patients with 
HBV-induced liver cancer showed statistical difference compared with those of the patients with fatty liver, HBV car-
rier, as well as those with liver failure (P < 0.05). The expression of sCD163 was remarkably elevated in patients with 
liver failure compared with the patients with liver cancer, HBV-induced hepatic cirrhosis, chronic hepatitis B, fatty 
liver, or HBV carrier (P < 0.05). No significant difference was noticed in the sCD163 in patients with chronic hepatitis 
B, community acquired pneumonia, chronic glomerulonephritis, and acute pancreatitis (P > 0.05). Conclusions: 
sCD163 is a sensitive marker protein for liver failure. The elevation of sCD163 was closely related to the progres-
sion of the liver failure. No statistical difference was noticed in the sCD163 in patients with inflammatory disorders, 
indicating sCD163 showed no organ specificity.  
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Introduction

Hepatitis B virus (HBV) hepatitis is a common 
disease induced by HBV infection worldwide. 
Patients may develop chronic hepatitis, and 
part of which may progress to liver failure due 
to severe acute exacerbation [1]. As severe liver 
damages caused by many factors, liver failure 
could cause severe dysfunction or decompen-
sation in biological synthesis, detoxication, 
excretion and biotransformation, which finally 
resulted in principal clinical symptoms of blood 
coagulation disorder, jaundice, hepatic enceph-
alopathy and ascites [2].

The major cause for liver failure is hepatitis 
virus in China, especially HBV, followed by drug 

and hepatotoxic substances (e.g. ethanol and 
chemical agents). In Europe and North America, 
drug is the major cause of acute and subacute 
liver failure while the alcohol-induced liver dam-
age usually results in chronic liver failure or 
acute-on-chronic liver failure. According to the 
Diagnostic and Treatment Guidelines for Liver 
Failure (2012 version), liver failure was divided 
into acute liver failure (ALF), subacute liver fail-
ure (SALF), acute-on-chronic liver failure (ACLF), 
and chronic liver failure (CLF) [3]. At present, no 
sensitive and reliable criteria or system is avail-
able for clinical evaluation of liver failure. In 
clinical practice, multivariate prognostic mod-
els are used as guidance for the prognostic 
evaluation of liver failure including King’s 
College Hospital Criteria (KCHC), Model for End-
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stage Liver Disease (MELD), Sequential Organ 
Failure Assessment (SOFA) and Child-Pugh-
Turcotte (CPT). In addition, univariate indices 
such as total bilirubin level, prothrombin time, 
serum creatinine level, cholinesterase level, 
blood fat level and serum sodium level are also 
considered as applicable means [4].

Macrophages are closely related to normal 
homeostasis and in various pathological condi-
tions such as infection, (chronic) inflammation, 
atherosclerosis and cancer [5]. CD163, a highly 
expressed macrophage membrane protein, 
belongs to the scavenger receptor cysteine rich 
(SRCR) domain family with a short cytoplasmic 
tail, a transmembrane segment, and an extra-
cellular domain containing 9 consecutive class 
B SRCR domains [6, 7]. Previously, it was 
named as RM3/1, Ki-M8 and M130, and was 
firstly confirmed to remove the free hemoglobin 
by recognizing hemoglobin-haptoglobin com-
plex (Hb-Hp complex) [8]. Soluble CD163 
(sCD163) could be easily detected in serum 
and tissue fluid, which may reflect the activa-
tion of the mononuclear phagocytic cells. The 
expression of CD163 was up-regulated by glu-
cocorticoid, macrophage colony-stimulating 
factor and anti-inflammatory factor IL-10 and 
IL-6, and was down-regulated by granulocyte-
macrophage colony-stimulating factor, PMA 
and the proinflammatory factors TNF-α, IFN-r 
and LPS [9].  

The most clearly described function of CD163 
was to mediate macrophage to clear redundant 
free hemoglobin in human body as the receptor 
of Hb-Hp complex [8]. Such process could 
induce the high expression of related molecule 
to develop anti-inflammatory and antioxidative 
effects. In addition, it is reported that CD163 
showed anti-inflammatory effect in patients 
with liver failure [10]. Fabriek et al founded that 
CD163 could enhance the host immunity as the 
innate immune receptor of gram-negative bac-
teria and gram-positive bacteria [11]. Moreover, 
Moreno et al demonstrated that CD163 pre-
vented TNF-like weak inducer of apoptosis 
(TWEAK) from inducing apoptosis by endocyto-
sis as TWEAK receptor [12]. Fabriek et al also 
found that CD163 induced the release of 
inflammatory mediators to promote inflamma-
tory reaction as the direct receptors of bacteria 
and viruses [11]. CD163 was shed from the 
membrane surface and existed as soluble pro-
tein in serum [13]. Previous reports showed 
increased soluble CD163 (sCD163) in serum of 

patients with acute liver failure, and the level of 
sCD163 was higher in died patients than that 
of survivals [10, 14]. Also, serum sCD163 could 
predict the prognosis in patients with purulent 
meningitis or malaria, in abortion patients or 
pancreatic cancer patients [15]. Considering 
the capacity of CD163, it is necessary to 
explore its role in liver failure. In this study, we 
investigated the relationship between sCD163 
and liver failure, as well as the relationship 
between sCD163 and inflammation. 

Materials and methods

Sample preparation

Serum samples used in this study were collect-
ed from patients with liver disease admitted to 
the First Affiliated Hospital, Zhejiang University 
from October 2013 to January 2015, including 
38 liver failure patients (HBsAg positive), 40 
HBV-induced liver cancer patients (HBsAg posi-
tive, HCC), 40 HBV-induced hepatic cirrhosis 
patients (HBsAg positive, LC), 38 chronic hepa-
titis B patients (CH), 40 HBV carrier (ASC), 40 
fatty liver patients without HBV infection (SS), 
38 chronic glomerulonephritis patients (CGN), 
38 community acquired pneumonia patients 
(CAP) and 38 acute pancreatitis patients (AP). 
Samples collected from 40 healthy subjects 
served as control. The exclusion criteria were 
as follows: hepatitis C, hepatitis D, autoimmune 
hepatitis, and severe complications, such as 
thalassemia, chronic renal failure and severe 
heart failure. Patients with chronic glomerulo-
nephritis, acute pancreatitis, community 
acquired pneumonia and fatty liver were exclud-
ed if hepatitis B was simultaneously present. 
Patients with hepatic cirrhosis (HBV positive) 
induced by drug, alcohol or schistosome were 
also excluded. None of the included patients 
with HBV-induced liver cancer had been treat-
ed previously. Fifteen minutes after collection, 
the whole blood was centrifugated for 10 min 
at 1,500 g at 2-8°C. Then, 100 μl serum of 
each sample was collected and stored at 
-80°C. 

Measurement of sCD163

sCD163 was determined by using commercial 
ELISA Kit (RayBiotech Inc., Norcross, GA, USA) 
according to the manufacturer’s instruction. 
The absorbance of sCD163 was measured at 
450 nm, and the concentration of sCD163 was 
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calculated with Curveexpert 1.3 (Curve Expert, 
Mississippi, MS, USA).

Statistical analysis

Continuous data are expressed as the mean ± 
standard deviation and were analyzed using 
Student’s t-test. Categorical data were 
expressed as counts and percentages and ana-
lyzed by the chi-square test. Correlations 
among the study variables were tested by 
Pearson’s correlation coefficient. P < 0.05 
demonstrated significant difference. 

Results

Expression of sCD163 in patients with liver 
disorders

The expression of sCD163 was remarkably ele-
vated in patients with liver failure (Table 1) 
compared with patients with HBV-induced liver 
cancer, HBV-induced hepatic cirrhosis, chronic 
hepatitis B, HBV carrier, and fatty liver, respec-
tively (P < 0.05, Figure 1). Statistical difference 
was observed in the sCD163 levels in patients 
with chronic hepatitis B, HBV-induced liver can-
cer, HBV-induced hepatic cirrhosis, fatty liver 
and HBV carrier (P < 0.05). Compared with the 
healthy controls, the level of sCD163 showed 
difference in the patients with liver failure, liver 

cancer, HBV-induced cirrhosis, chronic hepati-
tis B, fatty liver and the HBV carrier (P < 0.05). 
The serum sCD163 in patients with HBV-
induced liver cancer showed statistical differ-
ence compared with those of the patients with 
fatty liver and HBV carrier (P < 0.05). Meanwhile, 
serum sCD163 in patients with hepatitis B 
induced hepatic cirrhosis showed statistical 
difference compared with those of the patients 
with fatty liver and HBV carrier (P < 0.05). 
Statistical difference was noticed in the 
sCD163 in patients with fatty liver compared 
with those with HBV-induced cirrhosis and liver 
cancer (P < 0.05). The sCD163 level in HBV car-
rier was statistically different from that of the 
patients with HBV-induced cirrhosis and liver 
cancer (P < 0.05). No statistical difference was 
noticed in the sCD163 in patients with liver 
cancer and those with HBV-induced cirrhosis (P 
> 0.05, Table 2). The sCD163 concentration 
showed no difference in patients with fatty liver 
compared with that of the HBV carrier (P > 
0.05). Taken together, sCD163 was higher in 
patients with liver failure compared with the 
patients with liver cancer, HBV-induced cirrho-
sis, chronic hepatitis B, fatty liver and HBV car-
rier. This indicated sCD163 may be a sensitive 
serum marker for liver failure. In addition, the 
sCD163 level was closely related to the severity 
of the patient, which may be used as an index 
for the evaluation of liver failure prognosis.  

Expression of sCD163 in various inflamma-
tions

As revealed in Figure 2, the expression of 
sCD163 was significantly decreased in the con-
trol group compared with those in patients with 
chronic hepatitis B, chronic glomerulonephritis, 
community acquired pneumonia, and acute 
pancreatitis (P < 0.05). However, no statistical 
differences were observed between the 
sCD163 expression in the patients with chronic 
hepatitis B, chronic glomerulonephritis, com-
munity acquired pneumonia, and acute pancre-
atitis (P > 0.05). On this basis, we speculated 
that the expression of sCD163 was compara-
tively lower in healthy individuals. Nevertheless, 
it was up-regulated in the presence of inflam-

Figure 1. Expression of sCD163 in patients. a. P < 
0.05, compared with those with liver failure; b. P < 
0.05, compared with those with chronic hepatitis B; 
c. P < 0.05, compared with those with health control.

Table 1. Biochemical analysis of patients with liver failure
Age, yr Gender (male/female) ALT (U/L) AST (U/L) TBIL μmol/L PT (sec) INR (inr) e-AG
45.73±2.21 27/11 246.76±43.09 178.07±29.17 304.31±29.45 21.93±1.70 1.86±0.14 80.43±37.25
ALT: alanine transarninase; AST: glutamic-oxalacetic transaminase; PT: prothrombin time; INR: international normalized ratio, TBIL: total bilirubin; e-AG: e-antigen.
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matory reactions. The sCD163 was not specifi-
cally expressed in a certain organ. 

Correlation between sCD163 and clinical pa-
rameters

In this study, we also investigated the correla-
tion between sCD163 and clinical parameters, 
including Alanine transarninase (ALT), glutam-
ic-oxalacetic transaminase (AST), prothrombin 
time (PT), international normalized ratio (INR), 
and total bilirubin (TBIL), and e-antigen (e-AG). 
The results revealed no correlation was noticed 
between sCD163 and these parameters (Table 
3). This indicated that those proteins showed 
no effects on the secretion of sCD163. 

Discussion

Diagnostic values of sCD163 in patients with 
liver disorders liver failure is mainly developed 
from chronic hepatitis B infection due to infec-
tion, long-term fatigue, alcohol, virus replication 
or variation of nucleoside analog. To date, the 

pathogenesis of liver failure is commonly con-
sidered to be associated with the primary liver 
injury (PLI) and secondary liver injury (SLI) [16]. 
PLI was resulted from endotoxin (lipopolysac-
charide, LPS) and the activation of Kupffer cells 
by various factors including drugs, alcohol and 
hepatotoxin, while the SLI was resulted from 
the endotoxemia induced liver injuries. As the 
first protective barrier, liver plays crucial roles in 
the clearance of enteropathogenic microorgan-
ism. Shifting of bacteria and virus was usually 
induced by injury of intestinal mucosa and ele-
vation of portal vein pressure, which finally 
resulted in endotoxemia. LPS could further acti-
vate the Kupffer cells and lead to inflammatory 
reactions, circulation disorder and necrosis of 
hepatocytes [17]. On this occasion, secondary 
infection may be induced with the decrease of 
the immune function, together with the admin-
istration of the broad-spectrum antibiotics and 
immunosuppressants. In this process, the 
serum sCD163 levels may be alternated by var-
ious factors, including endotoxemia, excessive 
activation of macrophages and proinflammato-
ry factors. 

In this study, the serum sCD163 was remark-
ably increased in patients with liver failure com-
pared with those in patients with hepatic cirrho-
sis, liver cancer, chronic hepatitis B, fatty liver, 
hepatitis B carrier and the healthy individuals. 
On this basis, we speculate that sCD163 could 
be considered as a biomarker for the liver fail-
ure. Previously, elevation of sCD163 was 
reported to be associated with the prognosis of 
patients with liver failure [10]. In addition, the 
sharp increase of sCD163 modulated by pro-
duction of TNF-α and IL-1 [18] reflected the sud-
den deterioration of liver function, based on 
which to present the inflammatory reactions in 
patients with liver failure. 

Table 2. Demographic information of the patients
Diseases N Age, yr Gender (male/female) ALT AST TBIL
Chronichepatitis B 38 38.54±1.76 21/17 39.18±8.58 29.20±4.41 13.29±0.90
Pneumonia 38 57.52±2.92 22/16 35.47±6.76 29.60±3.18 8.78±0.84
Pancreatitis 40 49.85±2.27 21/19 42.40±13.45 36.37±7.95 21.95±4.11
Nephritis 38 43.44±3.04 27/11 29.73±8.04 37.02±11.60 10.72±1.50
Liver cancer 40 55.40±1.88 25/15 64.37±15.89 99.05±31.98 29.60±7.12
Hepaticcirrhosis 40 52.05±1.84 23/17 35.40±4.56 58.20±7.56 53.22±10.26
Fatty liver 40 51.17±2.08 21/19 38.23±3.34 29.53±1.85 15.61±1.35
HepatitisB carrier 40 38.92±1.64 20/20 24.82±1.69 23.45±0.74 14.48±1.50
Control 40 32.32±1.97 18/22 15.37±1.56 18.10±0.69 11.50±0.88

Figure 2. Expression of sCD163 in inflammations. a. 
P < 0.05, compared with the healthy control. 
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In the presence of HBV infection, the host may 
activate the cellular and humoral immune 
response, which resulted in generation of 
immunologic effector substance. Recent stud-
ies revealed the hepatitis was induced by anti-
gen-specific cytotoxie T lymphocyte. CTL has 
the capacity to recognize and kill the HBV 
infected cells. In addition, several non-specific 
inflammatory factors were released by the acti-
vated CTL such as TNF-α and IFN-r, which could 
suppress the proliferation of virus [19]. Finally, 
such factors contributed to the up-regulation of 
sCD163 in vivo.  

Patients with cancer may present metabolic 
disorders, which was initially manifested as 
increased metabolism, followed by depletion of 
energy, tissue injury and multiple organs failure 
and shock [20, 21]. As previously described, 
patients with liver cancer showed remarkable 
increase of TNF compared with the normal indi-
viduals. The sudden elevation of TNF was spec-
ulated to be associated with the endotoxemia. 
Meanwhile, TNF could lead to up-regulation of 
CD163 as well as the serum sCD163 
accordingly.   

Hepatic cirrhosis refers to a disorder induced 
by extensive fibrosis and nodules secondary to 
long-term necrosis of hepatocytes. For patients 
with hepatic cirrhosis, the liver parenchyma 
was frequently affected by causative agents, 
which subsequently led to diffused degenera-
tion and necrosis of hepatocytes as well as 
inflammation. Finally, the anatomical structure 
and the reconstruction of hepatic lobules were 
destroyed together with disorders in the blood 
circulation in liver. Therefore, patients with 
hepatic cirrhosis were in a long-term disorder, 
which may contribute to the elevation of 
sCD163.

In this study, the serum sCD163 was elevated 
in patients of hepatitis B carrier. Although the 
liver function was normal in these patients, the 
subpopulation of the T lymph nodes was 
changed, indicating the changes of immune 
system [22, 23]. Moreover, with the prolifera-
tion of HBV, further immune disorders may be 
caused.  

with the pathogenesis of fatty liver. To our 
knowledge, fatty tissues play important roles in 
the endocrine and immunity [24]. In addition, it 
could contribute to the release of TNF-α and 
IL-6 that were related to the inflammatory reac-
tions in subjects with obesity [25]. Further, 
accumulation of lip in hepatocytes contributed 
to the activation of necrosis receptors, and 
increased sensitivity of hepatocytes to pro-
apoptotic signals, increase of apoptosis and 
activation of stellate cells and Kuffer cells [25], 
which finally deteriorate the inflammatory reac-
tions in liver. 

A majority of patients with liver cancer showed 
hepatic cirrhosis. In this study, no statistical dif-
ference was noticed in the sCD163 in patients 
with liver cancer and hepatic cirrhosis, and the 
serum sCD163 was remarkably decreased 
compared with those with liver failure. On this 
basis, we considered sCD163 as a reliable bio-
marker for the liver failure, which could be used 
for the evaluation of prognosis in patients with 
liver failure. In addition, the level of sCD163 
could be used to evaluate the severity of liver 
disorders.  

Diagnostic values of sCD163 in inflammation

The pathogenesis of acute pancreatitis is still 
not well defined. It is considered as a type of 
inflammatory reaction that contributed to the 
cascade reaction through immune modulation 
[26]. Currently, inflammatory mediators play 
crucial roles in the local injury of pancreas and 
whole body inflammation. In this study, we 
proved sCD163 was involved in the inflamma-
tory reaction in patients with acute pancre- 
atitis. 

Patients with lung inflammation were featured 
by aggregation of neutrophilic granulocytes 
mediated by pulmonary alveolar macrophage. 
Besides macrophages, the other inflammatory 
cells were also inhibited, which led to decrease 
of cytokines, and decreased activity of macro-
phages in pulmonary alveoli compared with the 
macrophages and Kupffer cells in the abdomi-
nal cavity [27]. In this study, the serum sCD163 

Table 3. Correlation between sCD163 and the clinical param-
eters in patients with liver failure

ALT AST PT INR TBIL e-AG
sCD163 Pearson correlation -.110 -.152 -.121 -.125 -.096 .306

P value .542 .397 .501 .489 .595 .100

Fatty liver disease refers to the 
accumulation of hepatic steato-
sis due to degeneration of liver 
parenchymal cells. To date, vari-
ous factors that could induce 
malmetabolism of lipid have 
been reported to be associated 
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was elevated in patients with pneumonia, how-
ever, the increase of the serum sCD163 was 
not significant compared with that of the 
patients with severe liver disease. 

Chronic nephritis of different pathological types 
was mediated by immune inflammation that 
was depended on the activation of T cells. 
Immune and inflammatory reactions were the 
major causes for renal glomerular injuries, 
involved by several cytokines such as IL-1, IL-6, 
IL-8, TNF-Q and TGF-β. Resident cells were acti-
vated in the presence of inflammation including 
glomerular epithelial cells, endothelial cells, 
mesangial cells, fibroblasts in renal interstitum. 
In addition, TNF-α could affect the mesangial 
cells and stimulate the proliferation and sclero-
sis of the mesangial cells [28]. The level of 
sCD163 was elevated upon the stimulation of 
TNF-α. Thus, the sCD163 in patients with 
chronic glomerulonephritis was elevated, which 
was consistent with our results. 

In conclusion, sCD163 could be used a bio-
marker for the diagnosis of liver failure. Also, it 
could be used for the evaluation of prognosis of 
liver failure, and the up-regulation of sCD163 
was closely correlated with the severity of hep-
atitis B. In addition, sCD163 showed no organ-
specificity in patients with hepatitis, chronic 
glomerulonephritis, pneumonia, and pancreati-
tis. sCD163 is a sensitive marker protein for 
liver failure. The elevation of sCD163 was 
closely related to the progression of the liver 
failure, demonstrating sCD163 was an impor-
tant marker for the evaluation of liver disorder. 
No statistical difference was noticed in the 
sCD163 in patients with inflammatory disor-
ders, indicating sCD163 showed no organ 
specificity.  

No sensitive and reliable evaluation system is 
available for the prognosis of liver failure in 
China. The expression of sCD163 could display 
the activation of macrophages, which was 
closely related to the severity of liver failure. In 
the future, multi-center, large sample and pro-
spective studies are needed to establish a 
standard for the evaluation of liver failure. 
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