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Abstract

AIM: To assess CD163 expression in plasma and pe-
ripheral blood and analyze its association with disease
in acute-on-chronic hepatitis B liver failure (ACHBLF)
patients.

METHODS: A retrospective study was conducted from
January 1, 2011 to January 1, 2012. Forty patients
with ACHBLF (mean age 44.48 = 12.28 years, range
18-69 years), 40 patients with chronic hepatitis B (CHB)
(mean age 39.45 £ 12.22 years, range 21-57 years)
and 20 age- and sex-matched healthy controls (mean
age 38.35 £ 11.97 years, range 28-60 years) were in-
cluded in this study. Flow cytometry was used to ana-
lyze the frequency of CD163+ peripheral blood mono-
nuclear cells (PBMCs) and surface protein expression
of CD163. Real-time transcription-polymerase chain re-
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action was performed to assess relative CD163 mRNA
levels in PBMCs. Plasma soluble CD163 (sCD163) levels
were measured by enzyme-linked immunosorbent as-
say. Clinical variables were also recorded. Comparisons
between groups were analyzed by Kruskal-Wallis # test
and Mann-Whitney U test. Statistical analyses were
performed using SPSS 15.0 software and a P value <
0.05 was considered statistically significant.

RESULTS: Flow cytometry showed that the population
of CD163+ PBMCs was significantly greater in ACHBLF
patients than in CHB patients and healthy controls
(47.9645% =+ 17.1542%, 32.0975% =+ 11.0215% vs
17.9460% + 6.3618%, P < 0.0001). However, there
were no significant differences in mean fluorescence
intensity of CD163+ PBMCs within the three groups
(27.4975 = 11.3731, 25.8140 = 10.0649 vs 20.5050 +
6.2437, P = 0.0514). CD163 mRNA expression in ACH-
BLF patients was significantly increased compared with
CHB patients and healthy controls (1.41 x 10° + 2.18
x 107, 5.10 x 10+ 3.61 x 10°rs37.0 x 10™ £ 3.55
x 10, P = 0.02). Plasma sCD163 levels in patients
with ACHBLF were significantly increased compared
with CHB patients and healthy controls (4706.2175 +
1681.1096 ng/mL, 1089.7160 + 736.8395 ng/mL vs
435.9562 + 440.8329 ng/mL, P < 0.0001). In ACHBLF
patients, plasma sCD163 levels were significantly posi-
tively associated with model for end-stage liver disease
scores (r = 0.5075, P = 0.008), hepatitis B virus-DNA (r
= 0.6827, P < 0.0001), and negatively associated with
prothrombin activity (» = -0.3348, P = 0.0347), but
had no correlation with total bilirubin ( = 0.2551, P =
0.1122). Furthermore, sCD163 was obviously elevated
in non-surviving patients compared with surviving pa-
tients with ACHBLF (5344.9080 + 1589.5199 ng/mL vs
3641.7333 + 1264.5228 ng/mL, 2 = 0.0321).

CONCLUSION: CD163 and sCD163 may be related to
disease severity and prognosis in ACHBLF patients.

© 2013 Baishideng. All rights reserved.
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Core tip: This study included three groups, acute-on-
chronic hepatitis B liver failure (ACHBLF) patients,
chronic hepatitis B (CHB) patients and healthy controls.
Flow cytometry was used to analyze the frequency of
CD163+ peripheral blood mononuclear cells (PBMCs)
and surface protein expression of CD163. Real-time
transcription-polymerase chain reaction was performed
to assess relative CD163 mRNA levels in PBMCs. The
population of CD163+ PBMCs was significantly larger
in ACHBLF patients than in CHB patients and healthy
controls. CD163 mRNA expression in ACHBLF patients
was significantly increased compared with healthy
controls. Plasma soluble CD163 (sCD163) levels were
markedly increased and correlated with disease se-
verity and prognosis in ACHBLF patients. CD163 and
sCD163 may be useful biomarkers for ACHBLF.
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INTRODUCTION

Hepatitis B virus (HBV) infection is a major health prob-
lem wotldwide. It is thought to be one of the main causes
of liver-related chronic and acute diseases'". With severe
acute exacerbation of the disease, some chronic hepatitis
B (CHB) patients may progress to liver failure. We define
this progression as acute-on-chronic hepatitis B liver fail-
ure (ACHBLF), and constitutes about 70% of all acute-
on-chronic liver failure in areas with a high incidence of
hepatitis B”. ACHBLF has an extremely poor prognosis
due to a lack of understanding of its pathogenesis. Cur-
rently, clinical observations have shown that ACHBLF
may be related to strong immune responses. Therefore,
it is important to fully understand the course of the im-
mune pathogenesis of ACHBLE If we can identify effi-
cient markers which predict disease progression, this may
be of great help in the treatment of ACHBLF"

Innate immune cells such as macrophages can be ac-
tivated by acute and chronic inflammation and produce
various cytokines. These immunological cytokines induce

and cause liver tissue injury. Activated macrophages play
important roles in the production of these immune cyto-
kines. Monocytes and macrophages can be activated into
M1 and M2 subpopulations in response to different envi-
ronmental signals which are mainly derived from inflam-
matory diseases. Those of the M2 subpopulation inhibit
the inflammatory state! .,

CD163 is a member of a scavenger receptor fam-
ily and is expressed mainly on activated macrophages.
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It is a specific M2 macrophage marker. Soluble CD163
(sCD163) emerges from the shedding of CD163 from
the cell surface in the plasma'”. Tt is now evident that
sCD163 and CD163 are very useful as biomarkers of
macrophage activation in various inflammatory diseases.
It is strongly indicated that CDD163 and sCD163 may be
involved in the pathogenesis of liver failure. However,
the exact expression of CD163 and sCD163 in ACHBLF
patients has not been fully elucidated'".

This study aimed to evaluate petipheral blood CD163
and plasma sCD163 expression in macrophages from pa-
tients with ACHBLE

MATERIALS AND METHODS

Patients

Forty patients with ACHBLE, 40 patients with CHB and
20 healthy controls from Qilu Hospital of Shandong
University, were included in this retrospectively study.

Blood samples collected from January 2011 to January
2012 at the Department of Hepatology, Qilu Hospital
of Shandong University, were separated into plasma and
stored at -70 C until use.

Patients with CHB had more than twice the normal
alanine aminotransferase level. All groups were matched
for sex and age. ACHBLF patients had a history of
CHB, with plasma total bilirubin (TBIL = 85 ymol/L),
prothrombin activity (PTA) < 40%, and complications
such as hepatic encephalopathy (no less than grade II),
ascites or hepato-renal syndrome. According to the Asian
Pacific Association for the Study of the Liver guideline,
all ACHBLF patients received inpatient treatment. We
excluded patients who underwent liver transplantation,
had hepatocellular carcinoma or other metastatic liver
tumors or who had received immunotherapy or anti-viral
treatment within 6 mo. Patients with a history of alcohol
abuse, intravenous drug abuse, pregnancy, concomitant
chronic hepatitis C, human immune deficiency virus
infection or autoimmune hepatitis were also excluded.
Hepatitis B surface antigen in healthy controls (# = 20)
(age-, sex- and race-matched) was negative. Experiments
and procedures were conducted with the guidance of
the Helsinki Declaration of 1975"%, The study was ap-
proved by the local Ethical Committee of Qilu Hospital
of Shandong University. Prior to the collection of blood,
informed consent was obtained from each patient. The
characteristics of the enrolled subjects are summarized in

Table 1.

RNA extraction and real-time reverse-transcriptase
polymerase chain reaction

Six milliliters of peripheral venous blood were collected
from each subject and Ficoll-Paque Plus (GE Healthcare,
Uppsala, Sweden) was used for isolation of PBMCs. Total
RNA in PBMCs was extracted using Trizol (Invitrogen,
Carlsbad, CA, United States) according to the manu-
facturer’s instructions. Two micrograms of total RNA
were converted into cDNAs using the RevertAid™ First
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Table 1 Baseline characteristics of the subjects enrolled in
the present study

Patients ACHBLF CHB Healthy control
Cases 40 40 20

Age, yr 4448 +1228 3945+1222 3835+11.97
Sex (male/female) 23/17 26/14 12/8
HBeAg (+)/HBeAg (-) 19/21 28/12 NA
PTA, % 4536 £25.14 98.70+17.56 108.00 +13.56
TBIL, pmol/L 322.08 £166.00 33.39 £66.35 18.65 £ 6.55
HBV DNA, log10copies/mL 322.08 +166.00 3.20 +1.44 NA
Encephalopathy grade Il /IV  12.12% 0% 0%

Ascites 30.30% 0% 0%
Mortality 62.5% 0% 0%

ACHBLEF: Acute-on-chronic hepatitis B liver failure; CHB: Chronic hepati-
tis B; HBeAg: Hepatitis B e antigen; PTA: Prothrombin activity; TBIL: Total
bilirubin; HBV: Hepatitis B virus; NA: Not available.

Strand cDNA Synthesis Kit (Fermentas, Lithuania) and
real-time polymerase chain reaction (RT-PCR) was carried
out on a Lightcycler (Roche Diagnostics, Germany). RT-
PCR amplification mixtures (20 pl.) contained 75 ng tem-
plate cDNA, 10 pL. 2 9 SYBR” Premix Ex Taq™ (Takara,
Japan) and 200 nmol/L forward and reverse primer. The
real-time PCR reaction was performed as follows: the ini-
tial step was 95 C for 30 s, followed by 40 cycles at 95 'C
for 55, 60 C for 30 s and 72 °C for 30 s. B-actin was used
as the endogenous control for the normalization of RINA
quantity and quality differences in all samples.

The primers were as follows: CD163 forward
5-TCTGGCTTGACAGCGTTTC-3’; CD163 reverse
5-TGTGTTTGTTGCCTGGATT-3’; B-actin forward
5-CGGGAAATCGTGCGTGACATT-3’; B-actin reverse
5-GGAGTTGAAGGTAGTTTCGTGG-3’ (Fermentas,
Lithuania). Gene specific amplifications were demonstrat-
ed with melting curve data and gel-migration analyses.

Flow cytometric analysis

Freshly drawn peripheral whole blood samples of 200 pL
were stained with isotype-matched control antibody or
a relevant antibody (CD14, CD163) for 30 min at room
temperature in the dark. Anti-human CD163 PE, anti-
human CD14 APC and isotype-matched control antibody
were purchased from eBioscience (San Diego, CA, Unit-
ed States). Following incubation, erythrocytes were lysed
with RBC lysis buffer (Whole Blood Lysing Kit, R and
D Systems, United States). Finally, the cells were washed
three times, resuspended in 500 pl. of PBS containing
0.5% formaldehyde, and analyzed using a FACS Calibur
(BD Bioscience, PharMingen). The samples were ana-
lyzed with a Becton-Dickinson FACS Calibur machine.
Separate gates were established for the macrophages. The
amount of CD163 in peripheral blood was assessed using
flow cytometry (Coulter counter)™ " (Figure 1).

Determination of plasma levels of sCD163
SCD163 was determined by enzyme-linked immunosoz-

bent assay (ELISA) according to the manufacturer’s in-
structions (R and D, Minneapolis, MN, United States). All
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samples were analyzed in duplicate following the manu-
facturer’s protocol. The sensitivity of the assay was 0.1
ng/mL, and the intra-assay and intet-assay coefficients of
variation were less than 3% and 6%, respectively.

Clinical and laboratory parameters

Measurement of liver function tests: TBIL and hemato-
logical tests including PT'A were performed using stan-
dard methods in a clinical setting. Hepatitis B markers
were tested using a commercially available radioimmuno-
assay (Abbott). The level of HBV DNA was quantified
using a DNA assay (sensitivity > 500 copies/mL). Model
for end-stage liver disease (MELD) scores were calculat-
ed according to the Malinchoc formula: » = 9.57 X loge
[creatinine (mg/dL)] + 3.78 X loge [bilitubin (mg/dL)] +
11.2 X loge (INR) + 6.43 X (etiology: O if cholestatic or
alcoholic, 1 otherwise)"'".

Statistical analysis

Statistical analysis were performed using SPSS 15.0 soft-
ware (SPSS Inc., Chicago, 1L, United States). Compari-
sons between groups were analyzed by Kruskal-Wallis
H test and Mann-Whitney U test. The Spearman rank
correlation test was used for correlation analysis. All sta-
tistical analysis were two-sided, and a P value < 0.05 was
considered statistically significant.

RESULTS

Frequency of circulating CD163+ PBMCs and mean
fluorescence intensity

We determined the frequency of CD163+ PBMCs using
flow cytometry and found that in ACHBLF patients, the
frequency was markedly higher than that in the healthy
control group and CHB patients, respectively (Figure
2A). There was a significant difference in the frequency
of CD163+ PBMCs within the three groups (47.9645%
+ 17.1542%, 32.0975% + 11.0215% »s 17.9460% =+
6.3618%, P < 0.0001). We also evaluated the average
mean fluorescence intensity (MFI) of CD163+ PBMCs
using flow cytometric analysis. However, there were no
significant differences in MFI in CD163 + PBMCs within
the three groups (27.4975 = 11.3731, 25.8140 £ 10.0649
5 20.5050 * 6.2437, P = 0.0514) (Figure 2B).

Plasma levels of sCD163 in ACHBLF patients

We evaluated the plasma levels of sCD163 by ELISA.
The results showed that the levels of sCD163 in ACH-
BLF patients were markedly higher than those in CHB
patients and the healthy control group. Significant differ-
ences in plasma sCD163 were found within ACHBLF
patients, CHB patients and healthy controls (4706.2175
+ 1681.1096 ng/ml., 1089.7160 * 736.8395 ng/mL s
435.9562 *+ 440.8329 ng/mlL, P < 0.0001 ) (Figure 2C).

Increased mRNA expression of CD163 in PBMCs from

ACHBLF patients
We also determined the mRNA level of CD163 in PBMCs

May 14, 2013 | Volume 19 | Issue 18 |
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Figure 1 Percentage of CD163+ peripheral blood mononuclear cells. The representative results of CD163+ peripheral blood mononuclear cells are shown. ACH-

BLF: Acute-on-chronic hepatitis B liver failure; CHB: Chronic hepatitis B.

using RT-PCR. No significant differences in the mRNA
level of CD163 were found within the three groups (1.41
X 107 + 2.18 x 107, 5.10 X 10” + 3.61 X 10” o 37.0 X
10" £ 3,55 x 10", P = 0.02). The mRNA levels of CD163
in ACHBLF patients and CHB patients wete significantly
higher than those in healthy controls. No significant differ-
ence in the mRNA level of CD163 was observed in ACH-
BLF and CHB patients (P > 0.05) (Figure 2D).

Increased plasma sCD163 levels in patients with
ACHBLF

To determine whether the increase in plasma levels of
sCD163 correlated with liver injury, we analyzed the plas-
ma levels of sCD163 in ACHBLF patients with clinical
and laboratory parameters which indicated liver function
or DNA replication in ACHBLE The results showed that
plasma levels of sCD163 were positively correlated with
MELD scote (r = 0.5075, P = 0.008), plasma HBV-DNA
levels (r = 0.6827, P < 0.0001) and negatively correlated
with PTA (r = -0.3348, P = 0.0347), but had no correla-
tion with TBIL (» = 0.2551, P = 0.1122) (Figure 3A-D).

Plasma levels of sCD163 influence disease progression
in ACHBLF patients

ACHBLF patients wete grouped into survivors and non-
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survivors after 3 mo of follow up. The plasma levels of
sCD163 were increased in non-survivors compared with
survivors (5344.9080 + 1589.5199 ng/ml »s 3641.7333 +
1264.5228 ng/mlL, P = 0.0321) (Figutre 3E).

DISCUSSION

Although sCD163 is thought to play an important role in
the pathogenesis of liver failure, this is the first study on
the frequency of CD163+ PBMCs and CD163 mRNA
level in ACHBLF patients"*"”. Increased plasma sCD163
levels were correlated with disease severity in ACHBLF
patients. These results strongly suggest that the role of
CD163 in the immune response might affect the progno-
sis of ACHBLE

CD163 is a scavenger receptor, and its expression has
been proved to be associated with inhibition of inflamma-
tion. Furthermore, during the innate immune response,
CD163 plays an important role in the host defense against
inflammation®***'. The soluble form of CD163 is also a
biomarker associated with inflammation"®. In the pres-
ent study, we first found that the frequency of CD163+
PBMCs and CD163 mRNA expression in PBMCs were
dramatically increased in ACHBLEF patients compated with
healthy controls. These results could be interpreted to-
gether with previous reports to suggest that CD163 might
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Figure 2 Acute-on-chronic hepatitis B liver failure (n = 40), chronic hepatitis B (n = 40) and healthy controls (n = 20). A: The frequency of CD163+ peripheral
blood mononuclear cells (PBMCs) in acute-on-chronic hepatitis B liver failure (ACHBLF) patients was significantly higher than that in chronic hepatitis B (CHB) pa-
tients and healthy controls (P < 0.01); B: There were no significant differences in mean fluorescence intensity (MFI) of CD163+ PBMCs within the three groups (P >
0.05); C: The plasma levels of soluble CD163 (sCD163) in ACHBLF patients were significantly higher than those in CHB patients and healthy controls (P < 0.01); D:
The mRNA levels of CD163 in ACHBLF patients and CHB patients were significantly higher than those in healthy controls (P < 0.01). Significant differences were cal-

culated using the Kruskal-Wallis H test and Mann-Whitney U test (*P < 0.05, °P < 0.01 between the two groups).

have a key position in the immunolesion of ACHBLE

There were no significant differences in MFI of
CD163+ PBMCs within the three groups. This result is
very interesting. From previous literature, which mainly
included randomly selected patients, CD163 was inversely
correlated with sCD163 plasma levels™. Lipopolysaccha-
ride and other pro-inflammatory cytokines induce shed-
ding of CD163 from the surface of isolated monocytes.
During infection, the expression of monocyte surface
CD163 decreases. In contrast, some studies have shown
that with chronic and acute inflammation, the expression
of surface CD163 increased. Through CD163 shedding,
decreased surface CD163 was followed by recovety and
induction of surface CD163 to higher levels™ ™. We
speculate that surface CD163 expression might vary ac-
cording to different inflammatory states in patients and
different stages of inflammation. More research is needed
to confirm this.

In this study, we observed that petipheral mRNA lev-
els of CD163 in ACHBLF patients wete high and there
was a significant difference between the three groups,
however, mRNA levels of CD163 in ACHBLF patients
were not significantly different to those in CHB patients.
During inflammation, we speculate that plasma sCD163
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levels might increase dramatically, but mRNA levels in-
crease slowly™ >,

In the present study, we found that plasma sCD163
levels were significantly increased in patients with ACH-
BLF compared to CHB patients and healthy controls.
Plasma sCD163 levels were positively associated with
HBYV DNA levels, MELD scores and were negatively
correlated with PTA. In addition, there were no asso-
ciations with TBIL. It was demonstrated that plasma
sCD163 correlated with the severity of ACHBLF™".

The MELD scoring system is widely accepted and is
used to predict prognosis in patients with liver failure. We
chose the MELD scoring system to evaluate the progno-
sis of ACHBLF patients over a three month period. The
results strongly indicated the potential role of plasma
sCD163 levels in forecasting the prognosis of ACHBLF
patients. Furthermore, plasma sCD163 levels were obvi-
ously elevated in ACHBLF patients who did not survive
compared with surviving ACHBLF patients"*'".

We found significant associations between plasma
sCD163 levels and HBV DNA in ACHBLF patients.
These results indicate that HBV may contribute to the
aggravated macrophage immune response besides activa-
tion of HBV™*, HBV might play a key role in promot-
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ing disease progression during host immune responses
caused by the infection in ACHBLF patients. The exact
role of HBV in CD163 immune response requires fur-
o [3436]
ther clarification™ .
The present study has limitations, and it would be
very interesting to determine the dynamic and histologic

expression of CD163 in a future study.
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In conclusion, our study demonstrated three major
findings. First, the population of CD163+ PBMCs was
significantly greater in ACHBLF patients than in CHB
patients and healthy controls. Second, CD163 mRNA ex-
pression in ACHBLF patients was significantly increased
compared with CHB patients and healthy controls. Third,
plasma sCD163 levels were markedly increased and cor-
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related with disease severity and prognosis in ACHBLF
patients. Our findings indicate that CD163 and sCD163
may serve as useful biomarkers and new therapeutic tar-

gets for ACHBLE
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