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Abstract

Background: CD163 is a cell surface glycoprotein as known as a hemoglobin/haptoglobin scavenger receptor. The Soluble form of
CD163 attenuates macrophages immune response.
Objectives: The aim of this study is to describe the effect of CD 163 phagocytes on progression and joint destruction by osteoarthritis
(OA).
Methods: Twenty OA patients participated in this study. The mean age of patients was 68 ± 8 years (range 46 to 75 years) and the
male to female le ratio was 1.5, with 10.6 ± 6.3 years mean duration of OA disease. Twenty synovial biopsies of OA patients and 10
healthy control (HC) specimens were analyzed for CD163 expression (using the immunohistochemistry method) with soluble CD163
(using the ELISA method) in synovial fluid (SF) as well as sCD163 in the serum of.
Results: The score of CD163 expression in the synovial intima (P < 0.01), the subintima (P < 0.01) and periarticular area (P < 0.02)
increased in OA as compared with the healthy control group. Synovial fluid sCD163 and serum sCD163 levels increased in the OA
sample population as compared with the healthy control group. Also, Synovial fluid and serum sCD163 positively associated with
ESR and CRP (P < 0.02, P < 0.01and P < 0.06, P < 0.06 respectively). The mean concentration of SF sCD163 was about 2 times higher
than in serum in OA patients (P < 0.01). There was no correlation between clinical findings of patients and SF leukocyte count the
(P < 0.09).
Conclusions: This study shows increased numbers of CD163 macrophages with an enhanced phagocytes infiltration within the de-
generated synovium as well as the local production of serum and SF sCD163. Therefore, these cells could provide a future therapeutic
strategy for osteoarthritis.
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1. Background

Osteoarthritis (OA) is the most common type of joint
disordered which is called degenerative joint disease (DJD)
(1). DJD is a kind of disease of the articular surface which
is associated with progressive degeneration of the articu-
lar surface, or also synovial layer, relative ligaments, and
the subchondral areas. The incidence and prevalence of
DJD vary through of the world and between different pop-
ulations. Based on previous studies, about 10 percent of
men and 18 percent of women more than 60 years old
are involved by degenerative joint disease (1). Synovial
inflammation enables the remodeling and repairing of
affected tissues. However, the causes of OA are unclear,
but it is clarified that OA sometimes started with artic-
ular surface damage because of mechanical injuries and
accumulation of inflammatory mediators which are se-
creted from synovial cells into the damaged cartilage sur-

face and then lead to cartilage metabolism defects. Af-
ter the joint injury, chondrocytes attempt to repair ar-
ticular surface with increases of the production of pro-
teoglycans and collagen and connective tissue around of
joint. However, during this period, some enzymes re-
leased of inflammatory cells that begin to degrade carti-
lage of articular surface. Inflammatory mediators origi-
nated from inflammatory cells degrade the chondrocytes
and synovial lining cells lead to breaking down the ar-
ticular cartilage lining. The articular surface and all sur-
rounded tissues are affected by OA. During this degrad-
ing process, the synovium becomes inflamed and fibrotic.
Synovial fluid (SF) accumulated in articular synovial space.
This fluid is characterized by less viscosity in greater vol-
ume. Also, periarticular tissues including relative ten-
dons as well as ligaments are in stress. The joints become
stiff and less mobile. CD163 is a hemoglobin/haptoglobin
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scavenger receptor family (2). The CD163 is expressed on
cytoplasm membrane of monocytes and macrophages.
Some previous studies reported that the high expres-
sion on existent monocytes and macrophages in mean-
while of advanced stages of OA (3, 4). The CD163 ex-
pression is increased by inflammatory mediators such as
glucocorticoids, IL-10, IL-6, and finally the macrophage
colony-stimulating factor; it is down-regulated by TNFα,
lipopolysaccharide (LPS), and interferon-γ (IFNγ) (2, 5).
However, CD163 biomarker has been reacted during the in-
flammatory process by about three different pathways, 1-
In vitro, The CD163 can be secreted of the cell membrane
by metalloproteinase enzyme in response to lipopolysac-
charides and becomes soluble CD163 (sCD163). How-
ever ,the CD163 (sCD163) has been circulated in plasma
(4-6). The sCD163 considers decreasing activation and
proliferation of some inflammatory function in vitro (7,
8). 2-CD163 added to a kind of protein tyrosine kinase
and casein kinase II-dependent signal that leads to mo-
bilization of calcium, inositol triphosphate production,
and some pro-inflammatory mediators such as IL-1β, IL-
6, and granulocyte-macrophage colony-stimulating fac-
tor (9, 10). 3-CD163 is a hemoglobin/haptoglobin scav-
enger receptor complexes, with the highest functional
affinity for hemoglobin/haptoglobin complexes (11). How-
ever, haptoglobin dependent modulation of oxidative
stress molecules, prostaglandin synthesis, and angiogen-
esis started by the inflammatory process (12, 13).

2. Objectives

We tried to show that CD163 macrophages could reg-
ulate synovial inflammation in OA by controlling of local
production of sCD163 in SF and serum possibly. Also, we an-
alyzed CD163 expression on the destructive articular tissue
by using the immunohistochemistry method as well as sol-
uble CD163 expression in synovial fluid by using the ELISA
method.

3. Methods

In this retrospective study, twenty synovial tissue spec-
imens were obtained from advanced OA patients during
joint replacement surgery together with synovial fluid as-
piration and blood sample simultaneously at Imam Reza
and Taleghani hospitals of Kermanshah Medical University
between 2012 and 2015. Also, normal human synovium
(10 samples) was obtained during orthopedic procedures
(such as joint trauma fracture specimen) and their normal-
ity confirmed histologically. The demographic and clinical

characteristics of 20 OA patients have been shown in Ta-
ble 1. Five human palatine tonsils as a positive control for
CD163 macrophages were obtained from patients undergo-
ing routine tonsillectomy.

Table 1. Demographic and Clinical Characteristics of OA Patientsa

Parameters

Age, y 68 ± 8

Male/Female, No. 12/8

Disease duration, y 10.6 ± 6.3

Swollen joint count 9.2 ± 3.4

Crepitus 8.8 ± 2.7

Stiffness 11.2 ± 3.1

Tender joint count 1.8 ± 3.3

Serum CRP, mg/dL 2.7 ± 2.3

ESR, mm/hour 13 ± 8

avalues are expressed as mean ± SD unless otherwise indicated.

3.1. Immunohistochemistry (IHC)

Thirty synovial biopsy specimens were embedded in
paraffin and stained with hematoxylin and eosin for rou-
tine histology studies. All paraffin blocks were cut into 6
µm sections and prepared for IHC. First of all, the paraffin-
embedded blocks were deparaffinized and added to heat-
induced antigen retrieval using EnVision FLEX target re-
trieval solution at low or high pH (citrate buffer pH 6.1
and Tris/EDTA, pH 9.0, respectively) at 96°C for 15 min
with PT-link (Dako, Carpinteria, CA). Based on the three-
step of avidin-biotin complex IHC protocol, IHC has been
performed (14). The mouse anti-rat monoclonal CD163
(MCA342R, Serotec Ltd, Oxford, UK, dilution 1:50) and also
mouse anti-human monoclonal CD163 (SC-20066, Santa
Cruz, USA, dilution 1:50) have been used for the primary
antibodies. Non-immune serum was applied as a negative
control.

3.2. Manual and Digital Microscope Acquisition

A digital microscope was used for the real-time slide
which was controlled by remote workstations. Further-
more, two pathologists counted the total number of CD163
cells, each specimen in three compartments in the in-
tima, subintima and periarticular area of synovium, us-
ing a Nikon Eclipse 80i microscope (Nikon, Tokyo, Japan).
The density of CD163 phagocytes was analyzed by double-
blinded observers. It was the number of positive cells (cy-
toplasmic brownish colored cells) per unit tissue surface
area (mm2) to define the density of cells. For statistical
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analysis, we used the logarithm of the mean density of
two compartments for each sample. Semi-quantitatively,
we determined degrees of CD163 cells infiltration into four
groups, as follows: 0 = nil, I = mild, II = moderate and III =
severe. CD163 cells were counted in three compartments in
each specimen. A total number of CD163 phagocytes were
determined by sum of the counts for the three compart-
ments. The average numbers of 0, 1 - 19, 20 - 49, and ≥
50 were scored as 0, I, II, and III respectively. Scores were
also rechecked randomly by a second pathologist. Interob-
server agreement was found (κ = 0.69).

3.3. ELISA for Circulating Soluble CD163

ELISA is one of the best methods for measuring the
levels of sCD163 in serum and spinal fluid. We used Hu-
man Soluble CD163 ELISA kit in this study (BD Biosciences,
San Jose, CA). This assay employs a two-site sandwich ELISA
to quantitate CD163 in samples. An antibody specific for
CD163 has been pre-coated onto a microplate. Standards
and samples are pipetted into the wells and anyCD163
present is bound by the immobilized antibody. After re-
moving any unbound substances, a biotin-conjugated an-
tibody specific for CD163 is added to the wells. After
washing, Streptavidin conjugated Horseradish Peroxidase
(HRP) is added to the wells. Following a wash to remove
any unbound avidin-enzyme reagent, a substrate solution
is added to the wells and color develops in proportion to
the amount of CD163 bound in the initial step. The color de-
velopment is stopped and the intensity of the color is mea-
sured at 492 nm wavelength based on ELISA plate reader
(15).

3.4. Statistical Analysis

All continuous values were expressed as mean ± SD
and categorical variables were presented as a percentage.
Spearman’s Rho test was used to find correlation and the
Mann-Whitney U test used o find a comparison. Also, the
logarithm of the serum sCD163 level or the SF sCD163 was
used for parametric tests (t-test for comparison and Pear-
son’s test for correlation). P values were applied for the ref-
erence table by using a Chi-square. A critical P value of 0.05
was used for all hypothesis testing. All statistics were calcu-
lated with SPSS (version 16.0; SSS Inc, Chicago, II).

4. Results

For each of the 20 OA and healthy control (HC) sub-
jects who underwent needle arthroscopy, 30 of the synovial
biopsy samples were embedded in paraffin and stained

with hematoxylin and eosin for routine histologic assess-
ment. An additional 30 biopsy samples were used for
frozen sections and IHC. Stained sections were coded and
analyzed by two independent observers, who were blinded
as to the diagnosis and clinical data (Figure 1).

The semi-quantitative scores for CD163 macrophages in
the synovial membrane of OA patients (n = 20) and HC (n
= 10) in three locations of the specimen are summarized in
Table 2.

The score of CD163 expression in the synovial intima (P
< 0.01), the subintima (P < 0.01) and periarticular area (P
< 0.02) increased in OA as compared to HC (Table 3).

The presence of CD163 macrophages in three locations
were strongly correlated (r = 0.650, P < 0.01, P < 0.01, P <
0.02 retrospectively). In HC synovium, the distributions
and numbers of CD163 cells were zero. However, in OA syn-
ovium, the staining patterns for CD163 were interestingly
different in the synovial intima, subintima and periarticu-
lar areas as compared with the HC synovium.

Levels of sCD163 were measured by ELISA in SF, as well
as in serum form, from 20 OA patients and 10 HCs. The
SF sCD163 levels were corrected by calculating the ratio of
sCD163 to albumin in order to adjust this dilution factor
and correctly reflect local production. The synovial fluid
sCD163 and serum sCD163 levels increased in the OA group
as compared to the healthy control group. The mean con-
centration of sCD163 was about 2 times higher in SF than in
serum in OA patients (6.7 versus 2.9 mg/L; P < 0.01). There is
clearly a direct correlation between SF sCD163 production
levels and CD163 expression in synovial tissue (P < 0.03) (Ta-
ble 4).

In OA patients, there is a significant positive correla-
tion between the synovial fluid and serum sCD163 with ESR,
CRP (P < 0.02, P < 0.01 and P < 0.06, P < 0.06 respectively).
There was no correlation between the clinical findings of
patients and SF leukocyte count (P < 0.09) (Table 5).

5. Discussion

Although osteoarthritis is caused by inflammation,
breakdown and eventual loss of the cartilage of the joints
and associated with aging, trauma, occupational injury
possibly the main pathogenesis of the disease remains un-
clear. In men, hip joint and in women, knees, and hands
joints are the common joints that involved by OA. The
early changes begin by degeneration of hyaline cartilage
of articular surface with possible cartilage fragmentation
which leads to the thinning of cartilage and overgrowth of
opposing joint surface. The multiple factors show an ac-
tive role in this process. The recent studies have reported
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Figure 1. Immunohistochemical staining of CD163 on synovium biopsy (A, B), monoclonal antibody expression of CD163 in healthy control synovium; (C, D), monoclonal
antibody expression of CD163 in the synovium of OA patients

the body’s immune defense mechanism theory. The role
of some of the innate immune factors has been tested in
OA models in vivo, including the role of synovial mono-
cytes and macrophages (16). Immunophenotyping mark-
ers for the monocytes and macrophages lineage with high
sensitivity and specificity have identified (1). The CD163 is
considered specific to the phagocytes, with the highest ex-
pression on mature macrophages (15). In our study, CD163
levels also appeared to be high in or around vessel walls in

synovium and periarticular tissues. Thus, the presence of
CD163 macrophages in OA synovium suggests that CD163
could be an immunoregulatory factor in OA disease. Also,
in a previous study, soluble CD163 correlated with disease
activity markers was reported in early rheumatoid arthri-
tis (17).

Soluble CD163 (sCD163) which comes from of the
phagocytes receptors exists in plasma and cerebrospinal
fluid. Soluble CD163 is originated from ectodomain shed-
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Table 2. Scoring of CD163 Subset Macrophage Infiltration in Different Locations in a Synovial Specimen of OA (n = 20)

Patient
Intima Subintima Periarticular

0 I II III 0 I II III 0 I II III

1 + + +

2 + + +

3 + + +

4 + + +

5 + + +

6 + + +

7 + + +

8 + + +

9 + + +

10 + + +

11 + + +

12 + + +

13 + + +

14 + + +

15 + + +

16 + + +

17 + + +

18 + + +

19 + + +

20 + + +

Table 3. Immunohistochemical Evaluation of the CD163 Expression in the Synovial
Intima, Subintima and Periarticular Areas of Synovial Specimens in OA Patients

CD 163 Expression Mean Numbers Score P Value

Intima 20 - 49 II < 0.01

Sub Intima 20 - 49 II < 0.01

Periarticular ≥ 50 III < 0.02

Table 4. Correlations Between Serum sCD163 Levels, SF sCD163 and Clinical and Syn-
ovium Tissue CD163 Expression in OA Patients

Parameters Synovium Tissue P Value

Serum sCD163 CD163 Expression < 0.12

Synovial Fluid sCD163 CD163 Expression < 0.03

ding of the membrane-receptor. Soluble CD163 shedding
could be generated of enzymatic cleavage which could be
happened in the inflammatory process. Soluble CD163 is
expressed in a large group of inflammatory diseases such
as cirrhosis, type II diabetic disease, macrophage activa-
tion syndrome, Gaucher’s disease, sepsis, HIV infection,
rheumatoid arthritis, and Hodgkin Lymphoma. It remains

to be determined whether sCD163 is an early predictor
of OA flare (1, 17). The current study was the first to in-
vestigate the correlation between the CD163 expression
marker on the synovial membrane and periarticular tis-
sues with sCD163 in clinical findings of OA patients. Our
study shows that in OA patients the ratio of sCD163 in-
creased and was about 2 times higher in SF than in serum.
Also, there is clearly a direct, significant correlation be-
tween SF sCD163 production levels with the CD163 expres-
sion in synovial tissue, ESR and CRP. In addition, there was
an increased percentage of CD163 macrophages with en-
hanced phagocytes and migratory activities within the OA-
like synovium. Possibly, the increased phagocytosis of this
cell population within degraded synovium and periartic-
ular tissues may sensitize them to cell death, leading to
the secretion of additional inflammatory cytokines, and
result in the progressive degradation of cartilage in os-
teoarthritis. Otherwise, the scavenger function of CD163
phagocytes within subintima and periarticular tissues like
articular cartilage (18, 19) could potentially facilitate the
other role of the CD163 phagocytes in OA. The results of our
study were supported by previous studies which showed
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Table 5. Correlations Between Serum sCD163 Levels, SF sCD163 and Clinical and Biochemical Parameters in OA Patient

Parameters
S sCD163 SF sCD163

R P Value R P Value

Disease duration 0.07 0.50 0.51 0.13

Swollen joints 0.16 0.15 0.23 0.15

Stiffness 0.09 0.80 0.20 0.10

CRP 0.26 0.06 0.48 0.01

ESR 0.26 0.06 0.52 0.02

WBC 0.16 0.15 0.05 0.90

Abbreviations: CRP, C reactive protein; ESR, erythrocyte sedimentation rate; OA, osteoarthritis; sCD163, soluble CD163; SF, synovial fluid; S sCD163, serum soluble CD163;
WBC, white blood cell.

that CD163 biomarker is an endocytic receptor for both the
Hemoglobin-Haptoglobin complexes and also bacteria (11,
20).

5.1. Conclusion

Plasma and synovial fluid levels of macrophage-
derived sCD163, and also CD 163 macrophages, reflected
the role of this valuable biomarker in disease progres-
sion and joint destruction in early OA patients. However,
the presence of continued articular stress and damage
creates a vicious cycle and this scavenger capability can
be overridden. The results could be used for the further
therapeutic approach in OA patients.
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