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EXPRESSION AND FUNCTION OF INTEGRIN
ASSOCIATED PROTEIN (IAP)/CD47 IN HUMAN

ARTICULAR CARTILAGE
Orazizadeh Mahmoud1, Salter Donald2

ABSTRACT
Background: Integrin-associated protein (IAP) /CD47, a member of immunoglobulin super family
(IgSF), is expressed in a variety of cell types. In the present work, the expression pattern of IAP/
CD47 in normal and osteoarthritis (OA) human articular cartilage and its role in
mechanotransduction pathway following mechanical stimulation have been studied.
Methods: Using immunohistochemistry and standard western blotting the in vivo and in vitro
expression pattern of CD47 in normal and OA human articular cartilage was assessed.The role of
CD47 in mechanotransduction was evaluated by using an electrophysilogical method.
Results: Immuno histochemical studies showed a similar very strong expression pattern of CD47
in both normal and OA cartilage. Electrophysilogical experiments showed a role for CD47 in
chondrocyte response to mechanical stimulation.
Conclusion: Very strong expression pattern of CD47 in both normal and OA chondrocyte may be a
result of its critical function/s in chondrocyte homeostasis and it appears that CD47 is important
in regulation of the chondrocyte response to mechanical stimulation.
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INTRODUCTION

Integrin-associated protein (IAP/CD47) is a
45-55 KD plasma membrane protein which is
physically and functionally associated with
integrin. IAP has a heavily glycosylated extra
cellular IgV-like domain, a domain containing
multiple membrane spanning segments and a
short cytoplasmic tail. Four alternatively
spliced forms have been identified which
differ in the length of the cytoplasmic tail.1

IAP has a broad tissue expression and recently
has been identified as a receptor for
thrombospondin (TSP) family members2 and
signal regulatory proteins (SIRPs).3 The roles
of CD47 are being elucidated and it is coming
increasingly clear that it has important roles
in regulation and modulation of different
integrin- mediated cell signalling.4-7

The mechanisms by which mechanical forces
regulate chondrocyte function are beginning
to be defined and appear to involve activation
of a variety of intracellular signalling path-
ways, at least some of which require integrin
mediated events.

It has been shown that in normal human ar-
ticular chondrocytes (HAC), cyclical mechani-
cal stimulation at 0.33Hz (2 sec on/1 sec off)
results in activation of a mechanotransduction
pathways such as up regulation of aggrecan
gene expression,8 á5â1 integrin-dependent
signalling, stretch-activated ion channels and
secretion of interleukin 4 (IL-4) which, via a
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paracrine / autocrine signalling loop.9 In con-
trast, although mechanical stimulation acti-
vates á5â1 integrin- mediated signalling events,
chondrocytes derived from osteoarthritic (OA)
cartilage did not show alteration in levels of
aggrecan or MMP3 mRNA following 0.33 Hz
stimulation.10 The reasons why normal and
OA chondrocyte mechanotransduction
through a5b1 integrin differ is unclear.

This study was undertaken to assess the
expression pattern of CD47 in normal and OA
human articular chondrocytes and establish
whether it has role/s in cellular responses to
mechanical stimulation.

MATERIALS AND METHODS

Tissue sources and assessment: Human articular
cartilage was obtained, with ethical approval
and patients’ consent, at operation from knee
joint arthroplasty specimens and amputations
for   peripheral vascular in Royal Infirmary Hos-
pital, Edinburgh, Scotland, and UK during
1998-2003. As previously described.11 The ar-
ticular surface was assessed and graded mac-
roscopically for the presence or absence of os-
teoarthritis using Collins grade.12 (Table-I). One
set of full thickness pieces of normal and OA
cartilage was snap frozen in liquid nitrogen.
Immuno Histochemistry (IHC): Samples of
normal articular cartilage (Collins grade 0).13

obtained from 1 female (age 67 years) and 7
males (median age 71 years, range 53-88) and
osteoarthritic cartilage (Collins grade 1-3)
obtained from 13 males (median age 71 years,
range 53 - 88) were snap frozen in liquid ni-
trogen. 4mm sections were cut with a Brights
cryostat, mounted on poly-L-lysine coated
glass slides, allowed to come to room tempera-
ture and fixed with acetone for 10 min.
Sections were stained with Bric126 (1:5000) by
an avidin-biotin-conjugated (ABC) (3 drops on
each slide) for 30 minutes at room tempera-
ture. Slides were then visualized using
diaminobenzidene (DAB) with 0.1% hydrogen
peroxide (H2O2) as the peroxidase substrate for
3 min and counterstained with Harris’s
hematoxyllin for 30 sec. Negative controls were
provided by omitting the primary antibody.
The positive immunoreactivity in different sec-

tions was graded in a range of 1-5 Table-I11

cases studied for IHC assessment of human ar-
ticular cartilage are shown in Table- II.
Chondrocyte culture: Normal and OA cartilage
were kept separately. Chondrocytes were
isolated by sequential enzyme digestion. Briefly,
cells were seeded in Iscove’s modified
Dulbecco’s medium (Gibco) supplemented
with 10% fetal calf serum (Sigma), 100I.U./ml
penicillin (Gibco) and 100 mg/ml streptomy-
cin (Gibco) to a final density of 2x105 cells /ml
(for protein extraction) and 1x104 cells/ml (for
electrophysiology)  in 55mm plastic petri dishes
(Nunc). Primary, non-confluent, 1-2 week
cultures of chondrocytes were used in all
experiments.

Table-I: The histological/histochemical system was
used to assess the immunohistochemical staining of

normal and OA sections for IAP/CD47

1. Classification of healthy and diseased joints

A. Normal Smooth intact cartilage (Collins grade 0)
B. Mild OA Roughening and cartilage loss

(Collins grades I & II)
C. Severe OA Areas of complete cartilage loss and

bone exposure (Collins grades III& IV)

2. Zonation of intact cartilage with no degeneration

a. Surface Three cell thick layer
b. Superficial Top 25%
c. Mid Middle 50%
d. Deep Bottom 25%

3. Zonation of cartilage with degenerative changes

a. Assessment degenerative Clones
    surface immunostaining
b. Superficial Top 25%
c. Mid Middle 50%
d. Deep Bottom 25%

4. Scoring scale

Criteria Grade
A. No staining 1
B. More cells negative than positive 2
C. Positive cells = Negative cells 3
D. More cells positive than negative 4
E. All cells positive 5

Table- II. Cases studied for IHC assessment of IAP/
CD47 expression in human articular cartilage more

information not recorded

No. of  cases (sex) 22 (11M/9F)*
Knee joint 13(7M/4F)*
Hip joint 9(4M/5F)
Age range (mean) Knee: 44-82 (66)

Hip: 74-90 (81)
M, male; F, Female
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Antibodies: Mouse monoclonal antibody
anti-CD47 Bric 126 (International Blood Group
Reference Laboratory, Bristol, UK) for IHC and
electrophysiology, and polyclonal goat
anti-CD47 (Santa Cruz) for western blotting
were applied.
Protein extraction and western blotting: The meth-
ods for protein extraction and western blotting
used have been described previously.11 In brief,
cells at rest or following mechanical stimula-
tion were washed with ice-cold PBS contain-
ing 100µM Na3VO4 (Sigma) and lysed in situ
with ice-cold lysis buffer at 40C for 15min.
Lysis buffer contained 1% Igepal (Sigma),
100µM Na3VO4, and protease inhibitor cock-
tail tablet (Boehringer Mannheim). Superna-
tants were collected after centrifugation at
13,000rpm for 15 min. Concentration of pro-
tein within lysates was determined using Folin–
Lowry assay method with Dynatech MR5000
and equivalent amounts loaded and separated
on a 7.5% SDS-PAGE under reducing condi-
tions. Following electrophoresis, whole cell ly-
sates were transferred onto polyvinylidene
fluoride (PVDF) membranes (Millipore Immo-
bile-P, Sigma). Membranes were blocked over-
night at 40C with 2% BSA in TBST (12.5 mM
Tris/HCl, pH 7.6, 137 mM NaCl, 0.1% Tween
20). After washing with TBST, blots were
incubated for one hour at room temperature
with primary antibody and then HRP labelled
secondary antibodies.
Electrophysiological measurements and mechani-
cal stimulation: Membrane potentials of cells
were recorded using a single electrode bridge
circuit and calibrator.8 Microelectrodes with tip
resistances of 40 to 60mg ohms and tip poten-
tials of approximately 3mV were used to im-
pale the cells. Membrane potentials of isolated
cells were measured, and results were accepted
if, on cell impalement, there was a rapid change
in voltage to the membrane potential level that
remained constant for at least 20s. The mem-
brane potentials of 5–10 cells were measured
prior to and 10 min following addition of 50µg/
ml anti-CD47 Bric126. Each experiment was
undertaken at least three times on cells from
different donors.

Statistical analysis: The mean, standard devia-
tion (SD) and standard error of the mean (SEM)
were determined in each experiment.  For sta-
tistical comparisons, the Student’s t test was
applied.

RESULTS

Expression of CD47 in normal human articular
cartilage:  Twelve sections of normal articular
cartilage were obtained from 6 males (age range
62-82, mean age 71), 5 females (age range 74-
90, mean age 78) and one case whose age and
sex was not recorded. Normal human articu-
lar cartilage sections were isolated from 4 femo-
ral heads, 3 females, one male (age range 74-
90, mean age 79); 4 femoral condyles, 2 fe-
males, 1 male, 1 case whose age and sex was
not recorded (age range 64-82, mean age 74);
3 tibial plateaux, 1 male, 1 female, one case
whose age and sex was not recorded (age range
64-88, mean age 73) and 1 patella (a case whose
age and sex was not recorded).

Normal articular chondrocytes in all zones
exhibited a consistent pattern of CD47 expres-
sion (Figure-1A). Chondrocytes in all zones
showed very strong expression for CD47. There
was no difference in the pattern of CD47 stain-
ing with respect to various zones (Table-III).
The median scores for all zones of normal sec-
tions were 5. All chondrocytes in different sec-
tions from different donors showed similar
staining pattern. Strong immunoreactivity of
CD47 at very high dilution (1:5000) of mAb
Bric 126 was observed, suggesting strong
expression of CD47 in normal articular carti-

Table-III: Immunostaining Score mean± SEM

Sample n Surface Superficial Clones Middle  Deep

Normal 12 4.9± 0.08 5 __ 5 5
Mild OA 20 4.7± 0.1 5 __ 5 5
Severe OA 12 N/A N/A 4.9± 0.07 5 5

*N/A, not available
CD47 expression in normal, mild OA and severe OA
human articular cartilage. Normal, mild OA and severe
OA showed the similar strong expression pattern in dif-
ferent zones. P value was calculated to compare different
zones in both normal and OA articular cartilage sections.
In normal and mild OA surface zone compared with all
zones and P value was >0.05 (not significant). In severe
OA clones grade was compared with the other zones and
P value was >0.05 (not significant).
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lage. There was no difference in immunoreac-
tivity of sections removed from adult donors
of different age or sex.
Expression of CD47/IAP in OA human articular
cartilage: CD47 expression pattern was assessed
in sections from 20 mild OA (7 grade I and 13
grade II) and 12 severe OA (10 grade III and 2
grade IV) of articular cartilage samples.
Samples of OA articular cartilage were obtained
from 11 males (age range 62-82, mean age 73),
9 females (age range 62-90, mean age 78) and
2 cases whose age and sex were not recorded.
Samples of mild OA articular cartilage were
obtained from 5 femoral heads, 1 male, 4
females (age range 74-90, mean 78) 8 femoral
condyles, 4 males, 2 females, 2 cases whose age
and sex were not recorded (age range 62-88,
mean 74); 6 tibial plateaux, 3 males, 1 female,
2 cases whose age and sex were not recorded
(age range 72-88, mean 75) and 1 patella,
female (age 67).

Chondrocytes in all zones showed extensive
membrane staining for CD47 (Figure-1B).
Articular cartilage from mild OA (grades I and
II) exhibited a consistent expression of CD47,
which was similar in all zones of cartilage.
Strong expression of CD47 was observed in
mild OA sections isolated from femoral head
and various anatomical regions (femoral
condyle, tibial plateau or patella) of knee joint
(Table-I). The median scores for all zones of
mild OA sections were 5.

Samples of severe OA articular cartilage
were obtained from 6 femoral condyles, 3 males,
1 female, 2 cases whose age and sex were not
recorded (age range 62-88, mean 76); 5 tibial
plateaux, 3 males, 2 females (age range 62-88)
and 1 patella, male (age 82). In severe OA sec-
tions (grades III and IV), chondrocytes in all
zones showed strong immunoreactivity.
Strong expression of CD47 was observed in
severe OA sections isolated from femoral head
and various anatomical regions (femoral
condoyle, tibial plateaux or patella) of knee
joint. Clusters and areas of excessive surface
fibrillation showed extensive anti-CD47 immu-
noreactivity (Figure-1B). The median scores for
all zones of severe OA sections were 5 (Table-
III). Different grades of OA articular cartilage
did not show difference in the strong CD47
expression pattern (Table-III).

Like normal articular cartilage sections, both
mild and severe OA, showed similar strong
immunoreactivity of CD47 at very high dilu-
tion (1:5000) of mAb anti-CD47 Bric126, sug-
gesting a similar expression pattern of CD47

Figure-2: Detection and comparison of CD47  in normal
and OA human articular chondrocytes. Equal amounts
(40mg/lane) of total extracted proteins obtained from
the cultured chondrocytes derived from normal (lanes a,
tibia plateaux, male, age not recorded), and OA III (lanes
b, femoral head, male, age 83) were run in a 10%
SDS-PAGE under reducing conditions. Blocking was
applied with 5% dried milk (Marvel) solution overnight
at 4ºC.  Polyclonal goat (SantaCruz) at 1: 5000 was ap-
plied. The blot shown is representative a series of experi-
ments including three different donors (normal and OA).
Molecular weights (MW) in kilo Daltons (KD) are
indicated on the left.

75-

50-

35-

MW     a     b

Figure-1: Immunoreactivity of mAb anti-CD47, Bric 126 in
normal and OA human articular cartilage sections. Immu-
noreactivity was assessed by using mouse anti-CD47 Bric126
at 1:5000. All sections showed strong expression of CD47 in
different zones. A. The above sample shows a section derived
from femoral head, normal, superficial (S)-deep (D), (female,
90 years) x100. Chondrocytes in all zones showed a similar
strong expression pattern of CD47. B. Femoral head, OAII
surface-deep zone, (female, 90years), x100. From clones to-
wards deep zone of OA femoral head, all chondrocytes showed
a similar strong expression pattern for CD47.



in both normal and OA articular cartilage.
CD47 positive staining did not show detect-
able modification in sections removed from
adult donors of different age or sex.
Western blotting analysis: In next step of this
study, to confirm the in vivo immunohis-
tochemical results, a series of western blotting
experiments was carried out. Chondrocytes
were obtained from hip, knee and ankle joints.
Chondrocytes were isolated from normal ar-
ticular cartilage obtained from femoral head
(hip), tibial plateaux and femoral condyles
(knee) of 11 males (age range 69-83, mean 75)
and 2 females (age range 71-80, mean 75). OA
chondrocytes were isolated from OA articular
cartilage obtained from the femoral head, tibia
plateaux, femoral condyles and patella of 4
males (age range 68-87, mean 77) and 2 females
(age range 62-87, mean 75). Primary
chondrocytes were seeded at 2x105 cells/ml
concentration. After a period of 10-15 days
cultured chondrocytes were lysed and the pro-
teins extracted.

There was no appreciable variation in the in-
tensity of CD47 band between samples from
normal and OA cartilage. There was no dif-
ference in results from experiments using
chondrocytes removed from donors of differ-
ent age and sex or from femoral head and Dif-
ferent areas of knee joint (femoral condyle,
tibial plateaux and patella). The polyclonal goat
anti-CD47 (Santa Cruz) was applied at 1: 100
dilution.
Role for CD47 in regulation of chondrocyte
mechanotransduction: Following 20 min
mechanical stimulation at 0.33Hz normal
human articular chondrocytes show a mem-
brane hyperpolarisation response whereas
chondrocytes from osteoarthritic cartilage
show a depolarisation response.The addition
of 1mg/ml from anti-CD47 antibody, Bric 126,
10 minutes prior to the period of mechanical

stimulation to the culture medium has no ef-
fect on the resting membrane potential of
chondrocytes from either normal or osteoar-
thritic chondrocytes (Table-IV). Bric 126
inhibits both the hyper polarisation response
of normal chondrocytes and the depolarisation
response of osteoarthritic to the mechanical
stimulus (Table-IV).

DISCUSSION

In this study, we have demonstrated expres-
sion of CD47 by normal and OA human
articular chondrocytes with very strong
expression pattern. Functional roles for CD47
in chondrocyte mechanotransduction were
supported by the observations that antibodies
to CD47 inhibited electrophysiological re-
sponses reproducibly seen when both normal
and OA human articular chondrocytes were
mechanically stimulated at 0.33Hz in an in
vitro monolayer culture model system. It has
previously demonstrated that á5â1 integrin has
a pivotal role in human articular chondrocyte
mechanotransduction potentially acting as a
mechanoreceptor.8 The current study suggests
that CD47 also has important roles in regula-
tion of chondrocyte mechanotransduction,
potentially through association with á 5â1
integrin. CD47 has been shown to co-immu-
noprecipitate with a number of integrins in-
cluding aVb3 (5), aIIbb3 (2á2â16 and a4b1,

15 á5â1
integrin, recognised as the classical fibronectin
receptor, is an important and critical candidate
that could involve in the supramolecular com-
plex formation. It has been shown that the
change in membrane potential, tyrosine phos-
phorylation and gene expression, which fol-
lows mechanical stimulation of human articu-
lar chondrocytes, is á5â1 integrin and RGD
dependent,8 although some signal transduction
through CD47 is integrin-independent,16 asso-
ciation of CD47 with certain integrins has been
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Table- IV: Effect of 1 mg/ml anti-CD47 Bric 126 on the membrane hyperpolarisation response of normal and
depolarisation response of OA cultured chondrocytes to 0.33 Hz cyclical mechanical stimulation

Membrane potential (-mV) (mean±SEM)

Sample Reagent Resting Reagent Alone Reagent + 0.33 Hz % Change

Normal Chondrocytes Nil Bric 126 25.0 ± 0.4 26.2 ± 0.8 - 27.2 ± 0.4 30.2 ± 0.6 27.6 ± 1.2 +21 +2
OA Chondrocytes Nil Bric 126 30.0 ± 1.9 23.7 ± 2.6 - 26.2 ± 1.8 17.4 ± 1.3 24.7 ± 1.8 -42 +6

Orazizadeh Mahmoud et al.



found to modulate their function and CD47
has been demonstrated to functionally
regulate á 5â 1 dependent adhesion to
fibronectin,2-4 In order to find a cell surface
accessory molecule(s) for á5â1 integrin, this
syudy was focused on the detection and com-
parison in vivo expression of integrin-associ-
ated proteins (IAP)/CD47 in normal and OA
human articular cartilage.  It was noted that
alterations in the expression or activity of one
or more of the molecules involved in the signal
transduction pathway could conceivably
modify the response of diseased chondrocytes.
The mechanism by which CD47 influences
chondrocyte mechanotransduction is unclear
and may involve integrin dependent and in-
dependent pathways. Previous work in a va-
riety of cell systems supports involvement of
Gá i containing heterotrimeric GTPases in
CD47 regulation of integrin activity. More re-
cently a different mechanism by which CD47
can modulate integrin affinity without intrac-
ellular signalling has been suggested. The ex-
tra cellular Ig domain of CD47 may interact
with the integrin inducing change to a high
affinity state presumably by modulating a
structural change in the extracellular domain.
In conclusion, we have identified CD47 as a
further important accessory molecule for á5â1
integrin in human articular chondrocyte
mechanotransduction. Further studies are
needed to evaluate the interaction between
CD47 and its ligands, cross talk between it and
integrins especially á5â1 integrin and its role
in down stream signaling events following
mechanical stimulation.

ABBREVIATIONS

DAB, Diaminobenzidene; FCS, fetal calf
serum; IHC, immunohistochemistry; NRS, nor-
mal rabbit serum; OA, osteoarthritis; PBS:
phosphate buffered solution; RPM, revolution
per minute; ECM, extracellular matrix.
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