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ABSTRACT

Background: Signal regulatory proteins (SIRP) belong to immunoglobulin super family (IgSF) and relate to
integrin signaling cascades. It has been shown that SIRPq, is expressed in a variety of cells including myeloid
cells and neurons. In the present study the expression of this [gSF member in articular chondrocytes was
investigated. Methods: Using a panel of anti-SIRPo antibodies, immunohistochemistry, Western-blotting
and electrophysiology methods, expression of SIRPa and its role in chondrocyte mechano-transduction were
assessed. Results: No identifiable positive signal was obtained by using immunohistochemistry methods on
frozen and paraffin sections. SIRPa is expressed by both normal and osteoarthritis cultured chondrocytes. The
electrophysiological response of chondrocytes in the presence of SE7C2 mAb was significantly inhibited
whereas; SESAS did not show any modification in this response. Conclusions: It seems likely that SIRPa
could be associated with other proteins such as integrins, CD47 and ion channels, which contribute to the
electrophysiological response of human articular chondrocytes. In any case, this study has provided a specific
functional role for SIRPa in chondrocyte mechano-transduction. Iran. Biomed. J. 11 (2): 119-124, 2007
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INTRODUCTION

rticular cartilage is subjected, in vivo, to
Afrequent and repetitive mechanical loads

which regulate chondrocyte function [1].
Previous studies have demonstrated that human
articular chondrocytes show changes in membrane
potential following cyclical mechanical stimulation.
In normal chondrocytes, a  membrane
hyperpolarisation  response to mechanical
stimulation at 0.33 Hz is mediated by o581 integrin
and associated with an interleukin 4 dependent. In
contrast, Osteoarthritis (OA) chondrocytes show a
membrane depolarization to the same stimulus [2]. It
has also demonstrated that the expression of cell
surface molecules, such as integrins, is preferentially

related to their ligand molecule(s) that is/are
appropriately present in the extracellular matrix
(ECM) of human articular cartilage and cell surface
molecules. A complex series of steps leads from
initial integrin interactions with an extracellular
ligand to transmembrane effects on the localization
of cytoskeletal molecules or signaling molecules, to
the activation of signaling pathways, and to eventual
regulation of gene expression. It is becoming
increasingly apparent that full understanding of
integrin ~ functional  activities may  require
understanding of integrin associations with other
cell-surface molecules [3]. It has been also shown
that several kinds of proteins, including
immunoglobulin superfamily (IgSF) proteins (e.g.
CD47, CD147, Signal regulatory proteins [SIRP]
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family) that bind to integrins, may generally
function in concert to mediate both cell-cell and cell-
ECM interactions, which in turn stimulate
cytoskeletal reorganization, migration and a cascade
of intracellular signalling pathways.

SIRP belong to IgSF and relate to integrin
signalling cascades. One of the SIRP [4], Src
homology 2 (SH2) domain-containing protein
tyrosine phosphatase substrate 1 (SHPS-1), is also
known as SIRPal and CD172a [5]. SIRP appears
ubiquitously expressed as Ig-like transmembrane
glycoproteins composed of two subgroups: SIRPa
and SIRP that overall constitute a subfamily within
the Ig SF. Two subfamilies termed SIRPa and
SIRPPB are distinguished by the length of the
cytoplasmic region. Among SIRP, SHPS-1 was first
identified as a novel tyrosine phosphorylated protein
that binds to SH2-containing protein tyrosine
phosphatases, SHP-1 and SHP-2, in v-Src-
transformed fibroblasts (SR-3Y1 cells) [4].

A protein of the SIRP family, like other IgSF
members, consists of three domains: the
extracellular domain, the transmembrane domain
and the intracellular domain. The extracellular
domain is further divided into three Ig- like regions:
an amino-terminal Ig variable region and two Ig
constant regions. The second and third IgC can be
removed by alternative splicing. At least 15 human
members [5], varying in the form of subtle amino
acid differences in the IgV region, have been
identified in the SIRP family. SHPS-1 has relative
molecular weight of 90-120 kDa and is differentially
glycosylated in a species and tissue specific manner
[5]. Because the differential pattern of SHPS-1
glycosylation, the species-specific difference of
molecular weight may be due to the number of
potential N-glycosylation sites [4]. Various mitogens
such as epidermal growth factor and platelet-derived
growth factor induce the tyrosine phosphorylation of
SHPS-1 to recruit the tyrosine phosphatases and
several SH2-containing adapters to the plasma
membrane [4]. These receptors can transducer
extracellular signals regulating a diverse array of
responses including proliferation, differentiation and
cell survival [6]. SHPS-1 is ubiquitously expressed
in all tissues examined (heart, brain, spleen, lung,
liver, muscles, kidney, and testis), being most
abundant in brain and spleen [5]. Using
immunohistochemistry with a specific anti-SHPS-1
antibody, it has been shown that SHPS-1 is strongly
expressed in  myeloid cells (macrophages,
monocytes, granulocytes and dendritic cells) and
neurons [7].

Previous studies have shown that the
interaction between integrin and ECM proteins
causes tyrosine phosphorylation of SIRPa. This
suggested that SIRPa might be a member of the
group of proteins that are at focal adhesion contacts
and undergo tyrosine phosphorylation in response to
the interaction of integrins with the ECM [8].

The discovery that a major ligand for mouse
SIRPa is the integrin-associated protein (CD47/1AP)
was reported [8]. Studies by Seiffert et al. [9]
revealed that the extracellular regions of human
SIRPa adhere to a number of primary
haematopoietic cells and cell lines and also
identified CDA47/IAP as prominent extracellular
ligands.

In the present study, using a panel of anti- SIRPa
Ab, immunohistochemistry and Western-blotting
methods, the expression of this IgSF member in
articular chondrocytes was investigated and then its
role in mechano-transduction was assessed.

MATERIALS AND METHODS

Source of tissue, chondrocyte culture. Human
articular cartilage was obtained from Royal
Infirmary Hospital, Edinburgh (Scotland, UK), with
ethical approval and patients’ consent, at operation
from knee joint arthroplasty specimens and
amputations for peripheral vascular. Cartilage was
assessed macroscopically for the presence or
absence of osteoarthritic changes and graded
macroscopically for the presence or absence of OA
using the Collins/McElligott  system  [10].
Chondrocytes were isolated by sequential enzyme
digestion as described previously. Cells were seeded
in Iscove’s modified Dulbecco’s medium (Gibco,
UK) supplemented with 10% fetal calf serum
(Sigma, UK), 100 L.U./ml penicillin (Gibco, UK)
and 100 pg/ml streptomycin (Gibco, UK) to a final
density of 5 x 10°/ml (for protein extraction) and 1 x
10* cells/ml (for electrophysiology) in 55 mm plastic
Petri dishes (Nunc, USA). Primary, non-confluent,
1-2 week cultures of chondrocytes were used in all
experiments. The day before mechanical stimulation
was to be carried out and culture media containing
serum was replaced by serum-free media.

Antibodies. A panel of mouse mAb anti-SIRPa
antibodies SE12B6, SE7C2 and SESAS (kindly
donated by Dr. H.J Biiring, University of Tiibingen,
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Germany) and a rabbit polyclonal anti-SIRPa
(Affinity Bioreagents [ABR, Inc.]) were applied.

Immunohistochemistry. The technique for
paraffin sections has been previously described [10].
For frozen sections, samples of normal and
osteoarthritic human articular cartilage (Collins
grading system) were snap frozen in liquid nitrogen.
The sections were cut with a Brights cryostat,
mounted on poly-L-lysine coated glass slides,
allowed to come to room temperature and fixed with
acetone for 10 min. Then, the sections were stained
by an avidin-biotin-immunoperoxidase technique.

Protein extraction and Western-blotting. The
methods for protein extraction, immunoprecipitation
and Western-blotting used have been described
previously [10]. In brief, cells at rest or following
mechanical stimulation were washed with ice-cold
PBS containing 100 uM Na;VO, (Sigma, UK) and
lysed in situ with ice-cold lysis buffer at 4°C for 15
min. Lysis buffer contained 1% Igepal (Sigma,
UK), 100 pM Na3;VO,, and protease inhibitor
cocktail tablet (Boehringer Mannheim, Germany).
Supernatants were collected after centrifugation at
16060 xg for 15 min. Concentration of protein
within lysate was determined using Folin-Lowry
assay method with Dynatech MR5000.

Whole cell extracts proteins were separated on a
7.5% SDS-PAGE under reducing conditions.
Following electrophoresis, whole cell lysate was
transferred onto polyvinylidene fluoride membranes
(Millipore Immobilon-P, Sigma, UK). Membranes
were blocked overnight at 4°C with 2% BSA in
TBST (12.5 mM Tris/HCI, pH 7.6, 137 mM NaCl,
0.1% Tween 20). After washing three times with
TBST, blots were incubated for 1 h at room
temperature with rabbit polyclonal anti-SIRPa
(Affinity Bioreagents [ABR Inc.]) and then HRP
was labelled as secondary antibody. Membranes
were rewashed extensively and the binding was
detected using Enhanced Chemiluminescence Plus
Western- blotting detection system (Amersham,
USA), according to the manufacturer’s instructions.

Electrophysiological measurements and
mechanical stimulation of  chondrocytes.
Membrane potentials of cells were recorded using a
single electrode bridge circuit and calibrator as
previously described [11, 12]. Microelectrodes with

tip resistances of 40 to 60 Meg ohms and tip
potentials of approximately 3 mV were used to
impale the cells. Membrane potentials of the 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 60 s. The membrane potentials
of 5-10 cells were measured prior to and following
additional of the reagent to be tested and/or
mechanical stimulation. Each experiment was
undertaken at least three times on cells from
different donors.

The technique and apparatus used for mechanical
stimulation of primary human articular chondrocytes
have been previously described in detail [12]. Plastic
tissue culture dishes (55 mm diameter, NUNC,
USA) containing sparse primary monolayer cultures
of human articular chondrocytes monolayer were
placed in a sealed pressure chamber with inlet and
outlet ports. The chamber was pressurized using
helium gas from a cylinder, at a frequency
determined by an electronic timer that controlled the
inlet and outlet valves. The standard stimulation
regime used was a frequency of 0.33 Hz (2 s on and
1 s) for 20 min, 37°C, at a pressure of 16 kPa above
atmospheric pressure. This system produces 3700
microstrain on the base of the culture dish.

Statistics. The mean, standard and standard error
of the mean of cell membrane potentials were
determined in each experiment. For statistical
comparisons, when the F-ratio of the two variances
reached significant, the non-parametric Mann-
Whitney test was used. When the ratio did not reach
significant the student's t-test was used.

RESULTS

Immunohistochemistry. To identify whether
chondrocytes express SIRPa, a panel of mouse mAb
anti- SIRPa antibodies SE12B6, SE7C2 and SE5AS
and one rabbit polyclonal anti-SIRPa. (ABR) were
applied. In preliminary studies all antibodies were
tested by immunohistochemistry on frozen and
paraffin sections. The antibodies did not show
positive signal at all on either paraffin or frozen
sections at a range of concentrations. Different zones
including superficial, surface, middle and deep
zones in each section were assessed separately with
three different expert persons.
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Table 1. Effect of function blocking anti- SIRPoc mAb, SE5A5 and SE7C2, at 1:1000, on the depolarisation response of OA
cultured chondrocytes to 0.33 Hz cyclical mechanical stimulation.

Reagent n Membrane potential ((-mV) (Mean + SEM) % change P value
Resting Anti-SIRPa, alone Anti-SIRP + 0.33 Hz MS
Nil 5 24.8+0.8 - 16.4£0.9 -33 0.0002
SE5A5 5 292+ 1.0 29.0% 1.1 23.2£0.8 -20 0.002
SE7C2 5 26.2+0.8 27.4+0.9 282+1.3 7 NS*
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*NS: not significant; Compared with antibody alone.

Expression of SIRPa in cultured human
articular chondrocytes. Normal chondrocytes were
isolated from 1 tibial plateau, female, age 71; 3
femoral heads, 2 males and 1 female, age range 70-
83, mean 78. OA chondrocytes were isolated from 1
femoral head, grade II, male, age 83; 2 tibial
plateaux, grades II and III, both female, age range
62-87, mean 75 (Table 1).

Extracts from normal and OA chondrocytes were
analyzed by running onto 7.5% SDS-PAGE under
reducing conditions. Polyclonal rabbit anti-SIRPa
(ABR) at 1:1000 showed strong band at molecular
weight of approximately 70-80 kDa, that it was
consistent with the range of the molecular weight of
this molecule (Fig. 1).

Both normal and OA chondrocytes showed a
similar band at ~70-80 kDa, which is consistent with
the known range molecular weight of this receptor.
Chondrocytes isolated from different donors did not
show any detectable difference in the expression
pattern of SIRPa in the several experiments (Fig. 1).
The results in Figure 1 shows reproducible similarity
in detectable levels of SIRPa in chondrocytes
derived from normal and OA chondrocytes.

Effect of anti- SIRPa Ab, SE5A5 and SE7C2, on
the OA chondrocyte depolarization response to 0.33
Hz cyclical mechanical stimulation. A series of
experiments was undertaken to establish whether
SIRPa is involved in the chondrocyte electro-
physiological response to 0.33 Hz cyclical
mechanical stimulation.

Two function-blocking mAb against SIRPa
SE5AS5 and SE7C2, at 1:100, were applied. The
monoclonal Ab were incubated with OA cultured
chondrocytes in separate experiments at 37°C for
10 min prior to 0.33

Hz cyclical mechanical stimulation for 20 minutes.
As shown in Table 1, in the presence of anti-
SIRPa mAb SE7C2, the electrophysiological

response of cultured OA human chondrocytes to
0.33 Hz cyclical mechanical stimulation was
inhibited, indicating that this protein has a role in
chondrocyte mechano-transduction. Another anti-
SIRPa mAb (SE5AS5) did not show significant
inhibitory effect on depolarisation response of
osteoarthritic chondrocytes following 0.33 Hz
mechanical stimulation (Table 1).

MW a b
160 =
50 = [Me——
35~

Fig. 1. Detection and comparison of SIRP¢, in normal and OA
human articular cartilage. Equal amounts (40pg/lane) of total
extracted proteins prepared from cultured human articular
chondrocytes derived from normal (lane a), OA (lane b)
chondrocytes were run onto 7.5% SDS-PAGE under reducing
conditions. The detection of SIRPa was assessed by probing the
blots with rabbit polyclonal anti-SIRPa (AB) at 1:1000. Normal
(lane a, femoral head, male, age 70) and OA (lane b, tibia OA
grade III, female, age 87) chondrocytes. Both normal and OA
chondrocytes did not show detectable difference in the pattern of
SIRPa expression.

DISCUSSION

SIRPa. shows heterogeneity in molecular weight
(~65-120 kDa) in various tissues due to differential
glycosylation [2]. These observations and a similar
structure of SIRPa and cell adhesion molecules
suggest a role for SIRPa as a signal transducer
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molecule in various cell types. It has been shown
previously that adhesion of cultured fibroblasts to
various ECM proteins induces the tyrosine
phosphorylation of SIRPa and its association with
SHP-2 in a manner dependent on Src family kinases
and Focal adhesion kinase [8].

This is the first study that showed the expression
of SIRPa by both normal and OA cultured articular
chondrocytes. No detectable difference was found
between the expression of SIRPa by normal and
diseased chondrocytes. Chondrocytes in OA are
known to show significant phenotypic differences
from those of normal cartilage [13]. These
differences in phenotype, including altered
expression of integrins, cytokines, and growth
factors, as well as production of ECM, are believed
to represent a reparative or remodelling response of
chondrocytes following damage to cartilage [14].

Different SIRPa epitopes may have different
functional roles, and this could be due to their
relative ability to cluster and induce a signaling
cascade in chondrocytes. SESAS and SE7C2 mAb
recognized different epitopes on the same antigen [9,
15] and one of them was involved in chondrocyte
mechano-transduction at least in this system.
Therefore, both SE7C2 and SE5AS characterized as
function-blocking mAb but have different non-
competitive epitopes. SE7C2 recognizes a site on the
SIRPa molecule necessary for chondrocyte response
to mechanical stimulation, whereas SESAS does not.

It seems likely that SIRPa, under specific
circumstances, undergoes a transient state, including
interaction with integrins and/or phosphorylation on
tyrosine residues and in part participates in
mechanical-induced response of  articular
chondrocytes mechano-transduction. Alternatively,
SIRPa could be associated with other proteins,
which contribute to the -electrophysiological
response of chondrocytes such as ion channels. In
any case, this study has provided a specific
functional role for SIRPa in chondrocyte mechano-
transduction.

This study demonstrated that SIRPa., a ligand for
CD47, is expressed by human articular
chondrocytes. The electrophysiology observations,
which are obtained from the present study, give
evidence that SIRPa as a component of the
mechano-transduction pathway is also responsive for
the regulation of intracellular signaling after
mechanical stimulation.
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