Annals of the Rheumatic Diseases 1991; 50: 311-315

University of Oxford,
Nuffield Department of
Pathology,

John Radcliffe Hospital,
Headington, Oxford
0X3 I9DU

N A Athanasou

J Quinn

Correspondence to:

Dr Athanasou.

Accepted for publication
3 June 1990

311

Immunocytochemical analysis of human synovial
lining cells: phenotypic relation to other marrow

derived cells

N A Athanasou, ] Quinn

Abstract

The antigenic phenotype of human synovial
lining cells in normal and hyperplastic
synovium intima was determined with a panel
of monoclonal antibodies directed against
a large number of well defined myeloid
(macrophage/granulocyte associated) antigens.
Synovial lining cells express numerous macro-
phage associated antigens, including CD11b
(CR3), CD13, CD14, CD16 (FcRII), CD18,
CD32 (FcRII), CD45 (leucocyte common
antigen), CD54 (ICAM-1), CD64 (FcRI),
CD68, and CD71 (transferrin receptor).
Few synovial lining cells expressed CD11la
(LFA-1) and CDllc (p150,95). Subintimal
macrophages expressed all the macrophage
associated antigens which were present on
synovial lining cells and, in addition, expressed
CD15a, CD25 (interleukin-2 receptor), CD34,
and CD35 (C3b receptor), none of which was
present on synovial lining cells. Synovial
lining cell expression of a wide range of
macrophage antigens argues in favour of their
marrow origin and membership of the mono-
nuclear phagocyte system.

The synovial membrane contains a distinctive
intimal lining, one to two cells thick, composed
of specialised synovial lining cells." A macro-
phage-like type A synovial lining cell has been
described! 2 by means of ultrastructural,”®
histochemical,” functional,’ and immuno-
logical®!? investigations. Experiments with
mouse radiation chimeras'® '* and the immuno-
histochemical demonstration of leucocyte com-
mon antigen'’? and monocyte/macrophage
markers®!? on synovial lining cells have shown
that some of these cells originate in bone
marrow. These cells are known to be actively
phagocytic!>'® and, together with subintimal
macrophages, form what has been described as
the articular territory of the reticuloendothelial
system.'® In conditions such as rheumatoid
arthritis and osteoarthritis, where there is
synovial lining cell hyperplasia, increased
numbers of cells with macrophage-like features
are present in the synovial intima,!-14 1
Although type A cells in the synovial lining
are considered part of the mononuclear phago-
cyte system, their precise lineage and develop-
mental pathway is unknown. It is not certain
whether type A synovial lining cells are simply
direct products of the monocyte/macrophage
lineage, differentiating further in situ to form
specialised synovial lining cells, or whether, as
has been suggested for other tissue specific
members of the mononuclear phagocyte

system,?® 2! synovial lining cell specific

progenitors are produced in the marrow by a
synovial lining cell lineage that diverges at some
early stage from that of monocytes and tissue
macrophages.

To investigate the origin and development of
synovial lining cells further we sought to define
the antigenic phenotype of human synovial
lining cells and subintimal macrophages in the
synovial membrane. We used a large number of
monoclonal antibodies directed against defined
myeloid (granulocyte/macrophage associated)
antigens for the immunohistochemical staining
of human synovial lining cells and subintimal
macrophages in the synovial membrane. The
pattern of antigen expression by these cells not
only has implications for synovial lining cell
origin and development but also for function
and interaction of these cells with other inflam-
matory cells. It also provides a means whereby
cells of synovial origin can be identified
immunohistochemically.

Materials and methods

Synovial membrane was obtained during open
surgery for joint replacement of osteoarthritic
hip joints (four cases, age range 55-70, two
male, two female). Synovium associated with
osteoarthritis was chosen as it has previously
been shown that in this condition cells derived
from marrow are present in the synovial intima
of normal or increased thickness.'?

The synovium was received unfixed and snap
frozen in liquid nitrogen. Cryostat sections (5
um) were cut, placed on gelatin coated glass
slides, and then fixed in cold acetone. An
indirect immunoperoxidase technique was car-
ried out.?? Antibodies were in the form of
ascites or purified immunoglobulin diluted
1:100 and 1:250 in phosphate buffered saline.
The monoclonal antibodies were largely derived
from the non-lineage and myeloid panels of the
IVth international workshop on human leuco-
cyte differentiation antigens. These monoclonal
antibodies were grouped into various antigenic
clusters, which were determined by the differ-
ences in pattern or reactivity against marrow
circulating and tissue fixed phagocytes.?? Table
1 shows details of these cluster defined (CD)
and other antigens. Full details of antibodies are
given in reference 23. Positive control con-
sisted of antibody to common HLA-A, B, C
determinants (WK/32HK). Negative controls
consisted of the addition of phosphate buffered
saline alone without primary antibody. The
proportion of synovial lining cells in the synovial
intima staining for a particular antigen was
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Table 1 Monoclonal antibodies used in this study and their antigen/cell specificity

Cluster  Antibodies Mol wt Cell specificity (antigens)
(kilodaltons)
CDlla MH24, 11H6, CRI1S-3, 122-2A5, BU17, 180 Many leucocytes (LFA-1)

BU49 GRT22, M232, 0501, MEM25,
MEM30, MEM83 MEM9S 25.3.1, lLll,
459, CLBS4 YFCS1. 1, YTHS]. S, YFC118. 3,
1524 2F12, F110.22, TMD3-1 ITM32
CC51D7, VIPIIIBI, GRF], Hllll, M10
CDIlb 44, JML-H11, LPMI9C, 14B6.E2, 5A4.CS, 1
MOI1, MN41, MJ5/1, TMG6-5, VIM12
CDl1lc 3.9, B-LY6, F9083, S-HCL3, L29 1
CD13 MoU48, 3D8, WMI5, U71, U8l, TUKI 1

CD14 CIB-Mon/1, UCHM1, M-M42, VIM-13,
RPA-M1, GRS1, 90.3, 10G3.3, LOM-01,
JML-H14

CD15a  VIMDS, 6F3, brad4Fl1, L16, JML-H15
CD16 VEP13, My23

CD18 MH23

CD25 TAC

55

50
80

55

Granulocytes, monocytes; Mac-1 (CR3:C3bi receptor)

Granulocytes, monocytes (p150,95)

Granulocytes, monocytes, macrophages, bile
canaliculi, connective tissues

Monocytes, macrophages, dendritic reticulum cells

50-180 Granulocytes, some monocytes, epithelium,

50-65 Granulocytes, some mo!

95
55

Reed-Sternberg cells (hapten X)
nocytes (FcRIII molecule)
(B Chain of LFA-Macl-p150,95 family).
Many leucocytes
Activated lymphocytes, macrophages
(interleukin-2 receptor)

CD31 L33, SG-134, 8/3, TM2 140 Granulocytes, monocytes, macrophages, platelets,
endothelium

CD32 MADbIV.3, 2E1, CIKM3 40 Granulocytes, B cells, monocytes, macrophages,
plntelets (FcRII moeptor for IgG)

CD33 My9, H153, LAF3 67 Early my macrop AML

CD34 My10, B1-3CS 115 Some myeloxds - cells, myelmd progenitors,
endothelium

CD35 El1, T0S5, JML-H13 220-250 Dendritic reticulum cells, red blood cells,
granulocytes, glomcmh monocytes (CRl C3b
receptor)

CD36 5F1 85 Monocytes, plntclcts

CD37 HD28 40-45 B cells, on macroph T cells

CD39 G28-10 80 B cells, mncropbngm endothelium, other cells

CD45 124-2H12B, 135-4CS, 135-4H9, U87, AA44, 200

AB103, AAl4, X16, GRT4, GRT3, GRT2,
H130, BRASS, TL-1, F10-89-4, BMAC-1,
BMAC-2, BMAC-3, IOR-L3, RPV/10, 03/9,
YTH24.5, YTH54.12, 80.2, 71.5, GB3,
T2/48, TU116, T29/33, 562/10D3

CD54 8F5, Myl3, RRV/1.11, LB-2

24 (Hogg)
CDé68 EBM/11, Y-1/82a, KiM6, Y2/131, KiM7 1
CD71 DF1513, VIP-1

CIII1. 47 CR3/43 (Mason)
WK/32HK

85
10

Leucocytes (leucocyte common antigen)

(ICAM-1)

FcRI receptor

Pan-mononuclear phagocyte system, renal
tubular epathehum

Transferrin recepto

Class II MHC (HLA DR)

Class I MHC (positive control)

All the above antibodies, unless indicated, were derived from the 4th international workshop on human leucocyte differentiation

antigens.

determined after counting 500 cells in five high
power fields.?* Results are expressed as a
percentage of CD14 and CD68 (monocyte/
macrophage associated antigen) stained cells.

Results

The four examples of osteoarthritic synovium
showed oedema of the subintima and had a
synovial intima of normal (one to two cells) or
increased (three or more cells) thickness. Scat-
tered subintimal macrophages were also noted
in the synovial membrane.

SYNOVIAL LINING CELL ANTIGENIC PHENOTYPE

Table 2 shows the antigenic phenotype of
synovial lining cells in the synovial membrane.
Synovial lining cells expressed leucocyte com-
mon antigen (CD45); this was present on only
isolated cells (25%) in synovial intima of normal
thickness but was present on almost all (>95%)
synovial lining cells in portions of hyperplastic
synovial intima. A similar percentage of cells
also showed strong membrane staining for
myeloid antigens, CD11b (CR3), CD13, CD14,
CD16 (FcRIII), CD18 (B chain of LFA family),
CD31, CD32 (FcRII), CD33, CD36, CD37,
CD39, CD54 (ICAM-1), CD64 (FcRI), and
CD71 (transferrin receptor) (figure). There was

also strong cytoplasmic staining for CD68
(tissue-macrophage associated antigen) and
strong membrane staining for HLA-DR on
almost all (>90%) synovial lining cells. Few
(<5% compared with CD14 and CD#68 staining)

Table 2  Expression of myeloid antigens by synovial lining
cells and submtimal macrophages in the synovial membrane

CD antigen Synovial Subintimal
lining cells macrophages

CDlla +* +
CDl11b ++ ++
CDllc +* +
CD13 ++ ++
CD14 ++ ++
CD15a - +
CD16 + +
CDI18 ++ ++
CD25 - +
CD31 ++ ++
CD32 + +
CD33 + +
CD34 - +
CD35 - +
CD37 + +
CD39 + +
CD45 ++ ++
CD54 ++ ++
CD64 + +
CD68 ++ ++
CD71 ++ ++
MHC class (HLA DR) ++ ++
Control HLA class 1 ++ ++
Negative - -

—=No reaction; +=weak reaction; ++=strong reaction.
*<5% cells stained (see ‘Results’).
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synovial lining cells in both normal and hyper- on synovial lining cells. Subintimal macro-
plastic areas of the synovial membrane reacted phages also reacted with antibodies directed
with antibodies directed against CD11c (p150, against CD1la and CDllc, with many cells
95) and CD11a (LFA-1) (figure D). No reaction  (>50% compared with CD68 and CD14 stain-
for CDI15a (hapten X), CD25 (interleukin-2 ing) showing a strong membrane reaction. In
receptor), CD34, CD35 (C3b receptor), or addition, a similar proportion of subintimal
CD43 was seen in synovial lining cells. macrophages showed variable (1040%) but
All the above antigens exposed by synovial largely weak expression of CDI15a, CD25,
lining cells were also present on monocytes or CD34, and CD35. There was also intense HLA-
macrophages according to the workshop study.?> DR positivity of subintimal macrophages and
Subintimal mononuclear cells in the synovial other mononuclear spindle and round cells in
membrane also reacted with those monoclonal the subintimal stroma as well as some endo-
antibodies which stained synovial lining cells. thelial cells lining blood vessels. Endothelial
No specific antibody reacting with synovial cells were also strongly stained by antibodies to
lining cells was identified. There was intense =~ CD32, CD34, CD39, and CD54.
staining for HLA-DR in the osteoarthritic
synovial lining. Serial sectioning showed that
many of these HLA-DR positive cells did not Discussion
contain macrophage markers and leucocyte This study has shown that synovial lining cells
common antigen, suggesting that they were not in both normal and hyperplastic areas of the
type A cells derived from marrow. synovial lining express numerous leucocyte and
monocyte/macrophage associated antigens. This
includes expression of CD45 (leucocyte
SUBINTIMAL MACROPHAGE ANTIGENIC PHENOTYPE common antigen), CDlla,b,c, and CD18 of
Subintimal macrophages were identified the lymphocyte function associated antigen
morphologically and by reaction with workshop  family, CD13, CD14, CD16 (FcRIII receptor),
antimacrophage antibodies directed against CD31, CD32 (FcRII receptor), CD33, CD37,
CD14 and CD68. These cells reacted with all CD39, CD54 (ICAM-1), CD64 (FcRI receptor),
the antibodies which stained synovial lining CD68, CD71 (transferrin receptor), and HLA-
cells; the reaction on subintimal macrophages DR antigen. These antigens are also present on
was also of similar pattern and intensity to that tissue (including subintimal) macrophages and in

& : ' N
>

Indirect 1 peroxidase stai; of synovial membrane showing positive reaction of synovial lining cells in synovial intima (large arrows) and subintimal
macrophages (small arrows) for (A ) CDl4 (monocyte/macrophage associated antigen) with monoclonal antibody CIB-Monl; (B) CD68 (macrophage
associated antigen) with monoclonal antibody EBM/11; (C) CD32 (FcRII receptor) with monoclonal antibody 2E1; (D) CDI Ic (p150,95) with monoclonal
antibody L29. Here, in contrast with the above, there are few positive synovial lining cells in the intima and few positive subintimal macrophages. The open

arrow indicates unstained synovial lining cells.
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some cases, blood monocytes and other marrow
derived cells. The synovial lining cell antigenic
phenotype was distinguished from that of tissue
macrophages by the absence of several antigens,
including CD15a, CD25, CD34, and CD35 and
weak expression of CD11a and CDl11c.

Expression of common surface and cyto-
plasmic antigens is hardly surprising as synovial
lining cells and macrophages have similar ori-
gins, structures, cytochemistry, and functions.’
Leucocyte common antigen (CD45) is expressed
on the cell membrane of all cells derived from the
haemopoietic stem cell and is present on other
cells of the mononuclear phagocyte system.?> 2
This indicates that there are cells of bone marrow
origin in the synovial lining and that most cells
which contribute to hyperplasia of the synovial
intima also originate in the bone marrow. The
finding of distinct groups of synovial lining cells
with and without leucocyte common antigen in
the synovial lining of normal thickness argues in
favour of the existence of the two distinct, rather
thanasingle, cell type, expressing either type A or
type B morphology depending on its micro-
environment or functional state.?’

Synovial lining cells and subintimal macro-
phages variably expressed antigens of the
lymphocyte function associated antigen family.
This is a family of cell surface molecules that
are important in intercellular and cell matrix
adhesion reactions. These molecules consist of
three non-covalently associated heterodimers
with distinct a chains of molecular weight
180 kD (LFA-1), 155 kD (CR3), and 150 kD
(p150/95) and a 95 kD common B chain.?®
These distinct o subunits are respectively
clustered as CD1la, CD11b, and CDllc and
the common P chain as CDI8.2 Of these,
synovial lining cells only expressed the a chain
of the CR3 antigen and the common f chain
regularly and strongly. CR3 acts as an opsonic
receptor and promotes binding of C3bi coated
cells by phagocytes.?? CR3 is likely to be an
important receptor in the attachment and
phagocytosis of cells and particles by synovial
lining cells. CR3 recognises surface bound C3bi
but not the precursor C3b which is recognised
by CR1 (CD35); the latter was not present on
synovial lining cells.

Few synovial lining cells expressed LFA-1 or
the p150,95 antigens. These are also thought to
function as adhesion promoting receptors and
are present on monocytes and macrophages.?®
Hale ez al have also recently reported that LFA-
1 is present on subintimal lymphocytes and
macrophages but absent on most type A synovial
lining cells and cultured synovial fibroblasts.°
Synovial lining cells, however, strongly ex-
pressed CD54, the intercellular adhesion
molecule ICAM-1, an 88 kD inducible surface
glycoprotein, which is the ligand for LFA-
1.31 32 ICAM-1 is also expressed by vascular
endothelial cells and fibroblasts. This suggests a
mechanism whereby the traffic of LFA-1 posi-
tive leucocytes from endothelial cell to the
subintima and, finally, intima may be directed.
Such reactions may be important in the produc-
tion and maintenance of chronic synovial
inflammation and exudation of inflammatory
cells into the synovial fluid. Direct interaction
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between leucocytes and synovial lining cells is
also possible through an LFA-1/ICAM-1 recep-
tor ligand pairing, a mechanism whereby these
inflammatory cells may modulate synovial lin-
ing cell function. Allen et al have also recently
shown that few synovial lining cells in normal or
osteoarthritic synovium express CD11c and that
expression of this molecule is increased in
rheumatoid synovium.??* Similarly, p150,95
may play a part in cellular interactions which
are important in initiating and perpetuat-
ing synovial inflammation by modulation of
inflammatory cell migration in the synovial
membrane.

Synovial lining cells also expressed other
receptors which are important in phagocytosis
and endocytosis, including the three receptors
for the Fc portion of immunoglobulin—FcRI
(CD64), FcRII (CD32), and FcRIII (CD16).
Most synovial lining cells, including those
without leucocyte common antigen or macro-
phage antigens, also showed strong staining for
HLA-DR in both normal and hyperplastic
synovium. This indicates that these antigens are
expressed by both type A (marrow derived) and
type B (non-marrow derived) synovial lining
cells and is in keeping with several previous
studies which have studied HLA-DR positive
cell populations in normal and arthritic syno-
vium.*>!! 3438 Expression of receptors for iron
transport is in keeping with the well recognised
ability of synovial lining cells to take up blood
and haemosiderin pigment and is a feature of
other specialised mononuclear phagocytes.3®
Several antigens which are strongly expressed
by cells of the mononuclear phagocyte system
were also present on synovial lining cells,
including CD13, CDI14, and CD68.23 4044
Other antigens, CD31, CD33, CD37, and
CD44 found on synovial lining cells are also
known to be expressed by mononuclear phago-
cytes, other leucocytes, and some non-myeloid
cells (table 1).

Synovial lining cell expression of CD14,
CD68, and other monocyte/macrophage as-
sociated CD antigens would argue against
synovial lining cell development being entirely
separate from that of monocytes and macro-
phages and is in keeping with synovial lining
cell membership of the mononuclear phagocyte
system. Differences, however, in the pattern
and intensity of antigen expression by synovial
lining cells and subintimal macrophages do
exist. Absence of CD25 (interleukin-2 receptor),
CD35 (C3b receptor), and CD34 may simply
reflect differences in the microenvironment or
functional status of the two cells. Thus synovial
lining cells may be derived from the subintimal
population of mononuclear phagocytes, which
are themselves derived from circulating mono-
cytes. Synovial lining cells could then mature
and differentiate further in the intimal layer,
with the loss and possible acquisition of anti-
gens signalling this. It has also been suggested
that subintimal macrophages are derived from
synovial lining cells which after ingesting
material wander down into the subsynovial
tissue.'® If this is the case, such migration is
associated with increased expression of LFA-1,
p150,95 and expression of antigens such as the
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receptor for interleukin-2. One further pos-
sibility, which is also suggested by differences
in the antigenic phenotype between synovial
lining cells and tissue macrophages, is that there
is a distinct cell lineage pathway for synovial
lining cells as there seems to be for other tissue
specific cells of the mononuclear phagocyte
system.?’ 2! This synovial lining cell lineage
might diverge early from that of monocytes and
tissue macrophages. Thus specific synovial lin-
ing cell progenitor cells may exist in the marrow
and these could produce site specific circulating
mononuclear cells which would then home to
the synovial intima.

The use of monoclonal antibodies to define
the human synovial lining cell antigenic pheno-
type and distinguish it from that of subintimal
and tissue macrophages should facilitate more
precise characterisation of cells which are
derived from the synovium and used in in vitro
culture studies of synovial cell function. It
should also permit assessment of the antigenic
phenotype of those cells which are present in
pathological lesions that are presumed to be of
synovial origin—for example, benign synovioma
(giant cell tumour of tendon sheath).*> Finally,
knowledge of the antigenic phenotype of
synovial lining cells and subintimal macro-
phages is likely to show that different forms of
arthritis are characterised by different patterns
of antigen expression. This has already been
noted for HLA-DR3*3¢ and lymphocyte func-
tion associated antigen®® 3* expression in
rheumatoid synovium.

We thank Miss L Watts for preparing the manuscript. NAA is an
ARC fellow in osteoarticular pathology.
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