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Summary. We have studied synthesis of the complement 
components and regulatory proteins of the alternative 
pathway and the membrane attack complex in synovial 
membrane. RNA was extracted from synovial tissue of 
patients with rheumatoid arthritis (RA) or osteoarthritis 
(OA) as well as from normal synovial membrane. Dot 
blot analysis showed the presence of mRNAs for all the 
complement components and regulatory proteins (C3, 
factor B, factor D, C5, C6, C7, C9, factor H, factor I, 
S-protein, SP-40, 40, DAF, MCP, CR1, CD59), except 
for properdin, C8e, C8/3 and C87 in all three types of 
synovial membrane studied. In an attempt to determine 
which components were synthesised by each cell type, 
monocytes (mononuclear phagocytes), human umbilical 
vein endothelial cells (HUVEC), synovial membrane fi- 
broblasts (from normal, OA and RA synovial mem- 
brane) and peripheral blood lymphocytes were cultured 
in vitro and secretion rates of individual components 
were measured and total cellular RNA analysed by 
northern blotting. Monocytes secreted properdin, C3, 
and factor H but not factor B, factor I, C5, C6, C7, C8 or 
C9. Fibroblasts and endothelial cells secreted factor B, 
factor H and factor I, but not properdin, C5, C6, C7, C8 
or C9. Lymphocytes did not secrete any of these compo- 
nents, mRNAs encoding C3, factor B, factor H, S- 
protein, SP-40, 40, MCP and DAF were detected in all 
three other cell types (monocytes, fibroblasts and HU- 
VEC), but factor I and CD59 mRNAs were not detected 
in monocytes. C5, C6, C7, C8~, C8fl, CD8~ and C9 
mRNAs were not detected in any of the cell types studied. 
Cell-specific differences were observed in the expression 
of the different mRNA species for DAF, MCP and CD59. 
The results of the present study demonstrate that synthe- 
sis of many complement components occurs in normal, 
RA and OA synovial membrane, and that this may be 
explained in part by synthesis in mononuclear phago- 
cytes, endothelial cells and fibroblasts. The cellular 
sources of C5, C6, C7 and C9 mRNAs in synovial mem- 
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brane have not been determined. The data also show that 
there are important cell-specific differences in the expres- 
sion of the genes encoding both the alternative comple- 
ment pathway components and the membrane regulatory 
components. These differences require further investiga- 
tion. 
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proteins - Alternative complements pathway - Mem- 
brane attack complex - Synovium 

Introduction 

The complement system comprises a group of plasma 
and associated cell membrane proteins which play a ma- 
jor role in the inflammatory response and in host defence. 
The system may be activated by either of two pathways, 
the classical or the alternative. The classical pathway is 
usually activated by antigen-antibody complexes, where- 
as activation of the alternative pathway by micro-organ- 
ism may occur in the absence of antibody (reviewed in 
[1]). Activation of either pathway results in the formation 
of multimolecular enzymes which activate the third (C3) 
and fifth (C5) components, and recruit the components 
of the terminal sequence to form the C5b-9 cytolytic 
membrane attack complex (MAC). A number of pro-in- 
flammatory products are generated during complement 
activation. The anaphylatoxins (C4a, C3a and C5a) are 
released from the N-termini of C4, C3 and C5 by limited 
proteolysis during activation of either the classical (C4a, 
C3a and C5a) or alternative (C3a and C5a) pathways [2]. 
These peptides activate a variety of inflammatory cells 
including mast cells, neutrophils and macrophages, they 
increase vascular permeability and C5a is a powerful 
chemoattractant (reviewed in [2]). The opsonins C3b and 
iC3b ligate the complement receptors CR1 and CR3 re- 
spectively [3]. Ligation of CR3 on phagocytic cells results 
in phagocytosis [3]. Assembly of the MAC on non-nucle- 



140 

ated cell membranes results in lysis. However, although, 
nucleated cells are relatively resistant to lysis by the 
MAC, it assembly on such cells [including neutrophils, 
macrophages and rheumatoid arthritis (RA) synovial 
cells] may result in secretion of  reactive oxygen metabo- 
lites, arachadonic acid metabolites and cytokines (re- 
viewed in [4]). The widespread distribution of  the MAC 
in the tissue lesions of  many inflammatory diseases, in- 
cluding RA, in the absence of  necrosis provides strong 
support for a pathogenetic role for the MAC in the cellu- 
lar activation which occurs in these diseases [4]. 

RA is a chronic disease affecting principally synovial 
joints, and is characterised by chronic inflammation and 
joint destruction [5]. Although antigen-antibody com- 
plexes are present within the synovial fluid and joint  tis- 
sues in association with intense classical pathway activa- 
tion, significant alternative pathway activation also oc- 
curs [6] together with activation of  the terminal sequence 
and MAC assembly [7]. Thus intra-articular complement 
activation could contribute significantly to the inflamma- 
tory process in RA. Although the liver is the primary site 
of  synthesis of most of the plasma complements compo- 
nents (with the exceptions of Clq ,  factor D and pro- 
perdin) extrahepatic synthesis of C3 and factor B occurs 
in most cells, while other complement components are 
synthesised by cultured mononuclear phagocytes, fibrob- 
lasts, endothelial cells, epithelial cells and adipocytes (re- 
viewed in [8]). Whether these cells synthesise complement 
components in vivo has not been determined. The impor- 
tance of  locally synthesised complement components is 
unknown: in normal tissues they could play a role in host 
defence whereas in inflamed tissues they could contribute 
to the inflammatory process. RA is a chronic inflamma- 
tory process in which cellular proliferation/recruitment 
predominates over exudation and joint destruction often 
proceeds in the absence of  effusion. In addition at the 
leading edge of  the pannus and at the site of erosions, 
fibroblasts, macrophages and the endothelial cells of  the 
newly formed non-patent capillary buds are present [9], 
all o f  which are capable of synthesising complement. 
Thus, although in acutely inflamed tissues plasma exuda- 
tion would be expected to provide the major source of 
complement components in inflammatory exudate, in 
chronic inflammation and in non-inflamed tissues local 
synthesis of components might be expected to contribute 
significantly to the amount  in the extravascular fluid. In 
this context it is important  to note that a study of  C3 
metabolism in a patient with RA showed that approxi- 
mately half the C3 present in joint fluid had been synthe- 
sised locally [10]. In a separate study we have shown that 
all the components and fluid-phase regulatory compo- 
nents of the classical pathway were synthesised within 
synovial membrane from normal joints and from joints 
of patients with RA or osteoarthritis (OA) (submitted 
for publication) [11]. In this study we have sought to 
determine (1) which components and regulatory com- 
ponents of the alternative pathway and terminal se- 
quence are synthesised in synovial membrane from pa- 
tients with RA, OA and in normal synovial membrane, 
and (2) which cells are capable of synthesising these com- 
ponents. 

Materials and methods 

Reagents 

The following reagents were purchased from the sources shown: 
Linbro multiwell tissue culture dishes, trypsin-EDTA solution in 
Puck's saline (trypsin EDTA), Linbro 75 cm 2 tissue culture flasks, 
Dulbecco's modified Eagle's medium (DMEM), RPMI 1640 (Flow 
Laboratories, Rickmansworth, England); fetal calf serum (FCS), 
antibiotic, Hank's balanced salt solution, Nunclon tissue culture 
flasks 25 cm 2, 75 cm2; 175 cm 2 (Gibco BRL, Paisley, Scotland); 
Hybond-N membranes (Amersham International, England); ran- 
dom primed DNA labelling kit, DNase I (RNase free), RNase in- 
hibitor (Boehringer Mannheim, Mannheim, Gemany); diethylpyro- 
carbonate, gelatin (2% (w/v) solution), endothelial ceU growth 
supplement (Sigma, Poole, England); RNAzol (Biogenesis, Bourne- 
mouth, England); human AB serum (ABS) was supplied by the 
Scottish Blood Transfusion Service (Law Hospital, Carluke, Scot- 
land). FCS and ABS were heat-inactivated (56 ~ C for 2 h) prior to 
use. 

Preparation of  cDNA probes 

Plasmids containing the following cDNA were used: C3 (PLC351; 
Dr. G. Fey, Scripps Clinic and Research Foundation, La Jolla, 
Calif.) [12]; factor B (p2FB; Dr. R. D. Campbell, Oxford, England) 
[13]; properdin (P516; Dr. K. B. M. Reid, MRC Immunochemistry 
Unit, Oxford) [14]; factor D (hg 31-40, Dr. T. White, Metabolic 
System Inc, Mountain View, Calif.) [15]; C5 (C5HG2; Dr. B. Tack, 
Scripps Clinic and Research Foundation, La Jolla) [16]; C6 (C6e; 
Dr. M. J. Hobart, MRC Molecular Immunopathology Unit, Cam- 
bridge, England) [17]; C7, C9 (HL/C7: 81423, p i l l  C9/55; Dr. R. 
DiScipio, Scripps Clinic and Research Foundation, La Jolla) [18, 
19]; CSe, CSfl, C8~ (Dr. J. M. Sodetz, Department of Chemistry, 
University of South Carolina, Columbia) [20-22]; factor H, factor I 
(B38-1, psp64; Dr. R. B. Sire, MRC Immunohistochemistry Unit, 
Oxford), SP-40,40 [23, 24] (LK 107, Dr. B. Murphy, St. Vincent's 
Hospital, Fitzroy, Victoria, Australia) [25]; S-protein/vitronectin 
(Bioquote Ltd, Ilkley, England), membrane cofactor protein 
(MCP-9; Dr. D. M. Lublin, Washington University School of Med- 
icine, St. Louis, Mo.) [26]; decay accelerating factor (DAF2.1; 
Dr. M. E. Medof, Department of Pathology, Case Western Reserve 
University, Cleveland, Ohio) [27]; complement receptor type 1/C3b 
receptor (pCRI.I; Dr. D. T. Fearson, Department of Medicine, 
Johns Hopkins University, Baltimore, Md.) [28]; CD59 (YTH53.l/ 
1; Professor H. Waldmann, Department of Pathology, University of 
Cambridge, England) [29]. 

After the cDNA inserts had been excised from their vectors with 
the appropriate restriction endonucleases, they were purified by 
electrophoresis in low-melting-temperature agarose followed by 
phenol/chloroform extraction and ethanol precipitation. S-protein 
cDNA was amplified by PCR using internal primers (5'> GCG 
TCG ACA GAT GGC CAG GA < 3' and 5' > GCG AAT TCA 
CCG ACT CAA GAA C < 3'). cDNAs for C6 and C7 were PCR 
amplified using M 13 mp 18 primers, and DAF cDNA was amplified 
using pGEM primers. Primer concentrations were 0.5 IxM and all 
reactions consisted of 25 cycles of denaturation (96 ~ C for 1 rain), 
annealing (42 ~ C for 2 rain) and extension (72 ~ C for 2 rain). Radio- 
labeUed eaz-p-d-CTP cDNA probes were prepared by the random 
prime reaction as described previously [31]. 

Tissues and cells 

Synovial tissue. Synovial tissue was collected at the time of surgery 
from the knee joints of three patients with definite or classical RA, 
three with OA and three from individuals undergoing meniscectomy 
who did not have any OA or chronic inflammatory joint disease 
(normal). Immediately after collection the tissue specimens were 
snap-frozen in liquid nitrogen and RNA was isolated from the 



frozen tissue using RNAzol, as described previously [42]. RNA 
extracted from the tissues was analysed in formaldehyde denaturing 
gels and the relative abundances of mRNA species determined by 
dot-blot analysis using 5 gg RNA/blot [42]. Hybridisation reactions, 
washing and autoradiography were performed as described for 
northern blots (see below). Blots were standardised by stripping 
(100 ~ C in 0.1% (w/v) sodium dodecyl sulphate (SDS) for 5 min) and 
reprobing with the 732p-ATP unlabelled synthetic oligonucleotide 
probe (5'> AAC GAT CAG AGT AGT GGT ATT TCA CC < 3') 
for 28S rRNA [30]. 

Synovialfibroblasts. Fibroblasts were isolated from synovial mem- 
brane as described previously [42]. Cells were cultured (at 37~ in 
a humidified 5% COz/air atmosphere) containing DMEM and 
10 % FCS. Studies of complement synthesis were undertaken during 
the third passage. 

Endothelial cells. Primary cultures of human umbilical vein en- 
dothelial cells (HUVEC) were prepared from freshly collected um- 
bilical cords, and cultured as described previously [43]. The cells 
were used for experiments during their fourth passage, at which 
time they were cultured in RPMI 1640 containing 15% FCS. 

Monocytes. Human monocytes monolayers were prepared from the 
buffy coats of blood donations in 24-well Linbro tissue culture 
plates [31] and the cells cultured in RPMI 1640 containing 10% 
ABS at 37 ~ C in a humidified 5% CO2/air atmosphere. After 3 days 
cells were washed five times and the medium changed to RPMI 1640 
containing 20% FCS and the cells incubated under the same condi- 
tions for 24 h before any experiments were performed. 

Lymphoeytes. The non-adherent cells from the mononuclear leuco- 
cyte suspensions used for the preparation of monocyte monolayers 
were washed in RPMI, resuspended to 2.5 x 106 cells/ml in RPMI 
containing 10% FCS and incubated at 37~ in a humidified 5% 
CO2/air atmosphere. 

Total cellular RNA and northern blotting 

Total cellular RNA was prepared from cells cultured for 7 days, 
using RNAzol and northern blotting was performed as described 
previously [31]. Blots were hybridised (incubation with 106 cpm/ml 
hybridisation fluid at 42~ overnight) to the 32P-labelled cDNAs, 
washed to high stringency [0.1 x SSC containing 0.1% (w/v) SDS] 
at 65 ~ C and subjected to autoradiography. Autoradiography were 
scanned using a Joyce-Loebl Chromoscan-3 (Joyce-Loebl, Gates- 
head, England). An arbitrary value of 1.00 was assigned to the 
control level of expression. Northern blots were stripped and re- 
probed with a synthetic oligonucleotide probe for 28S rRNA as 
described for dot-blot analysis (see above). 
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between the mean values of protein secretion rates in each cell type 
were analysed using Student's t-test. 

Results 

Synovial tissue mRNAs  

Dot Nots of RNA from RA, OA and normal synovial 
tissue gave positive hybridisation signals for all the mRNA 
species studied (C3, factor B and D, C5, C6, C7, C9, 
factors H and I, S-protein, SP-40,40, DAF, MCP, CR1, 
CD59) with the exceptions of properdin and CSa, CSfl 
and C87 (Fig. 1). The relative abundance of C3 mRNA in 
normal synovial membrane was higher than that in OA 
tissue (t = 3.46, P < 0.05) but lower than that in RA tis- 
sue (t = 8.33, P < 0.001) (Table 1). The relative abun- 
dance of factor B mRNA was increased in RA tissue 
compared with normal synovial membrane (t = 3.22, 
P < 0.05) (Table 1). With these exceptions there were no 
significant differences between the relative abundances of 
mRNAs for factor D, C5, C6 and C7 in the three types of 
tissue (Table 1, 2). Because of the amount of RNA avail- 
able the relative abundances of the mRNAs for C9 and 
the fluid-phase regulatory components were determined 
in only one sample of each type of synovial tissue. The 
abundances of the mRNAs for factor H and I and possi- 
bly CD59 appeared to be higher in RA compared with 
normal tissue, while that of SP-40,40 was low in OA 
tissue (Table 1, 2). 

Cell mRNAs  

Single species of mRNA were observed for C3 (5.1 kb), 
factor B (2.7 kb), factor D (2.2 kb), properdin (1.6 kb), 

Measurements of  proteins in culture fluids 

A set of each type of cell culture was incubated for 7 days. At days 
1, 3, 5 and 7 the entire culture supernatant was replaced and the 
used medium stored at - 70 ~ C until assayed. On day 7, the cells 
were washed and adherent cells were detached by trypsinisation. An 
aliquot was used for determining cell number and the remainder 
was used for RNA extraction. The concentrations of C3, factor B, 
properdin, C5, C6, C7, C8, C9, factor H and factor I were deter- 
mined by ELISA [31]. We have not yet been able to develop suffi- 
ciently sensitive ELISA procedures for factor D, S-protein or SP-40, 
40. 

Statistics 

Differences between the mean values of the relative abundances if 
each species of mRNA in each of type of synovial membrane and 

Fig. 1 a, b. Dot blot analysis from normal (N), osteoarthrifis (OA) 
and rheumatoid arthritis (RA) synovial membrane. The dots (5 gg 
RNA) were probed for a mRNAs for C3 (3), factor B (B), factor D 
(D), properdin (P), factor H (H), factor I (/), S-protein (S), SP-40, 
40 (40), DAF (A), MCP (M), CR1 (R1) and CD59 (59) and b 
mRNAs for C5 (5), C6 (6), C7 (7) and C9 (9). Properdin and C8 
mRNAs were not detected, and the signal for S-protein was very 
faint 
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Table 1. Relative abundance of mRNAs for alternative pathway 
components and control proteins in synovial tissue 

Component Normal OA RA 

C3 1.00-+0.01 0.56_+0.22* 1.15-I-0.03"* 
Factor B 1 . 0 0 - + 0 . 0 5  1 .45-+0 .28  1.88__+0.47" 
Factor D 1 .00_+0.15 1.33_+0.37 1.21 _+0.21 
Factor H" 1.00 1.00 2.00 
Factor 1 ~ 1.00 0.7 4.30 
MCP 1.00+_0.03 0 .83_+0 .1  0.83-t-0.2 
DAF 1.00_+1.00 0.4 _+0.3 0.6 -/-0.004 
CR1 1.00-+ 0.5 1.00-+ 0.2 0.93_+ 0.2 

Values are mean_+ SEM of three experiments 
OA, Osteoarthritis; RA, rheumatoid arthritis 
" Due to shortage of RNA only one value was obtained for the 
relative abundances of factor H and factor I mRNAs 
* P < 0 . 0 5 ;  ** P < 0 . 0 0 1  

Table 2. Relative abundance of mRNAs for terminal sequence 
components and regulatory proteins in synovial tissue 

Component Normal OA RA 

C5 1.00!0.15 1.54_+0.29 1.28+0.31 
C6 1.00 0.98_+0.14 1,05_+0.21 
C7 1.00 1.28___0.28 1,41 _+0.29 
C9" 1.00 1.05 1.09 
S protein a 1.00 3.20 1.50 
SP-40,40 ~ 1.00 0.30 0.90 
CD59a 1.00 0.5 2.40 

Values are mean-+ SEM of three experiments 
a Due to shortage of RNA only one value was obtained for the 
relative abundance of C9, S protein, SP-40,40 and CD59 in RNAs 

factor I (2.4 kb), S-protein (2.8 kb) and SP-40,40 (1.8 kb) 
whereas multiple bands were observed for factor H (4.3 
and 1.8 kb), MCP (4.8 and 4.2 kb), DAF (2.7 and 1.5 kb) 
and CD59 (2.0, 1.4 and 0.8 kb) performed on northern 
blots isolated f rom the cells. C R I  m R N A  was not sought 
in the cell m R N A  preparat ions as it is known to be ex- 
pressed in monocytes but  not in H U V E C  or fibroblasts. 

Fibroblasts. Messenger RNAs  (mRNAs)  encoding C3, 
factor B, factor H, factor I, S-protein, SP-40,40, DAF, 
MCP and CD59 were detected by northern blotting of 
R N A  prepared f rom fibroblasts f rom synovial mem- 
brane f rom all three types of  patient. Messenger RNAs  
for factor D, properdin,  C5, C6, C7, C8, ,  C8fl, C87 and 
C9 were not  detected. The relative abundances of  each of 
the m R N A s  were similar in the three types of  fibroblast. 
As the blots for all three types of  fibroblasts are essential- 
ly the same, we have only shown those blots f rom fibro- 
blasts f rom normal  synovial membrane  (Fig. 2). 

Endothelial cells. Messenger RNAs  (mRNAs)  encoding 
C3, factor B, factor H, factor I, S-protein, SP-40,40, 
MCP, DAF and CD59 were detected in endothelial cells 
(Fig. 2). We were unable to detect m R N A s  for properdin, 
factor D, C5, C6, C7, C8~, C8fl, C8~ and C9. 

Monocytes. Monocytes  expressed m R N A s  for C3, fac- 
tor B, factor D, properdin,  factor H, S-protein, SP-40,40, 

Fig. 2 a, b. Northern blot analysis of RNA from monocytes, syn- 
ovial fibroblasts (from normal synovial membrane) and human 
umbilical vein endothelial cells (HUVEC). The blots were probed 
for a C3 (C), factor B (B), factor D (D), properdin (P), factor H (H), 
factor I (/), S-protein (S), SP-40,40 (40) and DC59 (59) and b DAF 
(A) and MCP (34). RNA preparations from fibroblast, OA and RA 
synovial membrane were also analysed but they are not shown as 
they gave identical results to those from normal synovium. The sizes 
of the mRNAs were as follows: C3 (5.1 kb), factor B (2.7 kb), factor 
D (2.2 kb), properdin (1.6 kb), factor H (4.3 kb and 1.8 kb), factor 
I (2.4kb), S-protein (2.8 kb), SP-40,40 (1.8 kb), CD59 (2.0 kb, 
1.4 kb and 0.8 kb), DAF (2.7 kb and 1.5 kb), MCP (4.8 kb and 
4.2 kb) 

MCP and DAF, but m R N A s  encoding factor I, C5, C6, 
C7, C8e, C8fl, C87 and C9 were not detected (Fig. 2). 
Factor  H m R N A  was only detected when cycloheximide 
(2.5 gg/ml) was included in the culture medium. 

Secretion rates of  complement components 

The secretion rates of  C3, B, P, H and I were linear 
throughout  a 7-day culture period. Monocytes  did not 
secrete factor I, C5, C6, C7, C8 or C9, fibroblasts did not 
secrete properdin,  C5, C6, C7, C8 or C9, endothelial cells 
did not secrete properdin,  C5, C6, C7, C8 or C9 (Table 3). 
Lymphocytes did not secrete any of  the fluid-phase com- 
plement components.  Factor  B secretion was not detect- 
ed in any of the set of  three monocyte  cultures (lower 
limit of  sensitivity of  ELISA 0.8 ng/ml), despite the ob- 
servation that factor B m R N A  was present. We have 
previously noted lack of factor B secretion in a significant 
propor t ion of unstimulated monocyte  cultures. The se- 
cretion rate of  C3 in monocytes was significantly higher 
than that  for H U V E C  (t = 9.81, P < 0.001), which in 
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turn had a higher rate than fibroblasts (t = 8.05, 
P < 0.005). The secretion of factor H in fibroblasts was 
significantly higher than in monocytes ( t=3.29,  
P < 0.05) and HUVEC (t = 2.63, P < 0.05). 

mRNAs for membrane regulatory components 

Fig. 3. Northern blot analysis of RNA from normal synovial fi- 
broblasts and human unbilical vein endothelial cells (HUVEC). 
Blots probed for DAF, MCP and CD59 demonstrate cell-specific 
differences in the expression of different mRNA species. The sizes 
of the mRNAs were as follows: DAF (2.7 and 1.5 kb), MCP (4.8 
and 4.2 kb) and CD59 (2.0, 1.4 and 0.8 kb) 

The levels of expression ofmRNAs for DAF and MCP in 
monocytes were too low for accurate densitometric mea- 
surement. The presence of mRNAs for DAF, MCP and 
CD59 in the different cell types was associated with mem- 
brane expression of these components as shown by im- 
munohistochemistry and flow cytometry (unpublished 
data). Although monocytes expressed membrane CD59, 
we did not detect CD59 mRNA in the cells used in these 
experiments. 

In all three cell types, DAF mRNA resolved into two 
bands of 2.7 and 1.5 kb. In HUVEC the ratio of the 
density of the lower band was approximately twice that 
of the upper band, whereas in fibroblasts the lower band 
was of equal or lesser intensity than the upper (Table 4). 

MCP mRNA was present as a single species (4.2 kb) in 
fibroblasts (Fig. 3) but resolved into bands (4.8 and 
4.2 kb) in HUVEC (Fig. 3). The hybrid•177 signal for 
MCP in monocytes (a single band of 4.2 kb) was very 
weak (data not shown). 

CD59 mRNA resolved into three bands (2.0, 1.4 and 
0.8 kb) in HUVEC and fibroblasts. The ratio of 1.4/ 
2.0 kb and 0.18/2.0 kb species was greater in HUVEC 
than in fibroblasts (Table 4). As a control the ratio of 
1.8/4.3 kb mRNAs for factor H was measured and shown 
to be similar in both cell types (Table 4). 

Table 3. Secretion rates of complement components (molecules/ 
min per cell) in different cell types 

Component Monocytes Fibroblast HUVEC 

Factor B ND 30 • 8 26 • 9 
Properdin 561 • 78 ND ND 
C3 813• 20• 110• 
Factor H 65 • 6 140 • 22 74 • 12 
Factor I ND 39 • 10 40 • 12 

Data for fibroblasts are from normal synovial membrane. The re- 
sults obtained with fibroblasts from OA and RA synovial mem- 
brane were similar. ND, Not detected; HUVEC, human umbilical 
vein endothelial cells; Data represent the mean • SEM of three 
experiments. Results of statistical analysis are presented in the text. 
We were unable to detect C5, C6, C7, C8 or C9 in any of the culture 
supernatants 

Discussion 

We have studied the synthesis of the complement compo- 
nents of the alternative pathway (C3, factor B, factor D 
and properdin), the membrane attack complex (C5, C6, 
C7, C8, C9) and the regulatory components (factor H, 
factor I, S-protein and SP-40,40, DAF, MCP and CD59) 
by synovial membrane. In addition we have also studied 
the synthesis of these components by mononuclear 
phagocytes, fibroblasts, endothelial cells and lympho- 
cytes in an attempt to determine which cells in synovial 
membrane may be responsible for their synthesis. Our 
results show that the mRNAs for all of these components 
(except those for properdin, C8e, C8/~ and C87) were 
present in normal, OA and RA synovial membrane. We 

Table 4. Ratios of different species of DAF and CD59 mRNAs in HUVEC and synovial membrane fibroblasts 

Component Ratio HUVEC Fibroblast 

Normal OA RA 

DAF 1.5kb/2.7kb 2.0• 0.80• 0.73• 0.90• 

CD59 1.4kb/2.0kb 1.17• 0.65• 0.78• 0.78• 
0.8kb/2.0kb 1.35• 0.77• 0.90• 0.60• 

FactorH 1.8/4.3 0.41• 0.52• 0.58• 0.56• 
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have not used the polymerase chain reaction (PCR) to 
amplify the mRNAs encoding C8 and properdin. This 
extremely sensitive technique has been used to detect C8fi 
in monocytes [32] and should be applied to synovial 
membrane mRNA before considering that C8 and pro- 
perdin are not synthesised in synovium. The synthesis of 
the components of the alternative pathway and the MAC 
could be important in host defence within the joint, but 
also could play a significant role in the pathogenesis of 
the inflammatory response. The increased expression for 
C3 mRNA and factor B mRNA synovium suggests in- 
creased production of these alternative pathway compo- 
nents compared with normal tissue. The reduction in C3 
mRNA abundance in OA synovium could also be impor- 
tant but could represent a sampling problem as the syn- 
ovial changes of OA are often focal in nature. The single 
determinations for factor H and factor I mRNA suggest 
that synthesis of these fluid-phase alternative pathway 
control proteins may be increased in RA synovium. 
These two components (factor H and I) prevent inappro- 
priate fluid-phase C3 activation which is essential for 
efficient deposition of C3 on activating surfaces. Unfor- 
tunately we were unable to measure confidently synthesis 
of the fluid-phase components by synovial tissue frag- 
ments cultured in vitro as we could not suppress consis- 
tently the release of proteins from the tissue fragments 
with cycloheximide (2.5 gg/ml) (data not shown). Thus 
the majority of proteins accumulating in the tissue cul- 
ture medium could have resulted from plasma contami- 
nation. In a previous study [33] we were able to suppress 
synthesis of Cl-inhibitor, C4, C2, C3 and factor B with 
cycloheximide. We cannot account for the discrepancy, 
but minor differences in sample preparation and washing 
are probably responsible. 

Normal synovial membrane contains a variety of cells 
including type A (macrophage-like) and B (fibroblast- 
like) synoviocytes, fibroblasts, macrophages, endothelial 
cells and adipocytes [5]. In OA, hyperplasia of the syn- 
ovial lining layer occurs in association with focal 
lymphoid aggregates, while in RA hyperplasia of the lin- 
ing layer is associated with chronic inflammation charac- 
terised by infiltration of lymphocytes, plasma cells, 
macrophages, fibroblasts and endothelial cells [34]. Thus 
in normal synovium and in RA and OA synovial mem- 
brane there is a variety of cells which are capable of 
synthesising complement components. Previous studies 
have shown that monocytes synthesise C3, factor B, fac- 
tor D, properdin, factor H, factor I, DAF, MCP, CR1 
and CD59; fibroblasts synthesise C3, factor B, factor H, 
DAF and MCP; endothelial cells synthesise C3, factor B, 
factor H, factor I, DAF, MCP, CR1 and CD59, and most 
lymphocytes synthesise DAF, MCP, CRI and CD59 (re- 
viewed in [8]). Our own immunohistochemical studies 
(unpublished data) agree with the data on the distribu- 
tion of DAF, MCP, CR1 and CD59 on these cells and 
have shown that most cells in normal, OA and RA syn- 
ovial membrane express DAF, MCP and CD59. 

Although monocytes expressed factor B mRNA, fac- 
tor B protein was not detected in the culture supernatants 
in these experiments. It has been noted previously that 
the secretion rate of factor B in unstimulated monocytes 

may be extremely low or absent [8]. This failure of secre- 
tion of factor B in the presence of factor B mRNA sug- 
gests that translation of factor B may be inefficient in 
unstimulated monocytes. In contrast, in the presence of 
interferons cz/13 or 7 synthesis is increased dramatically, 
although it appears that the majority of this increased 
synthesis is related to increased the transcription of factor 
B gene [35]. We do not know whether interferons or other 
cytokines which are synthesised in synovial membrane 
are able to regulate factor B synthesis at the translational 
level. 

Previously the ability of monocyte conditioned media 
to inactivate C3b was taken as evidence of factor I syn- 
thesis [36], but our failure to demonstrate factor I protein 
and or factor I mRNA suggest that C3b inactivation was 
due to a protease(s) other than factor I. Synthesis of fac- 
tor I by fibroblasts has not been reported previously. 
Another discrepancy was the finding of properdin syn- 
thesis by cultured monocytes while properdin mRNA 
was not detected in synovial membrane RNA prepara- 
tions. As mononuclear phagocytes and lymphoblastoid 
cell lines [36, 37] appear to be the only cells which express 
properdin mRNA, it is likely that properdin is synthe- 
sised in synovial membrane, but perhaps in this environ- 
ment the mRNA is unstable. 

Although we detected mRNAs for C5, C6, C7 and C9 
in synovial tissue RNA, we were unable to detect these 
mRNAs for corresponding proteins in any of the cells 
studied. Hetland et al. [38] detected all five terminal com- 
ponents in monocyte and fibroblast cultures and Reed 
et  al. [39] found evidence of C5 synthesis in lymphoblas- 
toid cell lines. We are unable to explain these differences 
but the lower limits of detection of our ELISA proce- 
dures for C5-C9 components (< 50-100 pg/ml) may be 
too insensitive. A previous study has shown that C813 
mRNA was expressed in cultured monocytes using PCR 
[32]. It is possible that these mRNAs and proteins are 
expressed at a very low level in these cultured cells, or, 
they are expressed in vivo, but the cells lose this ability 
when cultured in vitro. Alternatively cells other than 
those studied may synthesise them. To our knowledge 
this is the first time that synthesis of SP-40,40 by mono- 
cytes, HUVEC and fibroblasts and expression of CD59 
by fibroblasts has been demonstrated. Although cells in 
culture in vitro synthesise complement components, they 
may not do so in vivo. Likewise cells which synthesise 
complement components in vivo may loose this property 
in vivo. Thus in situ hybridisation histochemistry studies 
must be undertaken to identify which components are 
synthesised by each cell type in normal, RA and OA 
synovial membrane. This is particularly relevant in deter- 
mining which components are synthesised by endothelial 
cells as HUVEC may not be representative of the vascu- 
lar endothelium in general. 

Although it appears that all the components of the 
classical [33] and alternative pathways and the terminal 
sequence (with the possible exception of properdin and 
C8) are synthesised in synovial membrane, the impor- 
tance of synovial membrane synthesis has yet to be estab- 
lished. It has been shown that half of the C3 present in an 
RA joint is synthesised locally [10]. If this level of contri- 



145 

bution is true for all components and as depletion of  
alternative pathway and terminal components occurs in 
RA synovial fluid [7], then local synthesis must con- 
tribute to inflammatory synovitis. Local synthesis of 
complement in normal synovium may also be important 
in host defence or in the regulation of  cellular activity 
within the joint tissues. 

The data presented ~a this paper also show that some 
complement components are not synthesised by all cells 
(e.g. properdin, factor I) or the rates of  synthesis are not 
the same in the different cell types (e.g. C3). These exam- 
ples of  cell-specific regulation require investigation, as 
does the regulation of  the expression of  these genes by the 
cytokines which are produced within synovial membrane 
[40]. It is also apparent that in order to generate an effi- 
cient alternative pathway C3 convertase from locally syn- 
thesised components, monocytes and another cell type 
must be present in order to synthesise all the components 
including the fluid-phase regulatory components which 
prevent inappropriate C3 turnover. 

The widespread cell distribution of  DAF, MCP and 
CD59 in different cell types is expected in view of their 
importance in protecting cells from complement-mediat- 
ed attack. Cell-specific differences in the expression of the 
different m R N A  species for DAF, MCP and CD59 were 
also demonstrated. These differences are probably due to 
cell-specific differences in m R N A  processing_ MCP has 
been shown for the tissue-specific polymorphism of MCP 
which is due to differential splicing [41]. Whether the 
tissue specific differences in the expression of the different 
m R N A  species for DAF, MCP and CD59 is associated 
with differences in the levels of  express~on or activity of  
the protein products remains to be determined. 

Acknowledgments. This study was supported by grants from the 
Scottish Home and Health Department and the Arthritis and 
Rheumatism Council. Dr. Lemercier is in receipt of an EEC fellow- 
ship. 

References 

1. Wailer JM (1993) Introduction to complement. In: Whaley K, 
Loos M, Wailer J (ads) Complement in health and disease, 2rid 
edn. Kluwer Academic, Lancaster, pp 1-37 

2. Koh] 3, Bitter-Suermann D (1993) Anaphylatoxins. ln: Whaley 
K, Loos M, Weiler J (eds) Complement in heakh and disease, 
2rid edn. Kluwer Academic, Lancaster, pp 299-324 

3. Law SKA (1993) Complement receptors. In: Horton MA (ed) 
Blood cell biochemistry, 5. Macrophages and related cells. 
Plenum Press, New York, pp 223-259 

4. Morgan BP (1993) Cellular responses to the membrane attack 
complex. In: Whaley K, Loos M, Wailer J (ads) Complement in 
health and disease, 2nd edn. Kluwer Academic, Lancaster, 
pp 325-352 

5. Sledge CB (1989) Biology of the joint. In: Kelley WN, Harris 
ED, Ruddy S, Sledge CB (eds) Textbook of rheumatology, 3rd 
edn. Saunders, Philadelphia, pp 1-21 

6. Ruddy S, Auslen KF (1973) Activation of the complement 
system in rheumaWid synovium. Fed Proc 32:134-137 

7. Morgan ~P~ Daniels RH, Williams ~D U988) Measurement ef 
terminal complement complexes in rheumatoid arthritis. Clin 
Exp [mmuno[ 73:473-478 

8. Colten HR~ Struck RC (1993) Synthesis of complement compo- 
nents and at extrahepatic sites. In: Whaley K, Loos M, Wailer 
J (eds) Complement in health and disease, 2nd edn. Kluwer 
Academic, Lancaster, pp 127-158 

9. Gardner DL (1992) Rheumatoid arthritis, cell and tissue 
pathology. In: Gardner DL (ed) Pathological basis of connec- 
tive tissue disease. Arnold, London, pp 444-526 

10. Ruddy S, Colten HR (1974) Biosynthesis of complement 
proteins by synovial tissue. N Engl J Med 290:1284-1288 

11. Reference deleted 
12. De Bruijn MHL, Fey GH (1985) Human complement compo- 

nent C3: cDNA coding sequence and derived amino acid struc- 
ture. Proc Nat~ Acad Sci USA 82:708-712 

13. Morley B J, Campbel[ RD (I 984) Internal homologies of the Ba 
fragment from human complement component Factor B, a 
class III MHC antigen. EMBO J 3:153-157 

14. Goundis D, Reid KBM (1988) Properdin, the terminal comple- 
ment components, thrombospondin and C5 protein of malaria 
parasites contain similar sequence motifs. Nature 335:82-85 

15. Min HY, Spiegelman BM (1986) Adipsin, the adipocyte serine 
protease: gone structure and control of expression by tumour 
necrosis factor, Nucleic Acids Res 8879-8892 

16. Wetsel RA, Lemons RS, Le Beau MM, Barnum SR~ Noaek D, 
Tack BF (1988) Molecular analysis of human complement com- 
ponent C5: localisation of the structural gone to chromosome 9. 
Biochemistry 27: 1474-1482 

17. DNcipio RG, Hugli TE (1989) The molecntar architecture of hu- 
man complement component C6. J Biol Chem 264:16197-16206 

18. SiScipio RG, Chakravarti DN, Muller-Eberhard MI, Fey GH 
(1988) The structure of human complement component C7 and 
the C5b-7 complex. J Biol Chem 263:549-560 

19. DiScipio RG, Gehring MR, Podack ER, Kan CC, Hugli TE, 
Fey GH (1984) Nucleotide sequence of cDNA and derived 
amino acid sequence of human complement component C9. 
Proc Natl Acad Sci USA 81:7298-7302 

20. Rao AG, Howard OZM, Ng SC, Whitehead AS, Colten HR, 
Sodetz JM (1987) Complementary DNA and derived amino- 
acid sequence of the ~-subunit of human complement protein 
C8: evidence for the existence of a separate =-subunit mRNA. 
Biochemistry 1987; 26:3556-3564 

2J. Howard OZM, Rao AG, Sodetz JM 0987) Complementary 
DNA and derived aminoacid sequence of the [3-subunit of C8: 
identification of a dose structural and ancestral relationship to 
the ct-suhunit of C9. Biochemistry 26:3565-3570 

22. Ng SC, Rao AG, Howard OMZ, Sodetz JM (1987) The eighth 
component of human complement: evidence that it is an 
oligomeric serum protein assembled from products of three 
different genes. Biochemistry 26:5339-5233 

23. Ripoche J, Day AJ, Harris TJ, Sim RB (1988) The complete 
aminoacid sequence of complement factor H. Biochem J 
249: 593- 602 

24. Catteral CF, Lyons A, Sim RB, Day AJ, Harris TJ (1987) 
Characterisation of primary amino acid ~eqnence of human 
complemenl control prelein factor I from an analysis of eDNA 
danes. Biochem i 242:849-856 

25. Kirs2baum L, Sharpe JA, Murphy B, d'Aprice AI, Classon B, 
Hudson P, Walker LD (1989) Molecular cloning and character- 
isation of the novel, human complement-associated protein, 
SP-40, 40: a link between the complement and reproductive 
systems. EMBO J 8:711-718 

26. Lublin DM, Liszewski MK, Post TW, Arce MA, Le Beau MM, 
Rebentisch MB, Lemons LS, Seya T, Atkinson JP (1988) 
Molecular cloning and chromosomal localisation of human 
membrane cofactor protein (MCP). Evidence for inclusion in 
the mutigene family of complement regulatory proteins. J Exp 
Med 168: lgl - 194 

27. Medof ME, Lublin DM, Holers VM, Ayers D J, Getty RR, 
Leykam JR Atkinson JP, Tykocinski ML (t987) Cloning and 
characte6sation of cDNAs encoding the complete sequence of 
decay-accelerating factor of human complement. Proc Natl 
Acad Sci USA 84:2007-2011 

28. Wang WW, Cahill JM, Rosen MD, Kennedy CA, Bonnacio ET, 
Morris MJ, Wilson JG, Klickstein LB, Fearon DT (1989) Struc- 
ture of the human CRI gene. Molecular basis of the structural 



146 

and quantitative polymorphisms and identification of a new 
CRl-like molecule. J Exp Med 169:847-863 

29. Davies A, Simmons DL, Hale G, Harrison RA, Tighe H, Lach- 
mann PJ, Waldmann H (1989) CD59, an LY-6-1ike protein 
expressed in human lymphoid cells, regulates the action of the 
complement membrane attack complex on homologous ceils. J 
Exp Med 170:637-654 

30. Barbu V, Dawtry F (1989) Northern blot normalisation with a 
28S rRNA oligonucleotide probe. Nucleic Acids Res 17:7115 

31. Lappin DF, Birnie GD, Whaley K (1990) Modulation by inter- 
ferons of the expression of monocyte complement genes. 
Bioehem J 268:387-392 

32. Warnick PR, Densen P (1990) Reduced C8 beta messenger 
RNA expression in families with hereditary C8 beta deficiency. 
J Immunol 146:1052-1056 

33. Moffat GM, Lappin D, Birnie G, Whaley K (1989) Complement 
biosynthesis by synovial tissue. Clin Exp Immunol 78:54-60 

34. Athanosou NA, Quinn J, Aeryet A, Pudle B, Woods CG, McGee 
JO'D (1988) The immunohistochemistry of synovial lining cells in 
normal and inflamed synovium. J Pathol 155:133-142 

35. Lappin DF, Birnie GD, Whaley K (1990) Interferon-mediated 
transcriptional and post-transcriptional modulation of comple- 
ment gene expression in human monocytes. Eur J Biochem 
194:177-184 

36. Whaley K (1980) Biosynthesis of the complement components 
and the regulatory proteins of the alternative complement path- 
way by human peripheral blood lymphocytes. J Exp Med 
151:501-506 

37. Schwaeble W, Dippold WG, Lvettig B, Jonas D, Schafer K-H 
M, Huemer HP, Dierich MP, Reid DBM (1993) Properdin, a 
positive regulator of complement activation is expressed in hu- 
man T-cell lines and peripheral blood T-cells. Immunobiology 
(in press) 

38. Hetland G, Johnson E, Falk RJ, Eskeland T (1986) Synthesis of 
complement components C5, C6, C7, C8 and C9 in vitro by 
human monocytes and assembly of the terminal complement 
complex. Stand J Immunol 24:421-428 

39. Reed W, Roubey RAS, Dalzell JG, Matteucci BM, Myones BL, 
Hunt SW, Kolb WP, Ross GD (1990) Synthesis of complement 
component C5 by human B and T lymphoblastoid cell lines. 
Immunogenetics 31:145-151 

40. Arend WP, Dyer JM (1990) Cytokines and cytokine inhibitors 
or antagonists in rheumatoid arthritis. Arthritis Rheum 
33:305-315 

41. Russell SM, Sparrow RL, McKenzie IFC, Purcell DFJ (1992) 
Tissue-specific and allelic expression of the complement regula- 
tor CD46 is controlled by alternative splicing. Eur J Immunol 
22:1513-1518 

42. Moffat GM (1989) Complement synthesis in human synovial 
membrane. PhD Thesis, University of Glasgow 

43. Lappin DF, Guc D, Hill A, McShane T, Whaley K (1992) Effect 
of interferon-8 on complement gene expression in different cell 
types. Biochem J 281:437-442 


