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Summary. Various cell lines of human synovial fibroblasts
derived from synovium obtained at the time of biopsy or
total joint-replacement surgery have been established. The
synthesis of 3H-labelled hyaluronic acid (HA) in these cells
has been determined, and the effects of adding HA of
varying molecular size to the cultured cells examined. The
results obtained clearly show that the in vitro synthesis of
HA by these cells is influenced by the concentration and
molecular weight (MW) of the HA in their extracellular
environment. Synovial fibroblasts derived from an osteoarthritic joint demonstrated the most marked response on
exposure to exogenous HA, showing a stimulation of HA
synthesis with preparations of weight-average molecular
weight (Mw) > 5 × 10 5 in a concentration dependent manner. HA preparations with Mw < 5 × 105 showed little or
no effect except at high concentrations where a suppression of biosynthesis was observed. A model to explain
these findings is proposed.
Key words: Synovial fibroblasts - Hyaluronate synthesis Hyaluronate molecular size

Introduction
The synovium is a layer of loose, highly vascularised
connective tissue lining the innermost cavity of diarthrodial
(synovial) joints. The cells of this tissue, particularly the
fibroblasts (type-B cells), are responsible for the synthesis
of hyaluronic acid (HA), an important component of
synovial fluid (SF) [1]. The remarkable rheological properties of SF are dependent on the HA concentration as well
as its molecular weight (MW) [2-4].
In arthritic joints the concentration and molecular size
of HA usually declines [5-71. The inflamed synovial
membrane is more permeable to plasma proteins, and
consequently the synovial volume increases [2]. A recent
paper by Dahl et al. [8] showed, using non-commercial
gels, that the MW of HA within the joint falls, on average,
from 7.0x 106 in normal SF to about 4.8x 106 in SF from
patients with rheumatoid arthritis (RA), although at least

30% of the HA present in the latter was still of high MW.
These workers suggested that while depolymerisation of
normal HA occurs within the pathological joint, dilution of
SF by plasma dialysate is of major importance.
It has been suggested that depolymerisation of HA
may be due to lysosomal hydrolases such as N-acetylglucosaminidase, fl-glucuronidase and a hyaluronidase
[9, 10]; however, these enzymes are optimally active at
acid pH, and it is difficult to rationalise their action
extracellularly. A more likely mechanism involves the
mediation of free radicals, particularly those derived from
singlet oxygen (ODFR), which are generated in significant
quantities by activated polymorphonuclear leukocytes
(PMNs) and macrophages that accumulate within the
inflamed joint [11]. Free radicals have been shown to
rapidly depolymerise HA in vitro [12-16], and evidence
is accumulating which implicates their role in the
degradation of HA in vivo [17]. Furthermore, these highenergy species are toxic to flbroblasts [18] and inhibit HA
and proteoglycan synthesis by chondrocytes [19-21].
While degradation of some synovial-fluid HA within
the inflamed joint is of undoubted significance, the possibility also exists that HA synthesis by synovial fibroblasts
is disturbed in the pathological state.
HA synthesised in vitro by cultures of normal fibroblasts appears to be similar to that found in the synovial
fluid of the joint from which the cells were isolated.
However, synovial cells derived from pathological joints
demonstrate an abnormal pattern of synthesis, which is
maintained through multiple passages [5, 6, 22-24]. These
cells can thus provide a useful means for comparative
investigation of HA synthesis by fibroblasts from normal
and abnormal tissues. Numerous studies have examined
the characteristics of HA synthesised by fibroblasts in vitro
[5-7, 22, 23, 25-29] and in vivo [2, 8, 30-331, while other
studies have described the effects of such diverse substances
as corticosteroids [5, 34-37], Arteparon [38-40], sulphated
dextrans [40] and interleukin-1 [41, 42] on HA biosynthesis.
Within recent years, intra-articular administration of
HA has been proposed as a treatment for certain arthropathies, and clinical trials have been conducted in humans
[43-46] and in horses [47-52].
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Although the results o f these trials have been variable,
some benefits have been claimed, particularly with the
equine arthropathies. Unfortunately, the scientific basis for
such intra-articular therapy has not been clearly defined
and has led to a proliferation of commercial H A p r e p a r a tions of variable molecular size, all o f which are claimed
by the manufacturers to be effective.
In the present study we have examined the effects o f a
m i m b e r of commercial H A preparations, as well as a series
o f HA standards of well-defined weight-average molecular
weight (19Iw), on the synthesis o f H A by h u m a n synovial
fibroblasts isolated from both n o r m a l and pathological
joints. The results indicate that the in vitro biosynthesis o f
HA by these cells is sensitive to the concentration and
molecular size o f the H A to which they are exposed.

Materials
Dulbecco's modified Eagle's medium (DME) and trypsin (from
bovine pancreas; EC 3.4.21.4) were obtained from GIBCO (New
York, USA); collagenase (from Clostridium histolytieum; EC
3.4.24.3) from Sigma Chemical Co. (St. Louis, USA); foetal calf
serum (FCS) from Commonwealth Serum Laboratories (Melbourne, Vic., Australia); hyaluronidase (Strel)tomyces hyalurolyticus nov. sp.; EC 4.2.99.1) from Calbiochem-Behring (Aust) Pry.
Ltd. (Kingsgrove, NSW, Australia) and sodium [3i.i] acetate
(specific activity= 2-5mCi/mmol) from Amersham Australia Pty.
Ltd., (Surry Hills, NSW, Australia). Gentamicin (as Garamycin)
was obtained from Essex Laboratories Pty. Ltd. (Baulkham Hills,
NSW, Australia). Sepharose CL-2B, pure preparations of HA of
defined 1VIwas described in Table 1 and Hylartil were supplied by
Pharmacia (Southseas) Pty. Ltd., Sydney, Australia. Hyalovet was
a product of Fidia S.p.A. (Abano Terme, Italy) and Remobilase
was obtained from Arnolds Veterinary Products Ltd. (Boronia,
Vic., Australia). All HA preparations were derived from rooster
combs.

Methods
Tissue sources. Biopsies of synovium from patients undergoing
investigative arthroscopies were classifed as "normal" if there was
no gross evidence of cartilage degeneration or synovitis. Synovium
from osteoarthritic joints was obtained at the time of surgery
from patients undergoing prosthetic knee-joint replacements. All
biopsy material was kindly provided by Dr. David Sonnabend of

Table 1. Exogenous HA preparations studied
HA
preparation

Weight-average
molecular weight
(Mw)

Source

Protein
content
% (w/w)

Hylartil
Hyalovet
Remobilase
H47
H9
H5
H3

3 800 000
620 000
75 000
4 700 000
880 000
540 000
340 000

Pharmacia
Fidia
Sterivet
Pharmacia
Pharmacia
Pharmacia
Pharmacia

0.22
0.10
1.48
0.10
0.14
0.20
0.21

this hospital. Rheumatoid synovial fibroblasts, also derived from
specimens obtained at the time of joint-replacement surgery, were
generously provided by Dr. Victor Danis, also of this hospital.

Culture methods. Fibroblasts were prepared from tissue samples
by a modification of the method of Dayer et al. [53] as described
previously [40]. Briefly, diced samples of the synovial membrane
were washed twice with Dulbecco's calcium and magnesium-free
phosphate-buffered saline (CMF-PBS) and then placed in 5 ml
serum-free DME containing 40 ~tg gentamicin/ml and 4 mg/ml
collagenase for 3 or 4 h at 37 °C. The digest was mixed regularly.
After the incubation, an equal volume of 0.05% trypsin and 0.02%
ethylene diamine tetraacetic acid (EDTA) in CMF-PBS was
added, and a further 1 h incubation under the same conditions
was performed. The resulting cell suspension was centrifuged for
3 rain at 400 g; the cell pellet was washed three times in DME
containing 10% inactivated FCS and then plated in a 25 cm 2
culture flask.
The media were changed every 2-3 days, and the cells subcultured on reaching confluency (usually after 7-10 days depending on the cell line). Cells were maintained at 37 °C in a moist
atmosphere of 95% air and 5% CO2. For experiments, cells were
plated in 10 cm ~ wells at a density of 100 000 cells/well and used
4-7 days later. Experiments involved incubating cells at 70%
confluency with 50 gCipH]-acetate/well in 2.0 ml DME+ 10% FCS
for 24 h at 37 °C in the presence and absence of test substances.
Each experiment was conducted on cells from the same line and
passaged at the same stage of confluency with appropriate
controls to minimise variability due to these parameters. The
medium was then removed and the cells rinsed twice with PBS,
the washings being added to the media samples. These samples
were then assayed in triplicate for radioactive HA.

Assay for [3H]HA. Samples were kept on ice unless otherwise
stated. 1.0 ml aliquots of media were placed separately in 10 ml
plastic tubes sealed with dialysis membrane. These tubes were
then inverted in 0.1 M sodium acetate buffer, pH 5.6, which was
changed twice a day for 2 days at 4 °C. The samples were then
made up to 2.0 ml and 2x0.8 ml aliquots placed in clean tubes.
To one of these aliquots was added 5 turbidity-reducing units
(TRU, as defined by Calbiochem-Behring) of Streptomyces
hyaluronidase; the samples were mixed and tightly sealed, and
both aliquots (with and without enzyme) incubated at 60°C for
3 h. Dialysis membranes were again placed over the tubes and the
samples were redialysed as before in the same buffer. The
dialysed sample volumes were then made up to 2.0 ml and a
0.5 ml aliquot counted for radioactivity. The radioactivity due to
newly synthesised HA was calculated as disintegrations per
minute (dpm) of the blank sample minus the dpm of the
hyaluronidase-treated sample corrected for cell number or DNA
content. DNA was measured after lysing cells with 0.1% trypsin
containing 0.02% EDTA and solubilising the DNA in perchloric
acid as described by Burton [54].

Gel-exclusion chromatography. Radioactive HA samples were
chromatographed on a Sepharose CL-2B column (1.5×90 cm)
equilibrated with 0.5 M sodium acetate, pH 6.8, at 4 °C, eluting at
12ml/h. The column was calibrated with Hylartil (hyaluronic
acid, 1VIw=3.8× l0 s) and [3H]acetate to mark the void volume
(Vo) and total volume (Vt) respectively. Fractions were monitored
for radioactivity and/or hexuronic acid [55].

Protein determination. The protein content of the HA preparations
was measured using the method of Peterson [56] after the samples
and standard protein solutions had been incubated with 5 TRU
Streptomyces hyaluronidase for 3 h at 60 °C.
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Results

101100

Measurement of HA synthesis. The method described for
the determination of newly synthesised HA by synovial
fibroblasts and released into the media proved to be
sensitive, reproducible and cost-efficient, and allowed as
many as a hundred samples to be processed at a time.
Tritiated acetate, rather than the more specific [14C]glucosamine or [SH]glucosamine was used since this was readily
incorporated into HA (J. R.E. Fraser, personal communication) and was considerably cheaper than the radiolabelled aminosugars. While acetate was also incorporated
into proteins, the use of a highly purified Streptomyces
hyaluronidase preparation, which was specific for hyaluronic acid [57] eliminated this potential problem. An
additional papain digestion step to degrade proteins was
found to be unnecessary, and in fact was detrimental, as
the cysteine used to activate this enzyme also depolymerised the newly synthesised HA. Sepharose CL-2B
chromatography was used to confirm that the Streptomyces
hyaluronidase specifically degraded all of the newly synthesised HA. Figure 1A shows the media radioactivity
profile before and after incubation with normal fibroblasts.
Figure 1 B shows that in the absence of hyaluronidase no
breakdown of included material occurs on incubating at
60°C for 3 h, and by comparison with Fig. 1A, no
included material is lost on dialysis. Figure 1 C demonstrates that most of the included material is degraded by
Streptomyces hyaluronidase and efficiently removed by
redialysis.
From 4 to 6 h after addition of [3H]acetate to the
cultures, radio-labelled HA was released into the media
surrounding the cells, the level of which reached a plateau
at approximately 48 h (Fig. 2). From these data, we
selected 24 h as a suitable incubation time for routine
radio-labelling studies, as the system was not at equilibrium, and any differences in the rate of HA synthesis could
be readily detected. Using the experimental conditions
described, HA synthesis was found to be proportional to
both cell number and DNA content. Cells were used
during the growth phase (at approximately 70% confluency) rather than when confluent, as the rate of HA
synthesis in vitro was found to be greater at this stage, as
has been described previously [39]. The amount of labelled
HA still associated with the cell layer was also measured in
a number of experiments and found not to vary from the
control value (approx. 5% of the amount of [3H]HA
released into the media). This suggests that the size of the
pericellular coat remains constant regardless of changes in
the rate of HA synthesis. Thus, the measured changes in
the amount of [3H]HA released into the media was an
accurate estimation of the rate of HA synthesis by these
cell lines.

HA synthesis by "normal" and pathological cell lines.
Radio-labelled media from a number of cell lines were
fractionated on Sepharose CL-2B. Although the tritiated
acetate was not specific for the polysaccharide, HA was the
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Fig. 2. Kinetics of synthesis of 3H-labelled hyaluronic acid by
normal synovial fibroblasts. Results show the mean + SEM (n = 3)

major macromolecular product of these cells, and profiles
of radioactivity provided a good indication of the hydrodynamic size of the newly synthesised HA during the 24 h
experimental period. The media were examined directly
without modification or manipulation, therefore it was
unlikely that artifactual depolymerisation of the HA had
occurred. A representative sample of the gel-filtration
profiles obtained for the different cell lines (Fig. 3) showed
wide variation in the hydrodynamic size of HA newly
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synthesised by fibroblasts derived from joints affected by
the various diseases. Generally, "normal" fibroblasts appeared to synthesise a high proportion of void-volume
material, i.e. HA with a large proportion of molecules of
M W > 10 6. Rheumatoid synovial fibroblasts synthesised a
higher proportion of HA which was included in the
column, i.e. HA of reduced MW and high polydispersity.
Similar results have been previously reported by Vuorio
and others [6, 7, 39]. The cell lines derived from joints of
patients with osteoarthritis (OA) synthesised less total HA
than normal and RA fibroblasts, and the polysaccharide
was also highly polydisperse (Fig. 3).
Contrary to the findings of other workers [5, 6], we
found that the rate of synthesis of HA in the RA-derived
cell lines tended to be the same or lower than in cells from
"normal" joints (Table 2). Since only a limited number of
cell lines were examined in the present study, this conclusion is still open to question. It should be noted,
however, that the fibroblast lines investigated retained the
same pattern of HA synthesis through multiple passages,
as has been reported by others [6]. All cell lines were
discarded after the tenth passage, even though no visible
changes in the morphology of the fibroblasts were evident.

Influence on HA biosynthesis of exogenous HA added to
culture media. The sources, protein contents and weightaverage molecular weights (IVlw) of the HA preparations
used in these experiments are listed in Table 1. Except for
Remobilase, which has 1.48% (w/w) protein, the protein
content of all the HA preparations was determined to be
less than 0.25% (w/w). The IVlw data were calculated from
information provided by the supplier, but were compatible
with the partition co-efficients determined by gel filtration
and shown in Fig. 4. The effects of these pure HA
preparations, at the concentrations indicated, after incubation with the fibroblast cultures for the 24 h are summarised in Table 3 and represented graphically in Figs. 5

Table 2. Radioactive acetate incorporation into hyaluronic acid
(HA) by various cell lines. RA= rheumatoid arthritis; OA=osteoarthritis; n = no. of experiments; 2 = mean value; SEM = standard
error of the mean, dpm = disintegrations per minute
Cell
line

1
2
3
4
5
6
7
8
9

Age/sex
of donor

61/male
35/male
62/female
79/female
71 /female
67/female
57/female
53/male
84/female

Pathology
ofsynovium

"Normal"
"Normal"
RA
RA
RA
RA
RA
OA
OA

HA synthesis
(dpm/24 h/1000 cells)
2±SEM

n

715+ 35
754_+ 50
560_+ 28
551_+ 30
754_+ 200
756_+ 60
572_+ 40
318_+ 62
413_+ 76

11
8
2
7
2
9
3
5
2

and 6. Hylartil (1Vlw= 3.8 x 10 ~) stimulated HA synthesis
in a dose-dependent manner in all cell lines tested.
However, the stimulation was particularly strong in a cell
line derived from osteoarthritic synovium. The stimulation
in this case reached a maximum of 170% above the control
value at 400 ~tg Hylartil/ml, which was the highest concentration used. HA synthesis was also stimulated by Hylartil
in the rheumatoid and "normal" cell lines, but to a lesser
extent.
Hyalovet ( M w = 6 . 2 x 10 s) caused a slight stimulation
at 400 ~tg/ml in the rheumatoid and normal lines, but
produced this effect at lower concentrations in one osteoarthritic cell line. Overall, however, the stimulation of
synthesis was much less significant than for Hylartil.
Remobilase (l~Iw = 75 000) had little stimulatory effect and
in some cell lines inhibited HA synthesis, in one case by as
much as 60% (results not shown).
The Pharmacia HA standards (Table 1 ) were examined
in osteoarthritic and rheumatoid cell lines to determine
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Table 3. Effects of exogenous HA on HA synthesis by a number of human synovial fibroblast lines. Results (2_+ SEM, n = 3) are
expressed as dpm/24 h / g g D N A
HA preparation
added

Concentration ofHApreparation added (gg/ml)
0

10

Osteoarthritic cell #he 9 (Figs. 5 A and 6 A)
Hylartil
5 099-+ 245
Hyalovet
Remobilase
H 47
4 703 _+208
H9
H5
H3

25

50

100

200

400

6 840_+330
5020-+ 70
5110+120
5 880_+ 150
4 960_+ 80
4 710_+ 50
5 040_+ 20

9 640_+470
6130-+130
4800_+140
6 600_+ 70
5 330_+ 60
5 210_+ 30
4 920_+ 100

10 070___480
6230_+100
5050-+140
7 690_+ 190
6 670_+ 90
5 390_+ 30
4 780_+ 120

11 250+210
5033_+ 40
4150_+ 70
8 200_+ 50
5 750_+ 40
5 000_+ 160
4 730_+ 150

14 980_+ 470
4 970+ 100
3 680-t- 120
6 640+ 100
4 7 6 0 + 30
3 720_+ 190
4 310_+ 60

Rheumatoid cell line 5 (Fig. 5 B)
Hylartil
5 650_+ 480
Hyalovet
Remobilase

7 000_+ 440
5 600+ 90
5 760-+ 150

6 550_+410
5650_+160
6210_+230

7 380-+310
5620-+210
5870-+ 60

7 640_+290
6330-+110
5560-+110

8 950_+510
7680_+420
6490-+350

Normal cell line 2 (Fig. 5 C)
Hyartil
5 270_+ 100
Hyalovet
Remobitase

6460_+ 20
5220_+ 70
5 020_+ 130

6 450_+ 130
4 850-+180
5 290_+220

6 010-+ 90
4320_+110
4 090_+210

5 630-+ 140
4270+160
3 700_+ 130

6 660-+290
6060-+210
3 200+ 170

Rheumatoid cell line 6 (Fig. 6 B)
H47
5 440+ 270
H9
H5
H3

5 880_+270
5 490_+380
5 490_+320
5 170_+320

8 920+540
5 600+270
5 550_+280
5 330_+320

7 400+280
5 280_+220
5 220_+220
5 390_+280

7 130+280
4 950_+ 160
4 625_+220
5 230_+270

5 770_+280
4 900_+220
4 350_+320
4 900_+ 170
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whether the correlation between stimulation of HA synthesis and IVlw of exogenous HA displayed by the commercial preparations could be confirmed. This was found
to be the case (Fig. 6); however, with the standard of
l(4w=4.7x 106, the stimulation exhibited in the RA and
OA cell lines was less than with Hylartil and declined with
increasing concentration. Although the HA standard with
lVlw = 8.8 x 105 stimulated biosynthesis in an osteoarthritic
line, it was not effective in a rheumatoid line and the two
smaller HA standards (1Vlw= 540 000 and 340 000) showed
no stimulatory effect in either cell line.
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Effect of exogenous HA on the hydrodynamic size of newly
synthesised HA. The synovial fibroblasts obtained from
C
A

Hylartil

Hyalovet
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Fig. 5. Histographical representation of the effects of three commercial HA preparations over the concentration range 10400 ~tg/ml on the synthesis of [3H]HA by synovial fibroblasts derived from osteoarthritic A, rheumatoid B and "normal" C knee
joints. Results shown are mean + SEM (n = 3)

osteoarthritic joints appeared to show the greatest stimulation of HA synthesis on incubation with the higher 1Viw
preparations. Media samples from these cells incubated in
the presence and absence of the various exogenous HA
preparations at a concentration of 200 ~tg/ml were fractionated on Sepharose CL-2B (Fig. 4) and assayed both for
radioactivity (to give a measure of newly synthesised HA)
and hexuronic acid (to detect the presence of the added
HA). It was found that the hydrodynamic size-distribution
of HA synthesised b y this synovial fibroblast line was not
substantially influenced by the MW of the exogenous HA
preparations to which it was exposed during the culture
period (Fig. 4). (See note added in proof.)

Discussion
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Fig. 6. Histograph_ical representation of the effects of HA standards of known Mw over the concentration range 10-400 ~tg/ml
on the synthesis of [3H]HA by synovial fibroblasts from osteoarthritic (A) and rheumatoid (B) knee joints

These in vitro studies suggest that synovial fibroblasts
obtained from knee joints of patients with well-defined
chronic OA synthesise HA at a lower rate than cells
derived from "normal" and RA synovia. As we did not
have access to synovial tissues from healthy individuals,
our so-called normal cell lines were obtained from
biopsies taken at the time of investigative arthroscopy and
classified by the surgeon as normal. However, since
arthroscopy is generally not undertaken without clinical
evidence of joint dysfunction or pain, the classification of
our tissues as normal may be questioned. In contrast, the
tissues obtained at the time of total joint replacement were
pathologically abnormal and the classification provided
can be considered valid.
Our finding that the synthesis of HA by synovial
fibroblasts derived from pathological joints was influenced
by the concentration and molecular size of HA present in
their extracellular environment appears to be novel. These
cells responded to the presence of high molecular-weight
HA ( M W > 5 x l0 s) in culture media by increasing the
biosynthesis of HA. This response was concentrationdependent (Figs. 5 and 6). The most pronounced effect
was observed using synovial cells derived from an OA
joint.
In the light of the small percentage of protein present
in the HA preparations, it is possible (but unlikely) that
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the inhibition of HA synthesis observed at high exogenous
HA concentrations could be due to a biologically active
inhibitory protein present in these preparations.
Previous studies by Balazs and Darzynkiewicz [58] had
shown that low concentrations (0.1 mg/ml) of HA (molecular size not defined) caused a several-fold increase in the
incorporation of [3H]-glucosamine into HA synthesised in
vitro by fibroblasts obtained from monkey subcutaneous
tissue. At higher concentrations (2 mg/ml) incorporation
was depressed. From these experiments, it was concluded
that HA present in the extracellular environment of these
cells induced a specific effect on the metabolism of
fibroblast surface glycoproteins, which in turn modified
the biosynthesis of HA. The effects of extracellular HA on
the biosynthesis of proteoglycans (PG) by chick and porcine
articular chondrocytes and human fibroblast lines have
been investigated by Wiebkin and Muir [59-62] and others
[63-65]. Low concentrations (< 1.0 btg/ml) of HA were
found to inhibit PG synthesis by the cartilage chondrocytes,
but not by chick corneal epithelium [66], muscle fibroblasts
[67], mature human skin or synovial fibroblasts [59]. In the
latter experiments, only low concentrations of exogenous
HA were examined (0.001-10 b~g/ml) and the molecular
size of the HA preparation was not defined.
These previous studies are not altogether consistent
with the present observations using "normal" fibroblasts,
since we find that these cells respond by enhanced HA
synthesis in the presence of high-MW HA at 10 btg/ml
(Fig. 5). While it is possible that the HA preparations used
by previous workers had MWs somewhere between that of
Hylartil and Hyalovet (Fig. 5), which in our system would
provide a borderline situation, a more likely explanation
for the discrepancy relates to the different fibroblast cell

Fig. 7A-C. Proposed model of HA binding to
receptors on the surface of synovial fibroblasts.
A With HA preparations of Mw < 500 000 weak
binding occurs and the biosynthesis of HA is not
stimulated.
B With exogenous HA of
500 000 < IVlw< 4 000 000, it is proposed that
strong binding occurs and that, because of the
number of receptors stimulated (simultaneously?), HA biosynthesis is enhanced.
C While maximal receptor binding occurs with
high-MW HA (1Vlw> 4 000 000), the large domains of these molecules limit the number of
sites that can be occupied on the cell surface.
We propose that HA biosynthesis is not strongly
stimulated by such a configuration. At high concentrations of the high-MW species, binding by
smaller HA species may be reduced due the preferential binding of the former. This may decrease
the stimulation of HA biosynthesis

lines used and perhaps the classification of our cells as
"normal".
Although an early experimental study [68] failed to
demonstrate a beneficial effect of HA administered intraarticularly to rabbits in which a joint arthropathy had
been induced by immobilisation, subsequent experimental
and clinical studies in horses [47-50, 52] suggested that
such therapy was useful in some instances. The arthrotides
affecting racehorses are generally of traumatic etiology
and are accompanied by synovial-membrane inflammation, HA depolymerisation and infiltration of PMN leukocytes into the joint [69]. Apart from the immediate restoration of synovial-fluid viscosity and rheological properties,
the high l~lw HA preparations were considered, on the
basis of Balazs' earlier studies [3, 58], to restrict the entry
of PMNs into the joint fluid from capillaries of the
inflamed synovium. Although such an explanation wourd
be reasonable for the short-term relief of symptoms, it fails
to account for the long-term benefits observed, particularly as the HA so administered has been shown to be
cleared from the joint synovial fluid within a few days of
administration (G. Lindblad, personal communication).
The results obtained in the present study offer one
possible solution to this problem, for if the synovial cells of
the inflamed joint respond as indicated by our in vitro
experiments, their contact with HA of a certain molecular
size could result in stimulation of HA synthesis by these
cells. Once initiated, such a process might be self-sustaining, provided the rate of HA biosynthesis exceeds the
rate of its metabolism. Such a view is consistent with the
clinical observations of Peyron and Balazs [43], who found
that the limiting viscosity number of synovial fluid
aspirated from osteoarthritic joints was higher 1-3 weeks
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after intra-articular administration of high-molecularweight HA (Healon). An important caveat to this explanation is that the molecular weight of the HA introduced
into the joint should not be less than 5 x 10 5. H A preparations with molecular weights within this range were found
to be only marginally effective, while those of lower
hydrodynamic size were inactive or suppressed biosynthesis.
An intriguing finding in the present study was that the
very high 1VIw HA fractions (IVIw=4.7×106) were less
effective in stimulating HA synthesis by the RA and OA
cell lines than Hylartil (IV[w= 3.8 x 106 ). We interpret this
result to indicate that synovial fibroblasts do not increase
the biosynthesis of HA when the HA in their environment
is of a molecular weight within a range which could be
functionally acceptable. It is noteworthy in this regard that
the MW distribution of HA present in synovial fluid from
normal individuals is significantly higher than that obtained
from synovial fluid of arthritic joints, i.e. the stimulus for
increased biosynthesis of HA may only become operational
when the hydrodynamic-size distribution of extrinsic HA
falls within a particular mean range.
The manner in which the synovial fibroblasts sense
their extracellular HA environment and translate such
information into biosynthetic mechanisms is presently
unknown. However, a recent study by Prehm [70] using a
hybrid B6-cell line has shown that HA is synthesised at the
inner surface of the plasma m e m b r a n e and extruded from
the cell surface as a continuous filament. It is not unreasonable to expect that such a synthetic process would
necessitate a means of monitoring the amount of HA
released into the pericellular region: specific cell-surface
receptors for this macromolecule would seem to be a
necessary requirement for homeostasis.
These receptors might also be activated by exogenous
HA. Such a view has long been promulgated by Underhill
and Toole [71-73] who showed, using transformed 3T3
cells, that as the MW of exogenous HA increases, so does
the affinity of the HA for cell-surface receptors. However,
the number of molecules bound at saturation decreased,
and these workers proposed that high-MW HA binds to
multiple receptors. Laurent et al. [74], using liver endothelial cells confirmed the relationship between binding of
HA to cell receptors and the length of the HA chain, but
also proposed that high-affinity binding occurs with larger
HA molecules by virtue of the increased probability that
the repetitive sequence along the HA chain will interact
fruitfully with the cell receptors. This theory discounts the
hypothesis of co-operative multiple-site attachment suggested by Underhill and Toole [71]. The Laurent et al.
study would indicate that when the hydrodynamic size of
the exogenous HA is very great, as for example with our
1~Iw=4.7 x 10 -6 preparation, the number of molecules that
could occupy the cell-surface receptors available would be
reduced, due to size exclusion. I f a specific n u m b e r of
receptor sites need to be activated simultaneously to
promote biosynthesis of HA by the cell, then only HA
molecules of a particular molecular domain could produce

a maximal response. According to this model, HA molecules of very small size and low binding affinity would fail
to trigger a successful response. A simplified representation
of these concepts is shown in Fig. 7.
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