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Expression of basic fibroblast growth factor in
synovial tissues from patients with rheumatoid
arthritis: detection by immunohistological staining
and in situ hybridisation
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Abstract
Objective-The distribution and pro-
duction of basic fibroblast growth factor
(bFGF) was examined on the synovium
from patients with rheumatoid arthritis
(RA) and osteoarthritis (OA).
Methods-The localisation of bFGF was
determined by an immunohistochemical
staining procedure using anti-bFGF
monoclonal antibody. The expression of
bFGF mRNA was detected by non-
radioactive in situ hybridisation using
bFGF antisense oligo DNA.
Results-The bFGF was found in the
synovial lining cell, sublining stromal
fibroblast-like cells, and vascular endo-
thelial cells from patients with RA and
OA. Little or no bFGF was found in non-
inflamed synovium. Immunostaminig of
bFGF in the synovial cells was more
extensive and intense in synovium of
patients with RA than that ofpatients with
OA. The nuclei of the synovial lining cell
layer were also immunostained. These
nuclear staining were more intense in the
lining cell layer from RA patients with
moderate or severe proliferation of
synovial cells than in RA patients with
mild proliferation. The bFGF mRNA was
also detected in the synovial lining cell
layer ofthe inflamed synovium.
Conclusion-The synovial lining cells
produced bFGF. The proliferation of
synovial cells in the inflamed joints may
be the results of stimulation by the bFGF
in autocrine manner.

(Ann Rheum Dis 1994; 53: 45-50)

Rheumatoid arthritis (RA) is a disease of joints
with polyarticular inflammation, destruction of
bones and cartilage, and ankylosis. The
inflamed synovium of RA is characterised by
pronounced hyperplasia of the synovium,
angiogenesis and inflammatory cell infiltration
in the synovium. Transforming growth factor-
I (TGF-P),' 2 platelet-derived growth factor
(PDGF)3-5 and acidic as well as basic fibroblast
growth factor (FGF) have been shown to
regulate the proliferation of human synovial
fibroblasts.' 6 7 Moreover, some of these
growth factors have turned out to be the actual

products of synovial cells themselves; PDGF
protein as well as mRNA is detected in the
synovial cells from patients with RA.3

Basic FGF (bFGF) is a 146 amino acid
protein with molecular weight of 18 000 and
believed to be an autocrine and/or paracrine
growth and angiogenesis factor, and is released
extracellulary. The factor lacks the signal
peptide sequence for secretion.8 The pathway
of bFGF secretion has been the focus of
studies, but has not been clarified.9 10 The role
of bFGF (and acidic FGF) for synovial
proliferation has been studied in vivo and in
vitro. The supernatant of cultured synovial
cells contained mitogenic activity, and the
biological properties were identical to bFGF.6
Furthermore, the synoviocytes express bFGF
mRNA. These results suggest that synovio-
cytes themselves produce bFGF.6
Our previous study also indicated that the

supernatant of mechanically-wounded endo-
thelial cells and synovial cells (by scraping from
the substratum) had the proliferative activity of
endothelial cells or synovial cells themselves,
and it was regarded as bFGF based upon
evidence that the factor binds to heparin-
sepharose column, and is eluted by washing
with 2-0 M NaCl. Furthermore, protein
sulphate (which blocks the interaction ofFGFs
and their receptors) and anti-bFGF antibody
inhibited the mitogenic activity of the
supernatant. l ' To investigate what type of cells
in the synovium produce bFGF in patients
with RA and OA, the expression of bFGF
protein and mRNA was examined by means of
immunohistochemistry and in situ hybrid-
isation, respectively. Finally, we studied the
relationship between the expression of bFGF
and the disease activity of patients with RA.

Materials and methods
PREPARATION OF SYNOVIAL TISSUES

Specimens of inflamed synovium were
obtained from patients who were undergoing
total knee joint replacement or synovectomy.
Fifteen tissues were from patients with RA who
met the American Rheumatology Association
1987 revised criteria for the classification of
RA,12 and five were from patients with OA.
Five normal synovial tissues were also obtained
from patients who were having corrective
surgery with joint trauma. The patients are
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Table 1 Profiles of 6 active and 9 inactive patients with
RA

Patient Age Sex Class Stage Grade*
number

Active patients 1 48 F 3 IV 1
2 71 F 2 III 1
3 76 F 3 III 2
4 59 F 3 IV 2
5 61 F 2 III 3
6 59 F 2 I 3

Inactive patients 7 51 F 2 I 1
8 55 M 2 III 1
9 46 F 2 IV 1

10 77 F 3 III 1
1 1 41 F 2 III 1
12 56 F 3 III 2
13 44 F 2 III 2
14 40 M 2 III 2
15 65 F 3 III 3

*Grade: This score shows the local inflammatory grade at the
time of arthroscopic examination or surgical operation.

described in table 1. The patients with RA
were divided into 2 groups according to their
general inflammatory activity: a) duration of
morning stiffness .45 minutes; b) erythrocyte
sedimentation rate _28 mm/hour; c) the
number oftender joints .9, and d) the number
of swollen joints _6. Six patients fulfilled at
least three of the four criteria and were
classified as the active group. Nine patients
were classified as the non-active group.
Furthermore, by arthroscopic examination, the
local inflammatory activity was graded
according to the degree of synovial
proliferation of each joint: grade 1 - mild
synovial proliferation; grade 2 - moderate
synovial proliferation; and grade 3 - severe
synovial proliferation. The grades of the local
inflammatory activity were evaluated by the
same rheumatologist. All patients had been
administered a non-steroidal anti-inflam-
matory drug (NSAID). Five of six active
patients had been taking predonisolon (5 0 mg/
day), and four had been taking methotrexate
(5-0 mg/week). In the non-active group, two of
nine patients had been administered predoni-
solon (2-5 mg/day), two had D-penicillamin
(100 mg/day), and another had methotrexate
(5 0 mg/week). No patients had been injected
with intra-articular corticosteroids.

OLIGODEOXYNUCLEOTIDE (OLIGO-DNA) PROBES

Three repeated sequences of A-T-T followed
by an antisense sequence corresponding to
3-47 region ofhuman bFGFmRNA (table 2)13
and terminated by two more repeated
sequences of A-T-T was synthesised using a
DNA synthesiser (Applied Biosystems, Tokyo,
Japan). As a control DNA probe, an antisense
sequence corresponding to 136-180 region of
rat prolactin mRNA"4 was made with the same
design of A-T-T repeats as that of the specific

probe. The 5' and 3' terminal adjacent
thymines were dimerised by ultraviolet
irradiation by a dose of 10000 joules/m2 as

described previously.'5 To evaluate the probe
specificity, we carried out the dot-blot
hybridisation where sense or antisense strand
coding for the gene amino 1-17 of human
bFGF, which was fixed onto nitrocellulose
membranes at various quantities was hybrid-
ised with T-T dimerised bFGF antisense oligo-
DNA. As a result, 10-50 pg of sense oligo-
DNA was specifically detected by the same

system used for in situ hybridisation (data not
shown).

IN SITU HYBRIDISATION

Synovial tissues from seven patients with RA,
three with OA, and three with traumatic joint
disease were processed for in situ hybridisa-
tion. In situ hybridisation method using
thymine-thymine (T-T) dimerised oligo-DNA
was carried out as reported elsewhere.'5 16
Briefly, fresh synovial tissues were fixed in 4%
paraformaldehyde solution (Wako, Osaka,
Japan) for eight hours at 4°C, and washed with
phosphate buffered saline (PBS) for 15 hours.
The fixed tissues were embedded in OCT
compound and quickly frozen at -80°C. The
frozen blocks were sectioned at 6 iLm in
thickness and mounted on to the glass coated
with gelatin'5 and dried for 15 hours at 45°C.
After rehydration in PBS, endogenous
peroxidase was inactivated with 03% H202 in
methanol. The sections were treated with 0-2
N HCI for 20 minutes and were hybridised
overnight at 37°C with 30 [LI of hybridisation
mixture containing 10 mM Tris-HCl, 1 mM
EDTA, 0-6 M NaCl, 1 X Denhardt's solution,
40% (V/V) deionised formamide, 125 pug/ml
sonicated salmon sperm DNA, 250 ,ug/ml
yeast tRNA, 10% dextran sulfate, and 2 pug/ml
T-T dimerised probe DNA. After the
hybridisation, the sections were washed with
50% formamide in 2 x SSC at 37°C five times
for one hour each, and washed twice with
2 X SSC for 15 minutes each. After the washes,
sections were incubated with non-immuno-
reactive goat IgG for one hour to block the
non-specific binding of IgG, and then reacted
with rabbit anti-T-T dimer for 15 hours. After
one hour wash with PBS, the sections were

reacted with HRP-conjugated anti-rabbit goat
IgG, and washed with PBS for one hour. The
sites of HRP were visualised using
3,3'-diaminobenzidine (Dojindo, Kumamoto,
Japan) in the presence of nickel and cobalt
ions.'5 Tissues were not counterstained. The
intensities of staining were subjectively divided
into 4 grades. (-): no staining; (+-): mild; (+):

moderate; (++); strong staining.

Table 2 The oligodeoxy nucleotide DNA probe sequence ofhuman basic FGF usedfor this study

1 20
bFGF sequence :5' ---CGCAGGGACC-ATG-GCA-GCC-GGG-AGC-ATC-ACC-ACG-CTG-CCC-

Antisense probe : 3' TTA-TTA-TTA-C-CGT-CGG-CCC-TCG-TAG-TGG-TGC-GAC-GGG-

40
-GCC-TTG-CCC-GAG-GAT-GGC-GGC-AGC-GGC-GCC--- 3'

-CGG-AAC-GGG-CTC-CTA-CC-Al--ATT 5'
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B
Figure 1 The expression ofmRNA ofbFGF by in situ hybridisation. A: staining ofsynovial tissuefrom RA patient with
bFGF antisense oligo DNA probe. Positive stainings werefound in the cytoplasm ofsynovial lining cells (arrow). B:
synovial tissue stained with control DNA probe. No positive staining was detected. Bar = 1 O,um.

IMMUNOHISTOCHEMISTRY

Synovial tissue sections from fifteen RA
patients, five OA patients, and five traumatic
synovial specimens were stained immuno-
histochemically. Some were the same material
as used for the in situ hybridisation. The frozen
sections were mounted on to the glass slide
coated with egg albumin. Endogenous
peroxidase was inactivated by emersing the
section in 3% H202 solution in distilled water
(DW) for 15 minutes. The sections were first
incubated with non-immune rabbit IgG, then
reacted with neutralising mouse anti-bFGF
antibody (bFM-1)'7 for one hour at room

temperature. The reacted mouse antibody was

then localised by the peroxidase labelled-
streptavidin-biotin method using a Histofine
staining kit (Nichirei, Tokyo, Japan). The
colour was developed using 3,3'-diamino-
benzidine and H202, and were counter-stained
with hematoxylin. The intensities of staining
were subjectively divided into 4 grades. (-): no
staining; (+-): mild; (+): moderate; (++);

strong staining.

Results
IN SITU HYBRIDISATION

bFGF mRNA was detected by in situ
hybridisation. In the RA synovium, bFGF
mRNA was localised to the lining cells (fig IA).
In seven synovial tissues with RA, all tissues
were stained for bFGF mRNA in the lining
cells. However, six tissues were stained in the
fibroblast-like cells and two were in the

Table 3 Expression ofbFGF-mRNA on synovial tissues stained in in situ hybridisation

Patient Lining* Fibroblastic Endothelial
number cells cells cells

RA synovium Active 1 ++ +
2 + + +
4 + + _
5 + + +

Inactive 7 + +
8 + + _

12 ++ - -

OA synovium 1 ++ - +
2
5

-
_

Non-inflammatory synovium 1
2
3

*: The expression ofbFGF mRNA in lining cells was exclusively restricted to the cytoplasm.

endothelial cells (table 3). In lining synovial
cells, positive stainings were restricted to the
cytoplasm, and no differences in the staining
intensity were observed between active and
inactive groups (table 3). In OA synovium, the
lining cells and vascular endothelial cells were
stained for bFGF mRNA in one of three
specimens (table 3). When the sections were
hybridised with the control probe, no staining
was observed (fig IB). Also, no staining of
bFGF mRNA was detected on non-
inflammatory synovium.

IMMUNOHISTOCHEMICAL STAINING
Distribution of bFGF in the synovium was
examined by an immunohistochemical method
using anti-bFGF monoclonal antibody. The
data on the immunostaining are summarised in
table 4. All RA and OA sections which were
reacted with the control antibodies were
negative. Nuclear and/or cytoplasmic staining
ofbFGF was found in synovial lining cells from
all RA patients; and in the vascular endothelial
cells in eight of 15 RA patients. The
immunostaining of the synovial lining cells was
more intense than the vascular endothelial
cells. A few patients with RA had positive
staining for bFGF in the infiltrated mono-
nulear cells. A representative synovial tissue
sections from patients with RA and OA were
shown in fig 2. Diffuse and intense cytoplasmic
staining was detected within the synovial lining
cell layer (fig 2A). bFGF staining was also
observed in the vascular endothelial cells,
however, basement membranes and extra-
cellular matrixes associated with these cells
seemed negative (fig 2A). In addition to the
intense cytoplasmic staining, nuclear staining
was also found in the synovial lining cell layer
(fig 2B). Immunostaining of bFGF in the
synovial lining cells and sublining fibroblast-
like cells from OA patients was less intense
than that from RA patients. Only two of the
five OA patients had nuclear staining.
However, synovial tissue sections from one
patient with OA also stained strongly on the
synovial lining cell layer, sublining stromal
fibroblast-like cells and vascular endothelial
cells (fig 2C). No staining with anti-bFGF was
observed in tissue sections ofnormal synovium
(data not shown).
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Table 4 bFGF expression on the synovial tissues obtainedfrom patients with RA, OA,
and traumatic injury. The synovium from RA patients are divided into 2 groups according
to the systemic activity score described in Materials and methods

Patient Lining ceU Fibroblastic Infiltrated Endothelial
number (Nucleus) (Cytoplasm) cells cells cells

Active RA 1 - ++ +
2 + + +
3 + + +_ - +_
4 ++ - + +
5 ++ + - +
6 ++ + + + +

5/6 4/6 6/6 1/6 4/6
Inactive RA 7 - ++ + -

8 ++ +
9 + + _ +
10 + +
11 + + - -
12 ++ + +
13 + ++ +
14 + + +- - -

15 ++ + + +
7/9 6/9 7/9 1/9 4/9

OA 1 ++ ++ ++ _ ++
2 - + + _ _
3 - + +
4 + - + + +
5 + +

2/5 2/5 4/5 2/5 4/5
NOR* 1 - - - - -

2
3 -
4 -
5

0/5 0/5 0/5 0/5 0/5

*NOR: non-inflammatory synovium

CORRELATION OF BFGF EXPRESSION WITH

GENERAL ACTIVITY OF RA

bFGF expression found in the synovial tissues
with RA was more intense than that with OA.
To investigate the correlation between the
bFGF expression and general RA activity, we
separated RA patients into two groups
according to the activity score described in

I' *

I#i f5*z;

*aj;B #s Vfi

{.~~~'

Materials and methods. Results are sum-
marised in table 4. When the synovial tissues
from active RA patients were compared with
those from inactive patients, there was no
difference in the incidence of positive staining
in the synovial lining cells, sublining fibroblast-
like cells, infiltrated cells and endothelial cells.
However, the nuclear staining in the synovial
lining cells and cytoplasmic staining in vascular
endothelial cells in synovial tissues from active
RA patients were more extensive and intense
than those from inactive RA patients.

CORRELATION OF BFGF EXPRESSION WITH

LOCAL INFLAMMATORY ACTIVITY

Although no significant difference was detected
between the active and inactive group with RA
in the incidence and intensity of bFGF
expression, bFGF expression might be involved
in the local inflammation and proliferation in
each joints with RA. To examine this
possibility, tissues from RA were divided into
three grades, according to the local inflam-
matory grades evaluated by an arthroscopic
examination, and the correlation of bFGF
expression and local inflammation activity was
investigated. As summarised in table 5, the
nuclear staining of bFGF in the synovial lining
cells and the cytoplasmic staining in the
vascular endothelial cells in the grade 2 and
grade 3 tissues was more intense than that in
grade 1 tissues. In contrast to the nuclear
staining, the cytoplasm of synovial lining cells
of the grade 1 tissues had more intense staining
than that of the grade 2 and grade 3 tissues.

21

._'
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*f

B
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Figure 2 Immunohistochemical staining ofbFGF. Basic FGF was stained by anti-bFGF monoclonal antibody (bFM-1).
Positive staining was indicated by brownish block deposits. A: synovial specimenfrom a patient with RA. Positive
cytoplasmic staining wasfound on the synovial lining cells (arrow), and the vascular endothelial cells (arrowhead). B:
synovial specimenfrom a patient with RA. Positive nuclear staining was detected on the synovial lining cells (arrow). C:
synovial specimenfrom a patient with OA. Positive staining wasfound on the lining cells (arrow), fibroblast-like cell
(curved arrow), and vascular endothelial cell (arrowhead). Bar = 50,um.

48

14
i*

-i?
10

" . e

-;. A

f 4 .6.
m.

S:

40A `.,

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.53.1.45 on 1 January 1994. D
ow

nloaded from
 

http://ard.bmj.com/


Basic FGF in RA synovium

Table 5 The results of immunohistochemical staining classified by the local synovial
proliferation score graded at the arthroscopic examination

Patient Lining cell Fibroblastic Infiltrated Endothelial
number (Nucleus) (Cytoplasnm) cells cells cells

Grade 1 1 - ++ +
2 + + + _ _
7 - ++ +
8 + ++ +
9 + + _ +
10 + +
11 + +

Grade 2 3 + + + +
4 ++ + - +
12 ++ + - +
13 + ++ + -
14 + + +- - -

Grade 3 5 ++ + +
6 ++ + + + +

15 ++ - + - +

Grade 1: mild proliferation; Grade 2: moderate proliferation; Grade 3: severe proliferation.

Discussion
Rheumatoid synovium is characterised by
angiogenesis, mononuclear cell infiltration,
and a remarkably active proliferation of
synovial cells. The proliferative synovial cells
and infiltrated mononuclear cells may play a

major role in the destruction of cartilage and
bone in the joints. Recently, a number of
studies have proposed that some growth factors
such as TGF-P, PDGF, aFGF and bFGF
regulate the proliferation of human synovial
cells.'-' Among them, bFGF is of particular
interest, since cultured synovial cells in vitro
express bFGF mRNA and bFGF protein.6
Moreover, the cells have the functionable
receptor for bFGF.6

In the synovium from RA and OA patients
in our study bFGF was detected immuno-
histochemically in the cytoplasm or nucleus of
the synovial lining cells, sublining stromal
fibroblast-like cells, and endothelial cells. The
immunostaining of bFGF in the synovium of
RA patients was more extensive and intense
than that of OA patients. Especially in RA
patients, the nuclei of some of the synovial
lining cells were also stained for bFGF. The
bFGF mRNA was detected by in situ hybrid-
isation in the synovial lining and endothelial
cells of these RA and OA patients. Conversely,
neither bFGF protein nor bFGF mRNA was

detectable in non-inflamed synovium obtained
from traumatic joint injury. These results
indicated that the synovial cells and the
vascular endothelial cells contain bFGF, and
bFGF is synthesised by itself, not from
extracellular sources.

To clarify the relationship between bFGF
expression and disease activity, we first com-

pared bFGF expression in the synovium with
active RA or non-active RA. Although there was
no definite correlation between bFGF expres-
sion and general disease activity in the RA
patients, when synovial tissues were graded
based on the proliferative activity of the synovial
cells by arthroscopic examination, a different
localisation pattern of bFGF protein depending
on the grades was detected. All synovial tissues
with moderate or high proliferation contained
stained nuclei in their synovial lining cells,
whereas in low proliferative lining, bFGF was

predominantly localised to the cytoplasm.

Various lines of evidence have strongly
suggested the involvement of nuclear
localisation of bFGF in cell proliferation;
proliferating adult bovine aortic endothelial
cells has already shown nuclear and nucleolar
localisation of bFGF,'5 the nuclei of the
quiescent confluent endothelial cells are void of
bFGF, and two hours after the addition of
bFGF, bFGF is preferentially accumulated in
the nuclei accompanying the transition of the
cells from the Go to GI phase of the cell cycle.'9
The nuclear bFGF may be involved in the
regulation of cell proliferation through a direct
interaction with DNA or through activation of
nuclear protein kinases.5 20 21 In addition, a
nuclear translocation was essential for aFGF to
stimulate cell proliferation since the mutant
aFGF, which lacks the sequence for nuclear
translocation, cannot stimulate DNA synthesis
and mitosis.22 Together with the above
findings, the present results indicated that the
nuclear expression of bFGF is associated with
a degree of proliferation rather than being a
disease specific mechanism.

It has been shown that basement membranes
and extracellular matrix (ECM) bind bFGF
through heparan sulphate and heparin-like
molecules and act as storage sites for
bFGF.8 23-25 Heparin or heparin-like substitute
prevents bFGF from proteolytic degradation.26
Furthermore, Yayon et al reported in their
study that the binding to heparan sulphate is
required for binding to the high affinity bFGF
receptor.27 It seems that when cells are injured,
the stored bFGF is free from the ECM either
by the degradation of ECM by proteolytic
enzymes released from the injured cells or
competitively replaced by incoming heparin
from ECM."1 In the present study, bFGF was
not detectable along the basement membranes
of synovial lining cells and vascular endothelial
cells which contained bFGF. Considering that
RA and OA are characterised by the active
proliferation of synovial lining cells, these
results may support the idea that bFGF
synthesised in these cells is utilised by
themselves as an autocrine growth factor.28 29
To support this, further studies are required.

We thank Dr K Nishikawa, (Second Division of Biochemistry,
Kanazawa Medical College), who donated the anti-bFGF
monoclonal antibody, and Dr Ohsato (Ophthalmology,
Fukuoka University School of Medicine) for his helpful
suggestions.
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