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Abstract
Objective—To investigate the involvement
of Tie-1 and Tie-2, receptor tyrosine
kinases required for angiogenesis, in
synovial proliferation and angiogenesis of
rheumatoid arthritis (RA).
Methods—Synovial tissues from 10 pa-
tients with RA and three control subjects
were analysed by double immunohisto-
chemistry and reverse transcriptase
polymerase chain reaction (RT-PCR).
Results—Expression of Tie-1 and Tie-2
was seen in all synovia, but predominantly
in papillary projected portions. In syno-
vial lining cells, Tie-2 was expressed
mainly in the basal layer and frequently
colocalised with vimentin and proliferat-
ing cell nuclear antigen (PCNA), whereas
Tie-1 was also expressed in the superficial
layer. In stromal cells, Tie-2 immunoreac-
tivity was restricted to vimentin positive
fibroblast—but not macrophage derived
cells, whereas Tie-1 expression was not
dependent on the phenotype. Tie recep-
tors were also highly expressed in the
endothelium and surrounding pericytes of
capillaries scattered over the papillary
proliferated synovium without notable
diVerence in the expression of the two
receptors. Furthermore, Tie positive ves-
sels often overexpressed PCNA. In normal
synovia, expression of Tie receptors was
restricted to the capillary endothelium.
RT-PCR confirmed the expression of
Tie-1 and Tie-2 in RA synovial tissues and
also in the cultured synoviocytes.
Conclusion—The results suggest the pos-
sible involvement of overexpressed Tie-1
and Tie-2 in synovial lining and stromal
cells in the pathophysiology of RA synovi-
tis, probably through distinct mecha-
nisms. Furthermore, expression of Tie
receptors in actively growing vasculature
may reflect the direct involvement of these
receptors in angiogenesis and subsequent
vascularisation.
(Ann Rheum Dis 2000;59:607–614)

In addition to synovial proliferation, angiogen-
esis is a major pathological feature of rheuma-
toid arthritis (RA). Blood vessel growth and
involution are markedly increased in RA
synovium. It is well known that blood vessels in
actively proliferating synovia are constantly
remodelling, and several proliferation markers

are expressed in many dividing endothelia.1 2

Furthermore, several angiogenic factors, such
as vascular endothelial growth factor, fibroblast
growth factor, and soluble E-selectin, are over-
expressed in inflamed joints.3–5 Based on this
evidence, angiogenesis is currently considered
as a candidate target in the treatment of RA.
Inhibition of blood vessel growth might be
beneficial by attenuating synovitis. In fact, sev-
eral anti-angiogenic agents of chemical or syn-
thesised peptides have been used experimen-
tally in animal models of arthritis, and shown
to inhibit joint inflammation with concomitant
decrease of synovial proliferation.6 7

Tie-1 and Tie-2 are endothelial cell-specific
tyrosine kinase receptors expressed in the
vascular system from the early stages of
embryogenesis.8 9 These receptors have unique
extracellular domains that are not seen in other
tyrosine kinase receptors, and overall identity
of the predicted amino acid sequences between
these receptors is around 50%. Recent target
disruption studies have shown that Tie recep-
tors have a crucial role in angiogenesis.
Dysfunction of either Tie-1 or Tie-2 causes a
defect in capillary network formation, resulting
in oedema and haemorrhage.10 11 More re-
cently, angiopoietin-1 and -2 were isolated as
ligands for Tie-2, though Tie-1 is still an
orphan receptor.12 13 Angiopoietin-1 induces
autophosphorylation of Tie-2, and stimulates
proliferation and maturation of smooth muscle
cells surrounding blood vessels. In knockout
mice of angiopoietin-1, proliferation of the
endothelium and capillary formation may take
place, but most mice die at the embryonic stage
owing to reciprocal interactions between endo-
thelial cell and surrounding matrix or mesen-
chymal cells.14 In contrast, angiopoietin-2 acts
as an antagonist by competitive binding with
angiopoietin-1 through Tie-2.13 However, it
seems that angiopoietin-2 is also required to
initiate neovascularisation.15 These findings
strongly implicate the functional requirement
of the angiopoietin-Tie system in angiogenesis
and subsequent microvascular maintenance.

Using immunohistochemistry, we show here
that Tie-1 and Tie-2 are expressed not only in
vessel walls but also in synovial lining and stro-
mal cells, and that the expression of these
receptors is associated with the degree of
vascularity and synovial proliferation. Bearing
in mind these findings, we discuss the possible
functional involvement of Tie receptors in
angiogenesis and proliferation of RA syn-
ovium.

Ann Rheum Dis 2000;59:607–614 607

Department of
Orthopaedic Surgery,
Nagasaki University
School of Medicine,
Nagasaki, Japan
T Uchida
Y Hirota
Y Miyazaki
H Shindo

Department of
Molecular Pathology,
Atomic Bomb Disease
Institute, Nagasaki
University School of
Medicine, Nagasaki,
Japan
M Nakashima

First Department of
Anatomy, Nagasaki
University School of
Medicine, Nagasaki,
Japan
T Tsukazaki

Correspondence to:
Dr Tomoo Tsukazaki, First
Department of Anatomy,
Nagasaki University School
of Medicine, 1–12–4
Sakamoto, Nagasaki
852–8523, Japan
Email:
ttsukanet.nagasaki-ac.jp

Accepted for publication
9 February 2000

www.annrheumdis.com

 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.59.8.607 on 1 A
ugust 2000. D

ow
nloaded from

 

http://ard.bmj.com/


Materials and methods
TISSUE SAMPLES

Ten synovial tissue samples were obtained at
the time of joint replacement surgery or
synovectomy from patients with RA after
informed consent. As normal controls, three
joint capsules were also obtained during femo-
ral head replacement surgery from patients
with femoral neck fracture. Table 1 summarises
the clinical information on each patient. The
diagnosis of RA was based on the criteria of the
American College of Rheumatology.16 Each
sample was fixed in 10% formalin immediately
after removal. For reverse transcriptase
polymerase chain reaction (RT-PCR), tissues
were cryopreserved at −80°C.

IMMUNOHISTOCHEMISTRY

Table 2 lists the primary antibodies used in this
study. Formalin fixed and paraYn embedded
tissues were used for the immunohistochemis-
try of Tie-1 and Tie-2. Immunostaining was
performed using the avidin-biotin complex
technique as described previously.17 ParaYn
embedded tissues were cut into 2 µm thick sec-
tions, deparaYnised in xylene, and rehydrated
in phosphate buVered saline. After immersion
in 0.3% H2O2 to block endogenous peroxidase
activity, sections were preincubated with 10%
normal goat serum to prevent non-specific
binding and then incubated overnight at 4°C
with anti-Tie-1 or anti-Tie-2-specific polyclo-
nal antisera. The slides were subsequently
incubated with biotinylated goat antirabbit IgG
antibody for one hour, followed by avidin-
peroxidase for 30 minutes, and coloured with
3-amino-9-ethylcarbazole hydrochloride. Con-
trol experiments included incubation with
non-immunised rabbit serum instead of the
primary antibody and an immunoabsorption
test by each antigen (SC-342 P and SC-324 P
for Tie-1 and Tie-2, respectively); they did not
show any staining.

To determine the phenotype of cells immuno-
reactive to Tie-1 and Tie-2, double immuno-
histochemistry of Tie-1/Tie-2 and CD68,
vimentin, CD34, á smooth muscle actin
(áSMA) was performed as described
previously.18 In addition, in an attempt to show
proliferating cells in the synovium, double
staining with proliferating cell nuclear antigen
(PCNA) was performed. The primary anti-
body for the first immunohistochemical reac-

tion was Tie-1 or Tie-2, followed by secondary
staining with mouse antisera. The second
immunohistochemical reactions for CD68,
vimentin, CD34, áSMA, and PCNA were
visualised using alkaline phosphatase conju-
gated antimouse IgG antibody with a mixture
of 5-bromo-4-chloro-3-indolyl phosphate and
nitroblue tetrazolium chloride colouration.
Control slides in double immunohistochemis-
try experiments were carried out by incubation
with only the secondary antibody, without
added primary antibody during the second
immunohistochemical procedure and did not
show any staining in the second reaction.

Under ×100 magnification, the staining
frequencies of Tie-1 and Tie-2 in each compo-
nent were evaluated semiquantitatively by
three observers, as follows: +++ = >50%, ++ =
20–50%, + = 5–20%, and +/− = <5%.

RT-PCR

Total RNA was extracted from each tissue sam-
ple by a modified guanidine-phenol method.
After denaturing with heat incubation for 10
minutes at 70°C, complementary DNA
(cDNA) was synthesised from 1 µg of RNA
using Molony murine leukaemia virus reverse
transcriptase for one hour at 37°C in the
presence of oligo-dT primer. PCR was per-
formed using specific primers designed on the 3'
region of each cDNA as follows: Tie-1, sense:
GCCATGATCAAGAAGGACGG, antisense:
GTTCTCTCCGACCAGCACAT; Tie-2,
sense: TGTTCCTGTGCCACAGGCTG,
antisense: CACTGTCCCATCCGGCTTCA;
G3PDH, sense: ACCACAGTCCATGCCAT-
CAC, antisense: TCCACCACCCTGTTGCT-
GTA. The thermal profile was 15 seconds at
95°C, 15 seconds at 55°C, 30 seconds at 72°C.
The amplification cycles of Tie-1 and Tie-2
were both 35. For glyceraldehyde-3-phosphate
dehydrogenase (G3PDH), amplification was
reduced to 25 cycles. The expected sizes of
Tie-1, Tie-2, and G3PDH were 407 bp, 317 bp,
and 750 bp, respectively. To exclude possible
contamination of genomic DNA, PCR was also
applied to reactions without RT.

RT-PCR with the same procedures and con-
ditions was also applied to cultured fibroblast-
like synoviocytes obtained from two independ-
ent patients and subcultured five times in
RPMI based culture medium.

Results
EXPRESSION OF TIE-1 AND TIE-2 IN SYNOVIAL

LINING AND STROMAL CELLS

Immunoreactivity for Tie-1 or Tie-2 was seen
in blood vessels as well as in synovial lining and
stromal cells in all RA tissues, while only the

Table 1 Patients’ characteristics

Patient No Sex Age (years)
Disease duration
(years) AVected joint Drug Stage

1 F 55 22 Hip P, D IV
2 F 68 5 Hip P IV
3 F 57 22 Ankle P IV
4 F 49 8 Hip P, D III
5 F 63 11 Hip P III
6 F 75 7 Knee P III
7 F 79 5 Knee P III
8 F 69 8 Knee P IV
9 F 22 7 Elbow P IV

10 M 78 7 Knee P, D III
11* F 69 — Hip — —
12* F 85 — Hip — —
13* F 72 — Hip — —

P = prednisolone; D = disease modifying antirheumatic drugs.
*Patients 11–13 are subjects with femoral neck fracture.

Table 2 Antibodies used in this study

Antibody Origin Supplier Dilution

Tie-1 Rabbit Santa-Cruz 1/200
Tie-2 Rabbit Santa-Cruz 1/500
CD68 Mouse Zymed Prediluted
Vimentin Mouse Dako Prediluted
CD34 Mouse Novocastra 1/25
áSMA* Mouse Enzo Diagnostics 1/150
PCNA* Mouse Dako 1/200

*áSMA = á smooth muscle actin; PCNA = proliferating cell
nuclear antigen.
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capillary endothelium was stained in control
subjects (figs 1A and B). However, the stained
cell number and staining intensity were diVer-
ent among samples (table 3). In general, Tie
receptors were preferentially expressed in the
papillary projected portions containing a high
density of vascular and stromal cells. Compari-
son of the distribution of Tie-1 and Tie-2
showed that Tie-1 tended to be expressed
widely throughout stratified synovial lining
cells (fig 2A), whereas Tie-2 expression was
restricted to the basal layer. In addition, Tie-1
immunoreactive stromal cells were distributed
more widely than those of Tie-2.

To identify the phenotype of cells expressing
each Tie receptor, double staining with CD68
and vimentin antibodies, markers for histio-
cytic and fibroblastic cells, respectively, was
performed. In synovial layers, CD68 was
expressed predominantly in the superficial
layer and did not colocalise with Tie-2 (fig 2B).

In contrast, vimentin was expressed in the deep
layer and often colocalised with Tie-2 (fig 2C).
A similar trend was seen in stromal cells; a large
proportion of Tie-2 positive cells co-stained

Figure 1 Expression of Tie-1 and Tie-2 in rheumatoid arthritis (RA) (A) and control (B) synovia. Three serial sections
from patient No 4 were used for haematoxylin and eosin (HE) staining (left panel), immunostaining for Tie-1 (middle
panel), and Tie-2 (right panel). Expression of Tie-1 and Tie-2 was widely distributed in RA synovium, such as lining cells
and stromal components, including capillaries. The distribution of Tie-1 immunoreactivity was more widespread than that
of Tie-2. Note the restricted expression of Tie-2 to the basal layer of stratified lining cells. Although the number of Tie-2
positive cells was somewhat less than for Tie-1, the intensity of staining was stronger than Tie-1 in both lining and stromal
cells except for capillaries (insets). In control patient No 11, only the capillary components (arrow) were positive for Tie-2.
Bars = 100 µm.

Table 3 Expression levels of Tie-1 and Tie-2 in the
rheumatoid synovium of each patient

Patient
No

Tie-1 Tie-2

Lining Sublining Vessels Lining Sublining Vessels

1 +/− +/− +/− +/− +/− +
2 +/− +/− +/− + + ++
3 + ++ +/− +/− +/− +
4 ++ ++ + ++ + ++ ++ +++
5 +/− +/− +/− + + ++
6 + +/− + +++ + +++
7 +/− +/− +/− ++ ++ ++
8 +/− +/− +++ ++ +++ +++
9 +/− +/− + + +/− ++

10 + +/− +/− ++ + ++

+++, ++, +, and +/− represent staining frequencies of >50%,
20–50%, 5–20%, and <5%, respectively, as described in “Mate-
rials and methods”. Serial sections were stained in two separate
procedures, and showed the same results.
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with vimentin but not with CD68 (figs 2G and
H), though not all vimentin positive cells
expressed Tie-2. In contrast, Tie-1 positive
cells co-stained with either CD68 or vimentin.

However, there were still large numbers of sin-
gly stained cells (figs 2E and F). To assess the
correlation between Tie-2 expression and cell
proliferation, double staining with PCNA was

Figure 2 Double immunohistochemistry of synovial lining cells (A–D) and stromal cells (E–H). (A) Immunostaining for
Tie-1. Tie-1 expression was seen throughout stratified synovial lining cells. (B) Double staining for Tie-2 (red) and CD68
(blue). Tie-2 immunoreactivity was predominantly localised in the basal layer of synovial lining cells, whereas CD68
immunoreactivity was restricted to the superficial layer. (C) Double staining with Tie-2 (red) and vimentin (blue).
Colocalisation of Tie-2 and vimentin expression was obvious in the basal layer of the synovium (arrowheads) on the serial
section shown in (B). (D) Double staining of Tie-2 (red) and proliferating cell nuclear antigen (PCNA) (blue). Similarly
to section C, colocalisation of Tie-2 and PCNA was restricted to the basal layer (arrowheads). (E, F) Double staining of
Tie-1 (red) and CD68 (blue)/vimentin (blue) in stromal cells. Tie-1 expression was frequently colocalised with both CD68
(E) and vimentin (F). (G, H) Double staining of Tie-2 (red) and CD68 (blue)/vimentin (blue) in stromal cells. In
contrast with Tie-1, the distribution of Tie-2 expression was completely distinct from that of CD68 (G). On the other hand,
Tie-2 expression was frequently concordant with vimentin positive cells (H) (arrowheads). A–D = patient No 4, E–H =
patient No 8. Bars in each panel = 50 µm.
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also performed. PCNA positive cells were
mainly distributed in the basal layer of
stratified synovial lining cells, and colocalised
with Tie-2 positive cells (fig 2D). Several
stromal cells also overexpressed PCNA.
However, no distinct diVerence was noted

in the distribution pattern between PCNA
and Tie receptors (data not shown). Compari-
son of the staining of Tie receptors with
clinical information showed no obvious rela-
tion in the expression profiles of either Tie-1
or Tie-2.

Figure 3 Tie-2 expression in the synovial vascular component. (A) Double immunohistochemistry for Tie-2 (red) and á
smooth muscle actin (áSMA) (blue). Tie-2 was co-stained with áSMA, suggesting Tie-2 expression in pericytes
surrounding capillaries. (B) Double staining with Tie-2 (red) and CD34 (blue) antibodies. Colocalisation of Tie-2 with
CD34 was found only in capillaries with small lumen (red arrowheads) but not in tiny vessels lacking luminal structures
(black arrowheads), suggesting the absence of Tie-2 expression at the initial stage of angiogenesis. (C) Tie-2 expression in
capillary endothelium. Expression of Tie-2 and CD34 in a section from patient No 6 was shown in the three
photomicrographs as follows. Left panel: Tie-2 immunoreactivity before the addition of CD34 antibody; middle panel:
double staining for Tie-2 and CD34; right panel: CD34 expression after removal of Tie-2 staining by immersing in
ethanol. (D) Double staining for Tie-2 (red) and proliferating cell nuclear antigen (PNCA) (blue). (E) Single staining
for CD34 in a section adjacent to (D). PCNA was frequently overexpressed in Tie-2 positive endothelial and pericytic
cells as indicated by black arrowheads. Inset in (D) is a representative capillary showing both immunoreactivities.
Note several CD34 positive cells in (E) are negative for Tie-2 and PCNA in (D) (red arrowheads). Asterisks in
(D) and (E) represent large vessels which did not react with either Tie-2 or PCNA or CD34. Bars in each panel =
50 µm.
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RELATION BETWEEN TIE-1 AND TIE-2 EXPRESSION

AND ANGIOGENESIS

Expression of Tie-1 and Tie-2 was also seen in
vascular walls of all RA synovia. In contrast
with synovial lining and stromal cells, however,
there was no significant diVerence in the
expression profile between Tie-1 and Tie-2 in
the vascular wall. Although there was a regional
variability, and no obvious correlation between
Tie receptor expression and clinical features,
Tie receptors tended to express intensely in
capillaries located underneath the papillary
proliferated synovium (fig 1A). Double stain-
ing with antibody against áSMA, which is
expressed in pericytes as well as smooth muscle
cells, showed that Tie-1 and Tie-2 were
expressed in pericytes surrounding capillaries
(fig 3A). Co-staining with CD34, a marker for
endothelial cells, confirmed the expression of
Tie receptors in the endothelium, though the
expression of CD34 was limited to the inner
surface of the endothelium (figs 3B and C). In
addition to the small vessels which were stained
by both CD34 and Tie receptors, many
luminal structures composed of only CD34
stained cells could be seen among capillaries
scattered over active synovia (fig 3B).

In the next step we examined whether
expression of Tie receptors in the vasculature
in RA synovium was associated with cell prolif-
eration, and if so, we then determined whether
Tie positive vessels were newly synthesised or
existing blood vessels. Double staining with
Tie-2 and PCNA and single staining with
CD34 were performed using adjacent tissue
sections. Overexpression of PCNA was often
seen in the endothelium and surrounding peri-
cytes of Tie-2 positive capillaries (fig 3D).
Most vessels were stained by both Tie-2 and
PCNA. However, the vascular wall of a small
proportion of vessels did not stain with either
PCNA or Tie-2, even though CD34 was
definitely expressed in the endothelium (figs
3D and E).

RT-PCR OF TIE-1 AND TIE-2

To confirm and compare the expression levels of
Tie-1 and Tie-2 in each tissue sample, RT-PCR
was performed using specific primers to total
RNA extracted from synovial tissues. Despite
the use of equal volumes of RT products, there
was some variability in the expression levels of
G3PDH, which was used as internal control (fig
4A). However, specific PCR products of Tie-1
and Tie-2 were noted in almost all tissue
samples, and the amount of PCR product
reflected the expression levels seen in immuno-
histochemistry. Tie-1 and Tie-2 were amplified
to maximum levels in patient No 4, who showed
the highest expression of these proteins in
immunohistochemistry.

To examine whether synoviocytes express
Tie receptors in vitro, RT-PCR was performed
on cultured fibroblastic synoviocytes derived
from two independent patients with RA. As
with synovial tissues, both Tie-1 and Tie-2
were amplified from cDNA of cultured syn-
oviocytes without notable diVerence (fig 4B).

Discussion
Although Tie-1 and Tie-2 protein tyrosine
kinase receptors have been considered to be
expressed only in the endothelium of actively
growing vessels, there is suYcient evidence at
present indicating that these receptors are also
expressed in quiescent endothelium or in other
types of cells, including circulating haemato-
poietic progenitor cells.19 20 We extended these
studies by demonstrating in the present work
that Tie receptors are also widely expressed in
the pathologically abnormal synovial tissue of
RA, including synovial lining cells, stromal
cells, pericytes, and endothelial cells. We also
demonstrated the expression of Tie receptors
in cultured synoviocytes. In normal synovial
tissues, however, these Tie receptors were lim-
ited to endothelial cells of small vessels.

In our sample group of patients with RA,
Tie-1 and Tie-2 were expressed in all RA
synovia, and intense expression was seen in
actively proliferated regions. Furthermore, our
results showed that the distribution of Tie-1
expressing cells was diVerent from that of cells
positive for Tie-2 in synovial lining and stromal
cells. As summarised in table 4, Tie-1 was
expressed in the full thickness of the papillary
proliferated synovial lining cells, whereas Tie-2

Figure 4 Reverse transcriptase polymerase chain reaction (RT-PCR) of Tie-1 and Tie-2.
(A) Tie-1 and Tie-2 in synovial tissues. Total RNA was extracted from each synovium and
cDNA was synthesised from 1 µg RNA. PCR was performed with specific primers
corresponding to each cDNA. PCR cycles to amplify Tie-1, Tie-2, and G3PDH were 35,
35, and 25 cycles, respectively. Amplified PCR products were then electrophoresed onto
1.5% agarose gel. To rule out possible genomic DNA contamination, control experiments
were also performed without RT using the same reactions, and showed no amplification
(data not shown). (B) Tie-1 and Tie-2 in cultured synoviocytes. Cultured synoviocytes
obtained from two independent patients with RA (cs-1 and cs-2) and subcultured five times
were subjected to RT-PCR with the same conditions as described above.

A

Tie-1

Case: 1 2 3 4 5 6 7 8 9 10

Tie-2

G3PDH

B

Tie-1

RT: – +– +

cs-1 cs-2

Tie-2

G3PDH
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expression was restricted to fibroblast derived
cells (CD68−/vimentin+) located in the basal
layer. Similar to the synovial lining cells, Tie-2
expression in stromal cells was limited to type
A fibroblastic cells (CD68−/vimentin+) but
not to type B macrophage-derived cells
(CD68+/vimentin−), whereas Tie-1 expres-
sion did not depend on the phenotype. Our
results also showed the preferential expression
of PCNA in cells of the basal layer. These
results are consistent with previous findings
that basal layer cells of synovial lining display
fibroblastic phenotype and retain a proliferative
capacity, whereas the superficial cells display a
phenotype of diVerentiated macrophages.21

The exact functional role of these Tie recep-
tors in RA synovium and the expression of
angiopoietin-1 and/or -2 ligands for Tie-2
receptor in synovial tissue, remain unknown at
present. However, the intense expression of
these Tie receptors in the inflamed synovium
suggests that Tie-1 and Tie-2 play some part in
the pathophysiology of RA synovitis. Further-
more, the restricted expression of Tie-2 in
CD68−/vimentin+ cells suggests some specific
functional role for Tie-2 in the diVerentiation
of these cell from fibroblastic phenotype.
Moreover, overexpression of PCNA in Tie-2
positive basal layered cells may be indicative of
the direct involvement of these cells in the pro-
liferation of lining cells.

In vasculature tissue of the RA synovium,
our results showed the expression of Tie recep-
tors in the endothelium and surrounding peri-
cytes of proliferating capillaries located under-
neath the papillary stratified lining cells,
without obvious diVerences in the expression
patterns of Tie-1 and Tie-2. In addition, over-
expression of PCNA was restricted to Tie
positive vessels. These results suggest the
involvement of Tie receptors in vascularisation
of the RA synovium, as well as the possible
function of Tie-1 and Tie-2 as angiogenic fac-
tors under pathophysiological conditions. Pre-
vious studies have shown that in several patho-
logical conditions, including malignant
tumours, the expression of Tie receptors
correlates well with the degree of
angiogenesis.22 23 These findings, together with
our results for the expression profiles in
synovial lining and stromal cells, suggest that
the Tie-angiopoietin system plays a part in
angiogenesis, synovial proliferation, and re-
modelling of RA pannus. Further experiments,
including studies to examine the biological
function of Tie-1 and Tie-2 and immunohisto-
chemistry for angiopoietins, are necessary for a
better understanding of the pathophysiology of
RA synovitis.

The origin and diVerentiation of vascular
cells within the inflamed synovium are not well
understood. However, clearly, based on the
serial analysis of surface antigens, it seems that
many endogenous haematopoietic cell precur-
sors are present in synovial tissue of RA.24

Among these, a high density of CD34 positive
cells have been shown in peripheral blood and
in synovial tissue.25 In addition to serving as a
marker for mature endothelium, CD34 is also
expressed during early stages of
angiogenesis.26 27 Furthermore, it seems that
CD34 positive cells in peripheral blood still
retain a proliferative capacity as progenitor
cells to both lymphocytes and endothelial
cells.28 29 Interestingly, we found many luminal
structures surrounded by CD34 positive cells
within capillary-rich areas, which might be
indicative of immature capillary endothelium.
Although a lineage between CD34 and Tie
receptors, which has already been shown in
lymphopoietic cells,30 has not yet been reported
in the angiogenic process, it is possible that
CD34 positive endothelial progenitor cells pre-
existing in, or infiltrating, synovial tissue from
peripheral blood, diVerentiate into endothelial
cells. Subsequent processes might include the
induction of Tie receptors in the endothelium
itself or in the surrounding undiVerentiated
cells for further growth of the vessels, in co-
operation with the secreted angiopoietins. Elu-
cidation of the mechanism underlying Tie
receptor induced angiogenesis may allow the
design of new treatments for RA.

In summary, we have shown here that Tie-1
and Tie-2 tyrosine kinase receptors are widely
expressed in the proliferating synovium of RA,
including synovial lining and stromal cells as
well as the vascular system. We also showed
that such expression is dependent on the
proliferative activity of the RA synovium. Our
results suggest the functional importance of
Tie receptors in synovial proliferation and
angiogenesis in RA synovitis.

We thank Mrs Motoki, Mrs Fukahori, and Mr Kawata for the
preparation of histological sections, and Dr Kohno and Dr
Kawabe for providing tissue samples and cultured synoviocytes,
respectively.
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