
Abstract Proliferating cell nuclear antigen (PCNA) is
one of the cell cycle-related proteins directly involved in
DNA synthesis. It is a marker of cellular proliferation and
has been shown to correlate with ploidy and proliferative
activity of cells. Its expression has been used to estimate
the growth fraction of human cancer and its prognostic
value. Pigmented villo-nodular synovitis (PVNS) is char-
acterised by a nodular lesion in the paratendinous synovial
tissue or, less frequently, in a joint. Whether PVNS is a
neoplastic or inflammatory lesion remains controversial.
We have studied immunohistochemical PCNA expression
with pc10 monoclonal antibody in 16 paraffin sections, in
16 cases of localised PVNS, or giant cell tumour of ten-
don sheath. We have found significant correlation between
the size of the lesions and PCNA-LI (labelling index).

Résumé L’antigène nucleaire de prolifération cellulaire
(PCNA) est une des proteines du cycle cellulaire et il est
impliqué directement dans la synthèse du DNA. Il s’agit
certainement d’un indicateur de prolifération cellulaire.
Son expression a été employé pour évaluer l’index de
prolifération de la tumeur humaine et son valeur au point
de vue pronostique. La synovite villo-nodulaire pigmentée
(PVNS) est caractérisée par une lésion nodulaire plus
fréquente dans les localisations tendineuses que dans les
articulations. S’il s’agit d’un processus néoplasique ou
d’une lésion inflammatoire reste controversée. Nous avons
étudiés l’expression immunohistochimique du PCNA avec
l’anticorps monoclonal PC10 en 16 lames paraffinés rela-
tives à 16 synovites villo-nodulaires pigmentées localisées

ou tumeurs à cellules geantes des gaines tendineuses.
Nous avons trouvés une corrélation significative entre les
dimensions des lésions nodulaires et le PCNA labelling
index (PCNA-LI).

Introduction

PCNA has been shown to correlate with ploidy and prolif-
erative activity of cells [4, 13, 15, 19] and its expression
has been used to estimate the growth fraction of malignant
tumours in humans [1, 27]. PCNA immunostaining is a
sensitive method which can easily be performed on paraf-
fin-embedded specimens [1]. PVNS (Figs. 1–3) is a prolif-
erative process involving the synovial membrane of joints,
tendons and bursae [9]. The localised form is character-
ised by a nodular lesion in paratendinous synovial tissue
or, less frequently, in a joint. These lesions may become
painful after a long period of slow growth and may infre-
quently grow very rapidly; they are often associated with
osteolytic lesions in the surrounding bone. A recurrence
rate of 10–20% has been reported after excision.

Materials and methods

Sixteen cases of giant cell tumour of tendon sheath were retrieved
from the files of the Istituto di Clinica Ortopedica and selected for
study on the basis of their histologic features, the availability of
blocks for immunohistochemical studies and photographic docu-
mentation of the gross specimens. All tissues were fixed in formalin
and paraffin-embedded. Sixteen specimens from 16 patients (8
males, 8 females); with a mean age of 36 years (12–74 years) were
included. Immunohistochemical staining was performed on sections
from the paraffin-embedded tissue. Five-millimeter sections were
deparaffinised in xylene and then rehydrated. Endogenous peroxi-
dase activity was blocked with 1% H2O2 methanol. Following a
short rinse in PBS (phosphate buffer solution), the sections were
pre-incubated with 1% normal horse serum. PC10 mouse monoclo-
nal antibodies (Ylem, Aq, Italy) to human PCNA were applied in a
1:50 dilution for 1 h. They were treated with the avidin biotin per-
oxidase complex (ABC-Elite Kit; Vector Laboratories, Burlingame,
Calif., USA). The reaction products in the sections were visualised
with freshly prepared 0.01% and 3.3-diaminobenzidine tetrahydro-
chloride (DAB; Sigma, USA) containing 0.02% H2O2. The sections
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were counterstained with Harris hematoxylin. PCNA immunoreac-
tivity was quantified by selecting five different areas per histologi-
cal section with the highest positivity and counting was recorded us-
ing ×400 magnification. Both labelled and unlabelled nuclei were
counted and the PCNA-labelling index (PCNA-LI), expressed as a
ratio of positively stained nuclei to total nuclei counted, was deter-
mined by counting 500–1000 nuclei. Two examiners (both authors)
performed these counts twice at intervals of 2 weeks and calculated
the mean. The dimension of the lesions was obtained by measuring
the mean between the maximum and the minimum size on the pho-
tographic images of the gross specimen. Images of the specimen be-
side a graduated ruler had been taken immediately after excision.

Statistical analysis was performed using the Spearman rank
correlation coefficient r.

Results

Immunohistochemical analyses show that giant cells do not
stain positively with PCNA antibodies. The clinical find-
ings and PCNA-LI are shown in Table 1. The mean PCNA-
LI in our cases was 0.262 (standard deviation = 0.176).

198

Fig. 1 Gross specimen of pa-
tient 12 longitudinally cut and
opened

Fig. 2 Histological appearance
of pigmented villonodular sy-
novitis. H&E, ×400

A significant correlation was found between the size
of the lesions and the PCNA-LI:Spearman r (corrected
for ties) = 0.923; t=8.97, P<0.001.

Discussion

Whether the aetiology of PVNS is neoplastic or inflam-
matory remains controversial. Jaffe proposed the denom-
ination of synovitis on the basis of hyperplastic stromal
cells in a milieu of hyalinized collagen with a tendency
to produce fibrosis [12]. The association between PVNS
and trauma, or rheumatoid arthritis, has been reported
[21]. Some attempts have been made to induce PVNS
experimentally. Lesions have been induced by injecting
colloidal iron into the joints of rabbits [32] and by inject-
ing blood, colloidal iron, plasma and gum acacia into the
ankles of monkeys [30]. The colloidal iron produced
changes similar to PVNS except for the absence of foam



cells and very small numbers of giant cells. The blood-
injected joints showed brown pigmentation of synovial
membrane, foam cells, oedema and congestion, but did
not show villi or nodules. The plasma and gum acacia
did not produce significant changes. Saline solution or

blood injection into the ankles of dogs produced a non-
specific synovitis [17]. Continuous hemarthrosis in the
knees of dogs caused brown-staining of the synovium
within 5–10 weeks and synovial hypertrophy 12–16
weeks later [6]. Round cell infiltration, hemosiderin and
synovial hyperplasia were present, but no giant cells
were found. These results indicated that although many
features of PVNS are reproducible, the disease cannot be
induced in animal models.

If trauma and inflammatory reaction may explain
some aspects of PVNS, much experimental evidence
supports a neoplastic aetiology. Some authors claim that
the insignificant degree of inflammation, the nodular
growth pattern, the propensity for recurrence after inade-
quate removal and the lack of characteristic changes in
the adjacent synovial tissue suggest that PVNS is not an
inflammatory synovitis. Moreover they argue that there
does not seem to be a relationship between the degree of
fibrosis and either the duration of symptoms or the size
of the lesion, and no histological evidence of progressive
fibrotic changes was seen [25].

Cases of malignant PVNS have been reported [3, 5].
Some authors have described the presence of cytogenetic
clonal aberrations in short-term cultures and in uncultured
PVNS cells, by using a fluorescence in situ hybridization
technique [10, 18, 26]. The finding of acquired clonal
chromosome aberrations has usually been regarded as evi-
dence that the lesion is a true neoplasm, although clonal
chromosomal changes are also present in non-neoplastic
cells. The most frequent chromosome changes, among the
ten cases reported in the literature, is an increase of chro-
mosomes 5 or 7. Moreover, chromosome regions involved
more than once were 1p10-p34 in four cases, 5q31-35 in
two cases and 15q in two cases [24]. The presence of an
extra chromosome 7 is correlated with an increase of pro-
liferative activity in several tumours [14, 16].

In order to understand the aetiology, it is essential to
clarify the origin of the cells involved. Electron micro-
scopic studies have suggested that the different types of
cells in PVNS may be derived from a basic undifferentiat-
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Fig. 3 Immunohistochemical staining with PC10 antibody (anti-
PCNA). ×400

Table 1 Overview of cases studied

Case Age Gender Localization Dimension PCNA-LI
(years) (cm)

1 12 M Thumb 0.8 0.05
2 66 F IV finger 1 0.206
3 23 F II finger 1 0.327
4 48 M II finger 1 0.125
5 60 F IV finger 1 0.182
6 16 F II toe 1 0.07
7 21 M II finger 1.2 0.02
8 25 M III toe 1.2 0.312
9 33 M II toe 1.5 0.206

10 36 M V finger 1.7 0.224
11 74 F Hand 2 0.253
12 27 F III-IV inter-metatarsal space 2.5 0.137
13 36 F III-IV inter-metatarsal space 3 0.509
14 24 M Knee 3 0.552
15 50 F Elbow 3.5 0.512
16 26 M Post. tibial tendon sheath 4 0.511

Table 2 Immunophenotypes of mononuclear cells (PCNA prolifer-
ating cell nuclear antigen, marker of cellular proliferation; fibronec-
tine marker of fibroblastic cells; CD68 marker of istiocitic cells;
PTH-receptor parathormone receptor, marker of osteoclastic cells)

PCNA Fibronectine CD68 PTH-receptor

+ + – –
+ – + –
– – + +

Table 3 Immunophenotype of multinuclear giant cells

PCNA Fibronectine CD68 PTH-receptor

– – + +



ed mesenchymal cell [2, 8, 11]. However, it is more likely
that the cells in PVNS are not derived from single stem
cells; Sakkers et al. and Vogrincic et al. demonstrated, by
assaying clonality in tissue from 46 XX subjects based on
preferential X-chromosome inactivation analysis, that the
cells in PVNS are not derived from a single stem cell [28,
31]. The co-presence of cells with cytogenetic normal
metaphases, commonly observed, may reflect infiltrative
non-neoplastic cells in the PVNS specimen. It may be that
PVNS is a neoplastic lesion where tumour cells coexist
with monocyte-macrophage cells. The antigenic pattern
on immunohistochemical analysis is characterised by the
presence of cells with different immunophenotypes: either
fibroblastic or monocytic-macrophagic [22] (Tables 2, 3).

It is important to emphasise the fact that multinuclear
giant cells are PCNA negative, i.e. not in proliferation.
Studies have shown that giant cells in PVNS are formed
by fusion of mononucleated precursors and express an
osteoclast phenotype [7, 23, 33]. Osteoclasts may be de-
rived from blood monocytes.

If a neoplastic aetiology is proposed, one must as-
sume that there is a neoplastic fibroblastic-like cellular
population that may produce chemotactic factors for
blood monocytes which may migrate into the lesion. A
similar mechanism has been recently demonstrated in
another tumour [34] and the abundant production of
monocyte chemo-attractant protein 1, which is a chemo-
tactic factor specific for monocytes, has been demon-
strated in cultures of giant cell tumour of bone, which is
a tumour with histological, ultrastructural and immuno-
histochemical characteristics similar to PVNS.

In our study we only chose specimens from the local-
ised form of PVNS because the size of the nodules,
which is proportional to the duration of the disease and
to the rapidity of growth, is measurable more easily than
in the diffuse form. Nodular lesions can also be assumed
as spheres where our measurements represent their diame-
ters. Accordingly, monodimensional measurements can
be regarded as an index of the volume of the lesion as
well as an index of the duration of the disease. The point
that we intended to highlight in this study is that the pro-
liferalitive activity increases with the duration of the dis-
ease. Our data showed that PCNA-LI correlates with the
dimension of nodules in PVNS. It is well known that ge-
netic mutations may develop and accumulate with suc-
cessive mitoses. The proliferative cellular activity may
become more pronounced during this process. Our data
suggest that the lesion may be caused by an increase in
cellular proliferative activity as observed in models of
neoplastic progression. A sequential increase in the
PCNA-LI was observed during neoplastic progression of
lesions of the colon [29] and the PCNA-LI was higher in
oesophageal carcinoma than dysplasia [20].

On the basis of the evidence and our experience we
believe that PVNS is a neoplastic condition and surgical
treatment should be performed accordingly. Particular
care is required in the presence of bony erosions and
complete excision with curettage of the cavities is re-
quired to avoid recurrence.
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