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Chapter 5

Abstract

Chondromyxoid fiboroma (CMF) is a rare benign cartilaginous bone tumor with a
lobular architecture containing stellate and myofibroblast-like spindle cells. The
aim of this study was to investigate the presence, spatial distribution and extent
of myoid differentiation in CMF and to evaluate a possible causative role of TGF-31
signaling, which is known to promote smooth muscle actin (SMA) expression.
Twenty cases were studied for immunoreactivity for muscle specific actin (MSA),
SMA, desmin, h-caldesmon, calponin, TGF-B1 and PAI-1. The extent of
myofibroblastic differentiation was further investigated ultrastructurally, including
immuno-electron microscopy using antibodies against MSA and SMA, focussing
upon the different cell types in CMF. The expression of potential genes driving this
process was quantified by Q-PCR (TGF-B1, fibronectin, its EDA splice variant and
PAI-1). Tumor cells, especially those with a spindled morphology, showed diffuse
immunoreactivity for MSA, SMA, TGF-1 and PAI-1, while desmin, h-caldesmon
and calponin were absent. Ultrastructurally, neoplastic cells showed the presence
of myofilaments and rare dense bodies, which were more prominent in spindle
cells and less so in chondroblast-like cells. Immuno-electron microscopy confirmed
the actin nature of these myofilaments. No fibronexus was identified. The functional
activity of TGF-B1 was demonstrated by

the identification of PAI-1, a related downstream molecule both
immunohistochemically as well as by Q-PCR. There was a linear correlation between
TGF-B1 and PAI-1 expression. Fibronectin-EDA levels were low.

We substantiated the presence of morphological, immunohistochemical and
immuno-electronmicroscopical partial myofibroblastic differentiation in CMF, driven
by TGF-B1 signalling.
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Introduction

Chondromyxoid fibroma (CMF) is a rare neoplasm of bone occurring with a diverse
spectrum of age and anatomical site.!* Histologically, CMF is characterised by
lobules of myxoid/chondroid matrix rimmed by spindle cells often admixed with
multinucleated giant cells. These morphological features are wider than that
observed in mature hyaline cartilage and probably resemble the differentiation
potential of cartilaginous cells in vivo and in vitro.>®

There are scattered reports of SMA expression as well as ultrastructural evidence
of myofilaments with focal densities in cartilaginous neoplasms.”® In CMF, this
was particularly reported in the spindle cell areas in a small series of cases.®
However, the spectrum and nature of myoid/myofibroblastic differentiation of the
neoplastic cells was not studied in depth.® Furthermore, insight into the molecular
mechanism driving this cellular plasticity is lacking.

It has been shown that articular cartilage cells may show contractile function and
smooth-muscle actin (SMA) expression.i°*? The latter can be upregulated by TGF-
B1 or downregulate by platelet derived growth factor BB (PDGF-BB).*? In particular
de novo SMA expression under TGF-B induction is a well known part of the process
of transdifferentiation of fibroblasts towards myofibroblasts.!3-'*> The myofibroblast
has been characterized by the following parameters: a spindle-cell morphology;
frequently a collagenised matrix; an immunophenotype of vimentin, SMA, MSA,
calponin, desmin (mostly in lesional but not reactive myofibroblasts) and negativity
for h-caldesmon.*>1¢ Ultrastructurally prominent rER, modestly developed and
mainly peripheral bundles of myofilaments with focal densities, and fibronexus
junctions are found. The latter has been argued as a good ultrastructural marker
for the myofibroblast.*>'” A major component of the fibrils of the fibronexus is the
EDA splice variant of FN (FN)!3, the expression of this splice variant being strictly
regulated by TGF-B signalling.t38

This in vivo study aims to define the extent of myofibroblastic differentiation in
CMF and to test a possible causative role for TGF-B1 signalling. For this purpose
an extensive array of techniques was used: conventional immunohistochemistry,
reflection contrast microcopy as well as (immuno-) electron microscopy, whereas
the key molecules were further quantified by Q-PCR. The in vivo activity of TGF-B
was tested through the evaluation of PAI-1 expression in tumor cells.t®-23

Materials and methods

Clinico-pathological data and procedures

Twenty specimens (Table 1) were retrieved from the surgical pathology files of the
Leiden University Medical Center and the registry of the Netherlands Committee
on Bone Tumors. One case (#20) was kindly provided by the Department of
Pathology of Ghent University. Clinical information was obtained from patients’
notes. All patient material was coded, such that code breaking and correlation
with clinical data were only possible for physicians involved in treatment of the
patients. The subsequent research was conducted following the ethical guidelines
of the National organization of scientific societies (FEDERA). The 20 specimens
consisted of 18 primary tumors and the recurrence from each of cases 3 and 7.
The specimens were formalin-fixed, treated with formic acid (pH 2.1) for
decailcification, and paraffin-embedded for subsequent haematoxylin and eosin
staining of histological sections and immunohistochemical analysis. All cases were
reviewed histopathologically in concert with radiology, to confirm the diagnosis.
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Immunohistochemistry

Immunohistochemistry was performed as previously described.?#?> Antibodies
are listed in Table 2. Appropriate parallel positive control slides were prepared
according to each antibody specificity (Table 2). Internal positive controls (Table
2) were present in all the histological sections, allowing evaluation of the antigenic
property of the tissue after decalcification. As negative controls, slides were
incubated with mouse-, or rabbit immunoglobulin of a corresponding (iso-) type
and concentration instead of primary specific antibodies. By evaluation of the internal
and external positive control, the decalcification with formic acid according to our

protocol has no significant influence on antigen recognition by the antibodies used.?*
28

Electron Microscopy and Immuno-electron Microscopy

Electron microscopy was performed on two cases (# 2 and 19) as previously
described.?® Ultrathin sections were examined in a JEOL JEM-1011 electron
microscope with digital photography using a MegaView III camera.

Additionally, immuno-electron microscopy for SMA and MSA was performed. In a
complementary way, reflection contrast microscopy was used as a guide for
immuno-electron microscopy on sequential ultra-thin sections, since it provides
exact location, size, intensity and pattern of immunolabeling, and the relation to
anatomical structures.? For both techniques, negative controls were prepared
with incubation with secondary antibodies only.

mMRNA expression studies

Snap frozen samples from the primary tumor were available from 6 cases (#2, 3,
11, 13,19 and 20). RNA was extracted as described®, only after histological
evaluation of the relative section, in samples in which the tumor cellularity was at
least 70% of the total surface.

Quantitative PCR (Q-PCR)

One mg of total RNA was reverse transcribed with AMV Reverse Transcriptase
(Roche). The Q-PCR reactions were performed on iCycler (BioRad, Hercules, CA,
USA) using SYBR Green I mastermix according to the manufacturer’s instructions.
For each gene a calibration curve, consisting of a mixture of the samples, was
included to allow calculation of relative starting quantities of each gene. All reactions
were carried out in duplicate and normalized to the geometric mean of three
stable reference genes (G protein-coupled receptor 108: GPR108, heterogeneous
nuclear ribonucleoprotein H1: HNRPH1, calpain small subunit 1: CAPNS1).3! The
latter were selected from expression profiling experiments of enchondromas, central
chondrosarcomas (different grades), normal epiphyseal growth plates, and resting
cartilage samples, demonstrating the least variation between all samples.3* We
analyzed the following genes: TGF-B1, FN and PAI-1. Primers sequences are detailed
in Table 3. The log10 of the normalized relative starting quantities were used in
the statistical analysis. Statistical analyses were performed using R computing
environment 2.01 (http://www.R-project.org).3?
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FN/FN EDA ratio

As previously described!®, cDNA was prepared using AMV reverse transcriptase RT
(Roche, Germany), according to the manufacturer’s instructions and PCR was
performed. Primers flanking the EDA region were used so that 526 bp amplification
product corresponded to FN mRNA, which included the EDA region, while the 256
bp product corresponded to EDA-negative FN mRNA. DNA fragments were analysed
by electrophoresis and the radioactivity of each PCR product was visualized with a
Phosphor Imager 445 SI (Molecular Dynamics, Sunnyvale, CA). The ratio between
the two was calculated as the percentage of the splice variant versus the total FN.
Primers are given in table 3.

Table 1: Clinicopathological data

Table 2: Details of antibodies

Case Gender Age Bone
1 M 20 femur
2 M 14 thumb
3. M 15 metatarsus
4 M 49 tibia
5. M 16 metatarsus
6. F 34 ulna
7. M 8 tibia
8. M 7 femur
9 F 60 os ilium
10. F 35 tibia
" F 10 metatarsus
12. M 15 tibia
13 M 63 tibia
14, F 9 tibia
15, M 27 metatarsus
16. F 29 os ilium
17. M 23 femur
18. F 4 rib
19 M 39 sternum
20 F 12 femur

Antigen Clone

Caldesmon h-Cald

Calponin Calp

Desmin cl33
MSA HHF-

35
SMA ASM-1
TGFp1 SP208
PAI-1

Source Species Positive  Dilution Antigen
control retrieval

Neomarkers M colon 1:500 citrate
MW/10m

Neomarkers M

Pathol-az M
Dako M
Progen M
Pathol-az R

American M
diagnostica

inc

breast 1:3000  citrate MW

carcinoma f10m
colon 1400  no
colon 1:1000  no
colon 1:2000 no

breast 1:800 citrate MW
carcinoma f10m
breast 1:500 no

carcinoma

Legend of abbreviations: muscle specific actin:
MSA; smooth muscle actin: SMA; plasminogen
activator inhibitor type 1: PAI-1; mouse: M;
rabbit: R; MW: microwave oven

Table 3: Sequences of the primers used for mRNA expression studies

Gene Accession Number Forward primer Reverse primer

TGFp141 NM_000660 cccagcatetgcaaagcte gtcaatgtacagetgccgea

FN # NM_212482 ggagaattcaagtgtgaccctea aggcaacgtgtt

FN/FN EDA # NM_212482 aaacagaaatgactattgaaggctty agagcatagacactcaacttcatattt
PAH # NM_000602 cctgggaatgaccgacatgt tgcgggctgagactagaca
GPR108 XM_290854 agatgccccttttcaagetctac gccatgagecagtggatettyg
HNRPH1 NM_005520 gatgtagcaaggaagaaattgttcag caccggcaatgttatcccat
CAPNS1 NM_001749 atggttttggcattgacacaty dettgectgtggtatege
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Results

Light microscopy

All cases fitted the clinico-radiological and histological diagnostic criteria for
chondromyxoid fibroma.? We observed lobules of chondromyxoid matrix rimmed
by more cellular areas, mainly composed of spindle cells (Fig.1A). The two areas
merged together gradually with changes in cell shape, slender in the cellular areas
and round (chondroblast-like) in the cartilage-like areas. Cells with intermediate
features, stellate and triangular, were interposed between the 2 areas, embedded
in myxoid matrix.

Immunohistochemistry

Neoplastic cells were positive for MSA (Fig.1C-D), SMA and negative for desmin,
h-caldesmon and calponin. Spindle cells were diffusely positive in all samples
(Fig.1D); scanty positive chondroblast-like cells were found only in 3 cases (Fig.1C)
(case 2, 19 and 20). Stellate cells were positive although less than the spindle
ones. The staining intensity was moderate to high with MSA and mild to moderate
for SMA. According to the lobular organization of CMF the immunostain for SMA
and MSA showed a distinct localization being intense and diffuse at the periphery
of the lobules, where spindle cells are present, and slowly fading towards the
center of the lobule, where chondroblast-like cells are located.

Diffuse positivity for TGF-B1 (Fig.1E) and PAI-1 (Fig.1F) was recorded in all cases,
both for the neoplastic cells and the nearby giant cells and normal connective
tissue.

Electron microscopy and Immuno-electron microscopy

Three main cell-types were identified (main features of which are summarized in
Table 4): chondroblast-like cells, spindle myofibroblast-like cells and cells with
intermediate features. Chondroblast-like cells were rounded with prominent rough
endoplasmic (rER) cisternae (Fig. 2C), and a few unremarkable mitochondria.
Some cells were clear and lacked glycogen while others contained dense glycogen.
Spindled cells had very prominent rER. Slender processes, mostly without organelles
and containing myofilaments, were associated with both spindled and
chondroblastoid cells. In a few cells, these tracts of filaments had focal densities
of the type characterising smooth-muscle myofilaments (dense zones, dense

Table 4: Main features of the three type of cells observed in CMF
Chondroblast-like

Myofibroblast-like Intermediate
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Morphology spindle cells stellate cells round cells
embedded in embedded in embedded in
fibrous matrix myxoid matrix chondroid matrix

IHC SMA and MSA SMA and MSA SMA and MSA
intense and moderate and scanty
diffuse less diffuse

EM myofilaments, rare no myofilaments
dense bodies, no myofilaments, no  no dense bodies,
fibronexus dense bodies, no  no fibronexus

fibronexus

IEM well organized less organized no structure
filamentous filamentous positive for SMA
structures structures or MSA
positive for SMA  positive for SMA
and MSA and MSA
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Fig.1: A) CMF is made up of lobules of spindle and stellate cells embedded in myxo-
chondroid matrix (C); giant cells (*) are often present (10x original magnification;
magnification bar: 100um), B) reflection contrast microscopy with immunogold stain
for SMA (light blue granules) showing positive spindle (arrow) and stellate (arrowhead)
neoplastic cells (100x original magnification: magnification bar:10um). C) Scant round
cells (arrowhead) were positive for MSA stain (40x original magnification; magnification
bar:25um) D) Immunostaining for MSA showed diffuse positivity of the spindle cell
component (arrow); intense signal on the blood vessel walls (ipc: internal positive
control) confirms the preservation of antigenic properties (40x original magnification;
magnification bar: 25um). E) and F) Immunostain on consecutive slides respectively
for TGF-B1 and PAI-1 showing intense signals in the same cells, both neoplastic and
non-neoplastic (* indicates multinucleated giant cells) (C indicates myxochondroid
lobules) (20x original magnification; magnification bar: 50um).
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Fig 2: Morphological spectrum of partial myofibroblastic differentiation (A, B and C).
A) Spindle cell showing subplasmalemmal myofilaments (between arrows) in the absence of
fibronexuses and glycogen (*). B) Round cell with intermediate features are found with
evident subplasmalemmal myofilaments (between arrows) and glycogen (*) but without
fibronexuses or dense bodies. C) Round cell with chondroblastic appearance with evident rER
(arrows). D and E: Immuno-electron microscopy. D) Peripheral cellular distribution of SMA
immunoreactivity in a spindled cell. Inset: detail showing that the myofilaments are made up
of filamentous smooth muscle actin ( as shown by the accumulation by immunogold labelled
particles). E) Some round cells show evidence of SMA expression but with a less well organized
filamentous structure. Inset: detail of the mentioned organization of SMA depicted by
immunogold particles (magnification bar: 2um).

bodies), but these were rather uncommon. No fibronexus junctions were identified.
However some cells focally had a partial coating of low-density material, reminiscent
of a lamina. Cells with intermediate morphology were found. Such cells showed a
stellate or round shape , myofilaments were present although less organized then
in the spindle cells, no focal densities were observed

The high resolution of reflection contrast microscopy showed an intracellular
presence of SMA (Fig. 1B) and MSA. Immuno-electron microscopy on consecutive
sections confirmed the actin content of the ultrastructurally identified myofilaments.
Positive staining for MSA and SMA was found both in spindle and round or stellate
cells, although some important differences were found. In the spindle cells,
filamentous structures were clearly recognizable in the background to the immuno-
gold particles, while in round or stellate cells such structures were not so evident
(SMA ultra-immunostains shown in Fig.2D and E). As for the immunohistochemistry,
the MSA stain was somewhat more intense than the SMA stain, perhaps because
of cross-reaction with different actin isotypes.

Q-PCR

TGF-B1, FN and PAI-1 were shown to be expressed at the RNA level. In particular
TGF-B1 and PAI-1 levels of expression were significantly correlated (R?:0.88 and
p:0.006) as well as TGF-B1 and FN (R?:0.81 and p: 0.01)(Fig.3), thus substantiating
active TGF-B1 signalling.

FN/FN EDA ratio

The EDA splice variant of FN was expressed as 2+1.6% of the total FN (range:
from 0 to 3.7%) in accordance with the presence of partial myofibroblastic
differentiation.

Discussion

The observations presented here extend our knowledge and understanding of the
differentiation in chondromyxoid fibroma, as well as the mechanism underlying
neoplastic chondrocyte phenotypic plasticity. The terminology for this tumour
stems from a baseline differentiation with similarities to cartilage, based on
histological, histochemical, immunohistochemical and ultrastructural studies and
the characteristic spectrum of cell types ranging from rounded chondroblastic
cells to spindled, more fibroblastic elements.? Of particular interest in
chondromyxoid fibroma, and certain other chondroblastic tumours and cartilaginous
cells, is the presence of smooth-muscle elements as defined by
immunohistochemistry and electron microscopy - actin immunostaining (MSA and
SMA) and ultrastructurally identified myofilaments with focal densities. The focus
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of discussion here is the nature and meaning of this “myoid” phenotype: 1) does
it, with respect to a pre-existing or underlying cartilaginous phenotype, represent
a superimposed true smooth-muscle or a myofibroblastic differentiation?2) What
is the underlying mechanism driving this “myoid” differentiation?

Insights into the biology of the myofibroblast have widened its perception. Given
the known transdifferentiation of fibroblast to myofibroblast, one cannot expect a
rigid distinction between these two cell-types, which introduces the concept of
degrees of myofibroblast differentiation, or partial myofibroblastic differentiation.
In this regard, in vitro experiments have shown fibroblasts to acquire the phenotype
of differentiated myofibroblasts through intermediate features of proto-
myofibroblast.4

Previous authors recognising actin immunostaining or myofilaments in cartilaginous
tumours have interpreted these findings as myofibroblastic without further
qualification.® According to our observations, the full myofibroblastic phenotype is
not achieved in chondromyxoid fibroma, since there is still recognisable cartilaginous
differentiation, and there are no fibronexus junctions (Smooth-muscle
transdifferentiation, incidentally, is not favoured here, because of the ultrastructural
absence of plaques, caveolae and lamina, and the negative immunostaining for
desmin and h-caldesmon). Consistent with the absence of fibronexuses and our
view of partial myofibroblastic transdifferentiation in CMF, we showed m-RNA
expression for FN with low or absent expression of its ED-A splice variant.

One of the principal differences, then, between fibroblasts and myofibroblasts is
the absence of SMA and myofilaments in fibroblasts and their presence in the
myofibroblast. Results from a variety of sources suggest that the primary
mechanism for the de novo synthesis of SMA involves TGF-B.** Our findings are
the first demonstration of TGF-B in this tumour. In particular, the present study
not only demonstrated the presence of TGF-B1 both at the protein and mRNA
expression level but proved its activity, too. Since TGF-B protein is released as an
inactive ‘latent’ complex.* The activity of TGF-B1 was assessed through protein
and m-RNA expression of the downstream molecule, PAI-1. In fact TGF-B1 is
known to down-regulate the expression of ECM-degrading proteases and induces
proteinase inhibitors like PAI-1and tissue inhibitor of metalloproteinase-1, both in
vitro as well as in vivo.20:353¢

We demonstrated a diffuse and intense signal for PAI-1 protein in CMF, with a
localization overlapping with that of TGF-B1, both in neoplastic cells as well as in
the nearby normal connective tissue and in the giant cells. Furthermore, we showed
PAI-1 m-RNA expression to significantly correlate with levels of TGF-B1 confirming
the activity of TGF-B1 in inducing PAI-1 expression. This is striking, especially
considering that several other signalling molecules are known to upregulate PAI-
1 expression. As a further proof of the activity of TGF-1, we also found a positive
significant correlation with FN expression, for which, as for most of the extracellular
matrix components, TGF-B is known to exert a stimulatory effect.37:38

We have demonstrated immunohistochemically, ultrastructurally and immuno-
ultrastructurally the presence in chondromyxoid fibroma neoplastic cells of
myofilaments with rare focal densities, containing SMA and MSA. Immuno-
ultrastructural analysis showed few round or stellate cells positive for SMA and
MSA. In the round cells with more chondrocytic features, filamentous structures
are not clearly recognizable. Since actin molecules can be present in the cytoplasm
as globular monomers and polymerize to form filaments, this result probably reflects
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the different organizational status of the actin molecules. Hence the morphological
spectrum of differentiation from myofibroblast-like spindle cells to chondrocyte-
like cells might be reflected in a different level of molecular organization of these
contractile structures. It is difficult to know the dynamics of this differential
expression of actin: are there factors in chondrocyte-like cells preventing
polymerization of actin monomers? Or, do polymerised actin filaments in
chondrocyte-like cells degrade to give rise to actin-depleted cells? Such hypotheses
require further study. However, these observations are collectively strikingly similar
to anin vitro and in vivo articular chondrocyte model, where the SMA positive cells
are slender and at the surface of articular cartilage, or at the periphery of 3-
dimensional cultures.?*2 Probably the different distribution and consequently the
probable different organization of the contractile proteins reflect a different
functionality in terms of ability to contract the nearby extracellular matrix. It is
likely to predict that a slender cell would be more prone to contraction than a
round one. Conversely, as reported in the literature, the round cells are more
efficient in producing aggrecan and collagen type II, while the spindle cells produce
mainly collagen type.*

Hence our in vivo observations prompt a model of paracrine and autocrine TGF-b1
signalling, between neoplastic and non-neoplastic stromal cells (Fig. 4A), for which
we have clearly proved the activity, promoting a different organization of the
contractile actin in spindle and round cells, with a continuous spectrum (Fig. 4B),
and in parallel a different production of extracellular matrix. TGF-b1 is ubiquitously
expressed in tissue of mesodermal origin, and in particular in cartilaginous cells is
also known to induce specific extracellular matrix production according to the
state of differentiation and the organization of the actin cytoskeleton.“ The proposed
model takes in account both the actual knowledge on chondrogenesis as well as
our in vivo observations. Eventual in vitro experimentation on CMF could be of
further help. However, the rarity of CMF and the difficulty to culture primary tumour
cells are obstacles to such experiments.

In conclusion, chondromyxoid fibroma shows an early stage of myofibroblastic
differentiation superimposed, via a partial transdifferentiation process, on to an
underlying cartilaginous phenotype. This is consistent with absence of desmin
and h-caldesmon staining, and the absence of cell-surface plaques, caveolae and
lamina, all of which would indicate a smooth-muscle type of differentiation. The
absence of fibronexus is also consistent with this partial myofibroblastic phenotype.
We have shown immunohistochemically, ultrastructurally and immuno-
ultrastructurally evidence of different degrees of partial myofibroblastic
differentiation amongst stellate and chondroblast-like cells. Our results on TGF-
b1 and related downstream molecules strongly suggest this molecule as a causative
agent in driving partial myofibroblastic differentiation in cartilaginous tumours
such as chondromyxoid fibroma.
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