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Urinary Basic Fibroblast
Growth Factor

A Biochemical Marker for Preosseous
Fibroproliferative Lesions in Patients With
Fibrodysplasia Ossificans Progressiva

Frederick Kaplan, MD***1: Jeffrey Sawyer, MD*; Susan Connorst;
Karen Keought; Eileen Shore, PhD*%; Francis Gannon, MD*§;
David Glaser, MD*; David Rocke, PhD'; Michael Zasloff, MD, PhD*#;
and Judah Folkman, MD

Angiogenesis is a prominent histopathologie fea-
ture of preosseous fibroproliferative lesions in
patients who have fibrodysplasia ossificans pro-
gressivi, Basic fibroblast growth factor is an ex-

tremely potent in vivo stimulator of angiopencsis,

and has been implicated in the growth of solid tu-
mors. An enzyme linked immunosorbant assay
 for hasic fibroblast growth factor was performed

 on urine samples from pafients who had active (n

= 281 and inactive (n"=" 39y fibrodysplasia ossifi-
cans progressiva, and compared with urine sam-
ples from normal age and gender matched con-
trol subjects (n = 545 Median basic Ghroblast
growth factor levels were 2705 pgfe of creatinine
in the normal control group, 5058 pgfz of creati-
nine in patients with inactive fibrodysplasia ossif-
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icans progressiva (no significant difference), and
8793 pglg of creatinine in patients with active fi-
brodysplasia ossificans progressiva. Female sub-
jects, both normal and with fibrodysplasia ossifi-
cans progressiva, had higher levels of urinary
basic fibroblast growth factor than did male sub-
jects. There was no correlation nf urinary I:msi-:

fibroblast growth factor level r-
ity of preexisting dhubﬂi@;ﬂm i
an elevation of urinary bro

factor during acute Nareups of fibrodysplasia os-
sificans progressiva and provide a biochemical
basis for considering antiangiogenic therapy for
inhibiting endochondral osteopenesis in this dis-
order.

List of Abbreviations Used

aFGF acidic fibroblast growth factor
AP associated protein |

bFGF basic fibroblast growth factor
BMP hone morphogenetic protemn

IGF | insulinlike growth factor |

IL 3 interleukm &

TGF o transforming growth factor alpha
TGEB transforming growth fctor beta
THF o tumor necrosis factor alpha
VEGF vascilar endothelial growth factor
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Embryonic growth and development, frac-
ture healing and wound repair, and tumor
growth and regression are all dependent on
the control of angiogenesis. Angiogenesis is
also an absolute requirement for the forma-
tion and developmant of the skele-
ton, 701215075 The angiogenesis that ac-
companies skeletogenesis often is described
as a late event that follows calcification of
cartilage in endochondral ossification.?! Al-
though the absolute requirement for angio-
genesis has been well documented in the late
stages of endochondral osteogenesis, little
attention has been given to the requirement
for angiogenesis during the early stages of
osteogenesis when angiogenic evenls ac-
company the formation of the mesenchymal
anlage of the skeleton.®!% This early stage of
skeletal embryogenesis corresponds to the
highly vascularized preosseous fibroprolifer-
ative lesion in patients who have fibrodys-
plasia ossificans progressiva, a rare genetic
disorder of progressive postnatal ectopic os-
teogenesis (Fig 1).222442 g
Basic fibroblast growth factor is an ex-
tremely potent heparin binding angiogenic
endothelial cell mitogen involved in the
control of numerous hiologic processes that
are critical for development and survival of

Fig 1. A medium power phatomicrograph of an
early fibroproliferative lesion in a patient with fi-
trodysplasia ossificans progressiva. There are
numerous small vessels (arrows) supporied by
a characteristic fibroproliferative stroma. Mo
bone or cartilage is present. {Stain, hematoxylin
and eosin; original magnification, =250}

the  organism,! 2 141519.20.2527.28.30,34.37,38.40

Basic fibroblast growth factor has been de-
tected in the serum and urine of tumor bear-
ing animals and in the serum and urine of
patients who have a wide spectrum of be-
nign and malignant tumors.?* In the tumori-
genesis piathway from mild fibromatosis to
aggressive fibromatosis, there seems to be a
discrete molecular switch that correlates
with the cellular export of bFGE?! The pre-
osseous lesions of fibrodysplasia ossificans
progressiva are histologically indistinguish-
able from the fibroproliferative lesions of
aggressive  fibromastosis.?* The authors
therefore examined whether bFGF also was
implicated in the preosseous lesions of fi-
brodysplasia ossificans progressiva. In this
article, the authors provide evidence that
urinary hFGF levels are elevated in patients
who have fibrodysplasia ossificans progres-
siva during times of acute flarcups of the
disease process.

T

MATERIALS AND METHODS

Patients and Controls
Sixtv-seven patients with fibrodysplasia ossifi- =
cans progressiva were scen in the off site fi- ©
brodysplasia ossificans progressiva clinic of the
University of Pennsylvania Medical Center be-
tween October 1995 and March 1997, There were
40 females and 27 males ranging in age from 3
vears to 48 years. The diagnosis of fibrodysplasia
ossificans progressiva was confirmed in all pa-
tients an the basis of congenital malformation of
the great toes, and progressive postmatal hetero-1
topic ossification in charactenstic temporal and =
anatomic patterns. Fifty-four normal individuals
{25 females; 29 males) ranging in age from 3 1o
70 years served as control subjects,

Patients were evaluated and categorized as
having active flareups of fibrodysplasia ossifi-
cans progressiva 0 they were experiencing
symptoms and signs of acute soft tissue swelling
secondary to the presence of a soft fissue Wmor.
Patients were categorized as having inactive dis-
ease if they bad not experienced any symploms
or signs of an acute Mareup of fibrodysplasia os-
sificans progressiva during the 3 months before
evitluation,
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a5 been de-

umor huur-_ tients and controls. Specimens were refrigerated flareups of fibrodysplasia ossificans pro- i
id urine of at 4°C, and sent on ice by overnight mail to the Eressiva (n = 28), ILI
rum of be- Children's Hospital of Boston where they were 7

the tumori-
nmatosis Lo
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Basie Fibroblast Growth Factor Assay

Spot urine specimens were obtained from all pa-

analyzed blindly by immunoassay for human ba-
sic fibroblast growth factor according to the man-

sificans progressiva (n = 39), and 8793
pe/g of creatinine in patients with active

An ANOVA of the logarithms of the bEGF
levels revealed a significant difference be-
tween patients with active fibrodysplasia os-

‘ems 1o be a facturer’s guidelines (Quantikine HS, Rand D g0 progressiva and all other subjects
; lates Systems, Minneapolis, MN). Results were for- iy 1 .
correlates s R S (Table 1). The difference in urinary bFGF
3 i malized for urinary creatinine. :
21 "The pre- levels between the active group and the nor-
A ossificans s al e i P o A L
R Statistical Evaluation mal control group was highly significant (p

lesions of
ne  authors
iF also was
sions of fi-
Jdva. In this
idence that
| in patients
NS progres-
eups of the

. |

Logarithms of the bFGF levels were analvzed in
accordance with standard procedure for data
vary over @ wide range. Median bFGF levels are
reported as descriptive statistics for normal
controls. for patients with inactive fibrodyspla-
sia ossificans progressiva, and for patienits with
active fibrodysplasia ossificans Progressivi.
The significance of the group differences was
assessed  using  an analysis  of  variance
LANOVA )} of the log BFGF levels. Paired aroup
differences were determined using the Welch
two sample procedure; all significance levels
are two tailed, o

RESULTS

7 % 107). The difference in urinary bFGF
levels between patients with active and inac-
ive disease was also significant {p =
0.0023). The difference in urinary bBFGF lev-
els between patients with inactive disease
and normal controls was not significant (p =
0.21). Normal female subjects and those
with fibrodysplasia ossificans progressiva (n
= 065), had higher levels of urinary bFGF
than did male subjects (n = 56: p = (.0198).
There was no apparent correlation of urinary
bEGF levels with age or level of preexisting
disability,

DISCUSSION

Al

ysplasia ossifi- o
the off site fi-

Subjects were classified into three groups:
“u clinic of the.

The major finding of this study was that uri-

-l Center be-
7. There were
n age from 3§

ibrodysplasia
ied in all pa- =8
Iformation of =

tnatal hetero- 28
temporal and!
ul individuals;
age from 3 1o

patients with active fibrodysplasia ossifi-
cans progressiva, patients with inactive fi-
brodysplasia ossificans progressiva, and
normal controls. Median bFGF levels were
2703 pg/g of creatinine in the normal con-
trol group (n = 54), 5058 pg/e of creatinine
in patients with inactive fibrodysplasia os-

nary bFGF levels were elevated in patients
who had fibrodysplasia ossificans progres-
sivacat a time that corresponded to the forma-
tion of an early fibroproliferative lesion. In
contrast. elevations of urinary hFGF were
not detected during times of disease quies-
cence in this cross sectional study. These

TABLE 1. Urinary Median Basic Fibroblast Growth Factor (bFGF) Levels

ategorized o Mumber Urinary ",
splasia ossifi=8 Group of Subjects  bFGF Levels Significance

exp::nenciﬂ_g Control &4 2705
I5EHe swellings Inactive fibrodysplasia M5
L hissue MO, ssificans progressiva 33 5058 _ n=7% 10"
1 imactive dis- W Aotive fibradysplasia e

iny sy mMpLOMEEs ossificans progressiva 28 B738
odysplasia 058
months before N5 = nidt signilicant

; Values ate pnig creatinine
Mvssaial
[ - "
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Fig 2. Logarithmic scale of bFGF
levels in normal contrals and in

patients with fibrodysplasia ossil-
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data suggest, therefore, that urinary bFGF
may be a biochemical marker for precsseous
fibroproliferative tumors in patients who
have fibrodysplasia ossificans progressiva,
Despite these interesting findings, some
precautions are necessary. First, although me-
dian levels of urinary bFGF were significantly
different between those patients with and with-
out active fibroproliferative lesions, there was
a wide range of values within each group and
much overlap between groups (Fig 2). Such
findings may limit the clinical use of individual
bFGF levels in assessing disease activity. Sec-
ond, although the samplz size was small and
cross sectional, it represented approximately
1/3 of all patients currently identified with fi-
brodysplasia ossificans progressiva  world-
wide. In all. the authors think that the Andings
of this study are representative of the disease
activity that may be seen at any time in the fi-
brodysplasia ossificans progressiva commu-
nity. However. further long term longitudinal
studies are necessary to establish the general
applicability of these findings 1o the molecular
pathophysiology of fibrodysplasia ossificans
progressiva, and to the potential use in moni-
toring disease activity in individual patients.
To date, numerous angiogenic factors have
been identified and include aFGF, bFGF, 1L 8.
angiogenin, TGF o, TGF [, TNF o, prosta-

Actv icans progressiva. Transverse bar

in gach column denoctes median
bFGF level.

gandins, and VEGF, 71012131732 The cells pro-
ducing bFGF during flareups of fibrodysplasia
ossificans progressivi could be plausibly le-
sional fibroblasts or lesional endothelial celis
but the source of the secreted bFGF is un-
known at present. Inflammatory cells such as
monocytes also are known 1o be robust pro-

ducers of bFGF and may be involved in the ™

disease process.”

Basic Abroblast growth factor, BMP, and
TGF B are thought to be involved in the early
pathophysiology of fibrodysplasia ossificans
progressiva.8233 These factors plausibly con-
tribute to a cascade of molecular events that
inhibit myogenesis and promote osteogenesis,
leading to the transdifferentiation of muscle to
bone (Fig 3). 3681124263942 Although the exact
relationship between BMP 4 and bFGF sig-
naling remains unknown, recent studies have
shown that BMP 4 and bFGF signal through a
Ras/Raf/AP 1 pathway. even though their sig-
nals are transduced by totally different fami-
lies of transmembrane receptors.*!

Despite the attention that has been [ocased
on bFGF as on angiogenic factor, it cannot
fully explain the profound edema that accom-
panies the preosseous lesions of fibrodyspla-
sia ossificans progressiva. Vascular endothe-
lial growth factor is also 4 potent angiogenic
fuctor that has unigue, profound, and immedi-
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Fig 3. Hypothetic schema for pathophysiclegy of ectopic osteogenesis in patisnts with fibrodyspla-
sia ossilicans progressiva, Activated platelets and monocytes express TGF p and bFGF, respactively.
Lymphoblastoid cells in patients with fibrodysplasia ossificans progressiva overexpress BMP 4. All
thrae secreted factors have distinct effects on promoting osteocgenesis and inhibiting myngenesis,

ate effects on vascular permeability. Vascular
endothelial growth factor is induced by hy-
poxia. parathyroid hormone, 1GF 1, and most
potently 1, 25 dihydroxyvitamin D in o0s-
teoblastlike cells. '35 The authors did not
measure vascular endothelial growth factor
levels in this study, and presently there are no
data on the role of wvascular endothelial
growth fuctor in early lesions of fibrodyspla-
sia ossificans progressivi.

This study raises many provocative ques-
tions about the role of angiogenesis and an-
giogenic peptides in the pathogenesis of fi-
brodysplasia ossificans progressiva:

i1y How does angiogenesis become acti-
viated during the evolution of a fibrodysplasia
ossificans progressiva lesion: (2) what cells
produce and excrete hFGF during an acute
flareup of fibrodysplasia ossificans progres-
sivite (31 what s the relationship between
bone morphogenetic protein expression and
basic fibroblast growth factor expression in
the early fibroproliferative lesions of fi-
brodysplasia ossificans progressiva; (4) what
are the exogenous and endogenous stimuli
that trigger the formation and regression of a

fibrodysplasia ossificans progressiva lesion,
and what effect do those stimuli have on the
molecular pathophysiology of the angiogenic
lesions; and (5) are endogenous. inhibitors of
angiogenesis responsible for changing the
balance of the angiogenic switch that leads to
the spontaneous regression of the fibrodyspla-
sia ossificans progressiva lesions? 1f so. what
are those factors and how can they he mobi-
lized for therapeutic advantage?

Answers o these questions will prove crin-
cal to understanding the pathogenesis of pre-
osseous fibroproliferative lesions in fibrodys-
plasia ossificans progressiva and in designing
therapies that will be effective in controlling
renegade osteogenesis in this condition. An-
tiangipgenic factors such as  thalidomide,
gamma interferon. angiostatin, and sguala-
mine affect various parts of the angiogenic
pathway and may be valuable tools in dissect-
ing the molecular events that lead o angio-
genesis in this condition5* (nonpublished
data; Sills AK, Tyler B, Caterra I, Brem: H:
Squalamine blocks endothelial ‘activation by
common brain tumor mitogens. Proceedings
of the Society for Neuro-oncology 1996,) The
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data presented in the study suggest that a ther-
apeutic approach based on inhibiting the bio-
logic activity of angrogenic peptides may be o
rational approach to consider in treating the
carly fibroproliferative lesions of fibrodysplu-
sta ossificans progressiva,
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