Vascular endothelial growth factor and hypertrophic
osteoar thropathy

L.H. Silveira, M. Martinez-Lavinl, C. Pinedal, M .-C. Fonseca2, C. NavarroZ,
A. Naval

Department of Biochemistry, 1Department of Rheumatology,
Instituto Nacional de Cardiologia Ignacio Chavez; and
2Research Division, Instituto Nacional de Enfermedades Respiratorias,
Mexico City, Mexico

Abstract
Objective
Hypertrophic osteoarthropathy (HOA) is characterized by the coexistence of digital clubbing and periosteal
proliferation of the tubular bones. Localized vascular proliferation associated with platel et/endothelial cell
activation are recognized features of this syndrome. Current knowledge suggests that HOA devel ops from the
presence in the systemic circulation of one or more growth factors that are normally inactivated in the lungs.
The nature of these purported growth factors has not yet been identified. Vascular endothelial growth factor
(VEGF) has several features that may fit in with the pathogenesis of HOA. The objective of our study was to
measure serum and plasma levels of VEGF in different groups of patients with HOA.

Methods
We studied 24 patients with HOA,; of these, in 12 the HOA was secondary to cyanotic congenital heart
disease and in 7 to lung cancer, while 5 represented primary cases. As controls we studied 28 individuals
without HOA, of these, 12 were apparently healthy individuals, 7 had cyanosis secondary to chronic
obstructive pulmonary disease, and 9 had lung cancer. ELISA was used to measure serum and plasma
levels of VEGF.

Results
Plasma levels of VEGF were significantly higher in the patients with primary HOA (median 46.2;
range 19.4 - 398.8 pg/ml) and in those with lung cancer-HOA (median 75.5; range 24.6 - 166.7),
compared to healthy controls (median 7.4; range: 0 - 26.1), p < 0.05.
Serum VEGF levels were higher in patients with lung cancer and HOA (median 411.4; range 164.2 - 959.5
pa/ml) compared with lung cancer patients without HOA (median 74.5; range 13.2 - 205.4), p < 0.001.

Conclusions
Patients with primary HOA and those with HOA and lung cancer have increased circulating levels of VEGF.
This cytokine may play a role in the pathogenesis of HOA.
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Introduction

Hypertrophic osteoarthropathy (HOA) is
asyndrome characterized by digital club-
bing and periosteal proliferation of the
tubular bones. This unique syndromeis
frequently associated with a variety of
internal illnesses, mostly hypoxic or neo-
plastic conditions. Nevertheless, in some
instances this acropachy may present it-
self without any underlying illness (pri-
mary HOA) ().

HOA is characterized by localised vas-
cular hyperplasia associated with plate-
let/endothelia cell activation as demon-
strated by histologic studies of clubbing
showing vascular proliferation (2,3) with
ultrastructural signs of endothelial cell
activation (4). Edemaand excessive con-
nective tissue deposition accompany
these alterations. Thereisalso an in-
creased number of arteriovenous anas-
tomosis (2, 3). Vascular hyperplasiais
also evident in the periosteoum of the
tubular bones (3). The vascular prolif-
eration of HOA has been confirmed by
arteriographic and gammagraphic stud-
ies (5).

Patients with HOA associated with cy-
anotic heart disease have an abnormal
platelet population characterized by
larger than normal thrombocytes with
aberrant volume distribution curves.
These platelet abnormalities suggest that
in cases of right-to-left shunts of blood,
large platelets that under normal circum-
stances are fragmented in the lung micro-
vascul ature gain access to the systemic
circulation, reach its most distal sitesin
axia streams, and there activate endothe-
lial cell releasing growth factors, thus
inducing acropachy (6). Further support-
ing the notion of an enhanced platelet/
endothelia cell activationin HOA isthe
fact that patients with cardiogenic HOA,
as well as patients with primary HOA,
have raised circulating levels of von
Willebrand factor antigen (7). For cases
of HOA associated with lung cancer, it
has been proposed that a tumor-derived
growth factor that gains direct accessto
the systemic circulation is responsible
for the development of HOA (8).
Nevertheless, the cytokine(s) responsi-
ble for the connective tissue abnormali-
ties of HOA has not been identified. In
the present study we focused our atten-
tion on vascular endothelial growth fac-
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tor (VEGF), since this cytokine has sev-
eral peculiarities that could fit in with
the pathogenesis of HOA. For example,
this growth factor is an angiogenic agent
with specific action for endothelia cells.
It istypically produced by neoplastic
tumors as a mechanism for mass growth
(9). Hypoxic induction of VEGF isa
well-known fact. This appearsto be a
general response since many types of
cultured cells have been observed to in-
crease VEGF mRNA levels by approxi-
mately 10- to 50-fold as a consequence
of alowering of the oxygenation of the
media. Similar induction of VEGF at
reduced pO; levels has been demonstra-
ted in vivo (9). Furthermore, it has been
recently shown that VEGF is constitu-
tively produced by megakaryocytes and
platelets and that it is released upon the
activation of these blood elements (10).
Thus, the objective of our study wasto
measure serum and plasma levels of
VEGF in patients with HOA of diverse
etiologies.

Patients and methods

Patients

We studied 24 patients with HOA; of
these 12 had HOA secondary to cyan-
otic congenital heart disease and 7 sec-
ondary to lung cancer, while 5 were pri-
mary cases. In all instances the diagno-
sis of HOA was based on the presence
of digital clubbing on inspection, con-
firmed by adigital index greater than 10
(1), in addition to periosteal prolifera-
tion of the tubular bones as demonstrated
by X-ray examination. The primary
HOA cases had been under observation
for amean period of 7 years. None of
the patients displayed any internd illness
and none were cyanatic.

As controls we included 28 individuals
without digital clubbing. Of these, 12
were apparently healthy individuals, 7
had cyanosis secondary to chronic ob-
structive pulmonary disease (COPD),
and 9 had lung cancer.

Subjects with primary HOA were tak-
ing no medications. Six of the 12 patients
with cyanotic heart disease were receiv-
ing drugs that included digoxin, diuret-
ics, and allopurinol. Individuals with
lung cancer were studied before being
subjected to chemotherapy or radio-
therapy. Patients with chronic obstruc-



tive pulmonary disease were in the sta-
ble phase of their illness. Their medica-
tion consisted of inhaled bronchodilators
(salbutamol).

All patients and controls gave their in-
formed consent before being enrolled in
the study. The Ethics and Human Re-
search Committee of our institution ap-
proved the study protocol.

Serum and plasma collection

We used the Schiebout-Clark method
(11) in order to avoid artificial platelet
activation during plasma separation.
V enipuncture was performed without a
tourniquet, 10 ml of blood were drawn
and discarded to clear the system of ac-
tivating factors, and then with a vacu-
tainer system blood was collected into
Thrombotect tubes. These tubes con-
tained EDTA as anticoagulant and 2-
chloroadenosine and procaine-HCL as
platelet inhibitors. The tubes were gen-
tly inverted and placed in melting ice
baths for 30 minutes. Then the samples
were centrifuged at 2,500 x g for 20 min-
utes at 4°C. Two ml were removed from
the center of the plasma and were stored
at -70°C until they were used for analy-
sis. Serum was separated by the conven-
tional method.

For this study paired serum/plasma sam-
ples were available for 41 of the 52 indi-
viduals tested. In 4 instances our bank
ran out of plasma samples. Serum sam-
ples were not available in 7 of the 52
cases (Fig. 1).

A commercial ELISA kit (R&D Sys-
tems, Minneapolis, MN) was used to
measure the levels of VEGF. The Graph-
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Pad Prism program version 2.0 (Graph-
Pad Software Inc, San Diego, CA) was
used for the statistical analysis. The non-
parametric Kruskal-Wallis test was uti-

lized to compare VEGF levels among the
different groups and Dunn’s multiple
comparison test to compare differences
in the medians. The non-paired Student’s
t-test was used to compare serum levels
with plasmalevels. P values < 0.05 were
considered significant. Pearson’s corre-
lation coefficient was used to correlate
platelet count with VEGF levels.

Results

The demographic features of the patients
and controlsare shown in Tablel. Asex-
pected, the group of patients with can-
cer and the group with COPD were older
than the remaining groups. Subjects with
primary HOA and cyanoctic heart defects
had their disease since birth.

Serum and plasma VEGF levels are
shown in Figure 1. Patients with primary
HOA and those with lung cancer-HOA
had significantly higher plasmalevels of
VEGF when compared with healthy con-
trols (Fig. 1a).

In healthy controls, serum VEGF levels
were significantly higher (mean + SD:
124.1 + 83.2 pg/ml) than those detected
in the plasma (9.8 £ 10.7) (p < 0.0005).
Similar serum/plasma differences were
found in the other groups, except for the
group with primary HOA.. In this group,
although the serum levels were higher
(209.1 + 112.7 pg/ml), they were not Sig-
nificantly different from the plasmalev-
€ls (128.9 + 158.4). (Note that the val-
uesin Table | are different because they

are expressed as the median/range).
There were no inter-group differences
in the serum levels of VEGF, except
when lung cancer patients without HOA
(median 74.5; range 13.2 - 205.4 pg/ml)
were compared with lung cancer patients
with HOA (median 411.4; range 164.2 -
959.5) (p < 0.001) (Fig. 1b).

When the two groups of cyanatic patients
(those with CCHD and those with
COPD) were combined, plasma VEGF
levels were significantly higher thanin
healthy controls (median 45.1, range O -
398.1 pg/ml vs median 7.4, range O -
26.1), p < 0.05.

There was no correlation between the
platelet count and serum or plasma
VEGF levels.

Discussion

Our studies found two variables associ-
ated with raised plasmalevels of VEGF:
the presence of HOA and the presence
of cyanosis. Patients with the primary
form of the syndrome and patients with
HOA secondary to lung cancer had sig-
nificantly higher VEGF plasma levels
compared to hedthy controls. VEGF lev-
els in the subgroup of patients with
CCHD-HOA, athough higher, did not
reach such significance.

As expected from previous basic re-
search, cyanosis was also avariable as-
sociated with high VEGF plasmalevels
(9). One possible explanation for the di-
vergent presence of HOA in the two cy-
anotic groups with similar VEGF plasma
levelsis that for the development of
HOA, in addition to cyanosis, an abnor-
mal platelet population (as reported in

Tablel. Outstanding features of patients with hypertrophic osteoarthropathy (HOA) and controls.

Group # Sex Mean age Disease dur. Platelet count Plasma VEGF levels Serum VEGF levels
(M/F) (+ SD) (months) (x1000) (pg/ml) (median/range) (pg/ml) (median/range)
HOA
Primary 5 5/0 244+8 292.8 £ 96.6 254 + 38 46.2/19.4 - 398.8* 151.2/98.3-335.3
CCHD 12 4/8 33+144 396+ 172.2 59+ 93 25.4/0-398.1 210.1/17.9-1138
Lung cancer 7 6/1 624+17.1 54+33 280+ 81 75.5/24.6-166.7* 411.4/164.2-959.5"
Controls
Healthy 12 715 26.3+6.2 — — 74/0-26.1 102.2/89- 250.2
COPD 7 4/3 69.4+8.9 55.5+48.3 171+ 50 50.8/0-87.9 186.6/130.2 - 797
Lung cancer 9 712 576+ 125 54+33 290 + 67 19.4/6.2-130.9 745/13.2- 20547

# = number of patients; M = male; F = female; SD = standard deviation; CCHD = cyanotic congenital heart disease; COPD = chronic obstructive pulmonary

disease. *p < 0.05 vs. healthy controls; Tp < 0.001
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Fig. 1. Plasmaand serum levels of vascular endothelial growth factor (VEGF) in patients with different types of hypertrophic osteoarthropathy (HOA) as

compared with controls.
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cases with CCHD) is needed for the un-
folding of HOA. This abnormal platelet
population is consequence of the right-
to-left shunting of blood and could theo-
retically induce abnormal shear rates
with endothelial cells, thus liberating
VEGF.

Serum levels of VEGF were higher than
plasmalevelsin practicdly al the groups
under study. This agrees with the notion
that VEGF is platel et-derived (10) and
isthus liberated during in vitro clot for-
mation. Therefore, measuring serum lev-
els of aplatelet-derived cytokine yields
artificially higher values. Our interpre-
tation of the finding that cancer patients
with HOA have higher serum levels of
VEGF than cancer patients who do not,
isthat in these neoplasic states VEGF is
not only derived from platelets but isaso
generated by the lung tumor.

Previous studies have reported the find-
ing of different circulating growth fac-
torsin HOA. Researchers from our in-
stitution found normal plasma levels of
platelet derived growth factor (PDGF)
(12). In contrast, Silveri et al. reported
high PDGF levels in the serum of such
patients (13), but they did not discussthe
likely artifactual role of platelet degranu-
lation during in vitro serum separation.
There are reports of elevated serum lev-
es of transforming growth factor beta 1
(another platel et-derived factor) (14) and
hepatocyte growth factor (15) in patients
with clubbing associated with different
lung diseases.

A hyperproduction of VEGF, as found
in our study, could explain the peculiar
clinical features of HOA. It isaknown
fact that osteogenesisis strongly depend-
ent on angiogenesis (16). In tissue cul-
tures VEGF is a potent promoter of os-
teoblast differentiation (17). Thus VEGF
could theoretically induce the periostea
proliferation of HOA. Clubbing could
aso be explained on the basis of VEGF-
induced vascular neogenesis with the
subsequent deposit of extracellular ma-
trix and edema.

Besides the experimental evidence here
presented, there are also clinical asso-
ciations that may suggest alink between
VEGF and HOA. Two independent
groups have recently reported that pa-
tients with POEM S syndrome have
greetly raised circulating levels of VEGF
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(18, 19). On the other hand, a metaana-
lysis has shown that the mgjority of the
described cases of POEM S syndrome
had the most conspicuous features of
HOA namely, digital clubbing and pach-
ydermia (20). POEM S syndrome most
closely resembles the primary form of
HOA, since this subset of HOA displays
amore generalized skin hypertrophy as
well as hyperhydrosis. In primary HOA
thereis no underlying illness, so we pro-
pose the possibility that in these cases a
genetically determined overproduction
of agrowth factor (purportedly VEGF)
could be the cause of the acropachy.
Interestingly, VEGF has been implicated
in the pathogenesis of several other dis-
eases associated with HOA such as pleu-
ral mesothelioma (21) and Graves' dis-
ease (22). These two entities are charac-
terized by prominent neovascul arization.
VEGF also appearsto beinvolved in the
development of inflammatory bowel dis-
ease (23), another entity associated with
HOA.

We recognize severd limitationsin our
study. ldeally, the different groups of
patients with HOA should have been
matched with patients having the same
underlying illness but without HOA.
This was possible only in the subgroup
of patients with lung cancer. The pecu-
liar characterigtics of the other HOA sub-
groups precluded such a comparison,
since al the patients with cyanctic heart
disease had at least digital clubbing and
such matching would not have been pos-
sible in patients with primary HOA. In
addition, larger numbers of patients
should be studied, particularly with re-
gard to the subgroup of primary HOA,
of which we included only 5 cases.
HOA isasyndromelocalized to the distal
parts of the extremities, so that venous
blood levels may not accurately reflect
what is happening at the most distal sites
of the extremities. Therole of platelets
in the pathogenesis of HOA should be
better characterized. Finally, one impor-
tant subgroup of patients, those with
CCHD, did not reach significantly higher
VEGF plasmalevels.

Therefore, there is no doubt that much
more research is needed in this area.
Nevertheless, our exploratory study sug-
gests the possibility that VEGF may play
arolein the pathogenesis of HOA.
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