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Abstract

It has been claimed that hyperestrogenism occurs in hypertrophic osteoarthropathy (HOA), but not in simple clubbing. However,
one of our patients had simple clubbing and hyperestrogenism. We therefore measured estrogens, androgens, sex hormone-
binding globulin (SHBG), and gonadotropins in five patients with HOA and in 18 patients with simple clubbing. Of the patients
with HOA, 80% had a high urinary estriol concentration. In their serum, 80% had high estrone, 0% high estradiol, and 40% high
SHBG. Of the patients with simple clubbing, 89% had a high urinary estriol concentration. In their serum, 76% had high estrone,
6% high estradiol, and 31% high SHBG. In all patients, urinary estriol concentration correlated positively with the degree of
clubbing. Serum concentration of androstenedione, testosterone, luteinizing hormone (LH), and follicle-stimulating hormone
(FSH) was mostly normal, but androstenedione concentration correlated positively with the degree of clubbing. Spider angiomas
were present in 74%, palmar erythema in 39%, and gynecomastia in 9%. Urinary creatinine concentration was low in 48% and
correlated positively with the degree of clubbing. We reject the claim that hyperestrogenism occurs in HOA, but not in simple
clubbing. Hyperestrogenism occurs both in HOA and in simple clubbing. Our results also support earlier reports that clubbing
and HOA are associated with spider angiomas, palmar erythema, gynecomastia, adrenal cortical hyperfunction, muscle atrophy,
and water retention. These results led to a new hypothesis on the pathogenesis of HOA, involving estrogens, prostaglandin E,,
prostaglandin A,, and the inflammatory reflex.
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Introduction

Pieter G. Dingjan deceased March 8, 1996

Hypertrophic osteoarthropathy (HOA) is a relatively rare syn-
drome, characterized by digital clubbing, subperiosteal new bone
formation, and polyarthritis, the latter resembling rheumatoid
arthritis. The affected periosteum and joints may be tender but
also very painful. Other symptoms of HOA include a less severe
clinical presentation in women; thickening of the facial skin with
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deep nasolabial folds, furrowing of the forehead, and seborrhea;
excessive sweating of hands and feet; delayed closure of cranial
sutures; patent ductus arteriosus; hypertrophic gastropathy; my-
clofibrosis; spider angiomas; palmar erythema; muscle atrophy;
water retention; adrenal cortical hyperfunction; signs of endothe-
lial activation or damage; acro-osteolysis and hyperestrogenism;
female distribution of pubic hair; gynecomastia; and elevated
excretion of estrogens in the urine. In the majority of patients,
HOA is caused by a malignant disease (e.g., lung cancer) or a
nonmalignant one (e.g., cyanotic heart disease or cirrhosis). In
the minority of patients, HOA is familial or primary. The latter
form of HOA is also known as pachydermoperiostosis.
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Almost since the first description of the syndrome, it was
noted that digital clubbing and subperiosteal new bone forma-
tion do not always develop simultaneously. In fact, digital
clubbing often occurs without any physical sign of
subperiosteal new bone formation, a condition called “simple
clubbing.” Conversely, subperiosteal new bone formation
rarely occurs without clubbing. In some conditions, such as
congenital heart disease, subacute bacterial endocarditis, inter-
stitial pulmonary fibrosis, and chronic hypoxia clubbing is
common, but subperiosteal new bone formation is rare.
Another remarkable observation is that ipsilateral vagotomy
causes complete disappearance of all symptoms of HOA in
patients with lung cancer, but without influencing the degree
of clubbing [1]. It was therefore suggested that digital club-
bing and subperiosteal new bone formation are two different
diseases, each with a different pathogenesis [1]. This hypoth-
esis was strongly supported by the observation that urinary
estrogens were raised in patients with subperiosteal new bone
formation, but not in patients with simple clubbing [2].

However, one of our patients had simple clubbing and gy-
necomastia. He excreted an elevated amount of estriol in the
urine (patient 7, see below). In addition, elevated concentra-
tion of serum estradiol was found in patients with digital club-
bing [3]. These contradictory observations prompted us to re-
evaluate the relationship between digital clubbing and
hyperestrogenism.

Materials and methods
Measurement of finger clubbing

Presence and degree of clubbing were determined by measur-
ing hyponychial angle (HNA) and phalangeal depth ratio
(PDR) on a photograph of the lateral side of the right index
finger (Fig. 1) [4, 5]. Based on the results of Kitis et al. we
considered a finger as clubbed if the HNA was greater than
186° [4]. Patients with a PDR greater than 1.00 are also con-
sidered to have finger clubbing [5].

Clinical chemistry

Estriol in urine, as well as estrone, androstenedione, and sex
hormone-binding globulin (SHBG) in serum were determined
by an external laboratory, BCO Medical Services (Breda, the
Netherlands). Estradiol, testosterone, luteinizing hormone
(LH), and follicle-stimulating hormone (FSH) were deter-
mined in the Gelderse Vallei Hospital (Ede, the
Netherlands). Urine samples were collected from 8:00 a.m.
until next day 8:00 a.m. and transported to the laboratory in
plastic containers containing 1 g/50 ml boric acid. Blood and
urine samples were transported and stored at 4 °C and ana-
lyzed within 7 days. Urinary estriol was determined by
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Fig. 1 Normal finger (top, HNA and PDR normal), watch glass nail
(middle, HNA increased but PDR normal), clubbed finger (bottom,
HNA and PDR increased). A, hyponychium; B, cuticle; C, distal digital
crease; ABC, hyponychial angle (HNA). D, point located by dropping a
line from B perpendicular to the long axis (ax) of the distal segment of the
finger; E, interphalangeal skin fold; BD, distal phalangeal finger depth;
CE, interphalangeal finger depth; BD/CE, phalangeal depth ratio (PDR)
[4, 5]. Waring et al. located point C by erecting a line from E perpendic-
ular to the long axis of the middle segment of the finger [5]. For simplic-
ity, we used the distal digital crease as point C

fluorescent polarization immunoassay using the Abbott TDx
instrument (Abbott Diagnostic Division, Hoofddorp, the
Netherlands) after separation of estrogens from urinary chro-
mogens using octadecyl columns [6]. Intra- and inter-assay
coefficients of variation were 2 and 3.1%, respectively.
Serum estrone was determined manually by radioimmunoas-
say (Biihlmann Laboratories AG, Schonenbuch, Switzerland).
Serum estradiol, androstenedione, and testosterone were de-
termined manually using the Siemens “Coat-A-Count” direct
radioimmunoassay (Siemens Health Care, den Haag, the
Netherlands). Serum SHBG was determined manually using
the Spectria Immuno Radiometric Assay (Orion Diagnostica
Oy, Espoo, Finland). Intra- and inter-assay coefficients of var-
iation for estrone, estradiol, androstenedione, and SHBG were
11% or lower and 15% or lower, respectively. For
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testosterone, intra- and inter-assay coefficients of variation
were 4.5 and 7.7%, respectively. Serum LH and FSH were
determined manually using the Amerlite luminescence-
enhanced enzyme immunoassay (GE Healthcare,
Eindhoven, the Netherlands). Intra- and inter-assay coeffi-
cients of variation were 6.9 and 9.0% for LH, and 6.0 and
7.5% for FSH, respectively. Interpretation of results was based
on reference values provided by the laboratory that performed
the testing.

Statistical analysis

Spearman’s rank two-tailed correlation test (IBM SPSS
Statistics, release 19.0.0 (Armonk, New York, USA)) was
used. Spearman’s rank correlation coefficient was denoted as
p, and its significance (2-tailed) as p. A significance level of
0.05 was considered significant, a significance level of 0.01
very significant.

Results
Definition of finger clubbing

All patients had finger clubbing based on the HNA. However,
five patients had a normal PDR (Table 1). We classified these
patients as having an early form of clubbing. The HNA may
be a more sensitive criterion, but the PDR may be a more
specific criterion for the presence and degree of finger
clubbing.

Estrogens

Twenty-three male patients with finger clubbing were studied
(Tables 1 and 2). Of the five patients with HOA, urinary estriol
concentration and urinary estriol/creatinine ratio were high in
four; serum estrone concentration was high in four and SHBG
was high in two patients. Of the 18 patients with simple clubbing,
urinary estriol concentration was high in 16 and urinary estriol/
creatinine ratio was high in 17 patients; serum estrone concen-
tration was high in 13 (one missing value), estradiol was high in
one, and SHBG was high in five patients (two missing values).
Of all patients, each had at least one sign of hyperestrogenism,
with the exception of patient 1. It made no difference whether
clubbing was primary, familial, or secondary. Urinary estriol con-
centration of all patients correlated positively with HNA (p=
0.527, p=0.010) and with PDR (p=0.419, p=0.047), but
estriol/creatinine ratio did not (HNA p=0.358, p=0.094; PDR
p=0.192, p=0.381). The latter may have been due to the fact
that the urinary creatinine concentration of all patients also cor-
related positively with HNA (p=0.503, p=0.014) and PDR
(p=0.593, p=0.003). Although serum estradiol concentration
was mostly normal in most of our patients, serum estradiol

concentration correlated positively with PDR (p=0.461, p=
0.027), but not with HNA (p=0.259, p=0.233).

Androgens

Of all patients, serum androstenedione concentration was normal
in 20 and low in two. Testosterone was normal in 21 and low in
two patients. LH was normal in 20 and high in one patient; FSH
was normal in 18, high in two, and low in one patient. Only
androstenedione concentration correlated positively with HNA
(p=0.487, p=0.022) and PDR (p=0.618, p=0.002).

HOA versus simple clubbing

Patients with HOA did not always have more marked club-
bing and did not always excrete more estriol in the urine than
patients with simple clubbing (Table 2). Note that the patient
with the highest degree of clubbing, patient 23, had no signs of
periostitis, neither physically nor radiologically (Table 1).

Spider angiomas, palmar erythema,
and gynecomastia

Of'the five patients with HOA, three had spider angiomas, two
had palmar erythema and one had gynecomastia. Of the 18
patients with simple clubbing, 14 had spider angiomas, seven
had palmar erythema and one had gynecomastia (Table 2). In
total, 74% of our patients had spider angiomas, 39% had pal-
mar erythema, and two patients had gynecomastia.

Creatinine in the urine

Of all 23 patients, 11 had a low urinary creatinine concentra-
tion. All these 11 patients had simple clubbing, whereas all
patients with HOA had a normal concentration of creatinine in
the urine.

Incidental observations

Patient 3 had primary hypogonadism (LH high, testosterone
normal). Patients 9 and 12 both had primary and secondary
hypogonadism (testosterone low, LH inappropriately normal).
Patients 3 and 14 may have had damaged seminiferous tubules
(FSH high) (Table 2).

Discussion

Clubbing and hyperestrogenism

Our main finding is that hyperestrogenism not only occurs in

patients with the full syndrome of HOA, but also in patients
with simple clubbing. We therefore reject the claim that
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Table 1  Patient characteristics

Patient number Age (years) HNA (degree) PDR

Ossifying periostitis  Types of clubbing Pain medication (mg/day) Clinical diagnosis

1 44 188 091 -
2 73 189 0.89 —
3 79 194 0.94 —
4 63 194 0.96 —
5 23 196 1.04 —
6 49 197 1.03 -
7 49 197 1.06 —
8 64 198 1.02 -
9 65 198 1.07 1
10 41 199 1.07 1
11 70 202 0.95 —
12 78 202 1.06 —
13 48 203 113 -
14 59 205 1.05 —
15 38 205 1.10 0
16 60 205 1.14 1
17 72 206 1.10 1
18 33 206 113 -
19 32 207 111 -
20 35 211 1.09 1
21 55 212 1.03 -
22 62 212 1.07 -
23 37 216 1.18 0
Normal range <187 <1.01

SC 0 Dubious primary clubbing

SC 0 Dubious primary clubbing

SC 0 Esophageal cancer

SC 0 Primary clubbing

SC 0 Cyanotic heart disease

SC 0 Primary clubbing

SC 0 Cyanotic heart disease

SC 0 Chronic bronchitis

HOA Naproxen 1000 Bronchial carcinoma
Morphine 40

HOA Naproxen 500 Familial HOA

SC 0 Chronic bronchitis

SC 0 Bronchiectases

SC 0 Familial clubbing

SC 0 Primary clubbing

SC 0 Familial clubbing

HOA Ibuprofen 800 Bronchial carcinoma

HOA Diclofenac 100 Bronchial carcinoma

SC 0 Primary clubbing

SC 0 Familial clubbing

HOA Acetaminophen 500 Alcoholic liver disease

SC 0 Familial clubbing

SC 0 Primary clubbing

SC 0 Primary clubbing

Values are in ascending order according to HNA. Numbers in column 5 refer to the presence, 1, or absence, 0, of periostitis on bone scan or radiographs.
Bold values represent increase. Bars represent missing values. All patients are male

HNA, hyponychial angle; PDR, phalangeal depth ratio; SC, simple clubbing; HOA, hypertrophic osteoarthropathy

hyperestrogenism occurs in hypertrophic osteoarthropathy
(HOA), but not in simple clubbing [2]. Most of our patients,
whether they had the full syndrome of HOA or simple club-
bing, had a raised urinary estriol concentration and a raised
urinary estriol/creatinine ratio. Urine estriol concentration
even correlated positively with degree of clubbing.
However, this might also be caused by increased concentra-
tion of the urine proportional to degree of clubbing, because
urinary creatinine concentration also correlated positively
with degree of clubbing (see below). In the serum, most of
our patients had a raised serum estrone concentration, and one
third of them had a raised serum SHBG concentration, all
signs of estrogen excess. In contrast with an earlier report
[3], serum estradiol concentration was normal in most of our
patients. However, serum estradiol concentration correlated
positively with PDR, not with HNA. Of the two patients with
gynecomastia, one had simple clubbing (patient 7), and the
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other had HOA (patient 10). The hyperestrogenism of HOA
appears to be caused by increased production of estrogens,
because conjugation and inactivation of estrogens were not
impaired in HOA [2]. Why our results differ from those of
an earlier study [2] is not clear. It is possible that relatively
small elevations in urinary estrogen concentration were more
difficult to detect in 1961, when that study was carried out,
than they are now. Our observation that digital clubbing is
associated with hyperestrogenism lead to a new hypothesis,
which may explain the pathogenesis of clubbing and other
symptoms of HOA, and which may provide new opportunities
for the treatment of the syndrome.

HOA and PGE,

It is now generally accepted that digital clubbing and the other
symptoms of HOA can be caused by prostaglandin E, (PGE,)
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Table 2 (continued)

Serum
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1.9-8.0

6.4
3.6
54
59
7.0

4.0
6.3

13
11
12
16
24
16
17
10-35

11

5.7
1.8
3.7
8.0
7.2
3.7
2.0
5.6
2.0-9.0

0.05-0.22

0.03
0.09
0.09
0.06
0.15
0.00
0.06
0.12

All patients were male. 0 represents absent; 1 represents present. Bold items represent above normal range; italic items represent below normal range. Bars represent missing values

SHBG, sex hormone-binding globulin; LH, luteinizing hormone; FSH, follicle-stimulating hormone

excess [7]. Prostaglandins are local hormones that are gener-
ated de novo from phospholipids in response to a wide range
of stimuli. Their presence can be detected in virtually every
tissue of the body. Prostaglandins signal diverse biological
events, depending upon cell type and receptor subtype. By
analogy with neurotransmitters, signal termination is achieved
by re-uptake and oxidation of the prostaglandin in the cell.
The main re-uptake transporter for most prostaglandins is
the prostaglandin transporter (PGT). The oxidative enzyme
is 15-hydroxyprostaglandin dehydrogenase (HPGD). A major
breakthrough in HOA research was the discovery that muta-
tions in the SLCO2A 1 gene, which encodes the PGT, or mu-
tations in the HPGD gene, which encodes HPGD, cause fa-
milial or primary HOA. Thus, the cause of familial or primary
HOA is prostaglandin excess because of insufficient break-
down of prostaglandins. Secondary HOA may have the same
cause. In patients with lung cancer, levels of the major urinary
metabolite of PGE, (PGE-M) were greatly increased; down-
regulation of HPGD occurs in various tumor types; and pa-
tients with digital clubbing due to cystic fibrosis had elevated
prostaglandin levels in their circulation [8]. Of all prostaglan-
dins, PGE; appears to be the cause of all symptoms of HOA.
First, because PGE, is the most common prostaglandin in
man. In normal subjects, the concentration of PGE-M in urine
is up to 100-fold greater than that of the major urinary metab-
olite of all other prostaglandins [9]. Second, because chronic
administration of prostaglandins of the E series to patients
with liver disease caused all symptoms of HOA: arthralgias
after 1 week, acute arthritis after 2 weeks, and clubbing with
subperiosteal new bone formation after 4 weeks. All these
effects were dose-related and resolved with reduction or ces-
sation of therapy [10]. Chronic administration of PGE, to
dogs also caused all symptoms of HOA [11, 12], except for
clubbing, because digital clubbing is unique to humans.
However, it was not clear how exactly PGE, causes each
individual symptom of HOA, and why clubbing and other
symptoms of HOA do not always develop simultaneously.
This may be explained by the following hypothesis.

Digital clubbing, hyperestrogenism, and PGE,

Clubbing of the fingers and the toes may be caused by hyper-
stimulation of a mechanism that protects the tips of the fingers
and toes against ischemia (Fig. 2). This mechanism is angio-
genesis, the process by which blood vessels are formed from
pre-existing vessels [13]. With the use of immunochemistry,
clubbed digits showed an increase in hypoxia inducible factor
(HIF)-1e, HIF-2, vascular endothelial growth factor
(VEGF), the major VEGF receptor, and platelet-derived
growth factor (PDGF), as compared with control fingers.
Microvessel density was increased as well [14]. These find-
ings suggest activation of the HIF-1 pathway, resulting in
angiogenesis, in which VEGF and PDGF play a role [13]. It
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Fig. 2 Hypothetical mechanism hypoxia
causing digital clubbing and
hyperestrogenism !
*Subtype dependent on cell type
[15]. PGT or HPGD deficiency — PGE21 — EP receptor(s)* — HIF-11 —Aromatase? — Hyperestrogenism
!
Angiogenesis
!
Digital clubbing

was suggested that VEGF synergizes with PDGF in inducing
the stromal and vascular changes that cause digital clubbing
[14]. The archetypal stimulus of the HIF-1 pathway is hypoxia
[13]. This explains why chronic hypoxia causes clubbing (Fig.
2). However, PGE, also activates the HIF-1 pathway by acti-
vation of one or more EP receptors [15]. This explains why
clubbing occurs in situations in which PGE, levels are elevat-
ed, such as in PGT or HPGD deficiency (Fig. 2). Interestingly,
PGE, may not only cause clubbing by activating the HIF-1
pathway. Activation of the HIF-pathway also increases the
expression of aromatase (Fig. 1) [15]. Aromatase converts
androgens into estrogens. This explains the association be-
tween digital clubbing and hyperestrogenism. Thus, contrary
to earlier impressions [2], hyperestrogenism appears to be
associated with digital clubbing, and not with subperiosteal
new bone formation (see below).

Subperiosteal new bone formation, PGA,,
and the inflammatory reflex

Subperiosteal new bone formation may be caused by hyperstim-
ulation of a mechanism that transforms mechanical load to new
bone formation (Fig. 3). Dynamic mechanical loading of the tibia
releases PGE, from its proximal metaphysis [16]. It may be
assumed that this also occurs in other parts of the bone and in
other bones. If PGE, is not immediately removed, such as in
PGT or HPGD deficiency, it may accumulate, not only locally,
but also systemically. In human blood, in the presence of albu-
min, PGE, is rapidly converted to PGA, [17]. PGA, is a
cyclopentenone prostaglandin. Cyclopentenone prostaglandins
do not appear to activate conventional prostaglandin receptors
but interact with other cellular target proteins. Conventional pros-
taglandins activate their receptor(s) in physiological concentra-
tions, but cyclopentenone prostaglandins need higher
(pharmacological) concentrations to have an effect [18]. We sug-
gest that high PGA, concentrations are achieved in HOA by
activation of the “inflammatory reflex” [19]. This is a recently
discovered reflex, the afferent arm of which is formed by afferent
fibers in the vagus nerve. The efferent arm of the reflex is termed
“cholinergic anti-inflammatory pathway.” This reflex appears to
inhibit cytokine synthesis, and thus protect against cytokine-

mediated diseases. It may do so via the release of PGE, from
monocytes of the reticuloendothelial system [20]. According to
our hypothesis, PGE, stimulates the EP3 subtype of its receptors
on the afferent fibers of the vagus nerve [21]. This results in
activation of the inflammatory reflex, which may release PGE,
from the monocytes of the reticuloendothelial system [20]. If this
PGE, is not immediately removed, as in PGT or HPGD deficien-
cy, it may accumulate and cause more stimulation of afferent
vagus fibers, causing a fast-forward mechanism, resulting in even
higher systemic PGE, levels. These high PGE, levels are rapidly
converted to high PGA, levels, which may now be high enough
to activate peroxisome proliferator-activated receptors o/d
(PPAR /) on osteoblasts, which cause subperiosteal new bone
formation [17]. This explains the dramatic relief of the symptoms
of HOA after ipsilateral vagotomy (or local anesthesia of the
vagus nerve [22]) in patients with lung cancer [23]. One patient
was reported in whom vagotomy relieved all pains in bones and
joints within 24 h, with regression of swelling and edema of the
hands and feet and improvement of the movements of hands and
fingers. In 3 days, the edema had completely disappeared, the
dyspnea was considerably improved, and the patient got up. At
the end of 10 days, he was walking round the ward pain-free. On
the 25th postoperative day, all symptoms of HOA had disap-
peared, gynecomastia included. Only digital clubbing remained
[23]. This dramatic effect of vagotomy also explains why atro-
pine is beneficial in HOA [24]. Interestingly, splenectomy, or
selective interruption of the abdominal vagus nerve at the com-
mon celiac branch, also inactivates the inflammatory reflex [25].
This observation provides a number of potentially therapeutic
options for patients with HOA which needs further exploration.

Prostaglandins tend to occur in pairs with opposing action,
such as prostacycline and thromboxane on hemostasis, and PGE,
(vasodilator) and PGF,,, (vasoconstrictor) on some vascular beds
[26]. 1t is therefore not surprising that the cyclopentenone pros-
taglandin 15d-PGJ2 inhibits angiogenesis by inhibiting the HIF-
1 pathway [27]. PGA, also is a cyclopentenone prostaglandin,
and PGA, may therefore inhibit the HIF-1 pathway as well. This
explains why our patients with the full syndrome of HOA did not
always have the highest degree of clubbing, and why they did
not always excrete the highest amount of estriol in their urine, as
compared to the patients with simple clubbing. However, if our
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Mechanical loading
of tibia

PGE2

!

PGT or HPGD deficiency

l

PGE2 1

l

Afferent nerve fibres vagus nerve

!

Cholinergic anti-inflammatory pathway

!

Macrophages of reticuloendothelial system
!
PGE2 11
| Albumen
PGA2 11

!

PPAR/d on osteoblasts

l

Subperiosteal new bone formation
Fig. 3 Hypothetical mechanism causing subperiosteal new bone
formation on the tibia in HOA
hypothesis is true, then the stimulatory effect of PGE, on club-

bing and hyperestrogenism is much stronger than the inhibitory
effect of PGA; on these symptoms.

Polyarthritis

PGA, may cause the polyarthropathy of HOA by inducing
apoptosis of chondrocytes [28].
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HOA and women

HOA is less severe in women, maybe because they appear to
produce less PGE, than men. This is suggested by the obser-
vation that men excrete about twice as much PGE-M in the
urine as women [9].

Water retention

Urinary creatinine concentration correlated positively with de-
gree of clubbing in our patients. This suggests water retention,
proportional to degree of clubbing. Indeed, HOA is associated
with water retention [1, 29, 30]. There are three possible
causes for this, or a combination of these causes. PGE, stim-
ulates the secretion of antidiuretic hormone (ADH) via its EP1
receptor subtype [31]; PGE, has a direct effect on the kidneys
[31]; and PGE, increases vascular permeability, probably in-
directly by mast cell activation via EP3 receptors [32]. In our
patients, urinary estriol concentration correlated positively
with degree of clubbing. This is in agreement with our hy-
pothesis, but this correlation might also be due to concentra-
tion of the urine proportional to degree of clubbing, caused by
water retention.

Muscle atrophy

About half of our patients with digital clubbing had a low
urinary creatinine concentration. This might be due to
incomplete urine collection, but all but one of them still
had a high urinary estriol concentration, and all of them
had a high urinary estriol/creatinine ratio. These patients
may have had muscle atrophy, because urinary creatinine
concentration reflects muscle mass. Indeed, HOA is asso-
ciated with muscle atrophy [33, 34], but all our patients
with low urinary creatinine concentration had simple
clubbing. This suggests involvement of PGE,, not
PGA,. Indeed, PGE, causes muscle atrophy by activating
the lysosomal apparatus [35], possibly by extrusion of
lysosomes from myo-fibrocytes, as has been observed in
the connective tissue of the cervix before delivery [36].
Enzymes released by these lysosomes might cause the
proteolytic muscle degradation. Our patients with the full
syndrome of HOA had a normal urinary creatinine con-
centration in the urine. This might suggest an opposing
effect of PGA, on the effect of PGE, on muscle.
However, the effect of PGA, on muscle is disputed.
Nonetheless, PGA; activates the peroxisome proliferator-
activated receptor y (PPARYy), which is required for skel-
etal muscle cell differentiation [37]. More studies on the
effect of cyclopentenone prostaglandins on muscle are
needed, because it is likely that katabolic and anabolic
mechanisms in muscles, tendons, and bones are similar.
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Spider angiomas

Spider angiomas are vascular skin lesions which originate
from normal cutaneous arteries and thus conform to the defi-
nition of angiogenesis. They strikingly resemble uterine spiral
arteries, which temporarily supply blood to the endometrium
of the uterus during the luteal phase of the menstrual cycle
[38]. Uterine spiral arteries have already been associated with
activation of the HIF-1 pathway by PGE, [26]. The associa-
tion between spider angiomas and HOA has been noted before
[39]. Spider angiomas occurred in 74% in our patients, about
as much as in cirrhosis of the liver (75%) [40].

Palmar erythema

Palmar erythema is a sharply delineated, intense redness over
the hypothenar and thenar eminence of the palms of the hand
with relatively central palmar pallor. Spider angiomas and
palmar erythema are considered to have the same or a very
similar cause. Palmar erythema may be caused by PGE, as
well, because PGE, is a vasodilator.

Adrenal cortical hyperfunction

Serum androstenedione concentration correlated positively
with the degree of clubbing in our patients. This suggests
adrenal cortical hyperfunction, proportional to degree of club-
bing. The presence of adrenal cortical hyperfunction has been
suggested in patients with digital clubbing before [3]. Indeed,
both prostaglandins of the E and of the A series stimulate the
release of corticotropin-releasing hormone (CRH) in the hy-
pothalamus, which might eventually lead to adrenal cortical
hyperfunction [41]. However, this hyperfunction appears to be
rather slight, because, although serum androstenedione con-
centration correlated positively with degree of clubbing, indi-
vidual serum androstenedione concentrations did not exceed
normal reference values in our patients.

Patent ductus arteriosus

PGE, causes patent ductus arteriosus via the EP4 receptor
[42].

Delayed closure of cranial sutures

Long-term PGE, administration to two newborn infants
caused widening of cranial sutures [43]. This suggests that

the delayed closure of cranial sutures in HOA is caused by
PGE, and/or PGA,.

Seborrhea

What causes the thickening of the skin in HOA is not clear, but
cyclopentenone prostaglandin 15d-PGJ2 causes seborrhea
[44]. PGA, is also a cyclopentenone prostaglandin. It may
therefore cause seborrhea as well.

Hypertrophic gastropathy

PGE, may cause hypertrophic gastropathy [12, 45], but
whether it may do so directly or via PGA, is not known.

Myelofibrosis

In a patient with severe myelofibrosis due to familial HOA,
bone marrow fibroblasts proliferated almost twice as fast as
normal, and their number of PDGF receptors was increased. In
myeloproliferative syndromes, the proliferation of fibroblasts
is normal [46]. The question is whether this increased prolif-
eration is also due to activation of the HIF-1 pathway by
PGE,, as in clubbed digits. PGA, may be involved as well,
because the osteoblasts involved in subperiosteal new bone
formation derive from mesenchymal precursor cells in the
bone marrow [17].

Endothelial activation or damage

PGA, may activate or damage endothelium cells by inducing
apoptosis, as it does in chondrocytes [47] .

Acroosteolysis

Acroosteolysis is resorption of the distal bony phalanges. It is
likely caused by vascular occlusion [48]. In HOA, it may be
due to the endothelial damage caused by PGA,, causing vas-
cular occlusion, despite the protective presence of vasodilator
PGE,.

Hyperhidrosis

Hyperhidrosis may be another effect of activation of the in-
flammatory reflex.

Pain

PGE, potentiates other pain-producing mediators such as his-
tamine and bradykinine, but causes no pain. In contrast, PGA,
does cause pain by stimulation of nociceptors via the irritant
transient receptor potential A1 (TRPA1) channel [49].
Acetaminophen (paracetamol) desensitizes TRPA1 channels
[50] and is indeed effective against the pain of HOA, although
not completely. Contrary to expectation, the effect of many
non-steroidal anti-inflammatory drugs (NSAIDs) is
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disappointing. In our patients, celecoxib or meloxicam was
the most effective in men, and carbasalatecalcium was the
most effective in women.

Conclusion

Our main finding is that hyperestrogenism not only occurs in
the full syndrome of HOA, but also occurs in simple clubbing.
We therefore reject the claim that hyperestrogenism occurs in
hypertrophic osteoarthropathy (HOA), but not in simple club-
bing [2]. The observation that hyperestrogenism occurs in
clubbing enables us to present a new and comprehensive hy-
pothesis on the pathogenesis of clubbing and of the other
symptoms of HOA.

According to this hypothesis, digital clubbing and
hyperestrogenism are caused by PGE, excess. PGE, excess
is due to decreased degradation of PGE, because of PGT or
PGDH deficiency. According to our hypothesis, PGE, stimu-
lates the HIF-1 pathway, resulting in angiogenesis and in-
creased expression of aromatase. Angiogenesis may cause
clubbing. Increased expression of aromatase causes
hyperestrogenism.

Subperiosteal new bone formation, in contrast, may be
caused by PGA, excess. In the presence of albumen, PGE,
is rapidly converted to PGA,. Thus, PGT or PGDH deficiency
causes PGE, excess, which is rapidly converted into PGA,
excess. However, PGA, needs to be present in a much higher
concentrations than PGE, to have an effect. According to our
hypothesis, this is achieved by activation of the inflammatory
reflex. PGE, may activate the afferent leg of the inflammatory
reflex, resulting in increased PGE, production by the effector
cells of the efferent leg, i.e., the monocytes of the reticuloen-
dothelial system. If this PGE, is not immediately removed, as
in PGT or PGDH deficiency, total PGE, concentration will
rise, further stimulating the inflammatory reflex, resulting in
high PGE, levels. These high PGE, levels will be rapidly
converted into high PGA, levels, now high enough to activate
the PPARw/d receptors on osteoblasts which cause
subperiosteal new bone formation. Interruption of the afferent
leg will abolish the inflammatory reflex. This explains the
dramatic relief of symptoms by vagotomy in patients with
lung cancer, and the favorable effect of atropine on secondary
HOA. Interestingly, interruption of the efferent leg of the re-
flex by denervation of the spleen or by splenectomy also in-
terrupts the inflammatory reflex [25]. The latter procedure
might also reduce the concentration of both PGE, and
PGA,. At best, it might reduce the full syndrome of HOA to
simple clubbing. This can be tested in animals, because HOA
can be induced with relative ease in dogs [11, 12]. However,
possible benefits of interruption of the inflammatory reflex
should be carefully weighed against the risks. For instance,
it is possible that some chronic inflammatory conditions
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which are associated with HOA, such as inflammatory bowel
disease, may benefit from the inflammatory reflex, and might
worsen after interruption of the reflex. Nonetheless, interrup-
tion of the inflammatory reflex may provide a number of op-
tions for the treatment of HOA, i.e., pharmacological (atro-
pine), anesthesiological (local anesthesia of vagus nerve or
splenic plexus), or surgical (vagotomy, interruption of the
splenic plexus, splenectomy).

The other symptoms of HOA may be caused by PGE,,
PGA,, both prostaglandins, or by the inflammatory reflex.

HOA is an experiment of nature which provides important
information on the role of prostaglandins in the katabolism and
anabolism of muscles, tendons, and bones, on the development
of arthritis and pain, and on the development of endothelial dam-
age. HOA also provides important information on the role of
prostaglandins in diverse conditions, including pediatric,
gastroenterologic, cardiologic, pulmonologic, endocrinologic,
immunologic, dermatologic, hematologic, gynecologic, and
nephrologic conditions. Finally, HOA may provide more infor-
mation on the role of prostaglandins in the inflammatory reflex.
All this information may hopefully contribute to better treatment
of all diseases and symptoms caused by prostaglandins.

Acknowledgements The authors are indebted to Henk Teurlings and
Twan Peeters for their technical and analytical support regarding labora-
tory techniques, to Maarten de Waard, Ph.D., and Adje Brouwers-de
Werd, for reading the manuscript and providing us with important
feedback.

Compliance with ethical standards

The study was performed in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki and its later amendments at the
time of data collection. All persons gave their informed consent prior to
their inclusion in the study. Details that might disclose the identity of the
subjects under study have been omitted.

Conflict of interest PL has received honorarium from Friesland
Campina dairy industry for advice. The other authors have no potential
conflict of interests to declare.

References

1. Ginsburg J (1963) Hypertrophic pulmonary osteoarthropathy.
Postgrad Med J 39:639-645

2. Ginsburg J, Brown JB (1961) Increased oestrogen excretion in hy-
pertrophic pulmonary osteoarthropathy. Lancet 2:1274-1276

3. Lubowski D (1984) Increased oestrogen production and adrenal
cortical hyperfunction in patients with pulmonary disease and club-
bing of the fingers. S Afr Med J 66:57-58

4. Kitis G, Thompson H, Allan RN (1979) Finger clubbing in inflam-
matory bowel disease: its prevalence and pathogenesis. Br Med J 2:
825-828

5. Waring WW, Wilkinson RW, Wiebe RA, Faul BC, Hilman BC
(1971) Quantitation of digital clubbing in children. Measurements
of casts of the index finger. Am Rev Respir Dis 104:166—174



Clin Rheumatol (2019) 38:211-222

221

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Gebhardt DO, Soederhuizen W, Moolenaar AJ (1985) Use of
octadecyl (C18) columns for the estimation of oestrogens in the
urine of non-pregnant women. Ann Clin Biochem 22:541-543
Zhang Z, Zhang C, Zhang Z (2013) Primary hypertrophic
osteoarthropathy: an update. Front Med 7:60-64

Uppal S, Diggle CP, Carr IM, Fishwick CW, Ahmed M, Ibrahim
GH, Helliwell PS, Latos-Bielenska A, Phillips SE, Markham AF,
Bennett CP, Bonthron DT (2008) Mutations in 15-
hydroxyprostaglandin dehydrogenase cause primary hypertrophic
osteoarthropathy. Nat Genet 40:789—-793

Murphey LJ, Williams MK, Sanchez SC, Byrne LM, Csiki I, Oates
JA, Johnson DH, Morrow JD (2004) Quantification of the major
urinary metabolite of PGE2 by a liquid chromatographic/mass
spectrometric assay: determination of cyclooxygenase-specific
PGE2 synthesis in healthy humans and those with lung cancer.
Anal Biochem 334:266-275

Cattral MS, Altraif I, Greig PD, Blendis L, Levy GA (1994) Toxic
effects of intravenous and oral prostaglandin E therapy in patients
with liver disease. Am J Med 97:369-373

Lund J, Brown WP, Tregerman L (1982) The toxicology of PGE1
and PGI2. In: Wu K, Rossi EC (eds) Prostaglandins in clinical
medicine and thrombotic disorders. Year Book Medical
Publishers, Inc, Chicago, pp 93-109

High WB (1987) Effects of orally administered prostaglandin E-2
on cortical bone turnover in adult dogs: a histomorphometric study.
Bone 8:363-373

Zimna A, Kurpisz M (2015) Hypoxia-inducible Factor-1 in physi-
ological and pathophysiological angiogenesis: applications and
therapies. Biomed Res Int 549412

Atkinson S, Fox SB (2004) Vascular endothelial growth factor
(VEGF)-A and platelet-derived growth factor (PDGF) play a central
role in the pathogenesis of digital clubbing. J Pathol 203:721-728
Samarajeewa NU, Yang F, Docanto MM, Sakurai M, McNamara
KM, Sasano H, Fox SB, Simpson ER, Brown KA (2013) HIF-
lalpha stimulates aromatase expression driven by prostaglandin
E2 in breast adipose stroma. Breast Cancer Res 15:R30

Thorsen K, Kristoffersson AO, Lerner UH, Lorentzon RP (1996) In
situ microdialysis in bone tissue. Stimulation of prostaglandin E2
release by weight-bearing mechanical loading. J Clin Invest 98:
2446-2449

Still K, Grabowski P, Mackie I, Perry M, Bishop N (2008) The
peroxisome proliferator activator receptor alpha/delta agonists
linoleic acid and bezafibrate upregulate osteoblast differentiation
and induce periosteal bone formation in vivo. Calcif Tissue Int
83:285-292

Straus DS, Glass CK (2001) Cyclopentenone prostaglandins: new
insights on biological activities and cellular targets. Med Res Rev
21:185-210

Tracey KJ (2007) Physiology and immunology of the cholinergic
antiinflammatory pathway. J Clin Invest 117:289-296

Takahashi HK, Iwagaki H, Hamano R, Yoshino T, Tanaka N,
Nishibori M (2006) Effect of nicotine on IL-18-initiated immune
response in human monocytes. J Leukoc Biol 80:1388-1394

Ek M, Kurosawa M, Lundeberg T, Ericsson A (1998) Activation of
vagal afferents after intravenous injection of interleukin-1beta: role
of endogenous prostaglandins. J Neurosci 18:9471-9479

Dam WH, Hagelsten JO (1964) Blocking of the vagus nerve reliev-
ing osteoarthropathy in lung diseases. Dan Med Bull 11:131-133
Huckstep RL, Bodkin PE (1958) Vagotomy in hypertrophic pulmo-
nary osteoarthropathy associated with bronchial carcinoma. Lancet
2:343-345

Lopez-Enriquez E, Morales AR, Robert F (1980) Effect of atropine
sulfate in pulmonary hypertrophic osteoarthropathy. Arthritis
Rheum 1980;23(7):822-824

Huston JM, Ochani M, Rosas-Ballina M, Liao H, Ochani K, Pavlov
VA, Gallowitsch-Puerta M, Ashok M, Czura CJ, Foxwell B, Tracey

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

KJ, Ulloa L (2006) Splenectomy inactivates the cholinergic
antiinflammatory pathway during lethal endotoxemia and
polymicrobial sepsis. J Exp Med 203:1623-1628
Critchley HO, Osei J, Henderson TA, Boswell L, Sales KJ, Jabbour
HN, Hirani N (2006) Hypoxia-inducible factor-1lalpha expression
in human endometrium and its regulation by prostaglandin E-series
prostanoid receptor 2 (EP2). Endocrinology 147:744-753
Jozkowicz A, Nigisch A, Wegrzyn J, Weigel G, Huk I, Dulak J
(2004) Opposite effects of prostaglandin-J2 on VEGF in normoxia
and hypoxia: role of HIF-1. Biochem Biophys Res Commun 314:
31-38
Shan ZZ, Masuko-Hongo K, Dai SM, Nakamura H, Kato T,
Nishioka K (2004) A potential role of 15-deoxy-delta(12,14)-pros-
taglandin J2 for induction of human articular chondrocyte apoptosis
in arthritis. J Biol Chem 279:37939-37950
Tornblom N, Malers E, Wallenius G (1959) Osteodermatopathia
hypertrophicans. Acta Med Scand 164:325-339
Doyle L (1959) Cause of clubbing. Lancet 1:989-990
Kennedy CR, Xiong H, Rahal S, Vanderluit J, Slack RS, Zhang Y,
Guan Y, Breyer MD, Hébert RL (2007) Urine concentrating defect
in prostaglandin EP1-deficient mice. Am J Physiol Renal Physiol
292:F868-F875
Morimoto K, Shirata N, Taketomi Y, Tsuchiya S, Segi-Nishida E,
Inazumi T, Kabashima K, Tanaka S, Murakami M, Narumiya S,
Sugimoto Y (2014) Prostaglandin E2-EP3 signaling induces in-
flammatory swelling by mast cell activation. J Immunol 192:
1130-1137
Crump C (1929) Histologie der allgemeinen Osteophytose.
(Osteoarthropathie hypertrophiante pneumique). Virchows Arch
271:467-511
Brunner W (1967) <<Subakute Polyarthritis>> bei
Bronchuskarzinom - ein paraneoplastisches Syndrom. Schweiz
Med Wochenschr 97:611-612
Rodemann HP, Goldberg AL (1982) Arachidonic acid, prostaglan-
din E2 and F2 alpha influence rates of protein turnover in skeletal
and cardiac muscle. J Biol Chem 257:1632-1638
Joh K, Riede UN, Zahradnik HP (1983) The effect of prostaglan-
dins on the lysosomal function in the cervix uteri. Arch Gynecol
234:1-16
Singh J, Verma NK, Kansagra SM, Kate BN, Dey CS (2007)
Altered PPARgamma expression inhibits myogenic differentiation
in C2C12 skeletal muscle cells. Mol Cell Biochem 294:163-171
Beranek JT (1990) Histogenesis of vascular spiders. Hepatology
11:328-329
Jao JY, Barlow JJ, Krant MJ (1969) Pulmonary hypertrophic
osteoarthropathy, spider angiomata, and estrogen hyperexcretion
in neoplasia. Ann Intern Med 70:581-584
Martini GA (1975) Extrahepatic manifestations of cirrhosis. Clin
Gastroenterol 4:439-460
Hedge GA (1977) Roles for the prostaglandins in the regulation of
anterior pituitary secretion. Life Sci 20:17-33
Nguyen M, Camenisch T, Snouwaert JN, Hicks E, Coffman TM,
Anderson PA, Malouf NN, Koller BH (1997) The prostaglandin
receptor EP4 triggers remodelling of the cardiovascular system at
birth. Nature 390:78-81
Hoevels-Guerich H, Haferkom L, Persigehl M, Hofstetter R, von
Bernuth G (1984) Widening of cranial sutures after long-term pros-
taglandin E2 therapy in two newborn infants. J Pediatr 105:72-74
Iwata C, Akimoto N, Sato T, Morokuma Y, Ito A (2005)
Augmentation of lipogenesis by 15-deoxy-Deltal2,14-prostaglan-
din J2 in hamster sebaceous glands: identification of cytochrome P-
450-mediated 15-deoxy-Deltal2,14-prostaglandin J2 production. J
Invest Dermatol 125:865-872
Boyd EJ, Hulks G, Thomas JS, McColl KE (1988) Hypertrophic
gastritis associated with increased gastric mucosal prostaglandin E2

@ Springer



222

Clin Rheumatol (2019) 38:211-222

46.

47.

concentrations in a patient with the carcinoid syndrome. Gut 29:
1270-1276

Fontenay-Roupie M, Dupuy E, Berrou E, Tobelem G, Bryckaert M
(1995) Increased proliferation of bone marrow-derived fibroblasts
in primitive hypertrophic osteoarthropathy with severe myelofibro-
sis. Blood 85:3229-3238

Erl W, Weber C, Zernecke A, Neuzil J, Vosseler CA, Kim HJ,
Weber PC (2004) Cyclopentenone prostaglandins induce endothe-
lial cell apoptosis independent of the peroxisome proliferator-
activated receptor-gamma. Eur J Immunol 34:241-250

@ Springer

48.

49.

50.

Destouet JM, Murphy WA (1983) Acquired acroosteolysis and
acronecrosis. Arthritis Rheum 26:1150-1154

Materazzi S, Nassini R, Andre E, Campi B, Amadesi S, Trevisani
M, Bunnett NW, Patacchini R, Geppetti P (2008) Cox-dependent
fatty acid metabolites cause pain through activation of the irritant
receptor TRPA1. Proc Natl Acad Sci U S A 105:12045-12050
Andersson DA, Gentry C, Alenmyr L, et al. TRPA1 mediates spinal
antinociception induced by acetaminophen and the cannabinoid
Delta(9)-tetrahydrocannabiorcol. Nat Commun 2:551



	Hypertrophic osteoarthropathy: estrogens, prostaglandinE2, prostaglandin A2, and the inflammatory reflex
	Abstract
	Introduction
	Materials and methods
	Measurement of finger clubbing
	Clinical chemistry
	Statistical analysis

	Results
	Definition of finger clubbing
	Estrogens
	Androgens
	HOA versus simple clubbing
	Spider angiomas, palmar erythema, and gynecomastia
	Creatinine in the urine
	Incidental observations

	Discussion
	Clubbing and hyperestrogenism
	HOA and PGE2
	Digital clubbing, hyperestrogenism, and PGE2
	Subperiosteal new bone formation, PGA2, and the inflammatory reflex
	Polyarthritis
	HOA and women
	Water retention
	Muscle atrophy
	Spider angiomas
	Palmar erythema
	Adrenal cortical hyperfunction
	Patent ductus arteriosus
	Delayed closure of cranial sutures
	Seborrhea
	Hypertrophic gastropathy
	Myelofibrosis
	Endothelial activation or damage
	Acroosteolysis
	Hyperhidrosis
	Pain

	Conclusion
	References


