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ABSTRACT:

Alkaptonuria (AKU) is a rare autosomal recessive metabolic disease caused by a disorder of phenylala-
nine and tyrosine metabolism, resulting in accumulation and deposition of homogentisic acid (HGA)
in the body. This deposition further causes progressive functional disorders in different organ systems,
with the locomotor system being the most affected one. A specific triad of symptoms occurs in patients
suffering from AKU: 1. at birth, a change of urine color is present when urine is exposed to air, 2. oc-
currence of dark pigmentations in connective tissues becomes visible over time, 3. complications of the
locomotor, urogenital and cardiovascular systems present gradually.

Arthropathia ochronotica occurs in patients suffering from AKU due to precipitation and deposition
of HGA in the joint tissue (cartilage, tendons, ligaments, menisci, etc.). The accumulation can be seen
as small foci of blue-black pigmentations. HGA deposits in collagen fibers, causing tendons and liga-
ments thickening. This causes them to be less resistant to mechanical forces, resulting in frequent rup-
tures caused by minimal trauma. Also, the deposition facilitates cartilage degeneration, often requiring
an operative treatment. The knees are the most commonly affected joints, while changes can be seen in
the spine and other large joints.

As there is no specific treatment, alleviation of symptoms is the only treatment option. It has the goal
of increasing individual functionality and quality of life. As an option for end-stage treatment, joint
replacement surgery proved to be effective. In the future, an enzyme replacement therapy or gene
therapy may be developed to treat AKU successfully.
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SAZETAK:

ARTROPATIJA OHRONOTIKA

Alkaptonurija (AKU) je rijetka autosomno recesivna metaboli¢ka bolest uzrokovana poremeéajem
metabolizma fenilalanina i tirozina, $to rezultira nakupljanjem i taloZenjem homogentizinske kiseline
(HGA) u tijelu. Ovo taloZenje uzrokuje progresivne funkcionalne poremedaje u razli¢itim organskim
sustavima, pri ¢emu je naj¢e$ée zahvacen lokomotorni sustav. Specifi¢na trijada simptoma javlja se u
bolesnika koji pate od AKU: 1. pri rodenju je vidljiva promjena boje urina kada je urin izlozen zraku,
2. pojava tamnih pigmentacija u vezivnom tkivu s viemenom postaje vidljiva, 3. postepeno se razvijaju
komplikacije koje zahvacaju lokomotorni, urogenitalni i kardiovaskularni sustav.

Artropatija ohronotica javlja se u bolesnika koji pate od AKU zbog taloZzenja HGA u zglobnom tkivu
(hrskavica, tetive, ligamenti, meniskusi itd.). Akumulacija se moze vidjeti kao mala zari$ta plavo-crnih
pigmentacija. HGA se talozi u kolagenskim vlaknima, uzrokujuéi zadebljanje tetiva i ligamenata.
Zbog toga su ona manje otporna na mehanicke sile, $to rezultira ¢estim puknuéima uzrokovanim
minimalnom traumom. Takoder, taloZenje ubrzava degeneraciju hrskavice, $to dovodi do &es¢e potrebe
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za operativnim lije¢enjem. Koljena su naj¢esée zahvacena, dok se promjene takoder mogu vidjeti na
kraljeznici i drugim velikim zglobovima.

Kako ne postoji specifi¢no lije¢enje, ublazavanje simptoma jedina je opcija lije¢enja. Cilj mu je
poveéati individualnu funkcionalnost i kvalitetu zivota. Kao opcija za zavr$nu fazu lije¢enja, ugradnja
umjetnih zglobova pokazala se sigurnom i u¢inkovitom. U budu¢nosti se o¢ekuje razvoj enzimske ili

genske terapije za uspjesno ciljano lije¢enje AKU.

KLIUCNE RIJECI: alkaptonurija; ohronoza; bolesti zglobova; dijagnostika; terapija;

INTRODUCTION

Alkaptonuria (AKU) is a rare autosomal recessive metabolic
disease caused by disorder of phenylalanine and tyrosine metabo-
lism, resulting in the accumulation of homogentisic acid (HGA).
It is caused by mutations in the homogentisate 1,2-dioxyge-

nase gene (HGD) on chromosome 3q13.33 . The HGD gene
consists of 14 exons and spans 54.363 bp which code for HGD
hexamer protein. Many different variants of the HGD have been
reported, of which majority represent missense mutations . All
variants are summarized in the /GD mutation database (http://
hgddatabase.cvtisr.sk/). The incidence of AKU is estimated

at 1:250 000 to 1:1 000 000°. However, the incidence varies
greatly between countries, with an estimated incidence at 1:19
000 in countries such as Slovakia and the Dominican Republic
-8, Signs of AKU were first described on Egyptian mummies
(Harwa) dating from around 3500 years ago. In 1584, Scriboni-
us described a case of a young male patient whose urine became
dark when it was exposed to air. In 1866, Virchow described that
he found yellow and brown pigmentation of intervertebral discs,
larynx cartilage, bronchi cartilage, menisci, articular cartilage,
and atherosclerotic plaques in blood vessels while performing an
autopsy of a 67-year-old male. He named the condition “ochro-
nosis” (“the yellow disease”) °-''. The term ,,alkapton® was first
used by Boedeker in 1859, by which he described a lower level of
HGA excretion from the body. In 1908, Garrod suggested that
AKU is a hereditary metabolic disease, while Neubauer described
the pathological disorder of tyrosine metabolism in 1909 ',

In some cases, AKU may present as an arthropathy, called ar-
thropathia ochronotica. Arthropathy is defined as a pathological
change of a joint that can be caused by many different etiologies.
These changes are characterized by the destruction of cartilage
and subchondral bone, which may result in deformation of the
joint with subsequent instability, joint contracture, reactive hy-
pertrophy of the synovial tissue, precipitation and deposition of
substances in the joint, as well as with the formation of intra-ar-
ticular loose bodies . They might be caused by impaired inner-
vation (central or peripheral nervous system injuries), inadequate
vascularization, bleeding into the joint due to coagulopathies
(hemophilia A and B), endocrine disorders, metabolic disorders,
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connective tissue diseases etc. Arthropathies should be distinct
from inflammatory and degenerative diseases of joints. However,
it can often be found in the literature that inflammatory diseases
are described as arthropathies, i.e. psoriatic arthropathy/psoriatic
arthritis. The deposition of certain substances into the joint tis-
sue is a characteristic of metabolic arthropathies '*. Arthropathia
ochronotica is a result of precipitation and deposition of HGA
in the joint tissue (cartilage, tendons, ligaments, menisci, etc.).
Ochronotic degenerative changes of the knee occur in 64% of
patients between the age of 40 and 50 *°. However, changes were
also noticed in older patients '°. Changes of shoulders are present
in 43% of patients, while hips and sacroiliac joints are affected
in 35% of patients °. A study of 58 patients suffering from AKU
reports on 29 joint replacement surgeries performed in this pa-
tients, with 50% of them undergoing at least one joint replace-
ment surgery by the age of 55 years .

PATHOPHYSIOLOGY AND PATHOLOGY

Patients suffering from AKU lack an enzyme needed for HGA
oxidation in the liver, which causes its insufficient renal excre-
tion and accumulation in the body . (Figure 1.) The excessive
amount of HGA in the body is excreted into urine. A character-
istic sign of AKU is that the urine becomes dark due to oxidation
when exposed to air. At a younger age, the deposition of HGA is
slower because the excretion by kidneys is more efficient, so the
usual onset of symptoms is in the third or fourth decade of life '®.
As HGA accumulates in the body, it deposits in collagen fibers

19, This deposition causes progressive functional disorders in
different organ systems, with the locomotor system being the
most affected one®. The accumulation can be seen as small foci
of blue-black pigmentations most commonly in hyaline cartilage,
synovial tissue, and intervertebral discs. (Figure 2.) The deposi-
tion of HGA facilitates cartilage degeneration, often requiring an
operative treatment such as joint replacement. (Figure 3.) Articu-
lar cartilage is mostly affected on the weight-bearing surface, in
contrast to inflammatory arthritis, where the loss of joint space is
symmetrical on all parts of the joint surfaces”'.
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Figure 1. Metabolic path of phenylalanine and tyrosine degradation in the body. Alkapronuria is a genetic disease
affecting the activity of homogentisate 1,2-dioxygenase, resulting in accumulation of homogentisic acid in the body.

(Adapted from reference 8.)

CLINICAL PRESENTATION

First clinical signs of AKU are noticed on the locomotor system.
The knees are the most commonly affected joints, while changes
can also be seen in the spine and other large joints such as hips
and shoulders ***. The most commonly affected tissues are
intervertebral discs and articular cartilage of joints, which are
susceptible to fragmentation. The changes of the spine lead to
kyphosis, loss of lumbar lordosis, and height loss '°. Patients typi-
cally have pain and a limited range of motion **.

Symptoms may often be similar to those present in inflamma-
tory arthritis (i.e. theumatoid arthritis, ankylosing spondylitis,
gout) or degenerative diseases. When large joints are affected,
symptoms are similar to those present in degenerative diseases

or rheumartoid arthritis. Patients have joint swelling, synovitis,
osteoporosis, and a reduced joint range of motion. Joint swelling
is usually a consequence of a reactive hypertrophy of the synovial
tissue caused by the ochronotic fragmentation of articular carti-
lage. If arthrocentesis is performed, small black fragments may be
found in the synovial fluid, which is known as “ground pepper
sign” 2. This finding may often be misinterpreted as gout, which
is arthritis caused by urate crystal precipitation.

Due to the deposition of HGA in collagen fibers, tendons and
ligaments might be thickened. This causes them to be less resist-
ant to mechanical forces, resulting in frequent ruptures caused by
minimal trauma?. Also, deposition of HGA into collagen fibers
in bones causes osteoporosis, which results in an increased risk of
fragility fractures. In such cases, a typical finding is a moth-eaten
appearance of bones on radiographs ‘. However, spinal fractures
do not occur often '°.

Degenerative changes may affect other systems as well. In the
cardiovascular system, changes occur on the mitral and aortal
valve as fibrosis and calcification, which leads to their insuf-
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ficiency. Also, calcification occurs in coronary arteries, causing
ischemic changes of the heart. These changes may lead to a need
for valve replacement surgery. If the urogenital system is affected,
patients have calcinosis of the kidney, urinary bladder, or pros-
tate, which may be identified on radiographic and ultrasound
imaging. Also, blue-black pigmentations may be present on the
skin, base of the nails, in sclerae (Osler’s sign), as well as in carti-
lage of the nose and ears .

DIAGNOSIS

Diagnosis of arthropathia ochronotica can be made based on
thorough symptoms and past medical history analysis. In child-
hood, a usual sign is that used diapers are colored black. Despite
that fact, in the first year, diagnosis is usually made in only 21%
of patients”. Diagnosis is most commonly made in the third
and fourth decades®. The first symptom that patients notice is
pain in the joints, although some of them may present with renal
colic or cardiovascular symptoms.

After suspecting of arthropathia ochronotica, a further diagnostic
imaging is issued *'. When performing plain radiographs of joints,
different stages of degeneration may be noted. Joint space is usu-
ally narrowed, and osteophytes, subchondral sclerosis, periarticular
calcifications, and degenerative cysts may be present. A typical
finding is that degenerative changes are far more advanced than
expected for the patient’s age. One characteristic of arthropathia
ochronotica is that it does not affect small joints of hands and feet,
which is a characteristic of rheumatoid arthritis *°.

Spinal ochronosis may mimic symptoms of ankylosing spon-
dylitis. However, diagnostic imaging helps to distinguish these
two entities. In patients suffering from arthropathia ochronotica,
a characteristic findings are degeneration and calcification of

December 2020 - Vol 544 = 52-53



REVIEW ARTICLE

intervertebral discs (wafer-like disc) in the lumbar spine, narrow-
ing of the intervertebral space, and formation of spondylophytes,
with no pathological change on facet joints >, In some patients,
a sclerosis of sacroiliac joints may be observed; however, these
joints do not show signs of ankylosis. On the other hand, in
patients suffering from ankylosing spondylitis, the intervertebral
spaces show no signs of narrowing, calcifications are present in
the annulus fibrosus, facet joints are ankylosed, and the sacroiliac
joints are affected symmetrically .

Moreover, in patients with arthropathia ochronotica, it is pos-
sible to observe calcinosis of the kidneys, urinary bladder, or
prostate on plain radiographs.

Further diagnostic imaging includes an ultrasound for analyzing
calcinosis of the urogenital system, identification of calcification
in the cardiovascular system, and for analyzing tendon and liga-
ment continuity. Furthermore, computerized tomography for the
analysis of the pathology of the urogenital system and joints, and
magnetic resonance imaging for the assessment of the cartilagi-
nous, bony and soft tissue pathology of joints *'. Moreover, in
some cases even PET/CT was used 7.

AKU is diagnosed based on the increased levels of HGA in the
urine (> 4 — 8 g/24 h) and in the blood (0.018-0.165 mM vs.
0.014-0.071 pM in healthy patients) ®**. In contrast to patients
who have rheumatoid arthritis or ankylosing spondylitis, blood
workup for rheumatoid factors and HLA-B27 are negative in
patients suffering from AKU. A biopsy of the affected tissue can
further confirm the diagnosis. Synovial biopsy may show typical
findings such as inflammation, multiple pigmentation of the
connective tissue, reactive osteoclasts and macrophages contain-

Figure 3. Resected parts during a total knee replacement surgery of a patient who was
suffering from arthropathia ochronotica. A) Parts of the femoral condyles and trochlea
with visible blue-black pigmentation. B) Parts of the patella with visible blue-black
pigmentation. C) Part of the tibia with visible blue-black pigmentation. D) Part of
the resected synovial tissue colored dark.
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Figure 2. Intraoperative images during an arthroscopic toilette of the knee in a patient
suffering from arthropathia ochronotica. Pigmentation of the hyaline cartilage, menis-
cus, synovial membrane and articular loose bodies are visible in the knee joint.

ing pigmentation >*’. Moreover, a database of cartilage histol-
ogy slides of AKU patients is available online, together with an
algorithm helping the researcher to determine whether the slide
contains deposits characteristic for AKU .

Differential diagnosis of AKU includes melanoma, porphyria,
porphyria cutanea tarda, paroxysmal nocturnal hemoglobinuria
of poisoning with arsenic or silver. An interesting finding is that
only 43% of patients are diagnosed and treated for AKU, while
others are mistreated, mostly for melanoma or porphyria '*%'.
Also, exogenic AKU (pseudo-ochronosis) was described ' 3> %, It
is an acquired condition that only occurs as a cutaneous disorder
without systemic manifestations *. It may be caused by chronic
use of medications containing hydroquinone, phenol, resorcinol,
mercury, or by use of levodopa and antimalaria drugs'* #. The
exact cause of pseudo-ochronosis is not known; however, the
most accepted theory suggests medications cause competitive
inhibition of homogentisate 1,2-dioxygenase in the skin*.

TREATMENT

Currently, there is no causal treatment of arthropathia ochro-
notica. Symptomatic treatment has the goal of alleviating the
patient’s pain and improve their functionality and quality of life.
Patients are usually on a specific diet, weight regulation is recom-
mended, and they regularly undergo physical therapy. In the
early phase of joint degeneration, a conservative approach is used
in order to decelerate degeneration. Injections of hyaluronic acid
may be applied to affected joints. In patients whose symptoms
persist, an arthroscopic toilette of the joint may be performed
(i.e. removal of articular loose bodies, synovectomy, meniscec-
tomy, etc.). (Figure 2.) In the late phase of joint degeneration,
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joint replacement surgery may be performed, and it is consid-
ered to be a safe and valid treatment option*~. (Figure 3.)
Nonsteroidal anti-inflammatory drugs and immunosuppressive
therapy may be used, as well as antiresorptive medications for the
prevention of osteoporosis and fragility fractures. Some authors
recommend a diet with a low consumption of proteins (to avoid
intake of phenylalanine and tyrosine) and with a high intake of
antioxidants (which prevent oxidation of HGA) such as ascorbic
acid >. However, these recommendations haven’t been confirmed
to be effective by a clinical study.

As a treatment option, some authors suggest the use of a
herbicide nitisinone (2-(2-nitro-4-trifluoromethylbenzoyl)-1,3-
cyclohexanedione), a competitive inhibitor of the 4-hydroxy-
phenylpyruvate dioxygenase enzyme, which is essential for the
creation of HGA. The hypothesis is that the use of nitisinone

in childhood prevents the development of complications in
adulthood in patients suffering from AKU. Also, if nitisinone

is used in adult patients, it should decelerate the progression of
the disease and the development of complications. The use of
nitisinone reduces the level of HGA in the blood and lowers the
urinary excretion up to 70% '°. The phase III of SONIA 2 clini-
cal trial testing nitisinone in the treatment of AKU was com-

pleted in 2019, and showed promising results in treatment of
this rare disease **%°. Furthermore, an interesting finding is that
liver transplantation may reduce the level of HGA in the blood®.
Also, as the gene for alkaptonuria is identified, there is a possibil-
ity that gene therapy may be developed in the future '*%.

CoNcCLUSION

In patients suffering from AKU, there is a lack of homogentisate
1,2-dioxygenase enzyme responsible for the oxidation of HGA
to maleylacetoacetic acid, consequentially increasing the level of
HGA in the body. This accumulation results in a triad of symp-
toms: 1. at birth, a change of urine color is present when urine is
exposed to air, 2. occurrence of dark pigmentations in connective
tissues becomes visible over time, 3. complications of the loco-
motor, urogenital and cardiovascular systems present gradually.
As there is no specific treatment, alleviation of symptoms is the
only treatment option. It has the goal of increasing individual
functionality and quality of life. As an option for end-stage
treatment of arthropathia ochronotica, joint replacement surgery
proved to be an effective treatment option. In the future, an
enzyme replacement therapy or gene therapy may be developed
to treat alkaptonuria successfully.
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