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Abstract: Alkaptonuria (AKU) is an autosomal recessive disorder resulting from the mutation of the homogentis-
ate 1,2-dioxygenase (HGD) gene. In this paper, we report a case of AKU osteoarthritis of the knee. After the DNA
was extracted from 5 ml blood samples of patient’s cephalic vein, exons of the HGD gene were amplified by PCR.
After positive colonies were verified for PCR, the sequence was analyzed. After multiple sequence alignment was
performed, the mutation of GGA to TGA was found in exon 3 and CAA to CAT was found in exon 4 of HGD gene. Our
findings of these mutations may further expand the spectrum of known HGD gene mutations and provide a basic for

better prenatal molecular diagnosis of AKU.
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Introduction

Alkaptonuria (AKU), as a rare autosomal reces-
sive disorder, results from mutations in the
homogentisate 1,2-dioxygenase (HGD) gene. It
is characterized by the accumulation of homo-
gentisic acid [1]. Abundant homogentisic acid is
excreted by urine and turns black when exposed
to the air. During In AKU patients, ochronotic
pigment was deposited in the connective tis-
sues, especially in cartilage. Ochronotic
arthropathy is the most common complication
of AKU, which results from the homogentisic
acid deposition [2]. Mutations in the human
HGD gene have been reported in many coun-
tries all over the world [3, 4]. The high incidence
of HGD gene has been found in the areas of
Slovakia and the Dominican Republic [5]. Most
of these mutations, including missense muta-
tions, splice sites, nonsense mutations and
small insertions/deletions are mainly located in
exons 6, 8, 10 and 13 [5]. However, the reports
about HGD mutation in Asian population espe-
cially in Chinese are rare. A recent study report-
ed that the splicing mutation of IVS7+1G>C, a
donor splice site of exon 7, and a missense
mutation of F329C in exon 12 were found in a
Chinese AKU family [6]. In the present study, we
reported novel HGD mutation points at exon 3

and 4 of the HGD gene in a Chinese case of
ochronotic arthropathy.

Case report

A 57-year-old man, with a height of 165 cm and
a weight of 53 kg, presented with a 6-month
history of walking difficulty and was diagnosed
as traumatic right knee arthritis. During the pro-
cess of knee surface replacement operation, a
characteristic black was found throughout the
full-thickness of knee joint cartilage. Scattered
pigmentation was shown in the tendons and
meniscus, but was not in the subchondral bone
(Figure 1). The patient was an only son of a con-
sanguineous marriage family and had one
25-year-old child. His child was normal without
pigment or lower back pain. The patient’s urine
turned black when exposed to air or added with
ferric chloride. Besides, a high concentration of
homogentisic acid was measured in the urine.
He was diagnosed with AKU osteoarthritis of
the knee ultimately [7]. Six months after total
knee arthroplasty (TKA), significant improve-
ment in knee pain and daily activities were
found in the patient.

The genomic DNA was extracted from 5 ml
blood samples of patient’s cephalic vein by
using QlAamp DNA Blood Mini Kits (Qiagen,
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Figure 1. The color of the knee joint cartilage was carbon 155 black, involved in full-thickness of the cartilage just
like “carbonize arachis hypogaea”. The tendon and meniscus pigment were also scattered, subchondral bone was
normal.

Table 1. PCR primers for genomic amplification of the HGD

exons

Multiple sequence alighment was car-
ried out by using ClustalW [8].

Exon Forward Reverse

There were two mutations in the HGD
intron region. One mutation of GGA to
TGA was in the exon 3 of the HGD,
which led the Glycine at 46 to a termi-
nation codon. The other one of CAA to
CAT was in the exon 4, which resulted
in the replacement from Glutamine to

1 5'-gtccctgtgtatgagttagaca-3'  5'-agagaaacgtgcatgteegt-3’
2 5’-atgcaatatccagcactcttc-3°  5'-tgetgtgecaccaatccaa-3’

3 5'-ctggtigtgagataatgggtg-3°  5'-cagtcactiggtgctaget-3’

4 5'-gtgatgctgtatcattgette-3’ 5’-ccatgcagaactgtgagtca-3’
5 5’-tcacaagtagagcctcacag-3’ 5’-gacatcagacatcaaagtgag-3’
6 5’-agaggctgectggattee-3’ 5’-cattccagggctccatect-3’

7 5’-acagggtcattacagtctge-3'  5'-ccacatcagaaaggtccaga-3’
8 5'-ttccttgectggtgacca-3’ 5’-gcttactcttcagcacatgg-3’

9 5'-agagggtagactagaattgge-3' 5’-agacacttggtctagagaaga-3’
10  bS'-tgtggagtagctctigacatg-3°  5’gcacaacctttggagtcaga-3’
11  5'-tctgctgcatgtgtgatcag-3’ 5’-gtatctggetttgetteect-3’

12  5'-tggaagctacaattcaggatg-3' 5'-gtccagaaataacccaggea-3’
13  b'-tgtgttcttggaattetgeag-3’ 5’-ccaggtctgactccaagt-3’

14  5’-caggtctcaccagcttaca-3’ 5’-ccacagaacaccagcaagt-3’

Histidine (Figure 2). This mutation
was a new mutation which was not
found in the HGD mutation database
(http://hgddatabase.cvtisr.sk/home.
php?select_db=HGD) or AKU dat-
abase (http://www.alkaptonuria.cib.
csic.es).

Hilden, Germany). Exons of the HGD gene were
amplified by specific PCR primers (Table 1). The
annealing temperature for all primers was
68°C. Then PCR products were separated on
gels and purified with the QIAEXII gel extraction
kit (Qiagen, Valencia, CA, USA). Then, the PCR
products were linked to the destination vector
and transferred into DH5a. The positive colo-
nies were extracted for sequence analysis.
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This study was approved by ethical
committee of East Hospital, Shanghai,
and the patient had given the detailed informed
consent before study.

Discussion
Ochronotic arthropathy is a musculoskeletal
presentation of AUK, and is caused by a loss-

of-function mutation on chromosome 3q, which
results in deficiency of HGD [9]. Although at
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Normal AATAATC
Patient AATAATC
AATAATC

Gly

CTCAGGTCTGCCCCTACAATCTCTATGCTGAGCAGCTCTCAGGATCG
SECAGETETECCCETACGARNTCHCTAMTECTEAGCAGETETEA T GATEE
CTCAGGTCTGCCCCTACAATCTCTATGCTGAGCAGCTCTCA GATCG

Stop

GCTTTCACTTGTCCACGGAGCACCAATAAGAGAAG
GCTTTCACTTGTCCACGGAGCACCAATAAGAGAAG
GCTTTCACTTGTCCACGGAGCACCAATAAGAGAAG

B Normal AGCTGGCTGTA

Patient AGCTGGCTGTA
AGCTGGCTGTA

TAGGATTCTACCTTCAGTTTCTCACAAGCCCTTTGAATCCATTGACG
TAGGATTCTACCTTCAGTTTCTCACAAGCCCTTTGAATCCATTGACG
TAGGATTCTACCTTCAGTTTCTCACAAGCCCTTTGAATCCATTGACG
Gin_
AAGGCCAAGTCACTCACAACTGGGATGAAGTTGATCCTGATCCTAAC
AAGGCCATGTCACTCACAACTGGGATGAAGTTGATCCTGATCCTAAC

eight AKU patients are de-
termined to be homozy-
gous for a ¢.527T—G sub-
stitution in exon 6 of the
HGD gene, leading to a mis-
sense mutation of C120W,
which leads to the replace-
ment of a cysteine in posi-
tion 120 with a tryptophan.
The remaining one is ho-
mozygous for the G270R
(c.975G—A) missense mu-
tation [12]. In addition, a
frame shift mutation of
c.115delG in exon 3 of HGD
gene with the splicing mu-
tation of IVS5+3 A>C, and a
donor splice site of the
exon 5 have been found as

AAGGCCA GTCACTCACAACTGGGATGAAGTTGATCCTGATCCTAAC

His

Figure 2. Sequence results revealed a point mutation of GGA to TGA in exon 3

(A) and CAA to CAT in exon 4 (B).

least 100 HGD mutations have been reported
all over the world, the HGD mutation in Chinese
is very rarely. Here, we reported a Chinese
Ochronotic arthropathy patient with two AKU
mutation point. One mutation was GGA to TGA
in the exon 3 and the other mutation of CAA to
CAT was in exon 4.

In our study, the parents of ochronotic arthrop-
athy patients were consanguineous marriage
(first cousins). AKU is reported to be relevant
with consanguineous marriage [10]. A retro-
spective study of 96 French AKU patients from
81 different families has reported that the AKU
patients presented with an autosomal reces-
sive disorder [11]. It is more prevalent in
females than males and shows a strong pre-
dominance of sibship with one affected case
[11]. Additionally, the families were dispersed
throughout French territory, corresponding to a
low rate of consanguinity and the determina-
tion of mutations in the HGD gene, giving a dis-
ease incidence of approximately 1:680,000
[6].

In this study, we determined the two mutation
points of the HGD gene in ochronotic arthropa-
thy. The association between AKU and HGD
gene mutations is very strong. A study of
Dominican Republic reports that seven of the
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two novel mutations in
Chinese Han child with AKU
[13]. The two novel muta-
tions in the HGD gene sug-
gests that it could have
either recently arise nor
that it may be common but mutation identifica-
tion of the HGD gene has not yet been exten-
sively developed in this area. However, the
functions of these two mutations have not
been determined, and further studies are still
needed to study their specific roles in the devel-
opment of AKU.

In conclusion, we reported an AKU patient with
two novel mutations at exon 3 and exon 4 of
the HGD gene. Findings of these mutations may
further expand the spectrum of known HGD
gene mutations and provide a basis for better
prenatal molecular diagnosis of AKU.
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