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Background
Multicentric carpotarsal osteolysis (MCTO) is a genetic 
skeletal disorder characterized by progressive destruc-
tion and resorption of bones in the hands, feet, and other 
affected joints [1, 2]. Diagnosing MCTO poses signifi-
cant challenges for healthcare professionals primarily 
because it shares similarities with various other condi-
tions such as Juvenile Arthritis (JIA) which may lead to 
misdiagnosis if not carefully evaluated [3–5]. MAFB is a 
transcription factor that plays an essential role in skeletal 
development and maintenance. The identified mutations 
within the coding region of this gene disrupt its normal 
function, leading to dysregulation of osteoclast activity, 
cells responsible for bone resorption, resulting in exces-
sive bone loss observed in individuals affected by MCTO 
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Abstract
Background  Multicentric carpotarsal osteolysis (MCTO) is a rare genetic disorder characterized by the progressive 
loss of bone in the hands, feet, and other skeletal structures. It presents with symptoms that may resemble those of 
juvenile idiopathic arthritis, making diagnosis challenging for clinicians. The identification of MAF BZIP Transcription 
Factor B (MAFB) mutations as significant contributors to MCTO represents a major breakthrough in our understanding 
of the pathogenesis of this rare skeletal disorder.

Case presentation  Our objective was to present the phenotype, treatment, and outcome of a patient with a 
variant of MAFB-induced MCTO to broaden the range of clinical features associated with MCTO and share our clinical 
experience for improved diagnosis and treatment. In our case, early MRI examination of the bones and whole exome 
sequencing enabled an early and accurate MCTO diagnosis, and timely Denosumab administration resulted in no 
deterioration.

Conclusion  This suggests that MRI examination and whole exome sequencing should be considered when MCTO is 
suspected, and Denosumab might be an option in the treatment of MCTO.
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[6–8]. More case reports exhibiting clinical manifestation 
and treatment experience are required to understand 
the phenotype of mutations within MABF further and 
develop appropriate treatment options [9–13].

In this article, we present the case of a 4-year-old boy 
with MCTO induced by mutation of the MABF gene 
with a literature review to discuss the clinical manifesta-
tions, diagnosis, and treatment with MCTO.

Case presentation
The patient was a 4-year-old Chinese boy, born to healthy 
non-consanguineous parents. There was no significant 
familial history. He presented at birth with polydactyly 
of fingers and underwent surgery without complication 
at age 1 year. His rheumatologic symptoms began at 2.5 

years with pain and swelling in both wrists and hands, 
ulnar deviation, left ankle, and both metacarpophalan-
geal joints. His facial features included a triangular face, 
prominent forehead, narrow nose, and micrognathia 
(Fig. 1). At the age of 3 years old. He had a pain-avoiding 
gait in his painful left leg. Swelling and limited exten-
sion in his left knee and right elbow, left clubfoot, swell-
ing and stiffness in bilateral metacarpophalangeal joints, 
and ulnar deviation of both wrists (Fig.  2) had already 
developed. The right-hand X-ray showed swelling of the 
soft tissue of the elbow joint. Deformities of the proximal 
ends of the metacarpals and distal ulna and radius were 
noted (Fig. 3). MRI showed bone destruction of the right 
distal radius, ulna, carpal bone, proximal metacarpal 
bone and left talus, navicular bone, cuneiform bone, and 
intra-articular effusions and synovitis of the left knee, 
and metatarsophalangeal joints and interdigital joints 
(Fig.  4). Osteolysis involving carpal bones, metatarsal 
bones, metacarpal bones, right radius, and ulna led to the 
diagnosis of MCTO.

There was no evidence of renal involvement with 
24-hour urine protein ( 0.01-0.02  g/24  h ), urine rou-
tine ( red cell (0–4/ul), white cell (0–3/ul), protein ( - ) 
), BUN (Blood urea nitrogen) (3.81-5.23mmol/L) and 
creatinine (23-26umol/L). The inflammation values are 
normal with ESR (Erythrocyte Sedimentation Rate) (10-
15 mm/h), CRP (The C-reactive protein) (0.5-4.6 mg/L), 
TNF-β(Tumor necrosis factor-β) (0.63pg/ml ), IL-12p70 
(Interleukin-12p70) (0.90 pg/ml ), IL-1β (0.55 pg/ml), 
IL-10 (0.65 pg/ml), IL-6 (0.87 pg/ml), TNF-a (0.54 pg/
ml), IL-2 (0.68 pg/ml), IFN-r (0.38 pg/ml), IL-17 F (2.78 
pg/ml), IL-8 (2.90 pg/ml), IL-4 (0.46 pg/ml), IL-5 (0.52 
pg/ml), IL-17  A (0.60 pg/ml). No abnormal eye move-
ments, strabismus, or diplopia were detected on ophthal-
mological examination. These were detected in the urine 
during regular monitoring.

Whole genome sequencing was performed on the 
patient and showed a missense mutation in the region 
of MAFB. And this detected a heterogenous missense 
mutation in the MAFB gene (c.206  C > T) with Thy-
mine replacing Cytosine at nucleotide 206. This change 
resulted in a change of amino acid number 69 from ser-
ine to leucine (p.S69L) (Fig. 5).

The patient was treated with oral methotrexate (7.5 mg/
m2 one dose weekly for 2 months and 10mg/m2 one dose 
weekly after that and remaining the dose till his last visit 
at the age of 4 years) and oral methylprednisolone (equal 
to oral prednisolone 2 mg/kg/day in the beginning for 3 
months and then reduced to 1.25 mg/day gradually over 
1 year and remained the dose till his last visit) to alleviate 
the inflammation of joints. Denosumab, the anti-RANKL 
(receptor activator nuclear factor κ B ligand) antibody, 
was administered at a single dose of 20  mg per month 
for one year and then 60 mg every 2.5 months for 3 times 

Fig. 2  Ulnar deviation

 

Fig. 1  Facial features of the patient showed triangular face, prominent 
forehead, narrow nose, and micrognathia
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till his last visit. In his last visit, the pain and swelling of 
joints were partially alleviated and the joint osteolysis had 
not further deteriorated. The patient regained the ability 
to walk with limited endurance. The Magnetic resonance 
imaging (MRI) showed decreased articular effusion of the 
right elbow and no deterioration of joint destruction and 
bone resorptions after 1 more year of treatment (Fig. 6).

Prediction of protein structures and mutant 
stability
Using NCBI’s Conserved Domain Database [14], MEME 
(Multiple EM for Motif Elicitation) motif discovery tool 
[15], the ClustalW program and the ESPript web server 
[16], the I-tasser web tool [17], the Swiss-model web tool 
[18], and the I-Mutant server [19] to predict of protein 
structure and mutation stability.

One variant of MAFB, S69L, was located inside the 
unknown domain (residues S54-F73, Fig.  7A). Multi-
ple sequence alignment indicated that the residue S69L 
was highly conserved among different species (Fig.  7B). 
To visualize the effect of the mutations on the tertiary 
structure, three-dimensional structural models of ARH-
GAP35-WT and S69L were predicted and superim-
posed (Fig. 7C). The overall structure of MAFB adopted 
a distorted “U” shape, comprisingα-helixes and random 
coils. S69L was located on a surface-exposed α-helix. The 
decreased thermo-stability change upon mutation indi-
cated that mutating the neutral charged S69 to hydro-
phobic Leu might lead to remarkable alteration of local 

H-bond networks and considerable structural instability 
under thermal circumstances.

Discussion and conclusions
The onset age for MCTO varies widely from infancy 
through adulthood, however, it most commonly mani-
fests during childhood or adolescence [20]. This con-
dition seems irrelative to inflammation with normal 
CRP and inflammatory cytokines [2]. The pathophysi-
ology behind MCTO involves an abnormal signal path-
way between cells within the joint capsule leading to 
increased production of matrix metalloproteinases 
(MMPs). These enzymes are responsible for breaking 
down collagen fibers which form part of cartilage tissue 
structure. In individuals with MCTO, this process occurs 
at an accelerated rate causing rapid erosion and thinning 
out bone structures around joints affected by disease 
activity. This leads to instability due to weakened liga-
ments surrounding these areas making them more prone 
to injury from everyday activities like gripping objects or 
typing on keyboards etc. Additionally, there may be asso-
ciated inflammation caused by the release of inflamma-
tory mediators into synovial fluid further exacerbating 
symptoms experienced during flare-up episodes where 
patients experience severe pain swelling stiffness limited 
range of motion difficulty performing daily tasks involv-
ing the use of their hands/wrists [20, 21].

Diagnosing MCTO poses significant challenges for 
healthcare professionals primarily due to its rarity and 
similarities with various other conditions such as JIA 

Fig. 3  X-ray of right hand of the patient at 3 years of age showed swelling of the soft tissue of elbow joint. Deformities of the proximal ends of the meta-
carpals and distal ulna and radius were noted
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which may lead to misdiagnosis if not carefully evaluated 
[3, 22, 23]. The initial symptoms of MCTO often include 
pain, swelling, stiffness, and limited range of motion in 
the affected joints. These manifestations are typically 
bilateral but may not occur simultaneously or symmet-
rically across all patients [22]. The diagnosis of MCTO 
requires clinical suspicion based on family history com-
bined with imaging studies showing symmetrical ero-
sions involving multiple small joints, especially those 
located distally on fingers, toes, wrists, ankles, elbows, 
knees, hips, shoulders, and spine [24]. However, genetic 
analysis remains the gold standard to confirm diagnosis 
[2, 25, 26].

Prognosis depends largely upon how early diagnosis is 
made degree of disability incurred prior to treatment ini-
tiation age gender overall health status person living with 
multicentric carpotarsal osteolysis. Generally speaking, 
prognosis is good if appropriate interventions are imple-
mented timely manner while outcomes are less favorable 
for those who delay seeking medical attention until later 
stages of progression have already set. With proper care 
and support individuals diagnosed with this condition 
can lead relatively normal lives despite having lived with 
daily challenges posed to them their illness.

However, in daily clinical practice, lots of MCTO 
patients have suffered a very long period of incorrect 

Fig. 4  MR of the patient at 3 years of age showed bone destruction of right distal radius, ulna, carpal bone, proximal metacarpal bone (A) and left talus, 
navicular bone, cuneiform bone (B) and intra-articular effusions and synovitis of left knee (C), and metatarsophalangeal joints and interdigital joints (D)
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diagnosis, following inappropriate treatment, resulting a 
poor outcomes [1, 22]. The delay in diagnosis has been 
reported to have been a number of decades when there 
are atypical manifestations, delayed MRI scanning, a neg-
ative result of synovial biopsy, a negative targeted genetic 
detection and some other reasons [1, 22]. Interestingly, 
the patient with an MCTO family history often get an 
early-stage diagnosis and better life standard [22]. This 
indicates that the detection of genetic mutation is essen-
tial for recognizing MOCT patients.

Denosumab is an FDA-approved human monoclonal 
IgG2 kappa immunoglobulin G antibody designed to 

target RANKL. The RANKL plays a key role in regulat-
ing normal skeletal development by controlling the activ-
ity of osteoclasts—cells responsible for breaking down 
old or damaged bones so they can be replaced with new 
ones during remodeling processes like growth or repair 
after injury [27, 28]. By binding RANKL molecules at 
their active sites on cell surfaces throughout the body’s 
skeleton system, denosumab prevents them from activat-
ing receptors found inside cells involved in stimulating 
production/activity levels necessary for proper function-
ing; thus reducing overall rates at which existing bones 
are broken down while also inhibiting formation/growth 

Fig. 5  Pedigree and MAFB partial electropherograms. Family pedigree (A), DNA sequencing from his father (B), his mother (C), his healthy sibling (D), and 
the proband (E) demonstrating a heterozygous missense mutation at nucleotide 206 from C to T (c.206 C > T) that predicts the change of amino acid at 
codon 69 from serine to leucine (p.Ser69Leu)
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rate associated with new ones being created [29, 30]. This 
makes it useful in the treatment of MOCT, less destruc-
tion means more preservation even if there isn’t any 
increase happening elsewhere within the same area(s) [8]. 
Even though denosumab has potential prospects for the 
treatment of MCTO, in the condition of rare prevalence 
of MCTO with low clinical experience of denosumab, 
more analysis of MCTO cases or cohort on the effective-
ness and safety of denosumab in the treatment of MCTO 
is intensively required [8, 31].

In our case, when the patient visited our hospital, the 
scan of MRI on the painful joints was undertaken early. 
Then the diagnosis of MOCT was considered, and the 
whole exome sequencing proceeded instead of targeted 
genes related to MOCT such as TREX1 and MMP9, at 
an early age. The clinical diagnosis was drawn with the 
detection of the MAFB gene’s genetic defect. After that, 
the Denosumab which might be the only potential drug 
for the MAFB mutation was conducted, even though the 
drug might only release the symptom but can not heal 

Fig. 6  MRI showed decreased articular effusion of the right elbow (A) and no deterioration of destruction and bone resorptions of the ankle joint (B), 
metatarsophalangeal joints and interdigital joints (C), and left knee joint (D) after 1 more year of treatment
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the damaged bone. Fortunately, no deterioration of joint 
destruction was shown in the last visit of the patient after 
about 1.5 years of treatment.

In conclusion, the MRI examination and Whole exome 
sequencing are recommended to be performed in the 
early stage of the patient who is suspected of MCTO or 
suffered bone problems with normal inflammation lab 
examination. Denosumab might be a potential treatment 
for MCTO.

The limitation of this report is the lack of pathological 
results for destructive bone. Longer follow-up duration is 
necessary in future studies.
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