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INTRODUCTION

Neurodegeneration with brain iron accumulation (NBIA) is a group of inherit-
ed disorders with hallmark features that include abnormal iron accumulation in 
the basal ganglia, mainly the globus pallidus and substantia nigra, and progres-
sive movement disorders that include dystonia, spasticity, parkinsonism, and vary-
ing degrees of intellectual disability, as well as other neuropsychiatric abnormali-
ties [1]. Prevalence data is incomplete, but all forms of NBIA are rare, between one 
and three per million individuals in the general population [1,2]. 

Ten genes associated with different NBIA subtypes have been identified: PANK2, 

PLA2G6, C19orf12, WDR45, COASY, FA2H, ATP13A2, FTL, CP, and DCAF17 [3,4]. 
The four most common NBIA disorders include pantothenate kinase-associated 
neurodegeneration (PKAN; NBIA1, MIM#234200), phospholipase A2-associated 
neurodegeneration (PLAN; NBIA2B, MIM#610217), mitochondrial membrane 
protein-associated neurodegeneration (MPAN; NBIA4, MIM#614298), and beta-
propeller protein-associated neurodegeneration (BPAN; NBIA5, MIM#300894) 
[5]. Inheritance pattern of most NBIA disorders is autosomal recessive [1]. Neuro-
ferritinopathy (NBIA3, MIM#606159) is the only autosomal-dominant subtype. 
BPAN is inherited in a dominant X-linked manner. Recently, a number of new 
NBIA subtypes are being recognized as a result of next-generation sequencing 
(NGS) [5]. SCP2, GTPBP2, AP4M1, REPS1, and CRAT can be considered NBIA 
genes [2,6].

Here, we review the known NBIA genes and their proposed disease mechanisms, 
and summarize the clinical, magnetic resonance imaging (MRI), and pathological 
features of NBIA disorders. 
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MOLECULAR MECHANISMS

Only two genes, FTL in NBIA3 and CP in aceruloplasmin-
emia (MIM#604290), are directly associated with iron homeo-
stasis [3,4]. The other forms are not directly involved in iron 
metabolism; instead, they are involved in diverse cellular path-
ways: PANK2 in PKAN) and COASY in Coenzyme A synthase 
protein-associated neurodegeneration (CoPAN; NBIA6, MIM# 
615643) code for enzymes responsible for coenzyme A (CoA) 
synthesis; PLA2G6 in PLAN), FA2H in fatty acid hydrolase-as-
sociated neurodegeneration (FAHN; SPG35, MIM#612319), 
and C19orf12 in MPAN appear to be related to lipid metabo-
lism, membrane integrity, and mitochondrial function; WDR45 
in BPAN and ATP13A2 in Kufor-Rakeb syndrome (MIM#606693) 
are implicated in autophagosome and lysosomal activity, while 
the DCAF17 in Woodhouse-Sakati syndrome (MIM#241080) 
encodes a nucleolar protein of unknown function [2-4]. 

Although the presence of excessive iron accumulation en-
ables these diseases to be included in the NBIA disorders, patho-
genic processes leading to iron dyshomeostasis are still not ful-
ly elucidated [2,3]. The contribution of iron to disease patho-
physiology also remains unclear owing to the lack of experimen-
tal models that fully recapitulate the human phenotype [2].

CLINICAL FINDINGS

Patients with NBIA commonly exhibit mixed dystonia, par-
kinsonism, and spasticity [1]. However, the clinical features of 
NBIA range from global neurodevelopmental delay in infancy 
to mild parkinsonism in adulthood, with wide variation be-
tween and within the specific NBIA subtype, making the diag-
nosis of these rare diseases challenging [1,5]. The late-onset 
forms of NBIA may also mimic the clinical presentations of 
other neurodegenerative diseases [7]. 

PKAN may present in age-dependent phenotypes: the classic 
form with early onset and the atypical variant with later onset 
[8,9]. The classic form is characterized by pyramidal and extra-
pyramidal features with prominent dystonia and rapid progres-
sion [8]. Gait and postural difficulties are often the presenting 
features developing in the first decade of life. Retinopathy is 
often present. The atypical variant presents in the second or 
third decade of life with less severe and slow-progressive extra-
pyramidal and pyramidal signs [8]. Speech difficulties and psy-
chiatric symptoms with cognitive decline are often observed. 

Similar age-dependent presentations have also been recog-
nized in PLAN; early-childhood-onset form results in infantile 

neuroaxonal dystrophy with severe progression, whereas later-
onset PLAN may be milder and present commonly with dys-
tonia-parkinsonism without cerebellar or sensory abnormali-
ties [1,7,9]. These examples highlight the marked variability in 
clinical phenotype and suggest that NBIA should be consid-
ered as a possible diagnosis in patients of any age and irrespec-
tive of family history [7].

MPAN typically occurs in the first decade of life to early adult-
hood. The phenotype is characterized by spastic gait with up-
per motor neuron findings, followed by lower motor neuron 
signs; electrophysiologically, it is characterized as a motor neu-
ronopathy/axonopathy, dystonia, and parkinsonism, common-
ly accompanied by optic atrophy and neuropsychiatric features 
[1,9,10].

BPAN is a biphasic disease: global developmental delay in 
childhood and further regression in early adulthood with pro-
gressive dystonia, parkinsonism, and dementia [1,9,11]. BPAN 
typically presents with seizures, spasticity, and Rett syndrome-
like features [11].

Clinical features of FAHN comprise childhood-onset spas-
ticity, ataxia, and dystonia [9]. FAHN is a disorder allelic to he-
reditary spastic paraplegia type 35 (SPG35). Kufor-Rakeb syn-
drome, also known as PARK9, is caused by mutations in the 
APT13A2 and is characterized by a syndrome of juvenile-onset 
parkinsonism, spasticity, and cognitive decline [9]. Woodhouse-
Sakati syndrome presents with hypogonadism, diabetes melli-
tus, alopecia, extrapyramidal movement disorders, intellectual 
disability, and sensorineural hearing loss [1].

Similar to PKAN, CoPAN due to mutations in the COASY pres-
ents with early-onset gait difficulty and learning disabilities, fol-
lowed by progressive spasticity and extrapyramidal features [1,6]. 

Neuroferritinopathy and aceruloplasminemia typically pres-
ent in mid-life with the average age of onset much later than 
other NBIA subtypes [1,9]. Neuroferritinopathy, often thought 
of as one of the Huntington-like disorders [9], is a dominant-
ly-inherited syndrome of chorea, dystonia, parkinsonism, cog-
nitive decline, and low serum ferritin. Aceruloplasminemia is 
characterized by diabetes, retinal disease, and a movement dis-
order consisting of facial dystonia, chorea, tremor, parkinson-
ism, ataxia, cognitive decline, and low or absent serum cerulo-
plasmin. Systemic iron accumulation results in peripheral reti-
nal degeneration and liver iron storage [9].

MRI FEATURES

The diagnosis of NBIA is typically suspected when compati-
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ble MRI features are identified along with representative clini-
cal features [12]. Iron-sensitive sequences such as T2* and sus-
ceptibility-weighted imaging are more sensitive for demonstra-
tion of brain iron accumulation [13]. The established hallmark 
MRI features include hypointense lesions in the globus palli-
dus and substantia nigra on T2-weighted images [7,14]. 

In PKAN, iron-related MRI signal abnormalities are restrict-
ed to the globus pallidus and substantia nigra, and almost in-
variably exhibit the “eye of the tiger sign,” in which a central 
hyperintense region in the globus pallidus is surrounded by a 
hypointense region [13,15]. In MPAN cases, pallidal hypoin-
tensity can be seen with hyperintense streaking in the region 
of the medial medullary lamina [1,16]. In BPAN, the hypoin-
tensity is most pronounced in the substantia nigra where it ap-
pears as a discrete linear streak. This same area on T1 sequenc-
es is surrounded by a hyperintense “halo” extending to the ce-
rebral peduncles [1,18]. Cavitation involving the globus palli-
dus and putamen is unique to neuroferritinopathy [15]. How-
ever, the morphological patterns of these lesions can vary ac-
cording to the patient’s age [13,17]. Typical findings do not 
appear until adolescence or early adulthood.

Widespread brain iron accumulation involving the basal 
ganglia nuclei, thalami, dentate nuclei, and cerebral and cere-
bellar cortices may develop in aceruloplasminemia and neuro-
ferritinopathy [15]. However, cases of genetically proven PLAN 
and Kufor-Rakeb syndrome with no evidence of iron deposi-
tion on MRI have also been described [7]. 

In addition to excessive iron, non-iron MRI abnormalities 
are helpful in diagnosis [14,16]. Cerebellar atrophy is a hall-
mark feature of PLAN [16,18]. Hypertrophy of the clava has 
been proposed as an important early feature of PLAN and may 
precede cerebellar atrophy [19, 20]. T2 hyperintense white mat-
ter abnormalities are prominent in FAHN, Woodhouse-Sakati 
syndrome, and aceruloplasminemia [16]. Thinning of the cor-
pus callosum is seen in FAHN, PLAN, and BPAN [11,16].

NEUROPATHOLOGY

On a pathological level, iron accumulation may be accom-
panied by protein aggregates (e.g., Lewy bodies, hyperphosphor-
ylated tau) and axonal swellings, depending on NBIA subtype 
[4]. For example, widespread alpha-synuclein-positive Lewy 
body pathology has been described in patients with PLAN [21]. 
In addition, neuropathological examination of a patient with 
the MPAN has shown the presence of Lewy bodies, spheroids, 
and tau-positive tangle pathology [10]. Tau-positive neurofibril-

lary tangles are common in the brains of patients with BPAN 
[4,11].

CONCLUSIONS

NBIA is a phenotypically and genetically heterogeneous 
group of disorders. There have been significant advances in 
identifying new genes/mutations involved in NBIA as a result 
of the development of technology based on NGS [5,6], which 
has also facilitated early detection of patients with nonspecific 
phenotype. Due to their clinical and pathophysiologic overlap 
with common neurodegenerative diseases, such as Parkinson’s 
and Alzheimer’s disease, NBIA disorders may stand at the fore-
front of understanding the common pathways in neurodegen-
eration [22].
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INTRODUCTION

Von Willebrand disease (VWD) is a congenital bleeding disorder caused by a 
deficiency of von Willebrand factor (VWF) and typically characterized by mild 
mucosal bleeding [1]. VWD may be caused by either a quantitative or a qualita-
tive defect in VWF. The quantitative VWF defects are divided clinically into mild-
moderate defects, known as type 1 VWD, and severe defects with undetectable 
VWF, known as type 3 VWD. The qualitative variants are known as type 2 VWD 
and divided further based upon the specific defect in VWF present. The current 
classification of the type 2 variants separates these into four groups [2]. 

The laboratory workup of VWD involves determining the level of VWF by both 
functional and antigenic methods. Per recommendations from the National Heart 
Lung and Blood Institute (NHLBI) that were developed by a working group in 
2008, initial testing for VWD should include 1) VWF Ristocetin Cofactor assay, 2) 
VWF antigen assay, and 3) coagulation FVIII activity assay [3]. Second-tier special-
ized testing should include multimeric analysis, VWF collagen binding assay, ris-
tocetin induced platelet aggregation (RIPA), platelet VWF assessments, genetic se-
quencing, FVIII binding assessment, and the VWF propeptide assay.

Despite these testing guidelines, several variables can affect the accuracy of VWF 
testing in general and this, in turn, may impact result interpretation and VWD di-
agnosis. Difficulties in achieving a correct diagnosis or exclusion of VWD might 
be due to analytical issues. Sometimes assays may generate a wrong result (i.e., 
due to analytical errors) or may have limitations in their dynamic range of mea-
surement and/or their level of low analytical sensitivity, for example preventing 
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the correct identification of severe cases of VWD, which are 
characterized by very low factor levels. Less well recognized is 
the influence of preanalytical issues on the diagnosis of VWD 
[4]. During the pre-analytical phase, in case of hemostasis test-
ing for patients with a positive history of hemorrhagic diathe-
sis, certain steps regarding the preparation of patients and the 
execution of sampling (specimen collection, transportation, 
sample preparation, and storage) are of special importance. 
Therefore, this narrative review aims to provide an overview of 
some important preanalytical aspects such as sample collec-
tion, processing, and transportation that may affect the labora-
tory diagnosis of VWD. 

SAMPLE COLLECTION

VWD studies tend to use blood anticoagulated with 3.2% 
sodium citrate, although 3.8% citrate concentrations are still 
in use in some centers. Most hemostasis researchers try to col-
lect with minimal stasis or tourniquet use (to avoid hemocon-
centration) and large-bore needles, or for platelet function to 
avoid platelet activation. Smaller one [23G] may be employed 
for pediatric use or difficult collections), as mentioned in sev-
eral guidance publications [5-7]. There are no data to support 
the need for a discard tube for specialized hemostasis assays. 
However, due to a lack of sufficient evidence, the practice of 
drawing a discard tube should still be recommended [7]. Stress 
should be avoided under all circumstances (e.g., restless child) 
because stress increases acute phase proteins of which VWF, 
factor VIII, and fibrinogen are most important in particular in 
the workup for VWD. We also recognize the importance of 
proper tube fill volumes, with potential concern for both un-
der-and over-filled tubes. Citrate tubes should contain 10% by 
volume of citrate anticoagulant, meaning 9 parts blood is add-
ed to 1 part anticoagulant. Under-filling tends to be most prob-
lematic, causing both dilution and over-citration (“over-anti-
coagulation”) of plasma, leading to prolonged results for rou-
tine tests (e.g., PT and APTT), and false lowering of specific ana-
lytes (e.g., FVIII, FIX, VWF). This has the potential to cause 
misdiagnosis of VWD if analyte levels are close to cut-off or 
decision points (i.e., lower limit of the normal reference range, 
differentiating “normal” vs. “low”; typically around 50 U/dL, 
or “50% of normal”). Perhaps less well known/frequent, are 
effects of over-filling evacuated blood tubes (especially as 
available volumes facilitating over-filling are minimal for most 
blood tubes). The most likely effect here is to compromise ad-
equate mixing of blood, potentially leading to sample clot-

ting—either complete or partial [8]. Complete sample clotting 
leads to serum, with the potential loss of VWF through entrap-
ment in the clot [9]. Partial sample clotting often leads to sam-
ple activation (“priming of coagulation”), which may shorten 
APTTs and artificially raise laboratory detected factor levels. 
Under-filled tubes may also lead to a false diagnosis of VWD 
or may exaggerate the perceived disorder. There are many situ-
ations where non-citrate anticoagulated tubes are collected for 
patients investigated for VWD. The best example is the EDTA 
tube for CBC, perhaps focusing on platelet counts as an alter-
native/complementary explanation of the bleeding disorder 
under investigation. EDTA samples are also used for VWF Mul-
timer analysis and genetic testing [10]. 

Entrapment of VWF in clots may also lead to loss of VWF, 
preferentially high molecular weight (HMW) VWF, and thus 
misdiagnosis of VWD, especially type 2 [9]. Although workers 
in this field know such sample types to be inappropriate for 
standard VWD investigations, rejecting such samples when 
primary tubes were provided and thus visually inspected, prob-
lems may arise when testing laboratories are geographically 
distant from collection centers, with separation of “plasma” 
from centrifuged primary tubes, with (often frozen) material 
sent to test laboratories [11]. Once received frozen, the origi-
nating matrix is unclear, but can be determined if investigated. 
However, this adds cost and complexity and may not normally 
be executed. 

The effect of blood hematocrit is another issue commonly 
discussed in sample collections and especially as related to pa-
thology testing. The Clinical and Laboratory Standards Insti-
tute guideline on blood collection recommends undertaking 
citrate adjustments when hematocrit values are > 0.55 [7]. 

Finally, all collected blood tubes should be labeled in front 
of the patient, using not less than two identifiers to avoid pa-
tient mix-ups, and attributing (analytically accurate) test re-
sults to the wrong patient.

SAMPLE TRANSPORTATION AND PROCESSING

Blood samples are usually need processed and transported 
to testing laboratories after blood collection. When possible, 
samples should be drawn directly in a laboratory. Immediately 
after drawing, whole blood should remain capped for trans-
port both for safety reasons and to minimize loss of CO2, which 
causes pH to increase, leading to prolongation of PT and/or 
aPTT [12]. Which comes first depends on geographical distanc-
es involved. For short distances, samples may be transported 
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whole, then centrifuged, then tested immediately or separated/
frozen for subsequent testing. For long distances, samples may 
be centrifuged and then separated plasma transported (some-
times frozen) to testing laboratories [11]. Whole blood should 
be transported preferably upright in tube racks to avoid exces-
sive agitation [7,9] and at “normal ambient” temperature (i.e., 
between 16 and 24°C). Extremes of temperature (low/refriger-
ated or high/“back of a van”) should be avoided. Transport at 
high temperatures or even delayed transport at ambient tem-
perature will lead to loss of labile factors and thus potentially 
to a false diagnosis of disease. Cold storage of citrated whole 
blood induces drastic time-dependent losses in VWF that con-
tribute potential for misdiagnosis of VWD [13]. Refrigerated 
transport of whole blood should cause absorption of VWF (es-
pecially HMW VWF), and activation of platelets and FVII, thus 
leading to possible misidentification of VWD (especially as 
type 2); if transported this way, misidentification may occur in 
a normal sample, or from a type 1 VWD [14]. 

Whenever a delay in transport is expected, it might be advis-
able to perform local centrifugation and separation. Plasma is 
generally prepared by centrifugation of a whole blood sample. 
A temperature-controlled centrifuge is required for processing 
routine coagulation assays. Centrifugation should take place at 
room temperature (15–25°C) [7]. It is recommended to cen-
trifuge the primary tube for coagulation testing at 1,500 g for 
no less than 15 min with a centrifuge brake set off. The centri-
fuge should be validated before use, every 6 months or after 
modifications, to assure that platelet-poor plasma (PPP) is 
achieved. Using relative centrifugal forces greater than 1,500 g 
is not recommended as this may induce platelet activation, 
hemolysis or other unwanted effects [7]. Alternate centrifuga-
tion, double centrifugation, protocols may be acceptable, pro-
viding residual platelet count is minimized and platelets are 
not activated by excessive centrifugal force. This low residual 
platelet count is perceived most important for lupus anticoag-
ulant (LA) investigations, where double centrifugation proto-
cols are commonly employed [15]. Depletion of platelets is 
especially important, should plasma be frozen/thawed, be-
cause residual platelets will be damaged and generate lysates 
quenching LA, thus potentially generating false-negative test 
results. For centrifugation, a swing-out bucket is recommended 
to minimize the remixing of plasma with platelets/erythro-
cytes, with resultant cell lysates on freeze/thawing. Filtration of 
plasma may cause loss of adhesive proteins (e.g., fibrinogen, 
VWF), leading to misdiagnosis of VWD [16], and is no longer 
encouraged, with double centrifugation now standard [15]. 

Whole blood assays should be performed within 4 hr after 
blood sampling and centrifugation should ideally be taken 
within 1 hr. Cold storage of citrated whole blood before cen-
trifugation, by placing samples either in an ice bath or in re-
frigerated (2–8°C) storage, is no longer recommended. Im-
proper storage of whole blood at cold temperature may cause 
VWF and factor VIII values to fall below normal reference thresh-
old levels, which may potentially lead to a false suspicion of 
VWD due to inappropriate pre-analytical handling of blood 
[13,17]. When testing is not performed immediately, plasma 
can be frozen for later testing. Normal domestic freezers can 
be used for short-term storage (< 1 week), except if they are 
subject to cyclic freeze/thaw events (i.e. frost-free freezers). Oth-
erwise, low-temperature freezers (≤ 70°C) should be used for 
long-term storage. Please refer to expert guidance on storage 
conditions [7,18]. Inappropriate thawing and mixing of plas-
ma is another important issue. Different procedures may be 
used (i.e., gentle end-over-end inversions, blood tube rockers, 
vortex mixers), generating modest differences in clotting as-
says, including VWF [5,19-21]. Worse, no mixing leads to the 
clear potential for VWD misdiagnosis [20]. Therefore, labora-
tories should select one mixing procedure and then use stan-
dard operating procedures containing clear indications of the 
approved technique that should then always be followed for 
mixing thawed plasma. Mixing applies not only to test labora-
tories about to perform tests after samples are frozen/thawed 
but also to sample processing laboratories, which may thaw 
plasma post freezing to aliquot and dispatch to a distant labo-
ratory.

 

CONCLUSIONS

The misleading results due to preanalytical issues can be 
minimized by the cooperation of laboratorians and clinicians. 
Clinicians should provide all relevant clinical information suf-
ficiently for the laboratorians to adopt the proper techniques, 
and laboratorians should provide thorough post-analytical guid-
ance on the test results including limitations and potential 
drawbacks and as well as for subsequent follow-up strategy.

Preanalytical issues arise uniquely for the specific reagents 
and analysis systems. These considerations imply that various 
preanalytical events may affect different test results, leading to 
complex test-panel patterns, and difficulty in interpretation, 
with subsequent potential for misdiagnosis of VWD. Standard-
izing efforts are needed to reduce the overall chances of the 
preanalytical phase, to generate high-quality test results and to 
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guarantee patient safety [5,22]. International external quality 
assessment schemes are also now starting to provide tools that 
cover the preanalytical issues of hemostasis testing.
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INTRODUCTION

Coffin-Lowry syndrome (CLS) is a rare X-linked genetic syndrome causing se-
vere intellectual disability. Other slow physical growth, distinctive facial appear-
ance, large soft hands, and minor skeletal changes with general muscular hypoto-
nia [1]. Early diagnosis of CLS is essential for proper management, including sur-
vey of some specific complications, and for genetic counselling. Establishing the 
diagnosis in very young children is often much more difficult than in older pa-
tients since clinical manifestations are milder or not specific [2]. We describe here 
a case of CLS diagnosed by whole exome sequencing (WES).

PATIENT REPORT

An 18-year-old boy was referred to our genetic, metabolic disease clinic for ge-
netic evaluation due to intellectual disability and facial dysmorphism.

He was born full term with normal birth weight of 3 kg. His growth was nor-
mal, but his development was delayed. When he was about 1 year old, he visited 
other hospital due to developmental delay. But no definite diagnosis was obtained, 
and he received physical therapy with no more investigation.

At the age of 18, he developed orthopnea and visited pediatric cardiology clinic. 
On Echocardiography mitral regurgitation, grade III was observed, and enalapril, 
furosemide, spironolactone and digooxin were prescribed. And he was referred to 
genetic, metabolic disease clinic for evaluation for genetic disease.

On physical examination, his height and weight were normal range with 172 cm, 
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62 kg. He had malar hypoplasia, hypertelorism, thick lips, ir-
regular teeth, long face, and low set ear. He had severe intellec-
tual disability and mild hearing difficulty.

Laboratory findings showed increased uric acid level (9.4 
mg/dL), and other tests including thyroid function test, liver 
function test, glucose and lipid were normal. Chromosome 
study was normal. Further evaluation such as array compara-

tive genomic hybridization (CGH) was recommended, but he 
was lost to follow up.

After 4 years, symptoms of heart failure aggravated, and he 
received operation (open heart annuloplasty of mitral valve, 
tricuspid annuloplasty). At that time, he was again referred to 
our clinic. Laboratory findings showed increased uric acid level 
(8.0 mg/dL). His liver function test (AST 115 IU/L, ALT 25 IU/
L) and lipid profile (total cholesterol 244 mg/dL, triglyceride 
219 mg/dL, HDL 40 mg/dL, LDL 119 mg/dL) were also abnor-
mal.

On X-ray exam, diffuse thickened cranial vault, enlarged fron-
tal sinus, and protruded mandible were observed (Fig. 1). Liver 
ultrasonography findings suggested mild fatty liver. WES was per-
formed to identify underlying genetic cause in the patient. In-
formed consent was obtained from patients and their family. 
The average coverage for WES was 100X. Variants in the db-
SNP135 and TIARA databases for Koreans and the variants 
with minor allele frequencies > 0.5% of the 1000 Genomes 
database were excluded. We selected only the functional vari-
ants. WES revealed a novel mutation in RPS6KA3 gene (likely 
pathogenic, PM2+PM4+PP3+PP4), which was confirmed by 
direct sequencing, resulting in hemizygous frameshift muta-
tion (c.889_890delAG, p.Leu298Phefs*21) (Fig. 2). Trio test-
ing showed that this mutation was derived from his mother. 
He had one sister, and his parents and sister had no symptoms 
associated with CLS.

He is now on regular follow up with anti-hypertensive agents 
(cancesartan, amlodipine), diuretics (furosemide), and gout 
medication (colchicine, febuxostat).

Fig. 1. Skull X-ray showed diffuse thickened cranial vault, en-
larged frontal sinus, and protruded mandible.

Fig. 2. Sanger sequencing from the patient and parents revealed a variant with 2 bp deletion in exon11 (NM_004586.2), 
c.889_890delAG (p.Leu298Phefs*21), which caused frameshifts starting from codon 298 with a premature stop codon.

Patient

Father

Mother
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DISCUSSION

CLS is a rare genetic disease, with a prevalence of 1 in 50,000 
to 1 in 100,000 in males [3]. It is caused by loss-of-function 
mutations of the RPS6KA3 gene, which encodes RSK2 (ribo-
somal S6 kinase 2) [4]. RSK2 is highly expressed in neocortex, 
the hippocampus, and Purkinje cells, which are important cog-
nitive function and learning [5]. Over 140 inactivating muta-
tions of RPS6KA3 gene have been reported [3]. In Korea, clini-
cally suspected CLS case was first reported in 2007 [6], and our 
case is the first report of Korean patients with genetically con-
firmed CLS. Newborn males often show hypotonia and hyper-
laxity of joints, whereas growth parameters are usually within 
normal range. Facial abnormalities such as hypertelorism, fron-
tal bossing are usually apparent by the second year of life and 
show progressive coarsening [3]. Common musculoskeletal 
findings include kyphoscoliosis, sclerosis of skull, and distal 
tufting of hands [7]. Variable enlargement or hypoplasia of the 
frontal sinuses also can be observed, like in our case. Most pa-
tients show severe cognitive deficiencies. Our patient showed 
abnormal facial, skeletal findings and intellectual disability. 
And interestingly, he developed dyslipidemia and fatty liver at 
young age, though he was not obese. The chronic health con-
ditions in adult CLS patients including metabolic/endocrine 
disorders remains to be further investigated. 

Patients with CLS can usually be diagnosed on the basis of 
clinical presentation and radiological findings. But patients 
with this syndrome do not show growth restriction or severe 
physical abnormal findings in prenatal or neonatal period. 
Also, clinical presentations are markedly variable. So signifi-
cant portion of patients seem to remain undiagnosed or mis-
diagnosed for a long time, like our case. Usual screening test 
for developmental delay is conventional chromosome study 
and array CGH. But CLS cannot be diagnose with these tests, 
which is another reason of delayed diagnosis in our case. For 

diagnosis of CLS, suspicion with careful history taking and 
physical examination is most important. And evaluation with 
WES can be useful, like in our case. 

Our study is the first report of genetically confirmed CLS in 
Korea. Clinical suspicion of physicians and advanced diagnos-
tic tools such as WES will reduce undiagnosed or misdiagnosed 
cases. More patients with CLS are reaching adulthood due to 
improved medical care, and concerns for chronic medical con-
ditions will be required to improve quality of life.
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MANUSCRIPT PREPARATION AND FORMAT

JIG follows the Open Access Journal policy and publishes 
the following article types:

• Original articles
• Review article
• Editorial
• Brief report
• Image
• Letters to the editor
The other form could be submitted under the approval of 

the editorial board.

1. General principles
1) �Manuscripts should be prepared using MicroSoft Word 

(.doc). All portions of the manuscript should be double- 
spaced with the font size of 12 with 3-cm blank margin 

in both sides, top and bottom of A4-sized paper (21× 30 
cm). The numbers on each page of the manuscript should 
be placed at the center of the bottom in a sequential man-
ner starting from the title page.

2) �Manuscripts should be submitted in English. Medical ter-
minology should be written based on the most recent 
edition of English-Korean Korean-English Medical Termi-
nology, published by the Korean Medical Association.

3) �Acronyms should only be used when absolutely neces-
sary for clarity. In cases in which the use of acronyms is 
desirable due to the repetition, the acronym should be 
expressed in a parenthesis when the corresponding ter-
minology first appears in the manuscript.

4) �Laboratory measurements should be used in International 
System of Units (SI) units. However, in some cases, non-
SI units (conventional units) can also be used in a versa-
tile manner. But the usage of units should be consistent.

5) �The manuscript should be arranged in the following or-
der: title page, abstract and keywords, main text (intro-
duction, methods, results anddiscussion), conflicts of in-
terest, acknowledgments, references, tables and figures.

6) �All authors are encouraged to provide Open researcher 
and contributor ID (ORCID). Additional information 
about ORCID is available at http://orcid.org/. 

2. Original articles
  Title page and abstract

1) �The title page should be as follows: the title of the manu-
script, a short running title less than 50 characters, names 
of all authors and their current affiliations. In cases in 
which the authors belong to multiple affiliations, the af-
filiations during the study being reported should be matched 
to the authors’ names using a superscript of Arabic nu-
merals

2) �The title of the manuscript should be no longer than 20 
English words. The first letter of each word of the title 
must be capitalized. Acronyms should not be used in title 
except for special situations.

3) �At the bottom of the title page, the corresponding author’s 
name, address, and e-mail address should be indicated.

4) �Provide the word count for the text only, excluding ab-
stract, acknowledgments, figure legends, and references.

5) �The number of figures and tables should be provided in 
the title page.

6) �The word count for the abstract should be no more than 
250 words, consisting of four sections: Background, Meth-
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ods, Results, and Conclusion.
7) �Three to 10 keywords relevant to the content of a manu-

script should be attached after the abstract. In principle, 
the keywords should be found in MeSH terms of the In- 
dex Medicus (http://www.nlm.nih.gov/mesh/MBrowser. 
html).

8) �Author names and affiliations: On the title page, write 
Each author’s name (first name, middle name, and fami-
ly name) followed by the highest academic degree, full 
institutional mailing addresses and ORCID (Open Re-
searcher and Contributor ID) number. Each author on 
the list must have an affiliation. The affiliation includes 
department, university, or organizational affiliation and 
its location, including city, state/province (if applicable), 
and country. Authors have the option to include a current 
address in addition to the address of their affiliation at 
the time of the study. The current address should be listed 
in the byline and clearly labeled “current address.” At a 
minimum, the address must include the author’s current 
institution, city, and country. If an author has multiple af-
filiations, enter all affiliations on the title page.

  Main text

1) �The main text should be structured as Introduction, Meth-

ods, Results, and Discussion. Use headings and subhead-
ings in the Methods section and Results section. Every 
reference, figure, and table must be cited numerically in 
the order mentioned in the text.

2) �Introduction: Present the research purpose briefly and 
clearly, together with only the background information 
that is relevant to the purpose

3) �Methods: Materials, methods, and study design should be 
presented in detail. In experimental research, methods 
should be described in such a manner that the experi-
ments can be reproduced by the readers. A statement 
concerning IRB approval and consent procedures must 
appear at the beginning of the Methods section. The de-
scription for the reagents, kits machines used in the ex-
periment should be precise with full descriptions for the 
kit number, company name, city and the country of its 
origin.

4) �Results: A detailed description of the study results should 
be clearly arranged in a logical manner. In cases in which 
tables are used, the contents described in tables should 
not be redundantly described in the main text, but the 
important trends and points should be emphasized. In-

sertion of references with previously published data is 
not allowed in results section. Description of previously 
reported data or personal opinion should be mentioned 
in discussion section. In tables, figures, virgule construc-
tions and within parentheses, ‘minute’ should be de- 
scribed with ‘min’ and ‘hour with ‘hr’, and no ‘s’ should 
be added to them

5) �Discussion: New and important observations should be 
emphasized. A redundant description of the results is not 
acceptable. The significance and limitation of the ob-
served findings should be described. There should be a 
link between the conclusions and the goals of the study. 
Conclusions not adequately supported by the data must 
be avoid.

 
  Conflicts of interest

Any potential conflict of interest relevant to the manuscript 
is to be described. If there are no conflicts of interest, authors 
should state that none exist.

 
  Acknowledgments

The acknowledgments should be presented after the main 
text and before the reference list. Acknowledgments should 
contain brief statements of assistance, financial support, and 
prior publication of the study in abstract form, where applica-
ble. Any other matters associated with research funds, facilities 
and drugs which were used in the current manuscript should 
also be given in the Acknowledgments

 
  References

1) �References should be listed in the sequence cited in the 
paper, and sequential numbers should be attached in the 
middle or at the end of the corresponding sentences in 
the body of the text. The reference list should be given at 
the end of the document, after the main text and acknowl-
edgments (if applicable) and before the tables.

    �   Original articles are limited to 40 references. Reference 
numbers in the text should appear in chronological order 
in normal type and in square brackets, e.g., “In the study 
by Norton et al. [23]…”.

2) �The names of all authors must be listed by the last name 
and the initials of first and middle names in each refer-
ence. List all authors when the number of authors is 6 or 
less. If 7 or more, list the first 6 authors and add “et al.” 
Inclusive page numbers must be provided. The notation 
of academic journal names should be used with acro-
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nyms approved by Index Medicus. (Available form:http://
www.nlm.nih.gov/archive/20130415/tsd/serials/lji.html)

3) �All the references should be described in the following 
format:

 � �  Journals: authors’ names (list the first 6 authors and 
add “et al.”), title, journal name, year, volume, and page 
number

      e.g., �Amos-Landgraf JM, Ji Y, Gottlieb W, Depinet T, 
Wandstrat AE, Cassidy SB, et al. Chromosome 
breakage in the Prader-Willi and Angelman syn-
dromes involves recombination between large, 
transcribed repeats at proximal and distal break-
points. Am J Hum Genet 1999;65:370-86.

  �  Book: authors’ name(s), title, number of editions, place 
of publication, publisher, year of publication, and page 
numbers.

   �   e.g., �Imura H. The pituitary gland. 2nd ed. New York: 
Raven Press; 1974. p. 453-90.

  �  Chapter in a book: authors’ name(s), title, number of 
editions, place of publication, publisher, year of publi-
cation, chapter number and title, and page numbers.

      e.g., �Speroff L, Fritz MA. Clinical gynecologic endo-
crinology and infertility. 7th ed. Philadelphia: 
Lippincott Williams & Wilkins; 2005. Chapter 
29, Endometriosis; p. 1103-33.

    �Dissertation: author, title [book type], place of publica-
tion, publisher, year of publication.

      e.g., �Kaplan SJ. Post-hospital home health care: the 
elderly’s access and utilization [dissertation]. [St. 
Louis]: Washington University; 1995.

    �Web sites: author(s), title [type of medium], place of 
publication, publisher, year of publication [date of up-
date, date of citation], URL.

      e.g., �International Union of Biochemistry and Molec-
ular Biology. Recommendations on biochemical 
& organic nomenclature, symbols & terminology 
etc. [Internet]. London: University of London, 
Queen Mary, Department of Chemistry; 2006 
[updated 2006 Jul 24; cited 2007 Feb 22]. Avail-
able from: http://www.chem.qmul.ac.uk/
iubmb/.

    �Conference proceedings: author(s), paper title, In: editor(s), 
conference title, the year, place, place of publication, 
pub- lisher, year of publication, and page numbers.

 

  Tables

1) �Tables should be double-spaced and inserted on a sepa-
rate page at the end of the text document, with the table 
number, table title and legend given above the table.

2) �Titles of tables should be concise using a phrase and a 
clause. The first letter of each word of the title should be 
capitalized.

3) �The numbers should be allocated accordingly in order in 
which the table was quoted in the main text.

4) �For acronyms, provide the full names below the corre-
sponding table. Symbols should be marked with small 
alphabet letters in the order of its usage, such as, a, b, c, d, 
e with their respective descriptions in the footnote.

5) �Tables should be easy to understand while functioning 
independently.

6) �Unnecessary longitudinal lines should not be drawn. Hori-
zontal lines should be refrained from being used as much 
as possible

 
  Figures and figure legends

1) �Submit the figures separately from the main text. The res-
olution power of the pictures and photographs is expect-
ed to exceed 300 dpi. Figures should be included with 
online submissions, either as JPEG, GIF, TIFF, BMP, PICT 
with RTF manuscripts or embedded in the PDF file.

2) �If two or more figures require the same number, Arabic 
numerals should be followed by letters (e.g., Fig. 1A, Fig. 
1B).

3) �An author may request pictures to be printed in color, but 
the cost of this will be charged to the author.

4) �Assign sequential numbers (Arabic numerals) in the or-
der referenced in the paper.

5) �Figures legends should be written at the end of the man-
uscript, should be described with complete sentences rath-
er than incomplete phrases or a clause. The expansions 
for the abbreviations used within the figure should be 
placed in the legend.

6) �For microphotographs, describe the dyeing method and 
magnification ratio.

7) �The description of footnotes below the figure should fol-
low the order of that of acronyms and then symbols. 
Symbols should be marked with small alphabet letters in 
the order of its usage, such as, a, b, c, d, e, in superscript.

 
  Supplemental data

Nonessential tables and figures may accompany articles as 
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online-only supplemental files. All online-only supplementary 
files should be combined in one document file (whenever 
possible) and uploaded separately during the submission pro-
cess. This file must be clearly labeled as “Online-Only Supple-
mental Material.” In addition, supplemental onlineonly files 
must be referenced in the main text of the manuscript at least 
once (e.g., “Supplemental Table S1”).

All online-only supplemental files are subject to review, but 
such files will not be copyedited or proofread by EnM produc-
tion staff. As such, authors are encouraged to review their sup-
plemental files carefully before submitting them.

Lists that include names of principal investigators or writing 
groups may also be submitted as online-only supplements if 
they exceed 150 words. Otherwise, the names of principal in-
vestigators or writing groups should be listed in an appendix 
at the end of the main document, before the references.

 
3. Review article

A review article is a review focusing on a specific title and 
commissioned by the Publication Committee for publishing. 
Manuscripts submitted as review articles will be subjected to the 
same review process as original research articles. Instructions for 
original articles should be followed for review articles. A review 
article should include an abstract not exceeding 200 words, for 
which the number of references should not exceed 60.

 
4. Editorial

Editorials are commissioned for the purpose of comment-
ing on a specific paper published by the journal, not to reflect 
the views of the Society. There is no limitation on the format. 
But an editorial should be written in no more than four pages 
(A4) with the number of references limited to 20.

 
5. Brief report

Short communications of original research are published as 
case report. The purpose of the category is to permit publica-
tion of very important, high-quality mechanistic studies that 
can be concisely presented. These manuscripts should include 
a short nonstructured abstract (150 words maximum), Intro-
duction, Methods, Results, and Discussion.

The total manuscript length should not exceed 1,200 words, 
excluding references and abstract. Brief reports can include a 
maximum of 20 references and two figures or tables.

 
6. Image

Images that may help make clinical decisions while being 

interesting and educational in terms of the treatment of endo-
crinology and metabolism should be prepared with a manu-
script. The manuscript should not be more than one page (A4), 
with the number of references limited to five.

 
7. Letters to the editor

A letter should contain constructive criticisms or comments 
on a specific paper published by the journal within the previ-
ous 6 months. The manuscript should be no more than one 
page (A4), with the number of references limited to five

 

MANUSCRIPT SUBMISSION, REVIEW AND 
PUBLICATION

 
1) �Authors should submit manuscripts via the electronic 

manuscript management system for JIG (https://acoms.
kisti.re.kr/journal/intro.do?page= logo&journalSeq= J00 
0161). Please log in as a member of the system and fol-
low the directions. The revised manuscript should be 
submitted through the same web system.

2) �Submitted manuscripts are first reviewed by journal edi-
tors. If a manuscript fails to comply with the submission 
guidelines or the checklist (JIG Submission Checklist), it 
will be rejected for review and then returned to the au-
thor, to be re-written and re-submitted according to the 
submission guidelines.

3) �All submitted manuscripts are peer-reviewed by three 
anonymous reviewers who are specialists in the relevant 
field, and the review period would not exceed 3 months. 
Publishing will be determined based on the review result 
and revisions or additions will be recommended to the 
authors as appropriate. Editorial Board determines wheth-
er manuscripts are acceptable. If changes are needed, the 
authors are recommended to revise and amend the man-
uscripts within 3 months. If the revised manuscript is not 
returned within this period, it will be deemed that the 
author has decided not to pursue publication.

4) �If necessary, the Editorial Board may consult statisticians 
during the review process.

5) �Authors of a revised manuscript must describe on a line 
by line basis how the manuscript was revised according 
to the instructions of the referees.

6) �The finally accepted manuscript will be reviewed by man-
uscript editor for the consistency of the format and the 
completeness of references. The manuscript may be re-
vised according to the style guides of the journal.

https://acoms.kisti.re.kr/journal/intro.do?page=logo&journalSeq=J000161
https://acoms.kisti.re.kr/journal/intro.do?page=logo&journalSeq=J000161
https://acoms.kisti.re.kr/journal/intro.do?page=logo&journalSeq=J000161
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7) �Before publication, the galley proof will be sent via email 
to the corresponding author for approval. Galley changes 
must be returned within 48 hours. Changes should be 
limited to those that affect the accuracy of the informa-
tion presented

8) �The ORCID ID will be displayed in the published article 
for any author on a manuscript who has a validated OR-
CID ID when the manuscript is accepted.

 

OTHERS
 
1) �If it is necessary to revise a manuscript, the Publication 

Committee may do so insofar as it does not impact the 
original text, and according to its editing policy on word-
ing and formats.

2) �The submission fee (₩10,000) will be assessed for arti-
cles submitted beginning June 2020. The fee will not be 
refunded regardless of editorial decision (including edito-

rial rejection). Fees should be paid by credit card. If a cred-
it card cannot be used, a check or wire transfer can be ac-
cepted. There is no author’s publication-related fee since 
all article processing cost is supported by Korean Interdis-
ciplinary Society of Genetic & Genomic Disorders until 
there is a policy change. However, if designing, plating or 
special printing is required for the publication, the actual 
expenses for these shall be paid for by the author.

3) �Publication by the journal shall be deemed to mean that 
the author has consented that the copyright thereof will 
be transferred to the journal.
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