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KAZUISTIKA CASE REPORT

doi: 10.14735/amcsnn2017343

Diff  erential Dia gnosis of Bithalamic and Pal lidal 
Hypointensity –  a Case of HEXB Mutation

Diferenciální dia gnostika bithalamické 

a palidální hypointenzity –  kazuistika 

s mutací HEXB

Abstract
Sandhoff  disease (SD) is a fatal, autosomal reces sive lysosomal storage disease. Mutations in HEXB 

gene cause neuronal damage and SD due to accumulation of GM2 ganglioside. As ganglioside 

accumulates in the basal ganglia and white matter abnormalities occur, the T2 hypointensities of 

the basal ganglia, especial ly those of the thalamus, become observable on the magnetic resonance 

imag ing (MRI). This is what leads to diff  erential dia gnosis. T2 hypointensities of the basal ganglia 

may be due to heterogeneous etiologies. Herein, we present an 18-month-old male patient 

who had progres sive decline of motor functions, seizures, and bilateral thalamic hypointensity 

on T2-weighted MRI. Whole exome sequenc ing of the patient revealed homozygous c.1538T>C; 

p.Leu513Pro (RefSeq. NM_000521, GRCh38) HEXB mutation. Of note, our clinical fi ndings were 

similar to those seen in patients with HEXB mutation. Exome sequenc ing al lowed us to exclude 

genetic disorders with basal ganglia involvement.

Souhrn
Sandhoff  ova nemoc (SN) je fatální, autozomálně recesivní porucha lysozomálního katabolizmu. 

Mutace HEXB genu způsobují akumulaci GM2 gangliosidu, která vede k postižení neuronů a SD. Tak 

jak dochází k akumulaci gangliosidů v bazálních gangliích a rozvoji abnormit bílé hmoty, jsou na 

magnetické rezonanci v bazálních gangliích, obzvláště thalamických, patrné T2 hypointenzity. Toho 

je využíváno při diferenciální dia gnostice. T2 hypointenzity bazálních ganglií mohou vzniknout 

na základě různých etiologií. V článku prezentujeme 18měsíčního pa cienta, u kterého došlo 

k progresivnímu zhoršování motorických funkcí, záchvatům a na T2 váženém MRI byly zjištěny 

bilaterální thalamické hypointenzity. Celoexomové sekvenování pa cienta odhalilo homozygotní 

c.1538T>C; p.Leu513Pro (RefSeq. NM_000521, GRCh38) mutaci HEXB. Naše klinická zjištění jsou ve 

shodě se zjištěními popsanými u pa cientů s mutací HEXB. Sekvenování exomu umožnilo vyloučení 

genetických onemocnění postihujících bazální ganglia.
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Introduction
Mutations may take place in genes encod-

ing the alpha (Tay-Sachs disease) or beta 

(Sandhoff  disease; SD) subunit of the hexo-

saminidase A or the GM2 activator protein 

(in the AB variant), and this paves the way 

for GM2 gangliosides [1,2]. In SD, the muta-

tions in hexosaminidase beta subunit (HEXB) 

gene on chromosome 5q13 lead to neuronal 

damage due to accumulation of GM2 gan-

glioside. SD can be divided into the fol low-

ing three forms based on age of onset: in-

fantile, juvenile and adult. In clinical practice, 

clas sic infantile-onset form mostly presents 

itself between 3– 6 months of life and causes 

death within a few years. Some of the main 

features observed in the course of SD are as 

fol lows: progres sive decline of motor func-

tions, hear ing los s, cher ry red spots in retina, 

macrocephaly, and seizures [2]. 

Gangliosidosis is primarily a gray matter 

disease. However, cerebral white matter can 

also be involved in these disorders. Accumu-

lation of ganglioside in the basal ganglia and 

white matter abnormalities both make the 

T2 hypointensities of the basal ganglia, and 

especial ly those of the thalamus, more no-

ticeable [3]. Besides, marked hypointensities 

in the basal ganglia on T2-weighted images 

(T2WI) prompts diff  erential dia gnosis of va-

rious diseases includ ing disorders of neuro-

degeneration with brain iron accumulation 

(NBIA) induced by the accumulation of va-

rious substances [4]. 

Case
An 18-month-old male patient was admitted 

to the Child Neurology Clinic, Istanbul Faculty 

of Medicine for progres sive decline of motor 

functions, seizures, and bilateral thalamic hy-

pointensity on T2WI. He had consanguineous 

parents. His developmental milestones were 

normal dur ing the fi rst 6 months. Mental and 

motor deterioration began after 7 months of 

age. At the age of 10 months, low signal in-

tensity was detected in the bilateral thala-

mus on T2WI, and high signal intensity in the 

white matter (Fig. 1). Epileptic seizures started 

at 15 months of age and his examination re-

vealed macrocephaly, dol l-like face, oculogy-

ric crises, strabismus, generalized hypotonia, 

pyramidal ir ritation, and startle reactions. The 

patient was screened for inborn metabolism 

disorders with the results be ing within nor-

mal limits. Hexosaminidase A activity was 

also within normal limits; however, total he-

xosaminidase activity was very low. He sho-

wed signs of severe and rapid motor decline 

with  in a few months fol low ing his admis sion 

to our clinic. A fol low-up MRI showed bilate-

ral pal lidal involvement in addition to bithala-

mic hypointensity (Fig. 2). 

Whole exome sequenc ing revealed ho-

mozygous c.1538T>C; p.Leu513Pro (RefSeq. 

NM_000521, GRCh38) HEXB mutation (Fig. 3) 

confi rmed by Sanger sequencing. Of note, 

our clinical fi ndings were similar to those 

seen in patients with HEXB mutation. The 

parents, who were both healthy, were he-

terozygous car riers of the mutation. In silico 

tools were used (Polymorphism Phenotyp-

ing v2 and Mutation Taster), and the amino 

acid substitution was predicted to have 

a damag ing eff  ect on the protein. It needs 

to be mentioned that there is only one heal-

thy person in the ExAC (Exome Aggregation 

Consortium) database who is a heterozy-

gous car rier of this variant. 

Discus sion
SD is a rare, autosomal reces sive disorder. 

Genetic test ing is not performed routinely 

for the dia gnosis of this disease because of 

its easily distinguishable clinical features and 

an already present enzymatic dia gnostic 

test. Bithalamic hypointensity is a wel l-

-known feature of SD, and MRI is a very help-

ful tool in mak ing diff  erential dia gnosis. It is 

noteworthy that the result of enzymatic tests 

were in support of the observation of the 

marked bilateral thalamic hypointensity de-

tected on the fi rst T2WI of the patient (Fig. 1). 

In the absence of these fi ndings, the patient 

Fig. 1. Low signal intensity seen in the bilateral thalamus and 
high signal intensity in the white matter on T2WI at the age 
of 10 months.

Fig. 2. Bilateral pallidal and bithalamic hypointensity seen 
on axial T2WI at the age of 2 years 7 months. In addition to basal 
ganglia hypointensities there is the diff use white matter hyperinten-
sity (hypo/demyelination), cortical and periventricular atrophy.
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would be thought to be a car rier of the AB 

variant due to GM2 activator defi ciency. He 

could have been suff  er ing from any one of 

these diseases with MRI fi ndings consistent 

with SD, and this should be taken into consi-

deration dur ing diff  erential dia gnosis. 

Thalamic hypointensity on T2WI plays an 

important role in diff  erential dia gnosis. This 

is a helpful tool in mak ing the dia gnosis of ly-

sosomal disorders. Thalamic hypointensities 

are reported to have been detected in pa-

tients with the below disorders: early phases 

of GM2 gangliosides, GM2 activator variant, 

GM1 gangliosidosis, Krabbe’s disease, fucosi-

dosis, mucolipidosis IV, aspartylglucosamin-

uria, man nosidosis 2, and some neuronal ce-

roid lipofuscinosis (CLN1, CLN2, CLN3, CLN5, 

CLN7) [5]. Besides thalamic involvement, ma-

crocephaly and cher ry-red spots could be 

considered as specifi c dia gnostic indicators 

in our patient.

Apart from the thalamus, subcortical 

white matter, corpus striatum, internal and 

external capsules appear as hypointense 

on T2WI dur ing the late phases of SD. T2WI 

axial images show sym metrical, diff  use hy-

perintensity in the periventricular, deep, and 

subcortical white matter (Fig. 2). Neurode-

generation with Brain Iron Accumulation 

(NBIA) disorders should be considered fi rst 

when mak ing diff  erential dia gnosis. The cli-

nical features of NBIA range from rapid neu-

rodevelopmental regres sion in infancy to 

mild parkinsonism in adulthood, with wide 

variation seen between the specifi c NBIA 

sub-type [4]. T2 hypointensity in the glo-

bus pal lidus as well as in other basal gang-

lia is a characteristic radiographic sign ob-

served both in the case of gangliosidosis 

and NBIA [2,3,6]. At this point, it should be 

stres sed that radiological fi ndings must be 

evaluated in the light of clinical fi ndings.

Other diff  erential dia gnosis of T2 hypoin-

tensity of basal ganglia include NBIA, Wilson 

disease, hypoxic ischemic encephalopathy, 

and nonketotic hyperglicinemia. It should 

fi rmly be kept in mind that each of the above 

conditions has its own features, a diff  erent 

age of onset and rate of progres sion [7– 9].

Metabolic tests can be deceptive, as is the 

case of our patient, and this may call for de-

tailed genetic examination. As there are mul-

tiple known mutations in the HEXB gene, we 

investigated other genes that may aggra-

vate the phenotype. Accord ing to phenoly-

zer.usc.edu tool, GM2A, GNPTG, GNPTAB, and 

HEXA are the genes related to Sandhoff  phe-

notype. Our patient did not car ry any patho-

genic variants of these genes. The HEXB gene 

has 14 exons, and the protein has enzymati-

cal ly active alfa helix structures [10]. Play ing 

an active role in enzymatic function, this mu-

tation occurs in one of the HEXB alpha-helix 

structures and has been shown to be com-

patible with the infantile-onset type of SD. 

The clinical heterogeneity in SD appears to 

be related to diff  erent al lelic HEXB mutations.

In conclusion, the authors would like to 

stress that comprehensive dia gnostic ap-

proach involv ing clinical, metabolic, radio-

graphic and genetic test ing is neces sary to 

identify individuals aff  ected by SD.
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Fig. 3. Electropherogram of the patient showing the nucleotide variant at residue 
c.1538T>C in HEXB (RefSeq. NM_000521, GRCh38) (a).
Electropherogram of the father and mother, who are heterozygous carriers for the substitu-

tion (b,c). 
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