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Abstract Pathogenic mutations in 3-keto-dihydrosphingosine reductase (KDSR) gene are associated with

keratinization disorders and impaired platelet function. However, no case with both homozygotic mutation of

KDSR and hepatic hemangioendothelioma has ever been reported due to its low prevalence. Here we report

a seven months old Chinese boy with a homozygotic missense mutation in KDSR and both of his parents carry

a same heterozygous mutation. He was born with thick plate-like scales overlying erythrodermic skin, but

the skin symptoms were resolved spontaneously over the first month of his birth. He was also diagnosed with

hepatic hemangioendothelioma at birth and accepted a resection surgery at 2 months old. At birth, his platelet

count was severely low (10-20X 10°/L) with recurrent skin and gingival bleeding. Meanwhile, he suffered a

mild normocytic, normochromic anemia with normal iron and hematinic levels. The anemia spontaneously

recovered over the first 6 months, while the platelet count keeped at a low level (4-20% 10°/L). Treatment with

corticosteroids, immunoglobulin or thrombopoietin was all suboptimal.

DSR, which encodes 3-keto-dihydrosphin-
gosine reductase, is a fundamental enzyme
for de novo sphingolipid synthesis.!*
Sphingolipids are essential to membrane
trafficking, apoptosis and cell differentiation and prolif-
eration.' * Recent discoveries showed that pathogenic
mutations in KDSR can result in mild to severe skin
disorder, mostly severe thrombocytopenia and self-re-
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covery anemia.®”” Up to now, all of ten reported cas-
es carry compound heterozygous mutations in KDSR
and are born to unrelated parents.”” Besides, to our
knowledge hepatic hemangioendothelioma has never
been reported in these patients. Here we review a case
with thrombocytopenia, anemia, minimal skin involve-
ment and hepatic hemangioendothelioma, which may
be associated with a homozygotic mutation in KDSR.

CASE DESCRIPTION

A seven-month boy is the only child of related



Vol. 35, No. 3

healthy parents and the only affected individual among
his relatives. His mother’s and father’s grandmothers
are cousins. He was delivered vaginally following spon-
taneous onset of labor at 38+2 weeks with a birth
weight of 3.35 kg.

He was born with a thick covering of plate-like
scales overlying erythrodermic skin, but eclabium and
ectropion were not observed. Histopathological exam-
ination of the affected skin was not tested because of
his parents’ refusal. The skin symptoms were resolved
spontaneously over the first month of his life only with
intermittent use of urea and vitamin E cream.

At birth, his platelet count was severely low
(10x10°-20x10°/L) accompanied by recurrent skin and
gingival bleeding. He also had mild normocytic, normo-
chromic anemia with normal iron and hematinic levels.
But the white blood cell count and the mean volume of
platelets were normal. The bone marrow morphology
test showed increased number of primitive and naive
lymphocytes (6.6%). The total number of megakaryo-
cyte was 25 and no apparent morphology dysplasia
was found. The bone marrow biopsy and immunohis-
tochemistry were not performed in view of his age.
Serum immunoglobulins and peripheral T-lymphocyte
subsets were both normal. The whole exome sequenc-
ing showed a novel homozygotic missense mutation
in KDSR and both of his parents have a same hetero-
zygous mutation [NM-002035.4: exon9: ¢c.869G>A
(p.Gly290Glu)]. The mutation was not included in
Exome Sequencing Project, 1000 Genomes Project
and Exome Aggregation Consortium. However, it was
predicted by multiple computer simulations to be prob-
ably damaging. According to the American College of
Medical Genetics and Genomics (ACMG) guidelines, the
clinical significance of this mutation is still unclear.

The anemia had a spontaneous recovery over the
first 6 months, while the platelet count keeps low (4-
20x10°/L). He was once treated with corticosteroids,
immunoglobulin and thrombopoietin, but none of them
made a significant improvement of platelet count.

The abdominal ultrasound at birth suggested
a heterogeneous mass in the right lobe of his liv-
er, whose maximum diameter was 5.3 mm. His liver
function tests showed elevated levels of both alanine
aminotransferase (112.2 U/L) and aspartate amino-
transferase (227.5 U/L). Coagulation test showed a
significant decrease in fibrinogen (0.88 g/L) and pro-
longed thrombin time (21 s). Besides, alpha-fetopro-
tein was 16 038.0 ng/ml, which was significantly higher
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than normal. Then abdominal plain scan and enhanced
CT were carried out to determine the nature of the
mass and infantile hemangioendothelioma was sug-
gested. After transfusion of platelets, his platelet count
rose up to 200x10°/L and then he accepted a resection
surgery successfully at 2 months old.

The patient is currently one year old and has no
abnormalities other than thrombocytopenia. He has
not received any treatment since he was 2 months old.
The platelet count keeps low (4x10°-20x10%/L) with
recurrent skin and gingival bleeding.

DISCUSSION

KDSR is one of the most essential enzymes in
the pathway of de novo sphingolipid synthesis.!" % It
catalyzes the conversion of 3-keto-dihydrosphingosine
to dihydrosphingosine on the cytosolic leaflet of the
endoplasmic reticulum. Sphingolipids are essential to
apoptosis, cell differentiation, proliferation and mem-
brane trafficking.”* * Boyden et al.'™ reported com-
pound heterozygous damaging mutations in KDSR of
four unrelated probands in 2017 (Table 1). All of them
exhibited recessive progressive symmetric erythroker-
atoderma, a skin disorder with symmetric scaling, er-
ythema, and palmoplantar keratoderma. In the report,
both of probands who received systemic isotretinoin
therapy have achieved nearly complete resolution and
it is consistent with the effects of retinoic acid on al-
ternative pathways for ceramide generation. But later
studies showed that mutations in KDSR may not cause
progressive symmetric erythrokeratoderma.!® " Takei-
chi et al.'™ reported four cases in June 2017 (Table 1):
Patient 1 and 2 developed diffuse hyperkeratosis and
had anogenital hyperkeratosis and erythema. Light
microscopy of the affected skin showed psoriasiform
acanthosis, parakeratosis, and focal hypergranulosis
but no epidermolytic changes. Patient 3 and 4 were
both covered in thick plate-like scales at birth and had
severe ectropion and eclabium. Skin biopsy of Patient
4 showed marked hyperkeratosis with parakeratosis,
which was consistent with Harlequin ichthyosis. How-
ever, the thick scales desquamated gradually over the
first 2 months of his life without any special treatment
and resulted in generalized erythroderma and small
scaling. Three of the four patients once received oral
acitretin, two of them had no improvement in skin,
one showed some reduction in adherent scaling. In
the report of Bariana et al. (Table 1),” one patient’s



2020

September

CHINESE MEDICAL SCIENCES JOURNAL

280

‘umounun

LV7ARNN

‘Adyawouew |e30al
|eusaed dipg16ay °d 1<209t"2

vEI-T°6 251-6 buimo|joy punom |euersad dlen syjuow {,  adoung 116
[eutsie x9€¢buy d 1<290£"

|e3y-03-MOJS Y

- [12pg62UID09zUID'd ‘UDEEZUD *d V<96/8'2 wopbury
. - 0€-02 sIsoAyIYd! uInbae S yuIq 3y il
- noTLZAD *d V<9718 pajiun

- - J<VEMUTPD ewspojesay [euenad
- ov> syjuow ZT1 uleds 101G
- sAD8gTayd "d D<IETYD pue uejuejdow|ed

_ ewJsp
[euldjed  [9PE6TUID 09zZuUID'd ‘UDEEZUID d V<96/8" pouad |ejeu
_ - - -03e13>01U3AI9 d1IBWWAS - 1€
[eutaiely [9P£OTUID 98IeA d D<VZ-952° -1iad 1o yig Iy
9AISsa1b0.4d 9AISSI9Y

leuldjed  [PPE6ZUID 09UID'd ‘UDEEZUID 'd V<96/8" ewlisp
pouad |ejeu
AUIZTO'/0L - - -032190JUJAID DlUIDWWAS - [
_ -11ad Jo yuiqg vy
|eusaie 150| uoissaudx3 ‘€9 68/'19¢£'c9'b 9AISSa160.4d 9AISSI9Y

Ss|enpiAipul paiodad U} |e JO S|Ie3ap UOIIeINW pue [edjuld Jo AJewwns T ajqeL



Vol. 35, No. 3

possible skin involvement was a slow-to-heal perianal
wound following rectal manometry, the other had mild
ichthyosis in her left axilla, but the skin symptoms
resolved spontaneously over her first month. Our pa-
tient was born with thick plate-like scales overlying
erythrodermic skin, but eclabium and ectropion were
not observed. The skin symptoms were resolved spon-
taneously over the first month of his life without any
special treatment.

Boyden et al.”®! did not mentioned the decrease of
platelet count, but further studies showed that muta-
tions in KDSR are implicated in an extended spectrum
of disorders, not only including keratinization disorders
but also impaired platelet function. In the report of
Takeichi et al.,' all of four patients had a severe iso-
lated thrombocytopenia and the platelet counts were
mostly less than 30x10°/L. One of the four patients
accepted oral corticosteroids and splenectomy, both of
the treatments were suboptimal. Bone marrow studies
of one patient showed normal hematologic morphol-
ogy. Detailed analysis of platelets performed in two
patients revealed no morphologic abnormalities except
for slightly increased platelet volume. The adhesive
surface glycoproteins levels of the two patients were
both normal, but in terms of basal annexin V binding
positive percentages, the level of phosphatidylserine
exposure was low and thromboplastin expression in
unstimulated washed platelets was reduced. Besides,
the platelet function of granule release and the con-
formational change of all3 integrin with different
platelet agonists were also impaired. Bariana et al.!”’
later reported two related patients and both of them
had thrombocytopenia and normocytic, normochro-
mic anemia. The mean volumes of the platelets are
both within the normal ranges, which is contrary to
the report of Takeichi et al.'® The hemoglobin level of
the elder patient was spontaneously improved in the
absence of identifiable environmental, therapeutic, or
dietary interventions. His bone marrow examinations
showed increased numbers of dysplastic megakaryo-
cyte and progressive severe myelofibrosis. Megakaryo-
cyte obtained by differentiation of patients’ hematopoi-
etic stem cells or programming of induced pluripotent
stem cells derived from their fibroblasts was abnormal
in size and proplatelet formation. They found that
downstream metabolites in the sphingolipid pathway
were not reduced in plasma. This suggests that hypo-
function of KDSR in de novo sphingolipid synthesis is
compensated by an alternative pathway and the way
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may be recycling of relatively abundant sphingomy-
elins. They also knocked down KDSR in a zebrafish
model and found that it is associated with impaired
thrombocyte formation.

Our patient had a homozygotic missense muta-
tion in KDSR. Though the mutation was not included in
Exome Sequencing Project, 1000 Genomes Project and
Exome Aggregation Consortium, it was predicted by
multiple computer simulations to be probably damag-
ing. The patient not only had keratinization disorders,
but also had severe thrombocytopenia and transient
anemia. All together we consider the mutation prob-
ably is the pathogenic cause of the patient. Since it
has not ever been reported, further studies of more
cases are essential to determine whether pathogenic
mutations in KDSR is the cause of infantile hepatic he-
mangioendothelioma. But a recent study showed that
KDSR dysfunction can induce hepatic injury phenotype
in both homozygous KDSR mutant larvae and hetero-
zygous KDSR mutant adult zebrafish.® The research-
ers suggest that genetic mutations causing decrease
of KDSR activity could be an underlying risk factor for
development of liver disease and patients who carry
these mutations might be highly susceptible to liver
diseases such as steatohepatitis, fibrosis or hepatocel-
lular carcinoma.

In conclusion, our data add a pathogenic mu-
tation in KDSR, which associated with skin disorder,
mostly severe thrombocytopenia and self-recovery
anemia. Besides, it is probably responsible for infan-
tile hepatic hemangioendothelioma. Further studies of
more individuals affected by pathogenic KDSR variants
are essential to determine whether systemic retinoid
or sphingosine-1-phosphate receptor-targeting drugs
are effective or not. Because two patients had spon-
taneous improvement of platelet count and anemia,”
a careful watch-and-wait approach may be more ap-
propriate than early intervention for patients without
severe clinical bleeding symptoms.

Conflict of Interests Statement
The authors declare no conflict of interests.

REFERENCES

1. Westbury SK, Turro E, Greene D, et al. Human phe-
notype ontology annotation and cluster analysis to
unravel genetic defects in 707 cases with unexplained
bleeding and platelet disorders. Genome Med 2015;



CHINESE MEDICAL SCIENCES JOURNAL

7(1):36. doi: 10.1186/s13073-015-0151-5.

Linn SC, Kim HS, Keane EM, et al. Regulation of de
novo sphingolipid biosynthesis and the toxic conse-
quences of its disruption. Biochem Soc Trans 2001;
29(Pt 6):831-5. doi: 10.1042/0300-5127:0290831.
Louwette S, Regal L, Wittevrongel C, et al. NPC1 de-
fect results in abnormal platelet formation and func-
tion: studies in Niemann-Pick disease type C1 patients
and zebrafish. Hum Mol Genet 2013; 22(1):61-73.
doi: 10.1093/hmg/dds401.

Wegner MS, Schiffmann S, Parnham MJ, et al. The
enigma of ceramide synthase regulation in mam-
malian cells. Prog Lipid Res 2016; 63:93-119. doi:
10.1016/j.plipres.2016.03.006.

Boyden LM, Vincent NG, Zhou J, et al. Mutations in
KDSR cause recessive progressive symmetric erythro-

September 2020

keratoderma. Am J Hum Genet 2017; 100(6):978-84.
doi: 10.1016/j.ajhg.2017.05.003.

Takeichi T, Torrelo A, Lee JYW, et al. Biallelic muta-
tions in KDSR disrupt ceramide synthesis and result
in a spectrum of keratinization disorders associated
with thrombocytopenia. J Invest Dermatol 2017;
137(11):2344-53. doi: 10.1016/j.jid.2017.06.028.
Bariana TK, Labarque V, Heremans J, et al. Sphingo-
lipid dysregulation due to lack of functional KDSR im-
pairs proplatelet formation causing thrombocytopenia.
Haematologica 2019; 104(5):1036-45. doi: 10.3324/
haematol.2018.204784.

Park KH, Ye ZW, Zhang J, et al. 3-ketodihydrosphin-
gosine reductase mutation induces steatosis and
hepatic injury in zebrafish. Sci Rep 2019; 9(1):1138.
doi: 10.1038/s41598-018-37946-0.





