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Abstract

Introduction: Raine syndrome is an autosomal recessive disorder characterized
mainly by the presence of exophthalmos, choanal atresia or stenosis, osteosclerosis,
and cerebral calcifications. There are around 50 cases described in the literature
with a prevalence of less than 1/1,000,000. It is secondary to pathogenic variants in
the FAM20 C gene, located on chromosome 7p22.3.

Case report: We report a consanguineous family with three affected pregnancies. In
the first two, exophthalmos and bone abnormalities were noted, ending in one intra-
uterine demise and one neonatal death, without identifying any genetic disorder.
During the couple's most recent pregnancy, fetal anomaly sonogram and fetal CT
scan revealed microcephaly, intracranial calcifications, exophthalmos, hyper-
telorism, depressed nasal bridge, midface hypoplasia and thoracic hypoplasia. Fetal
blood sampling for whole exome sequencing revealed a novel pathogenic homozy-
gous variant ¢.1363+1G > A in the FAM20 C gene associated with Raine syndrome.
Delivery occurred at 26 weeks of gestation after rupture of membranes followed by
neonatal death due to respiratory failure.

Review: A review of the distinctive features of Raine syndrome, the contribution of
different prenatal imaging modalities (Ultrasound, Computed Tomography and
Magnetic Resonance Imaging) in making the diagnosis and the molecular charac-

terization of this disorder is provided.

Key points

What's already known about this topic?
e Raine syndrome is a very rare autosomal recessive disorder (1/1,000,000) characterized by

bone dysplasia with around 50 cases described in the literature.

What does this study add?

e We present a case of Raine syndrome caused by a novel pathogenic variant in the FAM20 C
gene and discuss the contribution of different imaging modalities in the diagnosis of this
disease.
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1 | INTRODUCTION

Raine syndrome (OMIM 259775), also known as lethal osteo-
sclerotic bone dysplasia, is an autosomal recessive disorder
characterized by microcephaly, prominent forehead, exophthalmos,
midface hypoplasia, depressed nasal bridge, micrognathia, cleft
and/or high-arched palate, long philtrum, hyperplastic gums, low-
set ears, short neck and narrow chest.!® Some of these pheno-
typic features are seen by antenatal imaging modalities while
other are detected postnatally. This disorder is usually lethal and
most babies die during their early months of life due to respi-
ratory failure* However, a smaller percentage of cases with
milder phenotypes survive beyond infancy but may have psy-
chomotor developmental delays,* respiratory difficulties*” and
hypocalcemic seizures.” Several cases have also been described
where Raine syndrome was diagnosed later in life due to hypo-
phosphatemic osteomalacia,® pain due to osteosclerosis,” delayed

speech and cognition?®1? 112

or amylogenesis imperfecta.

This syndrome is secondary to biallelic mutations in FAM20 C
gene on chromosome 7p22.3.1%% Loss-of-function mutations in this
gene lead to upregulation of Fibroblast Growth Factor 23 which re-
duces the production of 1.25-dihydroxyvitamin D and increases
phosphate excretion at the level of the kidneys.2**> These modifi-
cations cause the hypophosphatemia and osteosclerotic bone
dysplasia characteristic of this syndrome.*®

In 1989, Raine et al. described the first female fetus with these
characteristic anomalies.!® The constellation of these features was
designated as Raine syndrome in 1992 by Kan and Kozlowski.'” Until
today, only around 50 cases have been described in the literature
with a prevalence of less than 1/1,000,000.8

We herein present a case of Raine syndrome caused by a novel
pathogenic variant in the FAM20 C gene and discuss the contribution
of different imaging modalities in the diagnosis of this disease.

2 | CASE REPORT

The propositus is a 33-year-old G5P2111 female patient who
presented at 12 weeks and 6 days of gestation for her history of
previous neonatal anomalies. Family history is significant for
parental consanguinity (first degree cousins) and only one healthy
surviving child (Figure 1). The patient had a molar pregnancy
followed by an uncomplicated pregnancy with delivery of a
healthy male newborn at term. Her third pregnancy had a smooth
antepartum course that ended with the delivery of a male
newborn with exophthalmos and bone abnormities who died at
day 2 of life. During her fourth pregnancy, exophthalmos and
skull bone abnormalities were noted in the third trimester, and
that pregnancy ended with an intra-uterine fetal demise of a
female fetus with microcephaly (Figure 2).

During the current pregnancy, first trimester ultrasound

revealed a normal nuchal translucency without detecting any

morphological abnormalities. Due to her previous obstetrical history,
a chorionic villus sampling with a CGH-array (comparative genomic
hybridization) was performed. The results showed no microdeletions
or duplications with long stretches of homozygosity consistent with
the known consanguinity.

Repeat ultrasound at 24 weeks and 6 days of gestation
revealed intrauterine growth restriction (ninth percentile), micro-
cephaly, calcifications in the choroidal plexus and periventricular
white matter, exophthalmos, hypertelorism, severely depressed
nasal bridge, severe midface hypoplasia, as well as thoracic hy-
poplasia (small chest). The other structures appeared to be
normal, the amniotic fluid volume was normal and the sex was
female (Figure 3).

At this time, the possibility of Raine syndrome diagnosis was
raised; after counseling and given the late gestational age, the par-
ents elected fetal blood sampling by cordocentesis for rapid whole
exome sequencing. Fetal CT-scan was done and confirmed the ul-
trasound findings, revealing microcephaly, midface hypoplasia
(Figure 4) as well as intracranial periventricular calcifications.

At 25 weeks and 3 days of gestation, patient had preterm
premature rupture of membranes followed by preterm labor and
delivery of a girl with Apgar scores of 1 and 4 at 1 and 5 min,
respectively, weighing 650 g. Head circumference was less than
the third percentile. Craniofacial dysmorphism was noted similar
to the ultrasound findings, with exophthalmia, flat wide nasal
bridge, thin upper lip, microretrognatism, short neck as well as a
very small and narrow thorax (Figure 5). The newborn was in
respiratory distress and orotracheal intubation was attempted but
failed due to the malformations. Bradycardia was then noted
followed by cardiac arrest. Parents declined further investigations
and autopsy.

Whole exome sequencing revealed the presence of a novel ho-
mozygous pathogenic variant in the FAM20 C gene (NM_020223:
¢.1363+1G > A). This variant is predicted to disrupt the highly
conserved donor splice site of exon 7, confirming the diagnosis of
Raine syndrome.

3 | DISCUSSION

We describe herein a consanguineous couple family with 3 preg-
nancies affected by Raine syndrome. The first two ended in intra-
uterine and neonatal demises, with exophthalmos and bone abnor-
malities noted at birth. During the last pregnancy, multiple anomalies
were noted on ultrasound and fetal CT scan, and genetic testing
revealed a novel mutation in the FAM20 C gene associated with Raine
syndrome.

According to our review of the literature, 29 cases of Raine
syndrome have been diagnosed perinatally. Table 1 includes the re-
ported cases along with the different antenatal and postnatal imaging
modalities used, the outcome in each case, as well as the corre-
sponding FAM20 C mutation (if available).
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FIGURE 1 Pedigree of the affected family
(circles and squares represent females and
males respectively; affected individuals are in
black; triangle = molar pregnancy;

diamond = current pregnancy)

FIGURE 2 Pictures of the stillborn female
baby (fourth pregnancy) showing prominent
forehead, proptosis, midface hypoplasia,
depressed nasal bridge, micrognathia, short
neck and narrow chest [Colour figure can be
viewed at wileyonlinelibrary.com]

FIGURE 3 Ultrasound images done at
24 + 6 weeks of gestation (WG) showing
microcephaly, exophthalmos, hypertelorism
and midface hypoplasia [Colour figure can be
viewed at wileyonlinelibrary.com]
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FIGURE 4 Fetal CT scan images showing
microcephaly and midface hypoplasia [Colour
figure can be viewed at wileyonlinelibrary.com]

FIGURE 5 Pictures of the female baby
(Afth pregnancy) at birth [Colour figure can be
viewed at wileyonlinelibrary.com]
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in vitro fertilization to differentiate embryos carrying the mutation
from those who do not.

4 | CONCLUSION

We report a case of Raine syndrome with a novel mutation in
FAMZ20 C, in a consanguineous couple with three babies identified to
have multiple congenital anomalies.

With the advances in different antenatal imaging modalities,
especially with the better performing ultrasound machines, the
reconstructive technologies of CT scan and the detailed fetal MRI
exams, a diagnosis may become evident prior to the third trimester.

These multiple modalities allow a more rationally adjusted
management of similar cases for the benefit of the expectant mother
and the newborn, such as appropriate planning of the timing, place
and route of delivery.

Management should be discussed in a multidisciplinary manner,
including the obstetrician, the neonatologist and other concerned

specialists, with concomitant psychological support.

ACKNOWLEDGMENTS
I am grateful to all those with whom | had the opportunity to work
during this project. Each of the authors has provided me extensive

guidance in order to complete this paper.

CONFLICT OF INTEREST

None declared.

DATA AVAILABILITY STATEMENT
Not applicable.

ORCID
Georges Rameh
Gihad Chalouhi

https://orcid.org/0000-0002-9743-5005
https://orcid.org/0000-0002-3302-416X

REFERENCES

1. Al Mane KA, Coates RK, McDonald P. Intracranial calcification in
Raine syndrome. Pediatr Radiol. 1996;26(1):55-58. https://doi.org/
10.1007/BF01403707

2. Al-Gazali LI, Jehier K, Nazih B, Abtin F, Haas D, Sadagahatian R.
Further delineation of Raine syndrome. Clin Dysmorphol.
2003;12(2):89-93. https://doi.org/10.1097/00019605-200304000-
00003

3. Rickert CH, Rieder H, Rehder H, et al. Neuropathology of raine
syndrome. Acta Neuropathol. 2002;103(3):281-287. https://doi.org/
10.1007/s00401-001-0469-5

4. Simpson MA, Scheuerle A, Hurst J, Patton M, Stewart H, Crosby A.
Mutations in FAM20C also identified in non-lethal osteosclerotic
bone dysplasia. Clin Genet. 2009;75(3):271-276. https://doi.org/10.
1111/j.1399-0004.2008.01118.x

5. Mahmood N, Donne A, Weber A, Dharmaraj P. Raine Syndrome: A
Review and a Report of Metabolic Bone Disease as a New Link. 1.
Research; 2014. https://doi.org/10.13070/rs.en.1.890

6. Tamai K, Tada K, Takeuchi A, et al. Fetal ultrasonographic findings
including cerebral hyperechogenicity in a patient with non-lethal

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

DIAGNOSIS-WILEY—L*”

form of Raine syndrome. Am J Med Genet. 2018;176(3):682-686.
https://doi.org/10.1002/ajmg.a.38598

Mameli C, Zichichi G, Mahmood N, et al. Natural history of non-
lethal Raine syndrome during childhood. Orphanet J Rare Dis.
2020;15(1):93. Published 2020 Apr 16. https://doi.org/10.1186/
$13023-020-01373-0

Rolvien T, Kornak U, Schinke T, Amling M, Oheim R. A novel
FAM20C mutation causing hypophosphatemic osteomalacia with
osteosclerosis (mild Raine syndrome) in an elderly man with spon-
taneous osteonecrosis of the knee. Osteoporos Int. 2019;30(3):
685-689. https://doi.org/10.1007/s00198-018-4667-6

Mamedova E, Dimitrova D, Przhiyalkovskaya E, et al. Non-lethal
raine syndrome in a middle-aged woman caused by a novel
FAM20C mutation. Calcif Tissue Int. 2019;105(5):567-572. https://
doi.org/10.1007/s00223-019-00599-w

Sheth J, Bhavsar R, Gandhi A, Sheth F, Pancholi D. A case of Raine
syndrome presenting with facial dysmorphy and review of literature.
BMC Med Genet. 2018;19(1):76. Published 2018 May 11. https://doi.
org/10.1186/s12881-018-0593-x

Elalaoui SC, Al-Sheqaih N, Ratbi I, et al. Non lethal Raine syndrome
and differential diagnosis. Eur J Med Genet. 2016;59(11):577-583.
https://doi.org/10.1016/j.ejmg.2016.09.018

Acevedo AC, Poulter JA, Alves PG, et al. Variability of systemic
and oro-dental phenotype in two families with non-lethal Raine syn-
drome with FAM20C mutations. BMC Med Genet. 2015;16(8). Pub-
lished 2015 Feb 21. https://doi.org/10.1186/s12881-015-0154-5
Simpson MA, Hsu R, Keir LS, et al. Mutations in FAM20C are
associated with lethal osteosclerotic bone dysplasia (Raine
syndrome), highlighting a crucial molecule in bone development.
Am J Hum Genet. 2007;81(5):906-912. https://doi.org/10.1086/
522240

Sapir-Koren R, Livshits G. Bone mineralization and regulation of
phosphate homeostasis. IBMS Bonekey. 2011;8:286-300.

Ferron M. Endocrine functions of bone. In: A. Belfiore ed. Principles of
endocrinology and hormone action. Springer; 2016:1-27.

Raine J, Winter RM, Davey A, Tucker SM. Unknown syndrome:
microcephaly, hypoplastic nose, exophthalmos, gum hyperplasia,
cleft palate, low set ears, and osteosclerosis. J Med Genet.
1989;26(12):786-788. https://doi.org/10.1136/jmg.26.12.786

Kan AE, Kozlowski K. New distinct lethal osteosclerotic bone
dysplasia (Raine syndrome). Am J Med Genet. 1992;43(5):860-864.
https://doi.org/10.1002/ajmg.1320430522

Whyte MP, McAlister WH, Fallon MD, et al. Raine syndrome (OMIM
#259775), caused by FAM20C mutation, is congenital sclerosing
osteomalacia with cerebral calcification (OMIM 259660). J Bone Min
Res. 2017;32(4):757-769. https://doi.org/10.1002/jbmr.3034

Olney RC, Bober MB. Skeletal Dysplasias. Springer International
Publishing; 2018:175-196.

Koide T, Katayama H, Sumi Y, Ishi K. A case of new chondrodys-
trophy. Pediatr Radiol. 1983;13(2):102-105. https://doi.org/10.1007/
BF02390112

Kingston HM, Freeman JS, Hall CM. A new lethal sclerosing bone
dysplasia. Skelet Radiol. 1991;20(2):117-119. https://doi.org/10.
1007/BF00193823

Shalev SA, Shalev E, Reich D, Borochowitz ZU. Osteosclerosis, hy-
poplastic nose, and proptosis (Raine syndrome): further delineation.
Am J Med Genet. 1999;86(3):274-277. https://doi.org/10.1002/(sici)
1096-8628(19990917)86:3<274::aid-ajmg15>3.0.co;2-r

Acosta AX, Peres LC, Chimelli LC, Pina-Neto JM. Raine dysplasia: a
Brazilian case with a mild radiological involvement. Clin Dysmorphol.
2000;9(2):99-101. https://doi.org/10.1097/00019605-200009020-
00004

Mahafza T, El-Shanti H, Omari H. Raine syndrome: report of a case
with hand and foot anomalies. Clin Dysmorphol. 2001;10(3):227-229.
https://doi.org/10.1097/00019605-200107000-00015

85U80|7 SUOWWIOD 3Aea10 (el (dde auy Aq peusencb afe sejonre VO @sn Jo sajnJ Joj A%eiqi8uljuO A8 |1 UO (SUORIPUD-pUe-SWLR)AL0D A8 |1 AeIq U1 UO//:SANY) SUORIPUOD pUe Swie 1 8Y) 89S *[7202/0/60] U0 AriqiTaulluo A8|iM ‘NONVE3 T-1d VNI Aq 8€T9"Pd/200T 0T/10p/L00 A8 | Azl jeut|uo uABgoy/:sdny woly pepeojumoq ‘G ‘220z ‘€220.60T


https://orcid.org/0000-0002-9743-5005
https://orcid.org/0000-0002-9743-5005
https://orcid.org/0000-0002-3302-416X
https://orcid.org/0000-0002-3302-416X
https://doi.org/10.1007/BF01403707
https://doi.org/10.1007/BF01403707
https://doi.org/10.1097/00019605-200304000-00003
https://doi.org/10.1097/00019605-200304000-00003
https://doi.org/10.1007/s00401-001-0469-5
https://doi.org/10.1007/s00401-001-0469-5
https://doi.org/10.1111/j.1399-0004.2008.01118.x
https://doi.org/10.1111/j.1399-0004.2008.01118.x
https://doi.org/10.13070/rs.en.1.890
https://doi.org/10.1002/ajmg.a.38598
https://doi.org/10.1186/s13023-020-01373-0
https://doi.org/10.1186/s13023-020-01373-0
https://doi.org/10.1007/s00198-018-4667-6
https://doi.org/10.1007/s00223-019-00599-w
https://doi.org/10.1007/s00223-019-00599-w
https://doi.org/10.1186/s12881-018-0593-x
https://doi.org/10.1186/s12881-018-0593-x
https://doi.org/10.1016/j.ejmg.2016.09.018
https://doi.org/10.1186/s12881-015-0154-5
https://doi.org/10.1086/522240
https://doi.org/10.1086/522240
https://doi.org/10.1136/jmg.26.12.786
https://doi.org/10.1002/ajmg.1320430522
https://doi.org/10.1002/jbmr.3034
https://doi.org/10.1007/BF02390112
https://doi.org/10.1007/BF02390112
https://doi.org/10.1007/BF00193823
https://doi.org/10.1007/BF00193823
https://doi.org/10.1002/(sici)1096-8628(19990917)86:3%3C274::aid-ajmg15%3E3.0.co;2-r
https://doi.org/10.1002/(sici)1096-8628(19990917)86:3%3C274::aid-ajmg15%3E3.0.co;2-r
https://doi.org/10.1097/00019605-200009020-00004
https://doi.org/10.1097/00019605-200009020-00004
https://doi.org/10.1097/00019605-200107000-00015
https://orcid.org/0000-0002-9743-5005
https://orcid.org/0000-0002-3302-416X

Sl WlLEY—Bﬁ%&L%ms

25.
26.
27.

28.

29.

30.

31

RAMEH ET AL

Hulskamp G, Wieczorek D, Rieder H, et al. Raine syndrome: report
of a family with three affected sibs and further delineation of the
syndrome. Clin Dysmorphol. 2003;12(3):153-160. https://doi.org/10.
1097/01.mcd.0000080413.95344.60

Chitayat D, Shannon P, Keating S, et al. Raine syndrome: a rare lethal
osteosclerotic bone dysplasia. Prenatal diagnosis, autopsy, and
neuropathological findings. Am J Med Genet. 2007;143A(24):
3280-3285. https://doi.org/10.1002/ajmg.a.32022

Kochar GS, Choudhary A, Gadodia A, et al. Raine syndrome: a clin-
ical, radiographic and genetic investigation of a case from the Indian
subcontinent. Clin Dysmorphol. 2010;19(3):153-156. https://doi.org/
10.1097/MCD.0b013e32833a22c5

Fradin M, Stoetzel C, Muller J, et al. Osteosclerotic bone dysplasia in
siblings with a Fam20C mutation. Clin Genet. 2011;80(2):177-183.
https://doi.org/10.1111/j.1399-0004.2010.01516.x

Ababneh FK, AlSwaid A, Youssef T, Al Azzawi M, Crosby A, AlBalwi
MA. Hereditary deletion of the entire FAM20C gene in a patient
with Raine syndrome. Am J Med Genet. 2013;161A(12):3155-3160.
https://doi.org/10.1002/ajmg.a.36160

Seidahmed MZ, Alazami AM, Abdelbasit OB, et al. Report of a case
of Raine syndrome and literature review. Am J Med Genet.
2015;167A(10):2394-2398. https://doi.org/10.1002/ajmg.a.37159
Hung CY, Rodriguez M, Roberts A, Bauer M, Mihalek |, Bodamer O.
A novel FAM20C mutation causes a rare form of neonatal lethal

32.

33.

34.

Raine syndrome. Am J Med Genet. 2019;179(9):1866-1871. https://
doi.org/10.1002/ajmg.a.61291

Eltan M, Alavanda C, Yavas Abali Z, et al. A rare cause of hypo-
phosphatemia: raine syndrome changing clinical features with age.
Calcif Tissue Int. 2020;107(1):96-103. https://doi.org/10.1007/
s00223-020-00694-3

Hernandez-Zavala A, Cortés-Camacho F, Palma Lara I, et al. Two
novel FAM20CVariants in A family with raine syndrome. Genes
(Basel). 2020;11(2):222. Published 2020 Feb 20. https://doi.org/10.
3390/genes11020222

Bajaj S, Nabi F, Shah J, Sheth H. Recurrent variant c.1680C>A in
FAM20C gene and genotype-phenotype correlation in a patient with
Raine syndrome: a case report. BMC Pediatr. 2021;21(1):113. Pub-
lished 2021 Mar 6. https://doi.org/10.1186/s12887-021-02582-7

How to cite this article: Rameh G, Megarbane A, Jalbout L,
et al. Raine syndrome: report of a novel mutation and review
of the different antenatal imaging modalities used to diagnose
this disease. Prenat Diagn. 2022;42(5):589-600. https://doi.
org/10.1002/pd.6138

85U80|7 SUOWWIOD 3Aea10 (el (dde auy Aq peusencb afe sejonre VO @sn Jo sajnJ Joj A%eiqi8uljuO A8 |1 UO (SUORIPUD-pUe-SWLR)AL0D A8 |1 AeIq U1 UO//:SANY) SUORIPUOD pUe Swie 1 8Y) 89S *[7202/0/60] U0 AriqiTaulluo A8|iM ‘NONVE3 T-1d VNI Aq 8€T9"Pd/200T 0T/10p/L00 A8 | Azl jeut|uo uABgoy/:sdny woly pepeojumoq ‘G ‘220z ‘€220.60T


https://doi.org/10.1097/01.mcd.0000080413.95344.60
https://doi.org/10.1097/01.mcd.0000080413.95344.60
https://doi.org/10.1002/ajmg.a.32022
https://doi.org/10.1097/MCD.0b013e32833a22c5
https://doi.org/10.1097/MCD.0b013e32833a22c5
https://doi.org/10.1111/j.1399-0004.2010.01516.x
https://doi.org/10.1002/ajmg.a.36160
https://doi.org/10.1002/ajmg.a.37159
https://doi.org/10.1002/ajmg.a.61291
https://doi.org/10.1002/ajmg.a.61291
https://doi.org/10.1007/s00223-020-00694-3
https://doi.org/10.1007/s00223-020-00694-3
https://doi.org/10.3390/genes11020222
https://doi.org/10.3390/genes11020222
https://doi.org/10.1186/s12887-021-02582-7
https://doi.org/10.1002/pd.6138
https://doi.org/10.1002/pd.6138

	Raine syndrome: Report of a novel mutation and review of the different antenatal imaging modalities used to diagnose this d ...
	1 | INTRODUCTION
	2 | CASE REPORT
	3 | DISCUSSION
	4 | CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT


