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Two novel mutations in the ANTXR?2 gene in a Chinese patient
suffering from hyaline fibromatosis syndrome: A case report
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Abstract. Hyaline fibromatosis syndrome (HFS; MIM 228600)
is a rare autosomal recessive disorder characterized by the
abnormal growth of hyalinized fibrous tissue at subcutaneous
regions on the scalp, ears and neck. The disease is caused by
either a homozygous or compound heterozygous mutation of
the anthrax toxin receptor 2 (ANTXR?2) gene. The present
study describes a patient with HFS confirmed by clinical
examination as well as histopathological and genetic analyses.
Numerous painless and variable-sized subcutaneous nodules
were observed on the scalp, ear, trunk and four extremities
of the patient. With increasing age, the number and size of
the nodules gradually increased in the patient. The patient
additionally presented with severe gingival thickening and
developed pearly papules on the ears, back and penis foreskin.
Biopsies of ear nodules revealed that the tumor was located in
the dermis, and no marked alterations were observed in the
epidermis compared with healthy patients. Spindle-shaped or
round tumor cells were revealed to be immersed in the eosino-
philic hyaline ground substance. Furthermore, a skeletal X-ray
of the patient revealed multiple low-density imaging on the
right distal humerus. Compound heterozygous mutations in
the ANTXR?2 gene were identified in the patient: ¢.470_472del
in exon 5 and ¢.1073 delC in exon 13. ¢.470_472del were
revealed to be inherited from his mother and father, respec-
tively. These two mutations, ¢.470_472del and c.1073 delC, to
the best of our knowledge, have not previously been identified.
Identification of the mutations in ANTXR2 may make prenatal
diagnosis of HFS possible during future pregnancies.
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Introduction

Hyaline fibromatosis syndrome (HFS; OMIM 228600),
previously termed juvenile hyaline fibromatosis (JHF) and
infantile systemic hyalinosis (ISH), is a rare autosomal reces-
sive disorder. The disease is characterized by the abnormal
growth of hyalinized fibrous tissue, which commonly affects
subcutaneous regions on the scalp, ears and neck (1). HFS is
classified into different grades according to its clinical mani-
festation, resulting from the involvement of different organs;
symptoms may include persistent diarrhea and recurrent
pulmonary infections (2). HFS is caused by either a homo-
zygous or compound heterozygous mutation in the anthrax
toxin receptor 2 (ANTXR2) gene, additionally termed the
capillary morphogenesis protein 2 gene, which is localized
on chromosome 4q21 (1,2). ANTXR2 encodes for a type I
transmembrane (TM) protein, which consists of an extra-
cellular N terminal von Willebrand A (vWA) domain, an
immunoglobulin-like domain, a TM domain and a cytosolic
tail (3-6). TM is able to bind to laminin and collagen I'V via
its VWA domain, and thus may regulate basement membrane
matrix assembly (7). The cytosolic tail may be responsible
for posttranslational modifications (8,9). Furthermore, TM
has been suggested to be involved in collagen abnormali-
ties (10) and formation defects in glycosaminoglycans (11).
A diagnosis of HFS, made by the combination of clinical
history findings with histopathological and genetic analyses,
ought to be considered in patients exhibiting skin lesions
(nodules and/or pearly papules), gingival hyperplasia and
joint contracture.

In the present study, a Chinese patient with HFS exhibiting
typical features characteristic of the syndrome is described.
Mutation analysis revealed two novel heterozygous mutations
of ANTXR2: c.470_472del inexon 5 and ¢.1073 delC in exon 13,
which, to the best of our knowledge, have not previously been
identified in ANTXR2.

Case report

Samples. In July 2016, blood and skin samples were obtained
at the Department of Dermatology, Capital Institute of
Pediatrics, Peking University Teaching Hospital (Beijing,
China). Genomic DNA samples were extracted from the
peripheral blood leukocytes obtained from the patient
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(male, aged 7.5 years old) and his parents using the QIAamp
DNA Blood Mini kit (Qiagen, Inc., Valencia, CA, USA).
The skin sample was embedded in paraffin and sections
(5 pm thick) using a Leitz microtome (Leica Microsystems
GmbH, Wetzlar, Germany). Sections were subsequently
stained using a Hematoxylin-Eosin Staining kit (Beijing
Solarbio Science & Technology Co., Ltd., Beijing, China)
according to the manufacturer's protocol, and then visualized
using a Nikon Eclipse 80i microscope (Nikon Corporation,
Tokyo, Japan) (12,13). Informed consent was obtained
from the parents of the patient. The present study was
approved by the Ethics Committee of the Capital Institute of
Pediatrics (Beijing, China).

Targeted exome sequencing and data analysis. Extracted DNA
was subjected to targeted exome sequencing and subsequent
data analysis, which was performed by Chigene Translational
Medicine Research Center Co. Ltd. (Beijing, China). Genomic
DNA (1 ug per patient) was used to generate genomic libraries.
Genomic DNA was sheared into 200-300 base pair fragment
libraries using the Covaris S2 instrument (Covaris Inc.,
Woburn, MA, USA). DNA fragment ends were blunted and
ligated with sequencing adaptors using the KAPA HTP Library
Preparation kit (Illumina, Inc., San Diego, CA, USA) according
to the manufacturer's protocol. Prepared DNA was amplified
via ligation-mediated polymerase chain reaction (PCR) and
sequenced using [1lumina HiSeq X10 (Illumina, Inc.). Raw data
were mapped to the human genome reference, build 19 (www.
broadinstitute.org/ftp/pub/seq/references/Homo_sapiens_
assembly19.fasta). Short Oligonucleotide Analysis Package snp
software (http://soap.genomics.org.cn/soapsnp.html) and
SAMtools software (http://samtools.sourceforge.net/) were
used to search for single nucleotide variants, and insertion and
deletion (indel) mutations.

Sanger sequencing. Sanger sequencing of exon 5 (E5) and
exon 13 (E13) in ANTXR2 was performed using DNA samples
isolated from peripheral blood leukocytes of the patient and
his parents in order to validate the two candidate mutations
(c.470_472del and c.1073 delC in E5 and E13, respectively)
identified by the aforementioned targeted exome sequencing.
The thermocycling conditions used for PCR were as follows:
Initial denaturation at 95°C for 5 min; followed by 30 cycles
of denaturation at 95°C for 30 sec, annealing at 55°C for
1 min, extension at 72°C for 30 sec; and a final extension was
performed at 72°C for 10 min. Primer sequences used are
detailed in Table I. The DNA polymerase used was KAPA2G
Robust DNA polymerase (KAPA2G Robust HotStart PCR
kit; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany).
Following this, PCR products were purified using SanPrep
Column DNA Gel Extraction kit (Sangon Biotech Co., Ltd.,
Shanghai, China) according to the manufacturer's instruc-
tions. Direct sequencing of fragments was performed using
an ABI 3730 automatic sequencer (Thermo Fisher Scientific.,
Inc., Waltham, MA, USA). Finally, DNASTAR software
(DNASTAR, Inc., Madison, WI, USA) was used to perform
mutation analysis.

Clinical presentation. The patient was born at term by
normal delivery, and is the second child of healthy and
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Table I. Primer sequences used for anthrax toxin receptor 2
gene analysis.

Product
Name Primer sequence (5'-3") length (bp)
A,ES5 1545
Forward TAATTTCTGTAAATAAGGGCTA
Reverse 5'-AAAATCTTTAACAATCGACCA
B,E13 1545

Forward CATAAATATTGGGTGGCAAGCTTC
Reverse TGATAAAGTCAGATCCACGCTA

bp, base pair; ES, exon 5; E13, exon 13.

Figure 1. Clinical features of the patient with hyaline fibromatosis
syndrome, including (A) pearly papules and subcutaneous bumps on the ear,
(B) numerous subcutaneous lumps on the scalp and (C) gingival hyperplasia.

non-consanguineous parents. When he was two months
old, he presented with lower gingival thickening. Small
nodules were first noted on the occipital region at the age
of 1.5 years, which was considered to be associated with
brain trauma during infancy. However, with increasing age,
the nodules gradually increased in number and size. The
patient was admitted to the Department of Dermatology,
Capital Institute of Pediatrics, Peking University Teaching
Hospital following the presentation of gingival thickening
and a continual increase in the number of subcutaneous
nodules on the ears and head (Fig. 1). Dozens of painless
and varying sized subcutaneous nodules were observed on
the scalp, ear, trunk and four extremities. Pearly papules
were observed on the ears, back and penis foreskin of the
patient. The patient additionally exhibited severe gingival
thickening and bilateral contracture of the elbows, which
were unable to be completely extended. Low-density
imaging of the right distal humerus of the patient was
observed via skeletal X-ray, and revealed numerous nodular
osteolytic lesions (Fig. 2). There were no abnormal results
following X-rays of the bilateral ulnar, radius, carpal bone,
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Figure 2. Skeletal X-ray and skin histopathology analysis of the patient. Low-density imaging of the right distal humerus was observed by skeletal X-ray,
which revealed multiple nodular osteolytic lesions (indicated by arrow). Hematoxylin and eosin staining revealed that spindle-shaped or round tumor cells were

immersed in the eosinophilic hyaline ground substance (magnification, x100).
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Figure 3. Genomic DNA sequencing of the anthrax toxin receptor 2 gene in the family members of the patient. The ¢.470_472del mutation in exon 5, indicated
by the black rectangle, was observed in the patient and the mother, although not in the father. The ¢.1073 delC mutation in exon 13 exhibited a heterozygous
deletion in the patient and the father, although not in the mother. The two parents are heterozygous carriers.

tibia and fibula. Biopsies of ear nodules demonstrated that
the tumor was located in the dermis and no significant
alterations were observed in the epidermis. Spindle-shaped
or round tumor cells were revealed to be immersed in the
eosinophilic hyaline ground substance by conventional
histopathology (Fig. 2).

Genetic analysis. Two mutations in ANTXR2 (NM_058172.5;
¢.1073 delC and c¢.470_472del) were identified by targeted
exome sequencing and further verified via Sanger sequencing.
Compound heterozygous mutations of ANTXR2 were identi-
fied in the patient: c.470_472del (p.Serl57del) in exon 5 and
¢.1073 delC (p.Pro358LeufsTer51) in exon 13 (Fig. 3). The
c.470_472del in-frame deletion mutation was additionally
present within exon 5 in ANTXR?2 in the mother of the patient;
whereas, the frameshift mutation ¢.1073 delC was present
within exon 13 in ANTXR?2 in the father of the patient (Fig. 3).
Thus, the parents of the patient were revealed to be heterozy-
gous carriers of the two identified mutations.

Discussion

JHF was first reported to be molluscum fibrosum by Murray
in 1873 (14). It is characterized by cutaneous lesions, gingival
enlargement and osteolytic lesions (15). ISH is a disorder that
is more rare and severe than JHF, and was first described by
Landing and Nadorra (16). Symptoms begin to present in
newborns or during infancy with the deposition of hyaline mate-
rial in a number of organs, resulting in multiple skin nodules,
skin thickening and joint contractures and even premature
mortality. As JHF and ISH share a number of similarities,
including clinical characteristics, histopathological findings and
associated pathogenic genes, Nofal ef al (2) suggested the use of
the broader term ‘HFS’ to describe the two disorders. HFS may
be classified into three grades: Grade 1 (mild type) exhibits skin
involvement and gingival hypertrophy alone; grade 2 (moderate
type) exhibits additional joint contractures and bone lesions;
and grade 3 (severe type) presents manifestations resulting
from the involvement of different organs; symptoms of which
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may include persistent diarrhea and recurrent pulmonary infec-
tions (2). A novel grade, known as the lethal grade, has since
been introduced for the description of patients with organ
failure and/or septicemia (1). At present, it is difficult to clearly
differentiate the subtypes, as there is a degree of overlap in the
presentation of symptoms (17). The patient in the present study
exhibited symptoms associated with grade 1 (mild type) HFS,
including skin lesions and gingival hypertrophy; however, the
patient additionally presented certain symptoms associated with
grade 2 (moderate type), including numerous nodular osteolytic
lesions in the right distal humerus, thus revealing osteolytic
destruction of long bones.

Pathogenic variants of ANTXR2 have been previously
established to cause HFS (1,3.4,7,18-28). To the best of our
knowledge, >40 pathogenic variants of ANTXR2 have been
previously identified in the Human gene mutation database
(http://www.hgmd.cf.ac.uk/). Of these reported variants, there
are three common variants: ¢.1073-1074 insC, ¢.1073-1074
insCC and c.1074 delT (1,3,4,7,18-28). In the present study,
a novel mutation at position ¢.1073 delC was revealed in the
ANTXR?2 gene. The aforementioned mutations occurred at
¢.1073-c.1074, which may be as a result of its proximity to a
low-complexity region encoding a stretch of proline residues,
which may represent a site particularly prone to error accumu-
lation during DNA replication (17). The c¢.1073 delC variant
was predicted to encode for a premature translation termination
codon (PTC) at amino acid position 408 (p.Pro358LeufsTer51).
It has been well established that the nonsense-mediated decay
(NMD) pathway is a post-transcriptional mRNA quality
control mechanism that targets mRNAs harboring PTC
for degradation (29,30). Therefore, it may be suggested that
¢.1073 delC is a pathogenic variant, as it may induce the NMD
pathway and thus enhance the levels of mRNA degradation.
Furthermore, the c.470_472del variant may result in an amino
acid deletion of the coding protein at position 157 (p.Serl57del).
As the variant may result in an amino acid deletion in the VWA
domain (residues 38-218), it may be suggested that the variant
interrupts the binding of laminin and collagen IV, and further
destroys the basement membrane matrix assembly (31).

The correlation between the genotype and phenotype of
HFS has been previously investigated, and it may be suggested
that the mutational spectrum may partially explain phenotypic
variability (17). Previous studies have summarized previously
reported HFS mutations and have provided a phenotype/grading
system of patients with HFS (1,3,4,7,18-28). Patients with
mutations occurring in the VWFA domain are classified as
ISH/2-4 or JHF/2-3. In addition, patients with ¢.1073-c.1074
mutations are classified as ISH/2-4 (1). Therefore, it may be
suggested that in-frame and missense mutations within the
cytoplasmic domain may be associated with milder pheno-
types, and missense and truncating mutations in the vVWA
domain may result in more severe phenotypes (1,7). However,
this is not always consistent: For example, different patients
with the same mutation (eg. p. Glyl16Val) may present
numerous differing phenotypes (17). In the present study,
despite the patient carrying two possibly damaging variants
(one frameshift mutation and one in-frame deletion mutation),
the patient only experienced mild to moderate HFS, exhibiting
skin involvement, gingival hypertrophy, bone lesions and joint
contractures. Thus, other variables, including age differences,
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modifier genes or environmental factors, may affect the
disease phenotype of patients with HFS. In conclusion, the
present study described a Chinese patient suffering from HFS,
whose diagnosis was based upon observed clinical manifesta-
tions, histopathological analyses and molecular analysis. In
addition, increased collection of genetic and clinical data from
patients with HFS may further the understanding of geno-
type and phenotype associations, in addition to providing an
opportunity for the investigation of the underlying associated
mechanisms.
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