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Inherited macrothrombocytopenia (IMTP) is a rare disorder characterized by a reduced
platelet count and abnormally large platelets. The main clinical symptom of IMTP is
mild bleeding in some patients. At present, more than 30 genes have been identified
in patients with syndromic and non-syndromic IMTP. In this study, a 3-year-old boy
and his mother who presented with mild epistaxis and/or gingival bleeding were
diagnosed as having IMTP. Wen then selected whole sequencing to explore the genetic
lesion of the patients. After data filtering and mutation validation, a novel frameshift
mutation (NM_001130004: ¢.398_399insTGCG, p.F134AfsX60) of a-actin 1 (ACTNT)
was identified in the proband and his mother but absent in other unaffected individuals.
Previous studies have proven that mutations in ACTNT may lead to IMTP with mild
to absent bleeding phenotype. The novel mutation, resulting in a truncated protein
in exon 4 of the ACTNT gene, was absent in the public database, such as 1000G
and genomAD. Further Western blot revealed that the expression of a-actin 1 in the
proband was decreased overtly, which indicated that the novel frameshift mutation may
induce non-sense-mediated mMRNA decay. In summary, this study not only broadened
the variants spectrum of ACTNT gene, which may contribute to the genetic counseling
of IMTP, but also confirmed the diagnosis of IMTP, which may help the management and
prognosis for the family members.

Keywords: macrothrombocytopenia, mild bleeding, ACTN1 mutation, non-sense-mediated mRNA decay,
whole-exome sequencing

INTRODUCTION

Inherited macrothrombocytopenia (IMTP) is an important cause of thrombocytopenia, which is
defined as a platelet count of <150 x 10°/L (1-3). Besides the reduced platelet count, a significant
increase in platelet size (>12 fL) is another feature of IMTP (1, 3). As a rare clinical condition, IMTP
affects at least 2.7 per 100,000 individuals with mild to absent bleeding phenotype (2, 4). At present,
mutations in more than 10 genes including «-actin 1(ACTNI), myosin heavy chain 9 (MYHY),
tubulin beta class I (TUBB), etc. have been identified in non-syndromic IMTP with autosomal
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dominant, recessive, and sex-linked patterns (1, 3). In addition,
some syndromes are also typically characterized by low platelet
counts and severe bleeding tendency, such as Wiskott-Aldrich
syndrome, Bernard-Soulier syndrome, Di George syndrome,
and so on (5-7). However, because of varying mutations and
clinical manifestations, the IMTP shows obvious heterogeneity,
which challenges the clear diagnosis of IMTP and leads to the
misdiagnosis as immune thrombocytopenic purpura (8).

In this study, we enrolled a 3-year-old boy and his mother with
IMTP and mild epistaxis and/or gingival bleeding. The aim of
this study was to explore the genetic lesion of the patients with
the help of whole-exome sequencing.

CASE PRESENTATION

A family from central south region of China (Hunan province)
including seven persons was investigated in this study
(Figure 1A). The proband (III-2), a 3-year-old boy, was
admitted to our hospital because of mild epistaxis. Blood
routine examination of the proband was shown as follows:
hemoglobin, 13.0 g/dL; platelet count, 102 x 10°/L; mean
platelet volume, 12.9 fL; and platelet distribution width, 18.1
fL. In vitro platelet aggregation in response to collagen and
ristocetin was normal, but adenosine diphosphate (ADP)
was slightly reduced (35%). Medical history survey found
that the boy (III-2) has suffered from epistaxis several times
with unexplained reason. Further family history investigation
revealed that the proband’s mother (II-1) and grandfather (I-1)
have a history of mild epistaxis and gingival bleeding. Blood
routine examination of the proband’s mother (II-1) also found
the reduced platelets (111 x 10°/L) count and increased mean
platelet volume (12.7 fL) and platelet distribution width (17.7
fL). Peripheral blood smears May-Griinwald Giemsa staining
revealed macrothrombocytopenia in the proband and his mother
(Figure 1B). No other family members showed abnormal blood
routine examination and bleeding diathesis. In addition, 200
unrelated, ethnically matched healthy controls were used as
internal controls to exclude single-nucleotide polymorphisms
(SNPs) in local individuals. These healthy controls (male/female:
100/100, aged 36.7 = 8.6 years) lacked IMTP diagnostic features.
Each participant underwent thorough examination for clinical
diagnosis or exclusion, including general examination such
as blood routine examination and peripheral blood smear
May-Griinwald Giemsa staining.

We then employed whole-exome sequencing to explore
the candidate gene mutation in the proband (III-2). Whole-
exome sequencing was conducted at BerryGenomic Institute
(Beijing, China) (9). Exomes were captured by Agilent SureSelect
Human All Exon V6 kits, and high-throughput sequencing was
conducted with an Illumina HiSeq 4000 system. The strategies
of data filtering were as follows (9, 10): (a) non-synonymous
SNPs or frameshift-causing INDELs with an alternative allele
frequency >0.01 in the NHLBI Exome Sequencing Project
Exome Variant Server (ESP6500), dbSNP155, the 1000 Genomes
Project, the genomAD database, or in-house exome databases
of BerryGenomic (2,000 exomes) were excluded; (b) the
filtered SNVs and INDELs, predicted by SIFT, Polyphen2,
and MutationTaster to be damaging, were remained; (c) the
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FIGURE 1 | The clinical data and genetic analysis of the family with IMTP and
mild bleeding. (A) Pedigree of the family. Black circles/squares are affected;
white circles/squares are unaffected; slashed symbol is deceased family
member. Arrow indicates the proband. (B) Blood smears (May-Grinwald
Giemsa staining) revealed macrothrombocytopenia in the proband and his
mother. (C) Sanger DNA sequencing chromatogram demonstrates the
heterozygosity for an ACTN7 frameshift mutation (NM_001130004:
€.398_399iInsTGCG, p.F134AfsX60) in affected members. (D) Western blot
analysis of the expression of ACTN1 in the proband’s platelets.

variants belong to pathogenic and likely pathogenic according
to American College of Medical Genetics (ACMG) guideline
remained (11); (d) cosegregation analysis was conducted in
the family.

Whole-exome sequencing yielded 9.98-Gb data. After
alignment and single-nucleotide variant calling, 70,145 variants
were identified in the proband. Via the aforementioned filtering
method and Sanger sequencing validation, a novel frameshift
mutation (NM_001130004: ¢.398_399insTGCG, p.F134AfsX60)
of ACTNI was identified in the proband and his mother but
absent in unaffected individuals (Figure 1C). No other potential
pathogenic mutation for macrothrombocytopenia-related
phenotype was found (Table 1). Previous studies have proven
that mutations in ACTNI may lead to IMTP with mild to absent
bleeding phenotype (12, 13). The novel mutation, resulting in
a truncated protein in exon 4 of the ACTNI gene, was absent
in the public database such as 1000G and genomAD, as well as
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our 200 healthy controls. Bioinformatics programs predicted
that this mutation (NM_001130004: ¢.398_399insTGCG,
p.F134AfsX60) was a pathogenic mutation and located in an
evolutionarily conserved site of the a-actin 1 protein. According
to ACMG guidelines (11), this mutation was pathogenic (PVS1
+ PM2 + PM3). We then further extracted total protein
from the platelet of the proband and healthy control (II-2).
Western Blot indicated that, compared with the healthy controls,
the expression of ACTNI was decreased by ~49% in the
heterozygous carrier (Figure 1D). These data suggested that the
variant (NM_001130004: ¢.398_399insTGCG, p.F134AfsX60)
of ACTNI was a loss-of-function mutation and can lead to
non-sense-mediated mRNA decay.

DISCUSSION

The human ACTNI gene encoding a member of the actin-
crosslinking protein named a-actinin is located on chromosome
14q24.1, and it consists of 21 exons spanning ~3.78 kilobases.
a-Actin 1 participates in the organization of the cytoskeleton,
thought to be an anchor actin to a variety of intracellular
structures and mainly expressed in platelets and megakaryocytes
(14). In 2013, six different mutations of ACTN1 were identified
in 13 unrelated families with IMTP, which indicated that ACTN1
was one of the genetic lesions in IMTP (12). At present,
thrombocytopenia caused by pathogenic variants in ACTNI gene
has been classified to ACTN1-related thrombocytopenia (15). To
date, approximately 44 mutations of ACTNI have been detected
in IMTP patients. Here, we identified a frameshift mutation
(NM_001130004: ¢.398_399insTGCG, p.F134AfsX60) of ACTNI
in a Chinese family with IMTP. As far as we know, this mutation
may be first reported in IMTP patients; our study expanded the
variant spectrum of ACTNI gene.

The a-actin superfamily consists of four members including
ACTN1, ACTN2, ACTN3, and ACTN4, which are responsible
for the organization of the cytoskeleton (3, 16). Previous
studies have found that ACTNI was mainly expressed in
platelets and megakaryocytes; the mutated ACTNI may lead
to a decrease of 50% platelet counts and an increase of 30%
in platelet size (12, 17). In our study, the proband and his
mother with the novel mutation of ACTNI were also presented
with macrothrombocytopenia. The novel frameshift mutation
(NM_001130004: ¢.398_399insTGCG, p.F134AfsX60) can lead
to the truncation mutation in the N-terminal of ACTNI.
According to non-sense-mediated mRNA decay theory (18),
the novel mutation may result in the decreased mRNA levels
of ACTNI. Functional studies further confirmed that the novel
mutation may lead to the reduction of ACTNI expression, which
may affect the organization of the cytoskeleton in platelets and
megakaryocytes, finally resulting in macrothrombocytopenia.

Previous studies in Chinese hamster ovary cells revealed
that the mutated ACTNI may disrupt the normal actin-based
cytoskeletal structure (12). The mice with ACTNI mutation
may present with disorganized actin-based cytoskeleton in
megakaryocytes, which may further result in abnormal number
and size of platelets (12). In this study, the phenotypes

TABLE 1 | Characteristics of the genetic variants identified for the proband via whole-exome sequencing.
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p.S503L
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of the novel mutation (NM_001130004: ¢.398_399insTGCG,
p-F134AfsX60) carriers (II-1 and III-2) were consistent with mice
model and other reported patients, which further confirmed the
pathogenicity of this novel mutation (19, 20).

IMTP can easily be misdiagnosed as immune
thrombocytopenic purpura, which may further make problems
in therapy and management of patients (8). Hence, precise
diagnosis is necessary for IMTP patients, especially for the
IMTP patients caused by ACTNI mutations. A recent study that
involved ~50 ACTNI mutation carriers indicated that ACTNI
mutations lead to a benign form of platelet macrocytosis not
always associated with thrombocytopenia (21). Precise diagnosis
of ACTN1-caused IMTP can provide affected patients and
their family members with a good prognosis. In our study, we
confirmed the diagnosis of the affected members by whole-exome
sequencing and Sanger sequencing, which may aid in the further
management and prognosis of the family members. Meanwhile,
our study also indicated that whole-exome sequencing combined
with Sanger sequencing was an effective method in diagnosis
of IMTP.

In summary, by employing whole-exome sequencing,
we identified a novel frameshift mutation (NM_001130004:
¢.398_399insTGCG, p.F134AfsX60) of ACTNI in a Chinese
family with IMTP and mild epistaxis and/or gingival bleeding.
Hence, this study not only broadened the variants spectrum of
ACTNI gene, which may contribute to the genetic counseling of
IMTP, but also confirmed the diagnosis of IMTP, which may help
in the management and prognosis of the family members.
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