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Abstract

Hepatic fibrinogen storage disease is a rare autosomal dominant genetic disorder characterized

by hypofibrinogenemia, as well as the retention of variant fibrinogen within the hepatocellular

endoplasmic reticulum. Here, we describe an asymptomatic 4-year-old boy with abnormal liver

function test results and unexpected hypofibrinogenemia. Liver biopsy showed circular eosinophil

inclusion bodies in the hepato-cytoplasm. Immunostaining results of eosinophil inclusion bodies

were positive for fibrinogen. Following pretreatment with diastase, the inclusion bodies failed to

stain with the periodic acid–Schiff technique; moreover, immunostaining results were positive for

fibrinogen, but negative for alpha-1-antitrypsin. Genetic analysis identified a heterozygous mis-

sense mutation c.1201C>T (p. Arg401Trp) within the fibrinogen c-chain (FGG) gene and an

additional single nucleotide polymorphism c.-58 A>G within the 50-untranslated region of the

fibrinogen Aa-chain (FGA) gene. Thus, the patient was diagnosed with hepatic fibrinogen storage

disease. Our results indicate that, for patients who exhibit chronic liver disease with unexpected

hypofibrinogenemia, hepatic fibrinogen storage disease should be considered in the differential

diagnosis. Moreover, our findings emphasize the importance of molecular diagnosis in patients

with cryptogenic liver disease.
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Introduction

Fibrinogen is a soluble protein in blood

that plays an important role in the hemo-

static cascade, fibrinolysis, cellular and

matrix interactions, inflammation, wound

healing, and angiogenesis. Fibrinogen com-

prises two sets of three polypeptide

chains—Aa, Bb, and c—that are joined by

disulfide bridging within the N-terminal E

domain.1,2 Mutations in Aa, Bb, and c
fibrinogen-chain genes (FGA, FGB, FGG)

are reportedly responsible for fibrinogen

deficiencies and coagulation disorders.3

Rarely, patients with hypofibrinogenemia

can present with comorbid liver disease,

known as hepatic fibrinogen storage disease

(HFSD). This disease is a rare autosomal

dominant genetic disorder, characterized

by the retention of variant fibrinogen

within the hepatocellular endoplasmic

reticulum (ER) and hypofibrinogenemia.3

HFSD and another well-known disease,

congenital alpha-1-antitrypsin deficiency,

are ER storage diseases that share similar

molecular mechanisms, due to gene muta-

tions of the corresponding proteins that

result in hepatocellular protein storage,

defective secretion, and plasma deficiency.4

Here, we describe a Chinese patient with

newly diagnosed HFSD, which was con-

firmed by genetic and pathological analyses.

Case report

A 4-year-old boy had an incidental finding

of abnormal liver function during a routine

examination. The patient was asymptomat-

ic; notably, he did not exhibit jaundice, loss

of appetite, or fever. He had no history of
epistaxis, skin ecchymosis, bleeding, or
mental disorder. On physical examination,
his liver was palpable 2 cm below the right
costal margin, but no signs of splenomegaly
were observed. The patient showed no ascites
or other noticeable signs of chronic liver
disease. Clinical biochemistry tests revealed
elevated serum alanine aminotransferase
(122 IU/L; normal range: 9–50 IU/L), aspar-
tate aminotransferase (119 IU/L; normal
range: 15–40 IU/L), and lactate dehydro-
genase (299 IU/L; normal range: 109–
245 IU/L). Other biochemical factors
(e.g., total bilirubin, c-glutamyl transpepti-
dase, albumin, globin, plasma ammonia,
and lactic acid) were within the respective
normal ranges. Serology findings for hep-
atitis A, B, C, D, and E were negative.
Autoantibody and immunoglobulin (IgG,
IgM, IgE, and IgA) results were negative.
Notably, levels of ceruloplasmin and ferri-
tin were within the respective normal
ranges, and complete blood count results
were normal. Abdominal ultrasonography
showed mild hepatomegaly. To protect the
patient’s privacy, other clinical details have
been de-identified.

Coagulation tests showed remarkable
abnormal results that were inconsistent
with the severity of liver disease. The pro-
thrombin time (17.1 seconds; normal range:
11–14.5 seconds), activated partial throm-
boplastin time (43 seconds; normal range:
26–40 seconds), and international normali-
zation ratio (1.38; normal range: 0.72–1.2)
were elevated, relative to the respective
normal ranges. Moderate hypofibrinogene-
mia5 (0.64 g/L; normal range: 2–4 g/L) was
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identified, but an elevated D-Dimer level
was absent (0.05mg/L; normal range:
0–0.55mg/L). We assessed fibrinogen
levels by the Clauss method and did not
measure fibrinogen antigen because we did
not have access to suitable equipment.

The patient underwent liver core-needle
biopsy, following the provision of informed
consent by his parents. The biopsy speci-
men was fixed in phosphate-buffered for-
malin and embedded in paraffin, then
sectioned for staining (hematoxylin-eosin;
periodic acid–Schiff technique, with and
without diastase predigestion) and immu-
nostaining with antibodies against alpha-
1-antitrypsin. Electron microscopy analysis

was not performed because we did not have
access to suitable equipment. Liver pathol-
ogy showed normal hepatic lobule structure
with spotty and focal necrosis scattering in
hepatic lobule and interlobular fibrous
septal formation. Circular eosinophil inclu-
sion bodies of varying sizes were observed in
the hepato-cytoplasm. Following pretreat-
ment with diastase, the inclusion bodies
failed to stain with the periodic acid-Schiff
technique; moreover, immunostaining results
were positive for fibrinogen, but negative for
alpha-1-antitrypsin (Figure 1).

HFSD was suspected based on the
pathology findings. Thus, blood samples
were collected from the patient, his older

Figure 1. Liver pathology revealed eosinophilic intracytoplasmic inclusion bodies with hematoxylin-eosin
staining (arrow, a), which failed to stain using the periodic acid-Schiff method (b). On immunostaining, the
inclusion bodies were negative for alpha-1-antitrypsin antibody (c) and positive for fibrinogen antibody
(arrow, d).
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sister, and his mother, following the provi-

sion of informed consent by the patient’s

parents. A genetic analysis study and the

preparation of this case report were

approved by the ethical committee of

Mengchao Hepatobiliary Hospital, Fujian

Medical University. Biochemical and coag-

ulation tests were also performed for the

patient’s sister and mother. Genomic

DNA was extracted in accordance with

the kit manufacturer’s instructions (Qiagen

Inc., Valencia, CA, USA). The FGA, FGB,

and FGG genes were amplified using specific

primers for each gene (Supplemental Table

1). The PCR products were directly

sequenced using an ABI automated DNA

sequencer (Applied Biosystems, Foster

City, CA, USA). Mutation nomenclature

followed the guidelines of the Human

Genome Variation Society. Genetic analy-

sis of the patient revealed a heterozygous

missense mutation of the FGG gene

(c.1201C>T, p.Arg401Trp, p.Arg375Trp

in the mature alpha-chain lacking the

signal peptide) and a single nucleotide poly-

morphism (SNP) within the 50-untranslated
region of the FGA gene (c.-58 A>G,

rs2070011). Data from the 1000 Genomes

Project Phase 3 showed that the

frequency of this SNP in the East Asian

population was 0.5. According to ClinVar

(www.ncbi.nlm.nih.gov/clinvar/), the inter-
pretation record of this SNP was benign.
Further pathogenicity prediction for this
SNP, using online software Mutation
Taster (www.mutationtaster.org), suggested
the presence of a polymorphism (i.e., prob-
ably harmless). No mutations were found
within the FGB gene. The same
Arg401Trp mutation was detected in the
patient’s sister and mother (Figure 2).
However, their liver function and coagula-
tion tests revealed normal findings.

Discussion

Congenital fibrinogen defects are conven-
tionally classified as quantitative (type I)
or qualitative (type II) deficiencies based
on the plasma concentration. Quantitative
deficiencies include afibrinogenemia/severe
hypofibrinogenemia and hypofibrinogene-
mia, while qualitative deficiencies comprise
dysfibrinogenemia and hypodysfibrinogene-
mia.2 Analysis of population-based
exome- and genome-sequencing data have
suggested that the global prevalence of
dominantly inherited fibrinogen deficiency
is approximately 1 in every 91 individuals.2

Nevertheless, the global prevalence of
HFSD remains unclear. HFSD was first
described in German and Italian families,
then confirmed by a mutation in the

Figure 2. Genetic analysis showed a heterozygous missense mutation (c.1201C>T/p. Arg401Trp) within
the FGG gene (a) and an additional SNP (c.-58 A>G) within the 50-untranslated region of the FGA gene (b).
Pedigree of the family screened for FGG and FGA genes (c).
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fibrinogen gamma gene.6 Thus far, only 27
affected individuals from 17 families have
been reported worldwide.7–18 Most muta-
tions have been located within the FGG
gene and are categorized as Aguadilla, Al
du Pont, Angers, Beograd, Brescia, Ankara,
and Pisa, based on the cities in which the
probands lived.11,13–15,18,19 The Arg35Cys
mutation within the FGA gene was report-
edly responsible for hypofibrinogenemia
and HFSD in a patient;9 this is a well-
known mutation leading to congenital
dysfibrinogenemia, but not hypofibrinoge-
nemia.20 Here, we described a patient with
a heterozygous Aguadilla mutation within
the FGG gene. To the best of our knowl-
edge, this is the second patient with the
Aguadilla mutation in China, although
Aguadilla is the most common causative
mutation for HFSD.7,8,10,12,16–18,21 The
Aguadilla mutation was de novo in the
first histopathologically and genetically
documented Chinese patient with HFSD.7

In contrast, we have described a Chinese
patient who inherited the Aguadilla muta-
tion from his mother.

There are many clinical manifestations
of HFSD; in particular, affected patients
may be asymptomatic, have moderate to
severe hepatitis, or have liver cirrhosis.17

HFSD can affect children, adults, and
older people.16 Although the c module is
important for maintenance of the normal
function of fibrinogen, most of the patients
described thus far have not experienced
extensive bleeding events. Therefore, the
target organ affected by the mutation
within the FGG gene may be the liver; coag-
ulation or bleeding disorders may not occur
in affected patients. HFSD is presumably
an underdiagnosed condition and its preva-
lence may be underestimated.

Notably, the patient’s sister and mother
had normal findings in liver function and
coagulation tests, although they harbored
the same heterozygous mutation within
the FGG gene. This phenomenon has also

been observed in another family with
HFSD8 and in a family with a similar
disease, alpha-1-antitrypsin deficiency.22

Long-term follow-up studies have shown
that more than 85% of children with the
homozygous mutation p.Glu342Lys (PiZZ
phenotype) in the AAT gene have persistent
normal serum transaminase levels and do
not exhibit liver dysfunction.22 These clini-
cal observations suggest that other factors
(e.g., additional inherited traits or environ-
mental factors) might be responsible for the
pathogenesis characteristics of HFSD.

Imbalanced homeostasis, caused by
excessive aggregation of variant fibrinogen
in the ER, is regarded as the central event in
the pathogenesis of HFSD. Because fibrin-
ogen is an acute-phase protein synthesized
in hepatocytes, its levels increase as an
inflammatory response to acute infection.
However, variant fibrinogen deposited
within the ER can be degraded by autoph-
agy.23 Therefore, concomitant defects in
protein degradation pathways (e.g., the
autophagic or proteasomal systems) may
also contribute to the pathogenesis of ER
storage diseases. In addition, a potential
synergistic effect of the SNP within
50-untranslated region of the FGA gene in
patients with the Aguadilla mutation
cannot be excluded. Previous studies have
shown that this SNP may influence fibrino-
gen c0 levels.24,25 The fibrinogen c0 chain is
an important c chain variant that contrib-
utes to downregulation of potential plasma
XIII-mediated cross-linking activity.26

Importantly, the SNP was absent from the
patient’s sister and mother.

The autophagy enhancer carbamazepine
has been shown to alleviate aggregate-
related toxicity in patients with HFSD
when combined with ursodeoxycholic acid
treatment.13 However, the patient’s parents
refused carbamazepine treatment for the
patient; the patient’s mother also refused car-
bamazepine treatment. Therefore, follow-up
clinical data were not collected.
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In conclusion, we have described a

patient with HFSD, characterized by clas-

sical pathological changes; he harbored the

Aguadilla mutation within the FGG gene

and had an additional SNP within the

50-untranslated region of the FGA gene.

The discrepancy we observed between phe-

notype and genotype in mutation carriers

implies that defects in protein degradation

pathways may be involved in the pathogen-

esis of HFSD. Increasing numbers of new

patients with HFSD and novel treatments

may improve the broader clinical under-

standing of this rare inherited disease.
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