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Abstract

EACKGROUND

Acute intermittent porphyria (AIP) is a rare autosomal dominant porphyrin metabolic
disease caused by a mutation in the hydroxymethylbilane synthase (HMBS) gene. This
study aimed to explore the clinical manifestations of a patient with AIP, to identify a
novel HMBS gene mutation in the proband and some of her family members, and to

confirm the pathogenicity of the variant.

CASE SUMMARY

A 22-year-old Chinese woman developed severe abdominal pain, lumbago, sinus
tachycardia, epileptic seizure, hypertension, and weakness in lower limbs in March
2018. Biochemical examinations indicated hypohepatia and hyponatremia. Her last
menstrual period was 45 days prior to admission, and she was unaware of the
pregnancy, which was confirmed by a pregnancy test after admission. Sunlight
exposure of her urine sample for 1 h turned it from yellow to wine red. Urinary
porphyrin test result was positive. Based on these clinical manifestations, AIP was
diagnosed. After increasing her daily glucose intake (250-300g/day), abdominal pain
was partially relieved. Three days after hospitalization, spontaneous vaginal
bleeding occurred, which was confirmed asspontaneous abogtion; thereafter, her
clinical symptoms completely resolved. Genetic testing revealed a novel heterozygous
splicing variant of the HMBS gene in exon 10 (c.648_651+1delCCAGG) in the proband
and four other family members. The pathogenicity of the variant was verified through

bioinformatic methods and a minigene assay.

§ONCLUSION
We identified a novel HMBS gene mutation in a Chinese patient with AIP and

confirmed its pathogenicity.
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Core Tip: The possible pathogenic loci in a woman with acute intermittent
porphyria (AIP) were identified by direct sequencing, which revealed a novel
heterozygous splicing mutation (c.648_651+1delCCAGG) in exon 10 of
hydroxymethylbilane synthase (HMBS) gene. Aberrant splicing, which led to the
production of a truncated protein, was confirmed through an in vitro minigene assay

and bioinformatics analysis.
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INTRODUCTION

Acute intermittent porphyria (AIP) is a rare metabolic disease, and its incidence is
difficult to accurately calculate. Reports vary between different countries and regions,
the incidence of symptomatic AIP is 5.9 per million in Europe, 6.3 per million in Spain,
7.6 in France and 10-15 in Switzerland['l. Available reports have demonstrated that AIP
has various clinical manifestations. Typical clinical features during an acute attack of
AIP, also known as overt AIP, include abdominal pain, constipation, nausea, vomiting,
tachycardia, hypertension, muscle weakness, respiratory failure, epilepsy, and
hyponatremia. Cases with posterior reversible encephalopathy syndrome have also
been reported recentlyl’3l. AIP attackscan be stimulated through several factors
including sex hormone changes (estrogen and progesterone) involved in menstruation,
pregnancy, and childbirth, starvation, emotioaﬂ fluctuations, excessive fatigue, and
alcohol 51, Drugs and bacterial infections also play an important role in the growth and
development of various diseases including porphyria as confirmed in recently

published articles 6], Patients with latent AIP present with no or only mild clinical




symptoms, and their biochemical tests may be normall4®l. Diagnosis of AIP is mainly
dependent on clinical symptoms, biochemical examinations, and molecular analyses/[l.
The detection of previously identified heterozygous hydroxymethylbilane synthase
EMBS) gene mutations through DNA analysis is the gold standard for diagnosis(7-111.
We report a case of a 22-year-old female diagnosed with AIP who was found to have a
novel heterozygous mutation (c.648_651+1delCCAGG) in HMBS gene, which was also
identified in her relatives. These findings could help the proband and related carriers to
avoid life-threatening acute episodes. This case contributes to the existing knowledge

on AIP and its causative genetic mutations.

CASE PRESENTATION

Chief complaints
A Chinese woman presented to our hospital because of severe abdominal pain and

lumbago.

History of present illness
A 22-year-old Chinese woman developed severe abdominal
painand  lumbago without obvious inducement 1 wk ago, the symptoms

worsened accompanied by epileptic seizure and weakness in lower limbs for 3 d.

History of past illness

In February 2017, she gave birth to a baby after an unremarkable pregnancy. In July
2017, she began to experience abdominal pain, back pain, and lumbago 5-10 days
before her menstrual period. The pain was not severe and was relieved during

menstruation.

Personal and family history

Neither the patient nor her family members had any remarkable medical history.




Physical examination

Her blood pressure was 160/100mmHg and her heart rate was 110 bpm. Abdominal
examination was normal with no tenderness or rebound pain elicited. Muscle tone in
the extremities was normal, the muscle strength of both upper limbs was at level 5, and
muscle strength in both lower limbs was at level 3 (Medical Research Council

[MRC] Scale for Muscle Strength is described in Table 1).

Laboratory examinations
Routine test results, such as kidney function, myocardial enzymes, and thyroid
function, were normal. Serum chemistry findings were as follows: hyponatremia (Na:
119-128 mmol /L; normal: 135-146 mmol/L), hypohepatia (alanine aminotransferase:
272 IU/L, normal: 7-40 IU/L, aspartate aminotransferase: 72 IU/L, normal: 13-35
IU/L). When the patient’s urine sample was exposed to sunlight for 1 h, it turned from

yellow to wine red (Figure 1). A qualitative test of urinary porphyrin was positive.

Imaging examinations
No radiological investigations were performed because she was pregnant and was

diagnosed with AIP soon after admission.

ﬁlger sequencing
The study was approved by the ethics committee of Dongguan Hospital of Traditional

Chinese Medicine (Ethical number: 12022, No 15). Genomic DNA was extracted from
peripheral blood samples using QIAamp DNA Blood Mini Kit (QIAGEN, Hilden,
Germany) and sent to the Macro-micro-test ﬁmpany (Beijing, China). The
HMBS (NM_000190) gene was analyzed by direct sequencing using a 3730XL DNA
Analyzer (Applied Biosystems, Foster City, CA). The sequence exhibited a
heterozygous mutation (c.648_651+1delCCAGG) in exon 10 of HMBS gene of the

proband (Figure 2A). In addition to the proband, four others were identified as carriers




of the mutation: her father (IL.4), paternal uncle (IL1), younger brother (IIL.3), and son
(IV.1) (Figure 2B). Her mother and two aunts tested negative for the mutant allele. All
family members denied consanguinity, and no abnormalities were identified on

physical or laboratory examinations.

Minigene assay

To verify the functional effect of the c.648_651+1delCCAGG mutation in HMBS gene on
pre-mRNA splicing, a minigene assay was carried out to evaluate the effect of the
mutation on mRNA splicing. Wild-type and mutant minigenes were inserted into a
pcMINI-C vector. The construction strategy inserted part of intron 9 (251 bp), exon 10
(39 bp), intron 10 (240 bp), and exon 11 (120 bp) of HMBS, in addition to exon A- intron
A of MSC (exon A-intron A-intron 9 [251 bp]-exon 10 [39 bp]-intron 10 [240 bp]-and
exon 11 [120 bp]) (Figure 3A, 3C). A total of four recombinant vectors Vﬁre transfected
into HelLa and 293T cells. After 48 h, four samples were collected, total RNA was
extracted and reverse-transcribed into cDNA, and the cDNA was amplified using
reverse transcription primers. PCR products were used to observe whether the exon A-
exon 10.exon 11 transcript had a splicing pathogenic variant. Recombinant vectors
showed that both wild-type and mutant minigenes were successfully inserted into the
corresponding vectors (Figure3A). RT-PCR for the PcMINI-C-HMBS-wt/mut minigene
showed that, in both cell lines, the wild-type minigene had a band of the expected
size (553 bp; Band a), while the mutant minigene had a larger band (Band b). When
both were sequenced, Band a was a normally spliced band with the same splicing
pattern as exon A-exon 10 (39 bp)-exon 11 (120 bp), while Band b retained the complete
intron 10 sequence. Its splice pattern was exon A-exon 10 (39 bp)-“intron 10 (239 bp)-
exon 11 (120 bp) (Figure 3B, 3D). The mutation led to an overall retention of intron 10,
turning this into a coding region. The minigene expression in vitro confirmed that the

variant c.648_651+1del CCAGG could lead to aberrant mRNA splicing.

Bioinformatics analysis




The genotype of the proband and her family members was identified according to the
sequencing results yielded by SeqMan software (Lasergene Genomigs, DNASTAR, Inc.,
Madison, WI). The mutation identified in these individuals was not in the Human Gene

Mutation Database (HGMD, http://www.hgmd.org), Exome Aggregation Consortium

(http:/ / exac.broadinstitute.org), or the 1000 Genomes Project
13

(http:/ / www.1000genomes.org). We used ORFfinder

(https:/ /www.ncbinlm.nih.gov/orffinder) to predict the reading frame of the amino

acid sequence and PredictProtein (https://www.predictprotein.org) to analyze whether

the secondary structure and function of proteins were altered by the mutation.
ORFfinder demonstrated that the mutation site affects the normal translation of the
protein. The c.648_651+1delCCAGG mutation caused the original donor recognition site
of exon 10 to be destroyed. When the original donor recognition site was destroyed, the
original splicing site might not have been spliced, resulting in retention of intron 10.
Because the stranded intron 10 contains a stop codon, mRNA is terminated prematurely
during translation, resulting in a protﬁn variant with a length of 248 amino
acids (Figure 4A, 4B). In comparison with the amino acid sequence of wild-type HMBS,
the Q217T mutation of the new mutant occurred at site 217, and the translation was
terminated after synthesis of 31 amino acids at the mutant site (Figure 4A, 4C). These
findings are consistent with the results of the minigene assay.

We conducted further analysis using PredictProtein and found that the secondary
structure of the protein also changed as follows: (1) the partially folded and helical
regions of the truncated protein sequence were changed, (2) the exposed area of the
surface was partially changed, (3) the disordered area at position 350 was missing, and

(4) the RNA and protein binding regions had changed (Figure 4D).

FINAL DIAGNOSIS

The patient was ultimately diagnosed with AIP.

TREATMENT




The administration of high glucose (250-300 g/day) partially relieved the patient’s
abdominal pain. Three days after hospitalization, the patient spontaneously aborted.

This was followed by complete resolution of symptoms.

OUTCOME AND FOLLOW-UP

We advised the proband and the variant carriers to avoid triggers of acute attacks. In
September 2018, the patient had an unplanned pregnancy. Symptoms, such as
abdominal pain and weakness, recurred. Considering her illness and at her request, we
performed an abortion on the patient. All her symptoms resolved after the termination
of the pregnancy. She was advised to increase sugar intake and to use contraception.
She was asymptomatic on follow-up. A timeline of Her three pregnancies is shown in

Figure 5.

DISCUSSION

AIP is a rare autosomal dominant metgbolic disease caused by mutations in the gene
that encodes HMBS [7812]. The HMBS gene is located on chromosome 11q23.3 and
includes 15 exons and two different promoters. To date, 504 mutations have been
identified, of which 203 are point mutations, 107 are deletions mutations, 102 are
sﬁicing mutations, 48 are insertion mutations, and 44 are other types of mutations
(Human Gene Mutation Database, HGMD,
http:/ /www.hgmd.cf.ac.uk/ac/index.php)3l. A study from France has shown that the
prevalence of symptomatic AIP is approximately 7.6 per million inhabitants, while
pathogenetic mutations in the HMBS gene are observed in 1/1,782[1.14]. This means that
the penetrance of AIP is very low, being observed in only ~1% of the general population
and 20-50% of families with AIPMM4I In principle, AIP is an autosomal dominant
metabolic disease, with no sex predilection['5l. However, female mutation carriers are
more likely to experience acute attacks after puberty, which are attributed to shifting
levels of estrogen and progesterone related to the menstrual cycle, while male mutation

carriers occasionally have mild or no clinical symptomsl!l. In our study, the female




carrier (proband) suffered pregnancy-induced acute attacks, which could be diagnosed

based on clinical symptoms and biochemical examinations. Of the male variant carriers,
two experienced irregular abdominal pain and constipation (her father and uncle),
while two others (her younger brother and son) experienced no clinical symptoms. The
observed penetrance of the disease and the different clinical manifestations between
men and women were consistent with that of previous clinical reports(*+9l.

Increased estrogen and progesterone during pregnancy can precipitate acute attacks of
porphyria, and the pregnancy outcomes of women with AIP can include uneventful
pregnancy and normal delivery, spontaneous abortion, and termination of the fetus as a
result of not only the pregnancy but also the high incidence of associated hyperemesis
gravidarum and drug usel>”l. This partly explains why manifestation of the mutation
did not interfere in the patient’s first pregnancy.

A novel splicing pathogenic variant (c.648_651+1delCCAGG) was identified in the
family using Sanger sequencing. This mutation occurs in the junction region of exon 10
and intron 10, thus depriving the junction region of the GU-AG splice sitell”l and
preventing the intron cleavase enzyme from recognizing the splicing site; therefore, the
whole of intron 10 is retained in the mature mRNA when the pre-mRNA is spliced.
However, because the retained intron sequence contains a stop codon, it causes early
termination of translation, potentially producing a shortened protein. ORFfinder
predicted that the shortened protein sequence contains 248 amino acids. Compared
with the wild-type protein sequence of 361 amino acids, the truncated protein sequence
shows changes in the structure and function of the enzyme due to the deletion of 113
amino acids. The in vifro minigene expression also confirmed that the variant could lead
to retention of intron 10 and aberrant mRNA splicing.

We predicted and analyzed the secondary structure of the truncated protein using
PredictProtein and found that the beta-fold and alpha-helix sites in the shortened
protein changed; furthermore, the DNA, RNA, and protein binding sites were altergd.
In particular, the lack of RNA binding sites may affect its function, because the

interaction between protein and RNA plays an important role in many biological




activities, such as post-transcriptional gene regulation and regulation of gene
expression[18-20l. In addition, the mutant generated a new disordered region at position
247 but missed the disordered regions at positions 310 and 361 of the wild-type. Such
disordered regions of proteins are also involved in gene signal transduction and
regulation[?1.22]. Therefore, the new mutant may cause disease due to loss of a functional

region.

Fifty percent of missense mutations identified at the DNA and RNA levels have been
confirmed to disrupt mRNA splicing[3]. So far, more than 500 HMBS gene variants that
cause AIP have been verified in HGMD (http:/ /www.hegmd.cf.ac.uk/ac/index.php), of
which 108 Led to splicing. We analyzed the pathogenicity of the c.648_651+1delCCAGG

mutation using a bioinformatics method and in vitro minigene assay. To further explore
the molecular pathogenesis of the mutation, we intend to detect the influence of the
mutation on enzyme activity. We aim to conduct further research to determine whether
the mutant can lead to nonsense-mediated mRNA decay as well as detect the presence
of truncated proteins, degradation of truncated proteins, and interaction of downstream
proteins in vivo. Furthermore, we intend to demonstrate the pathogenicity of gene

mutation from multiple perspectives.

CONCLUSION
We identified a novel splicing mutation (c.648_651+1del CCAGG) in the HMBS gene of a

Chinese woman with AIP and verified the pathogenicity of the variant through
bioinformatics methods and an in vitro minigene assay. We provided the mutation
carriers a clearer picture of their condition and provided recommendati on how to
prevent potentially life-threatening acute episodes. Our discovery has also expanded

the known spectrum of pathogenic HBMS gene mutations.
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