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ABSTRACT

Background: Premature ovarian failure is a heterogeneous disorder, leading to early menopause. Several genes
have been identified as the cause of non-syndromic POF. Our aim was to explore the genetic defects in Iranian
patients with POF. Methods: We studied a family with three females exhibiting non-syndromic POF. WES was
performed for one of the affected individuals after ruling out the presence of CGG repeat expansion at FMR1 gene
in the family. Sanger sequencing was used to confirm the candidate sequence variants in the proband, and
screening of the detected mutation was performed for the other affected and unaffected members of the family.
Results: A homozygous frameshift mutation, c.349delC, was identified in FCN3 gene in the proband and two other
patients. The parents and two healthy brothers were heterozygous for the mutation, and an unaffected sister was
homozygous for wild type. Conclusion: This is the first report of a mutation in FCN3 gene in a family with POF. Our
findings can lead to the enhancement of genetic databases of patients with POF, specifically for families with high-
risk background. DOI: 10.52547/ibj.25.6.441
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INTRODUCTION radiations, and idiopathic. Some POF cases are

syndromic, in which the POF phenotype is associated

remature ovarian failure refers to the depletion
of follicular reserve and the permanent stop of
menstrual cycles before the 4™ decade of lifel™.
Mechanisms that are involved in the pathogenesis of
POF can be classified as genetic, autoimmune
disorders, infections, metabolic disease, chemotherapy,

List of Abbreviations:

with a specific disease, such as Turner syndrome.
Moreover, FMR1 carriers are among the cases with
syndromic POFl.

Non-syndromic POF cases, categorized as idiopathic,
are thought to have a genetic basis!®.. The first gene
identified for the molecular etiology of POF was

BWA, Burrows-Wheeler Aligner; EXAC, the Exome Aggregation Consortium; FCN3, ficolin-3; FMR1, fragile X mental retardation 1;
GATK, Genome Analysis Toolkit ; gmonAD, Genome Aggregation Database; GWAS, Genome-wide association study; HGMD, Human
Gene Mutation Database; OMIM, Online Mendelian Inheritance in Man; POF, premature ovarian failure; SwissVar, Swiss-Prot
Variant; WES, Whole Exome Sequencing
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FSHR, recognized by the candidate gene approach and
gene linkage analysis in 1995, In 1996, the first study
was carried out using the gene sequencing method to
identify non-syndromic POF causative genes, which
led to the detection of LHCGR genel®.

To date, several genes, such as MCM9, MCMS,
STAGE3, and SYCEL, have been confirmed by the
WES technique in relation to the etiology of the
diseasel®. The SYCE1 gene was identified based on the
WES method in an Arab family with two daughters
with non-syndromic POF from consanguineous
marriagel’). The STAGE3 gene has also been identified
by utilizing WES in a Palestinian family with several
POF affected members and consanguineous parentst®..
Indeed, WES has been a quite effective method and is
considered as a golden test in the study of non-
syndromic POF.

The increase of high prevalence and the lack of
effective medication have made this disorder an
attractive area of study™®. Consanguineous marriages
are an important factor in the prevalence of genetic
disorders. In Iran, 38% of all marriages are reported to
be consanguineous™: hence, a dramatic growth in the
prevalence of autosomal recessive disorders, such as
POF, is predicted. On the other hand, the psychological
and physical complications of early menopause and the
shortage of pregnancy opportunities highlight the
necessity of molecular examination for these patients.

Altogether, the aim of this study was to identify
genetic mutations associated with non-syndromic POF
in an lranian family using WES. Identification of
molecular defects will be undoubtedly useful for
accurate diagnosis and therapeutic targets in future for
the patients and their families.

MATERIALS AND METHODS

Subijects

We selected the patients with POF, all from one
family, referred to specialized clinics of gynecology in
the southwest of Iran. The main criteria used for
choosing the patients were based on positive family
history of POF and secondary amenorrhea in at least
three cases with a possible autosomal recessive
inheritance pattern. The cases of the studied family
were selected based on the reduction of follicular
reserve, elevated levels of serum luteinizing hormone
and serum follicle-stimulating hormone (normal, 1.0—
14.7 IU/L for both), decreased estradiol levels and
experience of menopause before the age of 30. We
reviewed the patients’ medical records to eliminate the
POF cases caused by cancer, infection, and
immunological diseases. To exclude the syndromic
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cases, chromosomal analysis (G-Banding) using whole
blood was carried out to confirm a 46, XX, normal
female karyotype. Also, the possible expansion of
CGG repeats at 5’UTR of FMR1 gene in the proband
was examined by PCR, demonstrating no expansion of
the repeatst™.

WES

Peripheral blood samples were obtained from
affected and unaffected family members. Genomic
DNA was extracted using QlAamp DNA Blood Mini-
Kit (QIAGEN, Hilden, Germany). WES was
performed for the proband. Targeted gene capture was
accomplished using a custom capture kit. On the
Illumina sequencing platform, the libraries were
sequenced with the average coverage of 80-100x. For
recognizing variants relevant to the clinical indication,
the obtained sequences were aligned to the human
reference genome, GRCh37/hgl9 using the BWA
program®™®®! and analyzed by applying Picard and
GATK version 3.6 The GATK’s best practices
framework was employed for the identification of
variants in the sample. Gene annotation of the variants
was carried out using Veterans Entrepreneurship
Program against the Ensembl release 87 of human
genome. To be specific, clinically relevant mutations
were annotated using published variants and a set of
disease databases—ClinvVar, OMIM, GWAS, HGMD,
and  SwissVar™®?! Variants with a minor allele
frequency of >1% in population databases were
filtered. The EXAC, gnomAD, dbSNP, and the 1000
Genomes Project human polymorphism database, and
the National Heart, Lung, and Blood Institute databases
were also employed. In the next step, only protein-
coding, non-synonymous, stop gain, frameshift or
splice variants, as well as intronic splice site variants
were collected. Based on the information of the studied
family, we suspected to have an autosomal recessive
inheritance pattern in the family. For this reason, we
selected homozygous variants, and the remaining
variants were carefully evaluated for gene function and
possible association with the occurrence of POF.
Finally, the effect of non-synonymous variants was
determined using several algorithms, including
PolyPhen2 (http://genetics.bwh.harvard.edu/pph2),
SIFT  (https:/sift.bii.a-star.edu.sg), MutationTaster2
(http://www.mutationtaster.org), MutationAssessor
(http://mutationassessor.org/r3), and LRT (http://www.
genetics.wustl.edu/jflab/Irt_query.html).

Mutation confirmation

We confirmed the detected mutation in the proband.
PCR was accomplished with conditions described
previously®. Gene-specific primers were designed by
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Allele 1D primer design software version 7 (Premier
Biosoft, Palo Alto, USA). Sanger sequencing and data
analyzing were performed for the PCR fragment of the
proband using an ABI Prism 3700 apparatus (Big Dye
Terminator sequencing Kit; Applied Biosystems, Foster
City, CA, USA). Afterwards, co-segregation analysis
was conducted for other patients and healthy
individuals in the family through utilizing Sanger
sequencing.

Ethical statement

The above-mentioned sampling protocols were
approved by the Local Ethics Committee of the Ahvaz
University of Medical Sciences, Ahvaz, Iran (ethical
code: IR.AJUMS.REC.1396.100). Written informed
consents were obtained from all individuals.

RESULTS

Three females with POF exhibiting in the studied
family were Iranian Lur ethnicity. The results of
demographic, karyotype, and hormonal studies of all
three patients are presented in Table 1. The first patient
(111-2; Fig. 1A) was 25 years old and married four
years ago. She referred to a physician since two years
ago due to oligomenorrhea and infertility. Breasts were
Tanner stage 5, and pubic and axillary hair were
Tanner stage 4. Serum gonadotropin concentrations in
two consecutive tests and pelvic ultrasonography
results of this patient are presented in Tablel, which
approves secondary amenorrhea. The second patient
(I-1; Fig. 1A) was 29 years old and was married eight
years ago. Her breast development was normal and
referred to a physician since two years ago due to
oligomenorrhea and infertility. The examination results
of this patient are mentioned in Table 1. Another sister
(111-3; Fig. 1A), 32 years old, has been married for

three years, and she has an 18-month old girl. She had
regular menstrual with normal serum gonadotropin
level. Both parents (II-1 and I1-2; Fig. 1A) reported
normal puberty and no fertility problem. Two brothers
(11-4 and I111-5; Fig. 1A) were evaluated at the age of
18 and 30 years. Both of them had normal weight and
height, were fully pubertal and had adult testicular
volume. Serum gonadotropin levels were in the normal
adult range. The third patient was the proband’s cousin
(111-6; 24 years of age; Fig. 1A) who married four
years ago with the proband's brother (I111-5; Fig. 1A).
The results of this patient study are listed in the Table
1. At the age of 21, she was consulted for infertility.
Additionally, she had been referred to a physician three
years ago because her menses had stopped, and she
was diagnosed as premature menopause.

A homozygous frameshift mutation identified,
FCN3 + 1637delC, c.349delC (p.Leull7SerfsX65)
located in exon 5 of FCN3 gene
(ENST00000270879.8) in the proband (Il -2; Fig. 1A
and 1B), by WES and was approved by Sanger
sequencing. We screened the affected and unaffected
individuals in this family for the detected mutation.
Results showed that the two other affected cases (I11-1
and I11-6; Fig. 1A) were homozygous for the mutation
exactly like the proband (I1l-2; Fig. 1A and B).
Therefore, all cases in this family could be considered
as POF patients. The proband’s parents (I1-1 and 11-2;
Fig. 1A) and parent of the third patient (11-3 and I1-4;
Fig. 1A), as well as two healthy sons of this family
(-4 and HI-5; Fig. 1A) were identified by
heterozygous state, and proband’s healthy sister with
normal puberty and fertility was wild-type
homozygous. These results indicated an autosomal
recessive inheritance pattern for the detected mutation
in this family. In silico protein prediction programs
demonstrated that this mutation, FCN3 + 1637delC,
resulted in the creation of a nonsense protein sequence,

Table 1. Demographic, karyotype, and hormone studies of the patients in the family

Indicator 11-2 Im-1 In-6
Karyotype 46 XX normal female 46 XX normal female 46 XX normal female
Age (y) 27 30 24
Height (cm) 162 160 156
Weight (kg) 52 50 56
Ovaries volume size small small small
Uterus volume size normal small small
Storage follicles 5 follicles 2 follicles empty
LH (1U/L) 32.3 and 32. 49.5 and 46.8 140
FSH (1U/L) 138.0 and 128.0 132.0, 155.0 and 80.5
E2 (pmol/L) 4.0 3.8 3.0

LH, luteinizing hormone normal: 11.0-14.7 1U/L; FSH, 2-follicle-stimulating hormone normal:1.0-14.7 IU/L; Estradiol (E2) after

menopause <20.
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Fig. 1. (A) The pedigree of the family with POF having (p.Leu117SerfsX65) mutation in FCN3 gene. The genotypes are shown with
WT (wild type) and MT (mutant); (B) sequence chromatograph of (p.Leul17SerfsX65) mutation with homozygous state and also wild
type form in FCN3 gene. The arrow indicates the position of the mutation.

in the residue position of 117 to position 180, due to a
shift in the reading frame, and modified the amine
acids composition. This change in the C-terminal
region can lead to the loss of the fibrinogen-like
domain and the production of truncated FCN3 protein
(p.Leul17SerfsX65).

DISCUSSION

In this study, we identified (p.Leull7SerfsX65)
mutation in FCN3 gene in a consanguineous lIranian
family with POF by using WES. All affected family
members who provided samples for analysis were
homozygous, and all unaffected family members were
heterozygous or wild type for this mutation. To our
knowledge, the identification of (p.Leull7SerfsX65)
mutation in FCN3 gene in the women with POF was
not reported before. Ficolin proteins function as a part
of the innate immune system. Three different forms of
ficolins have been described in human, M-ficolin
(ficolin-1), L-ficolin (ficolin-2, P35), and H-ficolin
(ficolin-3, Hakata antigen). All of them and mannose-
binding lectin can activate complement via the lectin
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pathway. However, H-ficolin has higher complement
activating potential compared to M-ficolin, L-ficolin,
and mannose-binding lectin®. H-ficolin is encoded by
the FCN3 gene, which has been mapped to
chromosome 1p36.11 with eight exons. The
polypeptide chains of H-ficolin contain 299 amino
acids®?!. FCN3 is expressed mostly in the liver and
the lung; nonetheless, lower expression is also detected
in the heart, kidney, spleen, pancreas, brain tissue,
placenta, and ovary! 224.25] . Although various mutations
have been identified in the FCN3 gene, the frameshift
mutation of (p.Leul17SerfsX65) has onI%/ been
reported in a few cases in the literature®®?<"l_ This
mutation was related to the lower levels of H flcolm in
the heterozygous state and total lack in the
homozygous state®. In 2008, Munthe-Fog et al.?®
reported (p.Leull7SerfsX65) mutation with a
heterozygous state among healthy Danish Caucasians,
with an allele incidence of 0.01. In another study by the
same author in 2009%” among the 1282 patients with
various immunodeficiency diseases, 23 cases were
heterozygous, and one subject was homozygous for the
(p.Leull7SerfsX65) mutation. The homozygous
patient, a 32-year-old man, had healthy parents with
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heterozygous state and two healthy sisters (one
heterozygous and one wild type). The patient was the
son of unrelated parents with Macedonian and
Albanian origins. A history of severe recurrent
infections was observed in this patient with no
detectable levels of H-ficolin in his serum. Schlapbach
et al.”® in Switzerland reported another patient who
was a male premature baby diagnosed with
necrotizing enterocolitis and recurrent infections
with Staphylococcus aureus who was homozygous
for (p.Leull7SerfsX65) mutation. In addition,
Michalski et al.™ in Poland detected one male
prematurely born infant who was homozygous for the
(p.Leull7SerfsX65) mutation with a perinatal
infection caused by Streptococcus agalactiae.

In the present study, following the identification of
(p.Leull7SerfsX65) mutation in a consanguineous
family, the homozygous and heterozygous members
were examined immunologically, and all were healthy.
Based on previous reports, FCN3 deficiency
was associated with increased susceptibility to
infections®?"?1. However, this finding was not found
in our study. The lack of correlation between this
mutation and infection was also observed in the study
of Michalski et al.”! who reported two cases with
primary FCN3 deficiency with no severe infection.
One of them was a 50-year-old male, with
membranous nephropathy, who carried both mutated
alleles of FCN3. Another reported patient was an 11-
month-old male infant with congenital heart disease
and homozygous mutation of (p.Leul17SerfsX65).

All reported cases of FCN3 primary deficiency
so far were male with a variety of clinical
manifestations®? %!, Therefore, we can conclude
that the clinical association of FCN3 gene
(p.Leul17SerfsX65) mutation is still unclear.
Moreover, ethnic or geographical background and
gender may influence the frequency of the variant
allele. It is likely that sex hormones may be effective in
preventing clinical symptoms in our patients.
Therefore, we suggest the study of larger Iranian
populations, accompanied with  supplementary
molecular approaches, to widen our understanding of
POF genetics.

In conclusion, finding the molecular defect as the
cause of disease is important for diagnosis
confirmation and treatment management in POF. Our
results will help to increase our knowledge about these
patients. However, further studies are required to better
understand the molecular mechanism underlying this
disease and all the relevant clinical consequences of
various congenital FCN3 mutations.

Iran. Biomed. J. 25 (6): 441-446

ACKNOWLEDGMENTS

We would like to thank all participants and their
families for their cooperation in our study. This study
was financially supported by Ahvaz Jundishapur
University of Medical Sciences (thesis number;
CMRC-960), Ahvaz, Iran. This article results from the
Soophia Mehrjooy thesis to obtain a master's degree in
medical genetics.

CONFLICT OF INTEREST. None declared.

REFERENCES

1. Torrealday S, Kodaman P, Pal L. Premature Ovarian
Insufficiency-an update on recent advances in
understanding and management. F1000Research 2017,
6: 2069.

2. Simpson JL, Rajkovic A. Ovarian differentiation and
gonadal failure. American journal of medical genetics
1999; 89(4): 186-200.

3. Fortufio C, Labarta E. Genetics of primary ovarian
insufficiency: a review. Journal of assisted reproduction
and genetics 2014; 31(12): 1573-1585.

4, Aittomaki K, Lucena JD, Pakarinen P, Sistonen P,
Tapanainen J, Gromoll J, Kaskikari R, Sankila E-M,
Lehvaslaiho H, Engel AR. Mutation in the follicle-
stimulating hormone receptor gene causes hereditary
hypergonadotropic ovarian failure. Cell 1995; 82(6):
959-968.

5. Latronico AC, Anasti J, Arnhold 1J, Rapaport R,
Mendonca BB, Bloise W, Castro M, Tsigos C, Chrousos
GP. Testicular and ovarian resistance to luteinizing
hormone caused by inactivating mutations of the
luteinizing hormone-receptor gene. New England
journal of medicine 1996; 334(8): 507-512.

6. Chapman C, Cree L, Shelling AN. The genetics of
premature ovarian failure: current perspectives.
International journal of women's health 2015; 7: 799.

7. De Vries L, Behar DM, Smirin-Yosef P, Lagovsky I,
Tzur S, Basel-Vanagaite L. Exome sequencing reveals
SYCE1 mutation associated with autosomal recessive
primary ovarian insufficiency. The journal of clinical
endocrinology and metabolism 2014; 99(10): E2129-
E2132.

8. Caburet S, Arboleda VA, Llano E, Overbeek PA,
Barbero JL, Oka K, Harrison W, Vaiman D, Ben-Neriah
Z, Garcia-Tufion I. Mutant cohesin in premature ovarian
failure. The New England journal of medicine 2014;
370(10): 943-949.

9. Fonseca DJ, Patifio LC, Suarez YC, de Jesis Rodriguez
A, Mateus HE, Jiménez KM, Ortega-Recalde O, Diaz-
Yamal I, Laissue P. Next generation sequencing in
women affected by nonsyndromic premature ovarian
failure displays new potential causative genes and
mutations. Fertility and sterility 2015; 104(1): 154-162.
el52.

10. Baronchelli S, Villa N, Redaelli S, Lissoni S, Saccheri

445


http://dx.doi.org/10.52547/ibj.25.6.441
https://dor.isc.ac/dor/20.1001.1.1028852.2021.25.6.7.1
http://ibj.pasteur.ac.ir/article-1-3375-en.html

[ Downloaded from ibj.pasteur.ac.ir on 2026-06-14 |

[ DOR: 20.1001.1.1028852.2021.25.6.7.1]

[ DOI: 10.52547/ibj.25.6.441 ]

WES in Non-Syndromic Premature Ovarian Failure

Mebhrjooy et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

446

F, Panzeri E, Conconi D, Bentivegna A, Crosti F, Sala
E. Investigating the role of X chromosome breakpoints
in premature ovarian failure. Molecular cytogenetics
2012; 5(1): 32.

Akrami SM, Montazeri V, Shomali SR, Heshmat R,
Larijani B. Is there a significant trend in prevalence of
consanguineous marriage in Tehran? A review of three
generations. Journal of genetic counseling 2009; 18(1):
82.

Li H, Durbin R. Fast and accurate long-read alignment
with Burrows—Wheeler transform. Bioinformatics 2010;
26(5): 589-595.

Meyer LR, Zweig AS, Hinrichs AS, Karolchik D, Kuhn
RM, Wong M, Sloan CA, Rosenbloom KR, Roe G,
Rhead B. The UCSC Genome Browser database:
extensions and updates 2013. Nucleic acids research
2012; 41(D1): D64-D69.

McKenna A, Hanna M, Banks E, Sivachenko A,
Cibulskis K, Kernytsky A, Garimella K, Altshuler D,
Gabriel S, Daly M. The Genome Analysis Toolkit: a
MapReduce framework for analyzing next-generation
DNA sequencing data. Genome research 2010; 20(9):
1297-1303

Li H, Handsaker B, Wysoker A, Fennell T, Ruan J,
Homer N, Marth G, Abecasis G, Durbin R. The
sequence alignment/map format and SAMtools.
Bioinformatics 2009; 25(16): 2078-2079.

Landrum MJ, Lee JM, Benson M, Brown G, Chao C,
Chitipiralla S, Gu B, Hart J, Hoffman D, Hoover J.
ClinVar: public archive of interpretations of clinically
relevant variants. Nucleic acids research 2015; 44(D1):
D862-D868.

Hamosh A, Scott AF, Amberger JS, Bocchini CA,
McKusick VA. Online Mendelian Inheritance in Man
(OMIM), a knowledgebase of human genes and genetic
disorders. Nucleic acids research 2005; 33(suppl_1):
D514-D517.

Welter D, MacArthur J, Morales J, Burdett T, Hall P,
Junkins H, Klemm A, Flicek P, Manolio T, Hindorff L.
The NHGRI GWAS Catalog, a curated resource of
SNP-trait associations. Nucleic acids research 2013;
42(D1): D1001-D1006.

Stenson PD, Ball EV, Mort M, Phillips AD, Shiel JA,
Thomas NS, Abeysinghe S, Krawczak M, Cooper DN.
Human gene mutation database (HGMD®): 2003
update. Human mutation 2003; 21(6): 577-581.

Mottaz A, David FP, Veuthey A-L, Yip YL. Easy
retrieval of single amino-acid polymorphisms and

21.

22.

23.

24.

25.

26.

217.

28.

29.

phenotype information using SwissVar. Bioinformatics
2010; 26(6): 851-852.

Michalski M, Szala A, Swierzko AS, Lukasiewicz J,
Maciejewska A, Kilpatrick DC, Matsushita M,
Domzalska-Popadiuk I, Borkowska-Klos M,
Sokolowska A. H-ficolin (ficolin-3) concentrations and
FCN3 gene polymorphism in neonates. Immunobiology
2012; 217(7): 730-737.

Hummelshoj T, Fog LM, Madsen HO, Sim RB, Garred
P. Comparative study of the human ficolins reveals
unique features of Ficolin-3 (Hakata antigen).
Molecular Immunology 2008; 45(6): 1623-1632.
Ohashi T, Erickson HP. The disulfide bonding pattern in
ficolin multimers. Journal of biological chemistry 2004;
279(8): 6534-6539.

Kuraya M, Matsushita M, Endo Y, Thiel S, Fujita T.
Expression of H-ficolin/Hakata antigen, mannose-
binding lectin-associated serine protease (MASP)-1 and
MASP-3 by human glioma cell line T98G. International
immunology 2003; 15(1): 109-117.

Szala A, Sawicki S, Swierzko AS, Szemraj J, Sniadecki
M, Michalski M, Kaluzynski A, Lukasiewicz J,
Maciejewska A, Wydra D. Ficolin-2 and ficolin-3 in
women with malignant and benign ovarian tumours.
Cancer Immunology, Immunotherapy 2013; 62(8):
1411-1419.

Munthe-Fog L, Hummelshgj T, Ma YJ, Hansen BE,
Koch C, Madsen HO, Skjedt K, Garred P.
Characterization of a polymorphism in the coding
sequence of FCN3 resulting in a Ficolin-3 (Hakata
antigen) deficiency state. Molecular immunology 2008;
45(9): 2660-2666.

Munthe-Fog L, Hummelshgj T, Honoré C, Madsen HO,
Permin H, Garred P. Immunodeficiency associated with
FCN3 mutation and ficolin-3 deficiency. The New
England journal of medicine 2009, 360(25):2637-2644.
Schlapbach LJ, Thiel S, Kessler U, Ammann RA, Aebi
C, Jensenius JC. Congenital H-ficolin deficiency in
premature infants with severe necrotising enterocolitis.
An international journal of gastroenterology and
hepatology 2011; 60(10): 1438-1439.

Michalski M, Swierzko AS, Pagowska-Klimek |,
Niemir ZI, Mazerant K, Domzalska-Popadiuk I, Moll
M, Cedzynski M. Primary Ficolin-3 deficiency-Is it
associated with increased susceptibility to infections?
Immunobiology 2015; 220(6): 711-713.

Iran. Biomed. J. 25 (6): 441-446


http://dx.doi.org/10.52547/ibj.25.6.441
https://dor.isc.ac/dor/20.1001.1.1028852.2021.25.6.7.1
http://ibj.pasteur.ac.ir/article-1-3375-en.html
http://www.tcpdf.org

