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Introduction  

Premature ovarian insufficiency (POI) represents a 

heterogenous disorder, impacting 1/100women of 

reproductive age. By definition POI comprises of 

enhanced gonadotropins, specifically follicle 

stimulating hormone (FSH) along with irregularity or 

lack of menstruation prior to 40yrs of age. 

Considerable physical, mental besides economic 

load gets inserted on the patients with a diagnosis of 

POI besides resulting in disturbance of a woman’s 

reproductive capacity, however is correlated with an 

escalated risk of osteoporosis, cardiovascular 

disease as well as early mortality [1]. We had 

reviewed the literature on genetics of POI in 2016with 

a case report [2]. In brief we detailed the genetics 

regarding POI with recent introduction of whole exon 

sequencing. Cytogenetic methods (array cGH) had 

identified other areas of interest but studies had  not 
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illustrated  consistent outcomes , the resolution of 

array had differed  and replicating it was  uncommon 

.Whole exon sequencing in non-syndromic POI, had 

only begun recently as per 2016 where mutations in 

the stromal antigen 3 (STAG3), synaptonemal 

complex central element 3 (SYCE1), mini 

chromosome maintenance complex competence 8&9 

(MCM8, MCM9) and ATP dependent DNA helicase 

homolog (HFMD gene)were observed .Hence Qin 

etal. [3], described together cytogenetic, cytogenetic 

(array cGH) and exon sequencing approaches had 

illustrated 20-25% of POI cases displayed a genetic 

etiology. Hence the remaining genes or causative 

genes would be promoted besides by whole genomic 

approaches which implicated long cohort in multiple 

populations along with further incorporated 

environmental exposure and exploring signaling 

pathways in intragenic and intergenicareas which 

point to disturbances incontrolling gene networks [3].  

Akin to that Chapman et.al., [4], reviewed the genetic 

causes including oocyte specific transcription factors, 

like NR5A1, NOBOX like genes besides FIGLA and 

FOXL2 Genes and folliculogenesis growth factors 

like Bone morphogenetic protein15(BMP15) in 

addition Growth Differentiation factor9(GDF9) [of the 

TGFβsuperfamily growth factors] [4].  

Further various micro-RNA’s like miR23a family 

facilitates granulosa cell apoptosis via supression of 

X linked inhibitor of apoptosis (XIAP) expression 

pointingto the differential expression of miR23a might 

be a potential candidate of POF generation. In view 

of small sample size, the role of mir23in the etiology 

of POF is unclear [5]. More currently Dang et al 

investigated differential expression miR in a large 

cohort of Chinese women and found 22 significantly 

up regulated and 29 down regulated miR in 140 POF 

patients, as compared to controls. Among these 

mir22-3pwas significantly down regulated in POF and 

a negative association between serum micro22-

3pand FSH was observed.  

The researchers  pointed that  miR22-3p may 

control  pituitary FSH liberation, since its expression 

had been observed in the pig pituitary whereby the 

reduced expression had been observed toaid toward 

POF pathogenesis, Tsuilo, conducted a retrospective 

study on copy number variation analysis in 301 

spontaneous POF patients with 3188 controls from 

2003-2014 at Estonian Genome Centre at University 

of Tartu Biobankand found 11 novel microdeletions 

which encompass genes which were germane to 

POFeg [6]. FMN2 (Iq43) and SGOL (22q33.1) are 

essential for meiotic progression, while TBP (6q27), 

SCARB1 (12q24.31), BNC1 (15q25) and ARFGAP3 

(22q13.2) were implicated in follicular growth along 

with   oocyte maturation. They further validated 

the significance of recently invented hemizygous 

microdeletions of meiotic genes, SYCE1 (10q26.3) as 

well as CPEB (15q25.2) in POF patients. The 

limitations where no functional analysis was 

conducted [7]. 

Two main modes are implicated in POI namely i) 

follicular impairment as well as follicular elimination. 

Nevertheless, the etiology keeps eluding in maximum 

numbers of cases. The acknowledged etiology  at 

present  are constituted   by i)medical/iatrogenic like 

ovarian surgery/cytotoxic cancer treatment, ii) 

medical as well as storage conditions, iii) infections, 

iv) chromosomal aberrations as well as autoimmune 

diseases. Usually, POI possesses a 

genetic background with over 50 genes, where 

mutations might constitute    etiological factors 

besides involvement of numerous genes [8]. Besides 

total elimination of mutations, partial molecular 

aberrations might be causative in the unanticipated 

partial phenotypes. Genetic along 

with       cytogenetic etiologic factors 

regarding nonsyndromic POI are implicated in 10-

50% patients; chromosomal aberrations or 

occasional gene abnormalities have been detailed. 

Regarding non syndromic POI, of the autosomal 

genes, i) just occasional mutations of gonadotropin 

receptors or their ligands, ii) of growth factors [Bone 

morphogenetic protein15(BMP15) in addition Growth 

Differentiation factor9(GDF9) or iii) transcription 

factor (SF1), implicated in follicular generation, iv) of 

genes implicated in the follicular pool 

generation besides early enrolment [POF1B, FIGLA, 

NOBOX) as well as in near past regarding v) 

meiosis(cohesinlSTAG3) have been detailed. This 

robustly pointed towards extra genetic factors still 

required identification. These genes possess 

the capacity of impacting gonadal formation, 

replication of DNA/ meiosis along with DNA healing, 

hormonal signaling, immune function along with 

metabolism. An insight regarding ovarian physiology 

as well as biology aids in generating a scaffolding for 

interpretation of etiology of POI [8]. 

MCM8 along with MCM9, represent members   of the 

mini-chromosome maintenance (MCM) family of 

genes (MCM 2- MCM 9) represent autosomal genes 

which have been detailed recently in resulting 

in Hypergonadotropic Hypogonadism on inheritance 

in an autosomal recessive way in occasional 

consanguineous families. Female mice with absence 

of Mcm8 or Mcm9 present with infertility, correlated 

with early elimination of germ cells possessing 
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a susceptibility for cancers, inclusive of 

Hepatocellular carcinoma (HCC) along with ovarian 

tumors or hyperplasia. in addition to that genome 

wide association studies (GWAS) 

regarding reproductive aging have isolated 

nonsense Single nucleotide polymorphisms (SNP) 

within the Mcm8 locus that illustrated the maximum 

robust correlation with age of menopause. 

These studies pointed that MCM8 along with   MCM9 

are necessary controllers of gonads right from their 

formation till senility. In view of this knowledge 

regarding central part of MCM8 along with   MCM9 in 

reproductive aging the group of Rajkovic attempted 

assessment of MCM8 as well as MCM9 variants in a 

subset of subjects with POI. A study 

conducted recently    has isolated considerable 

numbers of innovative probably variants in MCM8 

along with   MCM9 in the recruited POI subjects [9]. 

Guo et al. [10], detailed 3 innovative missense 

mutations of MCM9.Their objective was to find the 

properties of probable mutations amongst a 

Chines population comprising of patients with 

POI.192 cases with POI got recruited along with 192 

controls. Sanger sequencing was conducted, where 

3 innovative heterozygous mutations were isolated in 

3 patients with POI. The same mutations were not 

observed in controls. Clinical phenotype    of these 3 

patients were practically similar to that of a normal 

puberty, along  with  manifestation in the form 

of  secondary amenorrhea .On Pelvic 

ultrasonography    it was  illustrated that   there were 

ovaries  that were considerably small in size  or were 

lacking .No follicle was visualized in each    patient 

.For functional evaluation of the probable functional 

influence of these mutations(like a probable  change 

of DNA healing) mutant plasmids were generated 

HEK293 Kidney cells  from embryonic Kidney cell 

lines got transfected with mutant plasmids 

along  with   received treatment with    etoposide for 

stimulating double strand breaks(DSB). DNA repair 

assays illustrated thatcells which 

overexpressed mutant MCM9 

possessed dysfunctional DNA repair ability besides 

haploinsufficiency of MCM9 was posited (see figure1 

&2).

 

 

Fig 1: MCM9 mutations identified in premature ovarian insufficiency (POI) patients of Chinese descent [10]. (A) The sequence 
chromatograms of MCM9 variations identified in three Chinese patients with isolated sporadic POI, compared with normal control 
sequences, followed with the conservation analysis among species. (B) The domain architecture of MCM9 and the position of the variations. 

Currently all the patients that manifested biallelic 

variations carrier of MCM9 possessed 

primary amenorrhea. Desai et.al., [9], observed that 

1/151 patients possessed homozygous variations of 

MCM9, whereas 7 patients (7/151,4.6%) possessed 

heterozygous variations with a probable pathogenic 

action. Conversely ,the heterozygous  carriers 

possessed greater probability of secondary 
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amenorrhea that was in agreement with the 

phenotype seen in Qin’s cohort[10].Hence one 

can presume that probability exists  regarding  the 

actions  of MCM9  mutations on ovarian function 

might be dose based .Further Desai et.al., [9],further 

observed homozygous variations of MCM8,BRCA1 

as well as RAD54L,in combination with MCM9 

variations that coexisted in  patients with MCM9 

variations that coexisted in   patients 

that pointed  towards an accrual of action of 

genetic abnormalities impacted the 

robustness   of POI.

 

 

Fig 2: MCM9 mutations adversely affect the DNA repair capacity [10]. (A) The cells overexpressing MCM9 with mutation p.L475F, p.L974S 
or p.A1130T showed higher level of γH2AX after recovery for 3 or 6 hours compared with the wild type. To test the dominant negative effect 
of the three mutations, we cotransfected the mutant and wild-type plasmids with ratio 1:1 into HEK293 cells. The γH2AX level in 
cotransfected cells after recovery for 3 or 6 hours were lower than that in cells isolated transfected with mutant plasmids. Three independent 
experiments were conducted (NC = negative control, which was transfected with pcDNA3.1 vector). (B) The relative grayscale of γH2AX 
after etoposide (ETO) treatment compared with no ETO treatment according to the Western blot image of three independent experiments 
(the grayscale of no ETO treatment was considered as 1 in each group of transfected cells). Independent sample t-test was used to compare 
the relative γH2AX. (C) Homologous recombination (HR) reporter system working principle. (D) The HR efficiency of wild-type or mutant 
MCM9 compared with NC group. (NC = cells transfected with I-SceI-vector and pcDNA3.1 vector.) Three independent experiments were 
conducted. *P&lt;.05. 

Haploinsufficiency of  MCM9 that resulted  from 

heterozygous variations possessed a susceptibility 

for secondary amenorrhea, in view of residual 

functional MCM9,while  biallelic variations   might 
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result  in greater  robustness in  aberrant Ovarian 

generation(like primary amenorrhea).In case of their 

cohort, Yang et.al., [11], observed   heterozygous 

variations  in MCM8,BRCA1 as well as RAD54L, 

along  with  in combination with MCM9 variations that 

coexisted in   patients that pointed  towards an 

accrual of action of genetic abnormalities impacted 

the robustness of POI. 

This particular study which validated the prior studies 

pointed to the significance of MCM8 along 

with   MCM9 constituents regarding normal DNA 

replication which are key regarding gonadal 

formation as well as ovarian function. Future studies 

in addition to whole –exome sequencing would 

yield greater understanding regarding POI. 

Conclusions 

All these approaches despite their significance 

continue to be a research strategy, hence case to 

case discussion in the present of patient is required. 

As clinicians besides scientists, we need to 

remember the significance of long term follow up it is 

imperative for the treating doctor managing long term 

replacement. Furthermore, it is necessary to do it in 

concert with those who are believed to be experts in 

this field, since insight regarding future fertility 

possibilities besides other ways for family generation 

requires to be detailed. For improvement of quality of 

life (QOL)of the woman it is incumbent to keep the 

woman updated to build her confidence. Lastly, 

regarding isolation of innovative gene variants it is to 

guarantee long term follow up to watch for as well as 

detail the generation of any new symptoms [12]. 

Furthermore, the association amongst MCM9in 

addition to tumors has persistent to be not clarified. 

The Mcm knockout mice possessed a greater risk of 

generation of HCC [13]. Goldberg etal. [14], 

documented a homozygous mutation carrier of 

MCM9 presented Colorectal carcinoma along with 

POI. Nevertheless, the3   mutation carriers of   Guo 

etal’s cohort did not have any history of tumors. So, 

the emphasis on why long term follow up is so 

significant regarding watching for tumors, 

in   particular the hormone sensitive tumors need to 

be emphasized to the patients with MCM9 mutations. 

This might be in view of its role in DNA 

replication- correlated healing by sustenance of fork 

integrity at the time of replication stress [15].   
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