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[ Abstract] Objective Infertility affects approximately one-sixth of the people of childbearing age worldwide,
causing not only economic burdens of treatment for families with fertility problems but also psychological stress for
patients and presenting challenges to societal and economic development. Premature ovarian insufficiency (POI) refers to
the loss of ovarian function in women before the age of 40 due to the depletion of follicles or decreased quality of
remaining follicles, constituting a significant cause of female infertility. In recent years, with the help of the rapid
development in genetic sequencing technology, it has been demonstrated that genetic factors play a crucial role in the
onset of POL. Among the population suffering from POI, genetic studies have revealed that genes involved in processes
such as meiosis, DNA damage repair, and mitosis account for approximately 37.4% of all pathogenic and potentially
pathogenic genes identified. FA complementation group M (FANCM) is a group of genes involved in the damage repair of
DNA interstrand crosslinks (ICLs), including FANCA-FANCW. Abnormalities in the FANCM genes are associated with
female infertility and FANCM gene knockout mice also exhibit phenotypes similar to those of POIL During the genetic
screening of POI patients, this study identified a suspicious variant in FANCM. This study aims to explore the pathogenic
mechanisms of the FANCM genes of the FA pathway and their variants in the development of POI. We hope to help shed
light on potential diagnostic and therapeutic strategies for the affected individuals. Methods One POI patient was

included in the study. The inclusion criteria for POI patients were as follows: women under 40 years old exhibiting two or
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more instances of basal serum follicle-stimulating hormone levels>25 IU/L (with a minimum interval of 4 weeks
inbetween tests), alongside clinical symptoms of menstrual disorders, normal chromosomal karyotype analysis results,
and exclusion of other known diseases that can lead to ovarian dysfunction. We conducted whole-exome sequencing for
the POI patient and identified pathogenic genes by classifying variants according to the standards and guidelines
established by the American College of Medical Genetics and Genomics (ACMG). Subsequently, the identified variants
were validated through Sanger sequencing and subjected to bioinformatics analysis. Plasmids containing wild-type and
mutant FANCM genes were constructed and introduced into 293T cells. The 293T cells transfected with wild-type and
mutant human FANCM plasmids and pEGFP-C1 empty vector plasmids were designated as the EGFP FANCM-WT
group, the EGFP FANCM-MUT group, and the EGFP group, respectively. To validate the production of truncated
proteins, cell proteins were extracted 48 hours post-transfection from the three groups and confirmed using GFP
antibody. In order to investigate the impact on DNA damage repair, immunofluorescence experiments were conducted 48
hours post-transfection in the EGFP FANCM-WT group and the EGFP FANCM-MUT group to examine whether the
variant affected FANCM's ability to localize on chromatin. Mitomycin C was used to induce ICLs damage in vitro in both
the EGFP FANCM-WT group and the EGFP FANCM-MUT group, which was followed by verification of its effect on ICLs
damage repair using y-H2AX antibody. Results In a POI patient from a consanguineous family, we identified a
homozygous variant in the FANCM gene, c.1152-1155del:p.Leu386Valfs*10. The patient presented with primary
infertility, experiencing irregular menstruation since menarche at the age of 16. Hormonal evaluation revealed an FSH
level of 26.79 IU/L and an anti-Miillerian hormone (AMH) level of 0.07 ng/mL. Vaginal ultrasound indicated
unsatisfactory visualization of the ovaries on both sides and uterine dysplasia. The patient's parents were a
consanguineous couple, with the mother having regular menstrual cycles. The patient had two sisters, one of whom
passed away due to osteosarcoma, while the other exhibited irregular menstruation, had been diagnosed with ovarian
insufficiency, and remained childless. Bioinformatics analysis revealed a deletion of four nucleotides (c.1152-1155del) in
the exon 6 of the patient's FANCM gene. This variant resulted in a frameshift at codon 386, introducing a premature stop
codon at codon 396, which ultimately led to the production of a truncated protein consisting of 395 amino acids. In vitro
experiments demonstrated that this variant led to the production of a truncated FANCM protein of approximately 43 kDa
and caused a defect in its nuclear localization, with the protein being present only in the cytoplasm. Following treatment
with mitomycin C, there was a significant increase in y-H2AX levels in 293T cells transfected with the mutant plasmid
(P<0.01), indicating a statistically significant impairment of DNA damage repair capability caused by this variant.
Conclusions The homozygous variant in the FANCM gene, c.1152-1155del:p.Leu386Valfs*10, results in the production
of a truncated FANCM protein. This truncation leads to the loss of its interaction site with the MHF1-MHF2 complex,
preventing its entry into the nucleus and the subsequent recognition of DNA damage. Consequently, the localization of
the FA core complex on chromatin is disrupted, impeding the normal activation of the FA pathway and reducing the cell’s
ability to repair damaged ICLs. By disrupting the rapid proliferation and meiotic division processes of primordial germ

cells, the reserve of oocytes is depleted, thereby triggering premature ovarian insufficiency in females.

[Key words] FANCM Mutation Premature ovarian insufficiency DNA damage

R R VESR I HEAS 4 (premature ovarian insufficiency, WY, 7EPOLRY I B, fB5 1 g i o FH AR 52 22 Bl

FEME R A IO TR TSR . PO SRR AR RASJUNEE,

POLZE—Fh S B PESM, W IN Z R, L ffs etk | fufe EFE\%DP, R — B LM B R LB A 7 55 1 18
EGENE | BRIAYE . AQHE MR OB ERYE BRBIAT RS, HEiS il FARE RN %
LA B ol P BOR A PRagE A e, ok BN BAT 220, FANCMER FUZFAE B — D E 2N A,
NGO S POTA K. fRITAIMIURRIAZIBE 19 BEFK I FAAP2508KKIAA1596, B AT ATPIKHS I DNASS
R, Z 5 DNARBU B R SN F AL 7 POTBUR A (LRGN TE, JEFANCD2IZ AT LT B9, ABFFE ki i
RZEH B — D EZ A TONEIIRE T RRATT SN T AYEOAR T A L& M B0 S REAS 42 i Zio ik

k.

ERFFH, NG E) B O R G BB R E, s &5t JERLE FX 1l (Fanconi anemia, FA) J&—Fhis (G5
FRERE 2= AR R sE e, Bl IS B WA A g, POIIY Jﬁ, HLFBURRIE R B R, AR E T I8 RN ek 240 A s
RIRRGW T, 21 1% ~ 3.7%, A TERREAH X 25 5530 TR B By B, B FARE R R IG5 /i,



E R

I R A5 YURHE SUMLIE B FANCMEE R 26 & %78 5 8 R NE R ST REAS 2 I BUw LA 561

I D RESE S AR I A S HE R K 578 BAR A B AL

, il
1 #REHE

1.1 WRER R EENSE
1.1.1 e RAER

AT T T A M FEAR A R IR T2 BUBE R R 756
— MR R, ZEREFEPOINAIRME: DR <
40 124V @A PRIR PR LA T JERl i i 9 v R R >
25 TU/L(M R A e [ B 22 /0 48], A A G 25BN IR
AR s Y (A AZ AL 53 BT 25 SR 1 ELHEBR HoAh & AT 5
I INRE FRFAPR . AT B 2l it R R 2
TS PRZE 5y 2x ol (L7 4520200113), HAZ iR H B4 B
TR
1.1.2 @itz

MR 4R (293T) W [ 16 & A A= W BB 3 /.
1.1.3 £ E2XH 5NE

FZAH: G4 07 . FPEDMEMEFREE | 1xPBS I
AR R A E R AR DA R A R
45Tl 0.25%BEEHE LI . Lipofectamine™3000%% 445 &5
M Opti-MEMK:## 3 ) H 3¢ [E Invitrogen; QuickBlock™ 4
PEY A BT . DAPIJ (A . Western blot—4THi BRI .
RIPAZ R . WA R IR A YA . B w4 11 550
PMSF., A {4SDS-PAGE® [ AL H hEH = K
AW ARAT B F]; BIOG/|Nit iR 41 25 R 35 2 B0k B iU
e g N EAE R R ] ECLAL 2 &
6 AR [ 22 AR 23 5 B H H Marker I
H 3% & ThermoFisher/A F; & (. FERFRIIIE F 5
F OXOID/\ Hl; 225445 % CIl F 2 [F Sigma-Aldrich /A F;
Ply-H2AXPUiAIE A 3¢ [E Cell Signaling Technology; 3T p-
ActinBt KW { H E AL P A2 S YRR A F, it
GFPHUIARIA [ 35 E Immunoway/A &l ; AR T A ALY il
TRER A L 2T/ N e IgGHU ARG i VL5 SR B AE P
FHL

FEA AR LR AR 1 A3 BT ASOF — A Atk R A %
FEAAW H ¢ E Thermo Fisher/s &l {HIR 353567 25 14 H
R IR BT AL T 3 A PR D 5 4 A S
FI o T T 2 A A BR A w5 DG R 1 B (A

A i E K e A ARk F A R Bl R HER O3t
A BB H S E g R A
1.2 7k

1.2.1 4292 TN /5 FeSanger | 5
BHMLFE 5> R0 AT T -80 °C, ik dE 17240 i+l
P o fiF AgilentZy @) BWBAH S 3R R S8, RFEAC Y 42

HMi T X DNAE T & 4, 7Ellumina V-5 #1707 .
SO B YE B i BWA M Samblaster 52 % 3L K 4
(human_B37/hg19)#E47 L X, b5 FHHSAMtoolsXSNP
InDel 2 CNVAZ s #4733, IF HIANNOV ARRAF £ 7
TR, MR 3G [ PR 2 AR 2 5 B K 41 2% 2% 25 (American
College of Medical Genetics and Genomics, ACMG) il % )
T FNFE T X 98 FEAT 4028 o O 2 H Y BU 978
Sanger{ll P A TR IE
1.2.2 @iz

293 THNMIIEF7 551 y: I BEDMEMES SR (5 (R B
O 10% 04 78 KRR B0 1% %5 R - 5 R
W) o HMLE T 37 °C BB %CO, M FRAR T 1T 77 o
123 FOFkME

OF A B AR AL A NFEFANCM cDNAFY BB
P IRIIAE R R e 403 A7 RN B G, ) i 1) SR 044y
pEGFP-Cl, FANCM)%if4)7 5 (coding sequence, CDS)
i TEGFPY T i, EGFPFRIA I A] ™ AL HUMI Al 2 11,
A FHHTGFP R PTAR BEATIAIIE o JBORLA 2 ) 5 A
Sangeril [ #EATIIE . QT R I P20 uLANAS mL7%
BB £ LB(Luria-Bertani) K535 5, B TR R4,
37 °C, 200 r/min, ¥53%14 h,
124 JRARRIRAGE R

TR UL SR 4% I E A Y BIOG/ M i i 4l K N ¢
FR R OGRS U 5T . EATDNAWR BRI E ),
R4 A M 2 70% Rl 5 BE I, #% B Lipofectamine™
3000%% Y iR G UL AT U, BT ¥ DNA-IR LA &
BYIIMA293TH A, % e Bk i 4 2 241,25 ug/mL.
Fe e Bp T\ FANCMFRL , 5878 B A2E FANCMJ5t
Hi . pEGEP-C145 2844 TR 1Y 293 T4 it 4351l iy 45 M EGFP
FANCM-WT#l ., EGFP FANCM-MUTZ FIEGFP4 ., X} T
E EE H A RHIE, BORAG Jh48 W R IRANIEEE H,
GEPPUAHITIRAE . Xt T DNARE S M AIATIT, o
PERRIC I YR AE ORI FE Y48 hF AT, AT ITIZ 284S B 15
23 M FANCME i T A i e s M4 R R
C(MMC, mitomycin C) 7EMSMF T4 8] 321k (interstrand
crosslinks, ICLs) B f5 (T 1, S8 )5 i Hy-H2 AXPLAR B TIE
HMICLs s Z g . B 125 ~ 1.2.6.
1.2.5 Western blot

ol FH 0 i T ) P A K A M R A T K b e, WAk
LR VR {8 T 200 L P R 120 W, 15 sTAEAT B 7R IR
W SE SRR 3R, TG B 5x 8 H_ERRZE R, 100 T4
JE 5 minffi i B TEE, fRAFT-80 C. $RIAEE HHE
i i HISDS-PAGESRE R UK H# 1T 0 8, R B =



562 PR (BE2E R

5 554

PVDE I, ¥ PVDEIETE5% M 4= W 1, 54554k
—471y-H2AX(1 : 1000), GFP(1 : 1000), P ZB-actin
(1: 1000 )74 CHFF K. 2K, MBIFUES 5 =t
—EIFE 1 h, W VR HECLIL 2 & B R AT 4% .
)i, R FHImage PRRUFIEAT IR BEMEIFEE . DA H AT K
FEAE 5 N2 4515 K BEAELIG AR, by I A0 2575 28 (3 A AT
Fiki .
1.2.6 FANCMZ T3 DNASAG 15 B 4% 7 493 oh 69400
i FH G B8 D AR I 5 A8 X FANCMAR [ 1) 5 o7 Fl 3
IR R . BLEGFP FANCM-WTZ . EGFP FANCM-
MUTZH293 T4 i, %Yt 48 h5 #2285 5238 . fi HIPBST
Uk, SRIGTE SR T AR $4% 2 5 I [ 5 30 min.
PR AL FPBST B, 18 FH QuickBlock ™ty Y {61 5 P K
(Beyotime)7E37 “CA2FEIK Lt 47E ], IHH 10 min,
PADAPIY I & i Y A A% 5 min, H4HE S & FHOEIE
R DB T AN, R A BB (S S . 7 LEGFP
FANCM-WT# . EGFP FANCM-MUTZH293 T4 i1, 5k
Fe Y24 WIS IS 2R Ry 2 pg/mLIN 22 348 R C(MMC,
mitomycin C), £ H24 h/5 #EHUAN LA 11, 3 Western

t [ @ O O

2 3
c1152_1155del/
c1152_1155del
e || Male () Female

"Proband

blotd: I 240 i ) y-H2 AX R AN ek i (AR 22 L
1.2.5), WAL AL AT DN A6 5 T REE 15 32 B .

2 #R

2.1 POIREMIGKRER

B -1) R E IS DUR Lo, 33% B RN 225 5 12
THPBe, Fi165 cm, (RF 57 kg, LR EPEE R AL,
7R R ) 2K 26.79 TU/L () fR 45 LU 2 2
30.14 TU/L), B4 3 49.81 TU/L, M 5 }65 pmol/L,
PR % (anti-Miillerian hormone, AMH) >0.07 ng/mL.
25 B T8 P G A s AU BN SR AR S, FERE A
K. BEHL168 A Luni Lok ] ZJ1 i A, 51,
3~4H, i, 248 WTES MBS R EIREITT,
] T2 2o o 24 SOfm B IBYT o B AR I RS,
RERHAIER . BEAWAIRIR, Horp— & A 2
TN H A, B W b IR IR, RAER . &
HRF I F Sangerll [P IS IESE R ANEI 1A | B 1B/
2.2 FANCMZRZE 3 E B RILHI R

VS BT R BB FANCMBE 35 654 B 7

1 " "

j _ o [“\\ _‘ / \‘ l'}

ARRIRIE! 1
O -LLLLY YUY LY

Chrl4 45154021-45154024del/c.1152-1155del

|

FANCM gene |

/

FANCM mRNA []

Helicase ATP-binding| Helicase C-ter minal Interaction with FAAP24
—— —r— T,
FANCM protein [ [ 1] | T [ ]
A
H_J
DEAH box Interaction with MHF
Helicase ATP-binding
/_H
Truncated FANCM [ [T [T | p-Leu386Valfs*10
(C] "
DEAH box

1 FANCMEREREE
Fig 1 Identification of the FANCM variant

A, The pedigree of the patient. B, Sanger sequencing of the patient. C, Gene and protein structure schematic diagram of the FANCM ¢.1152-1155del variant. The

variant caused a frameshift at codon 386, and a stop codon was introduced at codon 396, resulting in a predicted truncated protein of 395aa.
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293T cells transfected with EGFP FANCM-W'T, EGFP FANCM-MUT, and EGFP plasmid were named EGFP FANCM-WT group (WT group), EGFP FANCM-MUT

group (MUT group), and EGFP group, respectively. A, EGFP FANCM-MUT produces a fusion protein of 70x10%, the size of which corresponds to the predicted size of

truncated FANCM (43x10°) fusing into EGFP (27x10%). B, Immunofluorescence localization of FANCM. FANCM was observed in the nuclei of the WT group, but was

absent in the nuclei of MUT group. The scale bar represents 10 um. C, Quantification of y-H2AX in the WT group and the MUT group after MMC treatment.

n=3."P<0.01. Statistical analysis was performed using t-test in SPSS. Error bars denote SD.
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