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Maternal iron deficiency causes male-to-female sex reversal in mouse embryos
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Maternaliron deficiency causes male-to
female sex reversalin mouse embryos
hitps:idol.org/10. ', Ryo Maeda’, d, I', Yoko Uno', Peter Koopman® &
Tachibang':
Recelved: 20 June 2024 mskoto lans
Accepted: 24 April 2025
F — -
Published oaling: 04 June 2025 ousiron (Fe™) A
resctions DNA
[Blcheck forupdates s required for igeneti ion of the
geneSryin i s duri '
he p ial ion b i lism, hi
and sex determination in mammals. We found that Fe*-producing pathways are
tivatedin yonic i
period. Chelation of iron in cultured XY gonadsreduced the level of KDM3A-
. H3K i "Sry,mustly ibolished ry ionand
caused the gonads to express ovarian markers. Invivo, conditional deletion
of the gene Tfrc—which is required for ironincorparation—in fetal XY gonadal
somatic cells, or i i i iromi
mice, resulted inmalk k I inaproportion of offspring,
ighlightis pi I role of i ismis ! i Finally.
long-term feeding of pregnant mice with alow-iron diet. when combined with a
heterozygous variant of Kdm3a that by itself has no observable effect, suppressed
5 i d caused mal reversal in some of the progeny.
revealing ion b I dietary i d fetal
outcomes.
Dunng sex gonads . .
differentiate Into testes as a result of expression of the tesus.  Fet actively ertoli cells
determining gene Sry (refs. 3,4). In mice, 1s tightly dlas-
regulated®itis
cells. termed pre-Sertoll cells, and only from day (E)  tion TFRL) ARASI)Fe®
10.5to E12.5. The methylation of DMA and,or histones Inchromatin - (STEAP3), Siclla2 (DMT1), Meoa+ (INCOA4) and timon] (HOL)): and
of and we have 2 1a).
that the Jm)C-family H. KDM3A.  Ined the activity
which Is expressed predominantly In pre-Sertoll cells In deve-
loping gonads®, activates Sryby demethylating HIK9mel—a hall-  andger
mark for theSry  period, 1L
locus'. Data Fig. La): only the former
tron has an Indispensable role not only In wsportofoxy-  tion. ) 1
genbutalsoina ‘enzymatic reactions fi NRSAL frac-
oxidation and reduction. The Jm)C-family histone demethylases (Fig.1b). G studles'®, Kdmia was
require labile Fe** for their enzymatic activity. Iron InNRSAT than InNRSAL cells (Fig. 1h). The
Is tightly regulated by cellular stor- and Fe* - genes
age and excretion mechanisms’; however, the extent and nature  Siclla2 Seeap3, INNRSAL than
of th Ik between lron and histone demeth-  In NRSATcells, but the reverse was true for the Iron-excretion penes
ylation in development and physiology 1s largely unknown. Here  Sicé0al and Heph (Fig. Lb). Th -
we show that Iron metabollsm has a cructal function In KDM3A-  SIc2543 c
mediated male sex determination In mice, revealing an unex-  Data Fig. 1b). Collectively, our gene-expression analysls indicates that
pected link between and male sex n Fet Inthe cytosol of
mammals. gonadal sex determination.
Tty T Te——T 5 oo el o Molec o Bicnce, Lt o Deercand. Brezara.
Guiratind, vl o mal: tachns MEkDtn e 350
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Sry: Sex-determining region Y gene, MHlIRAEXYER
KDM3A : AERZRAEMAEESA. —HKiFe RIFENAER
EZHRENAE, AREREESYBMFERH3KIMe2fFRE.
H3K9me2: AFEHH3FM IS _—REN

Tfrc . BEXBEAZF1ER

TFR1: HEXERARE1

NR5AT* : #ZBILRESAHTBRE
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L
o Ridtklis. HEBEZFREMNSHIIMRIREZ BAVEBEREX.

® TE/NERREMERRRIMERIRERFEHE, Fe? EREIRHW BE RIS,
® (KHMEFEXYMIRRT, BEAFISHEESHIRKDM3ANSHIHIKIOEREMWKE, EXIH SHARE, HESEMIRRAINEIREY.

® TEARSEIGT, MRRADRZMUESIRKERERR Tfrc, SXZ2EMTIN A% YIE, TSEERD FACHIXYHE
BRAVEEME RO RI R EE

® ZEKHMEKIRREIREKdM3aznEES: (XRFRABTTREMN) SIPHISryRIAHS o BRIz,

SR

EERREXFER, KDM3ARGREHEXEEEEEENREMRPIFRILRES T REHEHMmEIEE,

AERRHA AR IR CE R ERT S R RERBEZ(EA, RRHRIATFRINSAKEEERRSS5KDM3AX SryBERIZ=
WIEIE TR

5 TSRS N R IEBIREFRIREIER, 155 2BERIMKDM3AN M SRISry M RAIH3KOEX REMRIEESryRIZRIA.
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- S - 100 kDa

L2k ~y - e - - 75 kDa
1 039 1.44 0.50 0.46 0.30 0.47 0.82

SCARAS | 50 kDa
1 0.53 1.15 0.68 1.22 1.15 1.20 2.46

DMT1 - 75 kDa
1 0.87 2.08 0.82 0.77 0.49 0.67 1.57

STEAP3 [ & « — " | 50kDa
1 059 1.35 0.55 0.67 0.65 0.71 1.14

NCOA4 |« e Sl St 2 _ o | 75kDa
1 0.48 2.01 0.52 0.67 0.51 0.70 1.23

- 37 kDa
HO1 | ey .

- 25 kDa
1 1.91 1.48 0.56 0.69 0.56 0.79 1.31

; - 250 kDa

KDM3A : : " 7 | 150 kDa
1 0.87 1.43 1.13 1.42 1.41 0.75 3.08
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