
MYRF is a transcription factor involved in regulation of myelination
genes in Oligodendrocytes (1,2). Oligodendrocytes are the key cells
that control myelination of the central nervous system (CNS)
providing insulating layers for optimal electrical communication
between neurons. Considering that myelination occurs after birth,
embryonic expression of Myrf suggests a more comprehensive role
than previously imagined. Several neurological disorders such as
Huntington’s disease (3) have been associated with Myrf,
conforming with its well-known transcriptional role in
oligodendrocyte differentiation and CNS myelination. However,
several case reports have linked Myrf de novo mutations with a
variety of birth defects in humans. The phenotypical spectrum
includes cardiac-urogenital defects (4), disorders in sex
development (5) and nanophthalmia/myopia (6). According to
OMIM classification, MYRF associated defects (OMIM 618280) has
been categorized under Congenital Diaphragmatic Hernia (CHD).
The multi-organ involvement of MYRF in human cases and
expression in several mouse embryonic tissues including heart, lung,
liver and intestines by mid-gestation (FANTOM 5 project (10))
suggests a critical role for MYRF in embryonic development. In this
study we have applied a ‘loss of function’ approach using a mouse
model to examine the role of Myrf during mouse development.

Subcategorization of Myrf de novo mutations in associated with birth
defect (6,7,8).
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MYRF has been linked to several neurological disorders such as
Huntington’s disease, but several case reports have associated de
novo mutation of Myrf with a variety of birth defects, including
cardiac-urogenital defects (4), disorders in sex development (5) and
nanophthalmia (6).

Our assessment confirms that constitutive deletion of MYRF is
embryonic lethal and null embryos show developmental delay prior to
embryonic death. The common causes of embryonic lethality during
early organogenesis (e8.5-e11.5) include development of
cardiovascular system, hematopoiesis and placenta. The expression of
Myrf in heart tissue at e11 (The Fantome5 Project data (10)) and the
link to cardio defects in de novo cases suggested a potential
cardiovascular cause of lethality. However, our results indicate Myrf
deletion in cardiac progenitor cells does not result in the same
embryonic phenotype as constitutive deletion of Myrf. We are
currently exploring potential placental phenotype and vascular
development as secondary causes of lethality.

According to OMIM classification, MYRF associated defects (OMIM
618280) has been categorized under Congenital Diaphragmatic Hernia
(CHD). Our developed model system can provide essential information
on the role of MYRF during embryonic development and tissue
specification which can contribute to prenatal diagnosis and
understanding of genetic predispositions.
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Myrf deletion is embryonically lethal
To generate Myrf null embryos, Myrf heterozygotes were established using Myrf Folxed transgenic mice
(B6;129-Myrf tm1Barr/J) (1) crossed with constitutive Cre line (B6.C-Tg(CMV-cre)1Cgn/J). Following IMPC
guidelines, viability of null mice (born) was assessed. Our results showed that Myrf depleted mice do not
survive after birth and therefore timed mating studies were conducted at e12.5 to verify viability by mid
gestation. Embryo collections at e12.5 revealed that Myrf null embryos were reabsorbed. Viability of
corresponding genotypes were assessed at earlier time points (e9.5-e11.5). Mendelian ratios expected from
heterozygous crossings are 1:2:1 for wild type (Myrf+/+), heterozygous (Myrf∆/+) and homozygous (Myrf∆/∆)
genotypes respectively. Statistical analysis of expected Mendelian ratios and obtained genotypes was
assessed using a two-tailed Fisher’s exact test. Statistically significant difference (*P-value at <0.0001) in viable
genotypes after embryonic day 11 verifies embryonic lethality for Myrf deleted embryos compared to control
litter mates.

Myrf deleted embryos die at embryonic age of e10.5
Viability of embryos were assessed by presence of heartbeat and
embryonic age was determined by somite counts and referencing to Theiler
staging hallmarks. Further examination of embryos at e11.5 showed signs
of demise and degeneration for Myrf nulls and developmental delay at
earlier embryonic days (e9.5 and e10.5) compared to controlled litter
mates. Statistical difference between somite counts observed for each
genotype were analyzed using one-way ANOVA (***p-value<0.001).
Statistically significant difference in developmental age between Myrf-Nulls
and control littermates confirms morphological assessments. The
maximum number of somites in viable Myrf-null embryo is ~ 37 which
suggests developmental arrest occurs at gestational day (GD) 10.5.

Cardiac specific deletion of Myrf is not embryonic lethal
Based on reported case, we explored the possibility of cardiac involvement as the cause of lethality. To
generate heart specific Myrf deleted mice, Myrf-Floxed transgenic mice – Myrf fl/fl; Cre-/- (B6;129-Myrf
tm1Barr/J were crossed with NKX2.5 Cre transgenic mice Myrf +/+; Cre+/+ (B6.129S1(SJL)-Nkx2-
5tm2(cre)Rph/J; JAX®Stock No: 024637). The viability of all four possible genotypes resulting from Cre-
carrying Hets and Myrf-Floxed homozygotes were assessed after birth: Myrf fl/+; Cre-/-, Myrf fl/-; Cre-
/-, Myrf -/+; Cre+/-, Myrf -/-; Cre+/-). Screening of nine litters and a total of 64 pups revealed that
heart specific deletion of Myrf does not result in embryonic lethality. Mice with heart specific Myrf
Nulls, are viable and can reach full maturity (P60).

cardiac-urogenital 
syndrome (CUGS) 
(OMIM#618280) : 
Congenital heart, 
genitourinary system

Mild encephalitis/
encephalopathy 
with reversible 
myelin 
vacuolization 
(OMIM# 618113) 

Scimitar syndrome 
(OMIM#): Congenital 
heart defects (CHD), 
genitourinary 
anomalies, pulmonary 
hypoplasia, agondia

DAPI RNAPII MYRF MERGEMyrf is expressed during embryonic development
Transcriptome data provided by the Fantome5 project (10) increased Myrf expression in

several mouse tissues at embryonic day 12.5 including heart, lung, liver, and
forelimb. Using a verified antibody, immunostaining of wild type mouse embryos at
e12.5 confirms MYRF expression in lung, liver, heart, intestines and forelimb. Figure to
the right demonstrates dual immunostaining for MYRF/RNA polymerase 2, counter
stained with DAPI to signify Myrf specific immunostaining in cryosections.
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