Using a common risk variant in the MTHFR gene to model cerebrovascular
damage in VCID
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Figure 1. A) Mouse and human MTHFR DNA and protein sequences are
highly conserved around the 677 variant located on exon 5 (yellow box.) The
MthfrC677T variant was introduced into B6 mice by editing GCC to GTT using
CRISPR/CAS9. The edit was confirmed by sequencing in multiple founder
strains before a stable colony was established. B) RNA-seq of brains from
young mice show Mthfr transcript levels are unaffected by the C677T variant.
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Figure 7. A) At 6 months, sex determines the significant difference in activity,
while at 12 months activity declines overall, but genotype determines the
significant difference. B) At 18 months, female mice carrying one or two copies
of the risk variant run more than the corresponding female WT controls, as
well as the male mice of all genotypes, which may suggest a hyperactivity
phenotype. The difference is lost by 24 months. Rotations were measured
between 6pm and 6am (n=6).
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Figure 4. A) MthfrTT mice at both young and older ages demonstrate a significant
reduction in percent methylation when compared to WT or mice carrying only one
copy of the risk allele. B) KEGG pathways associated with sites that are significantly
hypomethylated include both neuronal and vascular related functions. (n=3-5)
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Figure 2. Mthfr enzymatic activity in the liver (male and female) and brain
(female) was assessed in control mice and mice heterozygous or
homozygous for the variant. Having one or two copies of the risk allele
significantly decreased the enzymatic activity, suggesting that the C677T
variant is directly affecting function. (n=4-6)
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Discussion: A novel mouse strain has been created to determine
the precise mechanisms by which the MTHFRC677T polymorphism
increases risk for cerebrovascular dysfunction.
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Plasma homocysteine levels are elevated
while methionine levels are reduced in
MthfrTT mice
Results: MthfrC677T mice carrying one or two risk alleles
demonstrate reduced enzymatic function, increased blood
homocysteine levels, and decreased methionine, betaine and
choline levels, all of which correspond to human data. Mice with
two risk alleles show significantly reduced genome-wide
methylation in the brain at both young and middle age, as well as
differential expression of more than 300 genes at a young age;
however, at this timepoint vascular morphology does not appear
altered (n=3-6). Activity data from a larger study in progress
supports previous literature showing female mice are more active
overall than males, and suggests that aged female mice carrying
the Mthfr risk variant run significantly more than their WT
littermates (n=6).

HOM

30000

40000

18 months

SAH

Methods: To determine the precise contribution(s) of the
MTHFRC677T variant to vascular dysfunction, we utilized CRISPR
to create a novel knock in (KI) mouse carrying the MthfrC677T
allele on the C57BL/6J background. We assessed plasma
metabolites in young (3-4 month) and middle-aged (11-13
month) mice carrying carrying one or two copies of the MthfrC677T
risk allele and performed bulk RNA sequencing and methyl
sequencing on brain tissue. Liver enzyme function and
cerebrovascular features were assessed in young cohorts.
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Background: Cerebrovascular damage occurs during aging,
Alzheimer’s disease and Vascular Dementia, commonly referred
to as Vascular Cognitive Impairment and Dementia (VCID). The
C677T variant in methylenetetrahydrofolate reductase
(MTHFRC677T) is commonly associated with VCID. MTHFR
codes for an enzyme involved in folate and homocysteine
metabolism. The MTHFRC677T polymorphism is predicted to
result in hyperhomocysteinemia, a condition that causes
vascular inflammation and vascular damage, as well as
hypomethylation.
MTHFR deficiency has previously been
modeled using mice heterozygous and homozygous for a Mthfr
null allele. Gene expression databases (BioGPS, RNA-seq
Skyline by ImmGen, and Vascular Single Cells by the Betsholtz
lab) show Mthfr is expressed by multiple cells involved in
vascular inflammation including monocytes, microglia,
endothelial cells and vascular smooth muscle cells. However,
the mechanism(s) by which the MTHFRC677T variant increases
risk for vascular damage are not clear.
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Figure 5. A) Number of differentially expressed genes
based on age and genotype-dependent comparisons.
Genotype appears to be the main driver of expression
differences at a young age. B) GO Terms from each of
the group comparisons. Circadian-related pathways
appear to be important with advancing age.

Cerebrovasculature morphology appears normal
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Figure 8. We are currently in the process of making a conditional KI mouse
using the cre/lox system to replace the WT exon 5 with the variant exon 5.

CONCLUSIONS
• We demonstrate that the MthfrC677T mouse model has reduced
liver enzymatic activity, increased blood homocysteine levels,
and hypomethylation which recapitulate the human condition.
• Young MthfrTT mice already demonstrate differential gene
expression, but do not appear to have vascular related
phenotypes at early timepoints.
• For further information, please see:
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Figure 3. A) Blood samples were taken via cardiac puncture in a terminal
procedure, and plasma metabolites were measured by clinical assessment
services. Both male and female mice homozygous for the risk allele
demonstrate elevated plasma homocysteine, indicating a reduced ability to
convert homocysteine to methionine at baseline. (n=6-9) B) In a separate
assessment, male MthfrTT mice demonstrate significantly reduced levels of
methionine, betaine, and choline. (n=3)

v Jax AD models: https://www.jax.org/alzheimers
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Figure 6. A) Immunostaining of representative
cortical regions from 3-4 month old mice from
each genotype. Total vessel area B) junctions
C) and number of microglia D) are not
significantly different from WT at this age.
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