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Abstract
Objective—Endothelial dysfunction is associated with atherosclerosis in mice, but it is difficult
to reduce cholesterol levels enough to study regression of atherosclerosis in genetically modified
mice. The goal of this study was to examine vascular structure and function before and after
reducing elevated plasma lipid levels with a “genetic switch” in Reversa mice, and identify novel
mechanisms contributing to structural and functional improvements in the vasculature following
reduction of blood lipids.

Methods and Results—Following 6 months of hypercholesterolemia (HCHOL), endothelial
function (maximum relaxation to acetylcholine) in aorta was impaired and responses to nitric
oxide were unaffected. Further impairment in endothelial function was observed after 12 months
of HCHOL, and was associated with reductions in sensitivity to nitric oxide. Expression of
dihydrofolate reductase (DHFR) was reduced at 6 and 12 months, and addition of the
tetrahydrobiopterin precursor sepiapterin significantly improved endothelial function. Reducing
cholesterol levels at 6 months normalized DHFR expression and prevented further impairment in
endothelial function. Similar functional changes were observed after 12 months of
hypercholesterolemia followed by 2 months of lipid lowering.

Conclusions—Our data suggest that endothelial dysfunction following prolonged
hypercholesterolemia is the result of both impairment of sensitivity to NO and reduced NOS
cofactor bioavailability. Both of these changes can be prevented by normalizing blood lipids
during moderately severe or advanced atherosclerosis.

Introduction
Endothelial dysfunction in humans with atherosclerosis is due to an increase in oxidative
stress, reduction in nitric oxide bioavailability, and depletion of essential nitric oxide
synthase (NOS) cofactors1-5. Endothelial dysfunction is also evident in early stages of
atherosclerosis in hypercholesterolemic mice. Pharmacological and genetic interventions
indicate that both oxidative stress and nitric oxide bioavailability are important determinants
of plaque initiation, progression, and stability6-11. It has been difficult, however, to study
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structural and functional consequences of regression of atherosclerosis in low density
lipoprotein receptor-null (Ldlr-/-) and apolipoprotein E-null (ApoE-/-) mice. Dietary
restriction, for example, does not adequately lower cholesterol levels to study plaque
regression, and lipid-lowering drugs are relatively ineffective or have significant off-target
effects12, 13.

In “Reversa” mice, when cholesterol levels are reduced through conditional deletion of the
microsomal triglyceride transfer protein (mttp) at an early age, initiation of atherosclerotic
plaque formation is prevented14. When moderately advanced plaques are present, reduction
of blood lipids results in rapid macrophage emigration, reduced inflammation, decreased
lipid content, and increased collagen content in atherosclerotic plaques15. Functional
consequences of these changes, however, are not known.

In the present study, we used “Reversa” mice to examine effects of prolonged progression
and regression of atherosclerosis on vascular function and gene expression. Our primary
goal was to test the hypothesis that lipid lowering with a genetic switch would normalize
endothelial function following prolonged progression of atherosclerosis. Our second goal
was to identify mechanisms underlying changes in endothelial function following reduction
of blood lipids, and to determine whether there is a strong relationship between
improvements in endothelial function and reductions in expression of NAD(P)H oxidase.

Methods
Animals

We studied female LDL receptor–deficient mice that were homozygous for apolipoprotein
B100–only allele, a conditional knockout allele of Mttp, and an Mx1-Cre transgene (Ldlr−/−/
Apob100/100/Mttpfl/fl/Mx1Cre+/+, a gift from Dr. Stephen G. Young). In brief, cholesterol
levels in these mice can be dramatically reduced by parenteral administration of
polyinosinic-polycytidylic acid, which drives expression of the Cre recombinase gene, and
thereby excises a portion of the Mttp gene (rendering it inactive). This model has been
described in detail previously14, and we have previously examined the pathophysiology of
calcific aortic valve stenosis in these mice16, 17.

At 6–8 weeks of age, mice were assigned to either “control”, “progression,” or “regression”
groups. Control mice were given 4 injections of polyinosinic-polycytidylic acid (pI-pC, 225
μg, i.p.) at two-day intervals and maintained on a chow diet for 6 or 12 months. Progression
mice were placed on a Western diet (Harlan Teklad #TD88137, 42% of calories from fat,
0.25% cholesterol) for 6 or 12 months. Regression mice were placed on a Western diet for 6
months, and then given 4 injections of pI-pC (225 μg, i.p.), switched to a chow diet, and
followed for an additional 6 months.

Histological and immunohistochemical changes in aorta
Serial sections (10 μm thickness) were taken from tissue blocks frozen in OCT compound.
Lipid deposition was measured using Oil Red O (Sigma, France)16, 17. Calcification was
measured using Alizarin Red staining (Sigma, France)16, 17. Macrophages were identified
using F4/80 staining (AbD Serotec)16. Images were obtained using light microscopy at 4x
and 10x magnification (Olympus BX 51 Digital Light Microscope, Olympus, Japan). For
analysis, we used Adobe Photoshop CS2 (version 7, Adobe Systems Inc. San Jose, CA) to
select only pixels that express red staining as described previously16, 17. Data are expressed
as the percentage of vessel area that displays positive staining.
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Gene expression
Tissue from the aortic arch and proximal descending thoracic aorta was used to measure
gene expression. Quantitative real-time RT-PCR was used to measure expression of genes
related to calcification (Msx2, core binding factor alpha1 (CBFA1), osterix, and
osteopontin(OPN)), lipid deposition and reverse cholesterol transport (ATP-binding cassette
subfamily A1 and B1, (ABCA1 and ABCG1)), antioxidant defense mechanisms
(Manganese superoxide dismutase (MnSOD), copper-zinc SOD (CuZnSOD), and
extracellular SOD (ecSOD)), pro-oxidant mechanisms (NADPH oxidase catalytic subunits
1, 2, and 4 (Nox1, Nox2, and Nox4, respectively)), and enzymes related to synthesis of nitric
oxide (nitric oxide synthase isoforms 1, 2, and 3 (NOS1, NOS2, NOS3), GTP
cyclohydrolase-1 (GTPCH), and dihydrofolate reductase (DHFR)) using previously
described methods18.

Vasomotor function
Vasomotor function of aorta was evaluated by measurement of isometric tension ex vivo, as
we have described previously19. Briefly, mice were anesthetized and euthanized with an
overdose of sevofluorane. The aorta was excised, loose connective and adipose tissue was
removed, and the aorta was placed in oxygenated Krebs buffer. Vessels were suspended
between two triangular hooks in an organ bath, and isometric tension was measured. Vessels
were pre-constricted to 50-60% of maximum tension with prostaglandin-F2α, and responses
to acetylcholine (endothelium-dependent), sodium nitroprusside (SNP, endothelium-
independent), and papaverine (nitric oxide-independent) were examined.

We used the superoxide dismutase mimetic Tempo (1mM dissolved in saline; Sigma) and
sepiapterin (100μM, dissolved in saline; Sigma). Adjacent regions of descending thoracic
aorta were used as time controls for antioxidant/sepiapterin treatment conditions, and
incubated in the organ bath with identical concentrations of vehicle. Because we did not
detect a significant time effect across any of the conditions, data are presented as the mean
of all time control vessels.

Statistical analyses
All data are expressed as mean ± SE. Differences in contraction and relaxation across groups
were detected using an analysis of variance, with subsequent post-hoc testing using
Bonferroni-corrected T-tests.

Results
Changes in blood lipids

In control mice, plasma cholesterol levels were 157 ± 20 at 6 months and 145 ± 27 mg/dl at
12 months. In hypercholesterolemic mice, plasma cholesterol levels were 997 ± 87 at 6
months and 828 ± 89 mg/dl at 12 months (p < 0.05 versus control mice at both time points).
In the regression group,”switching off” the mttp gene reduced plasma cholesterol levels to
228 ± 30 mg/dl (p < 0.05 versus 6 month or 12 month hypercholesterolemic mice).

Histological and immunohistochemical changes in aorta
In control mice, there was negligible lipid deposition and intimal plaque formation at 6 and
12 months. In contrast, lipid deposition and intimal plaque formation were significantly
increased in aorta from hypercholesterolemic mice at six months, and continued to increase
at 12 months (Figure 1A). In the regression group, normalizing blood lipids after 6 months
of hypercholesterolemia prevented increases in lipid content at 12 months (p < 0.05 versus
12-month hypercholesterolemic mice), and tended to reduce (p = n.s.) intimal plaque size at
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12 months (Supplemental Figure I). Changes in macrophage infiltration paralleled changes
in lipid content of intimal plaques (Supplemental Figure II).

Vascular calcium deposition was negligible in control mice at 6 and 12 months (Figure 1B),
but increased progressively from 6 to 12 months in hypercholesterolemic mice (expressed as
absolute calcium levels [872 ± 173 and 1870 ± 324 pixels, respectively] and percentage of
vessel positively stained [Figure 1B]). Normalizing lipid levels after 6 months of
hypercholesterolemia markedly attenuated increases in calcium in aorta from 6 to 12 months
(absolute calcium levels = 360 ± 160 pixels; percentage of vessel positively stained, Figure
1B).

Gene expression in aorta
Expression of ABCA1 was significantly elevated after 6 and 12 months of
hypercholesterolemia compared to control mice (Figure 1C). Reducing cholesterol levels
after 6 months of hypercholesterolemia significantly reduced ABCA1 expression at 12
months (Figure 1C). ABCG1 expression was significantly elevated after 6 months of
hypercholesterolemia, but did not remain elevated following 12 months of
hypercholesterolemia or after normalizing cholesterol levels at 6 months (figure 1E).

Expression of Runx2 was not significantly affected by any of the interventions used in this
study (Figure 1D). Osteopontin, however, was significantly increased after 6 or 12 months
of hypercholesterolemia relative to normocholesterolemic control mice (Figure 1F).
Normalizing cholesterol levels after 6 months of hypercholesterolemia significantly reduced
expression of osteopontin at 12 months (Figure 1F).

Changes in vasomotor function
Endothelial function and responses to sodium nitroprusside (SNP) were normal in 6 and 12
month old control mice (maximum relaxation to acetylcholine and SNP were ∼75% and
˜90%, respectively; see Figure 2A-D). After 6 months of hypercholesterolemia, endothelial
function was significantly impaired (Figure 2A) with no detectable impairment in vascular
relaxation to sodium nitroprusside (see Figure 2C). Following 12 months of
hypercholesterolemia, endothelial function was profoundly impaired (Figure 2B) and was
also associated with impaired relaxation to sodium nitroprusside (Figure 2D). Normalizing
cholesterol levels following 6 months of hypercholesterolemia prevented impairment in
vascular responses to acetylcholine and sodium nitroprusside observed in
hypercholesterolemic mice at 12 months. Responses to PGF2α were impaired only in 12
month hypercholesterolemic mice (Figure 2E-F). Similar changes were observed in other
mice in which cholesterol was normalized for two months following 12 months of
hypercholesterolemia (see online supplement).

Expression of nitric oxide synthase isoforms and genes related to redox balance
Expression of eNOS was not affected by any interventions in this study (Figure 3C).
Expression of iNOS was significantly increased following 6 or 12 months of
hypercholesterolemia. Normalizing cholesterol levels following 6 months of
hypercholesterolemia significantly reduced iNOS expression at the 12 month time point
(Figure 3B). Expression of nNOS was significantly increased following 12 months of
hypercholesterolemia (Figure 3A), and but was not altered by normalizing cholesterol levels
for 6 months.

Expression of CuZnSOD, MnSOD, and ecSOD was significantly reduced in 6 and 12 month
hypercholesterolemic mice compared to iso-time normocholesterolemic mice (Figure 3D-F).
Normalizing cholesterol levels following 6 months of hypercholesterolemia significantly
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increased expression of CuZnSOD and ecSOD, but not MnSOD, at 12 months (Figure 3D-
F).

Expression of Nox1 was not affected by any interventions in this study (Figure 3G).
Expression of Nox2 was significantly increased in hypercholesterolemic mice at 6 and 12
months when compared to control mice (Figure 3H). In contrast, expression of Nox4 was
significantly reduced following 6 or 12 months of hypercholesterolemia (Figure 3I).
Reducing cholesterol levels for 6 months did not affect Nox2 and Nox4 expression
compared to 12 month hypercholesterolemic mice (Figure 3H-I).

Effects of exogenous antioxidants on vascular function
Addition of Tempo to the organ chamber baths did not improve vascular function in 6 or 12
month control animals (Figure 4A-B). Furthermore, Tempo tended to impair vascular
function in some groups of mice at 6 and 12 months (Figure 4A-B), but these changes did
not reach statistical significance. Responses to sodium nitroprusside were not significantly
affected by Tempo.

Expression of genes related to tetrahydrobiopterin production
Expression of GTPCH was significantly increased following 6 and 12 months of
hypercholesterolemia when compared to control animals (Figure 5A). Normalizing
cholesterol levels following 6 months of hypercholesterolemia reduced expression of
GTPCH compared to 12 month hypercholesterolemic mice (Figure 5A). In contrast,
expression of DHFR was significantly reduced following 6 and 12 months of
hypercholesterolemia compared to iso-time control animals (Figure 5B). Reducing
cholesterol levels at 6 months normalized DHFR expression at 12 months (Figure 5B).

Effects of exogenous tetrahydrobiopterin precursors on vascular function
Addition of sepiapterin to the organ chamber baths did not improve vascular function in 6 or
12 month control animals, 6 month hypercholesterolemic mice, or mice that underwent 6
months of regression/lipid lowering (Figure 5C and Supplemental Figure IV). After 12
months of hypercholesterolemia, however, maximum relaxation in response to acetylcholine
was significantly improved by pre-incubation with sepiapterin (Figure 5C and Supplemental
Figure IV).

Discussion
The goals of this study were to examine effects of reducing cholesterol levels on structure
and function of the aorta following prolonged hypercholesterolemia in mice and examine
mechanisms contributing to these changes. We observed in mice, as previously reported in
other species, that reducing cholesterol levels prevents reduces atherosclerotic plaque lipid
content, and prevents further endothelial dysfunction and losses in vascular NO sensitivity
resulting from prolonged hyperlipidemia. The major novel findings of this study are: (1)
dystrophic calcium accumulation in aorta is remarkably responsive to reductions in blood
lipids in mice, 2) expression of antioxidant enzymes, but not pro-oxidant enzymes, is
favorably affected by reducing blood lipids in mice, and (3) restoration of
tetrahydrobiopterin synthesis and salvage pathways may be an important mechanism
contributing to improvement in endothelial function following reduction in blood lipids.

Histological changes during progression and regression of atherosclerosis in mice
In the present study, hypercholesterolemia resulted in progressive increases in lipid in the
aorta. ABCA1 and ABCG1, which are genes critical for reverse cholesterol transport and
prevention of lipid accumulation in atherosclerosis, were significantly elevated following 6
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months of atherosclerosis. Following 12 months of hypercholesterolemia, ABCA1 (but not
ABCG1) was elevated over control levels. While global reduction of ABCA1 accelerates
progression of atherosclerosis in hypercholesterolemic mice20, ABCA1 overexpression
attenuates atherosclerotic lesion size only when overexpressed in endothelium21-23.
Conversely, global reduction of ABCG1 slows progression of atherosclerosis24, but may
exert atheroprotective effects if increased only in the vascular endothelium25, 26.
Collectively, these data suggest that increases in endothelial ABCA1 and ABCG1 may be
protective in early stages of atherogenesis, with progressive reductions in ABCG1
contributing to lipid accumulation in advanced stages of vascular disease.

We also observed calcium deposition in aorta with prolonged hypercholesterolemia, which
was surprisingly responsive to lipid lowering. Although increases in calcium were not
associated with increases in Runx2, Msx2, or osterix, osteopontin expression paralleled
changes in vascular calcium levels. This pattern of gene expression is consistent with
observations from dystrophically calcified tissue, where ectopic calcium accumulation
progresses in the absence of increased expression of markers of osteoblast-like cells or
evidence of bone matrix formation. These data suggest that even dystrophic calcification
may be capable of regression following reductions in blood lipids in mice. These data differ
from previous studies in humans and non-human primates, where calcification rarely
undergoes resorption following reduction of blood lipids27-30. Understanding the differences
between species and therapeutic interventions (e.g., dietary intervention versus statin
treatment versus mttp inactivation) may be critical to application of these findings to
therapeutic interventions in humans.

Vasomotor function and redox-related genes during progression and regression of
atherosclerosis in mice

Endothelium-dependent relaxation—Relaxation to acetylcholine was significantly
impaired following 6 and 12 months of hypercholesterolemia. Altered responses are likely to
be the result of increases in oxidative stress resulting from increases in Nox2-derived
radicals (see Figure 4) and reductions in expression of all three isoforms of superoxide
dismutase. While increases in NAD(P)H oxidase are consistent with previous findings in
hypercholesterolemic mice6, 15, reductions in SOD expression in our LDLr-deficient mice
contrasts with reports from apolipoprotein E-null mice, where superoxide dismutase
expression increases during progression of atherosclerosis7. Our mice, however, were
exposed to prolonged hypercholesterolemia (6-12 months), compared to 3-4 months in other
studies. Our findings may be explained by recent reports which suggest that older mice have
an impaired ability to mount antioxidant responses to hyperlipidemic stressors8.

If oxidative stress contributed to impaired vasomotor relaxation in this study, it might seem
surprising that incubation of aortic rings with Tempo (an antioxidant) did not improve
endothelial function, and even impaired vascular function in some groups. We have
previously reported that Tempo can increase levels of hydrogen peroxide, which can
subsequently induce production of endothelium-derived contracting factors9. While we
focused on superoxide dismutase expression in the current study, recent work also
demonstrated adequate levels of catalase are critical for degradation of SOD-produced
hydrogen peroxide and subsequent atheroprotection with SOD1 overexpression10. We do
not have direct evidence for such a phenomenon in the current study, but it is an intriguing
future direction to pursue in mice with hypercholesterolemia.

Reducing blood lipids following 6 months of hypercholesterolemia completely prevented
progression of impairment in endothelial function from 6 to 12 months, and endothelial
function in 12 month old “reversed” mice was nearly identical to 12 month old control mice.
Furthermore, reducing blood lipids for only two months following 12 months of
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hypercholesterolemia resulted in similar changes (see online supplement). In contrast to our
hypothesis, however, these changes were not associated with reduction in expression of
Nox2 or Nox4, but were instead more closely associated with increases in expression of
superoxide dismutase. Thus, lipid lowering preserves endothelial function even after
prolonged hypercholesterolemia, and may do so in part by increasing antioxidant defense
mechanisms.

Endothelium-independent relaxation—As reported previously in
hypercholesterolemic animals31-33, impaired relaxation to acetylcholine following 12
months of hypercholesterolemia may be related in part to decreased nitric oxide
bioavailability and to decreased responses to nitric oxide, as we observed reductions in
relaxation to sodium nitroprusside. This observation is consistent with the concept that the
nitric oxide binding site of soluble guanylate cyclase can be oxidized by NAD(P)H-derived
radicals, thereby reducing its responsiveness to nitric oxide and/or nitric oxide donors11. If
reductions in sensitivity to nitric oxide occur via this mechanism, however, our data suggest
that acute treatment with an antioxidant (i.e., Tempo) is not sufficient to reverse oxidation of
soluble guanylate cyclase and improve responses to nitric oxide donors.

Reducing blood lipids also prevented impairment in responses to nitroprusside. Similar
results were observed when blood lipids were reduced for two months following 12 months
of hypercholesterolemia (see online supplement). These data suggest that sensitivity of
vascular smooth muscle cell to nitric oxide is remarkably labile even after a relatively short
duration (2 months) of reduction in blood lipids.

Tetrahydrobiopterin deficiency contributes to endothelial dysfunction with hyperlipidemia
Following both 6 and 12 months of hypercholesterolemia, we found increased expression of
GTP cyclohydrolase I, but reduced expression of dihydrofolate reductase, which are
enzymes related to the de novo and salvage pathways of tetrahydrobiopterin synthesis,
respectively. These data are consistent with previous observations from ApoE-deficient
mice, in which GTPCH expression and activity were significantly increased following 5
months of severe hyperlipidemia and resulted in increased levels of vascular
tetrahydrobiopterin12.

Incubation of vessels with sepiapterin (a dihydrofolate reductase-dependent BH4 precursor)
at 6 months did not improve responses to acetylcholine. Treatment with sepiapterin,
however, improved endothelium-dependent relaxation following 12 months of
hyperlipidemia (Figure 5C). These data are consistent with studies which examined effects
of administration of tetrahydrobiopterin to hypercholesterolemic mice (e.g., orally for > 2
weeks), where tetrahydrobiopterin reduces NOS uncoupling, attenuates inflammation, and
improves endothelial function13. Increasing tetrahydrobiopterin also improved endothelial
function in patients with atherosclerosis34-36. We speculate that, much like L-arginine (i.e.,
the “L-arginine paradox”17), tetrahydrobiopterin levels may need to exceed physiological
levels by several fold in disease states to have a therapeutic benefit.

Limitations
In the current study, we used female mice for all experiments, as male ldlr--/apoB100/100

mice tend to develop severe skin lesions following 10-12 months of Western diet feeding.
By using only female animals, we were able to avoid changes in systemic inflammation
secondary to the presence of large skin lesions in male mice, which are likely to be a major
confounding variable when examining progression/regression of atherosclerosis.
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We did not conduct quantitative measurements of superoxide levels in this study (e.g.,
lucigenin-enhanced chemiluminescence), because most aortic tissue was used for studies of
vascular function and gene expression, and because mice were treated for long periods of
time (6-14 months).

We have not conducted extensive studies to examine cell type-specific changes in molecules
during prolonged hypercholesterolemia. We recognize that the phenotypic consequence of
altering expression of cholesterol transporters and numerous other enzymes may depend on
the cell type in which the enzyme is expressed21-23, and are deserving of mechanistic
investigation in future studies.

Conclusions
Endothelium-dependent relaxation and sensitivity of smooth muscle cells to nitric oxide can
be markedly improved following reduction of blood lipids in mice. These functional
improvements appear to be due, at least in part, to improvement in antioxidant defense
mechanisms and de novo tetrahydrobiopterin production, but not reductions in NAD(P)H
oxidase expression. Future studies examining regulation of these molecular changes may
lead to novel therapeutic targets for treatment of endothelial dysfunction in atherosclerosis.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Deposition of lipid (Oil Red O) and calcium (Alizarin red) in aorta, and expression of
related genes. Lipid deposition and calcium deposition from 6 to 12 months are dramatically
attenuated by reducing cholesterol levels. Increases in aortic lipid content were associated
with alterations in ABCA1, but not ABCG1. Changes in calcium deposition were associated
with osteopontin, but not Runx2 or other osteoblast-associated genes (see online
supplementary data). CTRL = normocholesterolemic group, HCHOL =
hypercholesterolemic group, REV = “reversed”/regression group. * = p < 0.05 versus iso-
time CTRL group; # = p < 0.05 versus 6 month HCHOL group. For immunohistochemical/
histological data, n = 5-11 per group at each time point; for gene expression data n = 5-13
per group at each time point). Mice were sacrificed at time points denoted on x-axis—offset
is provided for clarity and minimization of error bar overlap.
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Figure 2.
Changes in vasomotor function following progression and regression of atherosclerosis.
Vasomotor responses to acetylcholine (Ach) in control, hypercholesterolemic, and
“reversed” mice at 6 (left panels) and 12 (right panels) months. Vascular responses to
sodium nitroprusside (SNP) and prostaglandin F2α (PGF2α) in control,
hypercholesterolemic, and “reversed” mice at 6 and 12 months. * = p < 0.05 versus CTRL at
each concentration; # = p < 0.05 versus HCHOL at each concentration. For all panels, n =
13-21 for each group at each time point.
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Figure 3.
Changes in gene expression of nitric oxide synthase isoforms and pro- and anti-oxidant
genes. Changes in expression of NOS isoforms (top row), superoxide dismutase isoforms
(middle row), and NAD(P)H oxidase catalytic subunits were highly isoform specific in
hypercholesterolemic and “reversed” mice at 6 and 12 months. Specifically, iNOS and
CuZnSOD-containing SOD isoforms were most labile following reduction of blood lipids,
whereas Nox isoforms were remarkably insensitive to lipid lowering. For each gene, n =
5-13 per group at each time point. Mice were sacrificed at time points denoted on x-axis—
offset is provided for clarity and minimization of error bar overlap.
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Figure 4.
Changes in endothelial function and responses to sodium nitroprusside after incubation of
vessel segments with a superoxide dismutase mimetic (Tempo) in control,
hypercholesterolemic, and “reversed” mice at 6 and 12 months. Acute treatment with Tempo
does not improve responses to acetylcholine in normocholesterolemic or
hypercholesterolemic mice, and does not alter responses to nitroprusside in any of the
groups. For all panels, n = 9-21 for each treatment group at each time point.
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Figure 5.
Effects of sepiapterin on vascular dysfunction with hypercholesterolemia. Changes in
expression of dihydrofolate reductase (DHFR, a BH4 salvage pathway) and GTP
cyclohydrolase (GTPCH, de novo synthesis of BH4) with prolonged hypercholesterolemia or
lipid lowering. C) Changes in endothelial function after incubation of vessel segments with a
precursor for BH4 synthesis (sepiapterin). Note that after 12 months, but not 6 months,
HCHOL mice had significant improvement in endothelial function with sepiapterin. For
gene expression data, n = 5-13 per group at each time point). For vascular function panels, n
= 6-13 for each treatment group at each time point. For gene expression panels, mice were
sacrificed at time points denoted on x-axis—offset is provided for clarity and minimization
of error bar overlap.
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