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Themodified 6-chromanol SUL-238 protects against accelerated vascular aging in

vascular smoothmuscle Ercc1-deficient mice
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Reviewer 1 Report

• The study is restricted to measuring pulse wave velocity in abdominal aortic smooth

muscle cells. It should be extended to include the molecular changes that occur in response

to SUL-238 to provide a mechanistic explanation for the observed phenotypic effects. This

is particularly relevant as the treatment with SUL-238 did not affect mitochondrial

respiration, which was the presumed mechanism, or the NO-mediated vasodilatation.

• Concerning the above, the few selected markers that are studied are downstream effects

and not the basis of the observed phenotypic attenuation of vascular physiological

parameters with SUL-238.

• In the same vein, the reviewer suggests providing data on the protein levels of the

selected markers of aging, as the transcript levels are often dissociated from the protein

levels, given that most are unchanged.

• Given the heterogeneity of the vascular system, it is unclear whether the findings are

restricted to the abdominal aorta only or are also observed in different vascular territories.

http://dx.doi.org/10.20517/jca.2024.10


• Treatment with SUL-238 did not affect laser Doppler velocity, despite its apparent

beneficial effects on arterial stiffness and endothelium-derived vasodilatation. The

reviewer interprets the findings that SUL-238 does not increase flow to the organ, casting

doubt about its anti-aging effects.

• Data showing vascular aging could be strengthened. Likewise, the effects of deletion of

the Errc1 gene on DNA damage would be valuable.

• The selected dose of SUL-238 and the duration of treatment should be justified.

Author Response

• The study is restricted to measuring pulse wave velocity in abdominal aortic smooth
muscle cells. It should be extended to include the molecular changes that occur in
response to SUL-238 to provide a mechanistic explanation for the observed
phenotypic effects. This is particularly relevant as the treatment with SUL-238 did
not affect mitochondrial respiration, which was the presumed mechanism, or the
NO-mediated vasodilatation. The few selected markers that are studied are
downstream effects and not the basis of the observed phenotypic attenuation of
vascular physiological parameters with SUL-238.

We now included additional data on vascular wall remodeling including histological
assessment of carotid arteries indicating increased collagen deposition and elastin
breaks, and the reduction thereof by SUL-238(Figure 1E-F). This suggests that SUL-238
is acting through ECMmodulation. Furthermore, protein expression of matrix
metalloprotease in aorta has been evaluated without showing statistically significant
differences between the groups (Figure S1-A-C). Apparently, the ECMmodulating effect
is not through regulation of protease expression levels.
• In the same vein, the reviewer suggests providing data on the protein levels of the

selected markers of aging, as the transcript levels are often dissociated from the
protein levels, given that most are unchanged.

We included additional data on aging marker proteins (p16 and p21, RunX2) in the
aorta (Figure 5A-B and S3). Previously, mRNA expression of these aging markers
showed similar changes in various tissues of Ercc1 KO mice compared to WT animals
(Ataei Ataabadi et al. 2021; Yousefzadeh et al. 2020).
• Given the heterogeneity of the vascular system, it is unclear whether the findings

are restricted to the abdominal aorta only or are also observed in different vascular
territories.

We also show that the treatment with SUL-238 restores vasodilation in mesenteric
arteries ex vivo (Figure 4E). Furthermore, we added data on carotid arteries showing
an effect of SUL-238 on histological parameters (see above). Thus, the findings apply to
various vascular beds.
• Treatment with SUL-238 did not affect laser Doppler velocity, despite its apparent

beneficial effects on arterial stiffness and endothelium-derived vasodilatation. The



reviewer interprets the findings that SUL-238 does not increase flow to the organ,
casting doubt about its anti-aging effects.

This is indeed a possible interpretation that requires attention. We think that the
question if organ dysfunction due to vascular aging could be delayed, or if there might
be extravascular effects, or not, would require follow up studies that assess time-
resolved effects in various tissue-specific accelerated aging mice. This is now included
as new part in the discussion (line 435-448)
• Data showing vascular aging could be strengthened. Likewise, the effects of deletion

of the Errc1 gene on DNA damage would be valuable.
We have included additional measurements for aging markers on histological and
protein levels (see above). Moreover, we included some extra measurement from a
separate cohort of vehicle treated WT and SMC-KO mice where we show an increase of
aging markers p21 and RunX2 in the aorta of SMC-KO mice (Figure S3).
Directly measuring DNA damage relevant for Ercc1 deletion, such as helix distortions
and cross-links, is very difficult if not impossible in tissue samples. Instead, we have
measured DNA damage response / senescence markers p16, p21, RunX2, SASP
cytokines).
• The selected dose of SUL-238 and the duration of treatment should be justified.
In the method section we described that we chose the used dosage to reach a plasma
concentration of the drug that is similar to previous studies with this drug (line 119-
121). Justification of the treatment duration has been added (line 118-119).
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Reviewer 2 Report

In their manuscript, Juttner et al. explored the role and regulatory mechanism of ERCC1 in

vascular smooth muscle cells (VSMCs) and its impact on vascular aging. They discovered

that depleting ERCC1 in VSMCs (SMC-KO) led to reduced EDH-mediated vasodilation and

increased arterial stiffness compared to wild-type littermates. Treatment with SUL-238

improved EDH, thereby restoring aortic and mesenteric relaxation and normalizing arterial

stiffness in SMC-KO animals. However, the authors did not observe any changes in

mitochondrial respiration in the aorta following ERCC1 depletion in VSMCs. While the



findings are potentially intriguing, the molecular mechanism by which SUL-238 protects

against vascular aging remains unclear.

Major

1. Vascular aging is not solely due to vascular stiffness or mitochondrial dysfunction. Since

SUL-238 can regulate endothelial cell death1, it might be reasonable to investigate the

involvement of endothelial cell (EC) death in this condition.

2. Knocking out ERCC1 in vascular smooth muscle cells (VSMCs) can induce cell death and

apoptosis2. ERCC1 is involved in DNA repair, and its absence can lead to the accumulation

of DNA damage, which can trigger cell death pathways. Therefore, the increase of VSMC

death, and subsequent accumulation of extracellular matrix can induce VSMCC-mediated

vascular dysfunction. Therefore, it will be critical to check histology of vessels of SMC-KO

and compare it with vehicle and SUL-238 treatment.

3. It is possible that the depletion of ERCC1 in VSMC can induce reactive oxygen species

(ROS)3, leading to EC cell death. This may not affect the surviving ECs in the vessels, as the

mitochondrial function of dead ECs or SMCs may not be apparent in the in vivo

mitochondrial assay of the vessels.
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Author Response



1. Vascular aging is not solely due to vascular stiffness or mitochondrial dysfunction.
Since SUL-238 can regulate endothelial cell death1, it might be reasonable to
investigate the involvement of endothelial cell (EC) death in this condition.

We assessed potential apoptotic cells with a TUNEL-staining (Figure S1C) and annexin-
stain (Figure S2D-E) in the aorta and also assessed potential loss of EC in carotid
arteries with a CD31 stain (Figure S2E-F). However, we did not observe statistically
significant difference between the groups (annexin, CD31) and no positive cells for the
TUNEL-stain.
2. Knocking out ERCC1 in vascular smooth muscle cells (VSMCs) can induce cell death

and apoptosis2. ERCC1 is involved in DNA repair, and its absence can lead to the
accumulation of DNA damage, which can trigger cell death pathways. Therefore, the
increase of VSMC death, and subsequent accumulation of extracellular matrix can
induce VSMCC-mediated vascular dysfunction. Therefore, it will be critical to check
histology of vessels of SMC-KO and compare it with vehicle and SUL-238 treatment.

We included histological data to assess vascular wall remodeling in carotid arteries
indicating collagen deposition and elastin breaks (Figure 1E-F). Thus, extracellular
matrix changes appear to be involved, despite that increase of cell death could not be
detected.
3. It is possible that the depletion of ERCC1 in VSMC can induce reactive oxygen

species (ROS)3, leading to EC cell death. This may not affect the surviving ECs in the
vessels, as the mitochondrial function of dead ECs or SMCs may not be apparent in
the in vivo mitochondrial assay of the vessels.

EC death due to ROS production is a theoretical possibility that could indeed affect
vasorelaxation. However, we did not observe EC death or loss of EC in the SMC-KO mice
(see above). We have mentioned the possibility now in lines 398 – 402.
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