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INTRODUCTION RESULTS DISCUSSION

Marfan Syndrome (MFS) is an autosomal dominant disorder caused by mutations in Posterior Cerebral Artery
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arteries in the mouse model of MFS [2]. In the context of aortic root aneurysm,
mutations in the FBN-1 gene disrupt the sequestration of the latent transforming
growth factor beta (TGF-B) complex within the extracellular matrix (ECM), leading to
aberrant and excessive activation of the downstream mitogen activated protein
kinase ERK1/2 signaling pathway and overexpression of metalloproteinases (e.g.,
MMP2, MMP9), which serves a role in aortic wall elastin degradation and endothelial
dysfunction [3, 4]. It is well established that MFS aneurysm is associated with
endothelial dysfunction, highlighted by a significant reduction in nitric oxide (NO)

Left Common Carotid Artery

3 Q

Thickness: Thickness:
Kuvan-Treated Kuvan-Treated

MFS U« i MFS

olic D1: End-Systolic D1: End D2: End-Systolic D2:
’ D.=.0.480. mm D= ) D = 0.505.mm

Distensibility: Distensibility:
production and bioavailability [5]. Current pharmacological management primarily et ——— ,\"A”FV;‘“'{[’%‘G" e
WI1: WI2: WI3:
involves the use of angiotensin Il (Ang-Il) type 1 receptor (ATR1) blockers (ARBs) such (C) (D) 300652 o 2210:05 543 24200023, 5 - -~
as losartan, which is believed to slow down aortic root dilation by not only reducing Eemale (E) , Male ,‘f;;“;‘"@eated K“;“_'T;ef\;i‘;
: . T : = 44 — 4 = 4 _
the hemodynamic stress on the aortic wall, but also, by inhibiting deleterious ATR1- £ | <0001  <0.0001 £ 0.0025 = —
mediated downstream activation of MMP2/MMP9 [6]. It is also suggested that Sad [ 1 1 .l 00001 03096 g 0000 00162 (B) (C) (D) * Kuvan® shows promise in reducing aortic root dilation and stiffness
: . . . . . . & = @ _ Female Male . . . . .
losartan's efficacy might be linked to a direct impact on NO production [6,7]. The £ g c:g.o % ' o ' g °§°° A0-15 015 015 and improving carotid artery vascular structure in MFS mice.
importance and critical contribution of endothelial dysfunction during the Q 27 e 15 a o e 021 e o| FResl = <0.0001 <0.0001 = 0.0005  0.0021 =
= o o = = o = — — £ = <0.0001 0.0006
progression of aortic aneurysm has prompted us to explore approaches that could £ ,_ S e, ¢ 0.10 09 %010_ | 00 | %010_ I — e .
potentially improve endothelial function and NO bioavailability within the aortic g 2 = " » < . 89, . %%E & ECh n @ o8 Limitations
: : : : oy s . S 12 iy |11 S 12 5 O 2 = i~ % : . - .
wall. Tetrahydrobiopterin (BH4), is considered as a critical cofactor for eNOS activity, <0 < < O 2 S 0 E * The partial or absent response in certain parameters (e.g. aortic
_ . e _ . CTRL MFS CTRL MFS CTRL MFS MFS+ » + i— 0.05 S 0.054 = 0.05- ] ] o _
enhancing NO production, therefore, providing a potential therapeutic target to Female Male cuvan an E § E root changes and carotid artery dlsten5|b|I|ty IN females) may be
improve endothelial function ar.md attenuate MFS-assouated. vascEJIar remodellrjg (F) (G) _ | (H) Male 000 L 1A 17 7 BN . 7 4 0 00- attributed to the current small sample size, as the data collection is
[8,9]. In this study, we hypothesize that BH4 supplementation with sapropterin 8- emaie . 00001 CTRL MPS  CTRL WFS CTRL  MFS  MFS+ CTRL  MFS  MFS: oNngoing
_ - : emale ale .
dihydrochloride (Kuvan®) will reduce aortic root aneurysm (aortic root —~ | <0.0001 <0.0001 ° — _ | |
. . . . . . =64 | | | I > v <0.0001 <0.0001
diameter growth) and wall stiffness (pulse wave velocity), while normalizing = © 2 6 o001 00109 E61 T , (E) (F) (G) . o
. . . ep ofe . — e S
carotid artery wall thickness and distensibility, and posterior cerebral artery 2 4 gy ? g o .. goog . . Female Male Therapeutic Implications
- _ %m - o _ <0 . 0.0288  0.0243 . . . . .
blood flow in a transgenic mouse model of MFS. o z == o Bﬂjﬁ el — 0104 220 2777 0107 r——r— * Kuvan has the potential to serve as a therapeutic option in diseases
et = ° ® —~ = ® o . .« . .
£ 5- %’ . £ - E 003 na2 o0 £ 008 o . 2 22 n.',g.';ﬁ.f where carotid artery vascular pathology is implicated, such as
< < < = = o - = . . .
Marfan Syndrome A t Jer femeuadin Health 12 14 [l (X1 . 12 5 . 11| |13 £ 0.06- o £ 0.06+ ° £ Alzheimer’s and neurodegenerative diseases.
J > & 0 - N = N Xa! 9 = . . .
LTBP \ VA Kuvan CTRL MFs ™ CTRL_ WS CTRL MRS e SR M ven % 0.04- 2 0.04- - * Current studies show that hypoperfusion from the carotid artery,
Fibrillin 1 emale ale Q = - . . . . . .
Mutated Fibrillin 1 DTN (Stable ECM) , , , , | | | | B 0.02- 3 0.02- 2 increases oxidative stress and disrupts clearance of toxic proteins
ANG I Figure 2. Measurements of aortic root diameters and wall stiffness. A) B-Mode ultrasound image of aortic root diameter in a 6- Q . o | e 4 6 12 o . . .
ii%d&"g month-old CTRL and MFS mice. B) B-Mode image of a traced aortic arch length and PW Doppler Mode waveform of the ascending 0.00=— R s TRL S 000" 1Rl wrs MFS+ ' CTRL  MFS  MFS+ within the bram; worsening cerebral blood flow and exacerbatmg
> 5@ | aortic arch (Time 1, T1) famd descending ac.)rti.c.arch .(Time 2, TZ) in a. 6—month-o|d female CTR.L mouse. C) At 6 months of age, both Female Male uvan wuvan cognitive impairment within these neurodegenerative diseases.
' H y female and male MFS mice demonstrate significant increases in aortic root diameters at the sinus of Valsalva compared to age- and
| sex-matched CTRL subjects. D) At the current power (low sample size) Kuvan® is showing little effects on aortic root growth in Figure 4. Measurements of the left common carotid artery wall thickness and distensibility. A) M-Mode
female MFS mice. E) Kuvan® significantly decreases aortic root diameters in 6-month-old male MFS mice. F) Female and male MFS ultrasound view of the LCCA in a 6-month-old CTRL mouse. B) Male and female MFS mice exhibit significant F Di .
Wi mice exhibit increased aortic PWV (aortic wall stiffness) as compared to age- and sex-matched CTRL mice. G) and H) Kuvan® increases in the carotid artery wall thickness. C) and D) Kuvan® significantly decreases LCCA thickening in both uture Direction
nhibits | significantly decreases aortic PWV in female and male MFS. [Two-Way ANOVA followed by Tukey’s Test, Mean + SEM, P < 0.05] female and male MFS mice. E? At 6 mo.nths of age, carotid artery .waII distensibility is significantly decreaseq in e The future direction our lab will be taking includes histological and
g;gztn;ifn M : both male and female MFS mice experience compared to CTRL mice. F) At the current power (low sample size) ] . ] ] .
Kuvan® has little effect on carotid wall distensibility in female MFS mice. G) Kuvan® treatment completely biochemical analyses of the arterial wall to help |dent|fy the
Nucleus | / gormalizeodocairotid wall distensibility in male MFS mice. [Two-Way ANOVA followed by Tukey’s Test, Mean * treatment effect on TGF_B Slgnallng Wlth resulta Nt MMP expreSS|On’
| | EM, P < 0.05 : .
and collagen and elastin composition.
MMP2 - Elastic Fragmentation
MMP9 Inflammation —y— (A)
Apoptosis Fibrosis - - __
— Endothelial Dysfunction ;
' ACKNOWLEDGEMENTS
uvan® was a generous gift BioMarin Pharmaceutical Inc (San Rafael, CA, . The present study
K ® ift BioMarin Ph ical Inc (San Rafael, CA, USA). Th d
Figure 1. Pathophysiology of Marfan Syndrome. wgs funded by-a gr.ant (to M.E.) from the National Institute of Hez-:\Ith [NIHR15-HL145646] and
Midwestern University Kenneth A. Suarez Summer Research Fellowship (to K.H.)
“ 1) Zeigler et al. Pathophysiology and Pathogenesis of Marfan Syndrome. Adv Exp Med Biol. 2021;1348:185-206. doi:
- A 10.1007/978-3-030-80614-9_8. PMID: 34807420.
' 2) Curry et al. In vivo phenotypic vascular dysfunction extends beyond the aorta in a mouse model for fibrillin-1 (Fbn1)
(B) (C) (D) Male (B) (C) Female (D) Male mutation. Sci Rep. 2024 Mar 9;14(1):5779. doi: 10.1038/s41598-024-56438-y. PMID: 38461168.
Female <0.0001 <0.0001 _ 0.0039 3) Tashima et al. Androgens Accentuate TGF-B Dependent Erk/Smad Activation During Thoracic Aortic Aneurysm Formation in
Control Mouse MFS Mouse — — - 0.0007 64 [ 1 1 8 0.0241 8- Marfan Syndrome Male Mice. J Am Heart Assoc. 2020 Oct 20;9(20):e015773. doi: 10.1161/JAHA.119.015773. Epub 2020 Oct
» 2507 © 200- % 250 | | l l
(FBN1+/+) (FBN1-/+) £ 0.0010 0.0173 £ 0.0005 I ° w ! ' — <0.0001 <0.0001 16. PMID: 33059492.
= — — = 1 c ’\u? = A_ 0.0002 0.0679 v 4) Pedoroza et al. Divergent effects of canonical and non-canonical TGF-B signaling on mixed contractile-synthetic smooth
:; 200 . E 1504 = 2004 - §%8 % E ° [ 1 ] £ 67 | IoI | muscle cell phenotype in human Marfan syndrome aortic root aneurysms. J Cell Mol Med. 2020 Feb;24(3):2369-2383. doi:
k +/- Kuvan® (0.1g/Kg) S S S E 47 = Y E 8% 10.1111/jcmm.14921. Epub 2019 Dec 30. PMID: 31886938,
Wee 4 % - o) % - 4= oh - 5) Chung et al. Endothelial dysfunction and compromised eNOS/Akt signaling in the thoracic aorta during the progression of
150 150 E . 4
> > 100 o©° > 3 = b X o @ | o Marfan syndrome. Br J Pharmacol. 2007 Apr;150(8):1075-83. doi: 10.1038/sj.bjp.0707181. Epub 2007 Mar 5. PMID:
N=12 N=12 3 100— 3 o ; 3 e < 2- < o < 17339838,
_'-C'-S _"; o _"C"S gh 8 8 2- 8 2= - 6) Sellers et al. Inhibition of Marfan Syndrome Aortic Root Dilation by Losartan: Role of Angiotensin Il Receptor Type 1-
S 0 E 50— oo § 50 — — —l . 13 Independent Activation of Endothelial Function. Am J Pathol. 2018 Mar;188(3):574-585. doi: 10.1016/j.ajpath.2017.11.006.
Week 24 E @ m 0 7 BN 7 BN o 7 5 0- PMID: 29433732. | - | o | |
> S 11 4 S _ 14 CTRL MES CTRL MES CTRL MES MES+ CTRL MES MES+ 7) Tehrani et al. B|09d pressgre—mde_pendent |nh|b_|t|or? of Ma-rfan aortic root widening by th.e angiotensin I ref:ept0|f blocker
. Aortic root — Sinus Of Valsalva a 0- CTRL MES CTRL  MES a 0- CTRL MES ES+ o 0 CTRL MES FS | Female Male | Kuvan | | Kuvan :;i,lia{éé&;f;;;;;,fhggl_tshiiDl\flgzgzll\zl:o,ggfandlarel M, Seidman MA, Bernatchez P. Physiol Rep. 2021 May;9(10):e14877.
e A ic PWV Female Male Kuvan Kuvan Figure 5. Measure_ments of the left common carotid artery pulse wave.velouty. A) Doppler mode ”_nage of th_e 8) Yuyun et al. Endothelial dysfunction, endothelial nitric oxide bioavailability, tetrahydrobiopterin, and 5-
ortic ] . . ] _ _ left common carotid artery and PW Doppler Mode waveform of the proximal carotid artery (T1) and distal carotid methyltetrahydrofolate in cardiovascular disease. Where are we with therapy? Microvasc Res. 2018 Sep;119:7-12. doi:
e Carotid artery wall thickness and distensibility Figure 3. Meésurements of the posterior cerebral artery (PCA) peak.systollc Yel.o.aty. A) B-Mode cglor Doppler view of the rlght artery (T2). B) Carotid pulse wave velocity is significantly increased in male and female MFS mice compared to 10_101§/j_mvr_2018_03_012_ Epub 2018 Mar 27. PMID: 29596860 Review. | -
« Carotid arterv PWV and left PCA in a 6-month-old CTRL mouse. B) PCA peak systolic velocity was significantly decreased in male and female MFS mice sex- and age-matched CTRL groups. €) and D) Kuvan® significantly decreases PWV in both female and male MFS 9) Noguchi et al. Improvement of impaired endothelial function .by tetrahydr_oblopterln in stroke-prone spontaneously
y compared to sex- and age-matched CTRL groups. C) and D) Kuvan® does not improve PCA blood flow in both female and male MFS mice. [Two-Way ANOVA followed by Tukey’s Test, Mean + SEM, P < 0.05] %SZESQZ'VQ rats. Eur J Pharmacol. 2010 Apr 10;631(1-3):28-35. doi: 10.1016/j.jphar.2010.01.003. Epub 2010 Jan 21. PMID:

* Posterior cerebral artery peak blood flow mice. [Two-Way ANOVA followed by Tukey’s Test, Mean = SEM, P < 0.05]



	Slide 1

