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Aortic disease arises from abnormalities in size and/or structure of the vessel wall. A 

(fusiform) aneurysm is a localized dilatation of the aorta, usually defined as greater than 

150% of the normal diameter for a given segment. Aortic dissection is bleeding into the 

media layer, often with propagation of a false lumen. Both diseases can occur independently, 

although dilated aortas are at increased risk of dissection, dissected aortas have increased 

expansion rates, and either process can result in vessel rupture. Aneurysms and dissections 

are broadly classified as affecting the thoracic (supradiaphragmatic) or abdominal 

(infradiaphragmatic) aorta. Thoracic aortic disease is characterized by medial degeneration, 

whereas pathology of the abdominal aorta includes substantial inflammatory infiltrates, 

marked loss of smooth muscle cells (SMCs), and frequent luminal thrombus. Additionally, 

thoracic but not abdominal aneurysm and dissection is associated with numerous genetic 

mutations, including genes coding for fibrillin-1 causing Marfan syndrome or components of 

the transforming growth factor-β (TGFβ) signaling pathway causing Loeys-Dietz syndrome, 

such as TGFβ receptors, TGFβ ligands, and SMAD transcription factors.

Mouse models have recapitulated many pathological aspects of aortic aneurysm and 

dissection and are informative in testing mechanisms of disease and potential therapeutics. A 

popular model is the infusion of angiotensin II (AngII) to hypercholesterolemic mice, first 

described by the Daugherty group. Dissection of the suprarenal abdominal aorta occurs 

within 4–10 days in the majority of animals and aneurysms restricted to this region 

progressively develop from vascular remodeling over several weeks [1]. 

Normocholesterolemic mice infused with AngII have less abdominal but similar thoracic 

aortic disease manifesting as infrequent dissection and rupture with modest dilatation of the 

ascending aorta by 7 days [2,3]. Although a convenient experimental model, there is limited 

evidence for AngII hyperactivity in clinical disease. Hence, AngII inhibitors are not 

prescribed for patients with aortic aneurysm and dissection except as antihypertensives [4]. 

Moreover, AngII-mediated aortic disease is driven by severe inflammation and marked 

Correspondence: George Tellides, 10 Amistad Street 337B, New Haven, CT 06520, USA. Phone: +1-203-737-2298; Fax: 
+1-203-737-6386; george.tellides@yale.edu. 

Disclosures
There are no conflicts of interest.

HHS Public Access
Author manuscript
Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2018 November 01.

Published in final edited form as:
Arterioscler Thromb Vasc Biol. 2017 November ; 37(11): 1983–1986. doi:10.1161/ATVBAHA.
117.310031.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



thickening of the vessel wall that differs from typical thoracic aortic disease in patients. 

Transgenic engineering of mice for mutant Fbn1 and genes encoding TGFβ signaling 

molecules provide additional models of thoracic aortic disease more firmly based on clinical 

pathogenesis. Initial studies in AngII-infused or Fbn1C1041G/+ mice demonstrated that 

inhibition of TGFβ signaling by neutralizing antibodies or pharmacological agents modestly 

inhibited thoracic aortic aneurysm formation [5–7]. However, several subsequent studies 

have shown that TGFβ neutralization markedly increased aortic aneurysm size and rupture 

in AngII-infused or Fbn1mgR/mgR mice [8–10] and that conditional deletion of Tgfbr2 in 

smooth muscle cells greatly induced spontaneous aortic aneurysm and dissection and 

aggravated the aortopathy of Fbn1C1041G/+ mice [11–13]. Thus, there is conflicting evidence 

for pathogenic versus protective roles for TGFβ in aortic disease. The field is further 

complicated by the paradoxical activation of TGFβ signaling driving aortic disease in certain 

mouse strains with deficiency or loss-of-function mutations of Tgfb2, Tgfbr1, Tgfbr2, and 

Smad3 in which attenuated TGFβ signaling is predicted [14–17].

Addressing this controversial subject in the current issue of ATVB, Angelov et al. report that 

systemic neutralization of TGFβ worsens abdominal but not thoracic aortic disease, whereas 

conditional deletion of TGFβ signaling in SMCs exacerbates thoracic but not abdominal 

aortic disease [18]. The findings of this new study by the Dichek group compared to 

previous studies are summarized in Table 1. Although it has previously been shown that 

TGFβ protects the abdominal aorta from AngII-mediated disease through effects on cell 

types other than SMCs [8] and that TGFβ signaling in SMCs protects the thoracic aorta from 

spontaneous or mutant Fbn1-mediated disease [11–13], the advance of this new study is that 

the effects of systemic and conditional inhibition of TGFβ signaling in both the thoracic and 

abdominal aorta are compared in the same murine model of AngII-mediated aortic disease. 

However, key differences with previous studies are highlighted by the authors in which they 

consider technical factors as explanations. For example, Wang et al. and Chen et al. found 

that administration of neutralizing TGFβ antibody increased the size and rupture of thoracic 

aortas (in addition to that of abdominal aortas) in AngII-infused mice [8,9]. The Dichek 

group also previously reported that SMC-specific Tgfbr2 deletion induced infrequent 

abdominal aortic disease (as well as frequent thoracic aortic disease) without AngII infusion 

[12]. These prior findings contradict the novel conclusion reached by Angelov et al. that 

SMC-extrinsic TGFβ signaling causes abdominal aortic disease while SMC-intrinsic TGFβ 
signaling causes thoracic aortic disease. Therefore, the techniques used to (i) induce, (ii) 

assess, and (iii) modulate aortic disease in mice merit further consideration in explaining 

differences between studies and to promote a standard approach in this disputed field.

(i) Disease Models and Host Factors

AngII infusion induces a vigorous inflammatory infiltrate that drives vascular remodeling 

predominantly of the abdominal aorta [1,2], whereas aortopathy attributable to Fbn1 
mutations or SMC-specific Tgfbr2 deletion has less inflammation and largely affects the 

thoracic aorta [5,6,11–13]. Germline deletion of Smad3 leads to significant leukocytic 

activation and a more severe thoracic aorta phenotype including rupture [15], likely due to 

dual SMC-intrinsic and -extrinsic effects. Selection of a particular model will thus favor 

certain disease mechanisms in limited aortic segments. In other words, it is not surprising 
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that systemic neutralization of TGFβ that readily accesses circulating leukocytes worsens 

inflammation and AngII-mediated abdominal aortic disease. Similarly, selective disruption 

of TGFβ signaling in SMCs may be expected to preferentially affect thoracic aortic 

pathology independent of immune responses or AngII effects on the abdominal aorta. 

Furthermore, classification of aortic disease as either thoracic or abdominal is overly broad 

as differences in pathology within the aortic root, ascending aorta, aortic arch, descending 

thoracic aorta, suprarenal abdominal aorta, and infrarenal abdominal aorta have been 

described [2,3,11,16]. Regional differences in hemodynamic loads, embryological origin of 

SMCs, matrix composition, receptor distribution, etc. may contribute to disease localization. 

Although AngII infusion causes severe disease of the suprarenal but not infrarenal 

abdominal aorta in mice, the experimental findings are often extrapolated to abdominal 

aortic aneurysms in patients with a reverse pattern of disease. Distinguishing only between 

thoracic versus abdominal locales also fails to account for certain clinical similarities 

between descending thoracic and abdominal aortic aneurysms as opposed to proximal aortic 

aneurysms. Disease severity at all aortic regions is determined by the age, sex, and genetic 

background of the mice as well as the dose and duration of AngII administration [19]. 

Angelov et al. aptly consider genetic drift of colonies and the gut microbiome as additional 

factors that may contribute to variable outcomes.

(ii) Control Groups and Diagnostic Methods

Since aortic aneurysms are defined by comparison to normal vessels, untreated controls are 

necessary. In contrast, any degree of medial bleeding is considered abnormal. It is unwise to 

rest on historical controls for normal vessel diameters, even in inbred strains, given the 

variations due to host factors. The complexity of background strain variations when breeding 

compound mutant mice and possible differences in the intestinal microbiome mandate the 

use of littermate controls as Angelov et al. employed. However, they elected not to use 

untreated control groups and compared the effects of inhibiting TGFβ signaling only in 

AngII-infused mice. This approach does not allow for the diagnosis of aortic aneurysm as a 

function of normal vessel diameter; instead conclusions are limited to whether altered TGFβ 
signaling modulates AngII-driven aortic disease. As implemented by Angelov et al., 

observer bias needs to be minimized by blinded assessments, since the experimental design 

(i.e., strategies to inhibit or exacerbate disease) also influences the severity of AngII-

mediated aortic disease [19]. Imaging studies provide physiological measurements of aortic 

size in vivo, but ultrasound is not applicable to all regions of the aorta due to suboptimal 

windows from air-filled organs and CT or MRI scans are not practical for large numbers of 

animals. Moreover, imaging studies may underestimate the incidence of modest medial 

bleeding. Direct inspection is valuable in assessing the unpressurized size of all regions of 

the aorta and diagnosing aortic dissection, but cannot be performed serially or in live 

animals, may not differentiate between medial versus adventitial bleeding, and may miss 

minor dissection or medial hemorrhage that resolves within several weeks. Although subject 

to fixation artifacts, histology can further define mechanisms of aortic size changes by 

assessment of individual vessel wall compartments. False aneurysms, or bleeding contained 

by the adventitia, can contribute to enlargement of the aorta as noted by Angelov et al. 

Special stains may confirm minor medial bleeding by markers for red blood cells or reveal 
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evidence of resolving medial hemorrhage by ferric iron deposition [11,12]. Ideally, all three 

modalities of in vivo, in situ, and ex vivo measurements should be performed at both early 

time points (around 7 days) to assess aortic dissection and late time points (around 4 weeks) 

to assess aortic aneurysm. The more limited assessment by Angelov et al. may have missed 

minor or resolving aortic disease.

(iii) Inhibition of TGFβ Signaling

Genetic and serological inhibition of TGFβ signaling is not equivalent in selectivity or 

efficacy. Conditional disruption of Tgfbr2 requires robust and specific construct expression. 

The Acta2 promoter is less specific for SMCs than that of Myh11, e.g., expression by 

myofibroblasts [20], and effects on cell types other than SMCs cannot be excluded. This is 

important as AngII-mediated aortic disease involves a number of cell types directly or 

indirectly, including fibroblasts, endothelial cells, lymphocytes, and macrophages [8, 21,22]. 

The disadvantage of the available Myh11-CreER strain is that only male mice can be studied 

due to construct insertion in the Y chromosome unlike autosome expression of Acta2-
CreER. Because aberrant TGFβ signaling may occur following either Tgfbr1 or Tgfbr2 
deletion [23,24], it is warranted to exclude this possibility by assessment of TGFβ signaling, 

concomitant TGFβ neutralization, or use of compound Tgfbr1/2 deficient animals. 

Assessing the expression of TGFβ receptors may be problematic due to their relatively low 

abundance and the presence of cells other than SMCs within the aortic wall, particularly 

after marked vascular remodeling as encountered by Angelov et al. The use of reporter 

constructs can be invaluable in confirming successful genetic recombination in each relevant 

aortic segment of every experimental subject [11]. Greater than 50% inhibition of TGFβ 
signaling is required to disrupt SMC homeostasis, as aortopathy does not result from Tgfbr2 
haploinsufficiency. Superimposing systemic TGFβ neutralization on SMC-specific Tgfbr2 
deletion may indicate SMC-independent effects [11]. The efficacy of neutralizing antibodies 

is clone and dose dependent [8]. Rare pan-reactive antibodies have differing affinities for 

individual TGFβ isoforms. Inhibition of TGFβ signaling by neutralizing antibodies may also 

vary in different tissue compartments. The aortic wall with an intact endothelium restricts 

the transport of macromolecules such as immunoglobulins into the media [25]. Several 

studies, including that of Angelov et al., assess neutralizing antibody efficacy by measuring 

circulating TGFβ. Serum levels are problematic as plentiful TGFβ stored in platelet granules 

is released during clot formation. This pool of intracellular TGFβ may be less accessible to 

circulating antibody and platelet-poor plasma levels are preferred. TGFβ epitopes for 

specific antibody binding can be obscured when the cytokine is bound to its latency-

associated peptide. Neutralizing antibodies such as 2G7 bind the active form of TGFβ [26] 

and quantification of total (active and inactive) TGFβ following acidification of serum may 

be misleading due to the vast pool of latent cytokine. Controls are also required to determine 

if binding of neutralizing antibody to TGFβ influences the detection of TGFβ by antibody-

dependent ELISA techniques. This phenomenon of cross-blocking may explain the 

discrepant neutralization of TGFβ isoforms using well-characterized antibodies as 

performed by Angelov et al.; receptor binding assays or functional assays of TGFβ signaling 

and transcriptional/translational responses are preferable. The local activation of latent 

cytokine further precludes assumptions of TGFβ signaling in extravascular cells from 
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determination of circulating levels. Although not pursued by Angelov et al., it is optimal to 

assess TGFβ activity at the target tissue level. Western blotting has the advantage of 

distinguishing nonspecific labeling by molecular weight but represents a global assessment 

of tissue effects. Immunohistochemistry has good spatial discrimination though relevant 

controls are essential to exclude nonspecific binding. Limitations to assessing 

phosphorylated forms and/or nuclear translocation of SMAD2/3 are that other TGFβ 
superfamily members, such as activins, nodal, and (some) growth and differentiation factors, 

use the same transcription factor intermediaries and that stress-related signaling may 

promiscuously activate SMAD2 in SMCs of Fbn1-null mice independent of TGFβ receptor 

activity [27]. Since signaling events are rapid, expeditious processing of the aortic tissue is 

of great importance as artifacts may ensue in response to the withdrawal of hemodynamic 

forces or the mechanical stimulation of excising the adventitia. Basal TGFβ signaling within 

vessel wall cells may also vary with age. Pathological changes of the aorta resulting from 

disruption of TGFβ signaling in SMCs is critically dependent on the postnatal 

developmental stage of the animal [11] and TGFβ neutralization displays dimorphic effects 

on mutant Fbn1-mediated aortic disease depending on the age of the host and disease onset 

[10]. Finally, TGFβ has varying effects on different vessel wall cell populations [28] and 

even on SMCs of different embryological origin [29] suggesting that its signaling effectors 

are not universal.

Within the confines of the above caveats, Angelov et al. show that TGFβ signaling in SMCs 

protects against thoracic aortic disease and in cells other than SMCs protects against 

abdominal aortic disease. To further test this interesting hypothesis, TGFβ signaling should 

be deleted in additional cell types that contribute to vessel wall homeostasis. Although 

complete disruption of signaling in specific cell types is mechanistically informative, partial 

inhibition of signaling in all cells is of therapeutic relevance. This new study finds a 

consistent benefit for TGFβ activity in aortic disease and contributes to the growing body of 

evidence against the once promising approach of inhibiting TGFβ signaling in patients with 

aortic aneurysm or at risk of aortic dissection.

Acknowledgments

Funding Sources

This work was supported by the NIH: HL134712 and HL116323.

References

1. Saraff K, Babamusta F, Cassis LA, Daugherty A. Aortic dissection precedes formation of aneurysms 
and atherosclerosis in angiotensin II-infused, apolipoprotein E-deficient mice. Arterioscler Thromb 
Vasc Biol. 2003; 23:1621–6. [PubMed: 12855482] 

2. Rateri DL, Davis FM, Balakrishnan A, Howatt DA, Moorleghen JJ, O’Connor WN, Charnigo R, 
Cassis LA, Daugherty A. Angiotensin II induces region-specific medial disruption during evolution 
of ascending aortic aneurysms. Am J Path. 2014; 184:2586–95. [PubMed: 25038458] 

3. Trachet B, Piersigilli A, Fraga-Silva RA, Aslanidou L, Sordet-Dessimoz J, Astolfo A, Stampanoni 
MF, Segers P, Stergiopulos N. Ascending Aortic Aneurysm in Angiotensin II-Infused Mice: 
Formation, Progression, and the Role of Focal Dissections. Arterioscler Thromb Vasc Biol. 2016; 
36:673–81. [PubMed: 26891740] 

Tellides Page 5

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



4. Bicknell CD, Kiru G, Falaschetti E, Powell JT, Poulter NR, AARDVARK Collaborators. An 
evaluation of the effect of an angiotensin-converting enzyme inhibitor on the growth rate of small 
abdominal aortic aneurysms: a randomized placebo-controlled trial (AARDVARK). Eur Heart J. 
2016; 37:3213–3221. [PubMed: 27371719] 

5. Habashi JP, Judge DP, Holm TM, Cohn RD, Loeys BL, Cooper TK, Myers L, Klein EC, Liu G, 
Calvi C, Podowski M, Neptune ER, Halushka MK, Bedja D, Gabrielson K, Rifkin DB, Carta L, 
Ramirez F, Huso DL, Dietz HC. Losartan, an AT1 antagonist, prevents aortic aneurysm in a mouse 
model of Marfan syndrome. Science. 2006; 312:117–21. [PubMed: 16601194] 

6. Holm TM, Habashi JP, Doyle JJ, Bedja D, Chen Y, van Erp C, Lindsay ME, Kim D, Schoenhoff F, 
Cohn RD, Loeys BL, Thomas CJ, Patnaik S, Marugan JJ, Judge DP, Dietz HC. Noncanonical TGFβ 
signaling contributes to aortic aneurysm progression in Marfan syndrome mice. Science. 2011; 
332:358–61. [PubMed: 21493862] 

7. King VL, Lin AY, Kristo F, Anderson TJ, Ahluwalia N, Hardy GJ, Owens AP 3rd, Howatt DA, Shen 
D, Tager AM, Luster AD, Daugherty A, Gerszten RE. Interferon-gamma and the interferon-
inducible chemokine CXCL10 protect against aneurysm formation and rupture. Circulation. 2009; 
119:426–35. [PubMed: 19139386] 

8. Wang Y, Ait-Oufella H, Herbin O, Bonnin P, Ramkhelawon B, Taleb S, Huang J, Offenstadt G, 
Combadière C, Rénia L, Johnson JL, Tharaux PL, Tedgui A, Mallat Z. TGF-beta activity protects 
against inflammatory aortic aneurysm progression and complications in angiotensin II-infused mice. 
J Clin Invest. 2010; 120:422–32. [PubMed: 20101093] 

9. Chen X, Rateri DL, Howatt DA, Balakrishnan A, Moorleghen JJ, Cassis LA, Daugherty A. TGF-β 
neutralization enhances AngII-induced aortic rupture and aneurysm in both thoracic and abdominal 
regions. PLoS One. 2016; 11:e0153811. [PubMed: 27104863] 

10. Cook JR, Clayton NP, Carta L, Galatioto J, Chiu E, Smaldone S, Nelson CA, Cheng SH, 
Wentworth BM, Ramirez F. Dimorphic effects of transforming growth factor-β signaling during 
aortic aneurysm progression in mice suggest a combinatorial therapy for Marfan syndrome. 
Arterioscler Thromb Vasc Biol. 2015; 35:911–7. [PubMed: 25614286] 

11. Li W, Li Q, Jiao Y, Qin L, Ali R, Zhou J, Ferruzzi J, Kim RW, Geirsson A, Dietz HC, Offermanns 
S, Humphrey JD, Tellides G. Tgfbr2 disruption in postnatal smooth muscle impairs aortic wall 
homeostasis. J Clin Invest. 2014; 124:755–67. [PubMed: 24401272] 

12. Hu JH, Wei H, Jaffe M, Airhart N, Du L, Angelov SN, Yan J, Allen JK, Kang I, Wight TN, Fox K, 
Smith A, Enstrom R, Dichek DA. Postnatal deletion of the type II transforming growth factor-β 
receptor in smooth muscle cells causes severe aortopathy in mice. Arterioscler Thromb Vasc Biol. 
2015; 35:2647–56. [PubMed: 26494233] 

13. Wei H, Hu JH, Angelov SN, Fox K, Yan J, Enstrom R, Smith A, Dichek DA. Aortopathy in a 
mouse model of Marfan syndrome is not mediated by altered transforming growth factor β 
signaling. J Am Heart Assoc. 2017; 6 pii: e004968. 

14. Lindsay ME, Schepers D, Bolar NA, Doyle JJ, Gallo E, Fert-Bober J, Kempers MJ, Fishman EK, 
Chen Y, Myers L, Bjeda D, Oswald G, Elias AF, Levy HP, Anderlid BM, Yang MH, Bongers EM, 
Timmermans J, Braverman AC, Canham N, Mortier GR, Brunner HG, Byers PH, Van Eyk J, Van 
Laer L, Dietz HC, Loeys BL. Loss-of-function mutations in TGFB2 cause a syndromic 
presentation of thoracic aortic aneurysm. Nat Genet. 2012; 44:922–7. [PubMed: 22772368] 

15. Ye P, Chen W, Wu J, Huang X, Li J, Wang S, Liu Z, Wang G, Yang X, Zhang P, Lv Q, Xia J. GM-
CSF contributes to aortic aneurysms resulting from SMAD3 deficiency. J Clin Invest. 2013; 
123:2317–31. [PubMed: 23585475] 

16. Gallo EM, Loch DC, Habashi JP, Calderon JF, Chen Y, Bedja D, van Erp C, Gerber EE, Parker SJ, 
Sauls K, Judge DP, Cooke SK, Lindsay ME, Rouf R, Myers L, ap Rhys CM, Kent KC, Norris RA, 
Huso DL, Dietz HC. Angiotensin II-dependent TGF-β signaling contributes to Loeys-Dietz 
syndrome vascular pathogenesis. J Clin Invest. 2014; 124:448–60. [PubMed: 24355923] 

17. Yang P, Schmit BM, Fu C, DeSart K, Oh SP, Berceli SA, Jiang Z. Smooth muscle cell-specific 
Tgfbr1 deficiency promotes aortic aneurysm formation by stimulating multiple signaling events. 
Sci Rep. 2016; 6:35444. [PubMed: 27739498] 

18. Angelov SN, Hu JH, Wei H, Airhart N, Shi M, Dichek DA. TGF-β (transforming growth factor-β) 
signaling protects the thoracic and abdominal aorta from angiotensin II-induced pathology by 

Tellides Page 6

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



distinct mechanisms. Arterioscler Thromb Vasc Biol. 2017 Jul 20. pii: ATVBAHA.117.309401. 
[Epub ahead of print]. doi: 10.1161/ATVBAHA.117.309401

19. Trachet B, Fraga-Silva RA, Jacquet PA, Stergiopulos N, Segers P. Incidence, severity, mortality, 
and confounding factors for dissecting AAA detection in angiotensin II-infused mice: a meta-
analysis. Cardiovasc Res. 2015; 108:159–70. [PubMed: 26307626] 

20. Xie T, Liang J, Liu N, Huan C, Zhang Y, Liu W, Kumar M, Xiao R, D’Armiento J, Metzger D, 
Chambon P, Papaioannou VE, Stripp BR, Jiang D, Noble PW. Transcription factor TBX4 regulates 
myofibroblast accumulation and lung fibrosis. J Clin Invest. 2016; 126:3626.

21. Rateri DL, Moorleghen JJ, Balakrishnan A, Owens AP 3rd, Howatt DA, Subramanian V, Poduri A, 
Charnigo R, Cassis LA, Daugherty A. Endothelial cell-specific deficiency of Ang II type 1a 
receptors attenuates Ang II-induced ascending aortic aneurysms in LDL receptor−/− mice. Circ 
Res. 2011; 108:574–81. [PubMed: 21252156] 

22. Poduri A, Rateri DL, Howatt DA, Balakrishnan A, Moorleghen JJ, Cassis LA, Daugherty A. 
Fibroblast Angiotensin II Type 1a Receptors Contribute to Angiotensin II-Induced Medial 
Hyperplasia in the Ascending Aorta. Arterioscler Thromb Vasc Biol. 2015; 35:1995–2002. 
[PubMed: 26160957] 

23. Iwata J, Hacia JG, Suzuki A, Sanchez-Lara PA, Urata M, Chai Y. Modulation of noncanonical 
TGF-β signaling prevents cleft palate in Tgfbr2 mutant mice. J Clin Invest. 2012; 122:873–85. 
[PubMed: 22326956] 

24. Yang P, Schmit BM, Fu C, DeSart K, Oh SP, Berceli SA, Jiang Z. Smooth muscle cell-specific 
Tgfbr1 deficiency promotes aortic aneurysm formation by stimulating multiple signaling events. 
Sci Rep. 2016; 6:35444. [PubMed: 27739498] 

25. Vlaicu R, Rus HG, Niculescu F, Cristea A. Immunoglobulins and complement components in 
human aortic atherosclerotic intima. Atherosclerosis. 1985; 55:35–50. [PubMed: 2408631] 

26. Lucas C, Bald LN, Fendly BM, Mora-Worms M, Figari IS, Patzer EJ, Palladino MA. The autocrine 
production of transforming growth factor-beta 1 during lymphocyte activation. A study with a 
monoclonal antibody-based ELISA. J Immunol. 1990; 145:1415–22. [PubMed: 2384664] 

27. Carta L, Smaldone S, Zilberberg L, Loch D, Dietz HC, Rifkin DB, Ramirez F. p38 MAPK is an 
early determinant of promiscuous Smad2/3 signaling in the aortas of fibrillin-1 (Fbn1)-null mice. J 
Biol Chem. 2009; 284:5630–5636. [PubMed: 19109253] 

28. Lebastchi AH, Qin L, Khan SF, Zhou J, Geirsson A, Kim RW, Li W, Tellides G. Activation of 
human vascular cells decreases their expression of transforming growth factor-beta. 
Atherosclerosis. 2011; 219:417–24. [PubMed: 21862019] 

29. Xie WB, Li Z, Shi N, Guo X, Tang J, Ju W, Han J, Liu T, Bottinger EP, Chai Y, Jose PA, Chen SY. 
Smad2 and myocardin-related transcription factor B cooperatively regulate vascular smooth 
muscle differentiation from neural crest cells. Circ Res. 2013; 113:e76–86. [PubMed: 23817199] 

Tellides Page 7

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tellides Page 8

Ta
b

le
 1

E
ff

ec
ts

 o
f 

at
te

nu
at

ed
 T

G
Fβ

 s
ig

na
lin

g 
on

 a
or

tic
 d

is
ea

se
 in

 m
ic

e.

St
ud

y
St

ra
in

A
ge

nt
T

G
F
β 

In
hi

bi
ti

on
T

ho
ra

ci
c 

A
or

ta
A

bd
om

in
al

 A
or

ta

A
ng

el
ov

 e
t a

l.,
 2

01
7 

[1
8]

W
T

A
ng

II
m

A
b

↔
 s

iz
e,

 ↔
 d

is
se

ct
io

n
↑ 

si
ze

, ↑
 d

is
se

ct
io

n

T
gf

br
2−

/−
A

ng
II

ge
ne

tic
↔

 s
iz

e,
 ↑
 d

is
se

ct
io

n
↔

 s
iz

e,
 ↔

 d
is

se
ct

io
n

K
in

g 
et

 a
l.,

 2
00

9 
[7

]
A

po
e−

/−
A

ng
II

pA
b

N
.A

.
↔

 s
iz

e

A
po

e−
/−

.C
xc

l1
0−

/−
A

ng
II

pA
b

N
.A

.
↓ 

si
ze

W
an

g 
et

 a
l.,

 2
01

0 
[8

]
W

T
A

ng
II

pA
b 

or
 m

A
b

↑ 
si

ze
/d

is
se

ct
io

n,
 ↑
 r

up
tu

re
↑ 

si
ze

/d
is

se
ct

io
n,

 ↑
 r

up
tu

re

A
po

e−
/−

A
ng

II
pA

b 
or

 m
A

b
N

.A
.

↑ 
ru

pt
ur

e

C
he

n 
et

 a
l.,

 2
01

6 
[9

]
W

T
A

ng
II

pA
b

↔
 s

iz
e,

 ↔
 r

up
tu

re
↔

 s
iz

e,
 ↔

 r
up

tu
re

W
T

A
ng

II
m

A
b

↑ 
si

ze
, ↑

 r
up

tu
re

↑ 
si

ze
, ↑

 r
up

tu
re

H
ab

as
hi

 e
t a

l.,
 2

00
6 

[5
]

Fb
n1

C
10

41
G

/+
N

on
e

pA
b

↓ 
si

ze
N

.A
.

Fb
n1

C
10

41
G

/+
N

on
e

L
os

ar
ta

n
↓ 

si
ze

N
.A

.

H
ol

m
 e

t a
l.,

 2
01

1 
[6

]
Fb

n1
C

10
41

G
/+

N
on

e
R

D
E

A
11

9
↓ 

si
ze

N
.A

.

C
oo

k 
et

 a
l.,

 2
01

5 
[1

0]
Fb

n1
m

gR
/m

gR
N

on
e

m
A

b 
at

 P
16

↑ 
si

ze
, ↑

 r
up

tu
re

N
.A

.

Fb
n1

m
gR

/m
gR

N
on

e
m

A
b 

at
 P

45
↓ 

ru
pt

ur
e

N
.A

.

L
i e

t a
l.,

 2
01

4 
[1

1]
T

gf
br

2−
/−

N
on

e
ge

ne
tic

↑ 
si

ze
, ↑

 d
is

se
ct

io
n

ra
re

 d
is

se
ct

io
n

T
gf

br
2−

/−
N

on
e

ge
ne

tic
 +

 m
A

b
↑ 

ru
pt

ur
e

N
.A

.

Fb
n1

C
10

41
G

/+
.T

gf
br

2−
/−

N
on

e
ge

ne
tic

↑ 
si

ze
, ↑

 d
is

se
ct

io
n

N
.A

.

H
u 

et
 a

l.,
 2

01
5 

[1
2]

T
gf

br
2−

/−
N

on
e

ge
ne

tic
↑ 

si
ze

, ↑
 d

is
se

ct
io

n
↑ 

si
ze

, f
ew

 d
is

se
ct

io
ns

W
ei

 e
t a

l.,
 2

01
7 

[1
3]

Fb
n1

C
10

41
G

/+
.T

gf
br

2−
/−

N
on

e
ge

ne
tic

↑ 
si

ze
, ↑

 d
is

se
ct

io
n

N
.A

.

E
xp

er
im

en
ta

l m
ur

in
e 

st
ud

ie
s 

in
ve

st
ig

at
in

g 
th

e 
ef

fe
ct

s 
of

 d
ec

re
as

ed
 T

G
Fβ

 s
ig

na
lin

g 
on

 a
or

tic
 a

ne
ur

ys
m

 a
nd

 d
is

se
ct

io
n.

 A
ll 

m
ic

e 
w

er
e 

on
 a

 C
57

B
L

/6
 b

ac
kg

ro
un

d.
 A

or
tic

 d
is

ea
se

 w
as

 in
du

ce
d 

or
 m

od
ul

at
ed

 b
y 

in
fu

si
on

 o
f 

th
e 

va
so

co
ns

tr
ic

to
r 

ag
en

t A
ng

II
, a

po
lip

op
ro

te
in

 E
 d

ef
ic

ie
nc

y 
(A

po
e−

/−
),

 C
xc

l1
0 

de
fi

ci
en

cy
 (

C
xc

l1
0−

/−
),

 F
bn

1 
m

ut
at

io
ns

 (
C

10
41

G
 o

r 
m

gR
),

 o
r 

co
nd

iti
on

al
 d

el
et

io
n 

of
 T

gf
br

2 
in

 S
M

C
s 

(T
gf

br
2−

/−
).

 T
he

 C
10

41
G

 m
ut

at
io

n 
in

 m
ic

e 
is

 a
ls

o 
kn

ow
n 

as
 C

10
39

G
 b

as
ed

 o
n 

a 
si

m
ila

r 
m

ut
at

io
n 

ca
us

in
g 

M
ar

fa
n 

sy
nd

ro
m

e 
in

 h
um

an
s.

 T
G

Fβ
 s

ig
na

lin
g 

w
as

 in
hi

bi
te

d 
by

 a
dm

in
is

tr
at

io
n 

of
 n

eu
tr

al
iz

in
g 

po
ly

cl
on

al
 (

pA
b)

 o
r 

m
on

oc
lo

na
l (

m
A

b)
 a

nt
ib

od
ie

s 
(i

ni
tia

te
d 

at
 P

16
 v

s.
 P

45
 o

f 
ag

e 
in

 o
ne

 s
tu

dy
),

 th
e 

A
ng

II
 r

ec
ep

to
r 

bl
oc

ke
r 

lo
sa

rt
an

, t
he

 E
R

K
1/

2 
in

hi
bi

to
r 

R
D

E
A

11
9,

 o
r 

SM
C

-s
pe

ci
fi

c 
de

le
tio

n 
of

 T
gf

br
2.

 
T

ho
ra

ci
c 

an
d 

ab
do

m
in

al
 a

or
tic

 s
iz

e,
 d

is
se

ct
io

n,
 a

nd
 r

up
tu

re
 w

as
 d

oc
um

en
te

d 
as

 in
cr

ea
se

d 
(↑

),
 d

ec
re

as
ed

 (
↓)

, n
o 

ch
an

ge
 (
↔

),
 f

ew
/r

ar
e,

 o
r 

no
t a

ss
es

se
d 

(N
.A

.)
.

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2018 November 01.


	(i) Disease Models and Host Factors
	(ii) Control Groups and Diagnostic Methods
	(iii) Inhibition of TGFβ Signaling
	References
	Table 1

