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Abstract

Abdominal aortic aneurysm (AAA) is a fatal disease defineginaabdominal aortic diameter
of 3.0 cm or more, where the abdominal aorta exceeds the normal elidigahore tha
50%. Histopathological changes of AAA mainly include extracellutaatrix (ECM)
remodeling at the abdominal aorta wall, but there is lack of spealifigs to treat AAA
Recent studies have reported that lysosomal cathepsins could indoaarveemodeling an
AAA formation by regulating vascular inflammation, medial smowiiscle cell apoptosi
neovascularization, and protease expression. Thus, cathepsins areccipd&eicome a ne
therapeutic target for AAA treatment.
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Review

Abdominal aortic aneurysm (AAA) is a fatal disease in which the abdomirtal d@iameter is
more than 50% its normal diameter, exceeding 3.0 cm [1]. AA/keésd time bomb in the
body because the progressive increase in aneurysm size eyeleta@dl to aneurysm rupture
and uncontrollable bleeding, resulting in a mortality of 80%. Theassimlinical treatments
for AAA include open surgical repair and endovascular therapy, douarsthere are no
specific drugs to prevent or reverse AAA progression. ThusyisigidhAA pathogenesis is
necessary to explore and identify treatment targets.



AAA, a common high-risk vascular disease

With the aging of the Chinese population, dietary changes, and séngtenethods, the
prevalence of AAA has increased dramatically, but therdillsn® epidemiological data
regarding AAA in China. According to published epidemiological dA®A is the 13th
most common fatal disease in the United States. The prevadén®8A among the US
population in those over 65 years old is 8%, and about 25,000 patients undergepeA
annually [2-4].

Current AAA treatments include open surgical repair and endowastgrapy, which
mainly targets aneurysms greater than 5.5 cm in diametempidiyrgrowing aneurysms that
are at high risk of rupture. However, AAA screening suggestartbeg than 90% of AAAs
are small aneurysms less than 5.5 cm in diameter, so lirttingxpansion of small-diameter
aneurysms has become a priority in the treatment strategyAar5]. Results from animal
experiments and clinical trials have suggested that doxycyctrghromycin [6], statins [7-

9], 2,4-thiazolidinedione [10[3-blockers [11], and angiotensin-converting enzyme inhibitors
[12] can suppress AAA progression, but further mechanistic studiesoagetdrm, large-
scale randomized controlled trials are required to verify the effectss# thrags.

AAA is a complex disease caused by various factors [13].dftén seen in older men, and
the ratio of male and female patients is about 10:3. Progressicte dilatation and
atherosclerosis during aging induces the development of AAA. Sm@king6] is a major
risk factor for AAA, and it may be induced by nicotine in plasrtas suggested that
Chlamydia pneumoniae [17] and cytomegalovirus infections [18] maybasavolved in
AAA pathogenesis. Though AAA and atherosclerosis share some commvaonmental
and genetic factors, recent studies have demonstrated that tAediS@ase process is
independent of atherosclerosis [19]. Hypertension promotes AAA farm#trough artery
wall hardening, and there is evidence of genetic predisposition to AAA.

Vascular remodeling is the pathological basis for AAA

AAA is a chronic degenerative disease that begins with logaies at the abdominal aorta
wall followed by subsequent lesions that affect the entire basdle Histological changes in
AAA mainly involve 1) inflammatory cell invasion of the aortagedml thinning, and
adventitial thickening of the aneurysm; 2) decreased elastin(femel 15-33% to 5-8%) and
imbalanced elastin/collagen ratio, resulting in aorta elastlogs and vessel dilation; 3)
vascular smooth muscle cell (VSMC) apoptosis in the tunica mbediadiminishes vessel
repair capacity; and 4) inflammation of the aortic adventitia anggseular tissues, which
are accompanied by angiogenesis. All these changes eventuatly tde aortic wall
remodeling, progressive luminal expansion, and aneurysm rupture [20].

Though the mechanism underlying vascular remodeling during AAA ftosmbaas not been
fully elucidated, present studies suggest that AAA pathogenssiassociated with
inflammatory reactions. Any factors that cause intimal or adiedninjuries can initiate
inflammation and immune reactions. Various immune and stromal deksyding
macrophages, neutrophils, mast cells, B/T lymphocytes, fibroblasts, &MCY¥, are
involved in AAA development [21,22]. In the early stage of AAA formatiinflammatory
cells recruited at abdominal aortic wall release various aygskichemokines, and proteases



to induce VSMC apoptosis, ECM protein degradation, vascular cell tmoigraand
angiogenesis.

It is now believed that medial VSMC apoptosis is the key to A¥eelopment. VSMCs in
AAA tissue show obvious disorganization and an increased apoptotic in8&4C¥ play a
dual role in ECM metabolism; its affects ECM synthesis égreting tissue inhibitor of
metalloproteinases (TIMP), tropoelastin, and collagen, and it medi&i®&! degradation by
secreting cytokines to recruit inflammatory cells and elevatexmaetalloproteinase (MMP)
synthesis and secretion.

MMP-activated elastin and collagen degradation is suggested to belirdw factor
underlying vascular remodeling during AAA development [23]. MMPsdgrade elastin,
the major component of ECM, and the degradation products are capable ohgnduci
inflammatory cell infiltration, which in turn increases MMPn#yesis through a positive
feedback loop and changes aortic wall elasticity, resultirapitic expansion and aneurysm
formation. MMP-2 and MMP-9 play a dominant role in AAA pathogenesis [24].

Though extensive research has been conducted on AAA pathogenesisetitd anti-
inflammatory drugs or MMPs inhibitors to alleviate AAA progries did not yield
satisfactory results in clinical trials [25-27]. However, othesue matrix-degrading
enzymes, cathepsins, have received considerable attention footbeir AAA pathogenesis
[28].

Cathepsins, the key factor in vascular remodeling during
AAA

Cathepsins are a class of lysosomal proteases that becowageacin an acidic environment
[29]. Human cathepsins can be assigned into B, C, D, F, G, H, K, L, ©, &, and X
subtypes, most of which are cysteine proteases, with thdeexj aspartic acid or serine
proteases. Cathepsins can be activated by the hydrolysisrdaive zymogen precursor at
the low pH found in the lysosome. AAA risk factors, such as smokinggrtgnsion, and
atherosclerosis, can all cause vascular endothelial cell damagd ncrease lysosomal
membrane permeability and induce cathepsin secretion. The activigtiuépsins can be
modulated by two factors: environmental pH value and the presenathepsin endogenous
inhibitors (such as cystatin C), which suppress cathepsin adfiviiygh binding its target
proteins. Studies have suggested [30] that inflammatory factdnsasutimor necrosis factor
(TNF)-o. and interferon (IFN)- can induce the secretion of cathepsins from vascular
endothelial cells, macrophages, and VSMCs. Nicotine stimulatespsah L secretion from
pheochromocytoma, and free cholesterol induces cathepsin K releasenicrophages by
activating the Toll-like receptor and p38 mitogen-activated proteiask [31]. Oxidized
low-density lipoprotein (LDL) stimulates cathepsin S expression secketion from
macrophages [32]. Angiotensin Il (Angll)-treated macrophages exhibriéased lysosomal
membrane permeability and rupture and induce cathepsin F expressioetiosn, and
activation [33].

The effects of cathepsins in cardiovascular diseases haed maeasing concern in recent
years. Cathepsin expression level and activity are significagidyated during AAA
formation [34,35]. Immunohistochemistry and western blot demonstratett afle@athepsin
L in normal vessels but strong positive signals in AAA tissuathépsin L mRNA levels in



AAA lesions exceeded that in normal aorta tissue by 22%, andpsathd protein levels in
AAA lesion was 330% higher than aorta tissue sampled fromnpatth artery occlusion.
Immunofluorescence probes revealed that compared with occluded #neergctivities of
cathepsin B, H, L, and S in AAA tissues were increased by 318%6, 223%, and 20%,
respectively. Studies also demonstrated that compared witraheessels, the expression of
each cathepsin subtype in AAA tissues was significantly iseean AAA lesions, luminal
endothelial cells mainly expressed cathepsin D, as well thepgsan B, K, and S, while
neovascular endothelial cells, macrophages, and VSMCs could exgiessthepsin
subtypes. It has been suggested [36] that the expression lewthepsin S in AAA patient
serum is increased by ~30%, and the magnitude of elevation was signifeesstbjated with
the size of the AAA. Other reports described that the expressid activity of cathepsin D
in AAA patients’ serum and plasma were significantly highemtin healthy controls. In
addition, cathepsin expression and activation is often observed in AAAakhmnodels.
Immunohistochemistry and immunoblotting conducted in a mouse AAA modablisked
by 28-d Angll infusion in apolipoprotein [ApoE]-/- mice) showed that [37]mmadrvessels
barely expressed cathepsin S, while AAA tissue had significamtreased cathepsin S
expression, which exceeded that in the normal vessel by 90%. tAés expression levels of
cathepsin K, S, and C were 5-fold higher than that in normal gedseh 14-d elastase-
infused rat AAA model, increased cathepsin C expression was othssrea early stage of
AAA [38].

Studies of cathepsin knock-out mice confirmed the essential rotatbepsins in AAA
pathogenesis (Table 1). Qin et al. [37]established a cathepsin S/ApoE double knockout mouse
model using Angll infusion, and found that the cathepsin S-knockout mice showed
significantly reduced AAA incidence (1/8 of that observed in ApoE-/- mice), and d@.3%

mm) decrease in abdominal aortic diameter [7]. The incidencediamdeter of AAA in
elastin-infused cathepsin K [39] or L [40] knock-out mice were Sipnitly reduced, and
these mice also showed decreased T lymphocyte migration, neoviastiola, MMP
expression, and cathepsin activation. As for elastin-infused cathefsinokout mice, they

can hardly form AAA [41]. Conversely, cathepsin C/ApoE double knockout micsad

with Angll exhibited 55% and 50% increases in AAA lesion size ancheli@r, respectively

[38]. In situ zymography demonstrated that Cal@fused AAA mouse showed suppressed
elastase activaty, enhanced aorta stability, and reduced visealje when treated with
serine protease inhibitor A3, a non-specific inhibitor of cathepsin G.

Table 1Cysteinyl cathepsins and AAA
Cathepsins Role in AAA
Cathepsin G inhibition Suppress elastase activaty, enhance aoitity staluce vessel damage

Cathepsin K knockout Decrease T lymphocyte migration, neovasm@ilari, MMP expression,
and cathepsin activation

Cathepsin L knockout Lower the number of macrophages and decrease T lymphigcaton,
neovascularization, MMP expression, and cathepsin activation
Cathepsin S knockout Damage elastin integrity, increase collagemalation, lower the

number of macrophages

The mechanisms and effects of cathepsins in AAA pathogenesisaardoeen fully
understood. Studies have demonstrated [42] that cathepsin S-knockout mickamaged
elastin integrity and increased collagen accumulation at thexiadriwall, while small
molecule inhibitors of cathepsin S suppressed elastase actiB@bysuggesting that active
cathepsin S could degrade extracellular soluble elastin. SHi f29a40]found that after



knockout of cathepsins S and L, the number of macrophages were loweredhthroug
reductions in monocyte chemoattractant protein-1 (MCP-1) and macrophggation,
thereby alleviating inflammation reactions during AAA developmBgtusing Angll to treat
macrophages of cathepsin S-knockout mice, Pan [43] demonstrated thasica®eould
modify inflammatory fibrosis by inducing mitochondrial damageya&ieg reactive oxygen
species levels and increasing nuclear factor kappa-B«BIfactivity. By using the selective
cathepsin S selective inhibitor Compound A to treat ozone-exposed neutropliie
bronchoalveolar lavage fluid, Williams et al. [44] found that inhibiteaghepsin S could
reduce interleukin (IL)-6 and TN&{evels, thus alleviating inflammatory reactions. Qin et al.
[37]used the selective cathepsin S Z-FL-COCHO against Andlided VSMC apoptosis,
and their results suggested that inhibiting cathepsin S decreasptbsap by down-
regulating both the Bax/Bcl-2 ratio and caspase-3 expression. G@th@&pcan induce
neovascularization in tumor tissues by activating the transfgrrgiowth factor (TGFJ}
pathway and enhancing the expression of vascular endothelial grondh feBGF) and
MCP-1 [45]. It can also increase MMP expression by promotingdneersion of MMP-1
zymogen into active MMP-1 [46]. Cathepsin G [47] can promote conveo$iAng | to Ang

II, and it is also capable of generating Ang Il directly frangiotensinogen. Daugherty et al
[48] demonstrated that apdEnice infused with Ang Il had increased plasma concentrations
and pronounced abdominal aortic aneurysms.

Conclusions

In summary, increased cathepsin expression levels and reduceddetleds inhibitors in
human AAA lesions suggest a role of these proteases in AAAs. BdARA size and
incidence in cathepsin-deficient mice but enlarged aortic sizenenabsence of their
inhibitors, demonstrates that these proteases directly pamicipatAAA pathogenesis.
Although selective inhibitors for several major AAA cathepsins are avajlatwe have been
tested in experimental AAAs or in humans. Serum biomarkers have dpuseful in
assessing the risk associated with several diseases. Ras®psin S levels are significantly
higher in AAA patients than in age-matched healthy controls [38lr8 cathepsin S and hs-
CRP are independently correlated with the maximum diamete¢heofabdominal aorta.
Combined serum cathepsin S and hs-CRP levels are better at tipdpesdicting the
maximum diameter and the degree of inflammatory response in lagidns in the clinical
setting [49]. This evidence suggests that cathepsins may basisediagnostic indicator of
AAA.

While studies have shown that cathepsins are directly involved in pAtAogenesis, the
relationships between AAA and different cathepsin subtypes, the dibem between
cathepsins and other risk factors for AAA and the effects of psithe in different stages of
AAA development remain to be elucidated. Although the study of psithénhibitors on
treating AAA is limited to pre-clinical research, lysosormmaihepsins as a diagnosis tool and
treatment target for halting AAA development are of particalanical significance and
should be paid considerable attention.

Competing interests

The authors declare that they have no competing interests.



Authors’ contributions

Acquisition of data and drafting of manuscript: YW has contributed substantially to the
writing and revising of the manuscrigtudy conception and designCT and YQ make
substantial contributions to conception and desigralysis and interpretation of data and
critical revision: YQ has revised it critically for important intellectual cartteand has got
final approval of the version to be submitted. All authors read and apprbeedinal
manuscript.

Acknowledgements

Funding

This study is partially supported by grants from the Natiorstlil Science Foundation of
China (81100222, 81270389, 81170283), Program for Changjiang Scholars and Innovative
Research Team in University (IRT1074) and International ScieRcelechnology
Cooperation Program of China (2010DFB30040), Program for New Centxrgllént
Talents in University (NCET-11-0899), and Scientific Research Coni*nogram of Beijing
Municipal Commission of Education (SQKM201210025017).

References

1. Moll FL, Powell JT, Fraedrich G, Verzini F, Haulon S, Walthamviah Herwaarden JA,
Holt PJ, van Keulen JW, Rantner &,al: Management of abdominal aortic aneurysms
clinical practice guidelines of the European society for vastar surgery. Eur J Vasc
Endovasc Surg 2011,41(Suppl 1)S1-S58.

2. Annambhotla S, Bourgeois S, Wang X, Lin PH, Yao Q, CheRd&Zent advances in
molecular mechanisms of abdominal aortic aneurysm formationWorld J Surg 2008,
32:976-986.

3. Weintraub NL:Understanding abdominal aortic aneurysm.N Engl J Med 2009,
361:1114-1116.

4. Rizas KD, Ippagunta N, Tilson MD 3rtinmune cells and molecular mediators in the
pathogenesis of the abdominal aortic aneurysn€Cardiol Rev 2009,17:201-210.

5. Assar AN:Medical treatment of small abdominal aortic aneurysm.J Cardiovasc Surg
(Torino) 2012,53:517-525.

6. Bergqvist D, Lindeman JH, Lindholt JS, Bjorck Rntimicrobial treatment to impair
expansion of abdominal aortic aneurysm (AAA): a systematic revievof the clinical
evidence.Curr Vasc Pharmacol 2013,11:288-292.

7. Schweitzer M, Mitmaker B, Obrand D, Sheiner N, Abraham C, Das&nMeilleur M,
Sugahara T, Chalifour LEAtorvastatin modulates matrix metalloproteinase expression,
activity, and signaling in abdominal aortic aneurysms.Vasc Endovascular Surg 2010,
44:116-122.



8. Dawson JA, Choke E, Loftus IM, Cockerill GW, Thompson MMandomised placebo-
controlled double-blind trial to evaluate lipid-lowering pharmacotherapy on proteolysis
and inflammation in abdominal aortic aneurysms. Eur J Vasc Endovasc Surg 2011,
41:28-35.

9. Mastoraki ST, Toumpoulis IK, Anagnostopoulos CE, Tiniakos D, Papalois A,
Chamogeorgakis TP, Angouras DC, Rokkas Tkeatment with simvastatin inhibits the
formation of abdominal aortic aneurysms in rabbits.Ann Vasc Surg 2012,26:250—-258.

10. Torsney E, Pirianov G, Cockerill G\Wiabetes as a negative risk factor for abdominal
aortic aneurysm - does the disease aetiology or the treatmentgwide the mechanism of
protection? Curr Vasc Pharmacol 2013,11:293-298.

11. Aggarwal S, Qamar A, Sharma V, Sharma Abdominal aortic aneurysm: a
comprehensive reviewExp Clin Cardiol 2011,16:11-15.

12. Alsac JM, Journe C, Louedec L, Dai J, Julia P, Fabiani JN, Migh&ownregulation
of remodelling enzymatic activity induced by an angiotensin-convéng enzyme
inhibitor (perindopril) reduces the degeneration of expeimental abdominal aortic
aneurysms in a rat model Eur J Vasc Endovasc Surg 2011,41:474-480.

13. Nordon IM, Hinchliffe RJ, Loftus IM, Thompson MMPathophysiology and
epidemiology of abdominal aortic aneurysmsiNat Rev Cardiol 2011,8:92-102.

14. Stolle K, Berges A, Lietz M, Lebrun S, Wallerath Cigarette smoke enhances
abdominal aortic aneurysm formation in angiotensin Il-treated apoipoprotein E-
deficient mice.Toxicol Lett 2010,199:403—-409.

15. Li ZZ, Dai QY: Pathogenesis of abdominal aortic aneurysms: role of nicotine and
nicotinic acetylcholine receptors Mediators Inflamm 2012,2012103120.

16. Wang S, Zhang C, Zhang M, Liang B, Zhu H, Lee J, Viollet B, Xia L, Zhang MH:
Activation of AMP-activated protein kinase alpha2 by nicotine irstigates formation of
abdominal aortic aneurysms in mice in vivoNat Med 2012,18:902-910.

17. Xiong F, Zhao JCQuantification and location of Chlamydia pneumoniae-specific
antigen in the walls of abdominal aortic aneurysmsAnn Vasc Surg 2011,25:256—-263.

18. Gredmark-Russ S, Dzabic M, Rahbar A, Wanhainen A, Bjorck M, LarsddicEel JB,
Soderberg-Naucler CActive cytomegalovirus infection in aortic smooth muscle chkl
from patients with abdominal aortic aneurysm.J Mol Med (Berl) 2009,87:347-356.

19. Golledge J, Norman PHEtherosclerosis and abdominal aortic aneurysm: cause,
response, or common risk factors?Arterioscler Thromb Vasc Biol 2010,30:1075-1077.

20. Michel JB, Matrtin-Ventura JL, Egido J, Sakalihasan N, Treskainghbolt J, Allaire E,
Thorsteinsdottir U, Cockerill G, Swedenborg Novel aspects of the pathogenesis of
aneurysms of the abdominal aorta in humansCardiovasc Res 2011,90:18-27.



21. Tsuruda T, Kato J, Hatakeyama K, Kojima K, Yano M, Yano Y, Nakarkyra
Nakamura-Uchiyama F, Matsushima Y, Imamur&Tal: Adventitial mast cells contribute
to pathogenesis in the progression of abdominal aortic aneurysnCirc Res 2008,
102:1368-1377.

22. Sun J, Sukhova GK, Yang M, Wolters PJ, MacFarlane LA, Libby P, Sun 6g Zha.iu
J, Ennis TL,et al: Mast cells modulate the pathogenesis of elastase-induced abdioah
aortic aneurysms in mice.J Clin Invest 2007,117:3359—-3368.

23. Hendel A, Ang LS, Granville DJnflammaging and proteases in abdominal aortic
aneurysm.Curr Vasc Pharmacol 2012. Epub ahead of print.

24. Theruvath TP, Jones JA, Ikonomidis 3fatrix metalloproteinases and descending
aortic aneurysms: parity, disparity, and switch.J Card Surg 2012,27:81-90.

25. Dodd BR, Spence RARoxycycline inhibition of abdominal aortic aneurysm growth:
a systematic review of the literature Curr Vasc Pharmacol 2011,9:471-478.

26. Ennis T, Jin J, Bartlett S, Arif B, Grapperhaus K, Curci Bffiect of novel limited-
spectrum MMP inhibitor XL784 in abdominal aortic aneurysms. J Cardiovasc
Pharmacol Ther 2012,17:417-426.

27. Guessous |, Periard D, Lorenzetti D, Cornuz J, Ghali WAe efficacy of
pharmacotherapy for decreasing the expansion rate of abdominal &@ aneurysms: a
systematic review and meta-analysi$2LoS One 2008,3:e1895.

28. Sjoberg S, Shi GRCysteine protease cathepsins in atherosclerosis and abdominal
aortic aneurysm. Clin Rev Bone Miner Metab 2011,9:138-147.

29. Qin Y, Shi GPCysteinyl cathepsins and mast cell proteases in the pathogsiseeand
therapeutics of cardiovascular disease®harmacol Ther 2011,131:338-350.

30. Shi GP, Dolganov GMComprehensive transcriptome of proteases and protease
inhibitors in vascular cells. Stroke 2006,37:537-541.

31. Yasothornsrikul S, Greenbaum D, Medzihradszky KF, Toneff T, BundeyilRy IR,
Schilling B, Petermann |, Dehnert J, Logvinovaefal: Cathepsin L in secretory vesicles
functions as a prohormone-processing enzyme for production oi¢ enkephalin peptide
neurotransmitter. Proc Natl Acad Sci U SA 2003,100:9590-9595.

32. Burns-Kurtis CL, Olzinski AR, Needle S, Fox JH, Capper EA, Kelly FM, McQuengy MS
Romanic AM: Cathepsin S expression is up-regulated following balloon angitgsty in
the hypercholesterolemic rabbit.Cardiovasc Res 2004,62:610-620.

33. Kaakinen R, Lindstedt KA, Sneck M, Kovanen PT, OornAKgiotensin Il increases
expression and secretion of cathepsin F in cultured humammonocyte-derived
macrophages: an angiotensin |l type 2 receptor-mediated effecAtherosclerosis 2007,
192:323-327.



34. Abisi S, Burnand KG, Waltham M, Humphries J, Taylor PR, SmitGy&teine protease
activity in the wall of abdominal aortic aneurysms.J Vasc Surg 2007,46:1260-1266.

35. Lohoefer F, Reeps C, Lipp C, Rudelius M, Zimmermann A, Ockert IStdtic HH,
Pelisek J:Histopathological analysis of cellular localization of cathepsing abdominal
aortic aneurysm wall. Int J Exp Pathol 2012,93:252—-258.

36. Lv BJ, Lindholt JS, Cheng X, Wang J, Shi Gfasma cathepsin S and cystatin C
levels and risk of abdominal aortic aneurysm: a randomized pagation-based study.
PLoSOne 2012,7:e41813.

37.Qin Y, Cao X, Guo J, Zhang Y, Pan L, Zhang H, Li H, Tang CJ,[(&hi GPDeficiency
of cathepsin S attenuates angiotensin Il-induced abdominal adctaneurysm formation
in apolipoprotein E-deficient mice.Cardiovasc Res 2012,96:401-410.

38. Van Vickle-Chavez SJ, Tung WS, Absi TS, Ennis TL, Mao D, CobbRidmpson RW:
Temporal changes in mouse aortic wall gene expression duringpet development of
elastase-induced abdominal aortic aneurysmd.Vasc Surg 2006,43:1010-1020.

39. Sun J, Sukhova GK, Zhang J, Chen H, Sjoberg S, Libby P, Xia M, Xio@gIN,BD,
Shi GP:Cathepsin K deficiency reduces elastase perfusion-induwteabdominal aortic
aneurysms in mice Arterioscler Thromb Vasc Biol 2012,32:15-23.

40. Sun J, Sukhova GK, Zhang J, Chen H, Sjoberg S, Libby P, Xiang M, Waetg €,
Reinheckel T, Shi GPCathepsin L activity is essential to elastase perfusion-inded
abdominal aortic aneurysms in miceArterioscler Thromb Vasc Biol 2011,31:2500-2508.

41. Shi GPRole of cathepsin C in elastase-induced mouse abdominal acraneurysms.
Future Cardiol 2007,3:591-593.

42. Sukhova GK, Shi GP, Simon DI, Chapman HA, LibbyERpression of the elastolytic
cathepsins S and K in human atheroma and regulation of theiproduction in smooth
muscle cellsJ Clin Invest 1998,102:576-583.

43. Pan L, Li Y, Jia L, Qin Y, Qi G, Cheng J, Qi Y, Li H, DuClthepsin S deficiency
results in abnormal accumulation of autophagosomes in macrophages carenhances
Ang ll-induced cardiac inflammation. PLoSOne 2012,7:€35315.

44. Williams AS, Eynott PR, Leung SY, Nath P, Jupp R, De SanctjRé3nick R, Adcock
IM, Chung KF:Role of cathepsin S in ozone-induced airway hyperresponsivesseand
inflammation. Pulm Pharmacol Ther 2009,22:27-32.

45. Wilson TJ, Nannuru KC, Futakuchi M, Singh R&athepsin G-mediated enhanced
TGF-beta signaling promotes angiogenesis via upregulation of VEGEnd MCP-1.
Cancer Lett 2010,288:162—-169.

46. Son ED, Kim H, Choi H, Lee SH, Lee JY, Kim S, Closs B, Le€ltng JH, Hwang JS:
Cathepsin G increases MMP expression in normal human fibrdlsts through
fibronectin fragmentation, and induces the conversion of proMMP-1 to active MMP-1.
J Dermatol Sci 2009,53:150-152.



47. Rykl J, Thiemann J, Kurzawski S, Pohl T, Gobom J, Zidek W, SchiutdRenal
cathepsin G and angiotensin Il generationd Hypertens 2006,24:1797-1807.

48. Daugherty A, Manning MW, Cassis LAngiotensin Il promotes atherosclerotic
lesions and aneurysms in apolipoprotein E-deficient micel. Clin Invest 2000,105:1605—
1612.

49. Qin Y, Yang Y, Liu R, Cao X, Liu O, Liu J, Wang M, Chen Z, ZhangD4, J:
Combined cathepsin S and hs-CRP predicting inflammation ofabdominal aortic
aneurysm.Clin Biochem 2013,46:1026—-1029.



	Start of article

