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A B S T R A C T 

ADAMTS-3 is a procollagen N- proteinase whose main function is to cleave procollagen II, the principal 
collagen of the cartilage and bone. This maturation process provides accurate fibril conformation for tissues. 
Along with collagen II, ADAMTS-3 can also process some other extracellular matrix components such as 
collagen III and fibronectin. ADAMTS mediated processing of the extracellular matrix components has 
considerable importance in both normal and pathological circumstances. Therefore, substrate specificities 
and the tissue expression profiles of the family members have become a hot topic. Further, altered 
expressions of the family members have been elucidated in some tumor types. Therefore, protumor and 
/or tumor suppressor functions of them is being investigated. The expression profile of the ADAMTS-3 has 
been studied only in a few normal and cancer tissues. Knowledge of the expression patterns of the 
ADAMTS-3 in cell lines are rather limited. In the present study, we determined ADAMTS-3 mRNA (sqRT-
PCR) and protein expression levels (western-blot) in normal HUVEC, and cancer cell lines, namely, Saos-
2, MG-63, DU-145, PC-3, Hep3B and PANC-1 cells. ADAMTS-3 was highly expressed in HUVEC, Saos-2, 
MG-63, and PC-3 cells. These findings will be fundamental for future studies that will be performed on 
ADAMTS-3 transcriptional regulation studies specific cancer types and also defining of the ADAMTS-3 
contribution on the development and metastasis of specific cancer types. 
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1. Introduction  

A disintegrin and metalloproteinase with thrombospondin motifs (ADAMTS) proteases are secreted 
multidomain enzymes having 19 members. Members of these family involve in critical biological 
processes such as extracellular matrix remodeling, coagulation, angiogenesis, inflammation, and 
fertility. In addition to physiological functions, there is a direct relationship between specific family 
members and some diseases [1,2]. ADAMTSs have also been associated with cancer because of their 
altered expression patterns in different tumor types [3]. It has been determined that while some ADAMTS 
members can function as tumor suppressors which their function is lost by mutations or epigenetic 
mechanisms in specific tumor types, some others can function as protumor by inducing tumor growth 
and progression. Therefore, ADAMTSs can involve in cancer growth and metastasis as positive or 
negative regulators [4,5] 
 
Along with ADAMTS-2 and -14, ADAMTS-3 belongs to the procollagen amino proteinase (pNP) 
subgroup of the ADAMTS family. They involve in amino-terminal end processing of the collagen 
precursors [6]. This maturation process allows correct fibril formation. It has been well known that 
ADAMTS-3 mainly cleaves type II procollagen, the principal collagen of the cartilage. Because of the 
abundance of collagen type II in embryonic bone and tendon, it has been thought that ADAMTS-3 could 
be the main procollagen amino proteinase in musculoskeletal tissues [7,8]. In addition, ADAMTS-3 can 
also process procollagen I, pro-angiogenic, and pro-lymphangiogenic factor VEGF-C, fibronectin, and 
some other ECM (extracellular matrix) components [9,10]. Hodgkinson and colleagues determined 
induced ADAMTS-3 expression in human lens epithelial cells after post-surgical injury and provided new 
data on the wound healing function of ADAMTSs in both normal and after surgery in the human lens 
[11]. ADAMTS mediated processing of ECM has considerable importance in both normal and 
pathological circumstances. Normal degradation of ECM occurs during development and tissue repair 
but an excessive degradation was observed in pathological conditions such as osteoarthritis [1,12,13]. 
 

Ö Z E T 

ADAMTS-3, temel görevi kıkırdak ve kemiğin temel kollajeni olan prokollajen II’ yi kesmek olan bir prokollajen 
amino proteinazdır. Bu olgunlaştırma işlemi, dokular için doğru fibril konformasyonunun oluşmasını sağlar. 
ADAMTS-3, kollajen II’ nin yanı sıra kollajen III ve fibronektin gibi diğer hücreler arası matriks bileşenlerini de 
işeyebilmektedir. Hücreler arası matriks bileşenlerinin ADAMTS-3 aracılı işlenmesi hem normal hem de 
patolojik durumlarda dikkate değer bir öneme sahiptir. Bu yüzden aile üyelerinin substrat spesifikliği ve 
dokulardaki ekspresyon profilleri ilgi çekici bir konu haline gelmiştir. Hatta aile üyelerinden bazılarının, bazı 
tümör tiplerinde ekspresyonlarının değiştiği aydınlatılmıştır. Bu yüzden protümör ve tümör supresör 
fonksiyonları araştırılmaktadır. ADAMTS-3’ün ekspresyon profili sadece birkaç normal ve kanserli dokuda 
çalışılmıştır. ADAMTS-3’ün hücre hatlarındaki ekspresyon paterni hakkındaki bilgi oldukça kısıtlıdır. Bu 
çalışmada normal olarak HUVEC ve kanserli hücre hatlarından, Saos-2, MG-63, DU-145, PC-3, Hep3B ve 
PANC-1 hücrelerinde ADAMTS-3 mRNA (sqRT-PCR) ve protein ekspresyon düzeyleri (western-blot) 
belirlenmiştir.HUVEC, Saos-2, MG-63 ve PC-3 hücrelerinde ADAMTS-3’ün yüksek düzeyde ifade olduğu 
belirlenmiştir. Bu bulgular, ADAMTS-3’ün bazı spesifik kanser türlerindeki transkripsiyonel regülasyonu ve 
ADAMTS-3’ün tümör gelişimine ve metastazına olan katkılarının belirlenmesi üzerine yapılacak çalışmalar için 
temel olacaktır. 
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Data on the contribution of the ADAMTS-3 gene to physiological and pathological processes are rather 
limited. Also, data on the ADAMTS-3 gene function in tumor development, progression, and metastasis 
are restricted to only a few studies and tumor types. In the present study, we aimed to investigate 
ADAMTS-3 expression in normal and cancer cell lines. HUVECs (human umbilical vein endothelial cells) 
are primary, non-immortalized cell models that are frequently used in angiogenesis assays to determine 
normal endothelial cell behavior. Saos-2 and MG-63 (human osteosarcoma), PC-3, and DU-145 (human 
prostate cancer), Hep3B (human hepatoma) PANC-1, (human pancreas ductal adenocarcinoma) cells 
were chosen in terms of being a model for the specified tumor types. ADAMTS-3 expression was 
determined at mRNA by sq-RT-PCR and protein levels by western blot assays. Determining the 
ADAMTS-3 expression in mentioned cell models will be the fundamental step for future studies that will 
be performed to elucidate the positive or negative contributions of ADAMTS-3 in the specified cancer 
types. 
 

2. Material and Method 
 
Cell Culture 
  
Saos-2 (human osteosarcoma) cells were kindly gifted from Prof. Deborah Mason (Cardiff, School of 
Biosciences, Cardiff UK), MG-63 (human osteosarcoma) cells kindly provided by Prof. Dr. Berivan 
ÇEÇEN (Rowan University, New Jersey, ABD), HUVEC (human umbilical vein endothelial cells) were 
kindly provided by Dr. Ayşe Begüm TEKİNAY (National Nanotechnology Research Center, Bilkent 
University, UNAM, Ankara, TR), PC-3 and DU-145 (human prostate cancer) cells were provided by Prof. 
Dr. Kemal S. Korkmaz (Ege University, Faculty of Bioengineering, İzmir, TR). Hep3B (human hepatoma) 
cells were provided by Prof. Dipak Ramji (Cardiff University, Cardiff UK). PANC-1, (human pancreas 
ductal adenocarcinoma) cell line was purchased from ATCC (American Type Culture Collection). Cells 
were cultured in DMEM (Dulbecco’s Modified Eagle Medium, Euroclone) including 10 % FCS (Fetal Calf 
Serum, Sigma) and 1 % L-Glutamine (Sigma). Cells were maintained in a humidified incubator with 5% 
CO2 at 37˚C. The antibodies were obtained from Abcam (Cambridge, UK), Santa Cruz Biotechnology 
(Dallas, TX, USA), and Sigma-Aldrich (St. Louis, MO, USA). Expression primers were acquired from 
Macrogen (Seoul, South Korea). 
 
RNA Isolation and Semiquantitative RT–PCR 
 
All adherent cell lines mentioned above were grown in 25 cm2 tissue culture flasks and when cell 
confluency reached 80% cells were harvested. Total RNA isolation was performed using the GeneJET™ 
RNA Purification Kit (Thermo Sci.) following the instructions. RNA concentration was measured 
spectrophotometrically. An equal amount (2 µg) of total RNA was transcribed into cDNA using Revert 
Aid Reverse Transcriptase (200 U) and oligo(dT) as a primer (100 pmol), (Thermo Sci.). 1μl of cDNA, 
1.25 U of Taq DNA Polymerase (Thermo Sci.). 50 ng/ml of ADAMTS-3 forward (5’-
CAGTGGGAGGTCCAAATGCA-3’) and ADAMTS-3 reverse (5’-GCAAAGAAGGAAGCAGCAGCC-3’) 
primers were used in PCR. hβ-2 forward (5’-TTT CTG GCC TGG AGG CTA TC-3’) and hβ-2 reverse 
(5’-CAT GTC TCC ATC CCA CTT AAC T-3’) primers were used to amplify the H-β-2 microglobulin gene 
for normalization. Expression primers were designed from different exons to avoid genomic DNA 
amplification. Cycling conditions were optimized to determine the exponential phase of amplification for 
both ADAMTS-3 and hβ-2 microglobulin genes by testing different cycle numbers and annealing 
temperatures. The reaction conditions for human ADAMTS-3 were 94˚C for 3 min, (94 ˚C for 45 s, 56 
˚C for 45 s, 72 ˚C for 45 s) 35 cycles and 72 ˚C for 10 min final step. For human β-2-microglobulin, 60 
˚C annealing temperature and 20 cycles were performed. The PCR products were separated on agarose 
gel and visualized using a UV transilluminator. PCR fragments were quantified densitometrically using 
Image J software [14]. The intensity of the ADAMTS-3 gene was divided by the hβ-2 microglobulin 

intensity for each sample to obtain a normalized ADAMTS-3 expression value. 
 
Western-Blot 
 
Protein extracts were prepared from cultured cells using RIPA buffer (10 mM Tris-HCl pH 8, 140 mM 
NaCl, 1 mM EGTA, 1 mM EDTA, 0.1% SDS, 1% Triton X100, 0.01% sodium deoxycholate and 
supplemented with a protease inhibitor cocktail tablet) as described previously [15]. Protein 
concentration was measured according to the microplate Bradford assay [16]. Equal concentration of 
sample for each cell line (30-50 µg) was loaded on the SDS-PAGE gel electrophoresis. After proteins 
were electroblotted onto PVDF membranes, blots were incubated with polyclonal ADAMTS3 (3 μg/mL) 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/protease-inhibitor
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(Abcam, ab45037), at 4°C for overnight or monoclonal β-actin (Santa Cruz Biotech., sc81178) antibody 
at room temperature. Then blots were incubated with HRP-conjugated secondary antibodies for 1-2 
hours at room temperature. Protein bands were visualized with ECL (enhanced chemiluminescence, 
Pierce) substrate and photographed with Fusion FX Vilber Lourmat. The intensity of the protein bands 
was analyzed using Image J software [14].  
 

3. Results 
 
Expression Pattern of the ADAMTS-3 mRNA in Different Cell Lines 
 
ADAMTS-3 mRNA expression levels were analyzed in a number of cell lines having different origins and 
characteristics. Hep3B is a hepatocellular carcinoma model having epithelial characteristics. The DU145 
cells are central nervous system metastasis, and the PC-3 cells are bone metastasis of prostate cancer. 
They are frequently used in therapeutic studies. While DU145 cells display moderate metastatic 
characteristics, PC3 cells, display high metastatic characteristics [17-19]. MG-63 and Saos-2 are 
osteosarcoma cell lines. In osteosarcoma models, Saos-2 cells represent epithelial and MG-63 cells 
represent fibroblastic features. HT-29 is a colorectal adenocarcinoma cell line with epithelial 
morphology. PANC-1 is a pancreatic carcinoma model having a ductal cell origin. MCF-7 is a breast 
cancer cell line. HUVECs are endothelial cells derived from the umbilical cord veins [20-22]. PCR was 
performed with both ADAMTS-3 and h-β2 primers. Figure 1 shows differential expression of ADAMTS-
3 mRNA in mentioned cell lines normalized by h-β2. Maximum ADAMTS-3 expression was detected in 

HUVECs and then in PC-3, MG-63, and Saos-2 cells. Hep3B and DU145 cells have lower ADAMTS-3 
expression levels compared to the other cell lines. In PANC-1, MCF-7, and HT-29 cells ADAMTS-3 
expression was poorly observed. 

 

 
 
Figure 1: ADAMTS-3 mRNA expression pattern in different human cell lines analyzed by sq RT-PCR. Graph 
displays fold ADAMTS-3 mRNA expression analyzed by Image J software and normalized by h-β2. 

 
ADAMTS-3 Protein Expression Analysis  
 
In the second part of the study, ADAMTS-3 protein expression was determined in PC-3, Saos-2, MG-
63, and HUVEC cell lines that ADAMTS-3 expressions were well observed at mRNA level. Maximum 
ADAMTS-3 protein expression was determined in HUVEC and MG-63 cells. ADAMTS-3 was also found 
to be expressed as a protein in Saos-2 and PC-3 cells. However, the expression levels in these cells 
were lower than the others. When compared to mRNA levels, a difference that was observed at protein 

https://en.wikipedia.org/wiki/Metastasis
https://en.wikipedia.org/wiki/Metastasis
https://en.wikipedia.org/wiki/Umbilical_cord
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levels in Saos-2 and PC-3 cells probably depended on the difference of the ADAMTS-3 protein half-life 
in these cells.  
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: ADAMTS-3 protein expression analysis in different human cell lines analyzed by western blot. Graph 
displays fold ADAMTS-3 protein expression analyzed by Image J software and normalized by β-Actin. 

 

4. Discussion and Conclusion 
 
Collagens are the major substituents of the extracellular matrix and are found in both fibrillar and non-
fibrillar forms. Collagen types are generally tissue-specific and provide specialized functions. Synthesis, 
secretion, and assembly of collagen molecules require complex and multistep processes. If we consider 
fibrillar collagens, cleavage of the N- and C- terminal ends of the precursor collagen molecules are 
necessary for proper fibril conformation. Among the ADAMTS family members ADAMTS-2, -3, and -14 
are responsible for the amino end cleavage of procollagens [23,24]. Although they perform similar 
functions, their tissue distribution is different depending on the collagen types that were processed by 
them. ADAMTS-3 is mainly expressed in the cartilage and nervous system where it colocalizes with 
procollagen II but is less expressed in skin fibroblasts than ADAMTS-2 [9,25]. Fernandes and colleagues 
were analyzed ADAMTS-3 expression in adult normal human tissues by northern blot analysis. The 
highest ADAMTS-3 expression was detected in the placenta with lower level expression in the lung, 
brain, and heart [7]. ADAMTS expressions were also shown in normal myoepithelial cells indicating their 
importance in maintaining correct tissue structure in mammary tissue [26]. ADAMTS-3 was found to be 
expressed in the embryonic and postnatal cerebral cortex and hippocampus neurons [27]. 
 
Because of the critical roles of the ADAMTS proteases in normal and pathological circumstances and 
also in tumor development and metastasis, the expression profile of the ADAMTS family members in 
normal and pathological tissues has become a topic of interest. Porter and colleagues have profiled all 
ADAMTS family members in human mammary tumors and non-neoplastic breast tissue. They 
determined significant alterations (downregulation in ADAMTS-1,-3,-5,-8,-9,-10,-18 and upregulation in 
ADAMTS-4,-6 and,-14) between normal and cancer tissue [28]. In another study, it was determined that 
ADAMTS-3 mRNA expression was decreased after 24 h of insulin induction in the OUMS-27 
chondrosarcoma model [1]. Increased ADAMTS-3 gene expression was also determined in 
osteoarthritis, myocardial infarction, and breast cancer [29]. 
 
In this study, ADAMTS-3 expression was investigated in different cell lines at mRNA and protein levels. 
Among them, maximum ADAMTS-3 mRNA expression was observed in HUVEC cells. HUVEC cells 
were also had high ADAMTS-3 protein expression levels. After then, ADAMTS-3 expression was also 
well observed in PC-3, MG-63, and Saos-2 cell lines. MG-63 and Saos-2 cells were studied as 
osteosarcoma models. MG-63 cells represent fibroblastic and Saos-2 cells are the epithelial character. 
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Despite differences in cellular characteristics, ADAMTS-3 mRNA expression had a similar expression 
pattern at the mRNA level in both Saos-2 and MG-63. Pautke and colleagues were determined 
osteoblastic markers and collagen expressions in human osteoblasts and osteosarcoma cell models. 
According to this study type I collagen is very well expressed in two of them but type II collagen 
expression level is lower than type I and very low levels in (less than 5%) Saos-2 cells. While type III 
collagen had high expression levels in MG-63 cells (more than 95%), its expression was lower than 
(between 5-50%) in Saos-2 cells [22]. Considering that the main task of the ADAMTS-3 is to process 
type II collagen, it is very interesting that the expression level of ADAMTS-3 mRNA is similar to that in 
type II collagen-rich MG-63 cells. This finding supports type I and III collagen processing activity of the 
ADAMTS-3 that was mentioned in previous studies [7]. But, if we examine the protein expression level 
of ADAMTS-3 in these cells, we can see a higher ADAMTS-3 protein expression level in MG-63 cells 
than Saos-2. Having a higher expression level in type II collagen-rich MG-63 cells was very well 
correlated with the main task of the ADAMTS-3. DU-145 and PC-3 cells were chosen to represent the 
prostate cancer model. ADAMTS-3 mRNA expression was determined two-fold higher in PC-3 cells that 
have advanced metastatic features than DU-145 cells that have the moderate metastatic feature. So, 
PC-3 and DU-145 cell lines can be used to investigate the contribution of the ADAMTS-3 gene in the 
metastatic potential of prostate cancer [30]. Hep3B, PANC-1, and MCF-7 cells had low ADAMTS-3 
expression levels. In the HT-29 colorectal adenocarcinoma model, ADAMTS-3 expression was poor. 
ADAMTS-3 protein levels in Hep3B and PC-3 cells were determined lower when compared to mRNA 
expression levels. This may be due to the short RNA half-life of ADAMTS-3 mRNA in these cells. 
 
In conclusion, ADAMTS-3 expression was identified in different cancer models representing different 
characteristics and origins. These expression studies will be fundamental for future studies that will be 
performed on transcriptional regulation studies of the ADAMTS-3 in specific cancer types and also 
defining of the ADAMTS-3 contribution on the development and metastasis of specific cancer types. 

 
Acknowledgment 
 
This study was supported by the Scientific and Technological Research Council of Turkey (TUBITAK) 
Project number: 114Z025. 
 

Declaration of Ethical Code 
 
In this study, we undertake that all the rules required to be followed within the scope of the "Higher 
Education Institutions Scientific Research and Publication Ethics Directive" are complied with and that 
none of the actions stated under the heading "Actions Against Scientific Research and Publication 
Ethics" are not carried out. 
 

References 
 
[1] Akyol, S., Cömertoğlu, I., Firat, R., Çakmak, Ö., Yukselten, Y., Erden, G., Ugurcu, V., Demircan, K. 2015. Effect 
of insulin on the mRNA expression of procollagen N-proteinases in chondrosarcoma OUMS-27 cells. Oncology 
Letters, 10(2),1091-1096. 
 
[2] Cal, S., López-Otín, C. 2015. ADAMTS proteases and cancer. Matrix Biology, 44-46,77-85.  
 
[3] Rocks, N., Paulissen, G., El Hour, M., Quesada, F., Crahay, C., Gueders, M., et al. 2008. Emerging roles of 
ADAM and ADAMTS metalloproteinases in cancer. Biochimie, 90,369–79. 
 
[4] Wagstaff, L., Kelwick, R., Decock, J., Edwards, D.R. 2011. The roles of ADAMTS metalloproteinases in 
tumorigenesis and metastasis. Frontiers in Bioscience (Landmark Ed), 16,1861-72.  
 
[5] Kumar, S., Rao, N., Ge, R. 2012. Emerging Roles of ADAMTSs in Angiogenesis and Cancer. Cancers, 4(4), 
1252–1299. 
 
[6] Porter, S., Clark, I.M., Kevorkian, L., Edwards, D.R. 2005. The ADAMTS metalloproteinases. Biochemical 
Journal, 386,15-27. 
 
[7] Fernandes, R.J., Hirohata, S., Engle, J.M., Colige, A., Cohn, D.H., Eyre, D.R., Apte, S.S. 2001. Procollagen II 
amino propeptide processing by ADAMTS-3. Insights on dermatosparaxis. Journal of Biological Chemistry, 276(34), 
31502-9.  
 



46 
 

[8] Le Goff, C., Somerville, R.P., Kesteloot, F., Powell, K., Birk, D.E., Colige, A.C., Apte, S.S. 2006. Regulation of 
procollagen amino-propeptide processing during mouse embryogenesis by specialization of homologous ADAMTS 
proteases: insights on collagen biosynthesis and dermatosparaxis. Development, 133(8), 1587-96. 
 
[9] Janssen, L., Dupont, L., Bekhouche, M., Noel, A., Leduc, C., Voz, M, et al. 2016. ADAMTS3 activity is mandatory 

for embryonic lymphangiogenesis and regulates placental angiogenesis. Angiogenesis, 19(1), 53-65. 

[10] Dubail, J., Apte, S.S. 2015. Insights on ADAMTS proteases and ADAMTS-like proteins from mammalian 

genetics. Matrix Biology,44-46, 24-37.  

[11] Hodgkinson, L.M., Wang, L., Duncan, G., Edwards, D.R., Wormstone, I.M. 2010. ADAM and ADAMTS gene 

expression in native and wound healing human lens epithelial cells. Molecular Vision, 16, 2765-2776. 

[12] Siefert, S.A, Sarkar, R. 2012. Matrix metalloproteinases in vascular physiology and disease. Vascular, 20(4), 

210-216. 

[13] Peng, W.J., Yan, J.W., Wan, Y.N, Wang, B.X., Tao, J.H., Yang, G.J., Pan, H.F., Wang, J. 2012. Matrix 

metalloproteinases: A review of their structure and role in systemic sclerosis. J Clin Immunol, 32(6), 1409-1414.  

[14] Abramoff, M.D., Magalhaes, P.J., Ram, S.J. 2004. Image Processing with ImageJ. Biophotonics International, 

11(7), 36-42. 

[15] Aydemir, A.T., Alper, M., Kockar, F. 2018. SP1-mediated downregulation of ADAMTS3 gene expression in 
osteosarcoma models. Gene, 659,1-10 
 
[16] Ernst, O., Zor, T. 2010. Linearization of the Bradford protein assay. J Vis Exp, 38, 1918. 
 
[17] Timm, C., Gupta, A., Yin, J. 2015. Robust kinetics of an RNA virus: Transcription rates are set by genome 
levels. Biotechnology and Bioengineering, 112(8), 1655-62.  
 
[18] Kaighn, M.E., Narayan, K.S., Ohnuki, Y., Lechner, J.F., Jones, L.W. 1979. Establishment and characterization 
of a human prostatic carcinoma cell line (PC-3) Investigative Urology, 17(1), 16-23. 
  
[19] Tai, S., Sun, Y., Squires, J.M., Zhang, H., Oh, W.K., Liang, C.Z., Huang, J. 2011. PC3 is a cell line characteristic 
of prostatic small cell carcinoma. The Prostate, 71(15), 1668-79. 
 
[20] Park, H.J., Zhang, Y., Georgescu, S.P., Johnson, K.L., Kong, D., Galper, J.B. 2006 . Human umbilical vein 
endothelial cells and human dermal microvascular endothelial cells offer new insights into the relationship between 
lipid metabolism and angiogenesis. Stem Cell Rev.2 (2), 93-102. 
 
[21] Deer, E.L, González-Hernández, J., Coursen, J.D., Shea, J.E., Ngatia, J., Scaife, C.L., Firpo, M.A., Mulvihill, 
S.J. 2010. Phenotype and genotype of pancreatic cancer cell lines. Pancreas. 39(4), 425-35.  
 
[22] Pautke, C., Schieker, M., Tischer, T., Kolk, A., Neth, P., Mutschler, W., Milz, S. 2004. Characterization of 
osteosarcoma cell lines MG-63, Saos-2, and U-2 OS in comparison to human osteoblasts. Anticancer Res. 
24(6),3743-8. 

 
[23] Fukai, N., Apte, S.S., Olsen, B.R., Erkki, R., Engvall E. 1994. Extracellular Matrix Components. Academic 
Press, New York, 245, 3-28. 
 
[24] Van D.R., M., Garrone, R. 1991. Collagen family of proteins. FASEB J. 5 (13), 2814-2823. 

 
[25] Kevorkian, L., Young, D.A., Darrah, C., Donell, S.T., Shepstone, L., Porter, S., Brockbank, S.M., Edwards, 
D.R., Parker, A.E., Clark, I.M. 2004. Expression profiling of metalloproteinases and their inhibitors in cartilage. 
Arthritis Rheum. 50(1),131-41. 
 
[26] Rocks, N., Paulissen, G., Quesada Calvo, F., Polette, M., Gueders, M., Munaut, C., Foidart, J.M., Noel, A., 
Birembaut, P., Cataldo, D. 2006. Expression of a disintegrin and metalloprotease (ADAM and ADAMTS) enzymes 
in human non-small-cell lung carcinomas (NSCLC). Br J Cancer. 94(5),724-30.  
 
[27] Ogino, H., Hisanaga, A., Kohno, T., Kondo, Y., Okumura, K., Kamei, T., Sato, T., Asahara, H., Tsuiji, H., Fukata, 
M., Hattori, M. 2017. Secreted Metalloproteinase ADAMTS-3 Inactivates Reelin. J Neurosci. 37(12), 3181-3191.  

 
[28] Porter, S., S. D. Scott, S.d., Sassoon, E.M., Williams, M.R., Jones, J.L., Girling, A.C., Ball R.Y., Edwards: D.R. 
2004. Dysregulated expression of adamalysin-thrombospondin genes in human breast carcinoma. Clin Cancer Res, 
10(7), 2429-40  

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5653219
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5653219
https://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=447482&dopt=AbstractPlus
https://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=447482&dopt=AbstractPlus
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3426349
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3426349


47 
 

[29] Zhong, S., Khalil, R.A. 2019. A Disintegrin and Metalloproteinase (ADAM) and ADAM with thrombospondin 
motifs (ADAMTS) family in vascular biology and disease. Biochem Pharmacol. 164,188-204. 
 
[30] Pulukur,i S.M., Gondi, C.S., Lakka, S.S., Jutla, A, Estes, N., Gujrati, M., Rao, J.S. 2005. RNA interference-
directed knockdown of urokinase plasminogen activator and urokinase plasminogen activator receptor inhibits 
prostate cancer cell invasion, survival, and tumorigenicity in vivo. J Biol Chem.280(43),36529-40.  

 
 


