Decorin Provides Molecular Linkages to Regulate the Integrity of Aggrecan Networks in Cartilage

DREXEL UNIVERSITY

ﬁ Schoolof _ _ Biao Han', Qing Li'", Chao Wang', Paven Patel', Hadi T. Nia?, Ling Qin®, Renato V. lozzo*, Lin Han’
Biomedical Englneerlng, 'Drexel University, Philadelphia, PA; “Harvard Medical School, Boston, MA;
Science and Health Systems SUniversity of Pennsylvania, Philadelphia, PA; “Thomas Jefferson University, Philadelphia, PA.
Objective Results and Discussion
 To determine the role of decorin, the most abundant small leucine-rich 1) Decorin mediates the assembly and stability of aggrecan in neo-matrix, but does not affect its synthesis by chondrocytes.

proteoglycan (SLRP) in cartilage, in mediating the content and

 Dcn”ch t hibit imil ' f matri her th ' ith ithout TGF-3 (Fig. 4a). A TGF- h
structural integrity of aggrecan in cartilage extracellular matrix (ECM). cn”-chondrocytes exhibited similar expressions of matrix genes other than decorin, with or without TGF-3 (Fig. 4a). As expected, TGF-[3 treatment enhances

anabolism for both genotypes (Fig. 4a).

Backg round » In accordance with gPCR results, Den” chondrocyts synthesize similar total amount of SGAGs as WT, with or without the stimuli by TGF-B (Fig. 4b).

* The structural integrity of aggrecan, and its sulfated GAG side chains » A significantly reduced proportion of sGAGs was retained in the neo-matrix of Den”- chondrocytes, suggesting a key role of decorin in mediating aggrecan
(sGAGS), are the key determinant of cartilage ECM mechanical functions [1]. assembly, rather than synthesis (Fig. 4b).

» Our recent study showed that decorin knockout (Den”) murine cartilage a b released to media matrix total Fig. 4 a) gPCR detects similar ex-
develops substantially reduced aggrecan and sGAGs contents, resulting in without TGF-8 __ 60} without TGF-3 S : : {1 pression of major anabolic genes
impared elastic and poroelastic mechanical properties (Fig. 1) [2]. - 3 1 2 between Dch”- and WT chondro-
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Fig. 1 Structure and mechanical phenotype of Den” mice, including 0 N N N 0, 0 WT [l WT +TGF-B
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c) lower indentation modulus and higher hydraulic permeability. P e Culture time (days)

» Decorin interacts with a wide array of matrix molecules [3,4], growth factors 2) Decorin increases aggrecan-aggrecan and aggrecan-collagen fibrils adhesion.
and surface receptors [5-7] (Fig. 2a). This indicates that the aggrecan - Under AFM colloidal force spectroscopy (Fig. 5a) [12], adding free decorin significantly increased both the maximum adhesion force, F_,, and adhesion energy, E_,
content phenotype could arise from factors including decrease in synthesis, both between aggrecan and aggrecan (Fig. 5b), and between aggrecan and collagen fibrils (Fig. 5c).

iIncrease in degradation and /or decrease in retention. . _ _ _ _ _ _ o
* When purified bovine aggrecan was reconstituted on atomically flat mica surface, adding free decorin transforms aggrecan monomers into interconnected

» In developing Dcn™ cartilage, we did not detect degradation neo-epitopes of supramoleculer networks, shown by AFM imaging (Fig. 5d).
aggrecan by aggrecanases (TEGE,..) [8] or MMPs (VDIPEN,,.) [9] (Fig. 2b),
suggesting that decorin does not affect aggrecan degradation in vivo. 9 b F . (nN) E_ (fJ) C F_. (nN) E_ (fJ) d
R =2.25 um R =2.25 um 4 a* o — 4 a* 4 a*

« Canonical functions of decorin include interaction with collagen [4] and H
aggrecan [3], and binding with TGF-3 to sequester TGF-f3 signaling [10],
indicating possible roles in mediating aggrecan synthesis and/or retention.
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Materials and Methods 3) The role of decorin is manifested through late maturation, when collagen turnover is slow.

. Cell extraction and culture: Primary chondrocytes were isolated from » After decorin was ablated in young adult mice (1-month age), similar structural and mechanical defects were observed in adult mice (3-month age) (Fig. 6).

1-month-old WT and Dcn” murine femoral head cartilage, and cultured in At the later stages of maturation, the turnover of collagen fibrils is slow [16], indicating the impact of decorin on aggrecan integrity is possibly independent of
alginate beads. DMMB assay [11] was performed at 2, 4, 6 and 8 days of collagen fibrillogenesis in cartilage.
culture, and gPCR was performed on day 8. b sGAG content C

- Decorin-aggrecan and decorin-collagen molecular interactions via (rg/mg wet weight) E, (MPa) EJE, k (m?(N-s))
AFM: Gold-coated silicon substrates and microspherical AFM tips (R = 2.25 * % 15 k A 3k
um) were end-functionalized with aggrecan [12]. Trypsin-treated bovine 60 [ 2 - = T 1014 -
cartilage surfaces were used as the 2D collagen |l network [13]. In PBS, with 1 - 10 - :
or without recombinant murine decorin protein, the tip was programmed to 40 |- 1+ | L - 10-15 -
compress the substrate, held for 30 seconds, and then retracted at the same 20 I i S |- = [
rate. The maximum adhesion force, F_,, and total adhesion energy, E_,, were A
calculated from each approach-retract force curve (e.g., Fig. 5a). 0 0 0 10-1°

. Decorin inducible knockout mice: Using Dcn™/Rosa26CreER (Dcn©) Fig. 6 Deletion of decorin expression at 1-month age resulted in substantial defects at 3-month age, including a) reduced Safranin-O/Fast Green control
mice [14], we ablated the expression of decorin via tamoxifen injection (3 histology staining, b) decreased sGAG content via DMMB, and c) decrease in low frequency modulus, E , self-stiffening ratio E /E, and increase in DKo
mg/40 g body weight) at 1-month age Dcn®© (Fig. 3), and tested at 3-month hydraulic permeability, k, via AFM nanorheometric test (mean £ 95% CI, n 2 4,*: p < 0.05 via Mann-Whitney U test). B Dcn
age with Safranin-O/Fast Green histology and DMMB to assess joint Conclusion and Outlook

morphology and sGAG content, and AFM-nanorheometic test [15] to quantify
poroelastic mechanical properties. Control mice include the same iKO mice
treated with vehicle, and WT mice injected with the same dose of tamoxifen.

 Our results suggest that decorin increases aggrecan stability and retention via increasing its molecular adhesion, and this role is critical to the integrity
of cartilage aggrecan network during post-natal growth (Fig. 7).

* This new role of decorin is a clear departure from its known functions in mediating collagen fibrillogenesis, and thus, extends our understanding of decorin’s

lg Fig. 3 a) Genotyping of WT structural role in various tissues.
{II\?I)'( -% * and Dcn®® mice before and » Building on these results, our ongoing studies are testing the potential of using decorin to improve regeneration by modulating the assembly of neo-matrix and
g _ after tamoxifen injection mechanotransduction of chondrocytes.
§<>-1 - [ 71 showed the excision of N |
Exc <GE) floxed Dcn allele. b) gPCR e 7 Schematics References: [1] Williamson +, J. Orthop. Res., 2001. [2] Han +, Trans. ORS,. 2017. [3] Douglas +, Bio-
= showed daily injection of g. | macromolecules, 2006. [4] Wiberg +, J. Biol. Chem., 2003. [5] Santra +, J. Biol. Chem., 2002. [6] Schon-
_muTE | tamoxifen significantly show the hypothesized herr +, J. Biol. Chem., 2005. [7] lozzo, Crit. Rev. Biochem. Mol. Biol., 1997. [8] Lark +, J. Biol. Chem.,
Cre-_ - reduced the expression of . 4 ., role of decorin in 1995. [9] Singer +, J. Clin. Invest., 1995. [10] Roughley +, Matrix Biol., 1994. [11] Farndale +, Biochimi-
WT .GZ) d i to the baseline level e F Fhalk - cartilage, and the ca. et biophysica acta, 1986. [12] Han +, Biophys. J., 2008. [13] Rojas +, Biomacromolecules, 2014. [14]
= = 5 Oﬁ? :n;?n CZ rtﬁ:e;”e eve SIWSR A IelEs e T T - % impact of decorin loss Robinson +, Matrix Biol., 2017. [15] Nia +, J. Biomech., 2015. [16] Verzijl +, J. Biol. Chem., 2000.
+ © 3 20 : L Y e ¢ | on the reduction of Acknowledgments: This work was supported by the NIH (AR066824) and NSF (CMMI-1662544). We
< Q WT Oil Dcn aggrecan. would like to thank Dr. David E. Birk for providing the breeding pairs of Dcn®°© mice and for valuable
+TM Ctrl discussions. Contact: bh462@drexel.edu.  Disclosure: The authors have no conflicts of interest.




