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Introduction

Articular cartilage 1s crucially influenced by mechanical loading in de-
velopment, health, and disease. Regenerative medicine approaches need
to incorporate mechanical loading as a key component to drive tissue
repair as well as to generate engineered constructs that can substitute the
damaged cartilage [1].

In this framework, we have developed a novel device for the high throu-
ghput compressive loading of native and engineered cartilage called
HiT-MACE (High Throughput Mechanical Activator for Cartilage En-
gineering) to allow for the screening of up to 24 samples 1n one single
run under different conditions (Fig.1).

Materials and methods

Device:

The HIT-MACE device 1s composed of two motors above a basis and of
pistons attached to six compact actuators equipped with force sensors to
provide force feedback during the loading of six samples at a time

(Fig.1).

Fig. 1. HIT-MACE high throughput
mechanical activator and (zoom 1in)

24 well plate with 3D printed pi-
stons to compressing 24 cartilage
samples.
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A custom lid equipped with a flexible membrane as well as pistons and
piston guides were manufactured by 3D printing in order to maintain
sterile conditions during the compression.

A National Instrument DAQ board connects the system to a computer
and a Labview user
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Device Validation:

We compared the Young’s modulus of different compositions of PDMS
and agarose cylinders (n=24), synthetic materials with mechanical pro-
perties in the range of cartilage, measured with HIT-MACE and with the
Bose (now TAinstrument) ElectroForce 3230 mechanical tester.

Materials and methods

Cartilage early response to loads:

Articular cartilage cylinders of 4mm in diameter were harvested from fre-
shly euthanized pigs from a local abattoir. After 48h equilibration in se-
rum-free, TGF-B-free medium (DMEM, 2% penicillin/streptomycin,
ITS, and ascorbate), samples were subject to physiologic cyclic loading
(12% strain at 1Hz) for 30 minutes. A second set of samples was subject
to supra-physiological loading (45% cyclic strain) for 30 minutes, and
compared to the response to IL-1pB exposure as an inflammation-based
model of tissue damage.

All samples were then analyzed for gene expression by qRT-PCR of the
extracted RNA (porcine genes: ACAN, BMP2, COL2, ALKS, PAII,
SMAD3, TGF-f1, COLX, ID1, MMP13) and by immunohistochemistry

and histology:.

Statistical analysis:
Results were compared by either t-Test or ANOVA following by a post
hoc Tukey test with significance set at p=0.05.

Results

The developed stimulator is capable of accurate mechanical measu-
rement, under compressive loading:
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No significant diffe-
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of HIT-MACE.

A physiological dynamic compression blocks hypertrophic differen-

tiation of chondrocytes, restoring Tgi-p signaling:
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Fig. 3. Cartilage anabolic genes after physiological loading compared to the

unloaded condition (n=8).

Results

Immunohistochemistry  confirmed
these gene expression 1n the cells |
within cartilage sections (Fig. 4). N e

Fig. 4. Immunohistochemical staining for SMAD-3
of DO (a), Unloaded (b), Loaded (c) and MRF-7
cells employed as positive control (d). Scale bar =
50 um.

The upregulation of TGF-B1 as a compensatory response to promo-
te tissue repair in supra-physiological/cytokines-treated conditions:
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Fig. 5.Expression levels of mRNA in unloaded, physiologically loaded, supra-physiologically
loaded and IL-1 treated groups (n=4).

Fold change

Discussion

The use of a high throughput system such as our HIT-MACE allowed to
rapidly generate a sizeable amount of data from multiple donors and to
reach significance in a very short time. Cartilage subject to physiological
loading rapidly responds with increased gene expression of anabolic mar-
kers along the TGF-31 pathway (e.g., COL2, ACAN, SMAD3, etc.) (Fig.
3), confirming what previously reported by Madej et al. [2]

In supraphysiological loading, an AlkS, Bmp2 and Tgibl upregulation
(F1g.5) could appear as a self-protective response in repairing of the tissue
when 1t was subjected to an excessive load, whereas IL-1[3 clearly 1nitia-
tes a catabolic response as expected.

Significance / Clinical relevance

High throughput mechanical loading of cartilage and engineered con-
structs allows to generate large volumes of data and samples to effecti-
vely explore cartilage response to physiological and supraphysiological
loading and to engineer more effective repair and rehabilitation strate-
gies.
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