
Current treatments:

•Existing treatments alleviate symptoms initially; however, they are not able to alter disease
progression and disease development eventually proceeds.

New approaches with cell-based therapies:

•One approach to alter OA progression has been the administration of mesenchymal stromal cells
(MSCs) into the arthritic joint. MSC secrete numerous anti-inflammatory and regenerative factors that
could modulate the inflammatory state in OA.

•Nevertheless, this treatment requires injection of millions of cells and lacks long-term efficacy.

•Therefore, a strategy to deliver and localize MSCs while promoting their chondrogeneic AND anti-
inflammatory function is needed.

• An in vitro model of osteoarthritic chondrocytes was established using key mediators of OA inflammation such as
IL-1α and TNF-α. When used in combination the inflammatory response and downregulation of pro-chondrogenic
genes is exacerbated creating an OA-like environment.

• Free and eMSC treatment of stimulated chondrocytes promoted the downregulation of pro-inflammatory genes and
the upregulation of pro-chondrogenic genes, marginally.

• In response to OA inflammatory mediators, free and eMSC secrete multiple factors and immunomodulatory
molecules, such as PGE2.

• PGE2 is considered to have anti-inflammatory effects on several cell types, including M1 macrophages. However, it
promotes an inflammatory response in chondrocytes. Since free and eMSC secrete high levels of PGE2, this
results might suggest why the MSC treatment was not effective.

• In a multiculture system with MSCs, OA macrophages and chondrocytes, the system is the same so long as all
three cell types are present on separate monolayers.

• Further studies to characterize the potential of MSC as a treatment for OA are needed. In the future, we will study
overall biochemical changes after the introduction of macrophages and the effect of the timing and dose of MSC
using the in vitro OA model.

Osteoarthritis:

•Osteoarthritis (OA) is the most common form of arthritis characterized by a slow progressive
degeneration of articular cartilage.

•Considered the most prevalent joint disease in adults, affecting more than 12.4 million over the age of
65 in the U.S.

•Increased rate of incidence in astronauts returning from space due to cartilage degeneration kick
started by micro-gravity environments

•Although OA is considered a non-inflammatory joint disease, pro-inflammatory cytokines such as
tumor necrosis factor-α (TNF-α) and interleukin-1 (IL-1) have been implicated as key mediators in the
disease.
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Objectives

Figure 1: Complex cellular interplay in synovial joint [2].

Methods

Results

• To establish an in vitro model of osteoarthritic chondrocytes.

• To ascertain whether encapsulated MSC (eMSCs) can provide sustained reduction of OA mediated
joint inflammation and destruction, and promote re-growth and healing by optimizing the
encapsulation conditions to promote MSC anti-inflammatory and chondrogeneic function.

• To identify key mediators of MSC or eMSC anti-inflammatory action in an in vitro model of OA.
New Jersey Space Grant Consortium Fellowship
Aresty Spring Research Fellowship

Alginate encapsulation of MSCs:
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Figure 3: Schematic of encapsulation and analysis procedure.

Figure 4: Experimental setup for in vitro co-culture studies of MSCs chondrocytes. 2.2 % alginate eMSCs’
anti-inflammatory effect on IL-1α and/or TNF-α stimulated chondrocytes as a model of OA. Using IL-1α and/or TNF-α will
produce an OA-like environment and test the immunomodulatory properties of eMSCs.
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Free and eMSC effect on osteoarthritic chondrocytes:

Free and eMSC PGE2 secretion in co-culture with chondrocytes and its effect on

OA chondrocytes:

Figure 6: Inflammatory cytokine, protease, and chondrogenic gene expression panel of chondrocytes

in the presence of free MSCs and eMSC. Inflammatory stimuli such as IL-1α (A) and/or TNF-α (B) induced the
upregulation of pro-inflammatory cytokine and proteases while downregulating pro-chondrogenic gene expression. C-D

examples of collagenase activity and IL-8 secretion changes with IL-1α or IL-1α /TNF-α treated chondrocytes in the
presence of free or eMSCs. The presence of IL-1α/TNF-α enhanced pro-inflammatory cytokine and protease gene
expression, predominantly in eMSC treated groups. Data represents the fold regulation changes compared to basal
chondrocytes of N=3, n=9 pooled samples.

Figure 7: MSC PGE2 secretion in co-culture with

chondrocytes. Free and eMSC secrete high levels of PGE2
in the presence of IL-1α or IL-1α /TNF-α stimuli. PGE2 works
as an immunomodulatory molecule on macrophages and might
have similar effects on chondrocytes. Data represents N=2,
n=2-3 replicates. *significantly different from all conditions
(p<0.5)

Figure 8: PGE2 dose response. Chondrocyte IL-8 secretion in
response to OA stimuli and PGE2 dose response. Increasing levels
of PGE2 did not attenuate chondrocyte IL-8 secretion. Data
represents n=3 replicates.

Figure 5: Experimental setup for in vitro co-culture studies of MSCs chondrocytes. 2.2 % alginate eMSCs’
anti-inflammatory effect on IL-1α and/or TNF-α stimulated chondrocytes and macrophages as a comprehensive model of
OA. Using IL-1α and/or TNF-α will produce an OA-like environment and test the immunomodulatory properties of eMSCs.

Post processing →PBS 
washes and PLL addition

Electrostatically 
assisted encapsulation 

unit

Mix alginate with 
MSCs

Measure cell viability using 
LIVE/DEAD staining

Addition of macrophages to the OA in vitro model:
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eMSC localizing spinal cord present no adverse 
effects [3]
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Figure 9: Multiculture system with chondrocytes,

macrophages and MSCs. IL-8 Secretion was compared
among various combinations of inflamed co-cultures that
included chondrocytes, macrophages, and MSCs. Co-cultures
varied by stacking order in order to test the hypothesis that
order would vary overall IL-8 secretion. No significant
difference was found between the various combinations. Data
represents n=3 replicates.
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