3D Synovial Organoid Culfure Reveals
Celluldr Mechanisms of Tissue Formation
and Inflammatory Remodelling
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Introduction

The synovial membrane is a distinctly
organized structure with two layers: a
densely packed lining layer that sits on
top of a more loosely organized subli-
ning layer (Fig.1A).
During the course of arthritis, the
synovium becomes hyperplastic and
emonstrates thickening of the lining
layer and cellular condensation in the
sublining layer (Fig.1B). ! <

Figure 1
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Hematoxylin-eosin staining of IHC
sections of OA (A} and RA'(B)
synovial tissues.

Using a 3D synovial organ culture ’ 34

system, we explore cellular s

Figure 2
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Confocal image of a single section

from a one week old ‘A & a four
weeks old (B) synovia

\Y/[Sjiglele N

Fibroblast-like synoviocytes (FLS) derived
from patients with rheumatoid arthritis
: MRA) were cultured in three dimensional
% g atrigel micromasses. _ i
B To mimic synovial inflammation, micro-
masses were challenged with TNF.
For histological analyses, micromasses
were embédded in paraffin sections and
were stained with hematoxylin and
eosin (HE); Ki67 labelling was performed
to identify proliferating Cells.
Two-phaoton laser scanning microscopy
was used to measure Tining layer
thickness during the culture

micromass.
Green cell tracker dye was
used to stain

mechanisms of synovial i
tissue formation and 25 ® P brfocai micrographs
'rf;ﬂrs(f)"(‘jrg’atory Results . were an%lyéetdlusing o
_ i maris® Bitplane Soft-
ling. Synovial micromasses demonstrated thickening of the lining layer ware. mMRNA levels
over time ?Fig. 3A-DL.' When stimulated with TNF, Cellular aggregation at for various genes
the s_ubhnlng? ayer and hyperplasia of the lining layer were observe éFIg 3E-F). W
Statistical analysés determined lining thickening as a time-dependent (P<0.001) and Getammined
TNF-dependent process | P<0.01) (Fig. 3G). by qPCR.

Figure 3
HE staining of IHC sections from 1, 2,
3 and 4 weeks old micromasses | A, B, C
D, respectively) showing synovial lining
formation. IHC of not-stimulated (E) and
TNF-stimulated (F) micromasses depicting
characteristic architectural changes. Graph
representing lining layer thickening measure-
ments over time with and without the
presence of TNF (G].
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F!(tgure 4 Ki67 labeled IHC sections from RA synovium (A} and non-stimu-
lated micromasses, one and four weeks old (B, C, respectively). Graphs
represent percentage of ﬁroliferating cells from the lining and sub-
lining layer separately. They compare week | vs week 4 from control micro-
masses (D), TNF-stimulatéd micromasses (E) and synovial tissues from RA

and OA patients (F).
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In order to identify the origin of cells contributing

to the thickening of the lining layer, proliferation” Y
studies were conducted ‘Fig,ﬂr A-CJ. Intriguingly, in ’
the early phase of the culture period, prdliferation

of cells in'the lining layer was higher compared

to the sublining layer {Fig. 4D). This proliferative

activity, however, was no longer present in

the late phase, after the lining lag/er was es-

tablished (mature phase) (Fig. 4E).

In the presence of TNF, an increased number

of proliferating cells in the lining layer was main- &
tained for an'extended period of time. This was

consistent with higher rates of cellular proliferation

in the lining in sections of RA synovial tissues

when compared to OA synovial tissues (Fig. 4F).

. L o : Gene expression during Figure )
During the course of lining/sublining layer maturation, micromass maturation ,
mRNA expression levels of genes of intérest were P Gene expression
measured. %PCR data indicate that MMP1, MMP3, and " 1§ e ol i 5
IL-6 are differentially expressed during the early phase » ek
(one week old) and the mature phase (four weeks X, Weekd
old) of the culture period. By contrast, lubricin, 10 . ;
- cadherin-11, CCL20 and STAT] gene expression [ = P B
did not show a significant différence (Fig. 5). T ‘ 2 ‘ n .
Q‘f Conclusions v
~ The 3D synovial micromass culture spontaneously forms a tissue structure that
tw strikingly resembles the lining/sublining architecture of the in-vivo synovial
tissue. This process involves FLS proliteration as well as expression of
¢ genes that allow for tissue remodelling. In inflammatory condi- ¢

tions similar cellular programs are re-activated resulting
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in synovial lining hyperplasia and a pannus-like
condeénsed mass of cells.
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