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Abstract: Rheumatoid arthritis (RA) is a debilitating autoimmune disease that causes progressive chronic inflamma-
tion of the joints and destruction of articular cartilage and bone erosion. Cartilage destruction is a key characteristic
in patients with RA. RA fibroblast-like synoviocytes (FLS) mainly contributes to local production of cytokines, inflam-
matory mediators and MMPs, and to migrate and destruct joint cartilage. Here, we summarized a detailed protocol
for developing a humanized synovitis animal model. A cartilage-sponge complex without RA FLS was implanted
under the left flank skin of a SCID mouse primarily, two weeks later, cartilage-sponge complex containing RA FLS
was inserted under the right skin of the contralateral flank. The H&E staining clearly helps to identify the cartilage
damage on the day 45 after second implantation. This model is highly significant to investigate the role and mecha-

nisms of agents or cells in targeting RA FLS in vivo.
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Introduction

Rheumatoid arthritis (RA) is a debilitating auto-
immune disease that causes progressive ch-
ronic inflammation of the joints and destruction
of articular cartilage and bone erosion [1-3]. It
has been documented that interleukin 17 (IL-
17) secreting CD4+ T helper (Th17) cells plays
a key role in the pathogenesis and severity of
RA [4-6]. Th17 cells contribute to bone destruc-
tion by increasing expression of receptor acti-
vator of nuclear factor-kB ligand (RANKL) and
activating osteoclast [7]. Moreover, IL-17 exac-
erbates synovitis through promoting the pro-
duction of pro-inflammatory cytokines includ-
ing IL-1B, IL-6, tumor necrosis factor-a (TNF-x),
and matrix metalloproteinases (MMPs) [7-9].
Therefore, targeting Th17 cells may relieve or
delay the degree or severity of RA. Recently, we
and others have documented that lots of candi-
dates showed therapeutic effects on collagen
induced arthritis (CIA) mice model, such as 1,
25-dihydroxyvitimin D3 [10], Apremilast (a
phosphodiesterase 4 inhibitor) [11], regulatory
Tcells [12, 13], and human gingiva-derived me-

senchymal stem cells (GMSCs) [14-16]. Other T
helper or T effector cells, such as Thl, Th9,
Th22 and T follicular helper cells may also di-
rectly or indirectly involve in the pathogenesis
of autoimmune arthritis [17-20]. Conversely
Treg cells have an opposite role in controlling
Th17 cells and other pathogenic cells and even-
tually prevent and treat autoimmune arthritis
and other diseases [21-23].

Bone loss is a hallmark of RA in 3 different
forms: (1) joint margins and subchondral bone
erosion; (2) periarticular bone loss adjacent to
the inflamed joints; (3) systemic bone loss
(osteoporosis) [24]. Normal bone remodeling is
a balance of bone resorption by osteoclast and
bone matrix synthesis by osteoblast [25]. How-
ever, osteoclast triggered bone remodeling bal-
ance losing appears early in the course of RA,
which causes joint damage and functional
capacity impairment [26]. Therefore, the cor-
rection of bone imbalance may alleviate bone
erosion in RA. Indeed, we and others have re-
ported that induced regulatory T cells [27] and
GMSCs [28] can suppress osteoclast in CIA
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Table 1. Reagents and material involved in this protocol

ltems Cat. No Manufacturer
Absorbable Gelatin Sponge 1972 ETHICON
Surgical Gloves Powder-free ZDT72N70X Cardinal Health
Drapes GEM1154S Medline
Disposable Skin Stapler DS-15 Precise
Skin Staple Remover DYNJ0O4058 Medline
Antiseptic Non-sterile solution (10% Povidone-iodine) - -
Ketamine (100 mg/ml) NDC 50989-161-06 Keta Ved
Xylazine (20 mg/ml) NADA#139-236 Ana Sed

Meloxicam

mice and thus protect joints from bone de-
struction.

In addition, cartilage destruction is a key fea-
ture in patients with RA. It is clear that synovial
lining fibroblasts (also refer to fibroblast-like
synoviocytes, FLS) in RA patients mainly con-
tribute to local production of cytokines, inflam-
matory mediators and MMPs [29]. Importantly,
RA FLS transform from quiescence cells to
hyperplastic cells teeming with immunocompe-
tent, and thus, are the primary effects of carti-
lage destruction due to their migration and
invasion capacities and prodigious production
of proteinases [29]. A lot of factors may contrib-
ute to the aberrant behaviors and properties.
For instance, long non-coding RNA GAPLINC
(LncRNA GAPLINC) may promote RA FLS prolif-
eration, migration, invasion and pro-inflamma-
tory cytokines production in a miR-382-5p
dependent and miR-575 dependent manner
[30]. Additionally, Sonic Hedgehog (SHH) signal-
ing pathway is involved in proliferation and
migration capacities of RA FLS via mitogen-
activated protein kinases/extracellular-regulat-
ed kinases (MAPK/ERK) signaling pathway
[31]. Smoothened (Smo), a key component of
SHH, is of vital in RA FLS migration and inhibi-
tion of Smo decreases RA FLS proliferation [32,
33]. Urokinase-type plasminogen activator re-
ceptor (UPAR) also promotes tumor-like behav-
iors through PI3K/Akt signaling pathway [34].
Therefore, the regulation of RA FLS may have
an alleviating effect on protecting joint carti-
lage from destruction.

Joint inflammation in RA starts in the first joint
but can spread to all joints during the course of
RA [35]. RA FLS have the abilities to product
cytokines, inflammatory mediators and MMPs,
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and to migrate and destruct joint cartilage [29,
36]. Therefore, it is of vital to study how RA FLS
migrates and destructs the joint cartilage.
Fortunately, Lefevre et al [35] have reported a
humanized synovitis animal model by implant-
ing healthy human cartilage together with RA
FLS subcutaneously into one flank of a severe
combined immunodeficient (SCID) mouse and
healthy human cartilage only into contralateral
flank of the same SCID mouse. Their model
showed that RA FLS is able not only to invade
and degrade cartilage without additional stimu-
li from the mouse or human immune system
but also to maintain and transfer its properties
to a distant and hitherto unaffected joint [35].

Interestingly, there is a significant difference
between implant a cartilage containing RA FLS
primary and cartilage without RA FLS two
weeks later and implant the two items con-
versely [35]. As for the importance of this ani-
mal model, we here summarized a detailed pro-
tocol for developing the humanized synovitis
animal model. The protocol primarily derived
from the original description by Lefevre et al
[35]. In order to study the migrative and inva-
sive abilities of RA FLS in vivo more significant-
ly, we implanted a cartilage-sponge complex
without RA FLS, under the left flank skin of a
SCID mouse primarily. Two weeks later, we
inserted cartilage-sponge complex containing
RA FLS under the right skin of the contralateral
flank. With the H&E staining on day 45, we
noted that RA FLS migrates and degrades the
healthy cartilage clearly in SCID mice.

Reagents

All the reagents related to this protocol are list-
ed in Table 1.
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Statistical analysis

For statistical comparison of the treatment
groups, one-way ANOVA was employed. Data
were presented as Means + S.E.M. All statisti-
cal analyses were performed using GraphPad
Prism Software (version 7.00). P<0.05* was
considered as statistically significant.

Procedur
First operation

1. A piece of fresh normal human cartilage will
be cut into 0.7*0.4*0.2 (cm?®), and a piece of
sterilized synthetic gelatin sponge will be cut
into 0.7*%0.6*0.6 (cm?3). All the processes will be
performed under sterile condition. 2. The cut
cartilage will be inserted into the gelatin sponge
like a sandwich. 3. 5-wks-old CrlscidBR SCID
mice will be employed in this protocol. Mice will
be anesthetized intraperitoneally with 10 mg/
kg of Xylazine and 90 mg/kg of Ketamine in an
isotonic solution. 4. After fur shaving, the anes-
thetized mice will be put on a piece of sterile
drape and incision site will be disinfected as fol-
lows: a. Using a surgical grade detergent first,
wiping from the site of the incision outward; b.
Rinse with alcohol (alcohol is not a sterilant, but
it rinses soap and debris well); c. Swab with
antiseptic solution from the incision site out-
ward. 5. A 1-cm incision will be made on the left
flank of skin on a SCID-mouse, and a small
space will be opened using a sterile ophthalmic
scissors by closing and opening the scissors. 6.
One sponge including normal human cartilage
will be inserted subcutaneously into the left
side of SCID-mouse (contralateral). 7. The inci-
sion will be closed using Disposable Skin Sta-
pler and wore with 10% Povidone-iodine. 8.
Thereafter, post-surgical pain will be controlled
with Meloxicam (5 mg/kg) subcutaneously in-
jected prior to surgery and a second dose for
the following day. 9. The skin stapler will be
removed with a stapler remover at day 5.

Second operation

10. At day 14, a piece of fresh normal human
cartilage will be cut into 0.2*0.2*0.2 (cm®), and
a piece of sterilized synthetic gelatin sponge
will be cut into 0.7*0.6*0.6 (cm?3). 11. Repeat
the steps 2-5. 12. One sponge including normal
human cartilage will be inserted subcutane-
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ously into the right side of SCID-mouse (prima-
ry). After being inserted, RA FLS (5x10° cells)
will be injected into the sponge. 13. Repeat the
steps 7-9.

Endpoint of the experiment

14. At day 60, mice will be euthanatized, and
the implants removed, blood will be collected,
implants and organs will be snap-frozen. Tissue
preparation include fixation in 4% buffered for-
malin and paraffin embedding according to
standard procedures. For cytokines detection,
H&E staining, immunohistochemical staining
and Immunofluorescence staining are used.
15. Using a standard hematoxylin and eosin
staining, each specimen will be evaluated in a
blinded manner by 4 independent examiners
for the degree of destruction of the implanted
cartilage as follows:

Criterion for clinical score

Invasion: No or minimal invasion, O; visible in-
vasion (two cell depths), 1; invasion (five cell
depths), 2; deep invasion (more than ten cell
depths), 3.

Perichondrocytic cartilage degradation: No de-
gradation (sharp, intact halo of the chondrons
compared with the cartilage stored before
implantation), O; visible degradation (one diam-
eter of the chondron), 1; degradation (between
one and two diameters of a chondron), 2; inten-
sive degradation (more than two diameters of a
chondron), 3.

All single implants from all mice were scored by
five different trained researchers.

Anticipated results

1. The animal model schedule was showed in
Figure 1A. 2. H&E staining of cartilages from
different flanks is shown in Figure 1B. In this
protocol, we implanted a cartilage-sponge com-
plex without RA FLS, under the left flank skin of
a SCID mouse primarily. Two weeks later, we
inserted cartilage-sponge complex containing
RA FLS under the right skin of the contralateral
flank. By comparing the invasion and degrada-
tion scores of the different flanks of implants,
the scores of primary implants inserted before
the contralateral cartilage were significantly
higher than contralateral implants inserted
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A Day0 Day 14

Normal human cartilage without RA
SF implant into the left flank of skin  cells)implant into the right flank of skin

Normal human cartilage with RA SF (5x10°

Day 60

Implants removed, serum will be collected, implants
and organs for H&E, Immunohistochemical staining or
Immunofiucrescence staining

Primary (Left flank)

Invasion Score
o

Contralateral (Right flank)
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Figure 1. RA FLS migrates and degrades the unaffected cartilage. (A) Schedule of humanized synovitis model in
SCID mice. (B) H&E staining of cartilages from different flanks of SCID mice. (C) Summary data from (B).

Table 2. Scoring results of invasion and perichondrocytic degradation of SCID mouse implants [35]

. Perichondrocytic

Invasion ;

Implant (mean £ s.d.) degradation

T (mean + s.d.)
Implantation of contralateral cartilage at day O, subsequent implantation Primary (with RASFs) 1.8+0.7 2.340.7
of primary cartilage after approximately 14 d (n=13) Contralateral (without RASFs) 2.840.5 2.5+0.7
Implantation of the primary cartilage at day O, subsequent implantation Primary (with RASFs) 2.7+0.4 2.5+0.7
of contralateral implant after approximately 14 d (n=10) Contralateral (without RASFs) 1.540.6 1.740.8

after the primary cartilage, which is consistent
with the results from Lefevre et al (Table 2)
[35].
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