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Abstract
FcγRIII (CD16) is a receptor expressed on immune cells that selectively binds immmunoglobulin
G (IgG) molecules, IgG binding results in cellular activation and cytokine release. IgG is an
important factor in arthritis and can be found in arthritic temporomandibular joints (TMJ). We
hypothesize that a reduction in FcγRIII expression in the TMJ tissues will reduce the nociceptive
and inflammatory response in an inflamed joint. To test this hypothesis siRNA, either naked or
complexed with linear polyethylenimine (PEI) was injected into the superior joint space of the
TMJ. After administration of siRNA the joint was injected with saline or with complete Freund’s
adjuvant (CFA) to induce arthritis. Nociceptive responses were quantitated in the rat by measuring
the animal’s meal duration. FcγRIII expression in the TMJ tissue was assayed by
immunocytochemistry or western. Cleavage of FcγRIII transcript was then assayed by 5′ rapid
amplification of cDNA ends method (5′ RACE). Interleukin-1β (IL-1β) and IgG content was
measured in the TMJ tissue by ELISA. The results indicate that injection of FcγRIII siRNA
reduced the amount of FcγRIII in the TMJ tissues and that the transcript was cleaved in a manner
consistent with a RNA interference mechanism. Moreover, injection of FcγRIII siRNA reduced
the nociceptive response of rats with an arthritic TMJ and reduced the amount of pro-
inflammatory cytokine IL-1β. We conclude that FcγRIII contributes to the pain resulting from
inflammatory arthritis of the TMJ and that siRNA has the potential to be an effective treatment for
this disorder.

Introduction
FcγRIII is a member of the Fc receptor family and a cellular component of both innate and
adaptive immunity. FcγRIII will bind the Fc portion of antibodies activating or inhibiting a
series of inflammatory responses (1–4). Binding to an Fc receptor can cause activation or
inhibition of inflammation depending on the whether the receptor contains an intracellular
immunoreceptor tyrosine-based activation motif (ITAM) or a immunoreceptor tyrosine-
based inhibitory motif (ITIM). FcγRIII binding is preferential for small IgG dimer or trimer
complexes, such as IgG anti-IgG antibody complexes that make up self antigens (5;6). Self
antigens are potential triggers for onset or maintenance of arthritis (7–9). IgG antibodies
bind Fc receptors on several types of leukocytes including neutrophils, macrophages, natural
killer and mast cells activating arthritic mechanisms in both humans and rats (1–4;10).
Notably, IgG levels are higher in humans that have TMJ arthritis (11), suggesting a potential
role for FcγRIII.

FcγRIII is a valid therapeutic target first, because a significant sub-set of TMJ patients
present with some level of inflammation (12;13) and deleting FcγRIII expression has been
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shown to decrease inflammatory arthritis (14). Second, FcγRIII is a receptor restricted to
leukocytes that are in synovial tissues impacted by arthritis (15), including TMJ tissues (10)
and third, because IgG, a ligand for FcγRIII, was significantly higher in the joint of humans
that have arthritic TMJ disorders (11). Together these results suggest FcγRIII has a role in
inflammatory TMJ arthritis and we hypothesize that a reduction in FcγRIII expression in the
TMJ tissues will reduce the nociceptive response in an inflamed joint.

A viable method for knockdown of FcγRIII expression would be an intra-articular injection
of siRNA having homology to the FcγRIII transcript (16). Administration of siRNA is often
a challenging, but complexing siRNA with liner PEI polymer [H2N-(CH2CH2N-
CH2CH2NH2)x-(CH2CH2NH)y-] increases the transfection efficiency of siRNA (17). PEI is
a cationic polymer that forms nano-sized complexes with anionic nucleic acids mainly by
attractive electrostatic interactions. When mixing PEI and nucleic acids, one adds a higher
ratio of cationic PEI amines (N) than anionic nucleic acid phosphates (P); (called an N/P
ratio). A high N/P ratio keeps the resulting complexes cationic causing electrostatic
attraction between the cationic complex and the anionic phospholipid bilayer of cellular
membranes. In this report we tested PEI complexed siRNA and in the event that siRNA
would be used in future clinical applications we also tested naked siRNA, because the linear
PEI used in these studies can have toxic effects, reducing cell viability (18). Moreover,
injecting naked siRNA would eliminate the potential of activating the immune system as a
result of PEI being present. After siRNA enters the cell it assembles with several proteins to
form the siRNA-induced silencing complex (siRISC)(19–21). siRISC will bind a specific
mRNA as a result of sequence complementarity to the siRNA loaded into the siRISC and
silence gene expression, in part, by initiating cleavage of the bound mRNA (22;23).
Activated RISC cleaves its target mRNA precisely between the nucleotides complementary
to positions 10 and 11 of the siRNA anti-sense strand, generating a specific size mRNA
cleavage product. This specific product can be detected by 5′ RACE (24).

To test our hypothesis we measured nociceptive responses, i.e., meal duration (25–29), in
rats given a TMJ injection of FcγRIII siRNA and then a injection of saline or an arthritic
adjuvant. Breakdown of FcγRIII protein and transcript in the TMJ tissue after siRNA
treatment was determined by immunocytochemistry, western and 5′ RACE. In addition to
these measurements we analyzed the effect of FcγRIII treatment on IL-1β expression in the
inflamed joint.

Materials and Methods
These studies were approved by the Baylor College of Dentistry Institutional Animal Care
and Use Committee in accordance of the guidelines of the USDA and National Institutes of
Health Guide for Care and Use of Laboratory Animals. Male Sprague Dawley rats (220–250
grams) were purchased from Harlan Industries (Houston, TX). Upon arrival, animals were
housed individually in a temperature-controlled room (23°C) under a 12:12 hour light:dark
cycle with lights on at 0600 hour. The rats were given chow (Teklad 6% M/R Diet #7002,
Harlan Industries, Houston, TX) and water ad libitum.

Treatment groups and experiments
Five treatment groups were used in this study. In Treatment Group 1 the superior joint space
of the rat TMJ was injected with 11 μg/joint of carboxyfluorescein (FAM) conjugated
FcγRIII siRNA [5′-ccuuauaauguuagcuacuccaucu-3′, 5′-ggaauauuacaaucgaugagguaga-3′]
(Invitrogen, Carlsbad, CA). One day after injecting siRNA, the TMJ was injected with CFA.
In Treatment Group 2 each TMJ was injected with a combination of 5.5 μg of FcγRIII
siRNA #1 (5′-ccagcucucuagugugguutt-3′, 5′-aaccacacuagagagcuggtg-3′) and 5.5 μg of
FcγRIII siRNA #2 (same sequence as the FAM conjugated FcγRIII siRNA) or 11 μg of a
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Silencer Negative Control #1 siRNA (5′-aguacugcuuacgauacggtt-3′, 5′-
ccguaucguaagcaguacutt-3′) complexed to PEI. The Silencer Negative Control #1 siRNA has
a random sequence that has no homology to any known gene and was expected to not cause
degradation of any transcript. One day after injecting the siRNA, the TMJ was injected with
saline or CFA. In Treatment Group 3 the siRNA from Treatment Group 2 without PEI
complexing was injected into both TMJs, followed by a second TMJ injection of saline or
CFA one day later. Treatment Group 4 includes injecting both TMJs with 10 μg of FcγRIII
siRNA #1 and 10 μg of FcγRIII siRNA #2 or 20 μg of Silencer Negative Control #1 siRNA,
followed by an injection of saline or CFA one day later. Treatment Group 5 was not injected
with siRNA but did receive a TMJ injection of saline or CFA.

Five experiments were performed using one or more of the treatment groups described
above. The first experiment included Treatment Group 1. 24 hours after CFA injection the
rats were sacrificed and the tissue harvested for immunocytochemistry (Fig. 1A). Three rats
were included in this experiment. For the second experiment the TMJ tissue was isolated 24,
48 or 72 hours after injecting rats in Treatment Group 2 with siRNA (Fig. 1A).
Immunocytochemistry and 5′ RACE studies were completed on these tissues. Three rats
were included per treatment. In the third experiment the nociceptive response was measured
in rats from Treatment Groups 2 and 5 (Fig 1B). Four rats were included per treatment
group. In the fourth experiment the nociceptive response was measured in rats from
Treatment Groups 3 and 5 (Fig. 1B). Six rats were included per treatment. Finally, the fifth
experiment included a western blot for measuring FcγRIII protein levels and an ELISA for
quantitation of IL-1β and IgG in the TMJ, 48 hours after injecting rats from Treatment
Groups 4 and 5 with saline or CFA (Fig. 1A). Four rats were included per treatment.

TMJ injection of siRNA, CFA and saline
To complete the TMJ injections Sprague Dawley male rats were anesthetized with
isoflurane (5% flow) between 9:00–11:00 am. The injections were made using a 29-gauge,
one-half-inch needle (Becton Dickinson, Franklin Lakes, NJ). The TMJ injections were
completed by inserting the needle tip posterior to the zygomatic process of the temporal
bone. The needle tip was then directed medioanteriorly along the roof of the mandibular
fossa, where it entered the superior joint space of the TMJ (30) and the solution was
expressed within 5 seconds. Injections included 15 μg of CFA (Mycobacterium tuberculosis,
Chondrex, Redmond, WA) per joint or 0.9% saline or siRNA in a 15–30 μl volume. We
have previously used CFA for the induction of nociceptive responses/inflammation in the
TMJ (10;28–33). siRNA was either naked (in 0.9% saline) or was complexed with linear
PEI polymer according to the manufactures directions (in vivo-jetPEI, N/P=6, Polyplus
transfection Inc). Following injections and removal from anesthesia the rats are freely
moving within two minutes. The animals were returned to their feeding modules to measure
meal duration as described below.

Meal duration measurement to quantify nociception
Meal duration was characterized using data acquired from 32 feeding modules that were
situated within sound-attenuated chambers equipped with photobeam computer-activated
pellet feeders (Med Assoc. Inc., East Fairfield, VT). The rats were given 45 mg rodent chow
pellets (Bioserv, Frenchtown, NJ). When the animal removed a pellet from the feeder
trough, a photobeam placed at the bottom of the trough is no longer blocked, signaling the
computer to drop another pellet, record the date and time, and keep a running tally of the
total daily food consumption. The record of pellets dropped over time was computer-
analyzed with a proprietary computer program to establish the meal duration (34) which is a
continuous non-invasive biological marker of TMJ nociception (surface and deep) in the
undisturbed animal (26;28;29;35). In the meal duration calculation for the rat, the end of a
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meal was defined as when no pellets were removed from the feeder for ten minutes (36).
The minimum meal size needed to be at least three pellets.

Sample and tissue preparation
On the day tissue was collected animals were removed from their individual cages, taken to
an adjacent room and sacrificed within 20 seconds by decapitation to minimize stress.
Removal of TMJ tissue was performed. The soft tissue included the synovial membrane,
joint capsule, retrodiscal tissue, articular disc, and a small amount of the lateral pterygoid
muscle. After dissection, the tissues were placed in liquid nitrogen and stored in liquid
nitrogen until RNA or protein was isolated. Alternatively, 0.5 cm TMJ tissue blocks
centered on the TMJ condylar head were removed, fixed in 4% paraformaldyhyde for 48
hours. The tissue was demineralized in a 0.5 M EDTA solution and then to increase the
demineralization rate the tissue was microwaved in a Pelco Biowave (Redding, CA). After
demineralization the tissue was placed in 25% sucrose for 24 hours and sectioned on a
cryostat (Damon International Equipment Company, Needham Heights, MA). The tissues
were processed into serial 20 μm sections on superfrost plus slides (StatLab, Lewisville,
TX).

Immunocytochemistry
Slides containing TMJ sections were rinsed twice in PBS for a total of 10 min, blocked with
2% BSA and 0.3% Triton-X 100 in PBS for 1 h at room temperature. Following three rinses
in PBS, the slides were incubated in the primary antibody solution overnight at 4°C. Primary
antibodies consisted of CD14 (T-19) (Goat polyclonal; Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA) diluted 1:10 and CD16 (H-80) (Rabbit polyclonal; Santa Cruz
Biotechnology, Inc.) diluted 1:20. Primary antibodies were diluted with PBS and 0.3%
Triton X-100. After incubation in primary antibody the slides were rinsed three times in PBS
for a total of 15 min and placed for 1 hour in a 1:500 dilution of secondary antibody in PBS
and 0.3% Triton X-100. Secondary antibodies included goat anti-rabbit-biotin or rabbit anti-
goat-biotin (Invitrogen, Carlsbad, CA). After rinsing the slides three times in PBS for a total
of 10 min, the slides were then placed in streptavidin-568 (Invitrogen) for 30 minutes at
room temperature. Following three rinses in PBS the slides were counterstained with DAPI
(Vector Labs, Burlingame, CA) and mounted with Fluoromount-G mounting medium
(Electron Microscopy Sciences, Hatfield, PA). The fluorescent signal was imaged using a
Nikon fluorescent microscope, MetaMorph Imaging System software (Molecular Devices
Corporation, Sunnyvale, CA) and a Photometrics CoolSnap K4 CCD camera (Roper
Scientific, Inc, Duluth, GA). Images were captured for DAPI using a filter with excitation
between 395–410 nm and an emission between 450–470 nm. Images were captured for
FAM using a filter with excitation between 490–505 nm and an emission between 515–545
nm and images for 568 nm were captured using a filter with an excitation filter between
520–570 nm and an emission filter was between 570–610 nm was utilized. Confocal images
were collected with a Leica TCS SP2 microscope (Bannockburn, IL) using slides that were
counterstained with Topro-3 (Invitrogen).

5′ RACE for the FcγRIII transcript
Total RNA was isolated from TMJ tissue using UltraSpec RNA total RNA isolation kit
(Biotecx, Houston, TX). The total RNA was quantitated and the quality determined using an
Agilent 2100 Bioanalyzer (Germany) following the manufacturer’s directions. 5′ RACE was
completed using 10 μg of total RNA, as outlined in the manufactures directions (FirstChoice
RLM-RACE, Applied Biosystems, Austin, TX). Exceptions to the protocol were that we did
not remove the 5-methyl guanosine or dephosphorylate the RNA strands. First, the RACE
adapter (5′-gcugauggcgaugaaugaacacugcguuugcuggcuuugaugaaa-3′) was ligated to the
degraded RNA strands. The 5-methyl cap prevents ligation of the adaptor to full length
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transcripts. Second, reverse transcription of the FcγRIII mRNA was completed using the
reverse transcription RACE primer (5′-ccgctgtttagccatacgat-3′). The reverse transcription
product was added to a PCR reaction that included the RACE PCR primer for FcγRIII (5′-
tgtggagccttgtactttccgact-3′) and the RACE PCR outer primer (5′-
gctgatggcgatgaatgaacactg-3′) which hybridizes to the RACE adaptor. PCR reactions used a
3 min denaturation step 95°C, followed by 35 cycles of 94°C for 30 seconds, 63°C for 30
seconds, and 72°C for 1 min, followed by a 7 min 72°C extension. Electrophoresis of the
PCR product was completed with a 2% agarose gel and the gel was stained with ethidium
bromide. siRNA was purchased from Invitrogen (Carlsbad, CA). The adapter and primers
were purchased from Integrated DNA Technologies (Coralville, Iowa).

Western and ELISA
At the time of the analysis, the TMJ tissue was placed in T-per lysis reagent (Thermo
Scientific, Rockford, IL) and ground with a tissue homogenizer (Ultra-Turrax, Jankel &
Kunkel, Germany). The total protein in the sample was determined using the BCA Protein
Assay (Thermo Scientific) following the manufacturer’s directions. IL-1β or IgG
concentration in the TMJ tissue was evaluated by ELISA following the manufacturer’s
directions (R & D Systems, Minneapolis, MN and Alpha Diagnostics International Inc., San
Antonio, TX, respectively). The concentrations were expressed as the amount of IL-1β or
IgG per mg of total protein. For the western, 20 μg of total protein was loaded on a 8% tris-
gylcine acrylamide gel, electrophoresis was performed and the protein in the gel was
transferred onto a PVDF membrane in 25 mM Tris, 192 mM glycine, 0.1% SDS, pH 8.3
(150 mA for 5 hrs, room temp). The membrane was blocked 1 hr in TBST buffer (100 mM
Tris-HCl, 150 mM NaCl, 0.1% Tween-20, pH 7.4) plus 5% BSA (w/v) and then probed with
the FcγRIII antibody clone H-80 (Santa Cruz, Santa Cruz, CA) at 1:500, 4°C overnight. The
next day the membranes were washed in TBST buffer, incubated for 1 hour in goat anti
rabbit secondary antibody (1:1000) conjugated to horseradish peroxidase (BioRad, Hercules,
CA), washed in TBST buffer, reacted with ECL plus reagent (Thermo Scientific) and
exposed to film.

Statistical Methods
Two-way ANOVA with repeated measures was used to analyze the rat meal duration, and
cytokine data. The independent variables were treatment (siRNA, saline, CFA) and time.
The dependent variable was either meal duration or the amount of cytokine. IgG values were
analyzed by a t-test. Power for the meal duration experiments was 60% and power for the
molecular studies was 80% with an α=0.05. P values less than 0.05 were deemed to be
statistically significant.

Results
FcγRIII siRNA was inside the cells

A confocal image of the TMJ retrodiscal tissue taken 24 hours post-siRNA injection shows
siRNA (green) was in the cytoplasm surrounding the blue nuclei (Fig. 2, bottom and right
panel) indicating that siRNA was internalized as early as 24 hours post-injection.

FcγRIII siRNA reduced FcγRIII expression
Injection of fluorescently labeled FcγRIII siRNA (green) into the TMJ showed that 24 (Fig.
3, A, B, D, E) and 48 hours (Fig. 3, C, F) after transfection many FcγRIII positive (red cells,
Fig. 3, A, B) and CD14 positive (red cells, Fig. 3, D, E, F) cells were transfected with the
fluorescently labeled FcγRIII siRNA (green). Images in panels A, B, D and E are before
CFA injection indicating a number of FcγRIII positive (red cells, panels A and B) and CD14
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positive cells (red cells, Panels D and E) are present in the joint before the onset of
inflammation. Importantly, 24 hours after injecting CFA and 48 hours after injecting
FcγRIII siRNA (green) a small number of red FcγRIII positive cells were present in the
arthritic joint (Fig. 3, C) in comparison to the number of the number of FcγRIII positive
cells in a non-inflamed joint 24 hours post-FcγRIII siRNA injection (Fig. 3A). Most of the
remaining FcγRIII positive cells 48 hours post-FcγRIII siRNA treatment were localized near
blood vessels (Fig. 3, C). In contrast to FcγRIII, the number of CD14 positive cells 48 hours
post-injection (Fig. 3, F) was increased versus 24 hours post-injection (Fig. 3, D). Controls
without primary antibody were negative and non-injected controls were negative (data not
shown).

5′ RACE analysis detects cleavage of FcγRIII transcript by RNAi mechanism
Using an appropriately designed 5′ RACE protocol (24) the RISC cleavage product for the
FcγRIII mRNA was 192 pb. The 192 bp 5′ RACE product was present in the TMJ tissue of
rats treated with the FcγRIII siRNA and not in rats injected with the control siRNA (Fig. 4).
Cleavage of the FcγRIII mRNA was observed 24 and 48 hours post-siRNA injection (Fig.
4). These results indicate the FcγRIII siRNA was degrading FcγRIII transcript through the
RNA interference (RNAi) mechanism. Extraneous band are likely the result of non-specific
cleavage of the FcγRIII transcript.

siRNA injected into the TMJ reduces nociceptive responses
The nociceptive response was measured in rats before and after injection of the TMJ. On the
day labeled “siRNA injection”, no change in the meal duration was observed when
comparing the non-injected rats to the siRNA injected rats (Fig. 5A and B). CFA
significantly increased the nociceptive response versus saline injected rats (Fig. 5A and B).
One exception was on post-day 2 (Fig. 5, A), the meal duration of the FcγRIII siRNA/Saline
group was not significantly different than the FcγRIII siRNA/CFA group. In CFA injected
rats, administration of FcγRIII siRNA complexed with PEI caused a significant decrease in
meal duration for two days; compare FcγRIII siRNA injected rats versus rats injected with
control siRNA or the non-injected rats (Fig. 5, A). Similarly, injection of naked FcγRIII
siRNA reduced the nociceptive response of the arthritic TMJ by 50% 2 days post-injection
(Fig. 5, B). The reduction in nociception was concomitant with a reduction in FcγRIII
expression in the TMJ tissues injected with FcγRIII siRNA (Fig. 6, A). No significant effect
was detected after injection of control siRNA, compare non-injected rats with the control
siRNA injected rats from the same treatment group (Fig. 5, A and B)

Knockdown of FcγRIII reduced the immune response resulting from CFA injection
Injection of CFA increased the level of FcγRIII protein (Figure 6, A, middle lane) but
injection of FcγRIII siRNA caused a decrease in FcγRIII protein (Figure 6, A, left lane),
consistent with this result is that siRNA complexed with PEI decreased the number of
FcγRIII positive cells (Fig. 3, C).

Injection of CFA significantly increased the amount of IgG in the TMJ tissue (Fig. 6, B).
IgG binding to FcγRIII will activate immune cells causing release of cytokines such as
IL-1β (1–4;10). CFA significantly increase the amount of IL-1β; compare the saline group
(right bar, Fig 6, C) to the CFA group (middle bar, Fig. 6, C), consistent with previous
results of our laboratory (29;37).

Discussion
To date, no study has reported the effect of injecting siRNA into an arthritic TMJ. In this
study the arthritic response was induced by injecting CFA into the TMJ, CFA increased the
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amount of IgG in the TMJ tissue consistent with human TMJ arthritis (11). IgG binds the
FcγRIII receptor, activating immune cells and causing release of cytokines such as IL-1β (1–
4;10). Previous studies from our lab have demonstrated that IL-1β will increase as a result of
IgG activating FcγRIII (38). A higher amount of IgG in the TMJ after CFA injection was
expected to participate in the activation of FcγRIII positive immune cells, thus stimulating
cytokine release. Consistent with this idea, IL-1β expression does increase in the TMJ after
CFA injection (29;37;39). Treatment with FcγRIII siRNA would be expected to attenuate
the number of receptors, decreasing the number of immune cells activated by IgG and
reduce the amount of cytokine released. As expected, IL-1β levels decreased in the TMJ
tissue after FcγRIII siRNA treatment. Because IL-1β participates in the arthritic nociceptive
response of the TMJ (40) we suggest a reduction in IL-1β after FcγRIII siRNA injection
would contribute to a decrease in nociception. Results from this study show siRNA, with
homology to the FcγRIII gene, reduced the arthritic nociceptive response for two days after
injection. The results also show that cleavage of the FcγRIII transcript was consistent with
an RNAi mechanism. siRNA treatment reduced arthritic joint pain and inflammation
suggesting this molecule has the potential as a pharmaceutical agent for the treatment of
inflammatory TMJ arthritis.

A reduction in the nociceptive response was associated with a reduction in FcγRIII
expression. As mentioned earlier, the number of CD14 positive cells increased in an FcγRIII
siRNA/CFA treated joint, but the number of FcγRIII (CD16) positive cells decreased. Could
the siRNA be reducing the nociceptive response through a pathway that does not involve
FcγRIII? One alternative by which FcγRIII siRNA would reduce the nociceptive response is
by binding and activating the Toll-like receptor 3 (TLR3) (41). TLR3 will bind double
stranded RNA in a non-specific manner and if the nociceptive response was attenuated
through a TLR3 mechanism then both FcγRIII and control siRNA should have decreased the
nociceptive response. The activation of TLR3 does not appear likely because the control
siRNA did not significantly modulate the nociceptive response in comparison to non-
injected rats. Although, a decreasing trend in the nociceptive response was observed upon
injection of control siRNA complexed with PEI. A second alterative by which the siRNA
might regulate nociception, in a manner that does not involve FcγRIII, would be by
regulating an off-target gene. A reduction in an off-target gene does occur by a sequence-
dependent mechanism. Complementarity between the siRNA and a transcript can require as
little as 11–14 base pairings within a typical 21–22 nucleotide siRNA (42;43). This base
pairing results in binding and then breakdown of the off-target gene transcript through the
RNAi pathway. Because the off-target mechanism requires sequence specificity the FcγRIII
siRNA could reduce the nociceptive response while the control siRNA would not. We
cannot exclude the possibility that FcγRIII siRNA reduced the nociceptive response by
causing degradation of an off-target gene. Studies using large arrays to quantitate all the
gene transcripts in the tissue would address this question. siRNA can also effect off-target
protein synthesis without affecting expression at the transcript level, two examples are the
TP53 (p53) and cyclin-dependent kinase inhibitor 1A (p21) gene (44). p53 and p21 are
indicators of “off-target effects” that act upon the cell state. It is unclear if a change in cell
status would affect the nociceptive response, but future studies will examine the levels of
p53 and p21 in siRNA treated tissues. A third alternative by which siRNA can effect cellular
physiology without actually degrading the target transcript is by causing cell death (45) or
by inducing IFN-γ or IL-12 expression (41;46). IFN-γ and IL-12 expression can inhibit
angiogenesis or activate the innate immune system, leading to stimulation of an
inflammatory response (47–49). No sign of cell death was observed in tissue taken from
TMJ tissue treated with siRNA. Also, the inflammatory response was not increased but
decreased, as shown by a reduction in IL-1β, suggesting FcγRIII siRNA does not lead to cell
death or an inflammatory response. In summary, a reduction in the nociceptive response can
be due to a reduction in FcγRIII expression but further experiments are necessary to exclude
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siRNA modulating expression of an off-target gene that would result in the reduced
nociceptive response.

Our initial assumption was that a higher amount of naked siRNA would be needed in
comparison to siRNA complexed with PEI because previous work has shown PEI increases
transfection efficiency (17). A higher amount of naked siRNA was injected into the rats
TMJ and the tissue was harvested for western and ELISA studies. The assumption of
needing more siRNA when PEI is absent appeared incorrect because inhibition of the
nociceptive response was similar in rats injected with 11 μg of naked siRNA or 11 μg
complexed siRNA. A simple explanation for this result would be that PEI did not improve
the transfection efficiency and suggests future studies need to focus on the transfection
efficiency protocol. In any event, both naked and PEI complexed siRNA decreased the
nociceptive response suggesting siRNA can be used to treat diseased TMJ patients. In the
clinic naked siRNA would be more desirable because PEI can be toxic (18) and may be
deleterious when injected intra-articularly. It should be pointed out that our current
experimental paradigm is limited because siRNA treatment was always given prior to onset
of inflammation or pain. Since clinical treatment occurs after disease symptoms are
diagnosed we will need to test siRNA treatment after onset of disease to assess the potential
of using siRNA in a clinical setting

In conclusion, injection of FcγRIII siRNA reduced the amount of FcγRIII in the TMJ tissues
and the transcript was cleaved in a manner consistent with an RNAi mechanism. Moreover,
injection of FcγRIII siRNA reduced the nociceptive response of rats with an arthritic TMJ
and reduced the amount of the pro-inflammatory cytokine IL-1β suggesting siRNA has the
potential to be an effective treatment for this disorder.
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Figure 1. Experimental timeline for the tissue collection and meal duration studies
A) Timeline for experiments that included harvesting tissue after no injection or after
injection of siRNA followed by an injection of saline or complete Freund’s adjuvant (CFA)
into the superior joint space of the rat temporomandibular joint (TMJ). The tissue was
analyzed by fluorescent imaging, 5′ rapid amplification of cDNA ends method (5′ RACE),
western and ELISA. B) Timeline for studies that included injecting siRNA complexed with
polyethylenimine (PEI) or injecting naked siRNA into the upper joint space of the TMJ.
siRNA injections were followed by injection of saline or CFA. Before and after injecting the
TMJ meal duration measurements were completed in the feeding modules.
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Figure 2. siRNA was inside cells after injection of siRNA in the TMJ
Carboxyfluorescein (FAM) conjugated FcγRIII siRNA complexed with linear PEI was
injected into upper joint space of the male rat TMJ. Tissue was collected 24 hours post-
siRNA injection, fixed and sectioned. FAM conjugated siRNA (green) surrounds nuclei
stained with Topro-3 (blue) in the retrodiscal region. The main image, a view from above, is
delineated by a dotted white line. A cross section image was produced in the horizontal and
vertical plane, as indicated by thin, solid white lines. The cross section image for the X axis
is on the bottom and the cross section image for the Y axis is to the right. See figure one
legend for abbreviations. Bar= 50 μM. Representative image of 3 animals.
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Figure 3. FcγRIII siRNA reduced the number of FcγRIII positive cells
The upper joint space of the TMJ was injected with FAM conjugated FcγRIII siRNA
complexed with PEI. Low (A) and high (B) magnification image of a section stained with
FcγRIII antibody (red) 24 hours after injecting FAM conjugated FcγRIII siRNA (green). C)
Tissue stained with FcγRIII antibody (red) 48 hours after injecting FcγRIII siRNA and 24
hours after injecting CFA. Low (D) and high (E) magnification images of a tissue section
stained with CD14 antibody (red) 24 hours after injecting FcγRIII siRNA. F) Tissue stained
with CD14 antibody (red) 48 hours after injecting FcγRIII siRNA and 24 hours after
injecting CFA. Arrows point to double labeled cells (yellow) in the retrodiscal tissue
containing FcγRIII siRNA and FcγRIII protein (A–C) or CD14 protein (D–F). Arrow heads
point to cells containing only FcγRIII siRNA (green) and open arrowheads point to red cells
having FcγRIII protein (A–C) or CD14 protein (D–F) with little co-labeling of siRNA. v=
blood vessel on panel C. Line on panel C indicates a fold in the tissue section. See legends
to figure one and two for abbreviations. Representative images are shown for 3 animals per
treatment group. Size bars = 50 μm.
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Figure 4. The FcγRIII gene was cleaved after injecting FcγRIII siRNA
FcγRIII or control siRNA was complexed with PEI and injected into the upper joint space of
the rat TMJ. 24 hours later the tissue was harvested from a portion of these rats. In the
remaining portion of rats saline or CFA was injected. Tissue was isolated 48 and 72 hours
post-siRNA injection; which was 24 and 48 hours following the saline or CFA injection,
respectively. Using an appropriately designed oligo for reverse transcription and oligos for
PCR primers the predicted 192-bp 5′ RACE product (arrow) was generated using RNA
isolated from the TMJ tissue. Size markers were in the 2 left lanes. See figure one legend for
abbreviations. Three rats were included for each treatment group, representative images are
shown for each treatment group.
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Figure 5. FcγRIII siRNA attenuated the nociceptive response in an arthritic TMJ
A) Rats were injected with either control siRNA or FcγRIII siRNA complexed with PEI.
Four animals were analyzed per treatment group. B) Rats were injected with naked control
or FcγRIII siRNA. Six animals were analyzed per treatment group. Twenty-four hours after
siRNA injection, saline or CFA was injected. “non-injected” rats did not receive a siRNA
injection but did receive the saline or CFA injection. Daily meal duration was measured
before injection (Pre-injection) after siRNA injection (siRNA injection) and one (Post-day
1) and two days (Post-day 2) after saline and CFA injection. See figure one legend for
abbreviations. Values are the mean ± SEM for daily meal duration.
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Figure 6. Naked FcγRIII siRNA reduced FcγRIII and IL-1β expression in an arthritic TMJ
Male rats were first injected with control or FcγRIII siRNA. After 24 hours a second
injection containing saline or CFA was given into the TMJ. Retrodiscal, disc and synovial
TMJ tissues were collected 48 hours following saline or CFA injection. A) Image of a
western blot using the TMJ tissues of the treated rats after being probed with the FcγRIII
antibody. A single intense band with the correct size (~50 KDa) was detected (arrowhead).
After stripping, the membrane was incubated with anti-β-actin antibody (open arrow). B)
Rats were injected first with saline and then 24 hours later with saline or CFA the total IgG
antibody levels were measured by ELISA. C) IL1-β, as measured by ELISA, in the TMJ
tissues after administration of siRNA and CFA or saline injection. See figure one legend for
abbreviations. Values are the mean ± SEM. *= P<0.05. Four animals were analyzed per
treatment group.
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