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Background and objectives:

Rheumatoid arthritis is a debilitating inflammatory condition affecting around 0.46-1% of the global
population, including >400 individuals per 100,000 inhabitants in the UK!'. The hallmarks of
rheumatoid arthritis include joint damage and swelling, which lead to the development of chronic pain
and the subsequent decrease in patients’ quality of life>. Indeed, patients with rheumatoid arthritis
identify pain as their most important and disabling symptom?, which may persist despite proper control
of the inflammation*. Rheumatoid arthritis is a complex condition, but it is becoming increasingly clear
that fibroblast-like synoviocytes, a cell type that lines synovial joints, such as the knee, play an
important role in disease progression. Recent research in our laboratory showed that molecules
produced by these cells during inflammation can increase the sensitivity of sensory neurons that
transmit pain signals®. This process results in stronger and/or longer-lasting activation of sensory
neurons and can lead to the development of chronic pain. Therefore, the interaction between fibroblast-
like synoviocytes and sensory neurons is of great scientific and clinical interest, as might be a crucial
factor in the development of inflammatory joint pain.

We previously showed that the Transient Receptor Potential (TRP) cation channel subfamily
Vanilloid member 1 (TRPV1 channel), an important receptor for the transmission of pain signals in
sensory neurons, plays a key role in inflammatory joint pain® and that its function is modulated by
fibroblast-like synoviocytes®. However, the clinical success of treatments targeting TRPV1 has been
hindered due to negative side effects’, emphasising the need of identifying alternative disease targets
for inflammatory joint pain.

In this study, we aim to establish new mechanisms in inflammatory joint pain to identify novel
markers of potential therapeutic interest. We have focused our attention on another TRP channel, the
TRP channel subfamily Melastatin member 3 (TRPM3). TRPM3 is expressed by both mouse® and
human’ sensory neurons and, like TRPV1, TRPM3 functionality has been shown to increase during
inflammation®'°. However, the role of TRPM3 in inflammatory joint pain has not been investigated.
Furthermore, which mediators contribute to TRPM3 sensitisation, and thus the potentiation of its
function, in inflammatory pain remains to be investigated.

We hypothesised that activation of fibroblast-like synoviocytes during inflammatory joint leads to
the release of pro-nociceptive mediators which in turn sensitise TRPM3 and drive inflammatory joint
pain. To answer this question, we designed the following objectives:

1. Evaluate TRPM3's involvement in inflammatory joint pain using a mouse model of knee joint
inflammation.

2. Assess how inflammatory molecules affect the activity of TRPM3 in sensory neurons cultured in
a laboratory setting.



3. Investigate whether fibroblast-like synoviocytes release inflammatory mediators that can
sensitise or activate TRPM3.

Results:

Firstly, we explored the expression of TRPM3 channel in sensory neurons innervating the knee. To
this end, a fluorescent dye (Fast Blue) was injected into the knee joint of mice. The nerve endings
innervating this structure transport the fluorescent dye from the tip of the axons to the cell body, situated
in clusters called dorsal root ganglia (DRG) next to the spinal cord. Thus, a few days after dye injection,
knee-projecting neurons can be identified using conventional microscopy techniques. In agreement with
previous reports'!, we found that ~5% of neurons in the DRG evaluated (lumbar (L)2, L3, L4 and L5
levels of the spinal cord), innervated the knee joint (Fig. 1a, b). Moreover, we found that the expression
of TRPM3 and TRPV1 was comparable between knee-innervating neurons (Fast Blue®) and total DRG
neurons (including sensory neurons innervating other structures, Fast Blue®) (Fig. 1a-f).
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Figure 1. Expression of TRPM3 in knee-innervating sensory neurons. a) Representative fluorescent image of
DRG sensory neurons, with markers for Fast Blue (cyan), TRPM3 (yellow) and TRPV1 (magenta). b) % of total
DRG neurons expressing Fast Blue (i.e., innervating the knee joint). ¢) % of total DRG neurons expressing
TRPM3. d) % of knee-innervating DRG neurons expressing TRPM3. e) % of total DRG neurons expressing
TRPVI. f) % of knee-innervating DRG neurons expressing TRPV1.
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We next used the well-characterised complete Freund’s adjuvant (CFA) model®'>" to study
inflammatory joint pain. Similar to the administration of Fast Blue, animals were injected intra-
articularly with CFA (100 pg) through the patellar tendon of one knee, the contralateral knee being used
as control. We confirmed that animals receiving CFA developed significant inflammation in the injected
knee, compared to mice that received saline (Fig. 2a). To evaluate inflammatory knee pain, we assessed
the digging behaviour in these animals, as we previously showed that this is a representative and reliable
assay to measure spontaneous pain in laboratory rodents'*. Indeed, mice injected with CFA showed a
remarkable impairment in digging activity, compared to animals that received knee injections of saline
(Fig. 2b-d). Thereafter, we assessed the expression of TRPM3 in DRG sensory neurons innervating the
knee in these animals. In agreement with previous reports® we observed an increased in the relative
expression of TRPV1 in knee-projecting sensory neurons in mice injected with CFA compared with
those injected with saline (Fig. 2e), however, the expression of TRPM3 in knee-projecting neurons was
comparable between knees injected with CFA or saline (Fig. 2f).
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Figure 2. CFA-induced inflammatory knee joint pain
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Although the number of TRPM3™ positive knee-innervating neurons supplying inflamed knees was
not altered, previous studies have shown that the activity of this channel is augmented under
inflammatory conditions®. Hence, to evaluate whether an increased TRPM3 activity is involved in the
CFA-induced knee joint pain, we used isosakuranetin, as this has been shown to inhibit the activity of
TRPM3 in vivo'. To this end, mice subjected to CFA-induced knee inflammation were treated
intraperitoneally with isosakuranetin, and their digging behaviour has evaluated. Treatment with the
TRPM3 inhibitor did not affect the level of inflammation following the administration of CFA (Fig. 3a).
Although animals treated with isosakuranetin did not show a delay in the latency to dig (Fig. 3b), this
treatment did not improve the deficits in digging behaviour (time digging or number of burrows) caused
by CFA, compared to animals treated with the vehicle (Fig. 3¢, d). Altogether, our results indicate that
CFA-induced knee inflammation does not increase TRPM3 expression in sensory neurons innervating
the knees, and that treatment with the TRPM3-inhibitor isosakuranetin does not alleviate acute
inflammatory knee joint pain.
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Despite the lack of efficacy of isosakuranetin in our inflammatory joint pain model, it has previously
been shown that TRPM3 activity is potentiated during inflammation®. However, which inflammatory
molecules are responsible for this process remains poorly characterised. Thus, our next aim was to
answer this question. To this end, we used primary cell cultures of DRG sensory neurons and Ca®*
imaging. TRPM3 channels are activated by the neurosteroid pregnenolone sulfate'® (PregS) (Fig. 4a).
In agreement with our previous immunochemistry analysis (Fig. 1c), we found that ~76% of DRG
neurons responded to PregS (Fig. 2b). Moreover, in line with previous studies®®, most neurons
responding to the TRPV1 agonist capsaicin also responded to PregS (87.32%, Fig. 2c, d), thus
confirming the high co-expression of TRPM3 in TRPV1" DRG sensory neurons. This was confirmed
using immunohistochemistry, as we found that 82.1% of DRG neurons expressing TRPV1 also stained
positive for TRPM3 channel.
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Figure 4. TRPM3 activation in DRG sensory neurons. a) Representative trace of [Ca®*] changes in
DRG sensory neurons responding to PregS. b) % of DRG neurons that responded to PregS. c)
Representative trace of calcium changes in DRG sensory neurons responding to PregS and capsaicin.
d) % of PregS-responding DRG neurons that also responded to capsaicin.

Next, we sought to determine whether neurons responding to PregS, also express receptors for
inflammatory cytokines, whose activation could lead to the sensitisation/potentiation of this channel.
Thus, we focused on tumour necrosis factor a (TNFa), and interleukins (IL) 1P and after application of
PregS, DRG neurons were challenged with these inflammatory molecules. We found that TNFa induced
Ca*" responses in around 30% of DRG neurons (Fig. 5a, b), and that ~38% PregS responding neurons
also responded to TNFa (Fig. 5¢). In contrast, IL-6 only triggered Ca*" responses in ~7% of DRG
neurons (Fig. 5d, e), and less than 4.5% of those that also responded to PregS (Fig. 5f). By contrast, IL-
1B caused Ca?' increases in ~31% of DRG neurons (Fig. 5g, h) and almost 34% of neurons that
responded to PregS. Taken together, these results indicate that both TNFa and IL-1B may be potential
candidates to the cause sensitisation/potentiation of the TRPM3 channel. Future experiments of this
project will evaluate this.
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Figure 5. Cytokine activation of TRPM3* DRG sensory neurons. a) Representative trace of calcium
changes in DRG sensory neurons responding to PregS and TNFa. b) % of DRG neurons that responded
to TNFa. ¢) % of PregS-responding DRG neurons that responded to TNFa. d) Representative trace of
calcium changes in DRG sensory neurons responding to PregS and IL-6. e) % of DRG neurons that
responded to IL-6. f) % of PregS-responding DRG neurons that responded to IL-6. g) Representative
trace of calcium changes in DRG sensory neurons responding to PregS and IL-1f. h) % of DRG neurons
that responded to IL-1. i) % of PregS-responding DRG neurons that responded to IL-1.

Conclusion and future plans:

Our results indicate that despite the high expression of TRPM3 in knee-innervating sensory neurons,
pharmacological inhibition of TRPM3 is not sufficient to alleviate inflammatory knee joint pain in mice.
However, we found that >1/3 of neurons responding to the TRPM3-agonist pregnenolone sulphate
(PregS) are also activated by TNFa and IL-1p. Although we also found that some neurons responding
to PregS activation are activated by IL-6, this occurrence was very small (>5%). Therefore, we will
next use both TNFa and IL-1p to evaluate whether these inflammatory cytokines can potentiate TRPM3
function. Moreover, we will also evaluate the potential role of fibroblast-like synoviocytes as a source
of inflammatory mediators and assess whether activated fibroblast-like synoviocytes can modulate
TRPM3 function in sensory neurons.
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