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Introduction

Primary sensory neurons (PSN), which establish ections between peripheral tissues and
the central nervous system, form two major sub-faifmns, namely the non-nociceptive
and nociceptive cells. While non-nociceptive nesrame activated by innocuous stimuli,
such as touch or mild temperatures, nociceptivks cekpond to noxious mechanical and
thermal stimuli that have the potential to induissue injury. Hence, acute activation of
nociceptive PSN evokes a response, which is claisetl by escape, avoidance, pain-
related behaviour and pain. A great proportion oficeptive PSN express the transient
receptor potential vanilloid 1 (TRPV1) receptor atmé cannabinoid 1 (CB1) receptor.
While CB1 activation induces a significant inhibitceffect on the activity of nociceptive
PSN and produces a significant reduction in padtivation of TRPV1 increases neuronal
excitability.

As a polymodal nocisensor, TRPV1 is responsive ifferdnt exogenous activators
including various toxins and other painful agehisat above 43 °C, protons and membrane
depolarisation. In addition to some physiologieaidtions, TRPV1 also plays a pivotal role
in the development of various pathological process®st prominently, in the development
of inflammatory painOf TRPV1's activating agents, the prototypical eator is capsaicin,
the main pungent ingredient of the hot chilli peppend one of its major endogenous
agonists is anandamide.

N-arachidonoylethanolamine (anandamide) is an esmmgs lipid agent implicated in a
variety of physiological functions and pathologipabcesses both within, and outside, the
nervous system. Although anandamide interacts avitriety of proteins, the majority of its
actions are mediated via the CB1 receptor and RBVIL ion channel. One of the most
prominent functions of anandamide resides in itsPVR- and CB1 receptor-mediated
regulatory action in nociception in primary sensagurons. Several cell types in various
tissues, including PSN, produce anandamide, théhegis of which is believed to occur
either in a C#-sensitive, or Ca-insensitive manner and through several enzymatic
pathways. The molecular identities and biochemacdivities of six enzymes implicated in
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the synthesis of various N-acylethanolamines (NAEArluding anandamide from
corresponding N-acylphosphatidyl-ethanolamines (EARave now been established. One
of these six enzymes, N-acylphosphatidylethanolarsilective phospholipase D (NAPE-
PLD), which is the only known G&sensitive enzyme involved in anandamide synthésis,
expressed by a sub-population of PSN. Howeveraliilgy of PSN to produce anandamide
in the absence of Gaindicates that, in addition to the T®ensitive pathway, one or more
Ca*-insensitive pathways must also be present in thelée

Transient receptor potential vanilloid type 1 males, either on their own, or together with
TRPV1 splice variants, or other members of thesiemt receptor potential vanilloid sub-
family, assemble to form the non-selective catiafiannel known as the capsaicin receptor
(TRPV1 ion channel). When one of the splice vasaftTRPV1, TRPV1b is co-expressed
with TRPV1 in heterologous systems, an inhibitdifg@ on channel activity, as evoked by
various TRPV1 activators, including capsaicin, =ers Nociceptive primary sensory
neurons constitute the archetypical cell type thairesses TRPV1. In these neurons, the
TRPV1lion channel, through its increased responsis®ns essential in signalling peripheral
inflammatory events to the central nervous systmd, subsequently it plays a pivotal role
in the development and maintenance of inflammal@gt hyperalgesia and visceral hyper-
reflexia. The co-expression of TRPV1 and TRPV1beunoles in PSN, and the negative
dominant effect of TRPV1b on the channel's resparsiss found in heterologous systems
suggest that alterations in the composition oftR®V1 ion channel might contribute to the
inflammation associated increase in the responssgwf this receptor. Such an alteration,
in a long term, should be reflected by alterecoratithe expression of TRPV1 and TRPV1b

transcripts and proteins.



Aims

Anandamide synthesised in a*Gaensitive manner induces excitation of PSN throilgh
activation of TRPV1. However, the effect of ananiensynthesised by &ainsensitive
enzymes acting on NAPE in PSN is not known. Theesfare examined the expression and
function of putative Cd-insensitive NAPE-converting enzymes in cultured&N.

Next we studied the effect of anandamide producgdhlese enzymes in the TRPV1-
expressing primary sensory neurons, since activa®t receptor has inhibitory effect on
TRPV1, indicating a possible role of this endocdmmaid in alleviating pain. The direct
effect of anandamide produced by the PSN on theityodf TRPV1 — other than the CB1
receptor-mediated inhibition — has not yet fullyaidished, leaving the question of overall
effect on the activity and on the responsivenegmbfmodal nociceptors unanswered.
When the TRPV1 and its splice variants are co-esga@, a modified receptor sensitivity,
usually a reduced channel activity can be detectedhpared to the homotetramer TRPV1
ion channel. In our experiments, we assessed foet eff inflammatory mediators (BK and
PGE) on the responsiveness of the TRPV1 ion channelewi® were measuring TRPV1
and TRPV1b mRNA and protein expressions. We hymidbd that culturing primary
sensory neurons in an “inflammation-associatedenrlliresults in changes in the ratio of
TRPV1 and TRPV1b mRNA and protein expressed byehoals, leading to altered
responsiveness of the channel.



Materials and methods

Animals, drugs. Altogether, ninety four 80—200 g male Sprague-Dgwigs, five wild type

(C57BL/6 x129SvJ; WT) and six TRPV1mice (with C57BL/6 x129SvJ background; KO)
were used. NAPE, capsaicin, anandamide, rimonalaumstard oil and ionomycin were
dissolved in ethanol, Tocrisolve, DMSO or in thexmre of these solvents. The maximum

final concentration of Tocrisolve and DMSO were534) for ethanol it was 0.1%.

Cultures of dorsal root ganglia. DRG from the first cervical to the sixth lumbar semts
were collected in culture medium. Following incubatin collagenase, DRG were triturated
and the cells were plated on poly-DL—ornithine-edaglass coverslips. Cells were grown
for 24-48 hours. Some cultures were grown in thesgnce of inflammatory mediators
(prostaglandin Eand bradykinin).

Isolation of total RNA, rever setranscriptase polymerase chain reaction (RT-PCR). The

total RNAwas isolated using QIA shredder and RNdelayi or RNeasy Plus Mini Kits
according to the manufacturer’s instructions. Eoted RNA was reverse-transcribed using
Super-Script Il cDNA synthesis reagents. Primerssighed to amplify rat
glycerophosphodiester phosphodiesterase 1 (GD&g}hydrolase 4 (ABHd4), protein
tyrosine phosphatase, non-receptor type 22 (PTRg2)p 1b secretory phospholipase A 2
(sPLA2G1b), inositol 5phosphatase (Inpp5) and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) were used, then the produets separated and visualized on
agarose gels.

Sequencing of rat TRPV1b. The RT-PCR products were purified from the agamgsis
following electrophoresis using the QIAquick Geltrextion kit and the microcentrifuge
protocol. Sequencing was carried out using the RBsm automated sequencing system

using the primers used previously for RT-PCR.

Immunofluor escence staining. Cells attached to the coverslips were washed w8 Bnd
fixed by 4% paraformaldehyde. Permeabilisation hloadking were followed by overnight
incubation with primary antibodies, and visualisativith secondary antibodies. Cells were

examined using a Leica DMR Fluorescence microscope.
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Western blotting. Following preparation of whole cell extracts, ormigane proteins, of
neurons, proteins were denatured, then fractionayeBis-Tris gel and blotted onto PVDF
membrane. After blocking, the membrane was incubatih primary antibody, then
horseradish peroxidase-conjugated secondary antitveas applied to the membrane,

followed by detection using Western blotting luntireagent.

Anandamide release and anandamide measurement. Cultures were washed twice with
HBSS-HEPES buffer then incubated for 5 min in HBISERES buffer containing the
drugs. The superfusate was collected on ice anckpsed immediately for lipid extraction
using ethyl acetate. The amount of anandamide egiztbd was measured using three
slightly different methods by three independenbtakories (protocol ,A”, ,B” and ,C").

Cobalt uptake. A cells attached to the coverslips were washed fthenbated in the

presence of cobalt and the drugs. The cobalt takeny the cells was precipitated by 2.5%
B-mercaptoethanol. Cells were then fixed and themggay value of cells was established
by a Leica light microscope attached to a PC, amalyaed with the ImageJ software

package.

Ca**-imaging. To assess the calcium homeostasis of the neuromsltrescent Ca-
imaging techniques were used. The experiments penfermed either on Fura2-AM loaded
cells with a Peltier element-cooled slow scan chargupled device camera system, or on

Fluo4-AM loaded cells using Zeiss LSM 5 LIVE laseanning microscope.

Whole-cell voltage-clamp recordings. Whole-cell currents were recorded at 37 °C on 15-
30 pum diameter cultured PSN. In the voltage-clangalen the holding potential was -60
mV. Cells were regarded as anandamide- or capsasponsive if the drug application-

associated change in the current exceeded 50 pA.

Statistics. Data of repeated measurements were averaged. édiffes between the averaged
values were analysed by Student's t-test, one-walysis of variance (ANOVA), repeated
measure multivariate ANOVA or Fisher's exact testappropriate. Data are shown as

meanzstandard error of mean.



Results

Several Ca?*-insensitive enzymes, which are implicated in anandamide synthesis, are
expressed in rat cultured primary sensory neurons. RT-PCR analysis showed gene
expression for all fiveC&*-insensitive enzymes that are known to be implitdte the
synthesis of NAEA, including anandamide, from tr@responding NAPEs in cultures
prepared from rat DRG. In order to study the exgiogsof the enzymes at a cellular level,
immunostaining was performed on cultured rat PShguantibodies raised against the
enzymes together with an anti-NeuN-antibody, whia#ntifies neurons. By analysing the
staining in at least 100 neurons in each culture,feund that sub-populations of PSN
express ABHd4, GDEL1, Inpp5, and PTPn22. The armlgisio revealed that while only
neurons express ABHd4, Inpp5 and PTPn22, neurothis@me non-neuronal cells express
GDEL1. The antibody raised against sPLA2G1b did produce staining in the cultures.
However, the same antibody produced staining inphecreas. The anti-ABHd4-, anti-
Inpp5-, anti-PTPN22- and anti-GDE1 antibodies @lsmuced staining in tissues in which
the expression of these enzymes have been repprdously. When the primary
antibodies were replaced with normal serum, naitgiwas seen either in cultured PSN or
in any tissues which we processed.

Application of 20:4-NAPE induces anandamide production in cultured PSN. 20:4-
NAPE is the substrate for anandamide synthesis gedl the known enzymatic pathways.
Therefore, to ascertain whether the enzymes fooi texpressed in cultured rat PSN form
any functional anandamide-synthesising pathways, |#vel of 20:4-NAPE application-
induced anandamide synthesis was measured. Expoftire cells to 10M 20:4-NAPE
significantly increased the anandamide contenth&f buffer from a level below the
quantitation threshold in the control to 8.9+3 phmbl (n=4; Protocol B) at 37°C. After
normalisation to the protein content, the anandansishcentration was 13.25+4.39 ng/mg
protein (n=4). Incubation of the cells in the véhicesulted in an anandamide content of
0.01+0.01 ng/mg (n=3) protein in the superfusatds Value was not significantly different
from that measured in the control of this experim@h04+0.04 ng/mg protein, n=3).
Incubation of the cells in 100M 20:4-NAPE at room temperature also significantly

increased the anandamide concentration in the (fiffem 0.06+0.03 ng/mg protein to
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1.17+0.03 ng/mg protein, n=3). However, the 20:4MEAapplication-induced increase in
the anandamide content of the buffer at room teatpe was significantly less than that
measured at 37°C indicating that the productioansindamide depends on enzyme activity.
To make sure that no 20:4-NAPE hydrolysing activitythe buffer contributed to the
increase in the anandamide levels, we also quedttfie anandamide content of cell-free
superfusate containing 1Q0/1 20:4-NAPE. The buffer was kept either at room penature

or 37°C up to 4 h. We measured the lowest and btgheandamide concentration at 2.5 h at
37°C (0.023 ng/ml) and at 5 min at 37°C (0.15 ny/mdspectively. We found no apparent
relationship between the anandamide content andirtie or temperature of incubation.
These data indicated that cultured rat PSN hasathility to convert 20:4-NAPE into
anandamide. The 20:4-NAPE application-evoked ireéa the anandamide content of the
supernatant at 37°C was concentration-dependeoto@l A). The lowest 20:4-NAPE
concentration at which the anandamide contentebtiperfusate was significantly different
from that of the control was @M. Among the known anandamide-synthesising enzymes,
NAPE-PLD activity is significantly enhanced in theesence of (4 To ascertain whether
or not during 20:4-NAPE application, any anflux increases the [G§; to an extent
which is enough to contribute NAPE-PLD to anandansynthesis, we applied 20:4-NAPE
to cultured PSN either with apresent or absent in the buffer. In the presensd, the
anandamide content of the superfusate of cellsbated with vehicle was 0.6+0.4 ng/mg
protein (n=3), whereas in the absence df'Gawas 1+0.1 ng/mg protein (n=3; Protocol A).
These values did not differ significantly from eastimer. Application of 20:4-NAPE (100
uM) resulted in a significant increase in the ananida content of the superfusate in both
the presence and absence of'G8.57+2.58 ng/mg protein and 11.47+0.92 ng/mgeint
Thus, the anandamide content of the Ca 2+ -comigjrdind Ca 2+ -free, superfusates did
not differ significantly from each other after tlapplication of this substrate. We also
compared the anandamide content of the superftsateat of 90% of the cells together
with the superfusate (the other 10% of the cells wsed for protein measurements). The
anandamide content of the cells and superfusatetiteg under control conditions
(incubation with vehicle) was 0.09 ng/mg proteir=Zn Protocol C). Following 10@M
20:4-NAPE application for 5 min, the anandamideteon of the cells and superfusate
increased to 28.03 ng/mg protein (n=2). Togethese data indicate that the 20:4-NAPE

9



application-evoked anandamide synthesis in cultuae@SN is not affected by the removal
of C&" from the extracellular buffer. These data also stioat about 2/3 of anandamide
produced in PSN following 20:4-NAPE applicationmaar to anandamide produced by

increasing the [C&]; in central neurons, is retained in the cells.

20:4-NAPE application induces cobalt influx into a sub-population of cultured rat
PSN. Anandamide synthesised in PSN by increasing théJdaduces TRPV1-mediated
excitation. TRPV1 activation by anandamide resiftscobalt accumulation in a sub-
population of PSN. Therefore, to test whether eedogs anandamide synthesised
following the application of 20:4-NAPE has similaffect to that synthesised in a%a
sensitive manner, we studied cobalt accumulatioringu20:4-NAPE application. The
efficacy of this technique for assessing TRPV1végtihas been consistently demonstrated.
While application of the vehicle did not, applicatiof 20:4-NAPE significantly increased
the proportion of labelled neurons and this effeas concentration-dependent. The lowest
concentration of 20:4-NAPE which produced a sigaifit increase in the proportion of
labelled cells was 0.iM (6.5+1%, n=4 cultures). The Egof 20:4-NAPE was 7.4+iM.
The majority of the cobalt-labelled cells were dnaimeter neurons. These observations
suggest that the cobalt influx occurred in nocicepheurons, the great majority of which
express TRPV1.

20:4-NAPE application induces inward currents in a sub-population of cultured rat
PSN. To confirm the excitatory effect of 20:4-NAPE amgliion, we recorded whole cell
currents from cultured rat PSN. In total, 22 celisre found that responded with inward
currents to 5QuM 20:4-NAPE which is the near maximal concentratfon this agent to
induce cobalt uptake. The peak amplitude of theaese was -0.41+0.1 nA (n=22). All
nine of the 20:4-NAPE-responsive neurons that wstetk also responded to 500 nM
capsaicin. The average amplitude of the 20:4-NARdked currents (-0.35+0.1 nA, n=9)
was significantly smaller than that of the capse®voked currents (-2.360.6, n=9).
However, in addition to the double-responsive ¢el¥ neurons which responded to
capsaicin but not to 20:4-NAPE application wer@ dsund. In the control experiments, no

neurons produced any noticible responses to thielegin=11).
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20:4-NAPE application increases the [Ca?*]; in a capsazepine-and rimonabant-sensitive
manner. In order to study the pharmacological propertieshaf 20:4-NAPE application-
evoked excitatory responses, we assessed chanf@gih produced by the application of
50 uM 20:4-NAPE. Application of the vehicle for a mirudlid not produce any increase in
the [C&"]; in any of the 384 KCl-responding neurons, wheg@ of these 384 responded
to 1 uM capsaicin application. Application of 20:4-NAP©wever, increased [€3; in 189

of 546 KCl-responding neurons (35%). All the newdhat responded to 20:4-NAPE
application were sensitive to capsaicin. In additio the double-responsive neurons, 273 of
the 546 neurons (50%) responded only to capsditénce, the total number of capsaicin-
responsive neurons was 462 of 546 (85%), which wigsificantly higher than the
proportion of capsaicin-sensitive neurons measutteeh only the vehicle or the buffer (224
of 343 cells) was applied before capsaicin appboatThe 20:4-NAPE application-evoked
changes in [CH]; activated more slowly than those evoked by cajpsaiturthermore, the
amplitude of the 20:4-NAPE application-evoked rewsms were significantly smaller than
those evoked by capsaicin when normalised to the-ek@ked responses (20:4-
NAPE/KCI=0.15+0.01, n=189; capsaicin/KCI=0.78+0.02462). Interestingly, the great
majority of neurons, which generated responses (@-RAPE application, exhibited
sustained/very slowly inactivating Ca 2+ transieiotscapsaicin application. On the other
hand, the great majority of capsaicin-responsivarares, which did not respond to 20:4-
NAPE application, exhibited fast inactivation ospenses during capsaicin application. In
the presence of capsazepineuf), 403 KCl-responding neurons exhibited a stalalsetine
before 20:4-NAPE application. Of these, 26 respdnide20:4-NAPE and capsaicin (6%).
In addition to these neurons, 16 cells respondédtor20:4-NAPE application, and 21 cells
responded only to capsaicin. Thus, the overall gutigns of both the 20:4-NAPE- (42 of
403, 10%) and capsaicin-responding neurons (47 G8, 42%) in the presence of
capsazepine were significantly smaller than thaasueed in the absence of capsazepine. In
the presence of rimonabant, 20:4-NAPE applicatimdased [CZ]; in 105 of 498 KCI-
responding neurons with a stable base line beférd-RAPE application (21%). This
proportion was significantly smaller from that me@sl in the control. Rimonabant,

however, had no significant effect on the overalinber of capsaicin-responding neurons
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(421 of 498 cells, 85%). Rimonabant significantygluced the amplitude of both the 20:4-
NAPE application-evoked (to 20:4-NAPE/KCI=0.12+0900 and the amplitude of the
capsaicin-induced responses (to capsaicin/KCl=@@&18). These data suggest that the
20:4-NAPE application-evoked excitatory effect i®ediated by TRPV1, and that 20:4-
NAPE application, when assessed average respodses, not result in a CB1 receptor

mediated inhibitory effect.

The 20:4-NAPE application-evoked increase in [Ca?*]; in mouse PSN is mediated by
TRPV1. In order to confirm the role of TRPV1 in 20:4-NAP&pplication-evoked
responses, we also studied the effect of this age®SN isolated from WT and TRPV1
(KO) mice. Ten of 68 KCl-responsive neurons (15%9nf WT mice were regarded as
responsive to 20:4-NAPE (5MM) application. As in experiments using rat PSNunds, all
the 20:4-NAPE-responsive heurons were responsigafeaicin (itM) and the 20:4-NAPE
application-evoked responses activated more sldlady the capsaicin-evoked responses.
As with cultures prepared from rat DRG, culturespared from WT mouse DRG also had
neurons, which responded only to capsaicin (3280f48%). In contrast, none of the KCI-
responsive neurons (n=59) responded to 20:4-NAR#licagpion in cultures prepared from
DRG of KO mice. As expected, none of the neuronthéncultures prepared from DRG of
KO mice responded to capsaicin. However, 22 o5& Cl-responding cells responded to
mustard oil, showing that the cells were healthg agsponsive to agents for which they
expressed receptors. Therefore, our findings omomsuof TRPVI™ mice confirm that the
20:4-NAPE application-evoked excitatory effects mrediated through TRPV1.

Sub-populations of cultured rat primary sensory neurons co-express TRPV1 and
enzymes implicated in Ca*-insensitive anandamide synthesis. The concentration of
anandamide found in the superfusate (~10 nM) isifsé@ntly lower than the concentration
of exogenous anandamide needed to induce TRPVlateddexcitatory effects. Therefore,
we hypothesised that the excitatory effect of amamide of PSN origin is mediated through
autocrine signalling. To find out whether thereais anatomical basis for such autocrine
signalling, we used combined immunostaining fordgtng the co-expression of TRPV1
with the C&*-insensitive anandamide-synthesising enzymes. Aimlpf this double

immunofluorescent staining showed that a signifiganportion of cultured rat PSN exhibit
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co-expression for TRPV1 and the putative >dasensitive anandamide-synthesising

enzymes.

Both TRPV1 and TRPV1b are expressed in cultured PSN. Rat TRPV1b lacks exon 7
either completely or in part. Hence, as expected poimers flanking exon 7 amplified two
products. The larger product had a size closedbptedicted for the full length rat TRPV1
sequence, whereas the smaller product size was b&25 pairs. DNA sequencing of the
RT-PCR products confirmed that the respective secpief the larger and smaller products
corresponded to the relevant section of rat TRPMhscript with differences reflecting

alternative splicing of 180 bases of sequence,rapassing exon 7.

Exposure of cultured rat PSN to BK and PGE, for two days increases the
responsiveness of the cells to capsaicin. In cultures, incubated in capsaicin-free cobalt
uptake buffer, only few neurons exhibited labellatgpve the detection threshold both in the
naive and BK- and PGEexposed cultures. The proportions of labelledsciglithe control
experiment between the two conditions were notiigmtly different from each other.
Addition of 30 nM capsaicin to the cobalt uptakdféuresulted in a significant increase in
the number of labelled cells both in the naive @%tn = 4) and BK- and PGEexposed
(2346%; n = 4) cultures. The relative number ofléda cells in the BK- and PGExposed

cultures was significantly higher than that in taéve cultures.

Exposure of cultured PSN to BK and PGE, for two days increases TRPV1 mRNA, but
does not alter TRPV1b mRNA or TRPV1 and TRPV1b protein expression. We
assessed TRPV1 and TRPV1b mRNA expression in esltkept in control medium or in a
medium containing BK and PGBy semi-quantitative RT-PCR. Both the size of RiE
PCR products and the sequences of both products identical to the respective products
and sequences in naive and BK- and R&osed cultures. By measuring intensity of the
products we found that while the expression of TRRPWRNA was significantly increased
(362+80%, n = 4) that of TRPV1b mRNA was not (188%i, n = 4). These changes meant
that the TRPV1/TRPV1b mRNA expression ratio wasificantly increased from 1.1+0.2
(n = 4) in the naive cultures to 1.9+0.2 (n = 4}he BK- and PGE-exposed cultures. The
anti-TRPV1 antibody recognised two easily distirstpaible (at ~110 kDa and ~88 kDa), and
one faintly visible (~95 kDa), proteins both in th&ive and BK- and PGEexposed cultures
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in the whole cell lysates. In the membrane fracjanfourth easily distinguishable protein
(~75 kDa) has also been identified in both condgioThe ~110 kDa and ~95 kDa proteins
correspond to the predicted molecular weight offthly glycosylated full length TRPV1
and the non-glycosylated full length TRPV1, respety. Given that the TRPV1b mRNA
contains 180 less bases than the TRPV1 mRNA (custady), and that Vos and colleagues
identified rat TRPV1b as an ~88 kD protein in r&®, it is feasible to assume that the ~88
kDa protein revealed in our Western blots by thePVR antibody is the TRPV1b protein.
The ~75 kDa protein found in the membrane fractiay be a product formed during the
preparation of the fractions, as it could not bensin whole cell lysates. Due to its faint
appearance, the expression of the ~95 kDa protem not quantified. Nevertheless, the
non-glycosylated form of TRPV1, due to its low lewé expression, might contribute little
toTRPV1-mediated responses in cultured primary agneeurons. We found a marked
difference between TRPV1 and TRPV1b expressiohénahole cell lysates and membrane
fractions. We also found that BK and PGH#id not induce significant change in the
expression of either the TRPV1 or TRPV1b proteithi@ whole cell lysates. Similarly, the
inflammatory mediators did not induce significahanges either in TRPV1, or in TRPV1b

protein expression in the membrane fractions.
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Discussion

Endogenous anandamide

We have shown in the present study that four offithee enzymes (ABHd4, GDEL1, Inpp5
and PTPn22) which have been implicated previouslyCi&*-insensitive anandamide
synthesis from 20:4-NAPE, are found at transceptl in cultures prepared from rat DRG,
and at protein level in cultured rat (and mousd)lPEhe GDEL1 protein is also expressed by
non-neuronal cells as well as by PSN. The anti-sRE%b antibody, which we used in this
study, does not produce any staining in rat PSkures, although it labels cells in acini in
the pancreas. RT-PCR shows weak expression of sBLB2mRNA in PSN cultures.
Hence, one cannot exclude the possibility that énigyme may be expressed under the
detection threshold of the immunostaining technigugsome neurons or non-neuronal cells.
20:4-NAPE application to PSN cultures increasesatiendamide concentration in the cells
and the superfusate. The finding that applicatioR0o4-NAPE to cell-free superfusate does
not increase the anandamide content of the bufteyether with the finding that the
anandamide content of the cells and superfusajee&ger than that of the superfusate alone
indicates that 20:4-NAPE passes the cells membate anandamide is synthesised
intracellularly. Indeed, all NAPE-converting enzysnare intracellular and transiently
associated with membranes to act on NAPEs embeddiédse. Therefore, the conversion
of 20:4-NAPE to anandamide in an enzymatic waywashave shown here, can be only
through the rapid incorporation of this phosphalipito the membranes and its hydrolysis
by some of the enzymes we investigated here. Tieeofsaanandamide production induced
by 100uM 20:4-NAPE application (~38 pmol/5 min/mg proteig)well within the range of
20:4-NAPE hydrolysis (up to ~40 pmol/min/mg projemeasured in brain homogenates.
The distribution of enzymes across PSN and nonemalircells indicates that, while non-
neuronal cells may produce some anandamide, theategte amount of this
endocannabinoid/endovanilloid is likely to be sy#ised in PSN. Calcium regulates the
synthesis of anandamide mostly through the NAPEhggising enzyme known as Ga
dependent N-acyltransferase, which catalyses timaafiion of 20:4-NAPE. However, when

this rate-limiting step in anandamide and NAEA pitbesis is bypassed, as in our case, the
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only way for anandamide to be produced in &*@ansitive manner is via NAPE-PLD
action on 20:4-NAPE. Indeed, in the absence &t Q$APE-PLD activity is negligible even
in the presence of the substrate, whereas inc#sin[C4&']; alone results in anandamide
production. Although, application of 20:4-NAPE s some increase in the fJa the
finding that removal of G from the extracellular buffer does not changeahandamide
concentration in the superfusate suggests th#tiB#ux during 20:4-NAPE application is
not sufficiently high to induce NAPE-PLD activityHence, following 20:4-NAPE
application, at least the great majority of ananidaris synthesised by PSN by ‘Ga
insensitive pathways. Consequently, some of thé-iBiaensitive anandamide-synthesising
enzymes present in the cultures prepared from R{G Borm functional pathways, which
may also include the aindependent NAPE biosynthesising enzyme previoigsiptified

by Jin and colleagues. However, the exact idemtftghe pathway(s) is not known and
attempts to dissect them would produce ambiguossltee at present because of the
unavailability of selective and specific blockefsttoe enzymes. Application of 20:4-NAPE
results in cobalt-influx in a sub-population of dhthameter cultured PSN, the majority of
which express TRPV1. While the lowest concentratdr20:4-NAPE which induces a
significant increase in the number of cobalt-lagelheurons is 0.1M, the lowest con-
centration of 20:4-NAPE which results in a sigrdfit increase in the anandamide content
of the superfusate is M. We have shown here, however, that PSN — simdacentral
neurons - retain the majority of anandamide. Hetieconcentration of anandamide at the
intracellular anandamide-binding site of TRPV1pisbably considerably higher than that
in the superfusate. This difference renders angctlicomparison between minimally
effective concentrations of 20:4-NAPE at increasihg anandamide concentration in the
superfusate and at evoking Cauptake very difficult. In addition to inducing calb
accumulation, application of 20:4-NAPE also incesathe [C&];, and induces whole-cell
currents. All the cells which respond to 20:4-NAB@blication with increased [E%;, or
inward currents, in control conditions, also respda the archetypical TRPV1 agonist,
capsaicin. Taken together, these data suggest ttieat20:4-NAPE application-evoked
excitatory effect is mediated through TRPV1 in PSNdeed, the TRPV1 antagonist
capsazepine, which we applied at a concentratiamwknto have little effect on other

molecules than TRPV1, significantly reduces thepprtion of neurons responding to 20:4-
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NAPE application. However, the inhibitory effect opsazepine might be different in
species other than rat. Nevertheless, the findiag ¢ultured PSN prepared from TRPV1
mouse DRG do not, whereas a sub-population of mdt®®SN prepared from WT mouse
DRG does, respond to 20:4-NAPE application provigeislence that, in PSN, the 20:4-
NAPE application-evoked excitatory effect is indemediated through TRPV1. Several
findings indicate that the 20:4-NAPE applicatiohiced excitatory effects are exerted
indirectly, through anandamide production. Firgtthbthe anandamide production, and the
20:4-NAPE application-induced cobalt accumulatidepend on the concentration of the
substrate. Second, if 20:4- NAPE activated TRPM&dilly all capsaicin-sensitive neurons
would be expected to respond. However, we fountiaghly ~40% of capsaicin-responsive
neurons exhibit responses to 20:4-NAPE applicafitrird, if 20:4-NAPE activated TRPV1
directly, a similar pattern of temperature-dependbange in the responsiveness of neurons
to 20:4-NAPE and capsaicin is expected to occunwéi@r, while application of 20:4-
NAPE, which induces responses in about a thirchefrteurons at 37 °C, fails to produce
responses in any neurons at room temperature. étsdme time, the proportion of
capsaicin-responsive neurons is the same at 3ndCam temperature. Fourth, the lack of
responsiveness to 20:4-NAPE at room temperatuiecars with a 10-fold reduction in the
anandamide content of the superfusate followingatiydication of 20:4-NAPE to the cells.
Fifth, direct TRPV1 activators, such as capsaicid anandamide, activate TRPV1 with fast
kinetics. However, the kinetics of 20:4-NAPE-inddceesponses are significantly slower
than those of the capsaicin-evoked responses.,Sht¢hamplitude of whole-cell currents
produced by 20:4-NAPE application, which resultsabout 30 nM anandamide when the
concentration is measured in the cells and supgduggether, is compatible with the
amplitude of whole-cell currents evoked by 100 mharsdamide included into the recording
electrode. These findings collectively provide evide that the 20:4-NAPE-evoked effects
depend on enzyme activity and at least the majoiftynot all, of the 20:4-NAPE
application-induced TRPV1-mediated excitation ieduced indirectly, via the conversion
of 20:4-NAPE to anandamide. The involvement of 20APE-derived metabolites other
than anandamide is highly unlikely because thiridahromatography shows the presence
of no other lipids than anandamide and 20:4-NAPEtha superfusate. The limited

responsiveness of capsaicin-sensitive neurons:#62APE may appear in contrast with the
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co-expression pattern of TRPV1 and the four enzyweegxamined in this study. However,
each of these four enzymes constitutes only a meoflspecific enzymatic pathways, none
of which is selective for the synthesis of anandimiDue to the unknown molecular
identity of some enzymes, at present, it is imgmedio establish the proportion of neurons
which express (or co-express) a complete anandasyitthesising pathway(s).
Nevertheless, our findings suggest that less tl@hdi TRPV1-expressing neurons may
express pathways, which are able to produce andddaim a C&™-insensitive manner.
These findings, together with the concentratiommdndamide in the superfusate, following
20:4-NAPE application, being well below the minimuconcentration of exogenous
anandamide needed for TRPV1 activation also sughestanandamide synthesized in a
C&*-insensitive manner, similar to anandamide produbesligh a C#-sensitive pathway,
activates TRPV1 through autocrine signalling. Notathe overall proportion of capsaicin-
responsive cells is increased from ~60 % to ab@&8vhen 20:4-NAPE is applied before
capsaicin. Furthermore, more dual-responsive thapsaicin-only-responsive neurons
exhibit sustained/slowly inactivating capsaicintiodd increase in the [€%. Hence, the
autocrine signalling by anandamide synthesised@atinsensitive manner by PSN seems
to have some sensitising effect on TRPV1-mediagsponses, which results in exhibiting
such responses above the detection threshold iromewvhich do not produce detectable
responses to capsaicin in control conditions. Weiegenous anandamide induces a CB1
receptor-mediated inhibition on TRPV1-mediated oeses in PSN, the selective and
specific CB1 receptor antagonist, rimonabant, redube proportion of neurons responding
to, and the amplitude of responses induced by,-R&RE application. These data may
suggest that exogenous anandamide, and anandaroitieced from 20:4-NAPE via €a
insensitive pathways may exert their actions thhougot completely overlapping
mechanisms (i.e., while exogenous anandamide isducEB1 receptor-mediated inhibitory
effect, endogenous anandamide does not induce sfiebt). However, the effect of
exogenous anandamide on TRPV1 activity dependssaoncentration and the availability
of the CB1 receptor. Hence, exogenous anandamioleeahM induces larger responses in
TRPV1-CB1 receptor co-expressing human embryordady 293 cells than in such cells
when they express TRPV1 alone. Consistently, thegemxous anandamide-evoked

excitatory effect is reduced by rimonabant in adturat PSN. Furthermore, like the effect
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of anandamide on TRPV1, the effect of capsaicialse reduced when the CB1 receptor is
not available either due to the blocking CB1 receptctivity with rimonabant or to the
deletion of the CB1 receptor. In agreement witldifigs in CBI'™ mice, we found here that
rimonabant reduces the amplitude of capsaicin-eloksponses, but not the proportion of
neurons responding to capsaicin. Therefore, thébitoiny effect of rimonabant on the
proportion of neuron responding to 20:4-NAPE byréased [CH]; is consistent with the
proposed constitutive sensitising action of the GBdeptor on TRPV1, which may occur
under certain conditions. Hence, the effects ofgerous anandamide above¥l and the
effects of endogenous anandamide synthesised fronuN 20:4-NAPE in a C&-
insensitive manner, at least as far as activatiR§\1 and not producing CB1 receptor-
mediated inhibitory effects are concerned, are laimin PSN. Together these findings
indicate that anandamide that is synthesised ia*&ifisensitive manner from 50M 20:4-
NAPE has an excitatory rather than an inhibitofg&fin PSN.

In conclusion, results of the present study shat: &) a sub-population of PSN has at least
one enzymatic pathway which synthesises anandarmmte 20:4-NAPE in a C&-
insensitive manner; (b) the synthesis of anandarnada exogenous 20:4-NAPE primarily,

if not exclusively, occurs via Gainsensitive pathways; and (c) anandamide of PSgjiror
synthesised from 20:4-NAPE in a Gansensitive manner produces an autocrine TRPV1-
mediated excitation, which may complement the nesly reported excitatory effects on
TRPV1 of anandamide synthesised in &'Gansitive manner in PSN. The effect of
anandamide of PSN origin together with the effemfteexogenous anandamide on PSN
emphasises the high degree of flexibility of actafrthis important lipid mediator, and its
multi-faceted role in controlling nociceptive praseng. Therefore, a better understanding of
the expression and function of the anandamide-sgiging enzymes in PSN may allow us
to control the activity of those cells, and henegalop more effective treatments of somato-
and viscerosensory disturbances outside the cer@rabus system.

Therat TRPV1b splice variant

Sequencing the two RT-PCR products generated byepsi flanking exon 7 revealed that
while the larger product corresponds perfectly he appropriate section of rat TRPV1
mMRNA, the smaller transcript lacks 180 bases &f thRNA. Those 180 bases represent the
entire exon seven. We regard the smaller transarlified from rat DRG in our samples
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the rat homologue of TRPV1b, which reduces theaesipeness of the ion channel in a
ratio-dependent manner when co-expressed with tfleldngth TRPV1. Our findings
indicate that both the TRPV1 and TRPV1b transcidpéstranslated into proteins in cultured
PSN.

Although, inflammation is associated with the praiiin, release and accumulation of a
myriad of agents, among them, regarding the dewedop and maintenance of pain, BK and
PGE are believed to have the highest importance. Béttand PGE induce rapid TRPV1
phosphorylation which results in a significant retilon in the heat threshold of the ion
channel. Due to the integration of effects on thanmel’'s gating apparatus produced by
various TRPVL1 activators, that reduction resultsnicreased TRPV1-mediated responses
including capsaicin-induced cobalt accumulation. iend that, in addition to increasing
capsaicin-responsiveness, BK and BGdiring prolonged application, also up-regulates
trpvl transcription, which results in uneven increaseTRPV1 and TRPV1b mRNA
expression. In contrast to this finding, no eviderior increasedrpvl transcription was
found in a recenin vivo experiment. The discrepancy in gene transcripbietween then
vivo andin vitro studies could be due to the differences in theiatex found in inflamed
tissues and used to create the inflammation-agsdciailieu in the present study, as well as
in the proportion of the sampled PSN which wereosepl to the mediatoig vitro andin
vivo. In spite of the BK- and PGHEnduced up-regulation in TRPV1 mRNA expression,
TRPV1 protein expression was not changed eithewtiole cell lysates or membrane
fractions. This mismatch between changes in TRPRIN# and protein expression could
be due to activity-dependent increase in the tuena¥ the TRPV1 protein. While TRPV1
and TRPV1b protein expression was not alteredc#psaicin-induced, hence TRPV1 ion
channel-mediated cationic influx was significarglyhanced by exposing neurons to BK and
PGE. Therefore, the most parsimonious explanationtierdevelopment of the sensitised
state of TRPV1 is that it is produced by BK- and B@&duced post-translational
modifications of TRPV1 alone. However, it is alsospible that BK- and PGEexposure
induces, without changing TRPV1 and TRPV1b protekpression, re-arrangement of
TRPV1 and TRPV1b subunits. Such a re-arrangemeghtmiesult in the formation of
TRPV1 and TRPV1b homotetramers in inflamed cond&iofrom TRPV1/TRPV1b
heterotetramers found in naive conditions. Henbe, Higher number of fully responsive
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TRPV1 homotetramers, without increased TRPV1 pnotsipression, could mediate the
increased capsaicin-evoked responses. Clearly, idingv evidence for such a re-
arrangement requires further studies, which, asgre are hindered, by the lack of a
selective and specific anti-TRPV1b antibody. Neveless, the high level of expression of
the negative dominant TRPV1b splice variants in thembrane fraction suggests that
TRPV1b could indeed have an important role in ratjg) the responsiveness of the
channel, and supports the view that changes irctimeposition of the ion channel could

contribute to increased responsiveness of the mpsaceptor in inflammatory conditions.
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Abstract
In this work, we investigated the regulatory effeaif endogenous anandamide and
exogenous inflammatory mediatotzrddykinin (BK) and prostaglandin, EPGE)) on the
activity of primary sensory neurons.
The endogenous lipid agent anandamide, among dafiects, has been shown to be
involved in nociceptive processing both in the caintand peripheral nervous systems.
Anandamide is thought to be synthesised by sewsaymatic pathways both in a Ca
sensitive and Cainsensitive manner, and rat primary sensory neurgmoduce
anandamide. Here, we show that cultured rat primseysory neurons express2Ga
insensitive enzymes implicated in the synthesisamfndamide, and that application of
NAPE, the common substrate of the anandamide-ssisthg pathways, results in
anandamide production. We also show that anandamitieh has been synthesised in
primary sensory neurons following the applicationNAPE induces transient receptor
potential vanilloid type 1 ion channel (TRPV1)-medid excitatory effect that is not
inhibited by concomitant activation of the cannalintype 1 receptor. We show that
subpopulations of TRPV1-expressing primary sens@yrons also express some of the
putative C&™-insensitive anandamide-synthesising enzymes. Tegetthese findings
indicate that anandamide synthesised by primargmsgnneurons via a &ainsensitive
manner has an excitatory rather than an inhibitoky in primary sensory neurons and that
excitation is mediated predominantly through atitecsignalling.
TRPV1 plays a pivotal role in the development dfammatory heat hyperalgesia. The
splice variant of the TRPV1 molecule, TRPV1b hagrbsuggested to be a naturally-
occurring inhibitory subunit of the TRPV1 ion chahnwWe assessed TRPV1 and TRPV1b
mRNA and protein expression, as well as capsariniéed TRPV1 activity in cultured rat
PSN grown for 2 days in control or in an inflamroatiassociated milieu created by adding
BK and PGE to the medium to find whether alterations in TRPAM TRPV1b expression
could contribute to the increased responsiveneiseof RPV1 ion channel in inflammation.
We found that both TRPV1 and TRPV1b mRNA and protee expressed in PSN and that
TRPV1b mRNA lacks the entire exon 7. Culturing e in the presence of BK and PGE
significantly increases TRPV1 responsiveness andVIRMRNA expression. However, the
presence of BK and PGHoes not alter TRPV1b mRNA, and TRPV1 and TRPViHbgin
expression.
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