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A novel alternative splicing variant of mouse TRPAI regulates
its channel activity under inflammatory and neuropathic pain
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WA DES

This Ph.D. thesis investigated the role of a novel mouse TRPA1 alternative splicing variant.
The thesis is mainly divided into 9 chapters: abbreviations, introduction, materials and
methods, results, discussion figure legends, references, tables and figures, and
acknowledgements. Transient receptor potential (TRP) channels are non-selective cation
channels that were originally identified in mutant Drosophila. The TRP channel
superfamily is divided into seven subfamilies: TRPV (Vanilloid), TRPC (Canonical),
TRPM (Melastatin), TRPML (Mucolipin), TRPN (NompC), TRPP (Polycystic) and TRPA
(Ankyrin) with 27 TRP channels found in humans. The discovery and characterization of
the TRP channel superfamily offers a superior tool for understanding the molecular
mechanisms of sensations such as taste, pain, and temperature in the peripheral and central
nervous systems. So far many studies have used different experimental methods and
techniques to demonstrate that TRP proteins are indeed involved in many different forms of

sensations.

TRPAL is the only member of the mammalian ankyrin subfamily of TRP channels. One
intriguing property of the TRPA1 channel is the presence of up to 17 ankyrin repeat
domains that couid act as multiple binding sites for molecules that modulate channel
functions. TRPA1 channel is expressed in many tissues and organs, including sensory
neurons, astrocytes, the small intestine and colon. TRPAL channel is predominately
expressed in small-diameter neurons and functions as a nociceptive receptor in the
peripheral nervous system in sensory neurons,’ such as those in the dorsal root génglion
(DRG) and trigeminal ganglion (TG). TRPA1 channel is believed to be involved in many
forms of acute and chronic hyperalgesia, with some reports suggesting that nerve growth
factor (NGF) regulates chronic inflammatory hyperalgesia by controlling TRPA1 gene

expression in Sensory neurons.

Alternative splicing of pre-mRNA was discovered more than 30 years ago, when it was
found that the same gene encoded two proteins, one was membrane-bound and another was

secreted. In eukaryotes, alternative splicing is considered to be a complex cellular

— 184 —




mechanism by which a small number of genes could encode much Iarger number of
proteins. Indeed, more than 95% of human genes are estimated to undergo alternative
splicing. The importance of alternative splicing as a regulatory process has been
highlighted in many pre-mRNA splicing of regulatory and signaling proteins. Taking into
account othér post-translational modifications, the number of functional proteins encoded
by the genome is surprisingly enormous. Thus, alternative spIicing is one of the major

sources to increase protein diversity.

Recently, two individual studies identified novel Drosophila TRPA1 alternative splicing
variants that were expressed in a tissue-specific manner and displayed different chemical
and thermal sensitivities. To date there is no report of mammalian TRPA1 alternative
splicing, even though there are many instances of alternative splicing variants of other
mammalian TRP éhannels. For instance, an alternative splicing variant of TRPV1, a TRP
channel expressed in sensory neurons and involved in nocicéption, is reported to be a
dominant negative isoform and inhibits TRPV1 channel activity by forming a heteromer.
However, whether alternative splicing variants of mammalian TRPA1 exist and their

physiological and pathological significance in diseases remain to be elucidated.

In this thesis, a novel mouse TRPA1 splicing variant has been found and cloned from
mouse DRG neurons. This splicing variant, TRPA1b skips 30 amino acids compared with
its full-length isoform; TRPAla. Multiple experiment methods are applied to examine the
physiological and pathological importance of TRPAla and TRPA1b from mRNA level to
protein level and finally to animal model level. Both isoforms, TRPAla and TRPAIb are
conﬁrrngd to be expressed in mouse dorsal root ganglion (DRG) and trigeminal ganglion
(TG) neurons by RT-PCR analysis. When expressed in HEK293T cells, both isoforms can
be translocate to the plasma membraﬁe while co-immunoprecipitation showed that TRPAla
and TRPA1b physically interact with each other. ~Although TRPA1b do not respond to
TRPA1 agonists, TRPAla and TRPAlb co-expression significantly increases TRPAla
plasma membrane expression and current density in response to AITC, 2-APB, carvacrol
and thymol without affecting its single-channel properties. Exogenous TRPAlb over-

expression in WT DRG neurons also increases AITC responses, and expression of TRPAla

— 185 —



“with TRPA1b produces larger ATIC responses compared with expression of TRPA1la alone
in TRPA1IKO DRG neurons. Moreover, expression levels of TRPAla and TRPAlb
- mRNA changes dynamically in complete Freund’s adjuvant (CFA)-induced inflammatory
and a partial sciatic nerve ligation (PSL)-induced neuropathic pain models. In contrast to
TRPAla, whose mRNA expression level changed in the early stages of CFA-induced
inflammatory and PSL-induced neuropathic pain conditions, the TRPA1b eipression level
gradually increases throughout the two-week disease condition period. This up-regulated
‘TRPAib expression level could maintain the membrane expfession of TRPAla even with
the rapidly changed TRPAla mRNA expression. These results suggest that TRPA1 may be
regulated through alternative splicing under inflammatory and neuropathic pain conditions.
This thesis could explain how TRPALI is involved in inflammatory and neuropathic pain

and provide a possible mechanism to treat these diseases.
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AL, = 7 R DTRPALE & FIZalternative splicing variant B EFEET I 2 HBR L, £0
AHZ2HBIUVFEBEZEHNERZHALNPCLELDOTH S,

A—%EIX, PCREZAVWE -V A%BHBEHICB T 2TRPAIRGETORREEF T 51ER
T, 2OoDWEBEDEZEEL, PEWVWFALAXDbONRTZ Y20 BOEDCT I JEIICHEY) %
KR ¥ L= 7 A TRPALE B F Dalternative splicing variant TH 2 Z 2 RWE L, Zh ¥ THiE
SR TWiEbDETRPAla, FIEIKRWE LSO ETRPAIL A STk, 2 DOBETH 5L H
WAND2ODTRPAIE HE ¥ S EMICHEBT 5 HAN RV I=HIZ, TRPAlaCEGFPH 7,

' TRPAIbIZFlag# & fHiJ e a2 b5 2 b &ER L, HEK293THIFLIZ SR HI BB & ¥ CHEGFP
Fik®s X OHFlagfih ¥ BV TRAZBE LS, BRERLERRSEL LS TAEAED
REWCKEREZIRON o, EI T, &7, £#EFUBELZAVWTAEREOKFETER
Ll d MEAEOHEBEVWTHOREKZAWTLBETE L, 22T, MEBHD
BAEDEETHOMCT L REBEKLBIA2EHEORREZ L F UERTDIZETHREL
oo TOMR, TRPAIDEH BRI T L L ELTTRPALLOBEBICBIT 5RAEPHERLE
T M5, TRPAIBIZTRPALAIZHE S L CTRPALaD T EER R EZHMRKIETTWVWEI b0 LE X LI
oo WEHBEOTRPALLEBHE R L TWHDOTHNIE, ThEF XY RXNVEREL LTEHETED
BT THB, £ T, FAEIXTRPAl2, TRPAIbY B E S ¥ = HEK293THIIRIC v F 7 5 v 7
BMA LUTTRPAIF ¥ X NVERZBLE L7, TRPAIbEIM TIXTRPA1®D il ¥ ¥ Eallyl
isothiocyanate (AITC), 2-APB, carvacrol, thymoliZ ié%’ﬁ’:ﬂ}f& PBETCE o, TRPAla
LTRPALbZ 3 RE & ¥ 5 L TRPALAOEMER LV b AR K E REMBBETE k., AITC,
2-APBIC X 5 BRMIBEMHORABREFHRBREFERT 2 L. ALABICHT BIEEL befficacy A i
# L Tpotencyll BAb R VW EMBLMNIC 2 o/, THik, TRPAIbIZ & » TTRPAlaD HHEE
HEBERBARLEZILLART S, FhE2ENTBRIIR. A VI A N7 U MEICLHE—~F
¥ RNVEREETIZ, TRPAIDDERBEIC L BF ¥ XAFRT 4 7 AOEITBEECTE 2o
)il

BAEIZ, ZTOTRPAILIZ X 2 TRPAIEHEDH ARNBRERBTHLRER I OZINE I 2, TV RE
BEREHMREANTC A A—P VY JETHRE L, AR <Y X 0% RMEHHEREIC
TRPAILZ RHEIFER S EDHILICE > T, 37V AV VIE%E (TRPVIEE) KEEZRIETZ

R AITCIR X AIGBEAZFRBICHEKREEI LN TE L, KIT, CFAZ AW~y ARENE
ERETF NV, BEERERRC LIV AMRESHERET VEER L CERBABEREH O
RERZER L, METTF VT, TRPAIRBUV A CRHEBRABEERBIFERE VXIS
CEBREBLTRY., BRAEER BB ~DTRPAIOEE MR L H» & 72 o7z, TRPAIbEEFIX,
CHESARBWTAEECEBICHM U, £ LCI4E B IR U o B 0 5 48 5 5 25 40 i %
BWkCa?f A=V U FRIC L BT TR, D7 A Vi T 3B E/LE T I AITCIZ R
a“zsmxmﬁa CHRKLTEY, TRRALLEAHEOERBEMI L 2bDEEX bR,

Uxi:@ Yo AR L DEBRTHZERE LT~ ¥ X TRPA] O alternative splicing variant,
TRPAIb 28 TRPAla & A L C TRPAla D EERHE 2 A S T TRPAIBREHE R Z L L,
FORAARALPREMHEROCHERBEEHRBORECEBET D LEEHL L, AFFEIZ~
7 A TRPA1 @ alternative splicing variant # B R L CZ OB EZHOLPIC LB RENTHE
ThD., SROLUESFORRBILATIbOLEL bivd, ﬁéo’( AT EMABITE LT
+HRAFTEBELTCVDI LD LEEZESICBV (LS — HcuEShi,
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