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The physiological effects of serotonin (5-HT) are exerted
through the activation of various receptor subtypes that are classi-
fied into 7 dissimilar classes from 5-HT; to 5—HT7.1 Five of
these classes (5-HT, 5-HT, 5-HT;, 5-HT4, and 5-HT?) have
been found in the gastrointestinal (GI) tract.’ The suitability of
the 5-HT; and 5-HT receptors as therapeutic targets for man-
agement of functional GI disorder (FGID) has been investigated
for clinical purposes.” Recently SHT; has garnered attention as a
possible therapeutic target.*

Owing to a lack of selectivity, however, administration of cer-
tain S-H'T} receptor agonists induced concomitant adverse car-
diovascular events and so they were withdrawn from the world-
wide market or restricted to emergency use.’ § -HT; antagonists
also have been principally limited to treating chemotherapy-in-
duced nausea and vomiting and severe types of irritable bowel
syndrome with diarrhea (IBS-D) due to side effects such as se-
vere constipation and ischemic colitis.” To minimize these un-

desirable side effects, the development of highly selective 5-HT
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receptor agonists/antagonists could be beneficial for clinical use.
These agents would have a low risk profile, and there is the possi-
bility that each of these agonists would have unique splice variants
to address tissue-specific or disease-associated expression.” Hence,
more precise information concerning the expression level and
spatial distribution of 5-HT receptor splice variants or isoforms
throughout the human colon as well as the desensitization mecha-
nism of the receptor will provide a better understanding of func-
tion and may offer new therapeutic views.

In the current issue of the Journal of Neurogastroenterology and
Motiliry, an article entitled “Distribution of 5-HT3, 5-HT,, and
5-HT; receptors along the human colon” aimed to examine the
distribution of splice variants of 5-HT3, 5-HT,, and 5-HT5 re-
ceptors in different tissue layers at different regions of the normal
human colon.® They also described how this distribution is asso-
ciated with receptor interacting proteins such as receptor interact-
ing chaperone 3, G protein coupled receptor (GPCR) kinases
(GRKSs), and protein LIN-7 homologues to the length through
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the human colon.” This paper pioneers a comprehensive dis-
tribution analysis to elucidate the expression difference of specific
splice variants between muscle and mucosa or the regional reli-
ance between ascending, transverse, descending, sigmoid or rec-
tum in the human colon by reverse transcriptase polymerase
chain reaction (RT-PCR) and quantitative PCR (qPCR).

According to estimation from a large scale cDNA sequenc-
ing study in 10 diverse human tissues and 5 cell lines, ~92-94%
of human genes are alternatively spliced.” Indeed, various 5-HT}
variants caused by alternative splicing of exons are widely dis-
tributed throughout the body and at this time, at least 11 human
5-HT, receptor splice variants have been reported.™ Consistent
with previous data, this study showed the dominant expression of
5-HT . and 5-HTy, in all tissue level including longitudinal, cir-
cular muscle and mucosa. The experiments also demonstrated
that 5-HT4q was expressed in all layers of tissue, albeit in a low
number of patients. However, in contrast to the previous results,’
S-HT4, and 5-HTy, were highly expressed in the GI tract
throughout all regions of the tissue. It has been suggested that
most altered isoforms caused by differential splicing may show
distinctive functional properties.'’ In addition, it has previously
been reported that changes to the splicing pattern could be asso-
ciated with the disease state such as the exon switch of CaV ; tran-
scripts in human vascular smooth muscle cells in atherosclerosis. '
Altered splicing patterns have also been associated with over-
expression of 5-HTu4 with non-expression of 5-HTi and
5-HT4, in aldosterone-producing adenoma in comparison with
normal adrenocortical tissues.”” Thus, it is possible that poorly
expressed S-HT, splice variants such as S-HT4qand 5-HT, can
be changed toward the highly expressed state in some GI tract
diseases, as the author proposed.

S-HT, receptors are a member of GPCR, which have been
considered the most highly encouraging class of drug targets in
the present pharmacological approach.”” It has been demon-
strated that desensitization rates of S-H T} receptor splice variants
depends on the GRK presence'” and on internalization of human
5-HT,R, which can occur in a splice variant specific manner.'*
The major mechanism of desensitization for GPCR occurs
through the GRKs-arrestin system." In this mechanism, GPCR
can be desensitized by phosphorylation of GRKs with agonist
activation.”” Phosphorylated receptors are in turn bound by ar-
restins, which inhibit additional stimulation of G proteins and
downstream signaling pathways." Previously it has been suggested
that GRK2 and GRK6 may have an intricate relationship in the

regulation of the desensitization of 5-HT} receptors in the distal

colon."” In this study, GRK6 showed more expression in the de-
scending and sigmoid colon. This may imply regional differences
of 5-HT, receptor desensitization in the human colon. Further-
more the functional diversity of 5-HT} splice variants could arise
from the different C-terminal interacting protein including PDZ
domain based protein networks such as LIN7C, NHERF and
SNX27.% In this study, these proteins seemed to be expressed in
all tissue levels. Therefore, it seems investigation of other protein
candidates is needed.

So far five different 5-HT'; subunits have been identified in-
cluding 5-HT3a, 5-HT3s, 5-HT3¢, 5-HTsp, and 5-HT3k en-
coded by 5-HT type 3 receptor A subunit (HTR3A), HTR3B,
HTR3C, HTR3D, and HTR3E genes, respectively.® These
subunits can form homomers or heteromers with the 5-HT3a
subunit and distributed in the human colon except 5-HT;p." In
the previous report,’ the authors suggested that S-HTsa38 het-
eromer is more likely to form in the myenteric plexus and
5-HT3a5k in the submucous plexus of the sigmoid colon, be-
cause 5-HT3a was distributed throughout all colonic layers,
whereas S-HT3g was predominantly in the mucosa and 5-HT3g
in the muscularis. In the present study, however, only 5-HTsg
showed significant increased expression in the mucosa. Conside-
ring HTR3E expression is uniquely restricted to colon and intes-
tine through comparative expression analysis of all HTR3
genes,” HTR3E and 5-HTsx subunit seems to be specifically
expressed in the colonic mucosa. Mucosal 5-HT; receptor,
which induces activation of extrinsic primary neurons, is in-
volved the generation of pain symptoms. These symptoms can be
prevented by administration of a 5-HT} antagonist in IBS. So if
5-HTj3g is very specific for colonic mucosa, the development of
this ligand will be a more effective target for treating the abdomi-
nal pain or discomfort in all types of IBS patients without un-
desired effects such as decreased transit or secretion in the small
intestine and decreases in colonic compliance. In addition, it has
been reported that S-HT} receptor subunit alternatives by single
nucleotide polymorphisms (SNPs) are linked with some clinical
disorders, so some of 5-HT} subunits related to SNPs could be
valuable biomarkers for drug selection.'

Like 5-HT, receptors, S-HT; receptors are a member of
GPCR and form multiple splice variants. SHT? receptors share
an identical sequence up to Leu 432 and differ C-terminal with
the PDZ C-terminal domain ligand binding site.” Therefore
5-HT; may have similar characteristics with 5-HT} in terms of
desensitization, internalization, trafficking and signaling. It has

been proposed that abnormal stimulation of the 5-HT? receptor
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may contribute to IBS-like symptoms, so the S-HT; receptor
may be a reasonable therapeutic target in some FGIDs."” In addi-
tion, it has been suggested that S-HT+q splice variant is expressed
at relatively low levels in tissues such as the brain and spleen and
is preferentially induced in the intestines,”” making it a suitable
GI target. In this study, however, there was no distribution dif-
ference in the expression of 5-HT3 receptor splice variants, al-
though they were expressed in all tissue layers of the human
colon. This inconsistency merits further study.

For an mRNA to be considered as a significant splice variant,
there are several criteria recently suggested by Bonner." One of
these criteria calls for the publication of a cDNA sequence corre-
sponding to a functional protein domain in a public database."’
All of the human 5-HT, variants fulfill this criterion except
5-HT4 and S-HT,:."" More importantly, the second criterion
specified by Bonner'’ requires demonstration of a significant lev-
el of expression in some population of naturally occurring cells.
Only 5-HTy, fulfills this criterion. Besides the above 2 require-
ments, Bonner'® describes other criteria including evolutionary
conservation between species, evidence of biological regulation,
biochemically or pharmacologically different properties, and
functional difference in naturally expressed variants. These other
criteria have not yet been investigated for S-HT splice variants,
so it needs to be combed through the possible therapeutic S-HT
splice variants in the future.

There are some limitations in this study such as a small num-
ber of patients except the sigmoid colon cases, and the absence of
gPCR results of 5-HT} splice variants. Unfortunately, the genes
of receptors and ion channels are present at too low a level to
measure in the tissue, so there is very little quantitative data con-
cerning expression levels of these receptors in human tissues ex-
cept S-HTy, splice variant."

In conclusion, it is possible that different S-HT receptor
splice variants can be expressed in different regions; in turn they
regulate the GI motility, sensory and secretomotor function in di-
verse modes. Therefore, this new approach to understand the dis-
tribution, desensitization mechanism and functional differences
between 5-HT splice variants in the GI tract could lead to im-
proved target-specific drugs in regards to safety, higher effective-

ness and better tolerance.
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