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Abstract
Substance P (SP) is a tachykinin peptide, which triggers intracellular signaling in the nervous and

immune systems, as well as, other local and systemic events. The interaction between SP and

its receptor, neurokinin-1 receptor (NK1R), results in major downstream cellular actions, which

include changes in calcium fluxes, ERK, and p21-activated kinase phosphorylation and NF𝜅B acti-

vation. Two naturally occurring variants of the NK1R, the full-length, 407 aa receptor (NK1R-F)

and the truncated, 311 aa isoform (NK1R-T), mediate the actions of SP. Receptor truncation par-

tially disrupts signaling motifs of the carboxyl tail, a critical site for mediating NK1R signaling,

resulting in a “less-efficient” receptor. AlthoughNK1R-F is the predominant isoform in the central

and peripheral nervous systems, NK1R-T is expressed in several tissues and cells, which include

monocytes, NK cells, and T-cells. The SP binding domain is not affected by truncation and this site

is identical in both NK1R receptor isoforms. However, while cells expressing NK1R-F respond to

nanomolar concentrations of SP, monocyte andmacrophage activation, mediated through NK1R-

T, requiresmicromolar concentrations of SP in order to elicit signaling responses. Elevated plasma

levels of SP are associated with increased inflammatory responses and NK1R antagonists reduce

inflammation and cytokine production in vivo. This mini review presents and discusses the novel

hypothesis that the expression of NK1R-T on immune system cells prevents immune activation in

a milieu, which usually contains low concentrations of SP and, thus, maintains immune homeosta-

sis. In contrast, in the activated neuronalmicroenvironment,when SP levels reach the threshold at

tissue sites, SP promotes immune activation andmodulates monocyte/macrophage polarization.
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1 INTRODUCTION

The neurokinin-1 receptor (NK1R) is a tachykinin receptor that regu-

lates a variety of physiologic and pathophysiologic pathways, includ-

ing immune system functions. The receptor was first isolated in 1989

in rat tissues1 and subsequently, in human cells and cells from sev-

eral other species.2 In human cells, with some minor exceptions, the

NK1R is ubiquitous and is constitutively expressed.3 Although NK1R

binds to several tachykinins, including neurokinin A and B, it has the

Abbreviations: GPCR, G protein-coupled receptor; MDMs, monocyte-derivedmacrophages;

mGluR, metabotropic glutamate receptor; NK1R, neurokinin-1 receptor; NK1R-F,

neurokinin-1 receptor, full length; NK1R-T, neurokinin-1 receptor, truncated; PKC, protein

kinase C; PMA, phorbol myristate acetate; SP, substance P; TACR1, tachykinin receptor 1

highest affinity for the neuropeptide substance P (SP), which is

secreted bymany cell types.4,5

NK1R is a member of the class A, “rhodopsin-like,” G protein-

coupled receptor (GPCR) family. These receptors are characterized

by an extracellular N-terminal region, 7 transmembrane alpha helices

connected by 3 alternating intracellular and extracellular loops, and

a C-terminal intracellular tail. In NK1R, a disulfide bond connects the

first 2 extracellular loops.4 In human cells, SP binds to the N-terminus,

the second transmembrane domain, and the second and third extra-

cellular loops of the NK1R.2 In contrast, the C-terminal tail binds to

the 𝛼-subunit of heterotrimeric G proteins, as well as other signaling

molecules, which include 𝛽-arrestin and GPCR kinases.4,6

GPCRs are one of the largest families of cell-membrane recep-

tors. This superfamily of proteins is phenotypically diverse, which
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is attributable to genetic variation, posttranslational modifications,

and alternative splicing. In the majority of GPCRs, alternative splic-

ing affects the C-terminal tail, which has a dramatic effect on signal-

ing, regulation, and functional activity.6,7 NK1R has a naturally occur-

ring truncated C-terminal isoform, NK1R-T. Although truncation does

not directly affect the SP binding site, there is evidence that NK1R-

T has decreased ligand binding affinity, as well as, alternate tissue

expression, signaling and regulatory properties in comparison with

the NK1R-F.4

NK1R-T is expressed in immune cells, and therefore NK1R

alternative splicing has a profound effect on immune signaling

modulation. NK1R signaling participates in a plethora of diseases,

which range from infection to cancer, and there is recognition of

an emerging role for NK1R-T effects in disease pathophysiologic

mechanisms.8–12 The investigations of NK1R-T regulation and signal-

ing are an important component toward the investigation of patho-

genesis models and the determination of the potential therapeu-

tic utility of NK1R inhibition. Our previous review, Douglas and

Leeman4 addressed the overall role of NK1R in the immune sys-

tem, in infections and in inflammation. In the current review, we

address the specific hypothesis of negative regulation of SP signaling

throughNK1R-T.

2 THE TACHYKININ—SP

SP is an 11 aa undecapeptide. It is a member of the tachykinin super-

family, which contains over 40 peptides, including neurokinin A, neu-

rokinin B, and neuropeptide-𝛾 . SP signaling has ancient evolutionary

roots. For example, SP promotes neoblast proliferation and migration

in planarians indicating an early evolutionary neural regulation of stem

cell biology.13 A functional SP pathway has also been described in

insects14,15 and recently in fish.16

SP was initially identified in 1931 by von Euler and Gaddum,17 as

a compound that causes ex vivo hypotension in rabbits, as well as con-

traction of the rabbit jejunum. SP was termed a “tachykinin” as it pro-

duced a rapid contractile response in smooth muscle. It was first iso-

lated from extracts of bovine brain tissue by Chang and Leeman in

197018 and subsequently sequenced by Chang et al. in 1971.19 Since

this initial seminal discovery, by Leeman and her colleagues, SP expres-

sion has been identified in different organs and cell systems, includ-

ing the central and peripheral nervous systems, as well as the immune

system.20–23

In the nervous system, SP acts as a neurotransmitter. It is released

from neurons in both the peripheral and CNS, as well as from non-

neuronal cells, such as inflammatory and endothelial cells.21,24 In

the CNS, SP is commonly colocalized with other neurotransmitters

including serotonin, dopamine,GABA, acetylcholine and corticotropin-

releasing hormone. Thus, SP is involved in complex brain functions,

which include neuronal sensory transmission associated with pain,

depression, anxiety, and central responses to stress.20,23,25,26 In

the immune system, SP has pro-inflammatory effects.27 In some

cases, SP augments inflammatory responses in the respiratory and

gastrointestinal tract, as well as the CNS, most likely, by affecting

monocyte/macrophage polarization.22,23,28–39

3 NK1R ALTERNATIVE SPLICING AND ITS

ISOFORMS

SP preferentially binds to the NK1R. This peptide–protein interaction

is a central mediator in both immune and nervous system signaling.4,40

Two isoforms of NK1R have been identified in human and animal tis-

sues, as a result of alternative splicing: a full-length isoform (NK1R-F),

consisting of 407 aa, and a truncated isoform (NK1R-T), consisting of

311aa.4,41,42 The first characterizationof the truncated and full-length

formswas performedbyBoyd et al.42 using photoaffinity labeling in rat

submaxillary glands. In mammals, the NK1R-F receptors identified so

far are 407 aa long and have over 94% homology with each other.2,43

The NK1R-T isoform has also been identified in several species includ-

ing rats, mice, and guinea pigs.43 Additionally, in Bufo marinus, 3 differ-

ent splice variants of NK1R have been described, which contain 390,

371, and 309 aa, respectively.44

NK1R is encoded by the TACR1 gene, which, in humans, is 1,221

nucleotides long and consists of 5 exons.45 TheNK1R-T isoform is pro-

duced by retention of the fourth intron in thematuremRNA transcript

resulting in the introduction of a premature stop codon at the end of

exon 4 and before the start of exon 5 (Fig. 1).4 Intron retention is a rel-

atively infrequent occurrence in human cells and it is associated with

shorter introns or weaker splice sites.46 The triggers and regulatory

mechanisms of NK1R alternative splicing remain unknown. However,

in other GPCRs, splicing regulates intracellular signaling, agonist bind-

ing, receptor internalization, and tissue-specific protein expression.47

Indeed, NK1R isoforms have distinct tissue distribution with NK1R-

F being predominately expressed in the CNS, whereas NK1R-T has

higher expression in peripheral tissues.48,49

The 2 humanNK1R splice variants have been cloned and expressed,

and several functional differences between them have been observed

(for review see Refs. 4,40). Studies performed using NK1R-T provide

evidence that, although truncation does not directly affect the SPbind-

ing, the loss of the C-terminal tail reduces SP binding affinity by 10-

fold.41 A similar phenomenon has been observed in the metabotropic

glutamate receptor (mGluR), where reduced agonist potency occurs

in the mGluR1b and mGluR1c, truncated C-tail isoforms.50 Because

truncation of the C-terminal tail affects interaction with 𝛽-arrestin,

the mGluR1b and mGluR1c isoforms exhibited altered internaliza-

tion and desensitization properties.51 Similar effects occur in the

prostaglandin EP3 receptor isoforms that were identical up to the sev-

enth transmembrane domain but had differences in the C-terminal

tail.52 Leeman was the first investigator to predict that the absence

of the C-terminal phosphorylation site will lead to impairment of

NK1R desensitization.42 In NK1R-T, truncation of the C-terminal

tail decreases internalization and affects desensitization.53,54 Addi-

tionally, in the EP3 isoforms, constitutive activity inversely corre-

lates with the length of the C-terminal tail.52 Similarly, constitutively
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F IGURE 1 NK1R alternative splicing generates 2 receptor isoforms. The TACR1 gene contains 5 exons and 4 introns. During transcription it
can produce either a canonical (left) or an alternative (right) mRNA splice variant. The canonical NK1RmRNA transcript contains only the 5 exons
from the TACR1 gene and it is translated into the full-length receptor, which is a protein 407 aa long. In the alternativemRNA transcript, intron 4 is
retained. As a result, during translation the stop codon is introduced after the fourth exon, which produces a truncated, 311aa long receptor

active forms of NK1R have been documented in glioblastoma cell

lines.55

4 FUNCTIONAL DIFFERENCES BETWEEN

NK1R ISOFORMS

Truncation of the 96 aa terminal tail of NK1R results in several func-

tional differences between the 2 isoforms (Fig. 2 and Table 1). The

carboxyl tail of NK1R, along with the third intracellular loop, contains

sites that are critical for signaling.53,54,56 Overall, in NK1R, the intra-

cellular loops interact withG-proteins, whereas the extracellular loops

are the sites of SP binding.57–59 Moreover, the intracellular C-terminal

tail contains phosphorylation sites and mediates the internalization of

the receptor following activation.60–62 The C-terminal tail of NK1R

is also required for receptor desensitization. Although desensitization

is linked to phosphorylation,60,61 it is uncertain whether it is directly

linked to receptor internalization.60 An artificially truncated NK1R,

which lacks the last 82 C-terminal aa residues (324 aa receptor) and

displays regular G-protein mediated cell signaling properties, is resis-

tant to desensitization.54

In NK1R-T, the carboxyl tail signaling motifs are partially disrupted,

resulting in a receptor that is “less efficient,” in response to stimu-

lation with its preferred ligand, SP. NK1R-F has a higher affinity for

SP, as well as other agonists and antagonists.41,63 Although similar

to the majority of GPCR splice variants, the extracellular SP binding

domain is unaltered and identical in both receptor isoforms.6 Further,

most studies of SP binding to the NK1R have been conducted with

the full-length receptor with either agonist or antagonist using site-

directed mutagenesis.58 The available data are based on studies of

cloned receptors transfected in artificial systemsandhavenot yetbeen

determined for primary cells.6,41,60,61,63

Our group and others have demonstrated that cells expressing

NK1R-F, such as neurons and astrocytes, respond to nanomolar con-

centrations of SP. In contrast, we have demonstrated that mono-

cytes/macrophages and lymphocytes require higher SP concentrations

than cells expressing NK1R-F in order to produce maximal responses.

Approximately 10 𝜇Mof SP36,64–67 is required to release calcium from

intracellular stores or to change cytokine and chemokine production

in monocytes.4,68,69 Micromolar SP concentrations may be outside of

the physiologic range in the plasma, however, in the axonal microen-

vironment, SP may be present in higher concentrations. SP is difficult

to measure in situ due to the very short half-life both in vivo and ex

vivo.70 In our investigations, 10 𝜇M of SP added to tissue cultures of

PBMC or macrophages decays to undetectable levels (<3 pM) after

overnight incubation (data not shown). This observation is consistent

with previous reports that SP rapidly degrades both in vivo and in

vitro, with half-lives of less than 2 min70 and 12 min,71 respectively.
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F IGURE 2 The 2 NK1R isoforms are functionally different. The truncation of the full-length NK1R leads to decreased SP binding affinity. The
absence of the C-terminal tail impairs receptor internalization and recycling, resulting in a receptor resistant to desensitization. Because the intra-
cellular C-terminal loop of the full-length NK1R (NK1R-F) is important for interactions with the G-proteins (G𝛼, G𝛽 , and G𝛾), truncation affects
the downstreamactivation of PhospholipaseC (PLC) and the production of diacylglycerol (DAG). NK1R-T displays altered signaling propertieswith
reducedCa++ release, decreasedProteinKinaseC (PKC)phosphorylation, anddelayedERKactivation. The truncationofNK1Raffects intracellular
localization, and as a result, NK1R-T has decreased nuclear translocation

TABLE 1 Differences in functional properties of NK1R isoforms

Effect NK1R-F NK1R-T

Calciummobilization Yes; nanomolar SP76 Yes; micromolar SP68

PKC𝛿 phosphorylation Increased; nanomolar SP76 Decreased; only nanomolar SP tested76

Activation of ERK Rapid76 Delayed76

NFkB activation Yes76 No; only nanomolar SP tested76

Cytokine and chemokine production
(including IL6, IL8, TNF𝛼, MCP-1)

Yes; nanomolar SP76 Yes; micromolar SP76,84

Cell migration and chemotaxis Direct; in cancer33 Indirect; up-regulation of chemokine and cross-talk
betweenNK1R-T and CCR578

NK cytotoxicity Inhibition of contact-dependent cytotoxicity. The contribution of each individual isoform is
unknown. NK cells express predominantly NK1R-T but a small amount of NK1R-F RNA has
been detected.67

Nevertheless, factors that may increase local SP concentrations

include impulse releases of SP by neurons or the accumulation of SP

along lipid membranes.72–74

There are functional differences between NK1R-F and NK1R-T,

which require further investigation (Table 1). Initially, Douglas and

others4,40,67,75,76 reported that in comparison with NK1R-F, the inter-

action of NK1R-T with SP resulted in decreased PKC𝛿 phosphoryla-

tion, slower ERK activation, lack of NFkB activation, lack of calcium

mobilization, and decreased IL-8 mRNA expression. In these exper-

iments, SP concentrations of 1 nM to 1 𝜇M trigger the full-length
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receptor but not the truncated NK1R.76 However, in subsequent

studies, SP triggered calcium mobilization in human monocytes and

increased the production of several cytokines and chemokines, includ-

ing IL-8, at concentrations in the 1–10 𝜇M range. This finding demon-

strates that NK1R-T is capable ofmediating these responses in cellular

environments that containhigh concentrationsof SPconcentrations.68

In the aforementioned experiments, the specificity of the SP effect

on monocyte NK1R-T was confirmed with aprepitant, a specific NK1R

antagonist.68 In human clinical trials, aprepitant decreased plasma lev-

els of IL-8 in HIV positive individuals.77 NK1R-Tmediates some signal-

ing responses with low SP concentrations, SP concentrations as low

as 100 nM, elicited enhanced CCL5-induced chemotaxis and ERK1/2

phosphorylation in monocytes.78 These observations provide further

support to our hypothesis that the absence of theNK1RC-terminal tail

has a negative regulatory effect on NK1R signaling.

In the CNS, both NK1R-F and NK1R-T are abundant. The ratio

between NK1R-F/T varies considerably between different anatomic

sites in the brain and NK1R-F/T expression levels are affected

by various pathophysiologic conditions.48,79–83 Due to their func-

tional differences, the expression of both isoforms is important to

coordinate and regulate the functions that are mediated by SP/

NK1R signaling.

5 THE ROLE OF NK1R ISOFORMS IN THE

IMMUNE RESPONSE

As was described earlier in this review, NK1R-F is the prevalent iso-

form in the central and peripheral nervous systems. Other tissues,

however, including immune cells, predominantly express the “less effi-

cient,” NK1R-T isoform. Indeed, under most conditions, human mono-

cytes, NK cells, and T-cells express NK1R-T.4,48 SP/NK1R-T signaling

is of major importance in immune activation.77,84 These observations

support our overall hypothesis that, by expressing the truncated iso-

form in immune cells, NK1R alternative splicing is a negative regula-

tor of SP signaling. The expression of NK1R-T prevents excessive acti-

vation of immune cells when exposed to low SP concentrations and

down-regulates the SP signaling response in instances when SP levels

are higher; which occurs under a variety of pathologic conditions.

NK1R-T is expressed in monocytes, macrophages, neutrophils,

dendritic cells, eosinophils, T-cells, NK, and mast cells (for review

see Ref. 33). In contrast to immune cells, NK1R-F transcripts were

detected in platelets and its presence correlated with increased clot

formation.85 Caberlotto et al.48 generated a real-time RT-PCR-based

assay capable of distinguishing NK1R isoforms and provided data

on NK1R isoform mRNA expression in different tissues. In most tis-

sues, both isoforms were present although at different ratios, the

authors were unable to detect NK1R-F transcripts in lymphocytes or

in macrophages. Most studies detected total NK1R in lymphoid cells,

but did not distinguish between full-length and truncated isoforms in

lymphoid cells. In NK cells, the low levels of NK1R-F transcripts were

detected.67 Different concentrations of SP are required to elicit spe-

cific cellular functional response. For example, 10 nM of SP increased

NK cell chemotaxis,86 whereas 1–10 𝜇M of SP was required to alter

NK cell cytotoxicity.67,86,87 In T-cells, 1–10 𝜇M of SP was required in

order to elicit T helper 17 cell polarization.66

In human lymphoid cells, the low expression levels of NK1R may

also affect the ability to measure receptor activity. The expres-

sion level of NK1R in human lamina propria mononuclear cells is

7.5 ± 2.2 mRNA transcripts per cell. The number of NK1R transcripts

is even lower in circulating PBMCs.88 However, using samples from

patients enrolled in our clinical study Depression Antidepressants and

HIV Infectivity, we performed quantitative PCR, and we were able

to detect NK1R-T but not NK1R-F mRNA transcripts in monocyte-

derived macrophages (MDMs) from 58 out of 60 samples.89 In human

cell lines, non-stimulated monocytoid THP-1 cells express NK1R-T,

whereas after PMA induced maturation, they express both NK1R-F

and NK1R-T isoforms.90 We were unable to demonstrate NK1R-F in

primary human monocyte/macrophages treated under different con-

ditions in vitro (data not shown). However, NK1R-F may be expressed

in vivo. For example, in alveolar macrophage cultures from lung tis-

sue obtained from tobacco smokers, a NK1R isoform corresponding to

the full-length receptor, based on themolecular weight of the product,

was detected.91 Moreover, in alveolar macrophages, stimulation with

nanomolar concentrationsof SP resulted in IL-1𝛽 productionandNFkB

activation, suggesting that this effect is mediated by NK1R-F.91

SP interactions with the immune system generally result in

pro-inflammatory responses.4,40,92,93 The treatment of human

macrophages with SP affects macrophage polarization. For example,

exposure of human monocytes/MDMs to SP promotes a distinctive

phenotype with features of both M1 and M2 polarization. Initially,

within several hours of SP treatment, there is classical M1 polariza-

tion, which is linked to a pro-inflammatory response and increased

production of cytokines, including IL-12 and TNF𝛼. However, at 4–6

days after SP treatment, we observe an increase of CD163 and IL-10

expression, which is characteristic of M2 polarization.65 This duality,

may explain some of the discrepancies reported on the effect of

SP on the overall immune response. The majority of publications

claim a pro-inflammatory effect following SP exposure (for review

see Refs. 4,40), several studies however, show protective properties

of SP, possibly by driving macrophages toward the M2 phenotype

through the up-regulation of IL-4 and IL-10.35,37,38 In a recent publi-

cation, using rat bone marrow MDM cultures, SP skews macrophage

polarization toward the M2 phenotype through activation of the

PI3K/Akt/mTOR/S6 kinase pathway and induction of Arginase-1,

CD163, and CD206. Relatedly, adoptively transferred SP polarized

macrophages, also exhibited M2 polarization characteristics, by

improving functional recovery in a rat spinal cord injurymodel.94

The SP-induced monocyte/MDM polarization has important func-

tional ramifications. For instance, it creates favorable conditions for

productive HIV infection in macrophages.65 Elevated plasma levels of

SP have been observed in the plasma of HIV infected individuals.95,96

Overall, the effect of SP on the immune system is associated with

increases in inflammatory responses and it mediates various out-

comes on many immunologic conditions such as viral, bacterial, fun-

gal and parasitic infections, and autoimmune diseases (for review see

Refs. 4,33). NK1R antagonists are promising therapeutic candidates.
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The NK1R antagonist, aprepitant, has been approved for human use,

for chemotherapy-induced nausea and vomiting. NK1R antagonists

have been tested in human clinical trials for depression, insomnia,

and post-traumatic stress disorder with mixed or negative results (for

review see Refs. 84,97,98). However, most studies targeted theNK1R-

F isoform expressed in neurons. On the other hand, several stud-

ies showed that NK1R antagonists reduced cytokine production and

decreased overall inflammation in vivo.4,40,77,99 In 1 of 4 human clin-

ical studies, we showed that treatment with aprepitant resulted in

significant decreases in several pro-inflammatory markers including

TNF𝛼, MIP-1𝛼, G-CSF, IL-6, IL-8, and sCD163 after 2 weeks of admin-

istration compared with the placebo group.77 Spitsin et al.99 recently

demonstrated, using proteomics, that aprepitantmodulated inflamma-

tory pathways in aviremic HIV infected individuals. Thus we have con-

clusively demonstrated that NK1R antagonism in vivo results in down-

regulation of inflammation in HIV infected individuals.77,99,100

6 NK1R ALTERNATIVE SPLICING IN

CANCER

In the immune system, NK1R alternative splicing is a negative regula-

tor of SP signaling. NK1R-T abrogates immune cell activation andmod-

ulates immune function. In cancer, the pathophysiologic importance of

SP/NK1R signaling has become evident. In tumor cells, SP promotes

cell proliferation, migration, survival, and metastasis.33 NK1R signal-

ing is associated with plasma membrane blebbing,101 which may also

contribute to cancer metastasis.102

Several types of cancer cells overexpress NK1R and, in many cases,

tumor cells overexpressNK1Rreceptors in comparison tonormal, non-

tumor tissue (for review see Ref. 33). The inability of NK1R-T to be

regulated through internalization or desensitization (Fig. 2)may be the

basis for the enhancedplasmamembrane expression ofNK1R in tumor

cells. In several types of cancer, the expression of NK1R-T but not

NK1R-F is associated with increased malignant transformation.8–11

However, NK1R-T plays a different role in cancer compared with

the immune system. This role may be attributed to several factors,

including differences in NK1R expression levels (while many cancer

cells overexpress NK1R, immune cells maintain very low NK1R lev-

els), unknowndifferences in downstreamsignaling, or reducedNK1R-T

translocation to thenucleuswhichhasbeendescribed for several types

of cancer cells but not for immune cells98.

NK1R antagonists reverse the effects of SP signaling. This effect

offers an opportunity to target NK1R/SP interactions for novel anti-

tumor therapies. NK1R antagonists are being investigated for their

potential to restrict tumor cell growth and metastasis of several types

of cancers (for review see Ref. 33). Data on the role of SP/NK1R sig-

naling in cancer pathogenesis and disease progression are generated

using in vitro assays and through functional studies in animal mod-

els. This approach may lead to clinical trials. As mentioned above, the

NK1R antagonist, aprepitant, is approved by the FDA for human use as

an antiemetic administered as a triple dose of 125, 80, and 80 mg dur-

ing 3 consecutive days, though higher doses and longer administration

may be required as an anticancer drug.

7 CONCLUDING REMARKS

The 2 NK1R isoforms, full length and truncated, have distinct tissue

expression patterns and differ in signal transduction activities. The

truncated splice variant of NK1R requires 10–100-fold higher concen-

trations of its cognate ligand (SP) than NK1R-F for maximum activa-

tion. There are altered effects of SP signaling in cells which predomi-

nantly express NK1R-T including immune cells.

In tissues that express NK1R-F, such as the CNS, a receptor respon-

sive to low ligand concentrations and capable of desensitization may

be optimal for cell functions. In the immune system, a highly effi-

cient receptor may produce potentially harmful inflammation and

immune activation. Immune cells express predominantly NK1R-T,

resulting in diminished SP/NK1R signaling and thus more finely tuned

immune signaling. The biologic consequences are operative on sev-

eral immunomodulatorypathways that are affectedbyNK1Rsignaling,

such asmacrophage/monocyte polarization andNK cell signaling.

The effects of NK1R alternative splicing can be particularly applica-

ble in the pathophysiologicmechanismof inflammatory, infectious, and

autoimmune diseases. These conditions are associated with increased

SP levels and therefore could engage in SP/NK1R-T signaling. In other

diseases, such as cancer, the altered properties of the NK1R-T isoform

may be involved in disease pathogenesis in a completely different way.

In such cases, the altered signaling ofNK1R-Tmaybe favorable for can-

cer cell proliferation and this property is potentially being exploited by

the disease mechanism through overexpression of the truncated iso-

form.

In summary, alternative splicing of NK1R is important to maintain

immune system function. In addition, disturbances of the SP/NK1R-

T signaling pathway may be implicated in a variety of pathophysio-

logic conditions. The different properties of NK1R isoforms should be

further studied and taken into account when considering therapeutic

approaches that target NK1R signaling.
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