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ubstance P, proinflammatory
ytokines, transient receptor
otential vanilloid subtype 1
nd  COVID-19: a working
ypothesis�

ustancia P, citocinas proinflamatorias,
eceptor  de potencial transitorio vaniloide
ipo 1 y COVID-19: una hipótesis de  trabajo

ear  Editor:

he  main  clinical  feature  of  COVID-19  is  respiratory  disease
f  varying  severity,  ranging  from  mild  upper  respiratory  tract
nvolvement  to  severe  interstitial  pneumonia  and  acute  res-
iratory  distress  syndrome,  exacerbated  by  thrombosis  of
he  pulmonary  microcirculation.1 However,  it  is  increasingly
pparent  that  the  disease  is  multisystemic,  with  the  virus
ntering  the  central  nervous  system  (CNS)  by  retrograde
euronal  transport  via  the  olfactory  nerve  and/or  enteric
ervous  system.  It  has  also  been  suggested  that  infected
eukocytes  may  cross  the  blood-brain  barrier,  transporting
he  virus  to  the  brain;  this  would  alter  the  function  of  brain
icrovascular  endothelial  cells,  which  are  known  to  express

ngiotensin-converting  enzyme  2  (ACE2).2,3 Neurological
igns  and  symptoms  of  SARS-CoV-2  infection,  associated
ith  expression  of  the  ACE2  receptor  in  the  brain,  are

hought  to  be  caused  by  a  proinflammatory  response  in
he  CNS,  promoting  microglial  activation,  the  proinflam-
atory  ‘‘cytokine  storm,’’  a  reduction  in  levels  of  CD4

nd  regulatory  T  cells,  and  ultimately  the  propagation
f  neuroinflammation.4,5 However,  the  precise  mechanisms
xplaining  the  direct  effects  of  SARS-CoV-2  and  the  sub-
equent  immune  response  on  the  CNS  are  yet  to  be  fully
nderstood.6

The  neuroimmune  pathway  functions  bidirectionally,
ith  afferent  neurons  responding  to  peripheral  immune  sig-
als  and  efferent  neurons  promoting  interaction  between

he  brain  and  peripheral  structures.7 Transient  receptor
otential  vanilloid  subtype  1  (TRPV1)  is  a  nonselective
igand-gated  cation  channel  expressed  in  neurons,  immune

� Please cite this article as: Aguirre-Siancas EE, Colona-Vallejos
, Ruiz-Ramirez E, Becerra-Bravo M, Alzamora-Gonzales L. Sustan-
ia P, citocinas proinflamatorias, receptor de potencial transitorio
aniloide tipo 1 y COVID-19: una hipótesis de trabajo. Neurología.
021;36:184—185.
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ells,  and  type  C  sensory  nerve  fibres  of  the  airway  (upper
nd  lower  respiratory  tract  and  lung  parenchyma),  among
ther  cells;  it  is  highly  permeable  to  Ca2+ and  is  reported
o  be  present  at  increased  levels  in  patients  with  chronic
ough.  Mucus  hypersecretion  and  inflammation  are  also
ssociated  with  TRPV1  sensitisation.8,9

Interaction  between  the  immune,  endocrine,  and  nervous
ystems  involves  the  participation  of  neuropeptides,  small
mino  acid  molecules  that  are  able  to  influence  immune
esponses  and  pain  sensitivity  through  modulation  of  glial
ell  activity.10 The  pathophysiological  events  affecting  the
everity  of  COVID-19  have  been  shown  to  involve  elevated
euronal  expression  of  TRPV1,  promoting  an  increase  in  the
evels  of  such  proinflammatory  molecules  as  substance  P  and
nterleukin  6  (IL-6).11

Substance  P and  its  selective  receptor  neurokinin  1  are
bundantly  expressed  in  the  sensory  fibres  innervating  the
espiratory  tract  and  lymphoid  organs;  such  glial  cells  as
icroglia  and  astrocytes,  and  immune  system  cells  includ-

ng  T  cells,  monocytes/macrophages,  dendritic  cells,  and
osinophils.  The  neuropeptide  acts  as  a  neurotransmitter,
ediating  communication  between  the  nervous  and  immune

ystems  and  exacerbating  inflammation  in  such  peripheral
ites  as  the  lungs.12 Together,  these  mechanisms  alter  the
mmune  functioning  of  microglia  and  astrocytes,  which  are
ctivated  in  CNS  inflammatory  processes.13,14

Stimulation  of  TRPV1  by  such  respiratory  pathogens  as
espiratory  syncytial  virus  promotes  the  release  of  numer-
us  molecules  including  substance  P  and  IL-6.9,11 Elevated
evels  of  these  molecules  have  been  detected  in  patients
ith  COVID-19,  and  seem  to  be  associated  with  more  severe
isease.11 All  this  evidence  suggests  the  activation  of  a  pos-
tive  feedback  mechanism  in  which  increased  levels  of  a
armful  stimulus  activates  TRPV1,  leading  to  greater  release
f  substance  P  and  proinflammatory  cytokines,  which  would
esult  in  disease  exacerbation  in  patients  infected  with
ARS-CoV-2.

Despite  the  massive  expansion  of  our  understanding  of
OVID-19,  no  study  has  clarified  the  association  between
he  neuroimmune  function  of  inflammatory  cytokines,  neu-
opeptides,  and  the  role  of  TRPV1  in  the  disease.  Therefore,
e  may  ask  ourselves  whether  the  cytokine  storm  is  directly

elated  with  the  increase  in  substance  P  levels  in  inflamma-
ory  processes  in  patients  with  SARS-CoV-2.

We  should  underscore  that  the  secretion  of  substance  P
nd  cytokines  involved  in  the  cytokine  storm  involves  the
articipation  of  TRPV1  ion  channels,  which  can  be  activated

y  such  external  insults  as  viral  infection.  Therefore,  it  is
easonable  to  suppose  that  neuroimmune  communication  is
stablished  in  order  to  protect  the  individual;  ironically,  this
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mechanism  would  actually  increase  the  severity  of  COVID-
19.
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