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An article entitled “Molecular and neural basis of pleas-
ant touch sensation” was published in the top journal
Science last year. This research describes the neural cir-
cuit of pleasant touch from the skin to the spinal cord!.
Acupuncture and other somatic stimulation therapies
also induce comfortable and enjoyable experiences. In
the former studies, the mechanisms of these experiences
in the brain are discussed. The paper published in Science
gave us a novel perspective on the neural circuit of pleas-
ant touch sensation from the skin to the spinal cord. In
the following four sections, we would like to give our
thoughts about how the paper would affect acupuncture
research.

Role of pleasant touch in acupoints and somatic
stimulation therapies

In the ancient Chinese medicine book Inner cannon of
Huangdi (huing di néi jing, ®# KN4), acupoints mirac-
ulously affected patients: “feel relieved and comfortable
when pressed.” The theory of acupoints originates from
Miraculous Pivot (Ling shil jing, RHKZ): “The site of
pain is Shu (acupoint).” Miraculous Pivot (Ling sht jing,
RIXLZ) kept a record: when Shu (acupoint) was pressed,
body pain was relieved. Sun Simiao stated in Thousand-
GoldenPrescriptions (béi ji qian jin yao fang, &2 F &
E7) that when the patients have pain or diseases, press
the body. If the right site is pressed (acupoint or not),
the patients would say “Ah~Shi~” when they felt com-
fortable or painful. These Ashi points could relieve pain
or diseases when acupuncture, moxibustion, or other
somatic stimulations worked. From the above descrip-
tions of Ashi points or acupoints, an important effect of
pressing at the sites was comfort and relief, and pain-
ful sensation at the sites. These unusual feelings of the
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acupoints or Ashi points of the body are called sensiti-
zation of acupoints. They are somatic reflection of the
pathophysiological conditions of the visceral or other
body areas.

Pressing at these sites is very important and well-car-
ried out before many somatic stimulation therapies,
especially in acupuncture practitioners. This kind
of comfortable or relieved feeling is provoked when
the right site(traditional acupoint or trigger point) is
pressed. In addition, a positive valence of emotion-trust
between patients and doctors is needed. The molecu-
lar circuit of these effects can be explained by somatic
stimulations, such as acupuncture, which can enhance
the neurotransmitters and hormones secreted by the
central nervous system, regulating body functions,
such as oxytocin, dopamine, serotonin, and endor-
phins®?l. From the periphery, this comfort and relief
was partly achieved by pleasant touch. The sensations
of touch are classified as discriminative and pleasant.
Discriminative touch senses the physical characteristics
of the touch stimuli, for example, the pressure, texture,
speed, or shape, which are conducted by fast glutamate
AP low-threshold mechanical receptors (LTMRs). A
pleasant touch sensation reflects the positive emotions
or rewards of touch stimuli. C-tactile (CT) afferents
transmit the pleasantness of touch in humans!®l. In ani-
mals, C-LTMRs in the skin transmit pleasant touch
sensationl].,

Somatic stimulation of specific body sites initiates a
fast discriminative touch sensation. The touch sensation
locates the stimulation sites and produces the de gi sen-
sation of acupuncture and other somatic stimulations.
De qi feelings, such as soreness, numbness, heaviness,
and distension, are mainly produced in the deep mus-
cle layers of the stimulation site. Pleasant touch is also
induced to provide comfort and well-being to the sub-
jects. In our study, we used the iz vivo intracellular elec-
trophysiological method of recording the dorsal root
ganglion (DRG) soma in anesthetized rats and found
that C-LTMRs which transmit pleasant touch, could be
activated by different intensites of mechanical touch ,
different angle of acupuncture manipulation and heat
stimulation. C-LTMRs had a lower mechanical thresh-
old in the receptive field compared to C high-thresh-
old mechanical receptors (C-HTMRs) (Figure 1). The
C-LTMRs and C-HTMRs reacted to different angles
of manual acupuncture manipulation of the receptive
field (Figure 2); however, C-LTMRs had no obvious
linear relationship with the temperature increment in
the receptive field compared to C-HTMRs (Figure 3)
(unpublished data).
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Figure 1. Activities of one C-LTMR and C-HTMR are induced by different intensities of mechanical stimulation on the receptive field. C-HTMR: C
high-threshold mechanical receptor; C-LTMR: C low-threshold mechanical receptor.

PROK2-PROKR2 spinal neural circuit of pleasant
touch sensation

Liu et al. explored the spinal neural circuit of pleas-
ant touch using subtype-specific ablation of spinal
dorsal horn neurons, optogenetics, electrophysiol-
ogy, and rabies virus-based transsynaptic tracing .
Prokineticin receptor 2 (PROKR2) neurons were
mostly distributed in lamina II of the spinal cord of the
reporter line: PROKR2-GFP mice. After intersectional
genetic ablation of the spinal subpopulation-PROKR2
neurons, pleasant touch-induced conditioned place
preference (PT-CPP) was lost. No abnormal pain or
itch behavior was observed in spinal PROKR2 neu-
ron-ablated mice. Optogenetic stimulation of the
spinal cord in PROKR2-ChR2 mice also showed a
real-time preference for the stimuli chamber. After
these two experiments, the PROKR2 neurons in the
spinal dorsal horn transmitted the positive valence of
stroking through loss-of-function and gain-of-function
experiments.

Liu et al. identified that the peripheral inputs of
PROKR2 neurons were predominantly mono- and poly-
synaptic C fibers with patch clamps in the parasagittal
section of spinal slices obtained from PROKR2-GFP
mice. Spinal PROKR2 neurons vigorously reacted to the
brush with in vivo extracellular recordings of PROKR2-
ChR2 mice. After rabies virus-mediated retrograde
tracing in PROKR2-Cre mice, they identified that up
to 70% of the input neurons in DRGs project to spinal
PROKR2 neurons co-labeled with Prok2. Liu et al. fur-
ther developed Prok2 conditional knockout (CKO) mice
by breeding floxed Prok2 mice with Nav1.8-Cre mice. In
Prok2 CKO mice, Prok2 was knocked out in Nav1.8-Cre
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positive neurons of the DRGs. No PT-CPP was induced in
Prok2 CKO mice. The neuropeptide Prok2 from C-type
neurons of the DRGs is indispensable for pleasant touch
sensation 1,

State-of-the-art technologies in neuroscience help
acupuncture research

The methods of genetic strategies, including geneti-
cally engineered mice, genetically edited virus vectors,
and optogenetic manipulations on certain subtypes
of neurons applied in this study are state-of-the-art
technologies in neuroscience research. These genetic
manipulating technologies have provided further spe-
cific tools for studying the afferent and efferent path-
ways of somatic stimulation both in the nervous system
and target organs'®’. Two studies from Ma Qiufu Lab
identified the neuroanatomical basis of acupuncture. A
mechanism of acupuncture regulation of body physiol-
ogy at distant sites is somatosensory autonomic reflexes.
Studies from Ma Lab proved that PROKR2 Cre-marked
sensory fibers innervating the hindlimb fascia, but
not the abdominal fascia, were crucial for driving the
vagal-adrenal axis™ . They also found that low-intensity
electroacupuncture (ES) in the hindlimb regions drove
the vagal-adrenal axis, producing anti-inflammatory
effects that depend on neuropeptide Y (NPY) + adre-
nal chromaffin cells. However, high-intensity ES in the
abdominal regions activates NPY + splenic noradrener-
gic neurons via the spinal-sympathetic axisP!. In these
two studies, the subpopulations of the afferent and
efferent pathways of ES were manipulated using genetic
engineering strategies. For example, specific ablation or
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Figure 2. Activities of one C-LTMR and C-HTMR are induced by different angles of acupuncture stimulation on the receptive field. C-HTMR: C
high-threshold mechanical receptor; C-LTMR: C low-threshold mechanical receptor.
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Figure 3. Activities of one C-LTMR and C-HTMR are induced by different temperatures of moxibustion stimulation on the receptive field. C-HTMR:
C high-threshold mechanical receptor; C-LTMR: C low-threshold mechanical receptor.

optogenetic stimulation of DRG PROKR2 Cre-marked
neurons without affecting PROKR2 Cre expression in
other nervous systems, and an intersectional genetic
strategy to manipulate sympathetic cells expressing
NPY in the sympathetic ganglia and/or adrenal glands.
These two studies attempted to identify the specificity
and intensity dependence of somatic stimulation with
specific afferent and efferent neural pathways under sys-
temic inflammation conditions.

Behavioral paradigm of pleasant touch in awake
freely moving mice

Iiu et al. developed a novel pleasant-touch behavioral
paradigm in mice (PT-CPP) (Figure 4). In this behav-
ioral paradigm, soft brush-induced stroking was applied
on the back of the mice, and the stroking speed that
produced the positive valence of the mice was 18 to
22 cm/s (2-3 Hz/s), moving from the nape to the lumbar
enlargement area or vice versa. The stimulation period
lasted for 1 minute, with intervals of 5 minutes, with
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three circles per day. The mice showed a preference for
the stroking chamber after eight alternative sessions. In
particular, these kinds of stimuli will be conducted in
freely moving awake mice, similar to somatic treatment
in the clinic. Mice are a popular experimental animal
because of development of mouse genetic engineering,
which provides more genetic manipulation tools for
acupuncture research!®, This paradigm of somatic
stimulus in freely moving awake mice has provided
many insights into the mechanisms of somatic stim-
uli. The central nervous system pathways of pleasant
touch and the effect of somatic stimuli will be further
explored because of the brush somatic stimulation par-
adigm in awake mice.

This stroking-behavioral paradigm can be further
developed into many somatic stimulation paradigms.
The stimulation force can be increased to mimic mas-
sage. The site of stimulation can be more limited than
the entire back stimulation, for example, the nape, upper
back, or lower back. These behavioral paradigms will
further help to study the effects and neural biological
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Figure 4. Pleasant touch conditioned place preference (PT-CPP).

(8 sessions: 2 days/session)

mechanisms of somatic stimulation in different patho-
logical conditions.

Conclusions

The pleasant touch-transmitting neural circuit may be
involved in the effect of acupuncture-like somatic stim-
ulation therapies and may have a real therapeutic effect
on “comfort”. From the clinical effect of traditional acu-
points, pressing leads to comfort. Acupuncture and mox-
ibustion, especially massage, scraping, cupping, and other
therapies in the external treatment of traditional Chinese
medicine might be involved in the participation of pleas-
ant touch spinal pathways. The use of “pleasant” sensa-
tion as a carrier for acupuncture-moxibustion, massage,
and acupoint research will help elucidate the intrinsic
characteristics of acupoints and the mechanism of somatic
stimulation therapies such as acupuncture and moxibus-
tion. It will deepen the understanding of somatic stimu-
lation therapy, promote the progress of acupuncture and
moxibustion, and further improve its clinical efficacy.
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