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Neuropathic pain is a chronic pain caused by peripheral or
central nervous system injury or diseases that affect the
somatosensory nervous system. It is usually associated
with abnormal sensations called dysesthesia and exagger-
ated pain from normally innocuous stimuli (allodynia) or
noxious stimuli (hyperalgesia), and also aversive emotional
responses [1, 2]. Neuropathic pain can be very difficult to
treat, as classical analgesics like opioids produce inade-
quate pain relief and may cause tolerance and hyperalgesia,
and even addiction after long-term use [3]. Thus, it is of
critical importance to study the mechanisms of develop-
ment, maintenance, and resolution of neuropathic pain.
This study from Dr. Duan’s research team at Zhejiang
University reveals a critical regulatory mechanism for
neuropathic pain [4].

The spinoparabrachial tract is an ascending pathway that
transmits spinal pain signals to the parabrachial nucleus,
which further projects to the amygdala and other brain
regions [5]. Recent studies have shown that the lateral
parabrachial nucleus (LPBN) receives nociceptive inputs
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from projection neurons in the dorsal spinal cord [6, 7], as
well as directly from the trigeminal ganglion [8]. However,
the role of the LPBN in neuropathic pain is still elusive.
Combining in-vivo calcium imaging, electrophysiological,
optogenetic, and chemogenetic approaches, Sun et al. [4]
demonstrated that the balance between glutamatergic and
GABAergic LPBN neuronal activity modulates the initia-
tion and maintenance of neuropathic pain. Furthermore, the
GABAergic neurons in the LPBN gate control the sensi-
tization of glutamatergic neurons that regulate the devel-
opment and transmission of neuropathic pain (Fig. 1).

To determine whether LPBN neurons are activated by
neuropathic pain, Sun et al. [4] first profiled neuronal
activation using c-Fos mapping and found that a large
population of glutamatergic neurons but not GABAergic
neurons in the LPBN were activated after common
peroneal nerve (CPN) ligation. Further in-vivo calcium
imaging experiments, by fiber photometry and miniaturized
microscopy, indicated that CPN ligation increased the
sensitivity of glutamatergic neurons, but not GABAergic
neurons, in the LPBN to pinch or mechanical stimulation.
Moreover, Sun et al. [4] demonstrated that optogenetic
activation of VgluT2 neurons or CaMKIlIa neurons, which
represent approximately 90% of neurons in the LPBN,
induced mechanical allodynia, thermal hyperalgesia, and
place avoidance, mimicking neuropathic pain-like behav-
iors. On the other hand, optogenetic silencing of VgluT2
neurons or CaMKIlo neurons in the LPBN not only
inhibited the basal sensitivity to mechanical and thermal
stimulation in sham mice, but also induced place prefer-
ence and alleviated the mechanical allodynia and heat
hyperalgesia in mice with neuropathic pain. These results
indicate that glutamatergic neurons in the LPBN are crucial
for both relaying physiological pain and transmitting
neuropathic pain.
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Fig. 1 Glutamatergic neurons
in the LPBN regulate both basal
nociception and neuropathic
pain. GABAergic neurons in the
LPBN directly control the sen-
sitization of glutamatergic neu-
rons, which contribute to the
development and maintenance
of neuropathic pain.

Next, Sun et al. [4] illustrated that glutamatergic
neurons in the LPBN receive direct monosynaptic inner-
vation from local GABAergic neurons by using monosy-
naptic rabies virus tracing. They conducted -elegant
electrophysiological experiments to characterize the func-
tional inhibitory synaptic inputs from GABAergic to
glutamatergic neurons in the LPBN. Furthermore, they
found that optogenetic activation of GABAergic neurons in
the LPBN reversed the mechanical allodynia and heat
hyperalgesia, and induced place preference in CPN-ligated
mice, but not in sham-operated mice. Similarly, pharma-
cogenetic activation of GABAergic neurons in the LPBN
had anti-allodynic effects in CPN-ligated mice, and these
were blocked by the GABA, receptor chloride channel
blocker picrotoxin. Surprisingly, Sun et al. also showed
that optogenetic inhibition of GABAergic neurons, which
represent approximately 10% of the neurons in the LPBN,
activated a large population of glutamatergic neurons in the
LPBN and induced neuropathic pain-like symptoms. These
data suggest that GABAergic LPBN neurons critically
participate in the homeostasis of pain sensation in the
LPBN circuit and gate neuropathic pain transmission via
local inhibition of glutamatergic neurons (Fig. 1).

Sun et al. [4] took further steps to test the effects of
persistent activation of glutamatergic or GABAergic neu-
rons in the LPBN. Their results showed that prolonged
activation of glutamatergic neurons in the LPBN by
pharmacogenetic approaches produced mechanical allody-
nia and a conditioned place aversion response. Notably, the
mechanical allodynia lasted at least one month after
withdrawal the pharmacogenetic activator. These data
indicated that prolonged activation of glutamatergic neu-
rons in the LPBN is sufficient to induce neuropathic pain-
like behaviors. Conversely, prolonged activation of
GABAergic neurons in the LPBN during the first week
totally prevented the development of neuropathic pain after
CPN ligation.
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Taken together, Sun et al. [4] used multiple approaches
to comprehensively evaluate the roles of LPBN circuits in
modulating physiological and neuropathic pain, including
the transmission and processing of both the sensory and
emotional components. Previous studies demonstrated that
peripheral and central sensitization, mainly in the sec-
ondary order neurons in the spinal dorsal horn, play
important roles in its development and maintenance. Here
Sun et al. [4] present the first evidence that sensitization of
the third-order neurons in the LPBN is also essential in its
development, suggesting that the LPBN is a key regulator
of neuropathic pain. This study also provides a new
strategy for neuropathic pain treatment by targeting LPBN
neurons and circuits.

The study from Sun ef al. opens several future directions
that will be helpful for better understanding the LPBN
circuits in pain, especially in chronic pain. Recent studies
have identified several subpopulations of LPBN neurons,
such as that tachykinin receptor 1- and dynorphin-express-
ing neurons play important roles in pain transmission
[7, 9]. Chiang et al. demonstrated that neurons in spatially
segregated regions of the LPBN collateralize to distinct
targets and that activation of distinct efferents gives rise to
separate components of the nocifensive response [9]. But
the manner of encoding the sensory modality information,
such as the mechanical-, heat-, cold-, touch-, and pain-
related emotional aspects by LPBN neurons is still poorly
understood. More studies focusing on the identification of
detailed subpopulations of glutamatergic and GABAergic
neurons in the LPBN, and their respective functions are
warranted. In addition, it has been demonstrated that the
LPBN participates in both ascending and descending pain
pathways. Neurons in the LPBN receive nociceptive inputs
from the trigeminal ganglion, nodose ganglion, and spinal
projection neurons [6, 8], then their outputs project
predominantly to the periaqueductal gray and ventromedial
hypothalamus, central amygdala (CeA), bed nucleus of the
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stria terminalis (BNST), insular cortex, and medullary
formation [8, 10, 11]. The LPBN neurons also receive
inputs from several brain regions, such as the BNST and
CeA [5, 12, 13], which are important for descending pain
control. Future studies that aim to identify the upstream
and downstream neuronal circuits that connect with LPBN
neurons will be helpful to better understand the roles of
LPBN neurons in pain modulation and provide new targets
for chronic pain treatment.
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