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Identifying a neural circuit involved in how
pain modulates dopamine neurons

September 15 2021, by Ingrid Fadelli

a
Reconstructed
zalack
LPE
VELUT2-Cra T N e S
1 BOST systam L Wariral: 4.3 mm
#
ol I
2 Cramend
£ knifa
\L | I
Bl -
o [
FAasin block \Wholo-brale naging i
" f
LPBd G ceils
LPBe
'. = PRy ey
'[. LrE gl
=LPBe
6 calls
A4
8 B i ' WTAp, — NAcLat k
SRS g on s Wictal 2,pia 00 Wk GaMKll-ChRz 50
Boads _...,._'l o bk
&% z z Z 40
Lo o4 SR (TH) < 1500 s & B
Patch l 2 2 L;Elch g
! § 1000 3 =
SN o < E‘ g VTA  clamp E a0 o
Patch o 200
VALUTEGrE  clamp 8 B a0 z @AD2 « fitd 8 10
10ms i} —_r_-_] T w a
a —r'J—1—— — 1] o
SNA VTAga—s & g j 3+ T4,
TH ) t " o & LN
[TH) MAcLa s 0‘!@- & x‘g-\
1 m
WA, — Maclar SR coll (TH) "
£
omy g
20
]
4
L o1g
=
E | FYViy
= v | i
B

an On o

Is

Functional neuroanatomy of LPB projections to the ventral midbrain. a,
Experimental design. b, Whole-brain fluorescence image showing LPBVGLUT?2
projections (eYFP, green; upper row, horizontal; lower row, sagittal). VT A, SNR
and CeA are highlighted in different colors (scale bar, 1 mm). ¢, LPBVGLUT?2
terminals and fibers of passage (white arrows) in different ventral midbrain
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subregions (scale bar, 50 um). d—f, Left, CAV2-Cre injection into SNR (d),
VTA (e) and CeA (f) of Ail4 mice (n= 3 mice for each projection target).
Middle, retrogradely labeled neurons (tdT positive, red) in different LPB
subregions (DAPI, blue; scale bars, 100 wm). Right, quantification of
retrogradely labeled cells for different LPB subregions. g, Experimental design.
h, EPSCs generated at —70 mV by light stimulation of LPBVGLUT?2 inputs to
VTA DA neurons (that is, TH immunopositive; Extended Data Fig. 1t)
projecting to NAcLat (red trace) or non-DA (that is, TH immunonegative;
Extended Data Fig. 1u) cells in the SNR (black trace). 1, Mean EPSC amplitudes
produced by light stimulation of LPBVGLUT?2 inputs to different cell
populations (DA — NAcLat, n= 21 cells; SNR, n= 25 cells; recorded in artificial
cerebrospinal fluid (ACSF)). j, Application of 20 uM CNQX and 50 uM APV
blocked EPSCs in SNR cells (n= 16 cells) and NAcLat-projecting DA neurons
(n= 7 cells). k, Experimental design (left) and EPSC amplitudes produced by
light stimulation of excitatory LPB inputs onto GAD2-tdT-positive VTA neurons
(right; VTAGAD2+, n= 10 cells; recorded in ACSF; Extended Data Fig. 1v).
l,m, Spontaneous firing from NAcLat-projecting VTA DA neurons (1) and SNR
cells (m) in response to 10-Hz light stimulation of LPBVGLUT?2 inputs.
LPBVGLUT?2 stimulation significantly increased firing of both NAcLat-
projecting DA neurons and SNR cells (NAcLat, n= 12 cells; SNR, n= 12 cells).
Significance was calculated by means of a paired t-test within-group comparison
(j), an unpaired t-test (1) or one-way repeated-measures (RM) ANOVA with
Tukey’s post hoc test (1 and m). **P Credit: Yang et al.

The neurotransmitter dopamine (DA) has several important functions.
For instance, it known to play a role in how we feel pleasure, as well as
in our ability to concentrate on everyday task, maintain focus, and learn
specific behaviors.

Past neuroscience studies have found that the perception of pain
decreases dopamine activity in the ventral tegmental area (VTA), a part
of the midbrain adjacent to the substantia nigra. The VTA is a key part
of the reward system, a network of structures in the brain of humans and
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other mammals that supports the ability to learn behaviors through
rewards.

While research evidence suggests that pain decreases activity of many
VTA dopaminergic neurons, the specific neural circuits connecting
nociception (i.e., the process through which chronic pain and stress are
communicated through the nervous system) with dopaminergic activity
is poorly understood.

Researchers at University of California, Berkeley (UC Berkeley) and
Huazhong University of Science and Technology in China have recently
carried out a study investigating the neural circuitry involved in the
perception of pain and stress. Their findings, published in Nature
Neuroscience, could aid the current understanding of how pain influences
the acquisition of behavioral patterns in both humans and other animals.

To conduct their investigation, the team at UC Berkeley carried out a
series of experiments on adult mice. They used different techniques,
namely anterograde adeno-associated virus (AAV) tracing and
fluorescence micro-optical sectioning tomography (fMOST) and
combined the results with images of the full brain of adult mice.

Subsequently, the researchers also performed retrograde tracing of the
substantia nigra pars reticulata (SNR), a key processing center in the
basal ganglia; the ventral tegmental area (VTA), an area adjacent to the
substantia nigra; and the central nucleus of the amygdala (CeA). They
observed that lateral parabrachial (LPB) neurons projecting onto these
structures are anatomically segregated.

"We show that a subpopulation of lateral parabrachial (LPB) neurons is
critical for relaying nociceptive signals from the spinal cord to the SNR,"
the researchers wrote in their paper.

"SNR-projecting LPB neurons are activated by noxious stimuli and
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silencing them blocks pain responses in two different models of pain.
LPB-targeted and nociception-recipient SNR neurons regulate VTA DA
activity directly through feed-forward inhibition and indirectly by
inhibiting a distinct population of VT A-projecting LPB neurons thereby
reducing excitatory drive onto VT A DA neurons."

The experiments carried out by this team of researchers led to interesting
and highly valuable observations. Ultimately, the team was able to map
out a specific neural circuit that sends pain-related signals to DA
neurons.

Their findings could have very important implications for the study of
pain, particularly for research exploring its effects on how humans
acquire specific behavioral patterns. In the future, this recent study could
thus pave the way for further enquiries into the unique spinal-
parabrachial-mesencephalic circuit identified by the researchers.

"The identification of a neural circuit conveying nociceptive input to DA
neurons is critical to our understanding of how pain influences learning
and behavior," the researchers wrote in their paper.

More information: Hongbin Yang et al, Pain modulates dopamine

neurons via a spinal-parabrachial-mesencephalic circuit, Nature
Neuroscience (2021). DOI: 10.1038/s41593-021-00903-8
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