Understanding the Molecular Profile of the Lateral Parafacial Region
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Background Results

ventral parafacial cells B glutamatergic cells  Breathing consists of three stages; inspiration, post-

H-' sli7as| inspiration, and expiration. Each stage has a pro- PENK May be a Unlque Mal’kel’ Of the pFL RNASCOpe VZ PFOtOCO/ haS

posed neural component that dictates their activity.
In regards to expiration, there is both a passive and B/eedthI’Ough ISSU@S
e an active component, where the balance between -
AL o the two is dictated by metabolic need. High levels of I 13 A
CO2 or H+ signal the recruitment of accessory ab- ' o
Kasinsis t‘&:‘_‘i dominal muscles to increase pulmonary ventilation
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OICI<a] kenks 4 3 Due to both inspiration and expiration being intlu- s
S ) Tac1 _ E enced by changes in metabolism, it was thought that
bt Chat [ . . !
™ - & the retrotrapezoid nucleus (RTN) mediated both
custer#. 1 2 3 4  these stages of breathing?3. However, recent work

Figure 1: RNA-seq data supports unique genetic identity = has shown that the RTN and its anatomical neigh-

of pFL neurons bor, the lateral parafacial (pFL) region, develop inde-

A. T-distributed stochastic neighbor embedding (t-SNE) plot of the ventral dentl ith diff tt e fact :
parafacial single-cell transcriptome. Non-neurons were identified based pendently wi ierent transcription factor require-

on the lack of expression of Snap25, Syp, Tubb3, and Elavl1. Expression of ments+>, indicating that these two regions are func-

Slc32a1, Slc17a6, and Chat was used for sub-cluster analysis of GABAergic, tionallv discrete. Althoush slutamatersic neurons in
glutamatergic, and cholinergic neurons respectively. y ' s g 8

B. UMAP plot depicting four sub-clusters of glutamatergic, Slc17a6- the pFL are thought to regulate active expirationi, Sle17
expressing, neurons and corresponding violin plots showing cluster- unique genetic markers of this population remain : > i
specific differential gene expression. K Figure 2: PENK signal is restricted to the pFL region
redrawn from® unknown. A. mouse medullal? orienting the anatomical locations of the RTN and the pFL Figure 3: Unable to confirm PENK
B. merged image of representative coronal section of the medulla stained for DAPI labeled cells are glutamatergic
Previous work in the Mulkey Lab aimed at identifying factors that may be differentially expressed in the  |[{"ucleus). Kenks, PENK, and Slc17a6 with anatomically defined pFL and RTN locations A.Slc17a6 mRNA expression absent in the
_ _ _ C. KcnkS5 signal does not meet threshold puncta amount; presence of at least five punctate RTN of mouse brain
pFL compared to the RTN>¢, With the use of single-cell RNA sequencing (RNA-seq), they were able to fluorescent dots accompanying a nucleus labeled by 4',6-diamidino-2-phenylindole (DAPI) B, Slc17a6 (VGlut2) mRNA expression in the
identify four clusters of glutamatergic neurons in the RTN/pFL anatomical area. Clusters 1 and 2 contain  |[P- PENK expression localized to the pFL — o RTN of mouse brain, taken from!?
_ , o _ _ _ E. Slc17a6 expression localized to the pFL, with perfect colocalization
expression of known markers of RTN chemosensitive neurons, including Phox2b, Neuromedin B (Nmb), Figure 4: RNAscopeV2 protocol has bleedthrough issues
Gpr4’ and Kcnk56 7.8 (Flg 1B) Cluster 4 has been identified to be Sympathetic C1 catecholamine neurons PENK eXpreSSiOH was detected in the pFL area but not in the RTN. A minimum of five punCta were used as 39(}21361';1- an((ljl le?jexpressi(l)n; mar;fders’ O}Ier‘lahp COEflﬁZCi?\;[l;forfcohggggl 1 (M1) of
: ! i 111 i ' i i : and manders’ overlap coefficient for channe of 0.
that regulate blood pressure, and are therefore of uninterest. However, cluster 3 contains Phox2b, but a threshold for what was considered a positive signal. The undetectable signal of KenkS5 (Fig. 2B) raises B Gord and PENK expression ML of 1000 and M2 0 2
lacks important pH sensing mechanisms that are present in the RTN clusters. Additionally, they uniquely COaner'n ilb'out g?e efﬁC‘elnCy of.thehpro;)]eJ used (Fig. 13})1' C}%{‘;Ira;_y tc;]cz)urTehgpect.atlon, the 51C17a§ 51gr11%1. C. Slc17a6 and PENK expression M1 of 0.9499 and M2 of 1.000
. . . . ig. . This rai ncern on idi-
express tachykinin 1 (Tac1) (Fig. 1B), and proenkephalin (PENK) (data not shown). We consider cluster 3 | &> 'oun¢ina Iscrete cluster in the pr'l area, not in the ( 15 & ) S ralses concern on the va Althoush PENK rs to be exnressed in the bFL. our re-
. . . . . . ty of Slc17a6 expression given our molecular data (Fig 1) and prior literature (Fig. 3B) shows ro- oug dppea p prL, ou
to be a leading pFL candidate., and therefore this project aimed to confirm these results through fluores- Y SRPTESSIOT 5 152 b 5 . Its rai ncerns on the efficiency and specificitv of our in
L. 1. . . . bust expression in the RTN. Lack of Slc17a3 expression in the RTN suggests the Slc17a3 signal observed | SUlls ralse€ cOncerns o y p y u
cent in-situ hybridization (FISH) to visualize the presence of RNA transcripts assumed to be pFL markers ||. b - . b B5E5S H 5 . _situ hvbridization Manders’ overl efficient com-
_ " h the h £u in the green channel (Fig 2E) is actually bleedthrough from PENK expression in the far red channel (Fig SItu 1ybridization assdy. Manders overiap co
(Tacl and PENK) against known markers of the RTN (Gpr4, Kcnk5, and Nmb), with the hope of vis- 2D). To quantitatively verify this, I calculated the manders’ overlap coefficient. This analysis includes two | Paring “channel 1" Gpr4 and “channel 2" Nmb resulted in M1
ualizing differential expression in these two anatomical regions. variations, M1 and M2, which quantifies the fraction of fluorescence from channel 1 that is colocalized = 0.9269 and M2 = 0.9933 (Fig. 4A). Between Gpr4 and
with channel 2 for M1, and vice versa for M2. Values range from 0 to 1, where 0 indicates no overlap be- PENK, an M1 and M2 Of_1-000 was found (Fig. 4B). As
M t . I d M t h d tween the channels, and 1 indicates a perfect colocalization between the two channels, and can signify touched on, the comparison between Slc17a§ and PENK
a er I a S a n e O S bleed through. The results of this analysis comparing “channel 1” Slc17a6 and “channel 2” PENK gave an | ¢ame to an M1 of 0.9499 and M2 of 1.000 (Fig. 4C). The levels
M1 of 0.9499 and M2 of 1.000 (Fig. 4C), indicating that the fluorescence in either of the channels is an ar- of overlap between the channels is above physiological sig-
tifact of the other’s expression. Along with the fact that the Slc17a6 expression should be seen in areas nificance, and lends itself to bleedthrough between channels
o *  Tissue Prep: male juvenile (P21-24) wild type C57BL/6 mice | where it is not, it leads me to believe that the PENK expression seen is real and Slc17a6 is an artifact of it, | OF artifact, rather than colocalization of two separate mRNA
L b . were anesthetized (ketamine, 75 mg kg-1; xylazine, 5 mg and not the other way around. probe signals
- kg-1; I.P). Following the absence of response to a firm toe
- th - < - pinch, they were perfused transcardially with 4% paraformal-
o . dehyde-0.1 M phosphate buffer. Brains were removed and Future Dlre CthnS <nToare a
transcardial perfusion isolate brainstem and flash ] . . i . .
o freeze cryostat 14 micron sections then fresh frozen by immersing them in dry ice and covering
tijem Wlth OCT (Optlmal Cutting temperature) com- 1. Huckstepp RTR, Cardoza KP, Henderson LE, and Feldman JL. Distinct parafacial regions in control of breathing in adult rats.
l pound. Stored in -80°C until further processing. oo s reomona,G1VEN the 1ack of success using FISH, we hope to pivot to a new technique PLoS One 13: €0201485, 2018. | | |
. . . hmeﬁe::pm;r"y 238 cOﬁiZ?ti'"am‘ “1s s . _ _ _ _ _ 2. Guyenet PG, Stornetta RL, Souza G, Abbott SBG, Shi Y, and Bayliss DA. The Retrotrapezoid Nucleus: Central Chemoreceptor and
]2 Cryostat: 14-micron sections, placed onto SuperFrost Plus utilizing the anatomy of the mechanism behind active expiration. It is geﬁulﬁfor B;Bgeathing A;Eovrr\;aticityMTgegds Neurc;;cip42;{802—f}3324,1 _zogaA i N o |
. . MulKe , otornetta , vweston , olmMmons , Farker A, bayliss , dl uyenet . Respiratory contro ventral sur-
“n TTTTTTITT slides (FiSher, Cat No. 12'550'15) and stored in -20°C until - thought that the pFL projects to the caudal ventral respiratory group face cher}rlloreceptor neurons in rats. Nat Neurosci 7: 1360-1369, 2y004. | ’ | p. ’ ’ |
e — further processing. ; = (CVRG)?, a group of expiratory pre-motor neurons. We will inject the cVRG | rain neurons eiticalfo perinatal breathing. Newron 64 341354, 2008, oo o eopmentoring
= . RNAscopeV2: remove slides from storage in -20°C and follow | (L ») witharetrograde tracer, Cholera Toxin Subunit B (CTB), which has been | 5oy ¥ James s Naker . sna ke D Disodered breahingn i olins yndrome model nlves Prol
—= RNAscopeVZ FISH 1 |_?|1_:_?_____...--'""rq . s . . : : : ™ : : : ear illa uo ames nn . obson an. ulke Ol’ila 0S ;1 in-e).( ressing parafacial neurons are
s o p \ the step-by-step staining protocol outlined in the RNAscope N =g recombined with Alexa Fluor™ 488 so that it will fluoresce green. We will ) cameitive ancl resulate bosclive brenthing Fits 10, 2021 Y D Somatostain-expressing parafacia ¢0
Multiplex Fluorescent Ass ay ( Advanced Cell Diagno StiCS). s - | o then sacrifice the mice two weeks post-injection for subsequent cryostat ; TS7hiY, Sobrinho CR, Soctio-Pe}zez J, Milla BM,f Storlnetta DS, Stornetta RL,gafkakura AC, Mull;ey DK, Moreira T]Sl;}eland 1?81633382137%-95-
2 . ] ] o ] ] o receptors expressed in the mouse paratacial region are not required for respiratory chemosensitivity. ysio : -
—g—g'confocal Ima in : Confocal images Of FISH experiments were Obtained uSing the NikOn AXR COnfocal. Confocal \_/ and Confocal Hmastns. Glven that the ln]eCtlon IS SpeCIﬁC o the CVRG and EZBSSllii’S()S?cgi‘netta RL, Stornetta DS, Onengut-Gumuscu S, Farber EA, Turner SD, Guyenet PG, and Bayliss DA. Neuromedin B Ex-
image files containing image stacks were uploaded into Image] and analyzed to determine the percentage co- the proposed anatomical pathway is correct, we expect to see green fluorescence in the pFL. With this, we hope to use pressi_o'n Defines the Mouse Retrotrapezoid Nucleus. | Neurosci 37: 11744-11757, 2017. |
] ] ] . . . . . . . . . . . - 9. Rosin DL, Chang DA, and Guyenet PG. Afferent and efferent connections of the rat retrotrapezoid nucleus. ] Comp Neurol 499:
immunohistochemistry (IHC) to visualize the co-localization of Tacl and/or PENK in the pFL, along with visualizing the )
localization of mRNA transcripts. y p g g 64-89, 2006, o
lack of co-localization with factors specific to the RTN, such as Gpr4 or Kenks. 11, Cuyenet PG, Baylies DA. Contral sspiratory chemreception. Handb Clin Neurol 188:37-72, 2022




