Mapping Cell Types in the Human Putamen from Cocaine Abusers
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Results : :
AbStraCt Cell Type Clusters Are Consistent Across Conditions and Reveal Cell Types Expected in the Striatum DISCUSSIOH
The th”";a" p”:zme“’_gz part of ;he (Ijotrsal ts"ia_t“"?’ i"ttegr';‘tes d‘:ﬁami“er';gic LEFT: Nuciei isolated from the cocaine and Applying flow cytometry to Hoechst-stained nuclei isolated from
?f:siquiiﬁy th?s Lnrlainrfcle;io?\nexp?ei:egah?;ﬂlTevlenlzuo: dor:anr]nineesi;:ali?\); i core | {nat comespond . specic. coll ypes, Gono opcs postmortem human brain tissues permitted efficient single nuclear
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components. Specifically, the dopamine transporter (DAT), as the primary %y zfg’re;j;"i,,‘;r,‘,’,’;’;;jjje‘;,ﬁ‘;,th”;i“’i’;;;‘iﬁefy P RNA-seq an.aIyS|S in cocaine and Contrql putamen tissues. The majority
target of cocaine’s action, exhibits intense binding of radiolabeled cocaine in o ot demonstrated by the overlapping clusters | Sl © i of the nuclei we captured were from oligodendrocytes (~68%), but we
PET imaging studies. Furthermore, dopamine signaling in the putamen, as x ' ;ig’;‘;’?g;“is' _— o friong were still capable of identifying distinct neuronal populations that exhibit
measured by dopamine D2 receptor occupancy with radiolabeled raclopride, is : ol , % | oo sopulatione 1 the putomon. Using sanoniea! | expression profiles that are consistent with well-characterized medium
significantly associated with cue-evoked cravings in human subjects addicted Y 5 %0 PTRLA cell-type markers, we are able to identify major PR Spiny neurons in the striatum. |\/|u|t|p|e cell types were affected by
to cocaine. This convergence of human data strongly implicates the putamen ; Ema e cell types expected in the striatum, including : : :
. . ddicti d it iati ith . kes it ideal . ) ANY ; I . o5, distinct populations of medium spiny neurons || o g cocaine use, but the most evident effects were observed in neurons,
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for targeting antl-addiction theraples. However, translating preclinical rodent | © et oo ot oo s oy particularty affecting genes related to mitochondrial function. Cocaine
findingi toghumans is challenging .since the ,gross ana?omy of the rodent Cell T c (n) C | (n) e hENGIS directly impairs mitochondrial function and this has been proposed as a
’ ) @ otoug 'O ell Type ocaine (n ontrol (n . : . L4
striatum differs significantly from the human striatum, as rodents lack | ¥R Astrocytes 1 133 225 mechanism for Cocalne-lnd_uced cell de.ath. Here, we lack the statistical
distinction between the caudate and putamen. To address this challenge, we ‘ AN Y o, Astrocytes 2 49 115 power to detect changes in the relative number of neurons, but the
have mapped cell types in human postmortem putamen tissues from 201 IR A v S LA Direct MSNs 113 120 ] gene expression changes reflect likely mitochondrial dysfunction. In
individuals that overdosed on cocaine and matched controls using single SIS ndrectMSNs 114 169 searching for potential anti-addiction drug targets in the putamen,
H H icti p ICroglia . . . . .
"UCIeIa:. RNAf zequeqc'"% 1(S"Rg’;‘seq)' tNOtably’ we recognize 3'sit'"°t , O”godend?ocytes 1391 1504 GPR6 emerged as a target whose expression is bi-directionally
p°puba 'oni © °patm'|'.19 d ;s' ¢ re“:ﬁp °|r'ex'°ress'"gt neurons an ; ;':3'? OPCs 90 131 L ~ : : - modulated by cocaine in Direct vs. Indirect MSNs. Although not
AUmMDbErs of gpparen: OlIgoeencrocy es. e aiso see scant expression of »A% 2 o : Total 1926 2344 “ ’ (SNE 1 2 demonstrated explicitly, this likely reflects a relationship with DRD2
suggesting the labeling of this target in human PET studies likely results from tSNE_1 - . . P Y; > T y _ P _
expression on presynaptic innervating midbrain dopaminergic neurons. This | ¢ ° signaling, as we observed significant Ove”ap_ in the expression of these
is consistent with near-complete loss of DAT in the putamen of individuals DRD1 and DRD2 Are Enriched in Different Neurons in the Putamen — DAT (SLC6A3) is Completely Lacking two genes, regardless of MSN subtype. This study provides proof-of-
with Parkinson’s disease. Additional studies are necessary to identify robust ORD1 x DRD2 concept and demonstrates feasibility for studying brain tissues from
Cha:\gTS in gene expression across cell types in cocaine abusers versus DRD1 DRD?2 SLC6A3 drug qbuse using single nuplear RNA-seq. Future.stu.dies V\(iII focus on
controls. . enriching neuronal populations for study and validating mitochondrial
TS \ dysfunction in these postmortem brain tissues.
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Samples o , st :

P 2 o « We observed cell types in the human putamen that are
P_osterlor putamen from eight _human brains used in this study (see t_able)_were consistent with known striatal cell types, notably Direct
dissected postmortem by trained neuropathologists (D. Mash, University of P R S By W St g 0.9- d Indi t MSN
Miami Brain Endowment Bank™). v - - o ' o w - - o and Indirec S

O 9 @ &2 o O 9 ¥ L 2 -201 High DRD1
P & 6é "oé S ¥ QO & & "oé %é S ¥ QO e High DRD2 o . . -
Sample Sex Age Race PM' RlN Nicotine Use QOO*\QOO C}'® C}'® .\c}o&oo O &ocg&o&é@é@@éo&oo O Highboth W.e dO not. see exp.l'eSSIOn Of DAT .RNA, C?n.SISt.ent Wlth
Cocaine 1 M 45  \White 18 83 Yes ¥ v of @ Qobef‘ ¥ @ ot @600 high protein levels in the putamen likely originating from
Cocaine2 M 41  White 14 8.2 Yes o o o o 5 % = innervating dopaminergic neurons
i i Direct MSNs are enriched for the dopamine D1 receptor (DRD1) and the Indirect MSNs are enriched for D2 (DRDZ2). However, there is tSNE_1 . . . .
Coca!ne 3 M 49 Whlte 15 6.6 Yes evidence for the expression of both dopamine receptors in both MSN subtypes. While the dopamine transporter (DAT; SLC6A3) protein is Expression of DRD1 and DRD2 occur in distinct populations of neurons. While « Gene expression Changes in neurons associated with
,,,,, Cocaine4 M 34 White 24 56  Yes highly expressed in the putamen, the nuclei we isolated from the putamen do ot originate from dopaminergic neurons and therefore lack  there is evidence that Direct and Indirect MSNs express both DRD1 or DRD2, - : - : -
Control 1 M 37 White 14 .5 8.3 No SLC6A3 expression, consistent with the DAT observed in the putamen likely originating from innervating dopaminergic midbrain neurons. there is little overlap between the expression of these two genes. cocaine SuggeSt mItOChondrlaI dySfunCthn, partICUIarIy
. ' : . * affecting genes directly involved in the electron transport
ntrol 2 M 24 Whi 15. Yi . . . . . . . .
Contro .te >3 8 S Cocaine Decreases Neuronal Expression of Genes Involved in Mitochondrial Electron Transport Chain and Oxidation chain
Nuclei Isolation. Librarv Prebaration and Seauencin Direct MSNs %;xgg '1'2; ;'Sgg'gg N appear to be most affected by cocaine use, based on the
’ ry P 9 9 MT-ND1 171 2 34E-05 : number and magnitude of uniquely differentially-
Approximately 25mg of putamen from each of four subjects per condition ' '
pproximatey <>mg of P ! four Stpjects per condit AC074117.10 1.82 6.80E-05 expressed genes.
(cocaine overdose vs. controls) were combined prior to processing the tissues
for nuclei isolation and sequencing. The combined samples were processed in MT-CO3 -1.68 1.32E-04 1]l | . . - ] A k I d t & F d .
a low detergent buffer with a Dounce homogenizer and nuclei were isolated in | ... MT-ATP6 -1.39 2.88E-03 | IDanl | | | GPRI6 | c “ow e emen s un N
a sucrose buffer. Additional nuclei purification was performed via flow Indirect MSNs UQCR11 -1.87 7.32E-11 - ) oo . . g g
cytometry using a Hoechst stain, yielding >100,000 nuclei per condition. NDUFB8 -1.60 4.03E-09 ’] L @ 3 . o X . A
3_
Complex Il -1. ) - 2] .
Genomics platform. The pooled libraries were sequenced on an lllumina HiSeq Complex Ii SEPW1 152 3 98E-06 donor families.
4000 instrument and de-multiplexed prior to bioinformatic analysis. Gomplex IV NDUFA13 152 1 55E-05 The authors acknowledge the lowa Institute of Human
Bioinformatic Analysis Complex V COX6A1 -1.49 3.22E-05 —_— VT — Genetics for their assistance in generating genomic data
_ _ _ Oxidiation/Redox GPX4 143 5 86E-05 & §99"° & @99‘@ & §@9°° & @y"“ & §69“° & &j and Dr. Micahel Chimenti for providing bioinformatic
- N s N s o~ & o & o & W &
Alignments were performed against GRCh38-1.2.0 using the 10x Cell Ranger EAM215B 158 9.01E-05 & & P & support.
SOftware’ to generate gene-level counts. All SUbsequent analyses and Violin plots portray differences in gene expression across cell type (Direct and Indirect MSNs) and drug condition
visualizations were performed on gene'level counts USing Seurat v2.3.4 in R Qomparing gene expr ession across Cocaine versus Control samp les in' each cell ty pe reveals numerous (Cocaine vs. Conti/ol). Some genes exhibit stronger cell type-spec}i/ﬁc effects (MT-ND3 & UQCR11), while others show This research was Supported by a Ulowa deVe|0pmenta| Scan to
v3.5.1 significantly differentially expressed genes. Listed are top hits from Direct and Indirect MSNs. We also h , , lated t ) It AC074117.10). Classic MSN k, TAC1 & DRD2
U observed differentially expressed genes in Astrocytes 1, OPCs, and Oligodendrocytes cell types. The ~ C 2 9SS I €XPression relatea fo cocaine Use across cell types ( -10). Classic markers (TACT & DRD2) startup grant and a Ulowa COllege of Pharmacy Seed download
lored according to their roles in the mitochondrial electron transport chain. appear unaffected'by cooamg use. The potential anti-addiction drug target GPR6 appears to be bi-directionally G t
gene names are co modulated by cocaine, depending on MSN type. rant pOS er
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