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Momusayua u yenv. ['aBHBIM 3TalloM B CEKBEHHUPOBAaHHM EJAMHUYHBIX KJIETOK,
ONpENeNAIOUIMM OHONOTHYECKYI0 PEJIEBAaHTHOCTh M JOCTOBEPHOCTh IOIYYEHHBIX
SCRNA-seq maHHBIX, sSBISETCS MPOOOMOAroTOBKa 00pas3moB. COBPEMEHHBIE METOJbI
JUCCOIMAINK He 00eCIIeurBaIOT NOTy4YeHUE BRICOKOKAYECTBEHHOM CYCIICH3UN JKUBBIX
OIMHOYHBIX KJIETOK, OCOOCHHO KOIZa AMCCOLMALUS 3aTpyAHEHa MOP(OIOTHUECKUMHU
0COOCHHOCTSMH TKaHH WIM HeBO3MOXHa [1]. MbI mpencraBisieM METOJ YKCYCHO-
MmetanonsHON muccormaimn ACME HS (ACetic (acid)-MEthanol Hight Salt) mns
noydeHus: PUKCHPOBAHHBIX M IEIIBIX KIICTOK U3 CBEKE3aMOPOKEHHOT0 Marepuana [2].
B nmaHHOW paboTe MBI TIPOBENH CpPAaBHUTENHHOE FWCCIENOBAaHUE KIIETOYHOM
TeTEPOreHHOCTH B Ha0opax MJaHHBIX EAMHUYHBIX KJIETOK MO3TOBOTO  CJIOS
Ha/ITOYEYHUKOB YeJIOBeKa, momyueHHbIX ¢ momombio ACME HS u ¢epmenraTuBHOM
JUCCOLMALINY U U30JIALUH SACP.

Memoowr u ancopummer: C momompio Merona ScRNAseq Mbl momydwnu JTaHHBIE
TPAHCKPHUIITOMOB OT 15 00pa31oB TkaHel MeTyJUIIPHOTO CIIOS HAaIIOYEYHHKA YelIOBEeKa
¢ obmmM kommdectBoM 94.807 wierok u snaep. KayHT martpuisl ObUTH TIONYYEHBI C
nomouisto Cell Ranger (v6.1.1). [louck auddepenpanbHO SKCIpecCHpPOBaHHBIX T€HOB
ocymectBisuics Seurat (v4.9.9 u v5.0.0). UnTerpanus BEIIOTHAIACH C UCTIOIB30BaHUEM
RunHarmony ajist 00paboTtannbix Seurat 00bekTOB. OCHOBHBIE KJICTOYHBIC THITbI ObLITH
aHHOTHpOBaHb! ¢ omouIpo Conos43 (v1.5.0). Ananu3z ckopoctu PHK Beimonusuics ¢
nomorpio Velocyto (v0.17).

Pezynomamesi: Mpl  ONpenenuan OCHOBHBIE KJIETOYHBIE THIIBI MO3TOBOTO  CIIOS
Ha/IIOYEYHUKA B3POCIIOrO YeJIOBeKa, BKII0Yas MEAyJUIsIpHbIe XpoMadUHHBIE KIETKH,
NPEIECTBEHHUKH IBAaHHOBCKUX KiIeTOK (SCPs), BacKyssipHBIE KJIETKH KPOBEHOCHBIX
COCYJIOB, TIEPUIIUTH 1 IMMYHHBIE KIIETKH, KOTOPbIE OBLIN MPECTAaBIICHBI BO BCeX HA0O-
pax JaHHBIX, oJy4eHHbIX ¢ moMoInbio ACME HS u ¢epMeHTaTHBHON qUCCOIUAIINH,
U OTAENBHBIX sizep (puc. 1a). XpomadpuHHbIE KIIETKH COCTABIISUTH OOJIBITHHCTBO AaHHO-
THPOBAaHHBIX KJIETOYHBIX THHOB (94 %) (puc. 1a). Ilpn n3ydeHnn reTeporeHHOCTH OC-
HOBHBIX MOMYJISIIHIA XpoMaQUHHBIX KJIETOK MbI HAOJIIOJANTN ITOTEPIO HECKOJIBKHX CY0-
KJIacTEpOB B HA0Opax JaHHBIX SAAEP, 3a HCKIoueHreM ¢epmentaTuBHbx 1 ACME HS.
C nomomsto UMAP Buzyanuzanuu ObIJIO yCTaHOBIJIEHO, YTO XpoMadGUHHBIE KIETKH
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SKCIPECCUPOBAIN OCHOBHBIE TKaHecnenn(puiHbIe MapKepHbIe TeHbl, Takue kak CHGA,
SYP, DBH, u PNMT [3, 4] ansa kaxmoro u3 mMeronoB auccormanuu (puc. 1b). Ipu
JIETAIbHOM aHallM3€ PacHIMPeHHON MMaHeln TeHOB ObUIo ycTaHoBieHo, uTo ACME HS
COXpaHSeT «TUIOBbIC» T'eHbI, creruduyHbie Ui XpoMadUHHBIX KIETOK, BKIIOYAs
GSTAL, CYP11B1, HSD3B2, CYP17A1, TAC3, RNF17, MCOLNS3, SIX3—-4S1, CCN3,
STAR u COX6, skcmpeccHs KOTOPBIX He HaOI0Aagach B HabOpax MaHHBIX IS
(EpMEHTATUBHOTO H SAEPHOTO METOJOB. J[is TOro 4YroObl MPOJAEMOHCTPUPOBATH
corynacoBaHHOCTh Mexny mMetogoM ACME HS u depMentatuBHON anccounuanueit, a
TaKKe BBISIBUTh WX IMPEUMYILECTBA IEpPEel METOAOM BBIACICHHS siep, HamH ObLia
OIICHEHA JMHAMHMKA MPOIIecca TPAHCKPHUTIIIHH.
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Puc. 1. Anamu3 manapix SCRNA-S€J MO3roBOTO CIIOS HAAIIOYEYHHKA YEITOBEKA, IMOTyYSHHBIX
pasnuyabiMu Metogamu guccorpanud — ACME HS, GepMeHTaTHBHBIM M HM30JSIIUEH siIep.
a. [IpencraBieHHOCTs KIETOYHBIX THIIOB W (pakOuii cpemd TpeX METOIOB JHUCCOLHUAIIHU.
b. UMAP Busyamusaius 3KCIpecCHH OCHOBHBIX TKAHECTICIIM(HIHBIX TeHOB, BKitouas CHGA,
SYP, DBH, u PNMT. c. Aunanu3 ckopoctu PHK (Velocity) u xierounoro nwmkia. Juddepen-
[HATBHO DKCIIPECCHPYEMBIE T€HBI, CB3aHHBIE C KOHTPOJIEM KIIETOYHOTO ITMKIIA, MOKAa3aHbl HA
OTJIENBHBIX AMOCIINHTaX
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Anamu3 ckopoctu PHK (velocity) obHapyxunm cxoxee aBiwkerue aupdepeH-
OUPYIOMMXCS XpoMadGUHHBIX KIIETOK, BKJIOYas NBIDKEHHE K MPOMEKYTOYHOMY
coctossHUIO U(G(EPeHIMPOBKH W OT HEro s ABYX METOJIOB JTUCCOLHAIIN —
ACME HS u depmentatuBaoro. Kpome Toro, Mbl HACHTU(DUIUPOBAIM aKTHBHO
npougepupyromue KIeTKH, KOTOpble HaXOJWINCh B HayaJlbHOW TOYKE TPAaEeKTOPHU
ckopoctn PHK w skcmpeccupoBaiin TeHbI, OTBeTCTBeHHBIE 3a G2M/S (da3oBsrid
mepexon — CLU, VGF, CD24, PEG10, SCOC u CKB (puc. 1c). JlaHHBIE SmEpHOTO
METO/a U30JSIMK HE CoAepiKall WHPOPMAaLUK O HanpaBieHUH JU(QEepeHIUPOBKH U
CBSI3U MEXAYy (pa3aMu KIIETOYHOTO LUKIIA.

Bovisoovl: B maHHOM HCCIIEIOBAHUH MBI IPOJESMOHCTPHPOBATH 3(PPEKTHBHOCTS U
coroctaBuMocTh Metofa nucconuauun ACME HS ¢ depmeHTaTHBHBIM MOIXOA0M,
noguepkHyB npeumymectBa ACME HS nepen uzomnsiuueit saep. TpaHCKpUNIIMOHHBIE
npodpumu ACME HS orpaxaror TkaHecnenupuIHYI0 SKCHPECCHIO TEHOB U MOJXOIST
JUTSL M3yYEHHS] TIPOMEXKYTOYHBIX COCTOSHUHN AU(PEepEeHITMPOBKN MOMYISIANA PAKOBBIX
KIETOK M KiIeToK-TipeamectBeHHUKOB. ACME HS — HanexxHblii W yHHMBepcanbHBIN
METOJ OJTy4YeHUs (GUKCUPOBAHHBIX KIIETOK U3 CBEKE3aMOPOKEHHBIX TKAaHEH YesioBeKa,
pa3pabOTaHHBIA sl TPAHCKPUIITOMHUKH EIUHUYHBIX KIETOK W 00ecrednBaronuit
aHaJIN3 C BEICOKUM Pa3peIICHHEM.

Qunancuposanue. VccienoBanue moanepxaHo MUHHCTEPCTBOM HAYKH M BBICILIETO
obpazoBanms Poccuiickoit @eneparun (moroBop Ne 075-15-2022-310 ot 20 ampens
2022 1.).
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Motivation and Aim: Sample preparation is a crucial step in single-cell RNA sequencing
(scRNA-seq) of human tissues to obtain biologically relevant data. Current methods
encounter challenges in obtaining high-quality single-cell suspensions, especially in
tissues where live cell isolation is difficult [1]. To address this gap, we introduce ACME
HS (ACetic (acid)-MEthanol Hight Salt), an optimized approach that facilitates the
retrieval of intact and whole cells from fresh-frozen tissues [2]. In this study, we
conducted a comparative analysis of cellular heterogeneity in datasets of single cells
from the human adrenal medulla obtained from ACME HS, enzymatic dissociation, and
nuclei isolation.

Methods and Algorithms: We analyzed transcriptomes from adult human adrenal glands
using a single-cell transcriptomics approach (10X Genomics Chromium). Samples from
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15 patients were included in the study for comparative analyses, totaling 94.807 cells
and nuclei. The Raw sequenced reads were processed with 10X Cell Ranger (v6.1.1).
Integrated embeddings and expression matrices were generated using Seurat (v4.9.9 and
v5.0.0). Sample integration was carried out using RunHarmony on preprocessed Seurat
objects. The major cell types were identified by the label propagation function in
Conos43 (v1.5.0). Velocity analysis was performed with Velocyto (v0.17) and
visualized using Velocyto.R (v0.6) on integrated embeddings.
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Fig. 1. scRNA-seq data analysis for human adrenal medullary glands by different dissociation
methods — ACME HS, enzymatic, and nuclei isolation. a. Major cell type compositions and
fractions among preparation methods. b. The key tissue-specific genes expression by UMAP
visualization namely, CHGA, SYP, DBH, and PNMT. c. Velocity and cell cycle estimation for
adrenal medullary tumor dataset. Examples of differentially expressed genes associated with cell
cycle control are shown on the individual embeddings

Results: To compare the representation of distinct cell types among enzyme, nuclei, and
ACME HS datasets, we generated integrated embeddings and annotations. Our analysis
revealed all major cell types of the adult adrenal medulla, including numerous subtypes
of medullary chromaffin cells, Schwann cell precursors (SCPs), vascular smooth muscle
cells (VSMCs), pericytes, and immune cells represented and integrated in all three
methods — enzymatic, ACME HS, and nuclei isolation (Fig. 1a). Chromaffin cells
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constituted the majority of annotated cell types (94 %) (Fig. 1a). While studying the
heterogeneity of major chromaffin cell populations, we observed the absence of several
chromaffin subclusters in the nuclei datasets, which were consistently present in both
ACME HS and enzymatic dissociation methods. We found that chromaffin cells
expressed key tissue-specific marker genes such as CHGA, SYP, DBH, and PNMT in
each method [3, 4] (Fig. 1b). To assess the broader efficacy of each method, we analyzed
a comprehensive panel of genes specific for chromaffin cells and revealed that ACME
HS retained the top genes, including GSTAL, CYP11B1, HSD3B2, CYP17Al, TAC3,
RNF17, MCOLNS3, SIX3—A4S1, CCN3, STAR, and COX6, which were missing in the
nuclei and enzyme datasets. In order to demonstrate consistency between ACME HS and
enzymatic protocols together with their advantages over the nuclei isolation method we
conducted RNA velocity analysis on individual samples. RNA velocity recapitulated the
transcriptional dynamics within ACME HS and enzyme datasets, illustrating the overall
movement of differentiating chromaffin cells, including movement towards and away
from the intermediate differentiation state. Additionally, we identified cells associated
with a proliferative state by determining their starting point in the velocity trajectory,
marked by specific G2M/S phase genes such as CLU, VGF, CD24, PEG10, SCOC, and
CKB (Fig. 1c). Nuclei-based data were largely lacking information regarding
differentiation directions and connectivity between cell cycle phases.

Conclusion: In this study, we demonstrated the consistency of the ACME HS
dissociation approach compared to the enzymatic method, highlighting its advantages
over nuclei isolation. ACME HS transcriptional profiles maintain tissue-specific gene
expression and are suitable for studying intermediate differentiation states of cancer and
progenitor cell populations. Overall, ACME HS is a robust and practical method for
obtaining fixed intact cells from primary human tissues, specifically designed for single-
cell RNA transcriptomics and enabling high-resolution analysis.

Funding: The study is supported by the Ministry of Science and Higher Education of the
Russian Federation (agreement No. 075-15-2022-310 from April 20, 2022).
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