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METHODSMETHODS

Preparation of a Single-Cell Suspension from Tumor 
Biopsy Samples for Single-Cell RNA Sequencing
A. A. Frolova1,2, T. S. Gerashchenko1, M. R. Patysheva1,2,  
A. A. Fedorov1, M. M. Tsyganov1,3, U. A. Bokova1, O. D. Bragina1,  
M. A. Vostrikova1, E. Yu. Garbukov1, and N. V. Cherdyntseva1,2,3

Translated from Byulleten’ Eksperimental’noi Biologii i Meditsiny, Vol. 175, No. 4, pp. 523-528, April, 2023
Original article submitted December 6, 2022

An essential requirement for single-cell RNA sequencing in cancer is the preparation of high-
quality single-cell suspensions from the tumor tissue. In this work, various methods of dis-
sociation of tumor biopsy specimens were analyzed and developed to obtain a cell suspension 
with at least 80% viability. It was found that the optimal conditions for sample preparation 
are mechanical dissociation followed by incubation with a collagenase/hyaluronidase mixture 
with addition of DNAase I for 60 min. Thus, we optimize the approach for preparing single-
cell suspensions from the tumor biopsy tissue for single-cell RNA sequencing.

Key Words: single-cell sequencing; sample preparation; viability; tumor biopsy material; breast 
cancer
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Tumor is a multicomponent system with complex in-
tercellular interactions that play a central role in dis-
ease progression and response to therapy. With the 
appearance of sequencing at the single cell level, it 
became possible to study the fundamental biological 
processes in certain cell populations at high resolu-
tion [1]. Single-cell RNA sequencing (scRNA-seq) re-
quires cell suspensions with high viability and minimal 
amount of residual extracellular matrix (debris) [2,3].

The viability of cell suspension largely depends 
on the method of tumor tissue dissociation. The sim-
plest method of tissue dissociation into single-cell sus-
pension first described by Madden and Burke in 1961 
involved only mechanical dissociation. This method 
yielded low-quality suspension with a high content of 

dead cells, undissociated clusters, and cell debris [4]. 
Varying the conditions of mechanical dissociation of 
the material did not improve the quality of the cell 
suspension; therefore, scientific groups added enzy-
matic dissociation in their protocols [5,6].

Currently, standard methods for sample prepara-
tion of tumor tissue require both mechanical and en-
zymatic dissociation and differ significantly in the yield 
and viability of cells [6]. At the same time, aggressive 
tumor dissociation can cause the release of “alarmins”, 
endogenous immunomodulatory molecules such as am-
photerin, IL-1α, IL-33, histones, heat shock proteins, 
fibronectin, fibrinogen, and others [7]. Alarmins create 
experimental artifacts by selectively destroying ana-
lyzed cells through immunogenic cell death [8].

Existing protocols for obtaining cell suspensions 
do not always ensure the yield of high-quality cell 
product. Working with small amounts of source ma-
terial (e.g. biopsy material) is particularly difficult. In 
these cases, cell yield is always limited, so it is ex-
tremely important to preserve maximum integrity and 
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viability of cells. Most dissociation methods involve 
prolonged incubation at high temperatures (>37°C) in 
the absence of nutrients, combined with aggressive 
post-incubation influences during centrifugation of the 
cell suspensions (>800g) [9], which can induce stress 
associated with functional changes and induction of 
apoptosis program in cells [8] and significantly reduce 
the accuracy of expression data [10].

The aim of this work was to describe the process 
of optimizing the protocol of single-cell suspension 
preparation for scRNA-seq from biopsy material.

MATERIALS AND METHODS
Tumor tissue samples were collected from 15 patients 
with triple-negative breast cancer who were treated at 
the Cancer Research Institute of the Tomsk National 
Research Medical Center from 2021 to 2022. The study 
was performed in accordance with the standards of 
good clinical practice and the principles of the WMA 
Declaration of Helsinki (revision  2013). The protocol 
was approved by the Local Ethical Committee of the 
Cancer Research Institute of the Tomsk National Re-
search Medical Center. Written informed consent was 
obtained from all patients before inclusion.

The obtained material was transported to the Cell 
Culture Laboratory of Cancer Research Institute in a 
special MACS Tissue Storage Solution (Miltenyi Bio-
tec) on ice at 4-8°C to slow down cell death processes. 
The time from sampling to processing the material did 
not exceed 45-60 min.

Dissociation of the tumor specimens included two 
steps: mechanical and enzymatic treatment (Fig.  1). 
Mechanical dissociation consisted in tissue separa-
tion into fragments (thickness 1-2 mm) with a sterile 
scalpel to increase tissue accessibility for enzymes 
[11]. Enzymatic dissociation implied destruction of 
tumor tissue through lysis of collagen fibers, intercel-
lular communication, and extracellular matrix. Sev-
eral kits were used as dissociation enzymes (Table 1): 
Tumor Dissociation Kit: Enzyme  H, Enzyme  R, En-
zyme A, a commercial mixture of enzymes that dis-
sociate components of the intercellular matrix (work-
ing concentration of enzymes was chosen according 
to the manufacturer’s recommendations); Collagena- 
se/hyaluronidase, a commercial mixture of enzymes 
that cleave native collagen with a triple helix (col-

lagens types  I and II) as well as glycoside bonds in 
hyaluronic acid of the intercellular matrix (working 
concentration of collagenase and hyaluronidase 300 
and 100  U/ml, respectively); Liberase TL Research 
Grade, a mixture of highly purified collagenase  I and 
II and protease, which complexly cleaves the tissue 
extracellular matrix to single-cell suspension (working 
concentration of liberase 0.2 U/ml). All these kits were 
used according to the manufacturer’s protocol.

In addition to testing different enzyme mixtures 
at the incubation stage, we selected the optimal time 
and variants of serum-free culture medium: DMEM 
(PanEco), IMDM (Sigma), and EpiCult (StemCell)  
(Table 1).

Enzymatic dissociation of biopsy was performed 
on a BioSan TS-100 thermoshaker at 37°C and 800g. 
When mucin clots formed, DNA hydrolyzing enzyme 
DNAase  I 200× (5  U/ml; Sigma) was added to the 
suspension, followed by incubation under the same 
conditions for 15 min. To remove cell aggregates and 
debris, the cell suspension was filtered using a sterile 
cell strainer (40 μm pore diameter; Becton Dickinson). 
After filtration, the cell suspension was washed in 
basic medium at 300g for 5 min, the supernatant was 
removed by decantation, and the precipitate was re-
suspended in culture medium with fetal bovine serum 
(FBS; Biosera) in a 1:3 ratio (Fig. 1).

Dead cells were detected using a Luna-II auto-
matic cell counter (Logos Biosystems) and 0.4% trypan 
blue staining (Thermo Fisher). The number of live 
cells was determined using a CytoFLEX flow cytometer 
(Beckman Coulter) and calcein staining (Calcein AM, 
Thermo Fisher).

Immediately after dissociation, the cell suspen-
sion was incubated with ROCK inhibitor (10 μM/ml) 
for 1 h, followed by cryopreservation, which was per-
formed in a solution of FBS (95%) with DMSO (5%) 
on ice (the number of cells per cryogenic tube was 
up to 4×107  cell/ml). The tubes with cell suspension 
were then transferred in Mr.  Frosty Freezing Contai
ners (Thermo Scientific) containing isopropyl alcohol 
for gradient cooling of the suspensions and placed in 
a freezer, where they were stored for 7 days at -80°C. 
Then the tubes were transferred to liquid nitrogen for 
long-term storage for up to 6 months at -196°C.

On the day of the scRNA-seq experiment, the 
cell suspensions were rapidly transferred in a water 

TABLE 1. Enzymes and Conditions for Their Use

Enzyme mixture/enzyme Incubation time Culture medium Manufacturer Catalog No.

Tumor dissociation kit 45 min DMEM Miltenyi Biotec 130-095-929

Collagenase/hyaluronidase 30, 45, and 60  min, 12  h IMDM, DMEM, EpiCult StemCell Technologies, Inc. 07912

Liberase 45 min DMEM Roche Applied Science 05401020001
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bath at 37°C. Viability was then estimated by positive 
calcein staining followed by cytofluorometric sorting 
on a Sony SH800 (Sony Biotechnology) into culture 
medium with 60% FBS (Biosera).

The results were statistically processed using 
Statistica  12.0 software (StatSoft, Inc.). The arithme-
tic mean and standard deviation were determined. 
Significance of differences was evaluated using the 
Mann—Whitney test; the differences were significant 
at p<0.05.

RESULTS
Several methods of tissue dissociation were compared 
to develop an optimal protocol for single-cell suspen-
sion isolation from biopsy material. First, the effect 
of enzymatic dissociation on tumor cells in three dif-
ferent enzyme mixtures for 45  min was evaluated. 
Collagenase/hyaluronidase and tumor dissociation kit 
by Miltenyi Biotec were most effective for dissociation 
(Fig. 2). In contrast, the use of liberase resulted in a 
low yield of calcein-stained viable cells (Fig. 2).

In a series of experiments using collagenase/hy-
aluronidase mixture, we analyzed the effect of the 
culture medium and incubation time on the dissocia-
tion efficacy. DMEM, IMDM, and EpiCult were used as 

culture media. It was found that the type of culture 
medium affects the viability of the cell suspension 
(Fig. 3, a). The yield of viable cells was lowest when 
using IMDM medium and considerably (p<0.05) higher 
for DMEM and EpiCult media. This indicates the pres-
ence of sufficient content of nutrient components in 
these media to maintain cell viability. Consequently, 
either of the latter two media is suitable for dissocia-
tion.

Then, the dependence of the yield of viable cells 
on the time of incubation with the studied enzymes 
was determined. Incubation for 30 min was found to 
be insufficient for complete dissociation of the tumor 
material; increasing the time to 45 or 60 min yielded 
20% more live cells (Fig. 3, b). Further increasing the 
incubation time (>1  h) did not increase in the per-
centage of living cells, and incubation for 12  h was 
accompanied by a decrease in the viability of tumor 
cells (Fig. 3, b).

The reproducibility of the selected conditions for 
dissociation was tested on 10 biopsy samples obtained 
from patients with triple-negative breast cancer. On 
average, the number of viable cells in the isolated cell 
suspensions reached 83.5±4.4%. However, in samples 
with dense fibrosis in the tumor stroma, the viability 
of the cell suspension was reduced to 79%, which was 

Fig. 1. Scheme of cell suspension preparation from biopsy material: 1) transfer of tumor tissue samples after transportation from 
specialized medium into Petri dish with a small amount of culture medium; 2) slicing into 1-2-mm thick fragments and transfer into 
a tube with culture medium; 3) addition of enzymes according to the manufacturer’s protocol and incubation in a BioSan TS-100 
thermoshaker at 37°C and 800g; 4) filtration of the obtained suspension using a cell strainer followed by washing of cell suspension 
in culture medium at 300g for 5 min, resuspension of the sediment in culture medium with FBS (1:3); 5) sorting the cell suspension 
to isolate a viable population after cryopreservation of the samples; 6) scRNA-seq.

A. A. Frolova, T. S. Gerashchenko, et al.
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probably due to the structural features of the mate-
rial [12].

The developed protocol was tested in the scRNA-
seq experiment on the BD Rhapsody platform (BD 
Biosciences). A cell suspension was obtained from a 
triple negative breast cancer biopsy sample. The ob-
tained cells were loaded into a specialized cartridge 
with subsequent preparation of RNA libraries and 
sequencing on the GenoLab M platform (GeneMind 
Biosciences). The estimated number of cells loaded 
into the cartridge was 2000 per sample. After bioin-
formatic analysis of the scRNA-seq data, 976 live cells 
were identified, which meets the quality criteria for 
scRNA-seq. The difference in the number of loaded 
and available for analysis cells can be explained by the 
features of sample multiplexing and targeting capture 
accounting for viability and probability of cell dupli-
cations, as well as bioinformatic filtering of the data, 
including noise from cell barcodes with few reads and 

with poor quality reads. Cell populations were identi-
fied and characterized in the obtained samples: tumor 
cells, monocytes, T  cells, B  cells, dendritic cells, and 
natural killer cells.

Thus, the most optimal protocol for obtaining 
single-cell suspensions with high viability from biopsy 
material includes mechanical dissociation of the sam-
ple followed by enzymatic dissociation using collage-
nase/hyaluronidase (10×) for 45 min in a thermoshaker 
at 37°C and 800g and addition of DNAase I for 15 min 
under the same conditions.

High cell viability is a critical parameter for all 
scRNA-seq methods. The breast tumor biopsy dissoci-
ation protocol developed in the present study provides 
high viability of single-cell suspensions exceeding 80% 
and is sufficient for high quality scRNA-seq.

The study was performed using the equipment of 
the Common Use Center “Medical Genomics” of the 
Tomsk National Research Medical Center and was 

Fig. 2. Relative content of viable tumor cells 45 min after enzymatic dissociation with different enzymes. Flow cytometry.

Fig. 3. Effect of nutrient medium investigated factors (a) and incubation time (b) on the number of viable cells obtained after dis-
sociation with collagenase/hyaluronidase.
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