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regulate the expression of Arpin. In multivariate models, the patients displaying an upregulation of 
the activator or a downregulation of the inhibitor have poor prognosis of metastasis-free survival [3]. 
Recently we analysed the combinatorial complexity of assembling WAVE and Arp2/3 complexes, 
because many subunits of these complexes are encoded by paralogous genes. The genes that were 
the most significantly associated with metastasis-free survival of breast cancer patients were also 
the most efficient at regulating cell migration. Statistical models of retrospective cohorts were 
even an efficient way to discover specific paralogous genes encoding subunits conferring singular 
behaviors to the complexes thatthey assemble.
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RNA SEQUENCING OF SINGLE CELLS OBTAINED 
FROM IMMUNOLABELED TUMOR SECTIONS:

THE FIRST EXPERIENCE
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We performed laser microdissection-assisted RNA sequencing of single cells of breast tumor 
sections immunostained according the homemade protocol of maintaining RNA integrity.
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Introduction
RNA sequencing (RNA-seq) is a highly informative method for characterizing transcriptional 

activity in different tissues and for studying molecular interactions between cells [1]. In cancer 
research, tumor complexity and heterogeneity challenge RNA-seq of tumor bulk that provides 
information regarding the average transcriptome and necessitate RNA-seq from single cells [2]. To 
date, single-cell RNA-seq became a powerful tool to profile cell-to-cell variability on a genomic 
scale [3]. This approach is critically important for the identification of tumor cell populations that 
are involved in cancer progression and sensitivity to treatment and of transcripts/genes associating 
with the realization of the metastatic cascade [2, 4]. In particular, the recent studies showed that 
single-cell transcriptome profiling can identify and characterize clinically important subpopulations 
of tumor cells to develop successful targeted treatments [5‑7].

At present, single-cell RNA-seq is successfully applied to analyze transcriptomes of tumor cells 
obtained from hematoxylin and eosin stained sections using laser microdissection or from tumor 
bulk using fluorescence-activated cell sorting (FACS) [8, 9]. However, there are no any data regard-
ing RNA-seq of tumor cells obtained from immunolabeled sections using laser microdissection. It 
is probable related to the problems of isolation of high-quality RNA samples from immunostained 
sections. Nevertheless, this approach would allow to assess transcriptome of tumor cells located 
in different geographic and microenvironmental regions of the tumor and to prevent the isolation 
of stromal and inflammatory cells that share tumor markers in FASC analysis.
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In this study, we share the experience of RNA sequencing of single cells obtained from im-
munostained sections of frozen breast tumor samples using laser microdissection.

Method and Results
Frozen breast tumor samples were cryosectioned and used for immunofluorescence staining with 

antibodies to CK7 (sc-23876, 1:50, Santa Cruz), KIF14 (HPA038061, 1:500, Sigma), and WAVE-2 
(1:500, [10]) proteins. We modified the protocol of immunostaining to avoid RNA degradation. 
In particular, we reduced time of incubation with antibodies and used PBS buffer with RNAlater 
(Thermo Fisher Scientific). Paired tumor sections were immunostained. First of them was used to 
estimate quality of RNA samples isolated using RNeasy Plus Micro Kit (Qiagen). RNA integrity 
number (RIN) varied from 5.6 to 6.3 (2200 Tape Station, Agilent). Second sections were used to 
isolate CK7+KIF14+, CK7+KIF14−, CK7+WAVE-2+ and CK7+WAVE-2− single cells (the number 
varied from 1 to 50) using laser microdissection guided under fluorescence (PALM, Carl Zeiss). 
Microdissected samples were used to generate cDNA libraries (SMARTer Stranded Total RNA-Seq 
Kit v2, Takara, USA). The quality of cDNA libraries was assessed using HS D1000 ScreenTape 
(2200 Tape Station, Agilent), the concentration – dsDNA HS kit (Qubit 4.0, Thermo Fisher Sci-
entific). Library concentration varied from 0.694 to 92.2 ng/ul, fragment size ranged from 200 to 
800 bp (average size of 359 bp). Libraries were pooled according Illumina recommendations and 
sequenced as single-end 75 bp reads on a NextSeq500 (Illumina). The total number of reads was 
~450 mln for 19 samples pooled. At present, bioinformatic processing is performing; the detailed 
information will be presented in the presentation.

Conclusion
We developed and implemented the protocol of RNA sequencing of single cells obtained from 

immunolabeled tumor sections using laser microdissection. This approach represents an effective 
tool for the assessment of transcriptome of different tumor cell populations, especially in context 
of spatial intratumor heterogeneity.

The study was supported by the Russian Scientific Foundation (grant № 14-15-00318).
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