
Pick-Seq®: Spatial tissue 
analysis via multi-parameter 
imaging and RNA sequencing 
of micro-regions
Nolan G. Ericson1, Rebecca Podyminogin1, Jennifer Chow1, 
Ajit J. Nirmal2, Jia-Ren Lin2, Yu-An Chen2, Zoltan Maliga2, 
Peter Sorger2, Kyla Teplitz1, Arturo B. Ramirez1, Eric P. Kaldjian1, 
Tad George1

1RareCyte, Inc., Seattle, WA 
2Harvard Medical School, Boston, MA

Abstract
Multi-parameter tissue imaging allows for a contextual understanding of tumor cells in relation to the 
tumor microenvironment. Pick-Seq is a novel workflow uniquely enabled by the RareCyte CyteFinder® 
Instrument that combines interrogation of multiple protein markers with investigation of gene expression 
from selected micro-regions on tissue slides. In this study, formalin-fixed, paraffin-embedded tonsil 
sections and OCT-embedded, frozen breast cancer sections were stained with epithelial and lymphocyte 
markers by multi-parameter immunofluorescence (IF) and scanned with the CyteFinder Instrument 
to identify regions of interest. Based on IF staining patterns, 40-micron diameter micro-regions were 
retrieved with the integrated CytePicker® Retrieval Module. Micro-region RNA was isolated for whole 
transcriptome amplification, library preparation and sequencing. Resulting data were analyzed for 
differential gene expression, cell composition, and T cell receptor (TCR) sequences. Transcriptomic 
analysis of tonsil micro-regions confirmed increased expression of B cell markers in follicles and T cell 
markers in the T cell zone. CIBERSORT revealed distinct cellular compositions between T cell zones and 
the B cell follicles. Principle component analysis of gene expression found that micro-regions retrieved 
from the two follicles clustered independently from each other, and from the T cell zone micro-regions. 
Fragments per kilobase million (FPKM) analysis revealed differing expression of genes, particularly 
CD19 and CD21, between the adjacent follicles. Subsequent staining confirmed differential protein 
expression, indicating that only one follicle contained a germinal center. In breast carcinoma, regions 
were identified for CytePicker retrieval that included (1) tumor cells, (2) tumor cells with interspersed 
tumor infiltrating lymphocytes (TIL), or (3) adjacent lymphoid aggregates. Differential expression analysis 
and hierarchical clustering were able to differentiate the three classes of micro-regions and revealed 
tumor- and T cell-specific expression signatures. CIBERSORT analysis demonstrated the presence of T 
cell-associated transcriptomic profiles in lymphoid aggregates and in TIL-containing micro-regions that 
were proportional to the number of T cells retrieved. These data establish the potential of combining 
multi-parameter IF microscopy with highly focused RNA sequencing as a powerful tool for investigation 
and biomarker discovery for immuno-oncology.

Pick-Seq Worflow

Tissue Section Antigen Retrieval Staining Panel Purpose

Frozen breast cancer 1 No Original Identify and retrieve micro-regions
Perform RNA sequencing

FFPE tonsil

1 Yes Original Identify micro-regions

2 No DRAQ5 Retrieve micro-regions
Perform RNA sequencing

3 Yes Pick-Seq informed Validate RNA-seq results
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Figure 1. RareCyte technology and Pick-Seq experimental workflow overview. Stained tissue 
sections were scanned and analyzed with the CyteFinder system (A), micro-regions of interest were 
transferred into PCR tubes with the CytePicker Module and confirmed by visualization, followed by RNA 
isolation. (B) Experimental workflow for tissue Pick-Seq. For frozen tissue, the first section is stained 
without antigen retrieval (AR) with the original panel, followed by micro-region retrieval from the same 
slide. For FFPE tissue, one section is antigen-retrieved and stained with the original panel to define 
regions of interest, followed by retrieval of those regions on a serial section stained with DRAQ5 without 
AR, to prevent RNA degradation that occurs during AR process. Resulting RNA-seq data informs a 
second staining panel that is applied to another serial section.
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Figure 2. Multiparameter immunofluorescence imaging of FFPE tonsil tissue. A tonsil section 
was stained with a 5-color panel (CD3, CD4, CD8, CD20, SYTOX Orange) to identify micro-regions of 
interest (ROIs) for Pick-Seq. (A) Whole section composite CD3 and CD20 multi-parameter 20X image 
and (B) ROIs shown at 10X magnification.
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Figure 3. Micro-region retrieval and RNA-seq in FFPE tonsil tissue. Following identification of T cell-
rich and follicular zones on stained tonsil tissue, micro-regions were isolated by CytePicker from a serial 
section stained only with a nuclear dye (A). RNA sequencing was performed, followed by differential 
expression analysis. (B) Hierarchical clustering and analysis of differentially expressed genes showed 
increased expression of hallmark B cell markers in follicles and T cell markers in picks from outside 
the follicle. (C) CIBERSORT analysis of mRNA expression profiles (FPKM) in micro-regions. Using the 
LM22 signature, a leukocyte signature matrix, the CIBERSORT deconvolution showed two distinct cell 
compositions between T cell zones and the B cell follicles.
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Figure 4. RNA-seq informed staining validates architecture-dependent differential expression. 
(A) Principle component analysis of gene expression data reveals that micro-region cells picked from 
follicle A and follicle B cluster independently from each other, as well from the T cell zone micro-regions. 
(B) FPKM (fragments per kilobase million) analysis revealed differing expression of markers in the 
adjacent follicles. (C) To investigate and verify these results, a serial section was stained with a targeted 
panel (CD4, CD8, CD19, CD20, CD21, SYTOX Orange), confirming the CD21 gene expression results 
by immunofluorescence (D), and indicating that follicle A contains a germinal center within the plane of 
section.
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Figure 5. Micro-region retrieval and RNA-seq in frozen breast carcinoma tissue. (A) ROIs of T cells, 
tumor cells, and tumor cells with tumor-infiltrating lymphocytes (TIL) were identified in breast cancer 
tissue and (B) micro-regions retrieved by the CytePicker module. (C) The T cell and the tumor expression 
profiles were pooled respectively to generate custom signature for TIL composition deconvolution 
using CIBERSORT. The results showed potential dosage effect of T-cell numbers observed in the 
immunofluorescence image and the relative abundance derived from the RNA-seq result. (D) Differential 
expression analysis between tumor and TIL regions highlighted genes that were preferentially expressed 
by tumor cells and TILs when found in vicinity to each other.

Conclusions
We have demonstrated high-resolution multi-parameter imaging of FFPE sections for retrieval of micro-
regions for transcriptomic analysis using Pick-Seq. RNA expression analysis differentiated follicle and 
T cell areas in tonsil and uncovered differences between adjacent follicles that were confirmed by 
IF imaging. Applying Pick-Seq to frozen breast carcinoma provided insight into immune-tumor cell 
interactions. These data demonstrate the power of Pick-Seq as a tool for biomarker discovery.


