
High viability selection of germinal centre B cells from human 
tonsils using the Highway1 cell sorter

In collaboration with Richard Priest (Vinuesa Lab, The Francis Crick Institute) and Steven Lim and Debipriya Das (The Crick Flow
STP,  The Francis Crick Institute). Human tonsil tissue was provided with ethical approval and consent by Elizabeth Maughan 
(Great Ormond Street Hospital), Professor Paolo De Coppi (study PI, UCL GOS Institute of Child Health, NIHR GOSH Biomedical 
Research Centre) and Valerija Karaluka (NIHR GOSH Biomedical Research Centre). Special thanks to The Crick Flow STP for 
hosting Cellular Highways at The Francis Crick Institute.

In collaboration with The Francis Crick
Institute and Great Ormond Street Hospital,
we show that the Highway1 cell sorter
(Figure1) can be used to select for sensitive
cells, such as germinal centre (GC) B cells,
with high purity and speed whilst
maintaining viability and growth.

Workflow

Figure 1: The Highway 1 cell sorter and sterile cartridges
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Introduction

Germinal centre (GC) B cells have a range of
unique properties compared to naïve B cells.
These include producing high-affinity, class-
switched antibodies, as well as differentiation
into memory or plasma cells. They are found in
the spleen, as well as secondary lymphoid
organs, such as the tonsils. Compared to their
naïve counterparts, GC B cells are more
sensitive making them harder to isolate and
experiment with.

Here, we present a workflow (Figure 2) for
isolating and sorting GC B cells from either
frozen or fresh human tonsils using the
Highway1. The patented VACS (Vortex Actuated
Cell Sorting) technology allows for high-speed,
sterile, microfluidic sorting, whilst maintaining
cell viability and growth making it the ideal cell
sorter to isolate sensitive cells.
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Figure 2: Experimental workflow overview.
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Preparing samples for sorting

Tonsils were extracted from the patient and
either frozen, then thawed rapidly when required
or processed immediately. Dead cells were then
removed using Lymphoprep before running a
CD19 B cell magnetic enrichment. A portion of
cells were Fc blocked then stained with
fluorescently labelled antibodies targeting CD27
and CD38 to select for the GC B cells. Following
staining, cells were washed in DPBS (Calcium
and Magnesium free) + 0.1% P188.

Selection of GC B cells on Highway1

18 million frozen & thawed, and 23 million fresh
cells were run thorugh the Highway1. Cells were
diluted in DPBS + 0.1% P188 at a concentration of
1.0 million/mL, then run on Highway1 at
4,000 events per second at 4°C. GC B cells
(around 15% of all events) were sorted on the
Highway1 in Purity mode (Figure 3) with an
efficiency between 80-87%. 30% HI FCS was
placed in the 15mL target collection tube to
maintain cell viabilty post-sort.

Post-sort analysis of GC B cells

The post-sort recovery was calculated for both
frozen and fresh tissue by dividing total target
count by sort count verified by the Countess cell
counter (Table 1), and ranged from 63-82%.
Lower recovery was achieved for the frozen
condition because cell count was performed
post-centrifuge, which resulted in cell loss.

The target cells were analysed on the Highway1
post-sort and obtained a purity of 96.2% (Figure
4). Viability was also measured and both
conditions achieved 97% viabilty. Following
purity and viability checks, cells were seeded at
50,000-100,000 cells / well and successfully grew.

Figure 3: Gating strategy for GC B cells. Cells were
identified using SSC-A vs FSC-A, doublets were removed
using FSC-A vs FSC-H, then GC B cells were selected using
CD38-PE vs CD27-APC.

Figure 4: The GC B cells were analysed through the
Highway1 post-sort and obtained a purity of 96.2%.

Summary

▪ The Highway1, containing patented VACS
technology, is the fastest, gentle
microfluidic sorter available, and is ideal for
sorting GC B cells from human tonsils.

▪ Cells from fresh and frozen tissue were
sorted on the Highway1 in Purity mode
achieving 96% purity and 97% viability
post-sort with 82% recovery.

▪ GC B cells were cultured successfully
post-sort, opening up an array of
downstream applications relating to B cell
differentiation and antibody development.
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target no.
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Cell 

recovery 

Frozen
2.40

million

1.87

million

1.52

million*
63%

Fresh
3.65

million

3.18

million

3.01

million 
82%

Table 1: GC B cell counts from frozen & thawed vs fresh
cells. *Cell count was performed post-centrifuge resulting in
greater cell loss.
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