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Summary: Impedance flow cytometry (IFC) is an emerging label-free, high-throughput sorting method that reads
cell-specific electrical signatures across frequencies. This work demonstrates the feasibility of isolating presumptive
nucleus pulposus progenitor cells (NPPC) and benchmarks its performance to FACS. Results suggest that IFC
accurately identifies and sorts NPPCs, representing a significant advancement for cell-based therapies targeting

intervertebral disc degeneration.
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Introduction

Intervertebral disc (IVD) degeneration is a pri-
mary cause of low back pain, a global health is-
sue affecting around 7% of the population [1] and
costing billions to society [2]. Existing interven-
tions, such as tissue resection and spinal fusion
fail to regenerate disc tissue. Population aging
and limitations of current treatments motivate the
development of alternative therapies.

While nucleus pulposus cells (NPC), which re-
side within the inner region of IVD, exhibit lim-
ited regenerative capacity, their progenitor cells
(NPPC) are believed to play a pivotal role in de-
veloping novel therapies [3], provided they can
be effectively isolated. NPPC differ from mature
NPC by expressing the Angiopoietin-1 receptor,
also called Tie2.

Single-cell isolation is essential in biology,
biotechnology, precision medicine [4]. While
fluorescence-activated (FACS) and magnetic-
activated cell sorting (MACS) are well es-
tablished, high-throughput sorting methods,
they present significant drawbacks: expensive
reagents, time-consuming labeling protocols,
and the absence of specific markers for certain
cell types [5], limiting their applicability in cell
therapy [6]. Several label-free alternatives are
under development, including impedance flow
cytometry (IFC), which discriminates cells based
on electrical properties across multiple frequen-
cies.

This study assesses the potential of IFC for
NPPC isolation compared to FACS, evaluating
the impact of both technologies on cell viability
and phenotype.

Methods

A previously developed impedance flow cy-
tometer [7], utilizing a transimpedance ampli-
fier, FPGA, and co-planar electrodes, was cou-
pled with a piezo-based sorting mechanism [8, 9]

EUROSENSORS 2026

to enable single-cell sorting based on the mea-
sured electrical characteristics of cells.

Bovine coccygeal tails obtained from a local
abattoir provided nucleus pulposus tissue from
proximal discs, which was minced, sequentially
digested with pronase and collagenase I, then
filtered and washed with PBS. The resulting NPC
were then suspended in 1x PBS at a concen-
tration of 1M/mL. Electrical characteristics were
measured at 1 and 10 MHz with a 1.2 V peak-to-
peak excitation. Initially, Tie2+ and Tie2- popula-
tions were isolated via FACS using the antibody
bs-1300R-BF488 (Bioss), and their electrical sig-
natures were compared to raw bovine NPCs
(Fig. 1, 2). Subsequently, the impacts of FACS,
IFC, and the handling after the IFC (dillution,
centrifugation) on the sorted populations were in-
vestigated with a FACS (Table 1) and the distri-
butions compared to the initial FACS. Finally, the
IFC system sorted bovine NPCs, and the result-
ing populations were analyzed by FACS. These
latter results are currently under evaluation and
will be presented at the conference.

Results

Impedance analysis of bovine NPCs sorted
by FACS revealed that both Tie2+ and Tie2—
cells form clusters that partially overlap (Fig.
1). However, with the data of both frequen-
cies, a quadratic support vector machine (SVM)
achieves an identification accuracy exceeding
90% (Fig. 2). Furthermore, both Tie2+ and Tie2-
clusters were discernible within the unsorted un-
stained population, providing strong evidence
H%t these subpopulations can be resolved via

Analysis of the IFC sorter’s impact (Table 1)
indicated minimal effects on the cell population:
post-sorting, the proportion of Tie2+ cells de-
creased by approximately 9.3%, with 7.5% at-
tributable to sample preparation artefacts (di-
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Tab. 1: Changes of the distribution of Tie2- / Ti2+

Process | Tie2- | Tie2+
FACS +34.9% | -28.0%
IFC +10.8% | -1.8%

-16.4% | -7.5%

Handling after IFC

lution, centrifugation, pipetting) or temperature
changes.

Conversely, FACS exhibited more pronounced
effects: from an initial Tie2+ percentage of 38%
following the first sort, only 10% were recovered
upon re-analysis. It is suspected that some of
the stained cells adhered to the tube or were lost
during preparation.

These results suggest that IFC can effectively
sort label-free nucleus pulposus progenitor cells
with less cell loss than FACS. Although currently
lower-throughput than FACS, IFC enables label-
free isolation that facilitates downstream analy-
ses and accelerates cell therapy adoption.
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Fig. 1: Scatter plot of cell impedances at 10 MHz of
unsorted bovine NPC and sorted Tie2-/Tie2+ bovine
NPC. Cells were obtained from four different animals.
(#nb of cells)
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