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Fig. 1: Representative � ow cytometry histograms: Blue - stained sample 
where, starting from left to right, the � rst peak corresponds to the KV1.3 
negative cells and the second peak corresponds to the KV1.3 positive cell frac-
tion, hence showing PE � uorescence. Red - control 1, corresponding to non-
stained cells. Green - control 2, corresponding to cells treated with only the 
secondary antibody, hence indicating that there is no unspeci� c binding of 
the � uorescent conjugated probe.

Fig. 3: Histogram showing the success rate of the QPatch ex-
periments with, starting from left to right, freshly harvested 
cells, not stained cells that went through the staining steps, 
cells stained but not sorted, cells that were stained and sorted 
(blue bar), cells from the negative chamber of the sorting car-
tridge. n=3. Error bars ± SD.

Fig. 5: Decrease of QPatch tests success rate over 
time, compared to the success rate obtained with 
cells tested right after the sorting process.

Fig. 4: Histogram showing the success rate of the QPatch 
tests without considering the current expression levels. 
This was done to evaluate the quality of the studied cells 
in terms of viability, capacitance, and resistance (i.e., apply-
ing only the � lters for Cslow >4pF, and Rmem >200MΩ) in the 
case of, starting from left to right, freshly harvested cells, 
stained but not sorted cells, and cells that were stained and 
sorted. n=3. Error bars ± SD. From the histogram it is pos-
sible to conclude that the quality of the cells used for APC 
assays is not affected by the staining and sorting process.

Fig. 2: Examples of current traces recorded from CHO-cells with high expression 
(A) and low expression (B) of the KV1.3 channel, respectively, evoked by a depo-
larizing pulse to 80 mV from a 200 ms prepulse potential of −80 mV. The voltage 
protocol is shown in the bottom traces. A 10μM PAP-1 solution was used as block-
er to con� rm that the recorded currents were due to the KV1.3 channel activity.

Table 1: Examples of QPatch test results, showing the number of experiments started, the number of exper-
iments completed, the number of experiments that passed the quality � lters (IKv 1.3>400pA, Cslow >4pF, Rmem

>200MΩ) and their ratio for each group, respectively. The average current level (IKV1.3 ) and seal resistance (Rmem ) 
± their standard error of measurement (SEM) are also reported.

Conclusion

Presented @BPS2025 

KV1.3 is a voltage-gated K+ channel from the Shaker-related subfamily that plays a 
key role in T cell proliferation and activation by regulating their membrane potential 
and Ca2+ signaling, making it a promising therapeutic target for autoimmune disor-
ders. In addition to its role in immune function, KV1.3 is highly expressed in various 
cancer cells, where it may promote tumor growth, and it is also linked to in� amma-
tion-driven neurological diseases. Given its broad relevance, modulating KV1.3 phar-
macologically holds signi� cant potential for developing new treatments. High ex-
pression of KV1.3 in recombinant cell lines is therefore critical for ensuring reliable, 
reproducible and ef� cient drug screening in Automated Patch Clamp (APC) assays. 

In this study, we applied � uorescence-activated cell sorting (FACS) to enrich the pop-

ulation of cells expressing KV1.3, aiming to enhance the success rate, reliability and 
reproducibility of APC experiments. Live CHO- KV1.3 cells were stained with a PE-la-
belled antibody targeting the extracellular domain of KV1.3. Sorted cells were select-
ed based on � uorescence intensity and subsequently tested on a QPatch system.

Our results showed that sorting of CHO-KV1.3 cells based on channel expression sig-
ni� cantly improved APC assay success rates, from an average of 20% to 80%, with-
out compromising cell viability, seal formation, or ion channel activity. This approach 
demonstrates that FACS-based sorting can rescue APC assays with low-expressing cell 
lines, offering a robust method for improving throughput and reliability in ion chan-
nel drug discovery.

With this study, we show that sorting CHO-KV 1.3 cells 
based on channel expression prior to APC experiments 
can substantially increase the � nal success rate (from 
an average of 20% to an average of 80%). This in-
crease can be achieved without signi� cantly affecting 
the quality of CHO-KV 1.3 cells in terms of viability, 
seal formation and channel activity. 

This report demonstrates how an APC assay on a low 
expressing cell line can be rescued by using � uores-
cence-based cell sorting.

CHO-KV 1.3 cells were cultured following Sophion SOP 
for CHO cell line. On the day of the experiment, cells 
were harvested from the culture � ask and counted be-
fore starting with the staining procedure. Cell staining 
was performed following the manufacturer’s SOP. 

Flow cytometry and cell sorting:
Flow cytometry analysis was performed using the 
MacsQuant Analyzer 10 (Miltenyi Biotec). Speci� -
cally, the PE � uorescence signal was recorded in the 
B2 channel (Excitation: 488 nm, Filter: 585/40 nm). 
Based on the results obtained with the � ow analysis, 
the stained cells were successively sorted using the 

MACSQuant Tyto Cell Sorter (Miltenyi Biotec). 

APC tests:
All experiments were carried out at room temperature 
using Sophion QPatch and QPlate single-hole consum-
ables. Cells were patched using a standard whole cell 
protocol and standard KV1.3 ringers. 

Data analysis:
Analysis was performed using the Sophion Assay Soft-
ware, GraphPad Prism 7.03 (GraphPad Software Inc.) 
and MACSQuantify software (Miltenyi Biotec).

Material and methods

Experiment 
count

Completed 
experiments

Experiment 
� lter pass 

count

Experiment � lter 
pass count/ 

completed experiments

Avg(IKV1.3)
[nA] ± SEM

Avg(Rmem) 
[GΩ] ± SEM

Freshly 
harvested 45 44 6 0.14 16.8 ± 2.9 4.2 ± 0.4

Stained, 
not sorted 48 48 6 0.13 16.5 ± 3.2 13.7 ± 5.6

Not 
stained 46 45 8 0.18 16.9 ± 2.9 5.8 ± 0.7

Stained, 
sorted 45 43 36 0.84 19.9 ± 1.0 7.5 ± 2.1

Negative 
chamber 42 39 2 0.05 4.9 ± 0.2 2.4 ± 0.1

Cell staining and � ow cytometry analysis
To ensure the quality and speci� city of KV1.3 staining, we analyzed 
samples using the MACSQuant Analyzer10 (Miltenyi Biotec) before 
sorting. We con� rmed that the KV1.3-positive fraction could be dis-
tinguished from unstained cells. The stained sample (Fig.1, blue) 
was compared to non-stained cells (Fig.1, control 1 - red) and cells 
treated with only the secondary antibody (Fig.1, control 2 - green) to 
check for unspeci� c binding.

The � ow cytometry analysis indicates that the staining process was 
successful, as part of the cell population of the stained sample shows 
� uorescence (Fig.1, blue histogram), while no � uorescent signal is 
recorded from the two control samples (Fig.1, red and green histo-
grams). Speci� cally, in the example shown in Fig.1, the fraction of 
cells expressing KV1.3 ion channel corresponds to about the 11% of 
the entire cell population.

Sorting of KV1.3-expressing cells and QPatch test:
The fraction of cells with high KV1.3 expression was isolated using 
the Tyto cell sorter (MACSQuant Tyto, Miltenyi Biotec) and collect-
ed for APC experiments. Sorted cells were then tested on QPatch to 
measure the level of KV1.3 current. The quality � lters used for the 
analysis were: IKv1.3 >400pA, Cslow >4pF, Rmem >200MΩ. Representative 
current traces recorded from a cell with high KV1.3 expression and 
from a cell with low KV1.3 expression, respectively, are reported in 
Fig. 2.

To ensure that the staining process did not negatively affect the 
cell viability or performance, cells that were not stained but went 
through the staining steps (using only buffer without antibodies) 
and cells that were stained but not sorted were tested in compari-
son to the stained and sorted sample. Likewise, to test the impact of 
sorting, freshly harvested cells and cells collected from the negative 
chamber of the sorting cartridge were tested as well (Fig. 3).

The histogram shows that freshly harvested cells had a success rate of 
about 16%, while unstained and unsorted stained cells did not exceed 
25%. In contrast, cells that were stained and sorted achieved a success 
rate above 80%. This signi� cant increase is solely due to ion channel 
expression, as the staining and sorting process did not affect the � nal 
count of completed experiments (Table 1, Fig. 4).

The success rate of the experiment with cells collected from the neg-
ative chamber of the sorting cartridge, being only 5%, gives a good 
indication of the quality of the staining and sorting process.

Reculture of sorted cells:
Sorted cells were re-cultured to investigate whether they could 
maintain the high KV1.3 expression rate, and they were successive-
ly tested on QPatch, at different time points (Fig. 5). From � g. 5 it is 
possible to see that the success rate of QPatch tests with cells re-cul-
tured and harvested at different time points, decreases over time. 
However, it is possible to maintain a success rate above 50% for up 
to one week after sorting. This enables experiments on these cells 
without requiring the long staining and sorting process right before 
performing APC tests.

1. Teresa Pérez-García M, Cidad P, López-López JR. The 
secret life of ion channels: KV1.3 potassium channels and 
proliferation. Am J Physiol Cell Physiol [Internet]. 2018; 
314:27–42.

2. Beeton C, Wulff H, Standifer NE, Azam P, Mullen KM, 
Pennington MW, et al. KV1.3 channels are a therapeutic 
target for T cell-mediated autoimmune diseases. Proc Natl 
Acad Sci U S A [Internet]. 2006 ;103(46):17414–9. 

3. Wang J, Xiang M. Targeting potassium channels KV1.3 
and KC a 3.1: routes to selective immunomodulators 
in autoimmune disorder treatment? Pharmacotherapy 
[Internet]. 2013;33(5):515–28. 

4. Rangaraju S, Chi V, Pennington MW, Chandy KG. 
KV1.3 potassium channels as a therapeutic target 
in multiple sclerosis. Expert Opin Ther Targets. 2009 
Aug;13(8):909–24. 

5. Toldi G, Bajnok A, Dobi D, Kaposi A, Kovács L, 
Vásárhelyi B, et al. The effects of KV1.3 and IKCa1 
potassium channel inhibition on calcium in� ux of 
human peripheral T lymphocytes in rheumatoid arthritis. 
Immunobiology. 2013 Mar;218(3):311–6. 

6. Nguyen W. Novel KV1.3 blockers for 
immunosuppression: WO2012155199. Expert Opin Ther 
Pat. 2013 Nov;23(11):1511–6. 

7. Comes N, Bielanska J, Vallejo-Gracia A, Serrano-
Albarrás A, Marruecos L, Gómez D, et al. The voltage-
dependent K+ channels KV1.3 and KV1.5 in human 
cancer. 2013  

8. Felipe A, Bielanska J, Comes N, Vallejo A, Roig S, 
Ramon y Cajal S, et al. Targeting the Voltage-Dependent 
K+ Channels KV1.3 and KV1.5 as Tumor Biomarkers for 
Cancer Detection and Prevention. Cur Med Chem. 2012 
Jan 14;19(5):661–74. 

9. Bielanska J, Hernández-Losa J, Moline T, Somoza R, 
Ramón Y Cajal S, Condom E, et al. Increased voltage-
dependent K+ channel KV1.3 and KV1.5 expression 
correlates with leiomyosarcoma aggressiveness. Oncol 
Lett [Internet]. 2012; 4(2):227–30. 

10. Vallejo-Gracia A, Bielanska J, Hernández-Losa J, 
Castellví J, Ruiz-Marcellan MC, Ramón y Cajal S, et al. 
Emerging role for the voltage-dependent K+ channel 
KV1.5 in B-lymphocyte physiology: expression associated 
with human lymphoma malignancy. J Leukoc Biol. 2013; 
94(4):779–89.

11. Wu J, Zhong D, Wu X, Mo S, Kang L, Ding Z. Voltage-
Gated Potassium Channel KV1.3 Is Highly Expressed 
in Human Osteosarcoma and Promotes Osteosarcoma 
Growth. OPEN ACCESS Int J Mol Sci [Internet]. 2013; 14:14. 

12. Liu J, Xu P, Collins C, Liu H, Zhang J, Keblesh JP, et al. 
HIV-1 Tat Protein Increases Microglial Outward K+ Current 
and Resultant Neurotoxic Activity. 2023; www.plosone.org 

13. Sarkar S. Microglial ion channels: Key players in non-
cell autonomous neurodegeneration. 2022; Available 
from: https://doi. org/10.1016/j.nbd.2022.105861 

14. Liu J, Xu C, Chen L, Xu P, Xiong H. Involvement of 
KWu J, Zhong D, Wu X, Mo S, Kang L, Ding Z. Voltage-
Gated Potassium Channel KV1.3 Is Highly Expressed 
in Human Osteosarcoma and Promotes Osteosarcoma 
Growth. OPEN ACCESS Int J Mol Sci [Internet]. 2013; 14:14. 


