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Human T Cell Isolation From Whole Blood 
Using the MARS® Cell Separation System

Human T cell isolation and expansion play important roles in academic and clinical research.  We developed 
a protocol using our newly developed MARS® system (multi-physics automated reconfigurable separation) to 
isolate T cells directly from whole blood. With MARS separation, we achieved higher than 90% recovery of CD3 
positive T cells from whole blood and greater than 97% purity of among lymphocytes. In addition, MARS can 
be placed in a biosafety cabinet to perform sterile T cell isolation. We also demonstrated the expansion of the 
isolated T cells after the MARS cell separation process.

ABSTRACT

INTRODUCTION

To demonstrate by using MARS system, T cells can 
be isolated from lysed whole blood with high purity, 
recovery, and speed. The T cells isolation can be 
performed in a biosafety cabinet, and the isolated 
T cells can be activated by CD3/CD28 to expand for 
further functional studies.

OBJECTIVE

Application Note

T cells play an important role in establishment and 
maintenance of immune responses, homeostasis, 
and memory. The advancement of T cell knowledge 
through T cell study guided the development of 
immune cell based cancer treatment[1].  Human 
T cell can be isolated, cultured, expanded and 
manipulated for research investigations. An efficient 
way to isolate T cells is crucial for basic research and 
clinical research applications.
 
At Applied Cells, we developed an automated MARS 
cell separation system. MARS stands for multi-
physics automated reconfigurable separation. It 
incorporates active-microfluidics acoustics and 
magnetic cell separation technologies. This platform 
separates white blood cells from whole blood 
by removing lysed cell debris on its microfluidic 
module, and immuno-magnetically captures target 
cells on its magnetic separation module.

With MARS system, we have achieved greater than 
90% T cells purity and recovery from whole blood 
T cell isolation. The entire process does not affect 
T cell viability and functionality. Furthermore, the 
fluidic line of MARS can be replaced and sterilized. 
MARS can be placed in a biosafety cabinet to 
perform sterile cell sorting to isolate sterile T cells 
for expansion or other downstream applications.

For T cell isolation, CD3 FITC antibody (5 µL/mL 
blood) was added to whole blood and incubated 15 
minutes in the dark at room temperature. Then CD3 
biotin (10 µg/mL blood) was added to the blood, 
incubated for 20 minutes. After that, red blood cell 
(RBC) lysis buffer (5 mL/mL blood) was added to the 
blood, incubated 15 minutes in the dark at room 
temp with rotation. Then the sample was loaded on 
MARS. MARS CPC WASH was performed to remove 
lysed RBC and other debris to get white blood cells. 
Then streptavidin conjugated magnetic particles 
(100 µg/mL blood) were added to the white blood 
cells and incubated for 20 minutes. Then the CD3+ 
T cells were isolated by running the MARS MAG 
separation program. To analyze and count the cells, 
the samples were stained with a 6-color TBNK panel 
before and after the cell isolation and acquired on a 
flow cytometer. 

METHODS
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To isolate T cells for expansion, a MARS system was 
placed in a biosafety cabinet and the MARS fluidics 
was sterilized by running the MARS sterilization 
program with 10% bleach, MARS cleaning solution 
and 70% ethanol. After the T cell isolation with MARS, 
one million of the isolated CD3+ T cells were seeded 
into each well in 6-well plate with Dynabeads Human 
T-Activator CD3/CD28 (25 µL per 1 million T cells). The 
cells were incubated in a humidified CO2 incubator at 
37°C and the T cells were enumerated every 24 hours 
until Day 6.

For isolating T cells, blood samples were stained with 
CD3 biotin, and subjected to MARS T cell isolation. 
With our newly developed MARS system, the build-in 
Immune-Cell Isolation Program processed the stained 
sample with sequential procedure to get rid of the

RESULTS

cell debris and immuno-magnetically separate the 
target and non-target cells. See Figure 1 for the entire 
workflow. 

Isolated T cells showed greater than 90% cell purity of 
whole blood (Figure 2A) and greater than 97% isolated 
cell are T cells among lymphocytes (Figure 2B). In both 
MARS CPC WASH and MARS MAG steps, greater than 
90% cell recovery was accomplished. 

For T cell expansion, we developed a protocol for 
sterile immune cell isolation. The MARS was placed 
in a biosafety cabinet, and a serial wash were 
performed on MARS before performing the sterile T 
cell isolation on MARS. The sterilely isolated T cells 
were then cultured with a standard T cell expansion 
protocol with commercially available T cell expansion 
kit. The cells were cultured for total 6 days and the T 
cells were enumerated every day. The result showed 
normal T cell expansion pattern. (Figure 3).

Figure 1. Immune cell isolation workflow using the MARS System.
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Figure 2. Histogram of samples before and after MARS CD3+ 
T cell separation. Greater than 90% purity was achieved 
when T cell was isolated form whole blood (2A), and greater 
than 97% of these cells are T cells among lymphocytes (2B). 

T Cell Growth After MARS Magnetic Separation

Figure 3.  CD3+ T cell growth 6 datys after MARS T cell isolation. 
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Before Separation After Separation
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The MARS® System
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MARS is the first to market automatic sample 
preparation platform incorporating multiple 
separation technologies. RBC lysed blood samples 
can be processed automatically by MARS system 
through cell washing and magnetic selection 
processes with minimal hands-on manipulation. 
MARS cell separation system enables CD3 positive 
T isolation with purity, recovery, speed and 
throughput. The T cells isolated by MARS can grow 
efficiently. The MARS cell preparation system has 
the potential to be used for cell processing for cell 
immunotherapy.

CONCLUSIONS

Isolated T cell can be used in many downstream 
applications, such as T cell culture, T cell functional 
assay, molecular study, immunotherapy etc. We 
here provide an automated solution to isolate 
live T cells rapidly with high purity and recovery. 
The isolated T cells can grow well in culture with 
regular procedure. The results prove MARS cell 
separation process has no harm to cell viability 
and functionality.  This workflow provides flexibility 
to isolate CD3+ T cells and subsets of T cells from 
peripheral blood. In addition, MARS fluidic line can 
be sterilized and replaced. The whole workflow 
can be performed sterilely to generate enriched 
T cells for immunotherapy. 

DISCUSSION
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