
Immune cells are among the most
dynamic in the human body. In
response to an inflammatory stimulus,

naïve T-cells rapidly increase proliferation
rate. Some of these cells will differentiate to
long-lived T-cell sub-populations. Recent
research has demonstrated that these
dynamic responses are controlled by cellu-
lar metabolism. Moreover, each of these
cell types have a specific metabolic pheno-
type based on cellular function.

In this application note, a method for
quantifying T-cell activation is described
using in situ activation of naïve T-cells in
an Agilent Seahorse XFp Analyzer. This
method is rapid, kinetic, non-destructive
and directly tied to cellular function.
Activated cells may be further interrogated
or used in additional downstream assays.

Assay principles
T-cell activation is correlated with metabol-
ic shifts especially in glycolysis, providing
increased metabolic flux through growth
promoting pathways required for high
rates of cellular proliferation.
Conventionally, progression of T-cell acti-
vation is measured in terms of changes in
cell size/morphology, interleukin/interferon
expression and/or lactate efflux. However,
using XF technology to measure changes in
the rate of extracellular acidification
(ECAR, a qualitative indicator of glycoly-
sis), a correlation has been established
between T-cell activation and an acute
increase in ECAR following stimulation.

A major advantage of detecting T-cell
Activation in the XFp Analyzer is the rapid
change in ECAR, typically within several
minutes of activating the T-cells via injec-
tion of immunogenic beads. In contrast,
other methods for monitoring T-cell activa-
tion typically require researchers to wait
two or more days before the effect can be
measured.

Materials and methods
l Agilent Seahorse XFp Analyzer 

and FluxPak

l Anti-CD3/CD28-Coated DynaBeads
from Life Technologies

l CD4+ or CD8+ T-cells

CD4+ or CD8+ T cells were seeded in
PDL-coated, pre-incubated XFp miniplates
to 2.0x105 cells/well. Twenty-five
microlitres of prepared anti-CD3/CD28
coated Dynabeads were added to port A of
a hydrated XFp cartridge immediately
prior to use. The bead concentration was
sufficient to achieve a 4:1 ratio of beads to
cells in the assay well.

Results and discussion
In order to ensure in situ-activated CD4+
and CD8+ T-cells reached the same level
of ECAR as T-cells activated by a pre-
treatment of immunogenic beads, a pair-
wise comparison was made between
these conditions. Measured ECAR values
were of similar magnitude for both
groups as demonstrated in Figure 1. To
demonstrate that increases in ECAR
upon T-cell activation correlate with
both interleukin (IL-2) and interferon
(INF-�) expression, cells were cultured
for an additional 48-72 hours. Figure 1
shows similar levels of IL-2 and INF-�
expression, respectively, between in situ
and pre-activated T-cells 48 hours post-
activation. Figure 1 shows typical pro-
gression of morphological changes asso-
ciated with T-cell activation, including
increases in cell diameter and number of
cells due to proliferation for in situ-acti-
vated T-cells 72 hours post-activation.

Conclusion
In conclusion, T-cell activation can be
assessed in real time by monitoring ECAR,
an indicator of glycolytic activity. The
effects of T-cell activation may be observed
within several minutes, as compared to
hours to days with common inflammatory
markers. In addition, since the assay is
non-destructive, the activated T-cells may
then be used in downstream applications or
orthogonal assays.
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Figure 1: T-cell activation quantified using an
Agilent Seahorse XFp Analyzer. A) Injection of
anti-CD3/CD28 beads stimulates ECAR. B and
C) Comparing pre-activated to in situ-activated
cells. D) IL-2 and IFN-� levels are similar two
days after stimulation. E) Morphological changes
consistent with T-cell activation are maintained
in XFp miniplates




