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Introduction

Various cytokines are secreted during
an active immune response that can
have modulatory effects on target cell
populations, including interferon gamma
(IFN-γ), tumor necrosis factor alpha (TNFα)
and several interleukins.1 Breast cancer
cells adapt to immune cell infiltration in
response to increased secretion of IFN-γ by T lymphocytes with the upregulation of a variety of proteins.
Expression of one such protein, programmed cell death ligand-1 (PD-L1), enables tumor cells to evade
immune targeting and reduces further immune responses.2 Human peripheral blood mononuclear cells
(PBMCs) are a heterogeneous population of blood cells having round nuclei consisting of monocytes,
macrophages, dendritic cells and lymphocytes (T cells, B cells, and NK cells). To reproduce an immune
response, we induced a physiologic activation of the T lymphocyte populations in PBMCs using
Dynabeads®, polystyrene-coated microspheres with antibodies against human CD3 and CD28 proteins
covalently coupled to the surface. The binding of the antibodies to CD3 and CD28 proteins on PBMCs
mimic the in vivo effects of antigen presenting cells (APCs), stimulating cultured T cells to proliferate
and further differentiate.3 Once activated, T cells can upregulate a variety of immune checkpoint
molecules and secrete cytokines into the tumor microenvironment which have wide-ranging effects on
specific target cancer cell populations.4 We examine here the effects of these various secreted factors
on a triple-negative breast cancer cell line by treatment with conditioned media from activated PBMCs.
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NOTE

Complex in vitro systems, such as growing cells in 3D spheroids,
can create more physiologically relevant experimental models
for tumor biology. To investigate the modulatory effects of
cytokines secreted by infiltrating immune cells and determine
if the outcome is different when cells are grown in 3D, basal
breast cancer-derived HCC38 cells were cultured in both
traditional monolayers (2D) as well as in ULA-coated, roundbottomed microplates to produce spheroids (3D).
When using traditional wash-based ELISAs, one challenge in
assessing the expression levels of multiple immune checkpoint
molecules and cytokines is high sample consumption (typically
100 – 200 µL samples required per detection molecule of
interest). AlphaLISA® no-wash chemiluminescent technology
offers an alternative method to quickly and easily measure
multiple biomarkers using a small amount of sample (5 µL per
sample). Fig. 1 shows two examples of AlphaLISA assays used
to detect immune checkpoint markers and secreted cytokines.
Streptavidin Donor beads (Fig. 1A) bind a biotinylated antianalyte antibody and another anti-analyte antibody is directly
conjugated to the AlphaLISA Acceptor beads. When the analyte
is present in the sample, both antibodies bind to it and bring
the Donor and Acceptor beads into proximity. Upon excitation
at 680 nm, the Donor beads generate singlet oxygen which
activates the nearby AlphaLISA Acceptor beads, resulting in light
production at 615 nm. In the absence of analyte, no signal is
generated. An alternate assay set-up used for detection of most
of the cytokines measured here (Fig. 1B) uses digoxigenin (DIG)labeled antibodies and anti-DIG Donor beads and is suggested
for detection in samples containing high amounts of
endogenous biotin.

Using a selected set of AlphaLISA kits we examined the
modulation of immune checkpoint protein expression and
cytokine secretion in cultures of activated PBMCs and in HCC38
cells treated with PBMC-conditioned media or recombinant IFN-γ
as a control. We show in this application note that AlphaLISA
can be used to detect and quantify multiple immune-modulated
proteins from the same wells in complex cell models grown in
both 3D spheroid microplates and traditional 2D cell culture.

Materials and Methods
Cell Culture and Treatment
HCC38 (ATCC®, #CRL-2314™) cells were grown in culture media
consisting of RPMI-1640 (ATCC, #30-2001) supplemented with
10% FBS (ThermoFisher, #26140079) and seeded into 96-well
ViewPlates™ (PerkinElmer, #6005182) to produce traditional,
2-dimensional cell cultures. For generating 3D spheroid cultures,
cells were seeded into CellCarrier™ Spheroid ULA microplates
(PerkinElmer, #6055330) which produce uniformly round
spheroid-shaped cultures of HCC38 cells within 24 hours. A
single vial of normal human PBMCs (ATCC®, #PCS-800-011™)
stored in liquid nitrogen was rapidly thawed, rinsed in ice-cold
Hanks Buffered Salt Solution (HBSS, ThermoFisher, #14025-134),
and re-suspended in media. Half the cells were left untreated
and the other half activated by treatment with Dynabead®
Human T-Activator CD3/CD28 (ThermoFisher, #11131D) at a
standard ratio of one bead to one cell. In some conditions,
cultures were treated with (100 ng/mL) recombinant human
IFN-γ (BioLegend, #570206).
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Figure 1. AlphaLISA assays for immune checkpoint proteins and cytokines. Diagrammatic representation of AlphaLISA assay set-up and representative standard curves
for detection of (A, C) immune checkpoint marker PD-L1 from cell lysates and (B, D) IFN-γ in biotin-rich media. The sample matrix (blue lines- C, D) used for recombinant
standard dilution matches the biological samples, e.g., lysis buffer and cell culture media.
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Figure 2. Cell culture and treatment workflow.

The experimental workflow is illustrated in Fig. 2. Briefly, HCC38
cells were seeded at 25,000 (25K) cells in 50 µL per well on
day zero for 2D cultures. For spheroid cultures, only 5,000 cells
were plated per well. The same day, PBMCs were prepared at a
concentration of 500,000 cells per mL (equivalent to 25K/ 50 µL)
and grown for two days in T-25 flasks with or without Dynabeads®.
After two days, PBMCs and media were removed from one set
of flasks (with and without Dynabead® stimulation). After cells
were spun down, the conditioned media (CM) was collected to a
separate tube and spun down a second time to ensure all PBMCs
were removed. Conditioned media or fresh media supplemented
with IFN-γ were added to appropriate wells containing adherent
HCC38 cells (at 50 µL/well for 2D plates and 10 µL/well for 3D
plates). PBMCs from the second set of separate flasks were
removed and added directly into separate wells that contained
only media from day zero at the same volumes described for
CM. As a negative control, Dynabeads® were added directly to
some wells of HCC38 cells (25K and 5K beads for 2D and 3D
cultures respectively). Finally, as a control, some wells containing
media only were plated with CM (50 µL or 10 µL). Spheroid
wells were supplemented with an additional 40 µL of media to
bring the total volume of all wells to 100 µL. After two more
days in culture, plates were spun down briefly (~four minutes at
~500 RPM) and 50 µL of supernatants were carefully collected
(some media was left in the well so that spheroids remained
intact for lysis). Cultures were then lysed by adding AlphaLISA

Lysis buffer (PerkinElmer, #AL001C) at 4X the final concentration
and shaking (at 600-700 RPM on a DELFIA® PlateShaker) for
20 minutes. Supernatant and lysate samples were transferred
directly to 96-well polypropylene StorPlates (PerkinElmer,
#6008290) and kept up to two weeks at -20 °C before
AlphaLISA assays were performed.

AlphaLISA Assays
All AlphaLISA assays were run according to their respective assay
manuals. Supernatant and lysate plates were thawed before use.
Multiple assay kits were run in parallel using 5 µL of sample in
separate AlphaPlate™-384 microplates (PerkinElmer, #6005350)
to measure expression levels of various cytokines and immune
checkpoint markers. Data were collected using AlphaLISA
detection kits for PD-L1 (#AL355C), IFN-γ (#AL327C), IL-17A
(#AL346C), IL-6 (#AL3025C), IL-2 (#AL333C), TNFα (#AL325C),
IL-1β (#AL220C), VEGF (#AL201C), CXCL1/GRO-α (#AL349C)
and LAG-3 (#AL3058C). Total assay time was under three hours
for all targets tested. Titrations of recombinant protein standards
provided in each kit were run alongside test samples in the same
sample matrix (culture media or a mixture of media and lysis
buffer). Raw data were interpolated to standard curves to
determine concentrations of each protein measured. All
AlphaLISA assays were measured on the EnVision® 2105
multimode plate reader using standard Alpha settings.
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Data Analysis
Standard curves were plotted in GraphPad Prism® and fitted with
nonlinear regression analysis using the four-parameter logistic
equation (sigmoidal dose-response curve with variable slope) and
1/Y2 weighting (Fig. 1C, 1D). Unknown sample concentrations
were determined by interpolating the counts measured onto the
standard curve; all data shown are the average of at least three
individual wells. The lower detection limit (LDL) of the assay was
calculated by taking the average of the background, adding
three times the standard deviation, and interpolating from the
standard curve; LDL is indicated on graphs by a dotted line.

ATPlite 1step Assays
Cellular proliferation and viability were assessed by examining
ATP content using ATPlite™ 1step (PerkinElmer, #6016731) and
ATPlite 1step 3D (PerkinElmer, #6066736) following standard kit
protocols with the following adjustments: plates were previously
spun down to collect 50 µL of supernatants for biomarker analysis,
therefore 50 µL of ATPlite 1step reagent was added to the
remaining 50 µL of cell culture. Also, for the ATPlite 1step 3D
assay, after standard incubation and mixing steps, 100 µL of the
assay volume was removed to a clear bottom black ViewPlate96 with BackSeal (PerkinElmer, #6005189) for measurement
(to match assay plate color used for 2D assays). Luminescence
was measured on the EnVision using standard settings.

Spheroid Imaging
To visualize 3D cultures, a subset of HCC38 cells were loaded for
30 minutes on day zero with CMFDA (ThermoFisher, #C7025),
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a green fluorescent dye that is maintained through multiple
cell divisions. Two flasks of PBMCs (to be used for imaging)
were loaded with CMTPX red fluorescence dye (ThermoFisher,
#C34552) on day two prior to addition to culture plates. One
hour prior to imaging on day four, cells were further labeled with
the addition of Hoechst 33342 (ThermoFisher, #H3570) and SyTox
Red (ThermoFisher, #S34859) dyes to culture media. Cells were
imaged on the Opera® Phenix High Content Imager using the
10X objective with Harmony 4.8 software with lasers and
filters set for imaging four fluorescent wavelength ranges
and brightfield. Each well was imaged from -50 µm to 146 µm,
with 4 µm steps to achieve a total of 50 images and a range of
196 µm to allow for imaging from the top to the bottom of each
spheroid or collection of PBMCs.

Results
PD-L1 Expression Upregulated by IFN-γ and PBMCConditioned Media in 2D and 3D Cultures
HCC38 cells are an epithelial-like, ER-negative cell line and
a representative model of triple-negative breast cancer.5
Previously, we have shown that PD-L1 expression can be induced
in cultured HCC38 cells in a concentration-dependent manner
with exogenous IFN-γ treatment and measured in cell lysates
using AlphaLISA.6 To confirm that IFN-γ is secreted by stimulated
immune populations and probe the effects of IFN-γ on PD-L1
expression, HCC38 cells were grown as monolayers and 3D
spheroids. Concurrently, human PBMCs were suspended at the
same initial density in flask cultures and half were stimulated for
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Figure 3. IFN-γ secreted by activated PBMCs and PD-L1 upregulation by secreted factors in 2D adherent and 3D spheroid cultures. Human PBMCs stimulated with
Dynabeads® secreted significant levels of IFN-γ as measured by AlphaLISA biomarker kits in (A) 2D and (C) 3D culture. PD-L1 expression levels in HCC38 cells grown in
(B) adherent and (D) spheroid cultures are potentiated by treatment with conditioned media (CM) from stimulated PBMCs. Control treatment with 100 ng/mL IFN-γ is
shown as a reference.

two days with Dynabeads®. After two days, a subset of HCC38
cultures were treated with PBMC-conditioned media (CM) or
media supplemented with 100 ng/mL IFN-γ. PBMCs were also
seeded into separate wells in each plate for two additional days
of cell culture. So, in this set-up, we simultaneously probe the
effects of stimulating PBMCs on secreted levels of various
cytokines in supernatant as well as the effect of conditioned
media on the expression levels of membrane proteins in HCC38
and PBMC cell populations in cellular lysates.

Additional Cytokines Secreted in Response to Immune
Cell Activation
IFN-γ is one of many cytokines secreted by invading immune
cells that can interact with and influence cancer cell populations.
Since AlphaLISA assays only utilize a small volume (5 µL) of
sample, we examined expression levels of five additional cytokines
and a growth factor from supernatants collected from the same
samples shown in Fig. 3. The data from these secreted proteins
are presented in Figs. 4 and 5.

As previously reported,2 PBMC stimulation with Dynabeads®
induces IFN-γ secretion into culture media as illustrated by
the red bars in Fig. 3A and 3C. In 2D cultures the PBMCs
continued to secrete IFN-γ after addition to culture plates,
as seen with the PBMC-only wells (stimulated for four days)
showing higher levels of IFN-γ than wells containing only CM
or HCC38 cells with CM added on day two. This contrasts the
3D result where the levels of IFN-γ in supernatants from PBMCs
plated in 3D cell cultures are not greater than wells treated with
CM two days earlier. Data from HCC38-alone wells indicate that
Dynabeads® do not stimulate secretion of IFN-γ in the target cell
population in both 2D and 3D culture.

We observe a few different modulatory effects of treatment when
measuring cytokine concentrations secreted by either PBMCs or
HCC38 cells. IL-17A is a pro-inflammatory cytokine secreted
primarily by a subset of T helper lymphocytes and we observe in our
cultures that PBMC activation resulted in IL-17A secretion. IL-17A is
reported to be a powerful inducer of other inflammatory cytokines
such as TNFα.8 It is, therefore, not surprising to see large amounts of
both TNFα and IL-1β (also linked to IL-17A secretion) in activated
PBMC conditions in both culture types (Fig. 4). In addition, TNFα and
IL-17A have been reported to up-regulate PD-L1 expression in other
human cancer types.9

The addition of recombinant IFN-γ significantly enhances PD-L1
expression in both 2D and 3D HCC38 cell cultures (Fig. 3B and
3D, white bars) while treatment with CM from stimulated PBMCs
generated at least equal or greater levels of PD-L1 expression.
We did not detect significant PD-L1 expression in the stimulated
PBMC cultures alone, as previously reported,7 and expect that
this was due to lot differences in the source of PBMC (e.g., donor
variation). Since the levels of IFN-γ detected in CM used for
stimulation (<1 ng/mL) is lower than the concentration of
recombinant IFN-γ (100 ng/mL), other factors in the CM must
be contributing to the increase in PD-L1 expression.

Interestingly, IL-6 (Fig. 5A, 5D) and IL-2 (Fig. 5B, 5E) were present
in the greatest amounts in HCC38 wells treated with CM from
activated PBMCs. This suggests that HCC38 cells are induced to
secrete IL-6 and IL-2 by factors present in the CM from activated
PBMCs. This effect is not due to IFN-γ, as treatment of HCC38
cells with recombinant IFN-γ alone does not enhance secretion
of either IL-2 or IL-6 (data not shown). It is important to note here
that IL-6 secretion levels exceeded the concentration range of
the assay for 2D cultures, so all samples were first diluted 1:3
with assay buffer. Vascular endothelial growth factor (VEGF), a
signaling protein that promotes the growth of new blood vessels,
was found to be secreted in both 2D (Fig. 5C) and 3D (Fig. 5F)
cultures by the HCC38 cells and not affected by any treatments.
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Figure 4. Detection of cytokines in cell culture supernatants. Levels of TNFα (A, D), IL-1β (B, E) and IL-17A (C, F) measured in supernatants from PBMCs and HCC38
cells in 2D (top graphs) and 3D culture plates (bottom graphs) with AlphaLISA kits.
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Figure 5. Additional cytokines and growth factors detected in cell culture supernatants. Levels of IL-6 (A, D), IL-2 (B, E), and VEGF (C, F) measured in cell
supernatants from PBMCs and HCC38 cells cultured in 2D (top graphs) and 3D (bottom graphs).

Detection of Proteins Modulated by Treatment in
Lysate Samples
In addition to measuring cytokine secretion in supernatants,
cells from the same wells of the culture plate were lysed and
measured for the presence of other proteins. LAG-3 (CD223)
is an inhibitory immune checkpoint receptor expressed primarily on
activated NK and T cell lines which is rapidly gaining in popularity
as a hot target for development of cancer immunotherapies.
Multiple LAG-3-targeted therapies are currently in preclinical
development and in clinical trials.10 Assessment of our cultures
show LAG-3 expressed in activated PBMCs and, to a lesser extent,
in conditioned media from activated PBMCs in both 2D and 3D
cultures (Fig. 6A and 6C). To lyse free-floating spheroid cultures,
it was necessary to leave a small volume of media in each well
and more concentrated lysis buffer added to lyse cells. Therefore,
the “lysate” samples are a mixture of cellular lysate and residual
supernatant. In order to compare 3D and 2D cultures, the same
volumes of supernatants and lysis buffers were added. It is
important to note that there are no cells present in the CM only
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condition, so the results for LAG-3 suggest that the AlphaLISA
kit can detect the soluble form of LAG-3 (sLAG-3).
GROα/CXCL1 is a chemokine that acts as a chemoattractant for
leukocytes during inflammation with recent reports describing a
role for GROα in tumor cell transformation and metastasis in
various forms of cancer, including triple negative breast cancer
cell lines such as HCC38 cells.11 Examination of our culture
models confirm that GROα is highly expressed by HCC38 cells.
The expression levels were so high that sample dilution (2X in
assay buffer) was necessary to adjust concentrations to fall
within the dynamic range for the assay. Interestingly, GROα
expression by HCC38 cells increases dramatically when cells are
stimulated with CM from activated PBMCs (Fig. 6B and 6D),
particularly in the 2D cell cultures. GROα expression induced by
CM in HCC38 cells is likely caused by heightened levels of
inflammatory markers other than IFN-γ since treatment with
recombinant IFN-γ alone did not affect levels of GROα protein.
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Figure 6. Detection of immune checkpoint molecules and chemokines. LAG-3 (A, C) and GROα (B, D) were measured in 2D (top graphs) and 3D (bottom graphs) cell
culture. Samples were a mixture of lysate and supernatant collected from the same wells as in previous figures. Data for GROα were corrected for dilution factor.

Effects of Treatment Condition on Cell Viability,
Proliferation, and 3D Morphology
Treatment effects on cellular proliferation and viability were
assessed using ATPlite 1step (Fig. 7A) and ATPlite 1step 3D
(Fig. 7B) assays. Recombinant IFN-γ had no apparent effect
on cell viability or number in HCC38 cells (Fig. 7, white bars).
Treatment of HCC38 cells for two days with CM from activated
PBMCs resulted in a mild reduction in ATP in both culture
formats, suggesting that secreted factors from PBMCs were
affecting cancer cell proliferation or promoting cell death.

A

Additionally, in PBMCs alone, stimulation with Dynabeads®
resulted in large enhancement in total number of PBMCs,
especially so in 3D cell culture plates, measured by increased ATP
levels (Fig. 7B) and by visual inspection (see images of 3D cultures
in Fig. 8). In comparison, HCC38 cells treated for three days with
Dynabeads® displayed no effect on ATP levels and cell health.

B

Figure 7. Assessing treatment effects on cellular viability and proliferation. (A) ATPlite 1step and (B) ATPlite 1step 3D assays measured ATP content in cultures of
HCC38 cells and PBMCs.
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To visually inspect and assess the effects of treatment on
3D morphology, a separate spheroid plate was prepared
concurrently for imaging. HCC38 and PBMC cell populations
were individually loaded with fluorescent dyes just before plating
(HCC38 with green and PBMC with red). On day four, just before
imaging, cells were also labeled with Hoechst (1:2000 final
dilution) and SyTox Red (1:1000 final dilution) to label nuclei
and dead cells. Spheroid culture plates were then imaged on the
Opera Phenix. Representative images (made from the maximum
projection image) for each condition were compiled and are
presented in Fig. 8. These images indicate activation of PBMCs
increases the apparent number of cells per well. Also, there
appears to be similar levels of cell death occurring between
conditions (with no overt differences in SyTox Red label).

Conclusion
We show here that AlphaLISA assays can be used to rapidly
measure multiple proteins in both cell culture supernatant and
lysates from the same wells of a culture plate in parallel. This data

can be used to examine and compare complex protein expression
profiles containing numerous targets from cancer and immune
cells in either 2D or 3D cell cultures. Stimulation of PBMCs with
Dynabeads® and HCC38 cells with conditioned media from
activated immune cells induced differential expression and
secretion levels of inflammatory cytokines, chemokines and
immune checkpoint proteins which was not dependent simply on
an increase in cell number. Many of these inflammatory cytokines
interact within the complex tumor microenvironment in vivo to
affect the expression of different checkpoint proteins that can
either promote or inhibit tumor progression. Although the trends
seen here were similar between 2D and 3D culture methods for
the selected cell stimulations, that may not be the case for other
targets of interest for cancer immunotherapies. Additionally,
the level of target protein measured was at times reduced in
3D spheroids compared to 2D culture. Continuing to perform
research in the traditional 2D format could potentially result in
overestimation of the physiological significance of the relative
levels of a protein present in the tumor microenvironment.

Figure 8. Images of 3D spheroid cultures. HCC38 cells and PBMCs grown in CellCarrier Spheroid microplates imaged on the Opera Phenix with the 10X long working
distance objective. Representative images shown are of the maximum projected image through the stack to optimize the number of cells displayed. Brightfield images (top),
green-labeled HCC38 cells or orange-labeled PBMCs (2nd row), nuclear stain (3rd row), and SyTox Red (bottom row) stain are shown for each representative spheroid.
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