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Introduction

Enlisting a patient’s own immune system to fight cancer has been a longstanding 
dream for cancer biologists. Immune checkpoint inhibitors targeting molecules like 
programmed death-ligand 1 (PD-L1) help make the dream a reality and are now 
transforming today’s cancer therapy. PD-L1 therapy has gained interest as a paradigm 
shifting approach to cancer treatment due to its durable effects, and its ability to 
target a broad range of cancers1,2,3 with manageable toxicity compared to traditional 
chemotherapy. 

Current diagnostic tests for PD-L1 use immunohistochemistry (IHC) to score the 
tumor microenvironment, but results can be really variable. And traditional, high-
quality ELISAs don’t always have the sensitivity to detect endogenous levels of PD-L1 
in primary patient samples. Ella’s Simple Plex™ PD-L1 assay gets rid of these downsides, 
letting you detect single-digit picogram levels of endogenous PD-L1 with single-digit CVs. Reproducibility at that level 
means you can have confidence in your data. Plus, you’ll only need 25 µL of neat sample and your results are ready in 
an hour. For these reasons, researchers at the NIH recently used all the advantages of Simple Plex assays to monitor 
immunotherapy responses in humans.4

Simple Plex assays also give you single plex and multiplex options so you can measure levels of just PD-L1 alone or PD-L1 
in a panel with three other proteins in your sample. 

In this application note, we compare endogenous PD-L1 detection in PTEN mutated glioma cell supernatant and blood 
cells using the Simple Plex assay and a commercially available sandwich ELISA assay to demonstrate data equivalency 
and the added sensitivity you’ll get with a Simple Plex assay.

High Fidelity Detection of Endogenous PD-L1 at Low 
Picogram Levels with Simple Plex Assays

Same or better results with the Simple 
Plex assay 

We ran a variety of different cell supernatants with and 
without treatment known to affect PD-L1 protein levels 
using a commercially available sandwich ELISA and the 
Simple Plex PD-L1 assay with Ella™. Both techniques 
correlated well to each other, with a coefficient of 0.997 
(Figure 1). 86.7% of the samples showed ≤20% difference 
in the amount of PD-L1 measured, confirming Simple 
Plex assays will give you the same answers as a widely 
accepted ELISA.

However, the Simple Plex assay was clearly more sensitive 
compared to the commercial ELISA. PD-L1 was measured 
in only eight of the 15 samples with the ELISA assay and 
none of the untreated cell supernatant samples. Ella’s 

Simple Plex PD-L1 assay detected endogenous levels of 
PD-L1 in 14 out of 15 samples, all of which had <28 pg/mL 
endogenous PD-L1. The last sample was an untreated 
PBMC sample that presumably had levels of endogenous 
PD-L1 below the detection limit of both the ELISA and 
Simple Plex assay. Plus, all sample CVs measured with the 
Simple Plex assay came in at less than 5.2%. So, you’ll get 
the reproducible data you can trust and a much better 
shot at detecting low endogenous levels of PD-L1 in your 
samples with the Simple Plex assay. 
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SIMPLE PLEX ASSAYS DETECT LOWER LEVELS OF 
PMA-INDUCED PD-L1 EXPRESSION IN GLIOMA 
CELL SUPERNATANT

We looked at PD-L1 levels in PTEN-mutated Glioma cell 
supernatant. U87-MG, U251-MG, and A172 cells were 
treated with PMA to increase PD-L1 protein levels. Cells 
were grown until they were >90% confluent. They were 
then treated with 60 nM PMA overnight for 18 to 24 hours. 
Supernatant was collected the next day and centrifuged 
at >500 x g for 5-10 minutes before aliquoting and storing 
at -20 °C. 

Aliquots of the frozen cell supernatant were run using a 
commercially available ELISA assay according to insert 
instructions. 100 µL of supernatant was used to run each 

sample, so a total of 200 µL of supernatant was needed to 
generate duplicate data. 

An aliquot from the same frozen cell supernatant was also 
run with the Simple Plex PD-L1 assay on Ella. Supernatant 
was diluted a minimum of 2-fold with Sample Diluent by 
adding 30 µL of sample to 30 µL of sample diluent. Next, 
50 µL of the diluted sample was added to the Simple Plex 
72x1 PD-L1 assay cartridge (SPCKB-PS-999452). Cartridges 
come with a factory-set standard curve so we didn’t have 
to run a standard curve — the built-in standard curve 
loads when the cartridge barcode is scanned right before 
it is placed into the Ella instrument to be run. During the 
run, each sample automatically generates three data 
points so you use 10X less sample with the Simple Plex 
assay too. With the conventional sandwich ELISA assay, 
you have to run three separate 100 µL samples to generate 
triplicate data. 

The sandwich ELISA was only able to detect endogenous 
levels of PD-L1 in untreated U87-MG cell supernatant as 
levels in the U251-MG and A172 cell supernatants were 
too low to be detected (Table 1). We found that the lower 
limit of detection for the PD-L1 ELISA kit fell somewhere 
around 28 pg/mL. With the Simple Plex PD-L1 cartridge, 
Ella was able to detect endogenous levels for all untreated 
cell samples. The assay even detected PD-L1 in A172 cells, 
which had the least amount of endogenous PD-L1 at 
7.4 pg/mL, 3X higher than the reported Simple Plex PD-L1 
assay lower limit of quantitation at 2.35 pg/mL. The data 
also correlated well between the two assays. Only one 
sample, the U251-MG + PMA had a slightly higher percent 

Figure 1. Measured levels of PD-L1 in glioma cell supernatant, PBMC, 
and HDLM-2 samples correlated very well between Simple Plex and 
ELISA assays with a correlation coefficient of 0.997. 86.7% of the samples 
showed <20% difference in PD-L1 detected. 
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eLiSA SiMPLe PLeX

VALue (pg/mL) % CV VALue (pg/mL) % CV

U87-MG control 77.6 5.9 63.3 1.0

U87-MG + PMA 124 1.3 132 6.8

U251-MG control ND -- 27.8 1.2

U251-MG + PMA 65.9 4.1 94.2 1.1

A172 control ND -- 7.4 3.4

A172 + PMA 40.3 0.9 44.5 1.1

TAbLe 1. ELISA and Simple Plex assays both measured similar concentrations of PD-L1 in glioma cell 
supernatant reproducibly with all CVs <6.8%. The Simple Plex PD-L1 assay detected endogenous PD-L1 in all 
samples tested while the ELISA assay measured protein in all but two untreated samples (ND = not detected). 
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difference. That result could have been caused by two 
different operators running the sandwich ELISA versus 
the Simple Plex assay, potentially leading to the additional 
variability between the two techniques. Our result s also 
showed that both assays were very reproducible with 
ELISA assay CVs all under 5.9% and Simple Plex assay CVs 
all under 6.8%. As an added bonus, Simple Plex assay CVs 
for the untreated glioma cell supernatant samples were all 
under 3.4%, even at this 7.4 pg/mL level. 

As expected, PD-L1 was increased in all samples treated 
with PMA (Figure 2). All samples showed between a 2 to 

eLiSA SiMPLe PLeX

VALue (pg/mL) % CV VALue (pg/mL) % CV

PBMC ND -- ND --

PBMC + IFNγ ND -- 20.8 3.8

PBMC ND -- 12.8 0.5

PBMC + IFNγ + LPS 39.0 9.6 35.4 1.4

PBMC ND -- 9.9 2.1

PBMC + IFNγ + LPS 69.4 0 52.8 2.5

HDLM-2 210 0.7 216 0

HDLM-2 + PMA 691 2.9 631 0.3

TAbLe 2. ELISA and Simple Plex assays both measured similar concentrations of PD-L1 in blood samples 
reproducibly with CVs for the ELISA assay <9.6% and CVs for the Simple Plex assay <3.8%. The Simple Plex PD-L1 
assay detected endogenous PD-L1 in all samples except for one untreated PBMC sample. The ELISA kit only 
detected PD-L1 in treated PBMC samples and both treated and untreated HDLM-2 samples (ND = not detected). 
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Figure 2. Traditional sandwich ELISA and Simple Plex assays both detect similar fold 
increases in PD-L1 expression after PMA treatment. The Simple Plex assay detected 
PD-L1 in all samples but the traditional ELISA didn’t detect PD-L1 expression in control 
samples below its LLOQ

6-fold increase in PD-L1 protein levels after PMA treatment 
based on the Simple Plex assay results. There was also 
really good correlation between the ELISA and Simple Plex 
assays in the U87-MG supernatants with a 1.6- and 2.0-fold 
increase in PD-L1 expression, respectively. 

SIMPLE PLEX ASSAYS DETECT PD-L1 IN MORE 
PBMC AND HDLM-2 SAMPLES

We also looked at PD-L1 levels in peripheral blood 
mononuclear cell samples (PBMCs) and HDLM-2 cells, 
a Hodgkin’s lymphoma cell line. To obtain the PMBCs, 
blood was collected from apparently healthy donors 
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into heparinized tubes. PBMCs were isolated using Ficoll 
density gradient centrifugation by mixing the whole 
blood 1:1 with PBS, and then layering it on top of 20 mL 
Ficoll-Paque PLUS. The sample was then centrifuged 30-40 
minutes at approximately 400 x g to isolate the PBMC layer. 
After lysis of red blood cells, PBMCs were counted and 
plated into two 150 mm dishes in 25 mL of media (RPMI + 
10% FBS) at a concentration of 2 x 106 cells/mL. Cells were 
then treated with either 40 ng/mL rhIFNγ (R&D Systems, 
#285-IF/CF) overnight for 18-24 hours or 100 ng/mL IFNγ + 
1 µg/mL LPS for 48 hours. 

HDLM-2 cells were seeded in 25 mL of media (RPMI + 10% 
FBS) in T175 flasks and grown for several days until they 
reached exponential growth before treating with 60 nM 
PMA for 18-24 hours. 

Samples were run using a commercial ELISA assay 
according to insert instructions. 100 µL of supernatant was 
used for each sample, so a total of 200 µL supernatant was 
needed to generate duplicate data. Samples run with the 
Simple Plex PD-L1 assay cartridge on Ella were diluted 1:1 
by mixing 30 µL of sample with 30 µL of Sample Diluent. 
50 µL of diluted sample was then applied to one well in 
the Simple Plex 72x1 PD-L1 cartridge, which generates 
triplicate results. 

The ELISA assay didn’t detect endogenous levels of PD-L1 
in any of the untreated PBMC samples, while the Simple 
Plex assay detected endogenous levels of PD-L1 in three of 
the four untreated PBMC samples (Table 2). Both the ELISA 

and Simple Plex assays detected increases in PD-L1 protein 
levels after treatment with either IFNγ, IFNγ + LPS, or PMA 
(Figure 3). There was a 2-fold increase in PD-L1 expression 
in most samples except for one set of PBMC cells treated 
with IFNγ and LPS that increased PD-L1 expression by 
5-fold. And in the HDLM-2 samples, both the ELISA and 
Simple Plex assays showed a 3.3- and 2.9-fold increase in 
PD-L1 protein levels, respectively. 

Conclusion

Ella’s Simple Plex assay is ideal for detecting critical targets 
like PD-L1 from precious human samples and cancer 
cell lines. The Simple Plex PD-L1 assay can measure 
endogenous PD-L1 at low picogram per mL levels in 
low volumes with single-digit CVs — so you can trust 
the results of your assays. When comparing validated 
traditional ELISA assays with Simple Plex assays, we saw 
very good correlation between the two techniques. In the 
group of samples where PD-L1 was detected, 86.7% of 
them had less than a 20% difference, and both techniques 
measured similar increases in PD-L1 after treatment with 
PMA, IFNγ, or IFNγ + LPS demonstrating the high degree of 
data equivalency between the two techniques. 

The big difference was that our results consistently 
showed the Simple Plex PD-L1 assay was more sensitive. 
The ELISA assay only detected endogenous PD-L1 in 
half of the untreated glioma cell supernatant samples 
we ran, and detected nothing in the untreated PBMC 
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Figure 3. ELISA and Simple Plex assays both detect similar fold increase in PD-L1 
expression after PMA, IFNγ, or IFNγ + LPS treatment. The Simple Plex assay detected 
PD-L1 in all but one control sample but the ELISA assay didn’t detect PD-L1 expression 
below its LLOQ.
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samples. On the other hand, the Simple Plex PD-L1 assay 
detected endogenous PD-L1 in all untreated glioma cell 
supernatants tested, and in all but one of the untreated 
PBMC samples. Our experiments also showed the lower 
limit of quantitation for the Simple Plex PD-L1 assay was 
lower than the commercial ELISA assay, coming in at 
2.35 pg/mL. CVs for both assays were in the single-digit 
range at <9.6% for the traditional ELISA and <6.8% for 
the Simple Plex assay. And it has built-in triplicates for 
each sample, so it also uses 3X less sample than if you ran 
duplicates with ELISA. 

The Simple Plex PD-L1 format gives you the same 
specificity of an ELISA with far better sensitivity and 
dynamic range. Plus you can make decisions a lot faster 
because your data is available in an hour. 
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