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SCIENTIFIC REVIEW

ON THE CUTTING EDGE OF IMMUNO-ONCOLOGY WITH
SIMPLE WESTERN AND SINGLE-CELL WESTERN

HARNESSING THE IMMUNE SYSTEM TO FIGHT CANCER

The immune system plays an important role in shaping cancer progression, and some of the most successful treatments direct the
patient’s own immune cells to target cancer cells. This new and rapidly expanding field of immuno-oncology requires high-resolution,
quantitative analytical tools at both the population and single-cell level to parse the complex interplay between cancer, immune,
and stromal cells. For this purpose, immuno-oncology researchers have turned to Simple Western instead of traditional Western
blot because of its increased linear range, small sample size requirements and quantification. As a result, Simple Western has been
involved in breakthrough immunotherapies, including those involving immune checkpoint inhibitors, CAR T-cell therapy, bispecific
antibodies, and macrophage switching. Meanwhile, Single-Cell Western with Milo provides insight into population heterogeneity
at the protein level and has been used to study the molecular underpinnings of malignant cell transformation with unprecedented
detail. This Scientific Review highlights recent studies that demonstrate the use of Simple Western and Single-Cell Western assays to

make breakthroughs in immuno-oncology.
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DEVELOPING NEXT-GEN CAR T-CELL
THERAPIES WITH SALLY SUE

Advances in cell therapy have made it possible to reprogram a
patient’'s own T-cells to target antigens presented on cancer cells.
This promising new therapy, called CAR T-cell therapy, has been
used most successfully to treat hematological malignancies like
leukemia and lymphoma. While several CAR T-cell therapies have
already been approved by the FDA which target the antigen
CD19, researchers are exploring new avenues to broaden CAR

T-cell therapies to more cancers by targeting other antigens
presented on tumor cells. For example, a tyrosine kinase called
FLT3 is presented on most leukemia cell isolates in patients with
acute myeloid leukemia and is limited in healthy individuals.
Thus, researchers at Amgen hypothesized that FLT3 would
make an attractive target for CAR T-cell immunotherapy. They
developed a CAR T-drug product that specifically targets FLT3,
then they correlated the expression of FLT3 with cytotoxicity by
relying on Sally Sue (FIGURE 1). These data showed a strong
positive correlation between cells that express FLT3 and the
cytotoxic activity of CAR T-cell treatment (FIGURE 2)." In the study,
the authors explicitly justify their decision to use Simple Western:

“Thissingle platform assay has more quantitative, reproducible
results and a wider dynamic range than a traditional Western

"

analysis.

FIGURE 1.Simple Western platforms like Sally Sue (shown here) perform automated
Western analysis on up to 96 samples overnight. These instruments separate
proteins by size (Sally Sue), charge (NanoPro 1000), or by charge or size (Peggy Sue).
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FIGURE 2. FLT3 protein detection in cells using Sally Sue. FLT3 positive controls
included lysates from CHO cells transfected with human FLT3 (CHO-FLT3) and
human acute myeloid/monocytic leukemia cancer cell lines EOL-1, HL-60, MOLM-
13, and MV4-11. These FLT3 positive cell lines expressed abundant FLT3 protein at
the expected molecular weight (black box) and highly glycosylated FLT3 which
shows as a smear around 160 kDa. FLT3 negative controls included lysates from
CHO parental cells and human B-cell leukemia cancer cell line Namalwa. B-actin (42
kDa) is shown for each sample as a loading control. MW, molecular weight. Adapted
with permission from Karbowski et al.!
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FIGURE 3. The Simple Western platform Wes has been used
extensively in immuno-oncology research due to its
improved accuracy, reproducibility and increased linear
range compared to traditional Western.

TAKING THE COMPLEXITY OUT OF
THE TUMOR MICROENVIRONMENT
WITH WES

A major focus in immuno-oncology is understanding the tumor
microenvironment (TME), which is an integrated network of
cancerous, stromal, and immune cell types whose interactions
drive tumor heterogeneity, metastatic spread, and acquired
drug resistance. An added layer of complexity in the TME is that
many cells within the TME shed exosomes, small intraluminal
vesicles that contain biomolecules that function in cell-to-cell
communication and regulate the phenotypes and functions of
immune cells.

It is becoming increasingly clear that exosomes can play an
important role in cancer progression. For example, in the TME of
hepatocellular carcinoma, researchers found that tumor-derived
exosomes stifled the anti-tumor response of B-cells, resulting in
advanced disease progression and poor survival in patients. This
stifling response was executed specifically via induction of the
HMGB1-TLR2/4-MAPK pathway.’

Exosomes are very difficult to isolate, resulting in precious
little sample available for proteomic analysis. For examining
exosomes and other precious samples, a major advantage of
Simple Western is its small sample size requirement -- as little as 3
uL of sample can be analyzed, without compromising the quality
of the data or sensitivity of detection. For more information on
studying exosomes with Simple Western, refer to our protocol on
“Examining Exosomes with Simple Western”.

Once the exosomes were isolated, the researchers used Wes
(FIGURE 3) to characterize their samples using exosome-specific
biomarkers (FIGURE 4, left).? They also found that exosomes
isolated from hepatocellular carcinoma samples contained
HMGB1, which induces B-cells to stifle their anti-tumor response
(FIGURE 4, right).? In addition to small sample size requirements,
the authors are explicit about their choice to use Wes over
traditional Western blotting techniques:

“The Wes simple western system is an automated capillary
electrophoresis  with approach that
eliminates the blotting steps and improves accuracy,

immunodetection

reproducibility and quantification compared with normal
western blotting.” 2
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FIGURE 4. Tumor-derived exosomes were analyzed by Wes. Exosomes isolated
from the TME were identified with exosome-specific markers CD63, TSG101, and
ALIX (left). HMGB1 protein levels were determined in each exosome preparation.
B-tubulin was used as a loading control. Adapted with permission from Ye et al.?
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TWO FOR ONE: DEVELOPING
BISPECIFIC ANTIBODIES WITH WES

A promising strategy in immunotherapy is bispecific antibodies

that simultaneously bind immune cells and tumor cells, thereby
recruiting immune cells to target and kill cancer cells. Because
T-cells are primary tumor-targeting cells of the adaptive
immune system, many bispecific antibodies function by binding
specifically to an antigen presented on T-cells and to an antigen
presented on cancerous cells. For example, teclistamab is a
bispecific antibody that can induce T-cell-mediated killing of
multiple myeloma cells,® which is a malignant plasma cell disorder
accounts for ~10% of all hematologic cancers. Teclistamab’s anti-
cancer activity stems from its affinity for a protein called BCMA,
which is highly expressed on plasma cells from multiple myeloma
patient samples, and for CD3 presented on T-cells. In this manner,
teclistamab recruits and activates T-cells to kill BCMA-expressing
multiple myeloma cells.

BCMA has canonical ligands (APRIL and CD256) that activate
the p38/NF-kB signaling pathway to upregulate antiapoptotic
proteins to regulate B-cell maturation, proliferation, and survival.
To rule out the possibility that teclistamab agonizes the BCMA
receptor to induce this response, the authors turned to Simple
Western with Wes (FIGURE 3) to quantify P38 phosphorylation.
Specifically, they used a phospho-specific antibody to quantify
phosphorylation levels against B-actin level. The quantitative
ability of Wes allowed them to confirm that teclistimab does not
agonize the BCMA receptor.® This work has led to clinical trials of
teclistimab, which are currently ongoing.

Tumor cell

s
PD-L1 inhibitor

FIGURE 5. T-cells recognize antigens on the surface of tumor cells, initating a
cytotoxic reponse. To prevent autoimmune attack on healthy cells, T-cells also have
immune checkpoints like PD-1. However, to evade the immune system, tumor cells
may hijack immune checkpoints like PD-1 by presenting ligands like PD-L1.
Therefore, checkpoint inhibitors can be an effective way to fight cancer.

WES BYPASSES IMMUNE
CHECKPOINTS FOR IMPROVED
THERAPEUTIC RESPONSE

To prevent T-cells from indiscriminately engaging in a dangerous
autoimmune attack, they encode immune checkpoint proteins
that allow them to recognize healthy cells. However, cancer cells
can disguise themselves by exploiting these proteins to evade
attack by the immune system. Thus, targeting these checkpoint
proteins with checkpoint inhibitors is an important anti-cancer
strategy. For example, the checkpoint protein PD-1 on the surface
of T-cells can bind PD-L1 on the surface of cancer cells, inactivating
the cytotoxic activity of T-cells (FIGURE 5). Checkpoint inhibitors
that downregulate PD-L1 are a promising anti-cancer strategy.
In a seminal study featured in Nature Medicine, Simple Western
with Wes (FIGURE 3) was used to monitor the regulatory pathway
of PD-L1 in melanoma cells, leading to potential new treatment
strategies.*

WES LINKS MACROPHAGE
PHENOTYPES TO ANTI-CANCER
ACTIVITY

Macrophages are among the most abundant immune cells
in the TME and they can switch between phenotypes that are
immunogenic (M1) or immunosuppressive (M2). In a study
published in 2020 on colorectal cancer, researchers found
that driving macrophages towards the M1 phenotype can be
modulated by the lipids ceramide and palmitic acid which
downregulate the STAT-3 signaling pathway. To make this
observation, the researchers relied on the quantification power
provided by Simple Western with Wes (FIGURE 3) to make
accurate protein expression measurements of STAT3 in response
totreatmentwith these two lipids.® As a result, the study concluded
that ceramide and palmitic acid may serve as potentially new
anti-cancer treatments for colorectal cancer.

In an earlier study focused on macrophage activity, Simple
Western was used to discover that mebendazole, a drug
normally used to treat helminthic infections, may have anti-cancer
activity by M1 macrophage activation via the ERK1/2 signaling
pathway®. Again, the quantitative power with Wes (FIGURE 3)
was leveraged in combination with an antibody against the
phosphorylated isoform of ERK to probe leukemia cells. Taken
together, these studies demonstrate that Simple Western, with its
accurate quantification, can uncover potential new therapies to
treat cancer by modulating macrophage activity.



SINGLE-CELL WESTERN WITH
MILO TRACKS MALIGNANT CELL
TRANSFORMATION

The applications discussed thus far analyze cellular lysates
comprised of many cells, resulting in a population-level analysis
of protein expression. To gain an understanding of protein
expression at the single-cell level, ProteinSimple offers Single-
Cell Westerns with Milo (FIGURE 5). While still a relatively new
technology, Milo has already made significant breakthroughs
in immuno-oncology. For example, in a recent paper in Nature,
researchers in a multi-national collaboration used Single-Cell
Western to better understand malignant transformation of
B-cells into leukemia.” Specifically, the researchers studied the
interaction of oncogenic drivers in STAT5 and ERK pathways
during normal B-cell development and malignant B-cell
transformation. The results generated with Milo allowed the
researchers to detect phosphorylated ERK1 and STAT5 in single
cells to reveal that STAT5-MYC+ and ERK-BCLé+ cells represent
non-overlapping populations, reflecting distinct stages of early
B-cell differentiation. Ultimately, they found that the persistence
of divergent signaling pathways represents a powerful barrier
to transformation, while convergence on one principal driver
defines a central event in leukemia initiation. By using Single-Cell
Western with Milo, the researchers concluded that reactivation
of divergent pathways can be leveraged as a previously
unrecognized strategy to enhance treatment responses.

FIGURE 5. Milo performs Single-Cell Western analysis on ~1000
cells at a time.

SIMPLE WESTERN AND SINGLE-
CELL WESTERN DRIVE IMMUNO-
ONCOLOGY RESEARCH FORWARD

Since the introduction of Simple Western and Single-Cell Western,
the number of publications that feature these two technologies
has exploded from just half-dozen in 2011 to more than 1000
publications today. Highly represented among these publications
are important studies in immuno-oncology, which depend on
small sample size requirements to make quantitative protein
expression measurements in an automated and reproducible
fashion that traditional Western blot cannot achieve. We have
also shown how Simple Western and Single-Cell Western work
together to study the tumor microenvironment from a population-
level as well as a single-cell perspective. Because small sample
sizes are particularly common in immuno-oncology research,
the latest Simple Western platforms like Jess come with RePlex
so that you can reuse the same 3 pL of sample for automated
sequential rounds of probing or total protein detection.
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At ProteinSimple, we're changing the way scientists analyze proteins. Our innovative product portfolio helps researchers reveal
new insight into proteins, advancing their understanding of protein function. We enable cutting-edge research to uncover the role
of proteins in disease and provide novel approaches to develop and analyze protein-based therapeutics. We empower you to make
your next discovery by eliminating common protein analysis workflow challenges.
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