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SINGLE-CELL WESTERNS ADVANCE
GENE THERAPIES FOR SICKLE
CELL DISEASE AND OTHER
HEMOGLOBINOPATHIES

INTRODUCTION TO SICKLE CELL DISEASE

Hemoglobin found in red blood cells (RBCs) binds to oxygen in the lungs and delivers it to vital organs throughout the body.
Given this essential role, it is hardly surprising that functional mutations to hemoglobin, like sickle cell disease, can have severe
consequences. Specifically, sickle cell disease results from a single point mutation in the B-subunit of hemoglobin (8-globin), often
leading to irreversible organ damage, poor quality of life, and reduced life expectancy.

However, hope is on the horizon as clinical trials using gene therapy have shown promising early results. These gene therapies have
different approaches for treating the disease. One approach is to restore a patient’s ability to make fetal hemoglobin, which is non-
sickling and typically suppressed after birth, while simultaneously suppressing production of adult, sickle hemoglobin. This can be
done by disruption of BCL11A, which regulates fetal hemoglobin production.” Another approach is to restore adult hemoglobin
function by gene addition of functional 3-globin. For example, in one promising new gene therapy clinical trial sponsored by bluebird
bio,? lentiviral vectors that express B-globin (so called LentiGlobin vectors) are used to transduce isolated CD34+ hematopoietic stem
cells (HSCs). Then, transduced HSCs are administered intravenously where they naturally graft onto bone marrow.

Regardless of the gene therapy approach used, following gene therapy, researchers need to know if functional hemoglobin is being
produced and in what percentage of RBCs. Because RBCs are so small (~6 pm in diameter), sensitive analytical methods are required
to measure protein expression especially in single RBCs. Further, high quality flow cytometry antibodies do not exist for all hemoglobin
subunits and isoforms, making it even more challenging to resolve functional from non-functional hemoglobin forms in single RBCs.

SINGLE-CELL WESTERNS RESOLVE HEMOGLOBIN SUBUNITS FOR SICKLE
CELL RESEARCH

Single-Cell Westerns measure protein expression in thousands of single cells per run. Their high sensitivity combined with the ability
to use conventional Western blotting antibodies makes them particularly well-suited for resolving hemoglobin subunits in single RBCs
and HSCs.

Single-Cell Westerns are performed with Milo™, an instrument  With these advantages, Milo has the potential to advance gene
from ProteinSimple. Milo: therapies targeting sickle cell disease and other hematological

disorders, including the ability to:
e analyzes ~1,000 single cells in one 4-hour experiment

e quantify editing efficiency of HSCs
¢ offers multiplexed detection on up to ~12 targets per cell

e quantify differentiation efficiency of HSCs into RBCs
e provides data on protein expression heterogeneity

e differentiate between hemoglobin subunits and measure
e is an open platform so any commercial or custom antibody

may be used for detection

their expression with existing commercial reagents


https://www.proteinsimple.com/milo_video.html
https://www.proteinsimple.com/literature_download.html?docid=1390
https://www.proteinsimple.com/milo-why-single-cell-westerns
https://www.proteinsimple.com

CLINICAL TRIALS RELY ON MILO

In an ongoing clinical trial by bluebird bio,?2 Milo reveals the
effectiveness of treatment by differentiating normal 3-globin (3#)
from sickle B-globin (3°) and quantifying the percentage of cells
thathave p*and B°.Inthe trial, patients are treated with LentiGlobin
BB305 Drug Product, which aims to treat severe sickle cell disease
by inserting a functional B-globin gene (f4™9) into the patient’s
own hematopoietic stem cells ex vivo and then returning those
modified cells to the patient through an autologous stem cell
transplantation. Importantly, the added A9 has a benign point
mutation (T87Q), making it distinguishable from (* as well as °
already in the blood.
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By harnessing Milo and its multiplex detection ability, bluebird
bio used a novel antibody specific for B° and the other
recognizing both B* and BAT¥Q for simultaneous detection of
these subunits in single cells.® This enabled the quantification of
cells expressing these subunits to understand treatment efficacy.
Before treatment and various timepoints thereafter, RBCs were
harvested from patients and analyzed on Milo with these subunit-
specific antibodies. This analysis showed a clear upward trend in
the percentage of RBCs with normal hemoglobin production over
time (FIGURE 1). Ultimately, LentiGlobin gene therapy resulted in
nearly pancellular #7872 expression and dramatic reduction in 3°
expression.
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FIGURE 1. Single-Cell Western analysis of red blood cells from patients treated with LentiGlobin BB305 Drug Product.
BATEA expression in RBCs was assessed by Single-Cell Western with Milo using concurrent staining with two antibodies, a
novel antibody specific for f° and the other recognizing both p* and BA™79. Figure adapted with permission from Bonner

etal’



MILO IS MAKING SICKLE CELL
DISEASE HISTORY

With recent breakthroughs in gene therapy to cure sickle cell

disease and other hemoglobinopathies, next-generation analysis
tools are needed to monitor their effect on the blood. By providing
multiplexed protein detection and analysis in single RBCs, Milo
has become an integral part in these new workflows. While
hemoglobin subunit antibodies for FACS analysis are limited,
many antibodies validated by traditional Western blot and other
applications work on Single-Cell Western. In this example, novel
antibodies that distinguish subunits of sickle 3-globin and normal
B-globin were used to monitor normal hemoglobin production
following gene therapy treatment. Because related single cell
immunodetection methods like FACS analyze intact cells, it can
be challenging to label intracellular proteins like hemoglobin. By
contrast, Milo simultaneously lysis ~1000 cells and automatically
separates their contents within minutes, so the entire proteome
of a cell can be captured for detection and analysis. Taken
together, Milo enables unparalleled insight into the efficacy of
gene therapy to cure sickle cell disease in real patients.
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WHERE SCIENCE
INTERSECTS INNOVATION™

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.

For more information visit or contact us at:
Toll-free: 888 607 9692

Tel: 408 510 5500
info@proteinsimple.com
proteinsimple.com
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