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Intravenous immunoglobulin therapies: Understanding how

and why they work

% What was achieved?

Scientists at Canadian Blood Services have been studying
the underlying biological mechanisms of intravenous
immunoglobulin (1VIg) therapies to better understand who
IVlg works best for and why. Although IVIg was first used
in 1952 to treat patients with immune deficiencies, we still
know little about how it works. Results from this research
can be used to support the development of effective
alternatives to IVIg (Tong et al., 2020).

E:lq How was this achieved?

Immunoglobulin therapies use antibodies to boost the
immune system in patients with immune deficiencies,
fight infections in people with weakened immune
responses, and treat patients with autoimmune diseases
by regulating the immune system. Immunoglobulin that
are administered intravenously are called intravenous
immunoglobulin therapies. IVIlg is made from plasma
collected from thousands of human donors. In Canada,
IVIg is provided to hospitals by Canadian Blood Services.
Demand for immunoglobulin therapies continues to grow
in Canada and around the world.

Varied responses to IVIg among patients suggest
something within the patients’ immune systems may
explain why it works well in some people but not others.
To better understand how IVIg works, our research
network examined how IVIg interacts with patient
immune systems to reduce inflammation in the body.

Researchers from our network discovered that
immunoglobulin therapies cause human macrophages
(a type of activated white blood cell) to produce

large amounts of an anti-inflammatory molecule
called interleukin-10 (IL-10). This IL-10 molecule may
help explain how immunoglobulin therapies reduce
inflammation (Hubbard et al., 2020; Kozicky et al.,
2015, 2018; Kozicky & Sly, 2017) and why they can be
used to treat a wide range of inflammatory disorders.
Researchers also discovered that interleukin-11 (IL-11)
may also contribute to the anti-inflammatory effect
of immunoglobulin therapies. This suggests that
regulating IL-11 may improve the efficacy of 1VIg therapies
(Figueiredo et al., 2014; Lewis et al., 2018).

One of our recent discoveries is that IVIg may work by
regulating a process called trogocytosis. This process
boosts the immune system when immune cells exchange
molecules or membrane fragments (Cruz-Leal etnal.,
2024). Knowing how IVIg acts could lead to the
development of more targeted therapies for
autoimmune diseases. Our research on trogocytosis

was featured on the cover of the February 2024 issue
of Blood, a high-impact, peer-reviewed medical journal.

Importantly, a study from our research network also
uncovered a gene that may explain why people respond
differently to immunoglobulin therapies. The gene they
found has two forms. In people with one form of the
gene, immunoglobulin therapies work well and reduce
inflammation. However, in people with a second form
of the gene, these therapies do not work well. This is
because people with the second form of the gene produce
less IL-10. Sequencing this specific gene in people can
determine who will respond best to IVIg therapies.
Researchers confirmed the predictive model of this
gene using mouse testing in 2019 (Kozicky et al,, 2019).

In another first, our researchers discovered a way to
deliver 1VIg to specific areas of the brain. IVIg usually
has a difficult time crossing the blood-brain barrier, but
this new technique increased the delivery of IVIg into
the hippocampus 39-fold. This discovery may inform
the development of IVIg as a potential treatment for
neurological conditions and diseases such as Alzheimer’s
disease (Dubey et al., 2020).

@/ What was the impact and outcome?

These insights into how IVIg works have made it
possible to develop several potential IVIg replacement
drugs (see our other case study, IVIg Use in Immune
Thrombocytopenia: Preventing Platelet Destruction
and Exploring IVIg Alternatives). The hope is that these
alternatives may reduce the burden on the IVIg supply
and improve patient outcomes.

These findings bring significant benefits to patients
and health-care systems. A personalized approach to
treatment can optimize outcomes for people with various
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immune-related disorders. Knowing that genetic variation
in specific genes has an impact on how patients respond
to IVIg therapies helps identify which patients will respond
best to these therapies and which patients may benefit
more from another treatment option.

There are are also potential economic benefits to IVIg
alternatives. IVIg is costly to manufacture and distribute.
The development of alternative IVIg replacement drugs
could lead to cost savings in health-care systems and
make therapies more accessible to more patients.

Bibliography

Cruz-Leal, Y., Norris, P. A. A, Gil Gonzalez, L., Marjoram, D.,
Wabnitz, H., Shan, Y., & Lazarus, A. H. (2024).
Trogocytosis drives red blood cell antigen loss
in association with antibody-mediated immune
suppression. Blood, 143(9), 807-821.
https://doi.org/10.1182/blood.2023020860

Dubey, S., Heinen, S., Krantic, S., McLaurin, J., Branch, D. R.,
Hynynen, K., & Aubert, I. (2020).
Clinically approved IVIg delivered to the hippocampus
with focused ultrasound promotes neurogenesis in
a model of Alzheimer’s disease. Proceedings of the
National Academy of Sciences of the United States of
America, 117(51), 32691-32700.
https://doi.org/10.1073/pnas.1908658117

Figueiredo, C. A., Drohomyrecky, P. C., McCarthy, S.D,,
Leontyey, D, Ma, X. Z,, Branch, D. R,, & Dunn, S. E. (2014).
Optimal attenuation of experimental autoimmune
encephalomyelitis by intravenous immunoglobulin
requires an intact interleukin-11 receptor. PLOS ONE,

9(7), €101947.
https://doi.org/10.1371/journal.pone.0101947

Hubbard, J. J.,, Pyzik, M., Rath, T., Kozicky, L. K., Sand, K.
M. K., Gandhi, A. K., Grevys, A,, Foss, S., Menzies, S. C,,
Glickman, J. N, Fiebiger, E., Roopenian, D. C., Sandlie,
I, Andersen, J. T., Sly, L. M., Baker, K., & Blumberg, R. S.
(2020).
FcRn is a CD32a coreceptor that determines
susceptibility to IgG immune complex-driven
autoimmunity. Journal of Experimental Medicine,
217(10), e20200359.
https://doi.org/10.1084/jem.20200359

Kozicky, L. K., Menzies, S. C., Hotte, N., Madsen, K. L., & Sly,
L. M. (2019).
Intravenous immunoglobulin (1VIg) or IVIg-treated
macrophages reduce DSS-induced colitis by inducing
macrophage IL-10 production. European Journal of
Immunology, 49(8), 1251-1268.
https://doi.org/10.1002/estus;ji.201848014

Kozicky, L. K., Menzies, S. C., Zhao, Z. Y., Vira, T., Harnden,
K., Safari, K., Del Bel, K. L., Turvey, S. E., & Sly, L. M. (2018).

IVlg and LPS co-stimulation induces IL-10 production
by human monocytes, which is compromised by an Fc
¥RIIA disease-associated gene variant. Frontiers in
Immunology, 9, 2676.
https://doi.org/10.3389/fimmu.2018.02676

Kozicky, L. K., Zhao, Z. Y., Menzies, S. C., Fidanza, M., Reid,
G. S. D., Wilhelmsen, K., Hellman, J., Hotte, N., Madsen, K.
L., &Sly, L. M. (2015).

Intravenous immunoglobulin skews macrophages to
an anti-inflammatory, IL-10-producing activation state.
Journal of Leukocyte Biology, 98(6), 983-994.
https://doi.org/10.1189/jlb.3VMA0315-078R

Kozicky, L. K., & Sly, L. M. (2017).

Assessment of antibody-based drugs effects on murine
bone marrow and peritoneal macrophage activation.
Journal of Visualized Experiments, 130, e56689.
https://doi.org/10.3791/56689

Lewis, B. J. B,, Leontyeyv, D., Neschadim, A, Blacquiere, M.,
& Branch, D. R. (2018).

GM-CSF and IL-4 are not involved in IVIG-mediated
amelioration of ITP in mice: A role for IL-11 cannot be
ruled out. Clinical and Experimental Immunology, 193(3),
293-301. https://doi.org/10.1111/cei.13144

Tong, T. N, Blacquiere, M., Sakac, D., Burke-Murphy, E., Yi,
Q., Callum, J., Cserti-Gazdewich, C., Parmar, N., Shehata,
N., Pavenski, K., Lau, W., Lin, Y., Lieberman, L., Branch, D. R.,
& Pendergrast, J. (2020).

The utility of a monocyte monolayer assay in the
assessment of intravenous immunoglobulin-associated
hemolysis. Transfusion, 60(12), 3010-3018.
https://doi.org/10.1111/trf.16131

Published 2024

Available online at blood.ca/en/research



