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Designing Novel Peptides to Modulate 
the Immune System

Cell to cell recognition occurs through 
the interactions of chemically 
complementary molecules on the 
surfaces of opposite cells. Cell to cell 
recognition is pivotal in a plethora of 
physiological processes. For example, 
it allows embryonic cells to arrange 
themselves into developing tissues, and 
immune cells to ‘sense’ the presence of 
pathogens and signal their destruction. 
The recognition is a biochemical event 
that happens when the receptor on 
one cell binds to a ligand molecule on 
another cell. Ligands often belong to 
a class of biological molecules known 
as glycoproteins, which are proteins to 
which sugars are attached. 

Dr J. Kenneth Hoober, Dr Laura L. Eggink 
and the team at Susavion Biosciences 
developed peptides that mimic the 
action of glycoproteins and have 
the ability to modulate the immune 
system. More specifically, they designed 

peptides that are recognised with high 
affinity by specific receptors on immune 
cells. 

An important upshot of their work 
is that they have identified some 
peptides that can inhibit the growth of 
cancer cells in several animal models 
of cancer. Cancer cells not only evade 
the immune system, they also actively 
suppress it. Susavion’s peptides mimic 
carbohydrate ligands and reactivate the 
immune system, generating a strong 
anti-tumour response. The peptides 
are effective across a range of diseases 
as a monotherapy or in combination 
with other treatments. They exert their 
action at very low concentrations and 
their efficacy is achieved without any 
significant toxicity.

Blocking the Replication of HIV

The team at Susavion Biosciences had 
previously identified several peptide 
sequences that mimic the terminal 
sugars of complex glycans. Peptide 

svH1C, one of the molecules developed 
by the team, was designed to mimic 
the action of sialic acid. Sialic acids 
are derivatives of a sugar with nine 
carbons, known as neuraminic acid 
and are expressed on the surface of 
cells. Glycoproteins that are rich in sialic 
acids bind to a large family of receptors 
known as siglecs (sialic acid-binding 
immunoglobulin-like lectins), which 
have a key role in the maturation of 
immune cells. 

Given the importance of siglecs as 
regulators of the immune system, the 
researchers at Susavion Bioscience 
were intrigued by the possibility that 

GLYCOMIMETIC PEPTIDES 
AS IMMUNE SYSTEM 
ACTIVATORS IN THE 
TREATMENT OF CANCER 
AND VIRAL INFECTIONS

Immune system cells express a number of receptors that bind 
to sugar ligands. This binding initiates the activation of T-cell 
lymphocytes and natural killer cells. Dr J. Kenneth Hoober,  
Dr Laura L. Eggink and the team at Susavion have designed 
peptides that bind to different receptors on immune cells. The 
peptides effectively extend the lives of mice with glioblastoma 
and ovarian cancer, and prevent the replication of viruses in 
the presence of non-neutralising antibodies. The mechanism of 
action of their peptides could inspire the development of effective 
treatments for Covid-19 and other viral infections.
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the design of peptides that mimic sialic 
acids could lead to the synthesis of 
ligands capable of binding siglecs with 
enough affinity to achieve modulation 
of the immune system. 

The team showed that svH1C is not 
constrained by a rigid structure, and 
thus interacts with binding sites from 
a flexible conformation. The peptide 
binds with high avidity to several 
recombinant human siglec receptors. 
Furthermore, subcutaneous, alternate-
day injections of svH1C into mice 
induced several-fold increases in 
populations of several types of immune 
cells in the peritoneum. These results 
confirmed that svH1C mimics sialic 
acids and interacts with cell-surface 
receptors with enough potency to 
induce an immune response even at low 
concentrations. 

More importantly, the team also 
reported that svH1C strongly inhibited 
infection by HIV-1 of peripheral blood 
mononuclear cells (mostly T cells) 
in culture and completely inhibited 
infection in the presence of non-

neutralising antibodies taken from 
the serum of HIV-positive patients. 
The researchers point out that the 
complete inhibition cannot be caused 
by the serum, as in experiments 
where the serum was used on its own 
against HIV, the maximum amount 
of inhibition reached was 30%. They 
suggested instead that the binding of 
low concentrations of svH1C to one or 
more of the siglec receptors stimulated 
antibody-mediated destruction of the 
virus by phagocytosis, the process by 
which immune cells engulf and digest 
bacterial or viral particles.

A Cancer Immunotherapy Strategy

Dendritic and other cells involved 
in the immune system’s first line of 
defence internalise, process and present 
antigens to lymphocytes, initiating the 
proliferation of B- and T-lymphocytes. 
Dendritic cells are equipped with a 
receptor known as CLEC10A (Ca2+-
dependent lectin domain family 10 
member A, CD301), which acts as a 
pathogen-recognition receptor that 
binds structures containing the sugar 

N-acetylgalactosamine (GalNAc). 
CLEC10A has been proposed as a 
target for immunotherapy of cancer, 
a therapeutic strategy that aims to 
increase the immune system’s ability to 
recognise and destroy cancer cells.

Most human tumours display an 
immunosuppressive microenvironment 
that reduces the ability of antigen-
presenting cells to recruit other cells 
in the immune cascade that control 
tumour growth, such as T-lymphocytes 
and natural killer cells. Many cancer 
cells manage to escape the action of 
the immune system by losing the cell-
surface proteins that would normally 
act as tags that trigger an immune 
response. CLEC10A plays an important 
role in the maturation of dendritic 
cells and initiation of an immune 
response, by a cascade that results in 
T-cell activation. This prompted the 
researchers at Susavion to verify the 
hypothesis that a peptide binding to 
the GalNAc-binding site of CLEC10A 
could serve as an activator of immunity 
against cancer.
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Two Promising Tools in the Fight Against Cancer

The Susavion team developed two peptides, named 
as svL4 and sv6D, both resembling the structure of 
N-acetylgalactosamine. The team confirmed through their 
studies that both peptides bound the CLEC10A receptor and 
promoted the recruitment, proliferation and activation of 
several types of immune cells. The strong immune response 
was localised in the peritoneal cavity and this led the team to 
test whether the peptides would be effective in treating cancers 
of peritoneal organs.

They developed binding experiments to evaluate the affinity 
of the two peptides to the receptors and observed that 
they were both able to bind even when present at very low 
concentrations. Of the two peptides, sv6D gave the most 
promising results, significantly extending the life of mice with 
implanted ovarian cancer cells. Peptide sv6D was as effective as 
the chemotherapeutic drug paclitaxel. Additionally, treatment 
with sv6D after paclitaxel further extended survival without 
developing additional toxicity.

On the other hand, svL4 strongly inhibited the growth of 
implanted glioma tumour cells in the brain of mice and 
enhanced survival after a brief, low dose radiation treatment. 
Similarly to that observed with sv6D, no toxicity has been 
detected with svL4. The peptide appears well tolerated and 
effective at very low concentrations.

A Molecular Switch?

Dose-response experiments with svL4 and sv6D revealed 
important aspects of the physiological roles of the receptor 
CLEC10A. Interestingly, low doses of the peptides produced 
an activation of the CLEC10A-mediated immune response. 
Increasing the dose of the peptides caused a peak in activation, 
followed by a steep inhibition of the immune response at 
higher doses of the peptides. These data suggest that the 
CLEC10A receptor might act as a molecular switch that can 
either initiate or block the immune cascade in response to the 
concentration of ligand. 

CLEC10A could be targeted pharmacologically by different 
doses of modulator peptides, depending on the desired 
therapeutic outcome. In the context of immunosuppression, 
low concentration of the peptides would activate the immune 

system, while in the context of inflammation a higher 
concentration of Susavion’s peptides might be desirable.

A Bright Future for Susavion Biosciences

Susavion Biosciences, Inc. is pioneering the development 
of effective drugs based on peptides that work by activating 
the immune system without causing toxicity. The peptides 
in question mimic the sugar chains that bind to receptors 
expressed by immune cells. The scientists at Susavion propose 
that their peptides could be used therapeutically on their own 
or in combination with other treatments. Susavion’s peptides 
activate dendritic cells and macrophages, which are key in 
initiating the concerted action of all the other immune system 
cells. They resemble the action of N-acetylgalactosamine on the 
lectin receptor CLEC10A expressed by dendritic cells. Susavion’s 
approach could be adopted to address the biological problem 
of tumour-induced immune evasion.

The peptide sv6D has excellent potential to become a 
breakthrough product for ovarian cancer, which is among 
the most challenging cancers to treat. Current therapies for 
ovarian cancer are associated with high levels of toxicity. The 
low toxicity of sv6D makes it a promising compound, which will 
improve the survival and the quality of life of ovarian cancer 
patients. Susavion also developed the peptide svH1C as a 
highly specific mimetic of sialic acid. The peptide binds with 
high avidity to siglec receptors. svH1C completely inhibits HIV-1 
replication in cultures of monocytes with serum from HIV-
positive patients. 

In future applications, the team at Susavion hopes to broaden 
the applicability of their approach. The selective modulation 
of CLEC10A receptors and the activation of tumour-specific 
cytotoxic T cells can treat glioma, melanoma and other cancers. 
svL4 and sv6D modulate the response in a dose-dependent 
manner. Interestingly, higher concentrations of the peptides are 
inhibitory towards the immune response, rather than activating 
it. This means that the use of svL4 and sv6D can be adapted 
to other inflammatory diseases. Importantly, the inhibition 
of HIV infection by svH1C, in the presence of non-neutralising 
antibodies, offers a therapeutic avenue to explore in the context 
of viral infections where a pathogen, or vaccine, should not 
induce a neutralising set of antibodies. Such a strategy would 
include – but is not limited to – the development of treatments 
to help meet the global challenge posed by Covid-19.
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