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PRODUCT R&D

APOGENIX’S HEX ON TNF
By Lauren Martz, Senior Writer
TNF receptor superfamily members include well-validated 
cancer and immuno-oncology drug targets, but creating high-
potency agonists is made difficult by the molecules’ unique 
mode of ligand binding. Apogenix AG is designing compounds 
that more closely mimic the natural TNF receptor-ligand 
interaction than traditional agonist antibodies, using a new 
technology platform that builds on the company’s core fusion 
protein technology. 
According to David Richards, head of immunology at Apogenix, 
designing a ligand that fits into a TNF receptor’s binding pocket 
isn’t enough to properly activate the receptor. “These are more 
complicated than other ligand-receptor pairs because the 
receptors, although they exist as single proteins, need to form 
trimers to initiate good downstream signaling,” he said. 
In addition, once formed, the receptor trimers need to be 
clustered together to stimulate a high level of signaling, which 
creates an extra level of complexity for drug design.
To replicate the natural trimerization and clustering of the TNF 
receptors, the company created its Hexavalent TNF Superfamily 
Receptor Agonists (HERA) technology, which produces 
agonists that each bind and cluster six receptor molecules for 
any given ligand. To date, Apogenix has used HERA to produce 
ligands for seven different TNF receptors. 
In humans, the TNF superfamily is made up of 19 ligands that 
each target one or more of the 29 receptors in the family. The 
ligands and their receptors are expressed on immune cells 
and tumor cells and are involved in various types of signaling 
pathways ranging from apoptosis to differentiation. Apogenix’s 
lead compound, APG101, is an inhibitor of CD95 ligand. The 
compound is in Phase II for glioblastoma and Phase I for 
myelodysplastic syndrome (MDS).
With the new platform, Apogenix — like most pharmas in the 
field — is primarily focusing on TNF receptors that have a T cell 
co-stimulatory function such as OX40, CD40 and the TRAIL 
receptor. Unlike checkpoint inhibitors such as PD-1 and CTLA4 
that dampen the natural immune response against tumors, co-
stimulatory agents sustain T cell responses against tumors. 
“The TNF receptors are really hot immuno-oncology targets 
since the discovery that activating co-stimulatory receptors are 
important to mounting an immune response against cancer,” 
said Apogenix CEO Thomas Höger. 

At least 27 companies have TNF family receptor agonists in 
clinical development for cancer, and at least seven others have 
agonists in preclinical development (see “Agonistic Families”). 
According to Richards, about half of the target proteins in 
immunotherapy are part of the TNF superfamily, but the 
agonist antibodies targeting TRAIL receptors, GITR and CD40 
have shown lower levels of clinical efficacy than expected. 
“To get an actual downstream signal, you need the receptor 
bound, then you need to cluster a significant number of the 
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INNOVATION STAGE

Product Fusion protein agonists of TNF superfamily 
receptors designed using the Hexavalent 
TNF Superfamily Receptor Agonist (HERA) 
platform

Concept Stimulate T cells to promote antitumor 
immunity using agonists that mimic the 
natural ligand-induced receptor clustering of 
TNF receptor superfamily receptors

Disease Cancer

Competition 1) mAb agonists
2) small molecule activators
3) other fusion proteins
4) cell therapies

Differentiation 1) Mimics endogenous conformation of ligand 
and receptors and thus increases potency
2) Shorter half-life than antibodies for less 
severe autoimmune side effects

Administration IV

Risks 1) Autoimmune side effects
2) Many competitors in later-stage 
development

Development status Preclinical

Patents Patented

Company; lead 
investigator

Apogenix AG

http://www.biocentury.com/companies/apogenix_gmbh
http://www.biocentury.com/products/apg101
http://www.biocentury.com/targets/cd95_ligand
http://www.biocentury.com/targets/ox40
http://www.biocentury.com/targets/cd40
http://www.biocentury.com/targets/pd-1
http://www.biocentury.com/targets/ctla4
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SIX IS BETTER THAN ONE
Apogenix AG has developed a platform for designing fusion protein agonists 
of TNF family receptors that stimulate a high level of receptor signaling by 
replicating the natural receptor-ligand interaction. To optimize the formation 
of signaling complexes, the company’s Hexavalent TNF Superfamily Receptor 
Agonist (HERA) platform technology designs agonists that cluster six target 
receptors.
I. HERA fusion proteins are created by linking two single-chain TNF superfamily 
receptor binding domains (trivalent polypeptides) to the Fc domain of human 
IgG1 (IgG1-Fc). The trivalent polypeptides are each created by linearly linking 
three isolated TNF superfamily receptor binding domains derived from the 
receptor’s ligand, which fold to form a trivalent protein. IgG1-Fc is then used to 
link two of the trivalent proteins together, stabilizing the structure and creating 

six receptor binding domains in a single agonist. 
II. Compared with a standard agonistic mAb, which by nature can bind two 
receptors on its ligand-binding domains, Apogenix’s HERA agonists bind 
the extracellular ligand-binding domains of six TNF receptors. By binding the 
extracellular region of six receptors in a native spatial conformation, HERA 
agonists bring together the intracellular signaling domains of the six receptors 
and signaling proteins to form a signaling complex. The formation of a 
signaling complex drives more potent signaling than the unclustered receptors 
bound by agonist antibodies.
IgG1 - Immunoglobulin G1; TNF - Tumor necrosis factor. Adapted with permission 
from Apogenix AG
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receptors to get a downstream signal. That is what our HERA 
fusion proteins do,” he said.

BIRTH OF A HERA 
While Apogenix’s agonists are still preclinical, the company plans 
to compete with more advanced compounds by stimulating 
a stronger signaling effect in humans. The HERA platform is 
built on the idea that the mAb agonists in development lack 
potency because they fail to cluster the receptors in their natural 
configuration. 

The platform uses a two-step process. First, it designs a single-
chain TNF superfamily (scTNFSF) polypeptide that can recruit 
three receptors to form a trimer. The polypeptide matches the 
receptor binding domain of the natural ligand and contains 
three repeating units that fold to form trivalent protein.
Second, two scTNFSF polypeptides are joined to an inert 
antibody fragment, creating a fusion protein that can cluster six 
receptors together (see “Six Is Better Than One”). 
Höger told BioCentury the concept behind HERA was 
discovered unexpectedly when company researchers were 
characterizing APG101 and wanted to reconstruct the ligand 
for CD95 in a way that captured its natural interaction with 
receptors.
The main challenges were to find a stable conformation 
for the ligand and produce it in high enough quantities for 
preclinical experiments. The researchers found that binding 
the ligand constructs to the human IgG Fc domain not only 
stabilized the structure, but also enabled a higher level of 
receptor clustering.
“Once we overcame these challenges, we started to think about 
how we could use these good receptor ligands, which is how 
HERA was born,” said Höger.

He said Apogenix is using the platform to design TNF receptor 
agonists based on ligands that are involved in enhancing the 
immune and T cell response. 
In 2013, the company published a study in Molecular Cancer 
Therapeutics showing a HERA TRAIL agonist induced 
apoptosis in human cancer cell lines and primary cancer cells, 
and decreased tumor volume in mice with human colon cancer 
xenografts more potently than an agonist antibody for the 
TRAIL receptor TNFRSF10B.
In addition, Apogenix has unpublished data showing monocytes 
treated with HERA CD40 agonists have a higher capacity to 
stimulate T cells than monocytes treated with CD40 agonist 
mAbs.
But the benefits over agonist mAbs go beyond potency and include 
increased versatility and improved safety, said Höger. For example, 
the modular nature of the HERA design allows additional elements 
to be added to the hexavalent agonists, which could be used for 
tumor targeting that could further drive potency. 
Also, in contrast to the hexavalent ligands that can bind six 
receptors in a native spatial conformation, “an antibody, by nature, 
is only bivalent and can only catch two TNF receptors,” said Höger. 
“The receptors must trimerize, however, to be stimulated.” 
Richards noted that one way to increase receptor clustering with 
antibodies is cross-linking, but “then you start getting bigger 
and bigger clusters and aggregates with little control over the 
receptors’ spatial orientation,” which pose greater safety risks than 
the fusion proteins and cause suboptimal receptor activation.
For the fusion proteins, the main risk is that they could 
stimulate an autoimmune response — but that risk is also 
present for competitor compounds, said Richards. “Any 
immunomodulatory therapy that stimulates the immune 
response runs the risk of autoimmune disease. We’ve already 
seen that anti-CTLA4 therapy clearly shows a dramatic risk of 
autoimmune disease as a side effect.”
Richards counts that as another potential advantage of the HERA 
platform. “When you have a more natural ligand signaling in a 
more natural way, you have fewer side effects in theory.” 
He said Apogenix’s CD27 agonists can activate T cells with a 
much smaller dose than reported by Celldex Therapeutics Inc. 
for its agonist mAb varlilumab, and less therapeutic could mean 
fewer side effects. 
He added: “The second safety benefit comes from the shorter 
half-life that our compounds have. With a shorter half-
life than antibodies, there is a limited stimulation period, 
so less opportunity for autoimmune disease. There is less 

“The TNF receptors are really hot 
immuno-oncology targets since 
the discovery that activating co-
stimulatory receptors are important 
to mounting an immune response 
against cancer.”
Thomas Höger, Apogenix

http://www.biocentury.com/products/apg101
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opportunity for self-reactive T cells to be influenced by our 
compounds.”

STARTING WITH SEVEN
Apogenix has disclosed HERA agonists for HVEM, OX40, 
GITR and 4-1BB in addition to CD40, CD27 and the TRAIL 
receptor. The TRAIL program is partnered with AbbVie Inc. 
Höger told BioCentury that Apogenix is open to additional 
licensing deals and partnerships for its HERA agonists, but the 
company might also develop some of the compounds in-house.
While the company is focusing on single-agent development now, it 
is likely to test its compounds later in combination with other cancer 
immunotherapies — the main limit presently being bandwidth.
“We have seven HERA agonists in preclinical development. 
If you think about combining them with, for example,  PD-1, 
PD-L1, CTLA4 and CD95 ligand blockers, this makes a great 
amount of experiments we are conducting,” said Höger.
“Over the last 12 months, we assessed all TNF family ligands,” 
he said. “Now we’re in the process of purifying the different 
molecules to perform in vivo experiments and assessing half-life, 
PK, toxicity and biologic effects in relevant mouse models. We are 
in a stage where we have a constant flow of information because 
we are working on these seven different molecules at once.”
He noted that one way to expand its research activities would be 
via academic collaborations. 

Höger declined to disclose development details or timelines 
for its HERA programs, but said the first focus is on CD27 and 
CD40. 

COMPANIES AND INSTITUTIONS MENTIONED

AbbVie Inc. (NYSE:ABBV), Chicago, Ill.

Apogenix AG, Heidelberg, Germany

Celldex Therapeutics Inc. (NASDAQ:CLDX), Needham, Mass.

TARGETS AND COMPOUNDS

4-1BB (TNFRSF9; CD137) - Tumor necrosis factor receptor superfamily member 9

CD95 - Fas receptor

CTLA4 (CD152) - Cytotoxic T-lymphocyte associated protein 4

GITR (TNFRSF18) - Glucocorticoid-induced tumor necrosis factor receptor-related protein

HVEM (TNFRSF14; LIGHTR) - Tumor necrosis factor receptor superfamily member 14

OX40 (TNFRSF4; CD134) - Tumor necrosis factor receptor superfamily member 4

PD-1 (PDCD1; CD279) - Programmed cell death 1

PD-L1 (B7-H1; CD274) - Programmed cell death 1 ligand 1

TNF - Tumor necrosis factor

TNFRSF10B (DR5; TRAILR2; CD262) - Tumor necrosis factor receptor superfamily member 10b

TRAIL - Tumor necrosis factor-related apoptosis-inducing ligand 

Varlilumab (CDX-1127)
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