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Even though inflammation has long been associated with
neurodegenerative diseases, reducing microglial activation
and cytokine induction has not been a common therapeutic
strategy compared with efforts to reduce amyloid deposition.
The limited success of amyloid-specific antibodies in recent
clinical trials has created interest in alternative strategies
including modulating inflammation in Alzheimer’s disease
(AD) (1). In this issue of PNAS, a treatment with an agonist of
tumor necrosis factor receptor 2 (TNFR2, TNFRSF1B) was
shown to reduce amyloid beta deposition, levels of beta-
secretase 1 (BACE-1) and increase cognition in an animal
model of AD (2). The paper is significant for focusing on the
role of inflammation in AD, demonstrating the marked differ-
ences in the roles of the two receptors for tumor necrosis
factor alpha (TNFα) and revealing the possible importance of
the immune system in AD therapy.

Even though both TNF receptors are stimulated by TNFα,
their cellular distribution, mode of activation, and the biologi-
cal functions they activate vary significantly. TNFR1 is
expressed in virtually all cells, whereas TNFR2 expression is
more limited, being predominant on CD4+ FoxP3+, and
CD8+ regulatory T cells (Tregs), monocytes, granulocytes, and
in the central nervous system (CNS), microglia, astrocytes,
and myelin-producing oligodendrocytes (3). The different
biological outcomes of the receptors are thought to explain
the puzzling fact that anti-TNFα therapy, which inhibits signal-
ing in both receptors, reduces inflammation in rheumatoid
arthritis, Crohn’s disease, and psoriasis but exacerbates the
symptoms of multiple sclerosis (4, 5). Theoretically, the
systemic diseases benefited from blocking TNFR1 signaling
by reducing cytokine levels, whereas in the CNS blocking
TNFR2 increased demyelination and reduced Treg activity,
and its inhibition led to enhancement of the symptoms. The
hypothesis that selective TNFR2 activation will regulate neuro-
inflammation could not be tested effectively until a selective
TNFR2 agonist was developed.

The development of the agonist was not trivial because
even though both TNF receptors are activated by trimers of
TNFα, the form of the activating ligand differs. TNFR1 is acti-
vated predominantly by soluble, proteolytically cleaved
trimers of TNF, while the majority of TNFR2 activation is
induced by cell–cell contact, binding the membrane form of
TNFα (6).

Engineering an effective, TNFR2-selective agonist capable
of binding receptor trimers and cross-linking at least two
aggregated triplets of receptors with a sufficiently long bio-
logical half-life required several iterations, which delayed the
investigation of this promising pathway. The agonist in this
study accomplished selective binding by using linkers to con-
nect three copies of a mutated TNFα sequence previously
shown to be specific for TNFR2 (7). Expressing the linked
trimers fused to the carboxyl terminus of either the heavy or

light chain of an immunoglobulin G1 (IgG1) was sufficient to
bind, cross-link, and fully activate TNFR2 in transfected cells
(Fig. 1 and ref. 8).

Fig. 1. A cartoon ribbon diagram depicting the TNFR2 selective agonist
cross-linking two sets of three TNFR2s (blue) on a cell surface (posts). The
agonist is composed of an IgG1 (red/brown) covalently linked through its
carboxyl termini to triplets of a mutated TNFα (green) selective for TNFR2.
The cartoon was constructed using data in refs. 12 and 13.
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Administration of the selective agonist, either centrally
via implantation of osmotic pumps or systemically, by
intraperitoneal injections to transgenic Aβ-overexpressing
mouse model of AD (J20) reduced amyloid levels, limited
expression of the enzyme central to amyloid formation,
and rescued AD-related cognitive impairments. In addition,
microglial and astrocytes were activated in both routes of
administration, indicating either the drug effectively
crossed the blood–brain barrier or the TNFR2 agonist acti-
vated cells in the periphery and they, or their secreted
products, were responsible for the therapeutic benefit.
The experimental results focus on the importance of
reducing inflammation and underappreciated role of the
immune system in not only AD but the full spectrum of
neurodegenerative diseases. The results also question
whether amyloid fibrils are the basis of inflammation, or
whether amyloid fibrils result from inflammation. This is
not simply a rhetorical question but one central to the
development of effective therapeutics.

This work proves the importance of selective TNFR2 sig-
naling and represents a foundation for the development of
more sophisticated and effective biologics and small mole-
cules capable of stimulating TNFR2 with optimal pharma-
codynamics and pharmacokinetics.

The paper also leads to the question of whether neuroin-
flammation is fundamentally different from systemic inflam-
mation and which of the manifold drugs that limit specific
cytokines will be most effective. Clearly, TNFR2 stimulation
has unique characteristics of stimulating both myelination
and expansion of Tregs, which might be essential in the CNS
and less important systemically. However, other drugs inhib-
iting related signaling pathways also might be effective,
either alone or when coadministered. The latter question is
reminiscent of the state of rheumatology research prior to
the demonstration of value of anti-TNFα and interleukin
6 receptor blockade. For example, Jak inhibitors have been
shown to effective therapeutics in animal model of Parkin-
son’s disease (9). Drugs specific for the nucleotide-binding
oligomerization domain, leucine-rich repeat-containing
protein 3 (NLRP3)/caspase-1 axis (10), TREM2 expressed on
myeloid cells, and cGAS-STING (11) should be tested for
therapeutic activity in AD animal models and in other degen-
erative diseases.

If systemic autoimmune diseases are a guide, there will
be clinical value in many of these approaches and combi-
nations might be optimal treatment for a complex poly-
genic neuroinflammatory diseases such as AD, Parkinson’s,
multiple sclerosis, and amyotrophic lateral sclerosis.
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