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Partial loss-of-function variants in the TREM2 immune
receptor are associated with increased risk for Alzheimer’s dis-
ease (AD) and other forms of neurodegenerative disease, but the
molecular bases for these connections are unknown. Three new
structures of WT and R47H mutant TREM2 immunoglobulin-
like (Ig-like) domain now reveal that R47 functions to correctly
position elements of the ligand-binding surface. Intriguingly,
the authors also demonstrate a disruption of receptor oligomer-
ization by the R47H mutation, suggesting a role for ligand-
induced clustering in receptor signaling and resultant plaque
clearance.

Alzheimer’s disease (AD)2 is a devastating neurodegenera-
tive disease with high economic cost and societal burden asso-
ciated with the care of patients. Early genetic studies into AD
uncovered variants in several genes involved in the production
of �-amyloid (A�) peptide, leading to the formulation of the
amyloid hypothesis: Extracellular deposits of A� are neurotoxic
and are the underlying cause of the disease. However, more
recent genome-wide association studies and whole genome
sequencing approaches have uncovered several additional
genes that modulate risk for AD, including a number function-
ing within the immune system, such as TREM2, CR1, and CD33
(1). In particular, the R47H variant of TREM2 is associated with
a 3–5-fold increased risk for late-onset AD (2, 3). These genetic
insights, together with functional experiments, have led to
the hypothesis that AD is partially a disease of dysregulation
of the immune system. However, the mechanisms linking
immune system dysfunction to disease progression remain
poorly characterized.

TREM2 is an immune receptor expressed on myeloid lineage
cells, including the brain-resident microglia that constantly
scavenge the brain, looking for and removing plaques and dam-
aged cells. TREM2 forms a signaling complex with the adaptor
protein DAP12 and is activated by ligand binding, which initi-
ates phagocytosis. The extracellular region of the receptor con-
tains a single V-set Ig-like domain, similar to an antibody-vari-
able domain, on whose surface most AD-associated variants
map (4). Data from the past 5 years indicate that TREM2 func-

tions as a rather promiscuous pattern recognition receptor,
binding to a range of targets, including membrane phospholip-
ids (5), apoE, and A� itself (6), and that R47H TREM2 binds
with lower affinity than does WT. Initial studies in TREM2 KO
mice gave conflicting results, suggesting either beneficial (5) or
detrimental effects of TREM2 expression in AD models, likely
due to the idiosyncrasies of the models and ages of the mice
studied. Over the past year, more convincing studies have used
humanized or murine TREM2 WT and R47H mice to demon-
strate a protective role for TREM2 (7–9). WT TREM2 appears
critical for microglial modulation into a more phagocytic state,
able to ameliorate AD via clearance of amyloid plaques and
neuronal debris. One study also demonstrated that WT, but not
R47H, TREM2 Ig-like domain shed from microglia in a soluble
form is able to decorate the surfaces of amyloid plaques and
neurons (8), although the function of these interactions is
unclear. That TREM2 performs a critical role in regulating
microglial activation is clear. However, the precise mechanisms
leading to loss-of-function in R47H TREM2 and the functional
consequences at the molecular level remain poorly defined.

In their study, Sudom et al. (10) have sought to answer some
of these questions via a structural and biophysical analysis of
the Ig-like domain. A previous publication (4) determined a
structure for WT TREM2 at low resolution, defining the overall
fold. Here, Sudom et al. (10) have determined structures for
WT and R47H TREM2 and a ligand-bound complex, revealing
substantial further insights into the impact of the R47H muta-
tion on both structure and function. The authors screened sev-
eral expression systems and constructs with differing termini
and glycosylation site mutations, indicating the challenges of
crystallizing this protein. WT TREM2 was expressed in mam-
malian HEK293-S cells, whereas the R47H protein was refolded
following expression in an insoluble form in Escherichia coli.
Overall, the WT and R47H structures are highly similar, con-
forming to the expected fold for a V-set Ig-like domain. By
analogy with antibody-variable domains, the TREM2 domain
possesses three complementarity-determining region (CDR)
loops, and it is in the CDR2 loop that a striking difference is
observed: The loop remodels from an irregular conformation in
the WT structure to a short helix in the R47H structure (Fig. 1).
This alteration can be directly explained by the set of interac-
tions that the residue at position 47 in the neighboring CDR1
loop makes with residues in the CDR2 loop. Arg47 extends out
from CDR1 toward CDR2 and makes several hydrogen bonds
to residues in CDR2, acting to stabilize the conformation of this
loop. In contrast, the side-chain of His47 is unable to make the
same set of contacts, and, as a result, the R47H CDR2 loop
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swings out into a different conformation. The R47H CDR2 loop
and surrounding regions of the structure display increased
B-factors, suggesting increased flexibility, and the authors go
on to show that this flexibility correlates with a reduced thermal
stability in vitro and furthermore with a reduction in soluble
TREM2 levels in a R47H TREM2 CRISPR/Cas9 gene-edited
mouse.

The previous publication describing a lower resolution WT
TREM2 structure introduced the concept of a positive ligand-
interacting surface (PLIS) on one face of TREM2 (4), including
contributions from the CDR1 and CDR2 loops, capable of
interaction with a range of anionic ligands. Sudom et al. (10)
show that the R47H-driven disruption of CDR2 leads to a
reduction of the surface area and net charge of the PLIS. This
results in R47H TREM2 exhibiting reduced binding to phos-
phatidylserine (PS) and reduced signaling upon stimulation by
PS in a reporter cell line. The authors also provide significant
new insight into the nature of ligand binding through the
observation of a hexameric arrangement of WT (but not
R47H) TREM2 in the crystal structure. Although the inter-
action surface areas are not extensive, the authors were able
to demonstrate that addition of PS induces a ligand-driven
oligomerization of the WT protein in solution as observed by
light-scattering measurements. To further investigate the
interaction of PS with WT TREM2, the structure of the com-
plex was determined. Three PS molecules were located per hex-
amer, with each binding primarily to a single protomer, but
with additional contacts to a neighboring protomer, explaining
the ligand-induced oligomerization. The negatively charged
head group of PS interacts with several positively charged side
chains, particularly in the CDR2 loop.

The structural basis for the effects of the R47H mutation on
TREM2 function reported by Sudom et al. (10) dovetails nicely
with recent functional data indicating that overexpression of
WT TREM2 in transgenic mouse models can boost amyloid
plaque clearance (7) and shows that the field may be approach-
ing a consensus on the function of TREM2 in the context of AD.
That is, activation of TREM2 drives a phagocytic microglial
response enabling clearance of amyloid plaques and associated

debris. Several other mutations associated with AD, such as
R62H, also map to the PLIS described in the paper and likely
lead to a similar disruption of this surface and consequent
effects on stability and ligand binding. TREM2 binds a range of
ligands, including the recently reported A� (6), and the meth-
ods reported by Sudom et al. (10) may provide the basis for
structural studies of complexes with these ligands. The possi-
bility of ligand-induced clustering of TREM2 is intriguing, and
future studies should look to confirm this finding and explore
its functional consequences. The big question facing the field
now is if therapeutic activation of endogenous TREM2 or over-
expression in vivo of WT TREM2 can form a viable basis for
treatment or prevention of AD.
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Figure 1. TREM2 R47H mutation disrupts ligand-binding CDR2 loop.
Shown is an image of superimposed WT (gray) and R47H (pink) TREM2 Ig-like
V-set domains. The stabilizing interactions (yellow dashes) made between
Arg47 in CDR1 and residues in CDR2 (indicated in stick format) are shown.
Mutation of Arg47 to histidine removes these interactions, causing CDR2 to
alter to a partially helical conformation.
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