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SUMMARY

Neurodegenerative disorders including Alzheimer's disease (AD) are associated with
microgliosis. Microglia have long been considered to play detrimental roles in promoting the
disease. However, functional analyses of genes encoding risk factors, which are linked to late
onset AD and enriched or even exclusively expressed in microglia, revealed unexpected
protective functions. One of the major risk genes is TREM2. TREM? risk variants turned out
to be loss-of-function mutations affecting chemotaxis, phagocytosis, lipid and energy
metabolism, as well as survival and proliferation. Agonistic anti-TREM2 antibodies have been
developed to boost these protective functions in patients with intact TREM2 alleles. Several
anti-TREM2 antibodies are in early clinical trials, and current efforts aim to achieve more
efficient transport across the blood brain barrier. TSPO-PET and FDG-PET may be used to
monitor target engagement. Data from animal models and biomarker studies in patients

further support a rationale for boosting TREM2 functions during the pre-symptomatic phase.



INTRODUCTION

Genome wide association studies have identified risk variants for late-onset AD (LOAD) in a
number of genes, which are selectively expressed in microglia but not in other brain cells
including neurons *. Among these genes, functional analyses of LOAD associated variants of
TREM2 have allowed researchers to gain unexpected insights into microglia function and

dysfunction 23,

TREMZ2 is predominantly expressed as a type-1 transmembrane protein, and it is targeted to
the plasma membrane together with its co-receptor DAP12. The protein has been shown to
bind to APOE4, which is well known as the major risk factor for developing LOAD 4. However,
the significance of this interaction for the increased risk of APOE4 carriers to develop LOAD is

currently unclear.

In this Review, we discuss evidence for TREM2 agonism as a mechanism to therapeutically
stimulate protective TREM2 signaling. We describe the mechanisms whereby agonistic
antibodies modify disease development in animal models, address potentially problematic
interference with vital functions in peripheral myeloid cells, and present data from early
clinical trials and biomarker studies. Finally, based on the proposal that microglia are integral
components of the amyloid cascade >, we will discuss combinatorial disease modifying
strategies using amyloid lowering antibodies together with microglial modulating agonists.
Other therapeutic approaches to modulating microglial function in AD have been extensively

reviewed elsewhere 2.

TREM2 agonism for disease modification

TREM2 is a key player in regulation of microglial responses to pathological challenges (Panel
1; Figure 1). Mouse models strongly suggest a protective role for microglial Trem2 in the
context of amyloid, as well as amyloid-induced tau pathology (Panel 2). Emerging data in
humans also support protective functions of TREM2. Importantly, identification of a protective
AD variant in the PLCG2 gene, which activates the TREM2 signaling pathway in microglia,
clearly argued in favor of TREM2 agonism in the context of AD3!. These insights thus
stimulated many researchers to explore therapeutic approaches centered around activating

TREM2 with the goal of boosting beneficial microglial functions in AD patients with intact
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TREM?2 alleles or loss of function associated AD risk variants. In particular, monoclonal
agonistic anti-Trem2 antibodies (Table 1) have been developed to enhance protective Trem2
signaling in mouse microglia 2. Antibody 4D9 was the first antibody that successfully showed
a reduction of the halo of amyloid plaques in a mouse model for amyloidosis 1. This antibody
was developed based on the finding that shedding of TREM2 terminates cell-autonomous
signaling 4° (Figure 2A). Antibody 4D9 was shown to bind full-length Trem2 on the cell surface
with high affinity and to inhibit its proteolytic cleavage in a dose-dependent manner. The
antibody binds to an epitope 12 amino acids N-terminal of the cleavage site, activates
downstream Syk signaling, and strongly increases survival of murine macrophages (Figure 3A;
Table 1). Importantly, a monovalent Fab version of 4D9 failed to elicit Syk signaling suggesting
that Trem2 receptor cross-linking is required for activation . In line with that, independent
studies employing ALOO2c and ALO02a, human and mouse specific versions of an anti-TREM?2
agonistic antibody (Table 1), confirmed that TREM2 activation leads to amelioration of Af
pathology in vivo 3233, These studies, therefore, provided early support for further pursuing
this innovative translational approach. Other studies further confirmed a reduction of the
amyloid burden 3*3%, Furthermore, antibody treatment led to enhanced clustering of microglia
around amyloid plaques3*36:38, Strikingly, antibody treatment was also consistently shown to
lead to cognitive improvement in mouse models 323436, Altogether, there is now strong
evidence from several laboratories that collectively suggest encouraging therapeutic effects
of boosting TREM2 signaling in preclinical models. In apparent contrast to these promising
reports, one study demonstrated that engineering a less cleavable Trem2 mutant, which
enhances levels of cell surface Trem2 and should therefore constitutively activate
downstream signaling leads to enhanced amyloid deposition at an early disease stage. This is
particularly surprising, since, similar to the agonistic antibodies described above, less
cleavable Trem2 stimulated survival of macrophages as well as clustering of microglia around

amyloid plaques #

. Importantly, the less cleavable Trem2 model implies constitutively
enhanced Trem2 signaling throughout life while Trem2 activation via monoclonal antibodies
occurs in a pulsatile fashion during the phase of amyloid deposition making these two
different approaches only partially comparable. These findings suggest, however, that
antibody-mediated Trem2 agonism may have to be finely tuned to achieve the desired

outcome.



The beneficial effects of therapeutic anti-Trem2 antibodies in mouse models of amyloidosis
raise the question whether the antibody modulates microglial cell states. Several scRNA-seq
analyses in amyloid mouse models show that a single dose of a TREM2 agonist most
prominently upregulates microglial gene modules related to metabolism and
proliferation3%3>39, This is in line with previous findings showing that agonistic antibodies
collectively increase microglial proliferation ? (Table 1) and glucose uptake 3. Further studies
are required to understand how microglial transcriptomic signatures change upon chronic
anti-Trem2 antibody administration, since this scenario will more closely model therapeutic
treatment in a clinical setting. Altogether, these emerging data indicate a promising
therapeutic potential for TREM2 modulation via monoclonal antibodies, providing a clear
rationale for further exploration in the clinic.

A longstanding challenge in neurologic diseases, however, has been that systemic antibody
administration requires very high doses to achieve therapeutically relevant antibody
concentrations in the brain. Typically, only about 0.1% of an administered antibody crosses
the blood brain barrier (BBB) and enters the brain parenchyma #3. The vast majority of
administered antibodies consequently remains in the periphery which in the case of TREM2
might be relevant since it is now well documented that TREM2 is expressed in a number of
peripheral tissues where agonistic effects of anti-TREM2 antibodies might have deleterious
consequences (see below). Therefore, efforts are on the way to enhance antibody transcytosis
across the blood-brain-barrier via a brain shuttle system #3-46 involving engineered antibodies
containing a transferrin receptor (TfR) binding site (Figure 3B). Upon binding to TfR the
modified antibodies are internalized by endothelial cells, likely released in the acidic
environment of the endosomal pathway, and secreted on the other side of the BBB into the
brain parenchyma. The engineered antibodies thus not only allow to increase brain
penetrance, but also allow to substantially lower antibody doses to be administered.
Independent studies have shown that either coupling the Fc part of the antibody with a
monovalent TfR-binding scFv 3437 or adding a TfR binding site to the Fc part of the antibody
(ATV:TREM2 (DNL919); ATV: antibody transport vehicle; Figure 3B) dramatically enhances
antibody uptake by an order of magnitude 36373945 As a consequence, enhanced amelioration
of amyloid pathology in mice treated with TfR-bound antibodies compared to those treated
with conventional antibodies has been reported 3. Furthermore, a single dose of ATV:TREM?2

longitudinally increased microglial activation and glucose uptake as measured by TSPO- and
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FDG-PET imaging 3°. This also suggests a possibility of TSPO- and FDG-PET imaging to be used
as a biomarker for target engagement in clinical trials (summarized below). The
biodistribution of ATV:TREM2 depends on tissue expression of TfR rather than TREM2
expression. High levels of antibody binding were accordingly detected in spleen, bone
marrow, plasma, lung, and brain. Nevertheless, no histopathological abnormalities were
observed, suggesting that the modified antibodies are well tolerated, although they do not
only accumulate within the brain 3°.

A crucial aspect in further exploring TREM2 agonism in the context of AD will be to evaluate
its effect on amyloid-induced tau pathology (see Panel 2). Surprisingly, although various
studies examining Trem2 deficiency in mouse models for amyloid and tau pathology suggest
that Trem2 limits seeding and spreading of amyloid-induced tau pathology 2628, it was
reported that chronic AL0OO2a treatment enhances seeding and spreading of phospho-tau as
well as neuritic dystrophy suggesting it may even worsen cognitive performance 38, This
indicates a need for further studies to address the complexity of different stages of AD-related
pathology, particularly in regard to the timing of therapeutic anti-TREM2 antibody treatment
47_

A close comparison of currently published therapeutic anti-Trem2 antibodies suggests that
they act via similar mechanisms, namely by prevention of shedding, crosslinking of cell-surface
Trem2, and stimulating similar protective functions via Syk signaling (Table 1) 11.34-37,3948
Antibody-mediated cross-linking of Trem2 on the cell surface is essential for activation of Syk
signaling as shown by both absence of activation by monovalent antibody versions 1+3>3% and
enhanced signaling when employing tetravalent antibodies 3637, In addition, several of these
antibodies share a similar epitope 3%, which is located N-terminal in the immediate vicinity
of the cleavage site #>->! (Figure 3A), indicating that these agonistic antibodies promote TREM?2
signaling via steric hindrance of ADAM10/17 cleavage of cell surface located signaling
competent TREM2. Similar binding sites of independently screened therapeutic antibodies
and their similar mechanisms of action suggest that indeed most if not all currently known
agonistic antibodies utilize the same signaling pathway to promote protective activities.
However, the binding site N-terminal of the cleavage site also implies that agonistic antibodies
not only bind to cell surface full-length TREM2, but also to sTREM2. The functional
consequences of antibody binding to sTREM2 are not yet entirely clear but there is

accumulating evidence that sTREM2 inhibits amyloid fibrillization in vitro >>°*. In addition,
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STREM2 has been reported to ameliorate amyloid pathology in an animal model, albeit at very
high non-physiological concentrations warranting independent confirmation >°. Furthermore,
it has been reported that STREM2 binds to neurons indicating that sSTREM2 may have a non-
cell autonomous function °®. In future studies, it will therefore be important to address the
roles of STREM2 in health and disease in much more detail since this has direct implications
for therapeutic TREM2 modulation as we outline below.

Concerns were also raised that agonistic antibodies may over-activate microglia and drive
them into a dead end of hyperactivation with no return to a homeostatic state. However,
microglia can apparently switch dynamically between homeostatic and disease associated
states °’. These findings may therefore indicate a wider therapeutic window of anti-TREM2
antibodies, than originally anticipated.

Importantly, one also has to consider the consequences of TREM2 stimulation in the
periphery. Inthat regard, the well documented immunosuppressive role of TREM2 expressing
tumor associated macrophages (TAMs) in the tumor microenvironment (TME) of various types
of cancer may be concerning . In line with these findings, treatment with an antagonistic anti-
Trem2 antibody °%°° or Trem2 ablation > both lead to disease amelioration in certain mouse
models of cancer. Further animal studies are therefore required to prove safety of agonistic
anti-TREM2 antibodies.

Finally, abnormal synaptic pruning upon chronic treatment with TREM2 agonists must be
investigated, since this mechanism has been shown to affect memory function in mouse

models and AD patients (see Panel 1) 6%,

Protective TREM2 functions in humans: from genetics to biomarker-based clinical studies

The above-described findings clearly support protective effects of TREM2 agonism in model
systems. But what about protective functions in humans? TREM2 loss-of-function variants
have been related to atypical AD phenotypes, such as non-amnestic syndromes and faster
disease progression.®?%° In line with that, AD cases carrying TREM2 risk variants also showed
a different plague morphology with less APOE and a higher burden of tau tangle deposition
with an atypical relative preservation of hippocampal regions compared to neocortical
regions®%568 sypporting protective TREM2 functions on AD pathology. Predicted risk
nonsynonymous single nucleotide polymorphisms (nsSNPs) within the V-type Ig-like

ectodomain of TREM2 (Figure 2A) have been found to cause dysfunction, supporting a
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relevant role of ligand binding for the protective functions attributed to TREM2-dependent
activated microglia.®® Additionally, mRNA transcripts of at least four TREM2 isoforms
(ENST0O0000373113, TREM2Ae2, ENST00000338469, and ENST00000373122), the last three
coming from alternative splicing, have been described specifically in human brain’®’>, The
most abundant isoform ENSTO0000373113 is the canonical full-length TREM2 protein (Figure
2A). Isoforms ENST00000338469 and ENSTO0000373122 are proposed to be directly secreted
soluble forms (i.e. alternative sTREM2 forms), potentially detectable in biological fluids,”*
while isoform TREM2Ae2 lacks exon 2, possibly producing a non-functional TREM2 receptor
72,7375 (Figure 2B). The last three isoforms are proposed to be possible modulators of full-
length TREM?2 activation pathways.”*’4 The impact of alternative splicing on TREM2 functions
has also been pointed out by another study that predicts 10 low-frequency AD risk variants by
a splicing-guided aggregation approach to affect splicing regulatory elements and potentially
facilitate exon 2 skipping.”> Importantly, agonistic TREM2 antibodies may bind to these four
described isoforms of TREM2 (Figure 2 and Figure 3A) and thus affect their potential biological
activities. This may indeed be relevant as both sSTREM2 as generated by cleavage of full-length
TREM2 and the two alternative soluble TREM2 isoforms have been shown to reduce synaptic
plasticity in mouse brain slices’®. Since in mice only one naturally occurring alternative isoform
has been described it will only be possible to rigorously evaluate such effects in humans.

CSF sTREM2 has been widely investigated as a biomarker for TREM2 function and microglia
activity in human cohorts. CSF sTREM2 levels represent mostly the soluble fragment released
after cleavage of full-length TREM2 on the cell surface, with a possible small contribution of
the other soluble isoforms (Figure 2).”* Until now, only two studies specifically reported levels
of sSTREM2 derived from cleavage using a neo-epitope specific antibody (1H3) that does not
detect other soluble isoforms.””” Thus, this assay exclusively detects sSTREM2 derived from
shedding of cell surface located, signaling competent TREM2. Regarding the AD continuum,
most cross-sectional studies have shown increased levels of sSTREM2 in early AD stages
compared to healthy individuals, starting in the preclinical phase, with a maximum in the
prodromal AD group and smaller differences in later clinical stages.”®’° In sporadic late onset
AD, two cross-sectional studies based on independent cohorts showed decreased levels of
STREM2 compared to controls in cognitively normal participants with CSF biomarkers
suggestive of amyloid deposition, but normal tau-related markers.8%8! However, the proposed

early decrease in sporadic AD has not been found in autosomal dominant AD, where an
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extremely early increase of STREM2 up to 21 years before expected symptom onset has been
reported in carriers of pathogenic mutations compared to non-carriers.”’ This elevation was
observed immediately after the first changes in biomarkers representing amyloid
accumulation and deposition and before changes in CSF tau-related markers, in line with a
very early response of microglia to AP pathology, already reported in mouse models, where
TREM2 related protective activities of microglia restrict amyloid seeding.”’¢®82 This finding
also has direct consequences for the timing of therapeutic approaches using TREM?2 agonists,
as it indicates that they must be initiated as early as possible (Figure 4).

Despite the increased levels of STREM2 found early in AD development, sSTREM2 is not a valid
diagnostic marker for AD since there is a large inter-individual variation of baseline STREM2
levels which generates a wide range of sTREM2 values within the same diagnostic group and,
therefore, a considerable overlap regarding sTREM2 levels between these groups.
Nevertheless, sSTREM2 can be used to study TREM2 related protective functions during the
development of AD. Regarding AD pathology, there is a well-established correlation between
STREM2 and CSF tau-related markers in cross-sectional studies.”*## In autosomal-dominant
AD, lower levels of ABia2 and APi-a2/ABi-a0 in CSF at baseline were the most important
predictor of STREM2 longitudinal elevation in CSF in carriers of pathogenic mutations, while
tau-related markers showed no relationship with longitudinal changes in sSTREM2.7” Further
supporting the relationship between sSTREM2 and AP} biomarkers, a later study reported cross-
sectional associations between CSF levels of sTREM2 and different AB species in CSF
(truncated APBx-40, ABx-42, AB1-40 and AP13g) in two independent sporadic LOAD cohorts. The
same study also showed that ABx.40 levels independently explained 21.2% of sSTREM2 variance
in CSF.2* Regarding the influence of TREM2 on the development of amyloid pathology in AD,
higher longitudinal increases of STREM2 levels in CSF have been related to a slower decrease
in CSF AB142 (indicating AP deposition within the brain) in presymptomatic autosomal
dominant AD cases and slower increase in the PiB-PET signal in the symptomatic phase
suggesting a possible biphasic function of TREM2 limiting amyloid pathology’’, in line with
findings in mouse models %08, Two independent studies focused on sporadic late-onset AD
also showed that higher baseline levels of CSF sTREM2 were associated with lower rates of
increase in amyloid-PET signal®®#” further supporting TREM2-dependent protective functions

on amyloid pathology.



Beyond the well-established correlation between sTREM2 and tau-related markers in CSF, the
biological relationship between TREM2 and tau pathology in AD, extracted from biomarker-
based studies, remains controversial, mirroring findings in disease models. Faster
hippocampal atrophy has been associated with higher sSTREM2 CSF levels at baseline in
cognitively normal adults with abnormal tau-related markers independently of AB-related
markers, pointing to a relationship between TREM2 dependent microglial activation and a
worse neuroimaging outcome related to AB-independent tau pathology.®® Network analysis
based on tau ([®F]MK-6240) and microglial activation ([**C]PBR28 -TSPO-) PET imaging studies
from aging and AD-continuum participants reported a hierarchical correlation between tau-
and TSPO-PET signals along Braak-like stages, supporting a role of activated microglia in the
spreading of tau-pathology.®° These findings contrast with the higher burden of tau pathology
and its atypical distribution found in neuropathology in AD cases carrying loss-of-function
TREM?2 genetic variants.5%67.68 Additionally, in autosomal-dominant AD, higher longitudinal
increases in sSTREM2 were found to ameliorate the increase in CSF p-tau related to the increase
of amyloid-PET signal in presymptomatic participants.”” Higher baseline levels of sSTREM2 were
also related to a slower tau deposition as measured by tau-PET in pre-demented individuals
with biomarker evidence of amyloid and tau deposition.?” Both these studies further support
the protective effect of TREM2 activation on AB-dependent tau pathology in AD.””/87

Longitudinal studies in sporadic late-onset AD have related higher levels of sSTREM2 at baseline
to a slower hippocampal atrophy and better cognitive progression during early clinical phases,
together with a lower rate of MCl-to-dementia conversion.’®?? During the presymptomatic
phase of autosomal-dominant AD, higher rates of sSTREM2 increase in CSF strongly correlated
with a slower cognitive decline together with a moderately slower cortical shrinkage in the
precuneus.’’ Additionally, variants in the MS4A gene cluster related to higher sSTREM2 levels
in the CSF were also associated with a lower AD risk and a later symptom onset in cases with
cognitive decline.”® Nevertheless, one study reported differential effects of STREM2 levels in
CSF at baseline on the neuroimaging outcome (grey and white matter volume changes and
mean diffusivity variation) of cognitively normal adults (57 to 78 years old) depending on age,
with a beneficial effect of higher sSTREM2 in younger participants and a detrimental effect in
older participants.®* Some studies based on cross-sectional data also argue for a detrimental
effect of TREM2 activation in AD based on correlations between sTREM2 levels in CSF and
different markers of disease progression, such as MMSE scores, white matter hyperintensities
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or cortical thickness.8%°> However, these cross-sectional associations might only represent the

increase of sSTREM2 as a marker of microglial response to pathology along AD development.

Taken together, studies based on human cohorts show a rather consistent beneficial effect of
high sSTREM2 levels in CSF on the development of AB pathology (Figure 4). Most studies also
indicate a benefit of high levels of sSTREM2 on neuroimaging biomarkers and cognition in early
AD phases, while studies focused on the relationship between sTREM2 and tau-related
pathology in AD are still controversial. This suggests that the possible protective TREM2
functions in AD may depend on disease stage. During the initial stages, when amyloid
deposition is the main pathological event, boosting TREM2 functions may have the highest
beneficial effect on disease progression (Figure 4). Then, in later stages, when tau-related
pathology is more prominent, the protective role of TREM2 would be less evident or even

absent.

Clinical trials using TREM2 agonists and clinical perspectives

Until today, data on TREM2 boosting therapies derived from clinical studies are very limited.
Results from only one phase 1 clinical trial have been published so far, showing that the TREM2
agonist antibody ALOO2 is safe and well-tolerated in 69 participants comprising healthy adults
and AD patients.?? A second phase 2 study assessing the efficacy of the same antibody in MCI
and mild dementia due to AD is currently ongoing (ClinicalTrials.gov identifier: NCT04592874).
The independently developed human agonistic anti-TREM2 antibody DNL919 3° is currently
being tested for safety and tolerability in healthy adults (Table 2), and results are expected in

the next two years.

In this context, considering the results from clinical studies focused on CSF sTREM2 will be
crucial for an appropriate design of future phase 2 and 3 clinical trials. Biomarker-based
studies suggest that the beneficial role of TREM2 is most likely disease stage-dependent,
therefore, the outcome obtained after treatment initiated in different phases of the disease
might differ substantially. Several studies have shown that a higher increase of STREM2, as a
biomarker of TREM2 activity, is associated with better clinical outcome specifically during
early AD phases.””®! Consequently, therapies aimed to enhance TREM2 functions should be

tested first in early AD phases, including the presymptomatic stage where seeding of amyloid

11



is initiated. In fact, accounting for the suggested close relationship with AB pathology,
boosting TREM2 activation during the presymptomatic phase of AD could be the most
effective approach to obtain the highest clinical benefit, which is line with TREM2 dependent
clearance of seeds in mouse models %682, TREM2 boosting therapies should be considered to
be initiated in at least three clinical groups reflecting different stages of AD: in cognitively
normal individuals with abnormal AB markers, but normal tau-related markers (A*/T); in
cognitively normal individuals with abnormality of both AB and tau-related markers (A*/T%),
and in individuals with MCI and biomarker evidence of underlying AD pathology (Figure 4).
Considering the conflicting results regarding the relationship between TREM2 activation and
tau-related pathology both in biomarker-based clinical studies and animal models 3889,
initiation of TREM2 agonist treatments in later stages may not be favored.

In that regard, sTREM2 could also be useful as a stratification marker for TREM2 boosting
therapies. Based on the above-described findings that increased sTREM2 levels associate with
beneficial outcomes, we propose that specifically patients with low sSTREM2 levels at baseline
should be treated with TREM2 agonists.

Unfortunately, sSTREM2 levels cannot be used as a biomarker for target engagement. Although
several agonistic antibodies reportedly reduce TREM2 shedding, these antibodies all bind to
an epitope N-terminal of the cleavage site and may therefore stabilize the remaining sTREM2
11,39 Fyrthermore, detection of CSF sTREM2 derived from alternative splicing could make
interpretations difficult 774, Although TSPO-PET does not reflect selectively TREM2-activated
microglia, some studies have found a correlation between sTREM2 levels and the TSPO signal
in neurodegenerative diseases3*788, which suggests TSPO-PET as a possible tool to assess
target engagement during TREM2 boosting therapies. Studies in both mouse models and
human cohorts have reported a correlation between microglial activation, as measured by
STREM2 levels and TSPO-PET, and FDG-PET tracer uptake, pointing to a possible use of FDG-
PET as an additional biomarker for microglial activation,?®> with the advantage of being a
functional neuroimaging tool broadly used in the clinical practice.

The recently approved anti-amyloid drug Lecanemab®’ and similar antibodies, which are
currently tested, additionally opens new perspectives regarding the use of sTREM2 as a
biomarker of TREM2 activated microglia in the clinical practice. First, baseline levels of
STREM2 in CSF could be useful to stratify patients in those with a better intrinsic response

towards amyloid deposition and those prone to a faster AR accumulation’”*%, which could
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help to adjust treatment dosage. Levels of STREM2 could additionally serve to predict which
patients will have a better cognitive outcome and adjust the expected effect of anti-amyloid
treatment by sTREM2 levels at baseline. If TREM2-boosting therapies demonstrate a beneficial
effect in AD, combined treatments using anti-amyloid drugs and TREM2 agonistic antibodies
will be a potentially synergistic therapeutic option, given the suggested beneficial role of
TREM2 functions on AP pathology. In that case, future studies will be required to assess the
time point and the order (sequential or concomitant treatments) of these proposed disease-

modifying therapies.

Conclusions and future directions

TREM2 agonism may indeed be a novel approach for treatment of AD. Although it is becoming
increasingly clear that TREM2 agonism stimulates protective microglia functions in the brain,
a number of questions remain. Most importantly, long-term studies are required, which not
only address amelioration of AD phenotypes but also take potentially deleterious effects such
as increased risk for tumorigenesis into account. We also need a much better understanding
of sSTREM2 function, since basically all therapeutic antibodies investigated so far not only bind
to full-length TREM2 but also to sSTREM2. In addition, microglial activity state markers would
be required to monitor target engagement of agonistic anti-TREM2 antibodies in patients. We
also want to emphasize that it is very important to consider TREM2 agonism not as an
alternative treatment approach to the conventional anti-amyloid treatments currently tested.
Based on the assumption that microglia are integral parts of the amyloid cascade >, we rather
propose that TREM2 agonists could further boost the ability of anti-Ap antibodies, such as
Lecanemab °7 to efficiently lower amyloid accumulation and enhance the chance to slow
disease progression. Combinatorial treatment paradigms may therefore be considered in the
future. Finally, boosting protective activities of microglia may not only decrease the risk for
AD, but probably also for other neurological disorders. Indeed, there is evidence that agonistic
anti-TREM2 antibodies may ameliorate pathological phenotypes in de-myelination disorders

such as multiple sclerosis 9919,

Figure Legends

Figure 1 Microglial responses to pathological challenges
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(Upper left) TREM2 is essential for controlling lipid homeostasis in microglia. The protein
mediates microglial recognition of damage-associated lipids, including sensing and
metabolizing of lipids during injury. (Lower left) TREM2 recognises externalized
phosphatidylserine on synapses for targeted engulfment during development, raising the
question of whether there is a protective role for TREM2-mediated synapse engulfment in
Alzheimer’s disease. (Upper right) On stress or pathological challenge, microglia turn on
mTOR in a TREM2-dependent manner to meet increased demands for energy and protein
synthesis. (Lower right) A defensive response to deposition of amyloid plaques is to form a

protective barrier around plaques and prevent further release of toxic peptides.

Figure 2 Effect of shedding of TREM2 on cell autonomous signalling

(A) TREM2 is predominantly expressed as a type-1 transmembrane protein, which is
transported to the plasma membrane together with its co-receptor DAP12 (occurring as a
disulfide-bonded dimer). On the cell surface, TREM2 can bind to a variety of ligands and
stimulate cell-autonomous signaling via DAP12 and spleen tyrosine kinase (SYK)
phosphorylation #1. Cell autonomous TREM2 signaling is terminated by shedding of its
ectodomain (ie cleavage after His157 by ADAM10 or ADAM17), which releases soluble TREM2
(STREM2) 4% and terminates signaling. (B) TREM?2 isoforms generated by alternative splicing.
The two soluble isoforms 1 and 2 (ENST00000338469 and ENST00000373122, respectively),
which differ from the canonical isoform shown in panel (A) (ENSTO0000373113) from residue
162 (C termini colored in light green and yellow, respectively), have no cell autonomous
signaling capacity. Whether the TREM2Ae2 isoform bound to DAP12 has signaling capacity is
currently unknown. CTF: C-terminal fragment; ITAM: immunoreceptor tyrosine-based

activation motif; Ig: immunoglobulin.

Figure 3 Binding of agonistic anti-TREM2 antibodies and mechanism of transport across the
BBB

(A) 4D9 and DNL919 (i.e. ATV:TREM?2) bind to overlapping epitopes in the TREM2 stalk region
close to the ADAM10/17 cleavage site (colored in yellow and orange, respectively). The human
TREM2 sequence is shown. (B) ATV:TREM2 binds to the transferrin receptor on the luminal

side of the BBB via its modified Fc domain. Upon internalization, ATV:TREM2 is likely released
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in the acidic environment of the endosomal pathway and secreted on the parenchymal side

of the BBB for engagement of microglial TREM2. ATV: antibody transport vehicle.

Figure 4 CSF and neuroimaging biomarker trajectories along the AD continuum and
proposed therapeutic window for TREM2 agonists

Each line in the upper partillustrates the proposed and approximated trajectory of biomarkers
representing AB pathology (AB-PET and CSF ABa4;), tau-related pathology (tau-PET and CSF p-
tau), CSF sTREM2 and neuronal dysfunction and death (FDG-PET and atrophy in the MRI), from
normality to abnormality and according to literature, along the AD development (represented
in the lower bar from normality to the clinical impairment). The green box represents the
interval in which a biomarker would be considered as normal. The lower bars represent 1) the
clinical evolution towards the symptomatic phase (red); 2) the proposed development of AB
pathology according to the AP pathology biomarker trajectories along the AD continuum
(orange); 3) the postulated TREM2-dependent microglial responses to pathology along the AD
continuum (violet); 4) the proposed development of tau-related pathology according to the
tau-related pathology biomarker trajectories along the AD continuum (blue); 5) the proposed
sequence for neuronal dysfunction and death according to the corresponding biomarkers.
Grey boxes illustrate the three different proposed windows for TREM2 agonist treatment
according to the clinical and biomarker stage. CSF = cerebrospinal fluid. A* = biomarkers
suggestive of underlying AB pathology (abnormality in AB-PET and/or CSF ABaz). T- = normal
tau-related pathology biomarkers (tau-PET and CSF p-tau). T = Biomarkers suggestive of
underlying tau-related pathology (abnormality in tau-PET and/or CSF p-tau). p-tau =
phosphorylated tau at threonine 181. FDG = 18F-fluorodeoxyglucose. PET = Positron Emission
Tomography. MCI = Mild cognitive impairment. MG = Microglia. MRl = Magnetic Resonance

Imaging.

Table 1 Agonistic anti-TREM2 antibodies with protective TREM2-dependent microglial

functions both in vitro and in vivo.

Table 2 Clinical trials testing the therapeutic potential of anti-TREM2 antibodies in

Alzheimer’s disease.
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Search Strategy and selection criteria

We performed our search in PubMed databases for articles that were peer-reviewed and
published in English with a specific focus on those papers published since 2018 and until 15
May 2023. We used the search terms “TREM2” AND “dementia”, “TREM2” AND “Alzheimer”,
“TREM2” AND “neurodegeneration”, “TREM2” AND “synapse”, “TREM2” AND “microglia”,
and “TREM2” AND “macrophages”. We searched for clinical trials using TREM2 agonists on
the ClinicalTrials.gov webpage (https://clinicaltrials.gov) with the terms “TREM2”, “TREM-2"

and by the name of each individual human antibody developed until now.
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