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Abstract

TREM2 is a signaling receptor expressed on microglia that has emerged as an important drug target for Alzheimer's
disease and other neurodegenerative diseases. While a number of TREM2 ligands have been identified, little

is known regarding the structural details of how they engage. To better understand this, we created a protein
library of 28 different TREM2 variants that could be used to map interactions with various ligands using biolayer
interferometry. The variants are located in previously identified putative binding surfaces on TREM2 called the
hydrophobic site, basic site, and site 2. We found that mutations to the hydrophobic site ablated binding to apoE4
and TDP-43. Competition binding experiments indicated that apoE4 and 0AR42 share overlapping binding sites on
TREM2. In contrast, binding to C1q was disrupted most strongly by mutations to the basic site, including R46, with
some mutations to the hydrophobic site also attenuating binding, thus suggesting a broader mediation of binding
across the two sites. Supporting this, competition experiments indicated that C1qg binding could be blocked by
both apoE and 0AR42. TREM2 binding to IL-34 was mediated by the basic site at a surface centering on R76.
Competition binding experiments validated the unique site for IL-34, showing little to no competition with either
0APR42 or apoE4. However, competition experiments between C1qg and L34 suggest that the ligands compete

for binding at the basic site. Altogether, our results suggest that TREM2 utilizes the hydrophobic site (consisting

of CDR1, CDR2, and CDR3) as a common site to engage multiple ligands, and uses distinct basic sites to engage
others. Our findings imply that pharmaceutical strategies targeting these surfaces might be effective to modulate
TREM?2 functions.
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Introduction

The triggering receptor expressed on myeloid cells-2
(TREM2) plays a central role in regulating myeloid cell
maturation and function in the setting of numerous
human pathologies, including neurodegenerative dis-
eases, metabolic diseases, and cancers [1]. The potential
importance of TREM2 in neuronal health was first indi-
cated by large-scale genetic studies that identified rare
TREM2 point variants, namely R47H and R62H, as risk
factors for developing late-onset Alzheimer’s disease
(AD) [2—-4]. TREM2 is mainly expressed on macrophages
and microglia and responds to ligands associated with
tissue damage. Within the setting of neurodegenerative
diseases, particularly AD, responses signaled through
TREM?2 trigger activation of microglia into a Damage
Associated Microglia (DAM) phenotype. This signaling
can enhance protective functions of microglia, includ-
ing chemotaxis, phagocytosis, suppression of inflam-
matory signaling, and boosting microglia survival and
proliferation [5]. In addition, TREM2 can be proteolyti-
cally released from the cell surface or alternatively spliced
to produce soluble TREM2 (sTREM2), which also has
beneficial functions in the setting of AD. For example,
STREM2 has been shown to reduce amyloid beta pathol-
ogies in AD mouse models [6], and increased sSTREM2
levels in human CSF appear to correlate with increased
cognitive reserve [7]. In addition, STREM2 has been
shown to bind amyloid beta (AP) and inhibit its aggrega-
tion [8, 9], and can also disaggregate AP oligomers and
filaments [10]. For these and other reasons, TREM2 has
emerged as a viable drug target for Alzheimer’s disease,
especially in the preclinical stage.

In recent years, a number of potential TREM2 ligands
with relevance to AD have been identified. The first
was apolipoprotein E (apoE) [11, 12], which also has an
allelic variant, apoE4, that is a strong genetic risk factor
for AD. ApoE has been shown to be a signaling ligand
for TREM2 [13, 14] and its association with Ap might
assist the phagocytosis and degradation of A oligomers
by microglia via TREM2 [14]. Quite recently, oligomeric
TDP-43 was also identified as a phagocytosis-triggering
ligand for TREM2 [15]. TDP-43 is the main compo-
nent of insoluble aggregates found in patients with ALS
[16], and these aggregates have also been identified in
FTD and AD [17]. Additionally, the cytokine IL-34 was
recently identified as a TREM2 signaling ligand [18].
IL-34 has been linked to AD [19] and IL-34 mediated
signaling in a microglial cell line was demonstrated [18].
The initial component of the complement system, Clgq,
was also recently shown to be a ligand for TREM2 [20].
However, instead of triggering signaling, Clq binding
to TREM2 prevents activation of the complement path-
way. The complement pathway is involved in pruning
excess synapses during development, but these functions
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become aberrantly activated in AD and contribute to
synaptic loss and neurodegeneration [20]. TREM2 bind-
ing to Clq inhibits activation of the classical complement
pathway and is protective against complement-mediated
synaptic elimination. Although a number of functional
ligands for TREM2 with distinct roles in AD pathogen-
esis have been identified, little is known regarding the
structural mechanisms of their engagement. Such knowl-
edge is critical not only to understand the structural basis
for TREM2 functions, but is also crucial to design thera-
peutic strategies that target TREM2.

TREM2 is a single-pass transmembrane receptor con-
sisting of an extracellular V-type Ig domain and intrinsi-
cally disordered stalk, transmembrane helix, and short
cytoplasmic tail (Fig. 1A). This tail lacks any signal trans-
duction or trafficking motifs, and TREM2 associates with
the adaptor proteins DAP12 and DAP10 via transmem-
brane contacts to facilitate its trafficking and signaling.
The Ig domain is likely the main region of TREM2 that
engages extracellular ligands. We determined the first
crystal structure of TREM2 and identified two potential
ligand-binding surfaces on the Ig domain: a large hydro-
phobic site located on the distal end of the molecule
in the CDR loops; and a large electropositive surface,
termed the basic site, that stretches partly around the
midsection of the protein ([21] and Fig. 1B). Since then,
there have been few studies showing how these surfaces
might be involved in binding ligands. A co-crystal struc-
ture of TREM2 in complex with a soluble analog of the
phospholipid phosphotidylserine (PS) showed that the PS
headgroup bound near the top of the basic site [22]. More
recently, we showed that point mutations to the hydro-
phobic site diminished binding affinity for apoE4 almost
200-fold, suggesting that this protein mainly utilized the
hydrophobic site on TREM2 for engagement [9]. In addi-
tion, a recent study used crosslinking and mass spec-
trometry to identify another region on TREM2 called site
2 that might engage oAp42 [8].

In order to understand how TREM2 engages ligands
of relevance to AD, we designed a panel of 28 different
TREM2 variants that could be used in quantitative BLI
binding assays to map TREM2 binding surfaces for vari-
ous ligands. These mutations are mainly located in the
previously identified binding surfaces in the hydropho-
bic site, basic site, and site 2. Here, we used this panel to
map binding for the AD-relevant TREM2 ligands apoE,
TDP-43, Clq, and IL-34. We found that apoE and TDP-
43 bound at or near a common hydrophobic site, while
Clq and IL-34 engage unique surfaces mainly located on
the basic site. The results reveal an intriguing promiscu-
ous binding surface on TREM2 and provide information
to drive further functional and structural studies, as well
as strategies for therapeutically targeting TREM2.
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TREM2 variant site
M41D hydrophobic
W44D hydrophobic
L69D hydrophobic
W70D hydrophobic
L71D hydrophobic
F74D hydrophobic
L89D hydrophobic
L69D/L71D hydrophobic
W44D/L69D/L71D hydrophobic
R47H basic
R62H basic
D87N basic
T96K basic
R76D basic
R77D basic
R47H/R62H basic
R46A basic
R46D basic
R46A/R4ATA basic
R46D/R47D basic
R47D/R62D basic
L75D basic adjacent
W78D basic adjacent
T85D basic adjacent
R122E site 2
K123E site 2
K123D site 2
R122D/K123D site 2

Fig. 1 Structure-guided TREM?2 variants created to map interactions with ligands. (A) Schematic of TREM2 receptor on surface of microglia, and TREM2
versions described in this manuscript. (B) Ribbon diagram of TREM2 showing location of residues mutated, colored coded by site (red =hydrophobic;
blue =basic; gray = basic adjacent; orange =site 2. (C) Table of all TREM2 variants produced for this manuscript or in our previous publications

Methods

Protein production and purification

TREM2 (19-134) and sTREM2 (19-157) variants were
cloned into pHLsec vector using the Gibson assembly
method. Constructs were verified by sequencing. For
TREM2, these constructs were then excised by restric-
tion digest (EcoRI-Kpnl), gel purification, and ligation
into pHLAvi to encode a C-terminal BirA biotinylation
sequence. TREM2 WT and variants were produced in
Expi293F cells, purified, and enzymatically biotinyl-
ated using BirA as described previously [9, 21]. ApoE4
was produced as reported previously [9]. AB42 was pur-
chased from Anaspec. Oligomers were produced similar

to previous descriptions [23]. Briefly, peptides were first
dissolved in hexafluoroisopropanol (HFIP) and allowed
to air-dry overnight. They were then dissolved in DMSO
at a concentration of 100 mM and sonicated for 10 min.
These solutions were then diluted into PBS at a concen-
tration of 22 pM and incubated at 37 °C for 3 h. Precise
concentrations were then measured by BCA assay, after
which the 0AB42 solutions were aliquoted, flash frozen,
and stored at -80 °C. Freshly thawed aliquots were used
for each experiment. Monomeric biotinylated 0AB42 was
purchased from Anaspec and then mixed 1:20 with non-
biotinylated monomeric AB42. These monomers were
then oligomerized using the previously stated protocol.
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0AP42 preparations were characterized by negative stain
transmission electron microscopy (TEM). Samples were
prepared as previously mentioned and diluted to final
AB42 concentrations of 2.5 pM. These TEM samples
(10 pl) were applied to carbonate-coated grids for 1 min
and negatively stained with 1% phosphotungstic acid
(PTA) for 1 min. TEM micrographs were obtained on
a Hitachi H-7000 operated at 120 kV. Representative
micrograph is shown in Supplemental Fig. 1. Human
IL-34 (19-241) was cloned into pHLsec vector [24] and
produced in Expi293F cells. The secreted IL-34 was puri-
fied from the media using NINTA chromatography. Full
length human TDP-43 was cloned into pET23b to con-
tain a C-terminal 6-His tag. The protein was expressed in
E coli and purified from insoluble inclusion bodies. Puri-
fied TDP-43 was solubilized in a buffer with 6 M guani-
dine, 10 mM Tris pH 8.0, and 20 mM [-mercaptoethanol.
Soluble TDP-43 oligomers were then made by 1:100 dilu-
tion into 100 mM Tris pH 8.5, 200 mM NaCl, 0.5 M argi-
nine, and 750 mM guanidine. C1q protein was purchased
from Complement Technology (Cat#A099). All proteins
were analyzed by SDS-PAGE and found to be >95% pure.
All proteins were immediately aliquoted, frozen, and
stored at -80 °C for reproducible assays.

Binding studies by biolayer interferometry (BLI)

BLI data were collected on an Octet RED384 system
(FortéBio). Biotinylated TREM2 were immobilized on
streptavidin-coated (SA) biosensors and binding was
measured using a running buffer of PBS with 0.1% BSA
and 0.005% Tween-20. For experiments with immobilized
TREM2 WT and variants, the following proteins were
diluted into the running buffer in the following concen-
tration ranges: apoE4 (0.012-50 uM), TDP-43 (0.625-10
uM), Clq (62.5-1000 nM), and IL-34 (62.5-1000 nM).
Data were processed using double-reference subtraction
(loaded protein into buffer and biotin-loaded pin into
ligand) in FortéBio Data Analysis 9.0.

BLI competition binding experiments
BLI competition binding experiments were carried out
as sequential binding experiments. Biotinylated TREM2
WT was immobilized on SA biosensors then dipped into
wells containing either a first ligand or no ligand, then
moved to buffer for dissociation, then moved to wells
containing a second ligand. The ligand concentrations are
listed in the figures and figure legends (Figs. 3, 6, and 9).
The binding for the second ligand was quantitated as:
(Response at the end of Association 2) — (Response
at the beginning of Association 2) and is shown in bar
graphs in the appropriate figures (e.g., Figs. 2 and 3E and
E).
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TREM2-apoE4 binding ELISA assay

ELISA experiments were carried out essentially as
described in [21]. In brief, apoE4 was diluted to 1 ug/mL
in PBS and 100 pL/well was applied to high-absorption
ELISA plates (NUNC, Thermo) and incubated at 25 C
for 12 h followed by wash 3x in wash buffer (PBS +0.05%
Tween 20). Wells were then blocked with reagent buf-
fer (1% BSA in PBS) for 1 h at 25 °C. Biotinylated W'T or
mutant TREM2 were diluted in reagent buffer and incu-
bated on ELISA plate for 1 h at 25 °C. Plates were washed
3x in wash buffer, then detection of bound biotinylated
TREM2 was carried out by incubation with streptavidin-
HRP (R&D Systems) in reagent buffer for 20 min at 25 °C
before final 3x wash. Development was performed with
TMB substrate (SeraCare). After quenching with 0.5 M
HCI, absorbance was measured at 450 nm on a BioTek
Synergy plate reader. Absorbance readings were plot-
ted in Prism as mean +/- standard error of the mean and
statistics were analyzed by One-way ANOVA. *p<0.05,
*p<0.01,***p <0.001.

Size exclusion chromatography-multiangle light scattering
(SEC-MALS)

Ten (10) pL of pure sSTREM2 WT (2 mg/mL) was sub-
jected to size-exclusion chromatography using a Super-
dex 200 Increase 5/150 GL column followed by UV,
multi-angle light scattering, and refractive index detec-
tion using a Wyatt Technologies MALS configuration.
Data analysis was performed using Wyatt Technologies
ASTRA software.

Prediction of TREM2-IL-34 binding using computational
methods

To identify residues on TREM2 and IL-34 that were likely
to be involved with protein-protein interactions, we first
ran the complete sequence of TREM?2 and IL-34 (UniProt
accession numbers QINZC2 and Q6ZMJ4, respectively)
through PredictProtein [25] using ProNA2020 [26],
which combines machine learning and homology-based
inference to predict if the input sequence is a binding
protein and then predict which residues are likely to par-
ticipate in protein-protein interactions.

Next, we used an in-house hydropathy matching algo-
rithm to predict likely binding sites between TREM2 and
IL-34 [9]. We screened the six helices from IL-34 against
the TREM2 immunoglobulin domain (residues 18—130).
We then screened the three CDR loops that make up the
hydrophobic site and the four strands that make up the
basic site in TREM2 against the IL-34 sequence (exclud-
ing residues 1-20 which make up the signaling peptide).
For each screening, the sequence was converted into
binary (+or -) hydrophobicity maps based on the hydro-
phobicity sign of each residue by the Kyte and Doolittle
scale [27]. The hydrophobicity maps for each potential
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Fig. 2 Mutations to TREM2 hydrophobic site ablate binding to apoE4. Immobilized TREM2 WT and variants were probed for binding to apoE4 (0.012-50
pM). (A) Scheme of experiment. (B) Summary of steady-state binding for TREM2 WT and variants from our previous publication [9]. (C-J) BLI sensorgrams
for TREM2 (C) R46A/R47A, (D) L69D/L71D, (E) W44D/L69D/L71D, (F) D87N, (G) R76D, (H) R77D, (I) R122D/K123D binding to apoE4 (0.012-50 uM). Double-
reference subtracted data shown in black. (J) Steady state analysis and non-linear fits to derive Ky from data shown in (C-I). The derived Kys are listed in

Table 1

binding motif were screened in both forward and reverse
orientations against the entire hydrophobicity map of the
other protein. The percent match was calculated as the
percentage of dividing complementary (+/-) pairs to all
matched pairs. The degree of complementary hydropathy
(Eq. 1 [28]) was calculated based on the Kyte Doolittle
hydropathy index [27].

> i [H (i) — Hr (i)
C 719 1)
In Eq. 1, C is the degree of complementary hydropa-
thy H (i) and H/ (i) are the hydropathy indices of the

residues in the motif and target sequences respectively at
position ¢, and L is the length of the motif. The degree
of complementary hydropathy can range from 0 to 1. A
predicted hit was considered good if the percent match
was greater than 75% and the degree of complementary
hydropathy was greater than 0.5.

To further predict the interactions between TREM?2
and IL-34, we implemented protein-protein docking
using HADDOCK [29] with TREM2 residues of R47,
R62, L75, R76, and R77 that could cause at least a 2-fold
decrease in K when mutated verse WT, as restraints.
IL-34 domains that were predicted as potential binding
sites for TREM2 from the hydropathy screening were set
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Fig.3 ApoE4 and 0AR42 compete for binding to TREM2. (A & B) Schematic of competition binding BLI experiments. (C&D) BLI sensorgrams for (C) apoE4
competing 0AB42 binding to TREM2 and (D) 0AB42 competing apoE4 binding to TREM2. Red sensorgrams are TREM2 binding to (C) 500 nM 0AR42 or
(D) 500 nM apoE4 alone while blue sensorgrams show competition experiments where (C) 10 uM apoE4 or (D) 10 uM 0AR42 are bound first. (E&F) BLI
binding magnitudes for TREM2 binding to (E) 500 nM 0AR42 when pre-binding 10 uM apoE4 or (F) 500 nM apoE4 when pre-binding 10 uM 0AR42

as the preferred binding domains for TREM2 in protein-
protein docking. Prior to docking, we energy minimized
the IL-34 structure (PDBID: 4DKC [30]) in Amber18 and
used a previously equilibrated TREM2 structure (PDBID:
5UD7 [22]). The hydrogen bond analysis and electrostatic
surface potential analysis of the top predicted complex
from HADDOCK was analyzed in PyMOL.

Results

Creation of a TREM2 variant protein library to
comprehensively evaluate TREM2-ligand interactions

In order to comprehensively investigate the involve-
ment of putative TREM2 binding surfaces in engag-
ing various ligands, we designed a structure-guided
library of TREM2 variants (Fig. 1). Due to the anionic
or low pI nature of most TREM2 ligands, most variants
were designed as mutations to aspartate (D) and most
were point variants, with the exception of some double
and triple mutants designed at each site (hydrophobic,
basic, and site 2). In total, we have created 28 human
TREM2 variants (Fig. 1). Human and mouse TREM2
Ig domains are 73% sequence identical and 87% similar.
All the residues chosen for mutation are either identical
or conserved in mouse, hence results using this library
will be relevant to interpretting mouse model studies.
All TREM2 variants were cloned into a vector that con-
tained a specific biotinylation sequence at the C-termi-
nus. Thus when immobilized on streptavidin-coated BLI

pins, these proteins are presented to ligands in the same
orientation and oligomerization state as they are on the
cell surface. All proteins were expressed in mammalian
cells as we previously published [31], thus they contain
similar post translational modifications (glycosylation
and disulfide bonds) to the native proteins expressed by
microglia. In order to characterize the oligomeric state
of the expressed TREM2 ectodomains, we carried out
size-exclusion chromatography coupled to multiangle
light scattering (SEC-MALS). This analysis showed that
STREM2 WT is a monomer in solution (Supplemental
Fig. 2). SEC analysis of TREM2 variants created for this
study, such as STREM2 L69D/L71D and sSTREM2 W44D/
L69D/L71D, demonstrated that they eluted at volumes
similar to WT, indicated that the mutations introduced
did not grossly impact folding or the monomeric state
of the protein (Supplemental Fig. 3). This protein library
represents a powerful tool for mapping TREM?2 inter-
actions with ligands. In this study, the purpose was to
address which of the putative binding sites are involved
in binding various TREM2 ligands, hence, not all variants
were utilized to study each ligand.

Mutations to the TREM2 hydrophobic site can ablate
binding to apoE4

In a previous study, we showed that apoE4 bound to
TREM2 with the highest affinity compared to other apoE
isoforms (TREM2-apoE4 K = 281 nM; TREM2-apoE3
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Kp = 440 nM; TREM2-apoE2 K, = 590 nM), thus apoE4
was used as the representative apoE isoform for binding
studies. We also showed that AD risk variants in TREM2
(R47H, R62H, and T96K) did not grossly impact binding
to apoE2, 3 or 4 [9]. Instead, we found that point muta-
tions to the hydrophobic site, namely that mutants L69D
and W70D, decreased binding affinity by nearly 200-fold
(Fig. 2B; Table 1). In order to comprehensively extend
these studies, we carried out further BLI experiments
to complete characterizing the most common AD risk
variants, and used TREM2 mutants at all three binding
sites. Surprisingly, while the TREM2 AD variants R47H,
R62H, and T96K had previously shown slight decreases
in binding affinity for apoE4 (2-3 fold decrease in K,
Table 1), we found that AD risk variant D87N showed a
dramatic 11-fold increase in affinity for apoE4 (K, = 25
nM; Fig. 2F; Table 1). This dramatic increase in affinity
was also observed for the other apoE isoforms (TREM2
D87N - apoE2 K = 52 nM; TRME2 D87N — apoE3 K
= 79 nM) (Supplemental Fig. 4). Next we evaluated the
impact of double and triple mutations to the three puta-
tive binding surfaces on TREM2. Strikingly, we found
that double (L69D/L71D) and triple (W44D/L69D/L71D)
mutations at the hydrophobic site completely ablated
binding to apoE4 (Fig. 2D, E; Table 1). TREM2 L69D/
L71D also showed no binding to apoE2 or apoE3 (Sup-
plemental Fig. 4). In stark contrast, double mutations to
the basic site (R46A/R47A) and site 2 (R122D/K123D)
did not did not largely impact binding to apoE4 (Fig. 2C
& I, Table 1). Two point mutations in the basic site, R76D
and R77D, did display 5-fold decreases in Ky, for apoE4

Table 1 TREM2 variants binding to apoE4

TREM2 variant Kp (nM) Fold in-
crease (1)
or decrease
(1) vs. WT

WT 281+£43* -

R47H 643+91* 1229

R62H 561+£117* 12.00

D87N 25+6 11124

T96K 891+ 196* 1317

M41D 1426 + 566* 1507

W44D 2565+710*% 1912

L69D 55,060+20,390% 119594

W70D 28,110+ 14,380* 1100.04

F74D 9709 £ 1163* 13455

L69D/L71D N.B.D.** -

W44D/L69D/L71D N.B.D.**

R76D 1529 +£ 693 1544

R77D 1659+379 1590

R46A/R47A 388+ 141 1138

R122D/K123D 120£22 1230

*Previously determined [9]
**N.B.D. = no binding detected
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(Fig. 2G, H. Table 1), suggesting that these residues might
be partially involved in engaging apoE4. However, these
residues are directly adjacent to the hydrophobic site, and
might impact conformation of CDR2. In order to inde-
pendently probe apoE4 engagement by TREM2, we also
carried out binding assays by ELISA, which validated our
results by BLI (Supplemental Fig. 5). In summary, our
results suggest that apoE4 (as well as apoE2 and 3) pri-
marily engages the hydrophobic site on TREM2.

ApoE and 0AB42 compete for binding to the TREM2

Since a previous study had suggested that apoE and
0AP42 might compete for binding to TREM2 [32], and
our mapping studies indicated that apoE4 engages the
hydrophobic site on TREM2, we conducted assays to
examine if they compete for an overlapping binding site.
In these competition binding assays, TREM2 was immo-
bilized on the pin and then allowed to associate with 10
UM of apoE4, then dipped into a well containing 500 nM
0Ap42 (Fig. 3A). We found that apoE4 robustly inhibited
the binding of 0AB42 to TREM2, reducing binding by
67%. (Fig. 3C, E). We then carried out the experiment in
the opposite order, with TREM2 first binding to 10 uM of
0Ap42 (Fig. 3B). In this orientation, we found that 0Ap42
also reduced binding by about 63% (Fig. 3D, F). We found
that this result could be replicated across apoE2 and
apoE3 isoforms as well (Supplemental Fig. 6). Since apoE
and 0AB42 are also known to interact [33], we measured
the affinity using BLI. We found 0AfB42 bound to apoE
proteins with slightly lower affinities than TREM2-apoE
interactions (0Ap42 — apoE2 K, = 770 nM; oAp42 —
apoE3 K, = 580 nM; 0Ap42 - apoE4 K, = 667 nM) (Sup-
plemental Fig. 7), Since these affinities are slightly lower
that TREM2-apoE or TREM-0AB42 interactions, it is
unliklely that apoE binding to 0AP42 causes dissociation
from TREM2 or vice versa. Altogether, these results indi-
cate that apoE4 and 0AP42 share an overlapping binding
site on TREM2, suggesting that 0AB42 at least partially
engages the hydrophobic site, and demonstrating that
aopE4 and 0AB42 can both strongly compete for binding
to TREM2.

Mutations to the TREM2 hydrophobic site severely inhibit
binding to TDP-43

TDP-43 aggregate accumulations are found in most
ALS patients, and are also found in individuals with
FTD and AD. TREM2 was recently identified as a recep-
tor for TDP-43 oligomers, with engagement triggering
phagocytic clearance of TDP-43 oligomers by microglia
[15]. In that report, direct interaction between TREM2
and soluble TDP-43 oligomers was demonstrated using
SPR. In order to identify the binding site on TREM2 for
oligomeric TDP-43, we prepared TDP-43 oligomers in a
similar manner and used BLI to probe interactions with
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TREM2 variants across the three TREM2 binding sites.
With TREM2 immobilized on the pin, we found that it
bound TDP-43 robustly (Fig. 4A, B). Due to the oligo-
meric nature of TDP-43, binding curves were biphasic,
so 1:1 kinetic fits were not appropriate; therefore, bind-
ing curves were only qualitatively evaluated. Mutations to
the basic site (R47H, R62H, D87N) and site 2 resulted in
binding magnitudes comparable to WT (Fig. 4G, H, L, K).
A double mutant at the basic site (R46A/R47A) displayed
slightly reduced binding (Fig. 4C, K). Similarly, double
mutation R122D/K123D at site 2 resulted in slightly
increased binding as compared to WT (Fig. 4], K). In
stark contrast, single (W70D), double (L69D/L71D), and
triple mutations (W44D/L69D/L71D) to the hydropho-
bic site completely ablated binding to TDP-43 (Fig. 4D,
EF, K). Altogether, these results suggest that TDP-43
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oligomers engage TREM2 at the hydrophobic site near
residue 70.

Mutations to the TREM2 basic site inhibit binding to C1q,
while hydrophobic site mutations partially impair binding
Clq is known to form a complex with TREM2 which
consequently inhibits formation of the classical comple-
ment cascade [20]. We found that TREM?2 binds to Clq
with moderately high affinity, K, = 650 nM (Fig. 5A, B;
Table 2). This is two orders of magnitude weaker than the
Kp of 7.35 nM recently reported from ELISA experiments
[20]. We first probed mutations to the hydrophobic site,
and found that most mutations slightly impaired binding,
including M41D, L69D, W70D, L71D, and L89D (Fig. 5C-
E I; Table 2). A triple mutation at the hydrophobic site,
W44D/L69D/L71D, appeared to partially impair binding
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Table 2 TREM2 variants binding to Clq

TREM2 variant Kp (M)

WT 0.65+0.03

M41D 2.54+0.52

L69D Decreased binding
W70D Decreased binding
L71D 0.058+0.002

F74D 0.11+£0.01

L89D Decreased binding
L69D/L71D Binding (not fit)
W44D/L69D/L71D Binding (not fit)
RA6A/R4ATA No Binding

R46A No Binding

R46D No Binding

R47H 0.18+0.01

R62H 1.66+£0.06

R76D 13.8+4.86

R77D No Binding

T96K No binding

L75D 0.11+£0.01

T85D 0.11+£0.01
R122D/K123D 0.82+0.04

(Fig. 5]). Interestingly, the F74D and L69D/L71D variants
appeared to show increased affinity for Clq (Fig. 5G, [;
Table 2). In contrast, some mutations to the basic site
dramatically impair binding, including R46A/R47A,
R46A, R46D, R76D, and R77D (Fig. 5K-O; Table 2). Most
notably, TREM2 R46A, R46D, and R46A/R47A show
nearly complete ablated binding to Clq, suggesting a
central importance for R46 in mediating this interaction.
Mutations adjacent to the basic site, L75D and T85D, or
mutations to site 2 (R122D/K123D) did not impair bind-
ing (Fig. 5S-U; Table 2). Notably, the AD risk variants
R47H and R62H did not alter binding to Clq (Fig. 5P, Q;
Table 2). In contrast, the TREM2 AD risk variant T96K
showed no binding to Clq (Fig. 5R; Table 2). Altogether,
our data indicate that TREM2 utilizes a surface on the
basic site involving R46 and R77 to engage Clq, with
extended contacts in the hydrophobic site.

Competition binding experiments with C1q, 0Af42, and
apoE4 support an extended binding site of C1q

Since our BLI data indicated that Clq binds to an
extended surface on TREM2, including residues in both
the basic and hydrophobic sites, we hypothesized that
AD ligands apoE4 and oAf42 might compete with Clq
for binding. We conducted BLI competition experiments
to examine the relationship between binding of Clq,
apoE4, and oAp42. First, we investigated the ability of
apoE4 and Clq to compete with each other for binding
to TREM2 (Fig. 6A-F). We found that when apoE4 was
first bound to TREM2, there was no binding signal for
1000 nM Clq (Fig. 6C, E), indicating that apoE4 could
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block Clq binding to TREM2. Conversely, when TREM2
was first exposed to 1000 nM Clq, binding to apoE4 was
nearly unaffected as compared to no Clq (3% decrease)
(Fig. 6D, F), indicating that Clq is not able to block apoE4
binding to TREM2. These results suggest that apoE4 may
share an overlapping binding site with Clq, although Clq
is not able to compete off apoE4. We observed similar
results in competition binding experiments using apoE2
(Supplemental Fig. 8). We next investigated the ability of
0Ap42 and Clq to compete with each other for binding
to TREM2 (Fig. 6G-L). We observed that when TREM2
was first exposed to 500 nM 0AP42, there was a 66.7%
reduction in binding of C1q to TREM2 (Fig. 6I, K). Cor-
respondingly, when TREM2 was first exposed to 1000
nM Clq, minimal inhibition (22%) of 500 nM o0Ap42
binding to TREM2 was observed (Fig. 6], L). Taken
together, our results support the observation that Clq at
least partially engages the hydrophobic site on TREM2,
since both apoE4 and 0AB42 can block Clq from engag-
ing it. They also show that both apoE4 and 0Ap42 can
out compete C1q for binding to TREM2, likely due to the
lower affinity of the C1q-TREM2 interaction (K = 650
nM) as compared to apoE4 (K, = 280 nM) [9] and 0Ap42
(Kp = 42 nM) (Supplemental Fig. 9).

Mutations to the TREM2 basic site around R76 severely
inhibit binding to IL-34

IL-34 was recently identified as a signaling ligand for
TREM2 [18]. In order to map the binding surface for
IL-34 on TREM2, we carried out BLI binding stud-
ies with our TREM2 variant library. With TREM2 WT
immobilized on the BLI pin, we found that IL-34 bound
with high affinity (K = 16.5 nM) (Fig. 7A, B; Table 3). In
contrast to the other ligands studied here, IL-34 bound
to some TREM2 AD risk variants (R47H, R62H) with
slightly lower affinity, showing around a 4-fold decrease
in K, (Fig. 7C, I Table 3). The AD risk variants D87N
and T96K did not largely impact IL-34 binding (Fig. 7D,
E; Table 3). We further probed the basic site and found
that the R77D variant showed a nearly 7-fold decrease in
affinity (K = 114 nM, Fig. 7K; Table 3) while the R76D
mutant displayed no binding to IL-34 at the concentra-
tion range probed (Fig. 7J; Table 3). We further probed
this region and introduced mutations at residues adja-
cent to R76. These variants (L75D, W78D, T85D) did not
impact binding to IL-34 (Fig. 7L-N; Table 3). Another
mutation to the basic site, R46D, also did not impact
binding to IL-34 (Fig. 7F; Table 3). We then probed muta-
tions at the hydrophobic site and site 2. The site 2 variant
(R122E) did not impact binding (Fig. 7O), nor did the site
2 double mutant R122D/K123D (Fig. 7P). Most notably,
the double and triple hydrophobic site variants L69D/
L71D (Fig. 7H) and W44D/L69D/L71D (Fig. 7G) did not
affect binding to IL-34. Additionally, these results further
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Table 3 TREM2 variants binding to IL-34

TREM2 variant Kp (nM) Fold decrease vs. WT
WT 16.5+0.2

R47H 79.8+24 148
R62H 75 145
D87N 284+05 1.7
T96K 237104 114
R46D 18.0+0.3 111
R76D N.B.D -
R77D 114+4 16.9
L75D 366+09 122
W78D 172+04 11.04
T85D 215+06 113
R122E 294+04 118
R122D/K123D 185+0.3 1
L69D/L71D 20.2+0.3 112
W44D/L69D/L71D 258+03 116

validate that L69D/L71D double and W44D/L69D/L71D
triple mutants are not grossly misfolded, as indicated by
SEC analysis (Supplemental Fig. S3). These results sug-
gest that IL-34 binds to the TREM2 basic site in a region
centered on R76.

A predicted structure for the TREM2/IL-34 complex

A recent manuscript presented a computational predic-
tion for the TREM2/IL-34 complex [18]. In this report,
IL-34 was predicted to bind TREM2 at the hydropho-
bic site, with contact residues including W44, W70, and
L71. However, our experimental results show that muta-
tions to the hydrophobic site do not impact binding to
TREM2, and instead show that the IL-34 binding site is
on the basic site, centered on R76. Therefore, we further
undertook computational prediction of the binding sites
between TREM2 and IL-34 to support our experimental
data.

We first identified key residues of TREM2 and IL-34
that were most likely involved in protein-protein inter-
actions using a machine learning and homology-based
inference approach [25]. In TREM2, 14 residues were
identified as likely involved in binding. These include
residues in CDR1 (residues 40—42) and CDR2 (residues
69-72) as well as basic site residues (residues 66—68 and
112-114) (Fig. 8A). The residues predicted around CDR2
are directly surrounded by residues that can strongly
inhibit IL-34 binding when mutated (Table 3) including
R62, R76, and R77. Both residues 112—114 and residues
66—68 are spatially adjacent to another residue, R47,
that can strongly inhibit IL-34 binding when mutated. In
IL-34 there were 34 residues identified as likely involved
in protein-protein binding. These residues existed pri-
marily at the end of Helix 1, the beginning of Helix 4, and
throughout Helix 6, suggesting the binding likely occurs
in the helix bundle (Fig. 8B).
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To further identify regions of TREM2 and IL-34 that
could be responsible for binding, we used a sequence-
based hydropathy mapping approach. The structure of
IL-34 can be broken into six helices. Each helix sequence
was screened against the sequence of TREM2 immu-
noglobulin (Ig) domain to identify potential regions of
binding. Scanning both the forward and reverse residue
sequences of the six helices, hits with more than 75%
percent match and greater than 0.5 degree of comple-
mentary hydropathy were considered successful. Based
on our criteria, helices 2, 5, and 6 all had good hits tar-
geting a combination of TREM2 basic site and TREM2
CDR2 (Table S1). When the successful hits were clus-
tered on the TREM2 sequence, we found two regions for
predicted binding, residues 49-82 and residues 112-127
(Fig. 8A). These two strands contain most of the resi-
dues in the basic site, as well as the entirety of CDR2,
consistent with the BLI results (Table 3). Similarly, we
screened the three TREM2 CDR loops (hydrophobic
regions — CDR1: 39-46, CDR2: 69-75, CDR3: 88-91) as
well as the four TREM2 strands that make up the basic
site (residues 47-50, 62—-68, 76—78, and 112-114) sepa-
rately across the sequence of IL-34 to identify potential
binding regions between TREM2 and IL-34. We scanned
both the forward and reverse residue sequences of the
three CDR loops and four basic site strands in TREM2
against the sequence of IL-34, where hits with more
than 75% percent match and greater than 0.5 degree of
complementary hydropathy were considered successful.
From these results, we noted the largest amount of good
hits came from the basic site residues, as well as CDR2
in TREM2 (Table 2). This again matches well with our
predicted binding regions on TREM2, as well as the BLI
results, which showed mutations of the residues from
TREM2 basic site were able to strongly disrupt TREM2/
IL-34 binding (Table 3). We clustered the good hits on
the sequence of IL-34 and noted five regions of potential
interest were identified: Helix 2 (residues 71-85), Helix
3 (residues 90-100), Helix 4 (residues 119-129), Helix
5 (residues 142-151), and Helix 6 (residues 156—179)
(Fig. 8B). Of these five regions, the residues in helices 3,
4, and 5 primarily make up the negatively charged surface
of IL-34 while residues in helices 2 and 6 make up IL-34
positively charged surface (Fig. 8C).

To further narrow down the IL-34 binding site for
TREM2, we predicted TREM2/IL-34 complex struc-
ture using HADDOCK [29] with BLI results of TREM2
binding site for IL-34 as restraint. Our protein-protein
docking results show the negatively charged surface of
IL-34 (Helixes 3, 4, and 5) interacted with the positively
charged basic site of TREM2 (Fig. 8C-D). The TREM2
binding site for IL-34 included the four key TREM2 res-
idues of R47, R62, R76, and R77 whose mutation could
greatly inhibit TREM2/IL-34 interactions when mutated
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Fig. 8 Computational prediction of the interactions between TREM2 basic site and IL-34 negatively charged surface. (A) The complete sequence of
human TREM2 showing predicted potential key residues and binding regions between residues 49-82 and 112-127 (Basic site and CDR2) for IL-34. Blue
arrows denote residues predicted to be important for protein binding via PredictProtein and red arrows denote residues that increase Alzheimer’s disease
risk. Residues in TREM2 immunoglobulin domain are highlighted ranging from orange to green. Residues highlighted in the darkest green had the high-
est number of hits and residues highlighted in the darkest orange had the lowest number of hits. Residues highlighted in grey were not screened. (B)
The complete sequence of IL-34 showing predicted potential key residues and binding regions between residues 71-85,90-100, 119-129, 142-151, and
156-179 for TREM2. Blue arrows denote residues predicted to be important for protein binding via PredictProtein. Residues highlighted in the darkest
green had the highest number of hits and residues highlighted in the darkest orange had the lowest number of hits. Residues highlighted in grey were
not screened. (C) Electrostatic surface potential maps showing positively charged TREM2 basic site, negatively charged L34 surface (made up of helices
3,4, and 5), and positively charged IL34 surface (made up of helices 1, 2, and 6). Regions with positive electrostatic surface potential are shown as blue,
regions with negative electrostatic surface potential are shown as red, and neutral regions are shown as white. TREM2 is shown as grey with the basic site
show as blue cartoon and the hydrophobic site shown as red cartoon. Key regions and residues for binding are labeled. IL-34 is shown as cartoon with
residues making up the negatively charged surface colored in orange and residues making up the positively charged surface colored in green. The six
helices are labeled. (D) Predicted complex structure of TREM2 with IL-34 shows the negatively charged surface of IL-34 (helices 3,4, and 5) interaction with
the positively charged basic site of TREM2, and key TREM2 residues identified through BLI forming hydrogen bonds and salt bridges with IL-34 residues.
TREM2 is shown in gray, TREM2 basic site is shown as blue, and TREM2 hydrophobic site is shown as red. Residues making up IL-34 negatively charged
surface are shown as orange and residues making up IL-34 positively charged surface are shown as green. Hydrogen bonds and salt bridges between key

identified TREM2 residues from BLI and residues from IL-34 are shown as sticks and the interactions are shown as dashed yellow lines

as observed in BLI results. In the predicted TREM2/
IL-34 complex structure (Fig. 8D), TREM2 residues R47,
R62, and R77 all formed hydrogen bonds with residues in
IL-34 (Fig. 8D). Additionally, TREM2 residue R76 formed
a salt bridge with IL-34 residue D107 (Fig. 8D). This
interaction is particularly interesting as the loss of the
salt bridge when R76 is mutated to aspartic acid could
be a driving factor for complete loss of binding in this
mutation. Further, the mutations to R47, R62, and R77
could all reduce or inhibit the formation of key hydrogen
bonds that could result in reduced interactions. In our
model we also noted TREM2 residue R98 formed a salt
bridge with IL-34 residue E111 (Fig. 8D). The mutation
R98W has previously been identified in AD patients and
the R98W TREM?2 variant may be associated with AD
[2]. The mutation of arginine to tryptophan would break
the salt bridge with IL-34 and could potentially reduce
TREM?2/IL-34 interactions. Our computational results
strongly suggest that the negatively charged surface of
IL-34 (helices 3, 4, and 5) directly binds to and interacts
with the TREM2 positively charged basic site.

Competition experiments support that IL-34 binds to a site
adjacent to those occupied by apoE4 or oAp42

Since our binding studies indicated that IL-34 did not
bind to the hydrophobic site and instead engaged a sur-
face on the basic site centered on R76, we hypothesized
that TREM2 might be able to bind to both IL-34 and
either apoE4 or 0APB42 simultaneously. To determine the
relationship between binding sites for IL-34, apoE4, and
0ApP, we employed competition binding experiments by
BLI similar to those we had done for apoE4 and oAp42
(Fig. 9). First, we investigated competition between
IL-34 and apoE4. We found that when TREM2 was first
exposed to 500 nM apoE4 and then dipped in 500 nM
IL-34, binding to IL-34 was reduced by 61% (Fig. 9A,
C,E). When TREM2 was first exposed to 500 nM IL-34

and dipped into 500 nM apoE4, binding to apoE4 was
reduced by 15% (Fig. 9B, D,F). These results suggest that
apoE4 and IL-34 exhibit some degree of steric hindrance
upon binding to TREM2, which likely occurs due to the
proximity of R76 to the hydrophobic site. We next inves-
tigated competition between IL-34 and oAfp42. When
TREM2 was first exposed to 500 nM 0Ap42, binding to
500 nM IL-34 was only reduced by 19% (Fig. 9G, LK).
When TREM?2 was first exposed to 500 nM IL-34, bind-
ing to 0AP42 was marginally reduced by 5% (Fig. 9H, J,L).
These results suggest that IL34 and 0AB42 only slightly
compete for binding to TREM2, suggesting little, if any,
overlap of binding sites. Altogether, the results support
that IL-34 binds a site adjacent to the hydrophobic sites
engaged by apoE4 and 0Ap42.

Competition experiments support that IL-34 and C1q
compete for adjacent binding surfaces in the basic site
Since our binding studies indicated that both IL-34 and
Clq primarily engaged the basic site, we hypothesized
that their binding sites might overlap. To examine the
relationship between binding sites for IL-34 and Clq, we
employed competition binding experiments (Fig. 9M-R).
We found that when TREM?2 was first exposed to 500 nM
IL-34 and then dipped in 1000 nM Clgq, binding to Clq
was completely blocked (Fig. 9M, O,Q). When TREM2
was first exposed to 1000 nM Clq and then dipped into
500 nM IL-34, binding to IL-34 was reduced by over
half (54%) (Fig. 9N, PR). These results suggest that the
binding surfaces for IL-34 and Clq on the basic site of
TREM2 exhibit some overlap-which may be limited due
to the extensive interface engaged by Clq.

Discussion

TREM2 was first linked to AD by GWAS studies that
identified rare point mutations in TREM2 as significant
risk factors for developing AD [2, 4]. At that time, there
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Fig. 9 C1gand apoE4 compete IL-34 for binding to TREM2, but 0AR42 does not compete IL-34 for binding to TREM2. (A&B) Schematic of competition
binding BLI experiments. (C&D) BLI sensorgrams for (C) apoE4 competing IL-34 binding to TREM2 and (D) IL-34 competing apoE4 binding to TREM2. Red
sensorgrams are TREM2 binding to (C) 500 nM IL-34 or (D) 500 nM apoE4 alone while blue sensorgrams show competition experiments where (C) 500 nM
apok4 or (D) 500 nM IL-34 are bound first. (E&F) BLI binding magnitudes for TREM2 binding to (E) 500 nM IL-34 alone or when pre-binding 500 nM apoE4
or (F) 500 nM apoE4 alone or when pre-binding 500 nM IL-34. Percent decrease in Association 2 binding signal in the presence of the competitor is shown
above the bars. (G & H) Schematic of competition binding BLI experiments. (1&J) BLI sensorgrams for (1) IL-34 competing 0AB42 binding to TREM2 and
(J) 0AR42 competing IL-34 binding to TREM2. Red sensorgrams are TREM2 binding to (1) 500 nM IL-34 or (J) 500 nM 0AB42 alone while blue sensorgrams
show competition experiments where (1) 500 nM 0AR42 or (J) 500 nM IL-34 are bound first. (K&L) BLI binding magnitudes for TREM2 binding to (K) 500
nM IL-34 alone or when pre-binding 500 nM 0AR42 or (L) 500 nM 0AB42 alone or when pre-binding 500 nM IL-34. Percent decrease in Association 2 bind-
ing signal in the presence of the competitor is shown above the bars. (M&N) Schematic of competition binding BLI experiments. (O&P) BLI sensorgrams
for (0) IL-34 competing C1q binding to TREM2 and (P) C1q competing IL-34 binding to TREM2. Red sensorgrams are TREM2 binding to (O) 1000 nM C1q
or (P) 500 nM IL-34 alone while blue sensorgrams show competition experiments where (0) 500 nM IL-34 or (P) 1000 nM C1q are bound first. (Q&R) BLI
binding magnitudes for TREM2 binding to (Q) 1000 nM C1q alone or when pre-binding 500 nM IL-34 or (R) 500 nM IL-34 alone or when pre-binding 1000

nM C1q. Percent decrease in Association 2 binding signal in the presence of the competitor is shown above the bars

were few known ligands for TREM2, outside of DNA and
bacterial cell membrane debris [34]. Since then, a num-
ber of TREM2 ligands with relevance to AD have been
identified. These ligands can all be classified as associ-
ated with tissue damage, and TREM2 could be classified
as a scavenger receptor [35]. In this study, we begin to
unravel the binding surfaces utilized by this promiscuous
receptor.

The hydrophobic site on TREM2 appears to be a major
binding site for most ligands. Here, we found that double
and triple mutations to the hydrophobic site could ablate
binding to apoE4 and TDP-43, whereas double muta-
tions to the basic site only mildly impaired binding to
these ligands. Competition experiments between apoE4
and 0AP42 indicate that they share overlapping bind-
ing sites, suggesting that 0AB42 at least partially engages
the hydrophobic site. This is in agreement with previ-
ous competitive binding experiments by BLI which also
demonstrated this [32]. In that study, 0Ap42 was shown
to completely block apoE4 from binding to TREM2, how-
ever concentrations were not reported. In our study we
found that apoE4 and 0AP42 could both compete for
binding at the hydrophobic site (Fig. 3). C1q also appears
to partially utilize the hydrophobic site since some muta-
tions strongly decrease binding. The hydrophobic site is
composed mostly of residues from the CDR1, CDR2, and
CDR3 loops. Our molecular dynamics simulations indi-
cate that these loops represent the most conformationally
dynamic region of TREM2 [36], further suggesting this
region could structurally adjust to engage diverse ligands.

The TREM2 basic site appears to be the major surface
engaged by Clq and IL-34. In the case of Clq, we found
that variants with mutations at R46 displayed little or no
binding to TREM2, and also found that mutations to R76
and R77 greatly impacted binding. These findings are in
agreement with previous studies showing that a TREM2
31-71 peptide could bind Clq and inhibit the classic
complement cascade [20]. Mutations to the hydropho-
bic site also impact binding to C1q but to a lesser degree,
suggesting that Clq may engage in extended contacts
with TREM2. Clq is a hexamer of trimers, composed of

18 total polypeptide chains. Due to the relatively large
size of Clq, it is plausible for it to bind to an extended
surface on TREM2. For IL-34, we found that mutations
at R76 completely ablated binding, and mutations to
R77 also impacted binding. This observation is consis-
tent with previous structural studies of IL-34 in complex
with its receptors. In these studies, electrostatic contacts
between IL-34 and its receptors appear to drive complex
formation. For example, the IL-34 dimer contains two
pronounced electronegative surfaces that pair with large
electropositive surfaces on the receptor, such as CSFIR
[30]. Our experiments suggest that is also the case with
TREM2 binding of IL-34, and are consistent with previ-
ous demonstrations that TREM2 and CSF1R can com-
pete for binding to IL-34 [18].

In this study, we developed an extensive protein array
of TREM2 variants that could be used to map binding
to ligands. This array represents a powerful tool that can
be used to map binding of TREM2 to newly discovered
endogenous ligands and candidate small molecule ther-
apeutics. In addition to utilizing structurally designed
TREM2 variants to map binding to ligands, we also
investigated the major TREM2 AD risk variants R47H,
R62H, D87N, and T96K. In general, we have observed
that the disease variants only mildly impact binding to
ligands, and are generally not loss-of-function mutations
[9, 21]. There are some exceptions to this, however. For
example, in this study we found that the TREM2 D87N
interaction with apoE4 displayed a greater than 10 fold
increase in K compared to W', representing a gain-
of-function. This is consistent with the observation that
TREM2 D87N shows a dramatic increase in signaling in
response to apolipoprotein ligands [37]. Another excep-
tion is TREM2 T96K, which displays no binding to Clq.
In general, our observations indicate that TREM2 AD
variants only subtly impact interactions with these iden-
tified ligands, and their functional ramifications are likely
nuanced or related to other as-yet undiscovered ligands.
In this manuscript, we show that the TREM2 ectodomain
(STREM2) is monomeric in solution, and since previous
structural studies imply that TREM2:DAP12 forms a 1:2
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complex (Fig. 10), this would suggest that TREM2 sig-
naling is initiated by oligomeric ligands binding to and
clustering TREM2. We have previously shown in highly
overexpressed cellular systems that receptor TREM2
might oligomerize, and that this self-association might
be disrupted by AD risk variants [38]. Thus these risk
variants most likely subtly disrupt clustering after ligand
engagement and hence, disrupt downstream signaling.
Understanding distinctly how these variants contribute
to development of AD will require additional compre-
hensive structure-function studies to understand how
these variants are related to disease, possibly examining
interactions in the context of cell membrane and func-
tional output.

Conclusions

Our comprehensive binding studies highlight the surfaces
that TREM2 utilizes to engage multiple ligands within
the scope of neurodegenerative diseases (Fig. 10). We
find that most TREM2 ligands either completely (apoE4
and TDP-43) or partially (C1q) engage the hydrophobic
site. In addition, competition binding studies between
apoE4 and 0AP42 suggest that 0AP42 also at least par-
tially utilizes the hydrophobic site to engage TREM2.
Clq appears to mainly engage the basic site, with some
extended contacts in the hydrophobic site. Finally, IL-34
does not appear to engage the hydrophobic site at all,
and instead engages a surface on the basic site centered
around R76. Previous structural studies have shown that
the PS headgroup is mainly recognized by residues in the
basic site. Site 2, a site previously identified as a potential

binding site for 0AB42 [8], does not appear to be involved
in engaging any of the ligands investigated in this study.
These observations suggest that both the hydrophobic
and basic sites could be therapeutically targeted to spe-
cifically modulate TREM2 interactions with distinct
ligands, and therefore modify function and microglia
action.
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