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The triggering receptor expressed on myeloid cells (TREM) 2
is a member of the immunoglobulin superfamily of receptors
and mediates signaling in immune cells via engagement of its
co-receptor DNAX-activating protein of 12 kDa (DAP12).
Homozygous mutations in TREM2 or DAP12 cause Nasu-Ha-
kola disease, which is characterized by bone abnormalities and
dementia. Recently, a variant of TREM2 has also been associated
with an increased risk for Alzheimer disease. The selective
expression of TREM2 on immune cells and its association with
different forms of dementia indicate a contribution of this
receptor in common pathways of neurodegeneration.

The triggering receptors expressed on myeloid cells (TREMs)2

are members of the immunoglobulin-lectin-like superfamily of
receptors. They represent type I membrane proteins with a sin-
gle immunoglobulin-like domain in their N-terminal ectodo-
main, one transmembrane domain, and a short C-terminal
intracellular tail (1, 2) (Fig. 1).

In humans, two homologous genes on chromosomes 6p21
encode two similar proteins, TREM1 and TREM2 (1, 3).
Despite their high homology, TREM1 and TREM2 have diver-
gent expression patterns and signaling functions. Although
activation of TREM1 increases the secretion of pro-inflamma-
tory cytokines, TREM2 instead has anti-inflammatory activity
(4 –7). However, both receptors lack signaling motifs in their
cytoplasmic domains and require association with the co-re-
ceptor DNAX-activating protein of 12 kDa (DAP12) to mediate
intracellular signal transduction. The cytoplasmic domain of
DAP12 contains a characteristic immunoreceptor tyrosine-

based activation motif (ITAM). The interaction of TREMs and
DAP12 is mediated via electrostatic interactions within their
transmembrane domains. Stimulation of TREMs results in
phosphorylation of critical tyrosine residues in the ITAM motif
of DAP12, thereby regulating different intracellular signaling
pathways in monocytes and monocyte-derived cells (1, 2, 3, 8)
(Fig. 1).

Mutations in TREM2 or DAP12 are associated with polycys-
tic lipomembranous osteodysplasia with sclerosing leukoen-
cephalopathy, also called Nasu-Hakola disease (NHD), which is
characterized by bone abnormalities and dementia (6, 9, 10).
Recent genetic studies also indicate an association of TREM2
variants with Alzheimer disease (AD) and other neurodegen-
erative disorders (6, 11). Disease-associated variants of TREM1
have not been identified so far. Thus, TREM2 might represent a
common modulator in the pathogenesis of different neurode-
generative diseases. These findings also support a functional
involvement of neuroinflammatory processes in the pathways
to neurodegeneration.

Neuroinflammation is a common feature of neurodegenera-
tive diseases and characterized by micro- and astrogliosis and
increased levels of proinflammatory cytokines (12, 13). The
inflammatory process is likely promoted by the accumulation
of protein aggregates and cell damage. Microglia resemble res-
ident macrophages in the brain and express several cell surface
receptors that recognize danger or pathogen-associated molec-
ular patterns (14 –16). Their activation results in several cellu-
lar responses, including the synthesis and secretion of cyto-
kines, migration, and phagocytosis. However, persistent
activation of microglia and chronic neuroinflammation could
also exert detrimental effects to brain function and might pro-
mote neurodegeneration (14, 17, 18).

Under physiological conditions, microglia constantly scan
their environment and interact with other cell types, such as
neurons and astrocytes, and with the extracellular matrix and
blood vessels. They contribute to brain homeostasis and synap-
tic plasticity and mediate repair processes during brain injury
(17, 18, 19).

Expression, Metabolism, and Signaling of TREMs

The first gene of the TREM family, TREM1, was identified in
natural killer cells and shown to be also expressed in different
monocytes and monocyte-derived macrophages (20). The ho-
mologous TREM2 was initially cloned from dendritic cells (21).
Although certain macrophages and neutrophils express both
TREM homologs, dendritic cells, osteoclasts, and microglia
show predominant expression of TREM2 (1, 4).

Both receptors require engagement of the co-receptor
DAP12 for transmembrane signaling. DAP12 is also a type I
membrane protein. In contrast to TREMs, DAP12 has no glob-
ular ectodomain and might not be involved in binding of
ligands (Fig. 1). The extracellular sequence of about 20 amino
acids contains cysteine residues that mediate homodimer for-
mation by disulfide bridges. The interaction of TREMs with
DAP12 is mediated by a salt bridge linkage of an arginine and
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aspartic acid residue within the respective transmembrane
domains (22) (Fig. 1).

Cell biological studies revealed that TREM2 is transported in
the secretory pathway and shuttles between the plasma mem-
brane and cytoplasmic vesicles (23, 24). It is unclear whether
DAP12 already associates with TREMs in early secretory com-
partments or whether interaction is induced by ligand binding
and clustering of TREMs at the cell surface.

During biosynthesis and secretory transport, TREM2 also
undergoes maturation by complex glycosylation (24, 25, 26),
but the biological relevance of these modifications remains to
be determined. TREM2 is also subjected to sequential proteo-
lytic processing by ectodomain shedding and intramembra-
nous cleavage (24, 25, 26) (Fig. 2). The ectodomain shedding
results in the release of the soluble TREM2 from cells into
extracellular fluids and involves proteases of the a disintegrin
and metalloprotease (ADAM) family. Soluble TREM2 has also
been detected in cerebrospinal fluid (CSF) and blood plasma of
humans (26, 27), and levels in CSF were significantly reduced in
samples of AD and FTD patients, suggesting altered proteolytic
processing during neurodegeneration (26). In CSF and plasma
of a patient with FTD-like symptoms carrying a homozygous
TREM T66M mutation, soluble TREM2 was not detected, sug-
gesting that this mutation decreases shedding of TREM2 (26).
Whether the recently identified AD-associated R47H variant of
TREM2 also affects protein levels in CSF and plasma remains to
be determined.

Soluble TREM2 variants have also been found to be
altered in multiple sclerosis. However, in contrast to the
decreased levels found in CSF of AD and FTD patients, sol-
uble TREM2 was increased in CSF of multiple sclerosis cases
and other inflammatory neurological diseases, but was
unchanged in non-inflammatory neurological diseases (27).
Thus, it will be interesting to further explore the detection of
soluble TREM2 in biological fluids as a biomarker for differ-
ent neurological diseases.

Whether the soluble variants of TREM2 in biological fluids
exclusively derive from proteolytic processing of the full-length

FIGURE 1. TREM2-DAP12 dependent intracellular signaling pathways. TREM2 associates with DAP12 via electrostatic interaction within the transmem-
brane domains. Ligand binding to TREM2 results in phosphorylation of tyrosine residues within an ITAM motif of the DAP12 cytoplasmic domain, as well as
recruitment of several signaling proteins, including Syk, Dok3, Sos1, and Grb2. The related signaling pathways regulate Ca2� mobilization, cell cytoskeletal
remodeling, and gene transcription. The regulation of TREM2-DAP12 via PI3K and RAS allows cross-talk with and modulation of TLR signaling pathways. See
text for details. P, phosphorylation; PLC, phospholipase C; IP3, inositol 1,4,5-trisphosphate; DAG, diacylglycerol; LEF, lymphoid enhancer-binding factor; MEF,
myocyte enhancer factor; MKK, mitogen-activated protein kinase kinase.

FIGURE 2. Sequential proteolytic processing of TREM2. The full-length
TREM2 receptor (TREM2-FL) can be cleaved by a shedding protease of the
ADAM family (sheddase), resulting in the secretion of a soluble ectodomain
(sTREM2) and generation of a membrane-bound C-terminal fragment (TREM2-
CTF). This C-terminal fragment represents a substrate for �-secretase-depen-
dent intramembrane proteolysis. The putative cleavage products resulting
from �-secretase-dependent cleavage are indicated as T2� (TREM2-A �-like
peptides) and T2ICD (TREM2 intracellular domain). Potential implications of
the proteolytic processing for TREM2 function are discussed in the text.
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receptor is unclear. For both TREM1 and TREM2, alternative
mRNA transcripts have been identified that could also result in
the synthesis and secretion of truncated variants (28, 29).

It has been shown that soluble TREM1 competes with cell
surface-bound TREM1 for ligands and thereby affects ligand-
induced signaling (30, 31, 27). In addition, soluble TREM1
might also exert paracrine and autocrine effects upon binding
to cell surface molecules. However, a functional role of soluble
TREM2 in extracellular fluids remains to be determined.

The C-terminal fragment (CTF) of TREM2 that results from
ectodomain shedding remains membrane-tethered via its
transmembrane domain and could be subjected to intramem-
branous proteolysis by the �-secretase complex that is also
involved in the generation of the AD-associated amyloid-�
(A�) peptide (24 –26, 32) (Fig. 2). Interestingly, inhibition of
�-secretase also impaired the phosphorylation of DAP12 and
downstream metabolism of phosphatidylinositides (24), cellu-
lar rearrangement, and phagocytosis (33), suggesting that
TREM2-DAP12-mediated signaling is affected by �-secretase
activity. Overexpression of the TREM2 CTF in microglial BV2
cells also decreased LPS-induced pro-inflammatory cytokine
production (32), further supporting a role of the TREM2 CTF
and its processing by �-secretase in signaling.

Although both TREM1 and TREM2 signal via DAP12, their
stimulation has different effects on LPS-induced signaling.
While TREM1 activation promotes pro-inflammatory signal-
ing and cytokine production in response to LPS, TREM2 acti-
vation instead suppresses these LPS-induced effects (7). In
addition to TREMs, more than 20 different surface receptors
associate with DAP12 to regulate several intracellular signaling
pathways. In general, receptor ligation results in Src kinase-de-
pendent phosphorylation of DAP12 at critical tyrosine residues
and the recruitment of spleen tyrosine kinases (Syk) and the
tyrosine kinase �-chain-associated protein 70 (ZAP70) (1, 4).
Whether both kinases are also involved in the phosphorylation
of DAP12 is unclear. Syk and ZAP70 can activate additional
signaling proteins including PI3K, guanine nucleotide ex-
change factors (GEF), and phosphotyrosine kinase 2 (Pyk2),
and can also regulate membrane-proximal signaling of other
cell surface receptors, including TLR4, IFN�R1/2, and Plexin-
A1. The complex regulation and interplay of multiple pathways
allow fine-tuned responses of immune cells, including cytokine
production and release, migration, phagocytosis, proliferation
and differentiation, and cell survival (Fig. 1). Signaling via
DAP12 has been described in detail in several recent reviews (2,
7, 34, 35). It is important to note that most studies on the sig-
naling of TREMs and DAP12 have been performed with periph-
eral monocytes or monocyte-derived cells.

Functional studies with microglia from mouse brain revealed
that TREM2 also signals via DAP12 and regulates several path-
ways (4). Because a specific ligand for TREM2 is unknown,
Takahashi et al. (36) used overexpression of tagged variants of
TREM2 in primary microglia that could be activated by cross-
linking with antibodies against the epitope tag. Activation of
TREM2 resulted in increased phosphorylation of DAP12.
Cross-linking of TREM2 also increased phagocytosis of dam-
aged neurons by primary mouse microglia (36). In addition,
activation of TREM2 resulted in remodeling of the actin cyto-

skeleton and promoted migratory activity toward chemokines
accompanied with increased phosphorylation of ERK. Knock-
down of endogenous TREM2 in primary microglia decreased
phagocytic activity and increased transcription of pro-inflam-
matory cytokines and nitric oxide synthase-2 (36). These find-
ings were consistent with previous observations obtained with
macrophages from TREM2 knock-out mice that also suggested
an anti-inflammatory role of this receptor (31, 38). TREM2 KO
cells had an elevated cytokine response to TLR stimulation by
LPS (38). In addition, primary microglia of TREM2 KO cells
show decreased proliferation in culture and elevated cell death
(39).

Homozygous and Compound Mutations of TREM2 or
DAP12 in Nasu-Hakola Disease and Frontotemporal
Dementia

Interestingly, mutations in DAP12 and TREM2 are associ-
ated with autosomal recessively inherited NHD, also called
polycystic lipomembranous osteodysplasia with sclerosing leu-
koencephalopathy or membranous lipodystrophy. This rare
disease is characterized by impaired bone metabolism leading
to cysts and fractures, and by progressive dementia with early
onset between 15 and 30 years of age (6, 9). In most cases,
osseous lesions occur before neurological symptoms. Early in
the neurological stage, patients develop changes in their per-
sonality followed by memory deficits. The neurological symp-
toms closely resemble those of frontotemporal dementias
(FTDs), neurodegenerative disorders that are much more com-
mon in patients below the age of 65 years and that are charac-
terized by inappropriate behavior and changes in personality
and language impairment (6, 40). Brains of FTD cases show
atrophy of frontal and temporal lobes and degeneration of spin-
dle neurons. Based on different inclusions of aggregated pro-
teins, FTD is neuropathologically subdivided into three groups
depending on the occurrence of tau, �-synuclein, and TAR
DNA-binding protein 43 (TDP43) or fused in sarcoma (FUS)
proteins in neurons and glial cells (42, 43). Mutations in some of
these proteins cause familial dominantly inherited forms of
FTD (44, 45). Disease onset of FTD is typically between the ages
of 50 and 65. Interestingly, rare homozygous or compound
mutations in TREM2 have been identified in cases with FTD-
like symptomatic presentation in the absence of associated
lesions in the bone system, therefore differing in the clinical
symptoms from NHD (40, 45, 47– 49) (Table 1). Another rare
variant of TREM2 with an R47H substitution has recently also
been associated with an increased risk for late-onset AD (50,
51).

Molecular Genetics of Alzheimer Disease

AD is the most common form of dementia and is character-
ized at the neuropathological level by the accumulation of
extracellular plaques and intraneuronal neurofibrillary tangles
that are composed of A� peptides and the microtubule-associ-
ated protein tau, respectively (52–54). A� derives from the
amyloid precursor protein (APP) by sequential proteolytic pro-
cessing by �- and �-secretase (55, 56). In an alternative pro-
cessing pathway, APP can be cleaved by �-secretase within the
A� domain, which precludes the subsequent generation of A�.
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�-Secretase activity is exerted by members of the ADAM family
(57). As described above, ADAM proteases and �-secretase are
also involved in the proteolytic processing of TREM2.

In the vast majority of cases (�95%), AD manifests beyond
the age of 65 years. However, rare familial cases with an age of
onset below 65 years also occur. Genetic analyses of familial
early-onset AD cases led to the identification of autosomal
dominant mutations in three different genes (11, 58, 59). The
first gene identified to bear AD-associated mutations was the
APP gene itself. The different mutations within APP are local-
ized within or close to the A� domain and promote the gener-
ation or aggregation of the peptide. Interestingly, a mutation
within the A� domain of APP has also been shown be associ-
ated with a decreased risk for AD (60). In contrast to the dis-
ease-causing mutations of APP, the preventive variant
decreased the proteolytic generation of A� and its propensity to
aggregate (61, 62). Besides the APP gene, only two additional
genes have been identified to contain mutations that also cause
dominantly inherited early-onset familial AD. The two genes
encode homologous proteins called presenilin (PS)-1 and PS-2
(63, 64). PS proteins are the catalytic components of the
�-secretase complex and thus, are critically involved in the pro-
teolytic generation of A� (65, 66). Mutations in the PS proteins
commonly favor the accumulation of A�42 variants that have
increased propensity to aggregate. Thus, the genetics of familial
early-onset AD provide strong support for a critical role of A�
peptides in the pathogenesis of AD. However, mutations in
APP and PS genes are very rare and only represent 1–3% of all
AD cases.

By far the most common risk factor for late-onset AD is the
�4 allele of the apoE gene (67– 69). The apolipoprotein (apo) E4
variant is one of three major isoforms occurring in humans that
only differ in two amino acids at position 112 and 158, which
could either be Cys or Arg residues (Cys115–Cys158 for apoE2,
Cys115–Arg158 for apoE3, and Arg115–Arg158 for apoE4) (68 –
70). Since its initial discovery in 1993 as a risk factor for late-
onset AD, apoE4 has been confirmed in numerous follow-up
studies (59, 71, 72). However, the functional role of apoE in the
pathogenesis of AD is still enigmatic. ApoE can interact with
and affect the aggregation and clearance of A� in an isoform-

and lipidation-state dependent manner (73, 74). Several recep-
tors of the low density lipoprotein receptor (LDLR) family have
been shown to bind apoE, A�, and APP, and thereby could
affect both generation and degradation of A� (67, 75, 76). Inter-
estingly, genome-wide association studies of common single
nucleotide polymorphisms have identified additional genes
related to lipid and lipoprotein metabolism associated with an
increased risk of AD. These include the bridging integrator 1
(BIN1), clusterin (CLU), ATP-binding cassette A7 (ABCA7),
phosphatidylinositol-binding clathrin assembly protein
(PICALM), and CD2-associated protein (CD2AP) (11, 77, 78).
However, the functional roles of the respective proteins in the
pathogenesis of AD remain to be characterized in more detail.
It is important to note that the odds ratios of the additional
factors, that is, their effect on risk for developing AD, is much
lower than that of apoE. Although the apoE4 allele increases the
risk between 3- and 10-fold, the individual effects of the other
factors range between 0.15- and 0.2-fold. Another set of genes
with similarly low odds ratios could be related to vesicular traf-
ficking and inflammatory pathways, including the complement
receptor 1 (CR1), cluster of differentiation 33 (CD33), mem-
brane-spanning 4-domains, and subfamily A, member 6A and
6E (MS4A6A, MS4A6E) (11, 77, 78).

Potential Role of TREM2 in the Pathogenesis of AD

The TREM2 R47H variant showed a significant association
with late-onset AD with odds ratios between 2 and 4, suggesting
that it increases the risk for AD (50, 51). It is currently under
debate whether the TREM2 R47H or other variants in the
heterozygous state are also associated with other neurodegen-
erative diseases such as frontotemporal lobar degeneration,
amyotrophic lateral sclerosis, and Parkinson disease. A meta-
analysis across these diseases indicates that the R47H variant of
TREM2 is specifically associated with AD and probably with
frontotemporal lobar degeneration, but not with the other
tested disorders (79). However, additional missense mutations
could also contribute to the risk for these neurodegenerative
diseases.

It is important to note that the TREM2 R47H is rare with
allele frequencies below 1% (50, 51). Thus, even if the effect size

TABLE 1
Disease-associated mutations in TREM2

Mutation/polymorphism Effect Disease Genotype References

c.40G3T E14X, truncated, nonfunctional protein NHD Homozygous 91
c.40 � 3delAGG Altered splicing, decreased protein FTD-L Homozygous 92
c.97C3T Q33X, truncated, nonfunctional protein (also FTD-

like syndrome)
NHD, FTD-L Homozygous 41, 93

c.113A3G Y38C NHD, FTD-L Homozygous, homozygous
compound heterozygous

40, 41, 93

c.132G3A W44X, truncated, nonfunctional protein NHD Homozygous 91
c.140G3A R47H AD risk Heterozygous 50, 51
c.185G3A R62H AD risk Heterozygous 46
c.197C3T T66M NHD, FTD-L Homozygous 41, 93
c.233G3A W78X, truncated, nonfunctional protein NHD Homozygous 91
c.257A3T D86V FTD-L Compound heterozygous 40
c.267delG Frame-shift, nonfunctional protein NHD Homozygous 91
c.313delG Frame-shift, nonfunctional protein NHD Homozygous 91
c.377T3G V126G NHD Homozygous 93
c.401A3G D134G NHD Homozygous 93
c.482 � 2T3C Impaired splicing, decreased/nonfunctional protein NHD Homozygous 93
c.558G3A K186N, no interaction with DAP12 NHD Homozygous 91
c.594G3A W198X FTD-L Homozygous 37
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on individual AD risk for carriers of the TREM2 R47H variant is
comparable with that of apoE4, the overall effect on AD preva-
lence in the general population is much smaller (80). However,
understanding the physiological and pathophysiological func-
tions of TREM2 in AD is important to further explore its poten-
tial as a target for therapy, prevention, and diagnosis.

Even before the identification of AD-associated mutations of
TREM2, it has been shown that microglia surrounding extra-
cellular plaques in APP transgenic mouse models have
increased expression of TREM2 protein (81). Up-regulation of
TREM2 mRNA in brain samples of APP transgenic mice was
observed upon active vaccination with A� (82), and immuno-
histochemical analysis of human brains with TREM2 antibod-
ies also showed reactivity in microglia and neurons in different
brain regions (51). In addition, the co-receptor DAP12 was
identified in an integrative network analysis as an important
factor in the pathogenesis of late-onset AD (83).

The functional role of TREM2, and of microglia in general, in
AD pathogenesis is currently under debate (12–18). Effects of
TREM2 on A� deposition have been assessed by crossing
heterozygous or homozygous TREM2 KO mice with APP
transgenic mouse models of AD. The deletion of one TREM2
allele did not significantly affect A� plaque load up to the age of
seven months (84). However, the number and size of microglia
in the vicinity of A� deposits were reduced in heterozygous
TREM2 KO mice (84). Crossing of homozygous TREM2 KO
mice with APP transgenic models resulted in controversial
results on A� plaque load in two independent studies. Although
Jay et al. (85) showed decreased A� deposition, Wang. et al. (86)
found increased A� load in TREM2 KO mice as compared with
TREM2 WT mice. The latter study also showed significantly
increased levels of insoluble A� in heterozygous TREM2 KO
mice at higher ages. It will be important to assess whether these
discrepancies might result from the usage of different TREM2
KO and APP transgenic mouse models, different analytical
methods, or other factors. Both studies, however, revealed
increased expression of TREM2 in plaque-associated myeloid
cells. Whether these TREM2-positive cells represented resi-
dent microglia or were derived from infiltrated peripheral
monocytes is currently under debate (85, 86). As observed
already in heterozygous TREM2 KO mice (84), homozygous
TREM2 KO led to a decreased number of monocyte-derived
cells in the vicinity of extracellular plaques. These observations
are consistent with a role of TREM2 in the regulation of cell
migration, proliferation, and survival (85, 86).

How Could Mutations in TREM2 Contribute to the Risk of
AD?

The TREM2 mutations found in NHD patients are deletion,
nonsense, or frameshift mutations that result in the complete
lack of protein or synthesis of truncated variants (6) (Table 1).
Interestingly, missense mutations that decrease the interaction
with DAP12 have also been identified. Mutations of DAP12 in
NHD also result in the generation of non-functional protein or
no protein, indicating that the disease is caused by complete
loss of function in TREM2-DAP12 signaling (9, 10). Mutations
in other downstream signaling components or other receptors
that associate with DAP12 have not been identified. The

homozygous or compound FTD- and NHD-associated muta-
tions Y38C and T66M strongly impair the transport of TREM2
from the ER to the Golgi, and thus, its glycosylation and expres-
sion at the cell surface, also supporting a loss-of-function mech-
anism (25, 26). These mutations also showed decreased solubil-
ity, accumulation in the ER, and induced ER stress (25). Thus,
TREM2 mutations might not only impair receptor signaling
activity, but also cause cellular stress and thereby affect cell
function and viability.

When compared with the NHD- and FTD-associated mis-
sense mutations, the AD-associated TREM2 R47H variant has
weaker effects on its transport to the cell surface, as well as its
secretion into conditioned media (26). The localization of the
AD-associated R47H in the ectodomain of TERM2 could also
suggest it affects the interaction with ligands. Interestingly, the
R47H variant showed reduced binding to anionic and zwitteri-
onic lipids in vitro (86). Thus, the AD-associated TREM2 R47H
mutation might interfere with the interaction of microglia with
membranes of damaged neurons and subsequent clearance by
phagocytosis. Indeed, the TREM2 R47H variant reduced the
phagocytic activity of different cell types in vitro (26, 86).
Whether the R47H variant could also affect functions of micro-
glia or peripheral cells in vivo is currently unknown.

The decreased phagocytic activity could contribute to neu-
rodegeneration by impairing the clearance of damaged neurons
and aggregated proteins, which could promote chronic pro-
inflammatory reactions in the brain. Interestingly, apoE has
been identified as a ligand for TREM2 in vitro (87, 88), suggest-
ing that apoE might also regulate TREM2-DAP12-mediated
signaling in microglia. Although the different apoE isoforms E2,
E3, and E4 showed very similar binding to TREM2, the TREM2
R47H mutation strongly decreased this interaction, suggesting
that the effects of apoE4 on AD risk might not involve differen-
tial binding to TREM2. It will now be important to investigate
the functional role of the apoE-TREM2 interaction in the reg-
ulation of microglia during neurodegeneration.

TREM2 has also been linked to the hyperphosphorylation
and accumulation of tau. Silencing of TREM2 by lentivirus-
mediated knockdown exacerbated tau hyperphosphorylation
and tau pathology, neurodegeneration, and learning deficits in
a mouse model of tauopathy (89). Because these mice did not
overexpress APP or develop amyloid plaques, the observed
effects upon silencing of TREM2 are likely independent of A�.
Together, these studies indicate that loss of TREM2 could trig-
ger tau and A� pathology independently. It is interesting to
note that senile plaques and neurofibrillary tangles have been
observed in a brain autopsy of a 48-year-old patient clinically
diagnosed with NHD and a homozygous mutation in TREM2
(90, 91), suggesting that impaired TREM2 signaling might be
sufficient to induce the two major neuropathological hallmarks
of AD. However, the relative occurrence of AD characteristic
neuropathology in NHD cases remains to be determined. NHD
is also associated with leukodystrophy, which is not character-
istic for AD or FTD. Thus, it will be interesting to further dissect
the molecular mechanisms that contribute to the different
pathologies associated with TREM2 mutations.
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Conclusions

The association of TREM2 mutations with different diseases,
including NHD, FTD, and AD, strongly indicates an important
role of this immune receptor and innate immunity during neu-
rodegeneration. However, the molecular mechanisms underly-
ing the pathogenic processes in these diseases remain largely
unclear. Even complete loss of TREM2 in NHD allows develop-
ment into adulthood with manifestation of clinical symptoms
of dementia in the second or third decade of life. The mutations
associated with FTD also cause early clinical symptoms at ages
between 30 and 50 years. These mutations either result in pre-
mature stop of protein synthesis or strongly impair the trans-
port and expression of TREM2 at the cell surface, also indicat-
ing a loss-of-function mechanism. The asymptomatic phase of
20 –50 years even upon complete loss of function of TREM2
could suggest that TREM2 is dispensable during development,
but exerts important functions in the regulation of brain home-
ostasis during aging, infection, trauma, or other detrimental
processes in the brain.

Although the functional implication of the TREM2 R47H
mutation in the pathogenesis of AD remains to be determined,
the binding of apoE and the proteolytic processing by �-secre-
tase already links TREM2 to two major AD-related proteins.
Thus, it will be interesting to further assess the functional con-
nection of these proteins. However, because loss of TREM2 can
cause neurodegeneration in other dementias, the effects on AD
pathogenesis could also be independent on direct interaction
with known AD-associated factors. In any case, TREM2 and
DAP12 represent interesting targets to modulate an important
signaling pathway commonly involved in neurodegeneration.
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