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Abstract 

Triggering receptor expressed on myeloid cells 2 (TREM2), a protein expressed 

on the surface of microglia, is genetically linked to, and a therapeutic target for 

Alzheimer’s disease (AD). As a myeloid cell receptor, TREM2 binds a variety of ligands, 

including AD-related proteins apolipoprotein E (ApoE) and β-amyloid. Upon stimulation, 

TREM2 activates various cell signaling pathways that drive microglial functions capable 

of ameliorating or accelerating AD progression and pathology (Ennerfelt et al., 2022; 

Gratuze et al., 2018; Leyns et al., 2017; Price et al., 2020; Takahashi et al., 2007; 

Takahashi et al., 2005; Wang et al., 2015; Wang et al., 2016; Wang et al., 2020; Zhao et 

al., 2018). Characterization of TREM2 signaling pathways mediating these functions, 

however, is incomplete. Further investigation of these signaling cascades is required to 

understand the function of TREM2 in AD beyond its genetic component. The goal of this 

research was to generate novel agonist monoclonal antibodies to activate cells in vitro in 

a TREM2-dependent manner, and to examine the phosphorylation state of potential 

downstream targets. We screened a library of rabbit host monoclonal antibodies that were 

raised against the ectodomain of human or mouse TREM2 by western blot to identify 

clones that were target specific. We then identified several clones that could activate cell 

signaling pathways downstream of TREM2 in vitro. These pathways include the 

activation of spleen tyrosine kinase (Syk), which is suggested to be downstream of 

TREM2/DAP12 microglial activation (Ennerfelt et al., 2022; Gratuze et al., 2018; Jay et 

al., 2017; McQuade et al., 2020; Schlepckow et al., 2020; Wang et al., 2020; Zhao et al., 



2018). Syk activation was characterized using phospho-specific anti-Syk monoclonal 

antibodies. Having established tools to activate TREM2, we screened other downstream 

proteins related to Syk signaling that may also be engaged by TREM2 activation. Based 

on our findings, we suggest that Syk phosphorylation is indeed a reliable readout for 

TREM2-dependent microglia activation. We further suggest that the antibodies validated 

herein can be leveraged to further characterize signaling events and cellular responses 

(phagocytosis, inflammation, proliferation, etc.) downstream of TREM2. Full 

characterization of TREM2 signaling cascades can be applied to AD therapeutic research, 

targeting the benefits of upregulating or downregulating TREM2-dependent microglial 

activation to attenuate AD pathology.
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Chapter I. 

Introduction 

Alzheimer’s disease (AD), a progressive brain disorder, is the leading cause of 

dementia worldwide. Adding to the issue is that the prevalence of this neurodegenerative 

disease continues to grow, with diagnosed cases expected to triple by 2050 (Scheltens, et 

al., 2021). Therapeutic intervention aimed at promoting the clearance of protein 

aggregates that form during disease progression remains a key strategy in the field of 

drug discovery. A major challenge to this intervention however is that the cellular and 

molecular mechanisms of AD remain poorly understood (Knopman et al., 2021). The 

factors driving protein aggregation, and the direct and indirect impact these aggregates 

have on individual proteins, signaling events, cell types, and cell-to-cell interactions 

require further investigation.  

Microglia, a macrophage-like cell type in the brain, have become a central focus 

in AD research. These cells have a variety of well-defined functions within the brain, 

both during development and in adulthood. The role microglia play in the context of 

neurodegenerative diseases is, however, quite complex. Studies of microglia in the 

context of various AD models have shown the potential for these cells to either attenuate 

or exacerbate pathology. This depends on a variety of factors, including the mechanism 

by which these immune cells are engaged, and the resulting upregulation or 

downregulation of certain proteins they express. The protein expression profile of these 

cells varies depending on a variety of endogenous and exogenous environmental factors, 

including the stage of disease (Hansen et al., 2017). Identification and targeting of 
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specific microglial proteins that can activate these cells in a disease attenuating manner, 

without also causing undesirable effects, would be a breakthrough in the search for an 

effective AD therapeutic.  

Genetic studies have been performed in order to identify microglial proteins of 

interest in the context of AD patients. Recently, triggering receptor expressed on myeloid 

cells 2 (TREM2), a protein localized at the membrane of many innate immune cells, 

including macrophages in the periphery, and microglia in the brain, has been genetically 

linked to the disease (Gratuze et al., 2018; Nguyen et al., 2020). TREM2 functions as a 

receptor protein, binding a variety of extracellular ligands. Once bound to a ligand, it 

associates with DNAX-activating protein 12 (DAP12) at the cell membrane, leading to a 

variety of signaling cascades. In addition to DAP12, kinases, including spleen tyrosine 

kinase (Syk) have been associated with TREM2 signaling (Ennerfelt et al., 2022; Gratuze 

et al., 2018; Jay et al., 2017; McQuade et al., 2020; Schlepckow et al., 2020; Wang et al., 

2020; Zhao et al., 2018). Though the role TREM2 plays in AD has yet to be fully 

elucidated, some studies suggest that TREM2-dependent microglial activation may lead 

to beneficial immune responses, including β-amyloid plaque clearance and amelioration 

of neuroinflammation (Ennerfelt et al., 2022; Jay et al., 2017; Takahashi et al., 2007; 

Takahashi et al., 2005; Wang et al., 2020; Zhao et al., 2018).  

A lack of suitable reagents and mechanisms for in vitro and in vivo TREM2 

activation is a current challenge to studying the signaling cascades and cellular processes 

downstream of this receptor. Monoclonal antibodies (mAbs) have been leveraged as 

ligands to activate a variety of cell surface receptor proteins in recent years (Dixon et al., 

2018; Lanotte et al., 2020; Salomon & Dahan, 2022). Generating monoclonal antibodies 
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that can act as a specific TREM2 agonists to activate this protein could allow for analysis 

of these cascades in a targeted and controlled manner. Providing the field with tools to 

further investigate the role this protein plays in the cellular and molecular mechanisms of 

AD progression is key to potential TREM2 related therapeutic breakthroughs. 

Alzheimer’s Disease 

Alzheimer’s disease (AD), a progressive brain disorder, is the leading cause of 

death among those with no disease attenuating therapy (Kinghorn et al., 2020). The 

disease was first described in 1906 by a German physician, Alois Alzheimer. Dr. 

Alzheimer examined the brain of a patient he had been treating for several years who had 

been displaying symptoms of cognitive decline prior to death. Upon examination of the 

patient’s brain, he described visible protein aggregates and immense neuronal loss, 

though the exact composition of these aggregates was not yet clear (Breijyeh & Karaman, 

2020; Soria Lopez et al., 2019).  

In the decades following Dr. Alzheimer’s discovery, researchers gained a better 

understanding of the autopsy findings he described. Now considered the pathological 

hallmarks of AD, these concentrated protein formations are derived from the processing 

and modification of two proteins, amyloid precursor protein (APP) and tau. APP is a 

single pass transmembrane protein with an unknown biological function. This protein is 

proteolytically cleaved by secretases in one of two ways following its localization at the 

cell surface. The cleavage of APP occurs sequentially, first either by α-secretase or β-

secretase (BACE1), each of which are followed by γ-secretase cleavage. The initial 

cleavage of APP by α-secretase leads to a nonpathological form of processed APP that 

can be easily cleared from the cell. Cleavage by BACE1 and γ-secretase on the other 
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hand leads to the generation of small peptides, ranging from 40 to 44 amino acids in 

length. These peptides, called β-amyloid, are then secreted into the extracellular space. 

Once outside of the cell, these peptides aggregate with one another, eventually forming 

toxic extracellular plaques around and on the cell surface of neurons (O’Brien & Wong, 

2011). The accumulation of these toxic plaques is central to the amyloid cascade 

hypothesis. This theory, which has been the focus of AD research for decades, suggests 

that deposition of extracellular amyloid beta leads to oxidative stress within neurons, 

resulting in the activation of kinases that hyperphosphorylate tau protein. These 

hyperphosphorylation events lead to tau misfolding and aggregation within the cell (Behl 

et al., 2020; Karran et al., 2011). 

Tau is a microtubule associated protein important for cell structure assembly and 

stability. This protein is comprised of four domains, including a microtubule binding 

domain (MBD). Kinase driven hyperphosphorylation of tau within the MBD leads to 

impaired microtubule binding and misfolding of the protein. The hyperphosphorylation 

and misfolding of tau in AD can occur in varying patterns, leading to the formations of 

two separate conformational structures, straight filaments (SFs) and paired helical 

filaments (PHFs). These structures further bind with one another leading to the formation 

of neurofibrillary tangles (NFTs). As extracellular β-amyloid plaques and intracellular tau 

tangles accumulate, they interfere with the efficacy of neuronal signaling. This ultimately 

leads to synaptic dysfunction, and neuronal cell death (Gibbons et al., 2018; Naseri et al., 

2019). Though the processes of plaque and tangle formation are now well known, the 

understanding of cellular responses related to these protein aggregates remains elusive. 
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In recent years, microglia, the resident macrophages of the brain, have become a 

key therapeutic target for AD research. The role innate immunity plays in the progression 

of AD is unknown. Studies of innate immunity, specifically microglial activation in the 

context of AD, have produced varying results. Some studies suggest that microglia play a 

detrimental role (Leyns et al., 2017), while others propose just the opposite (Bemiller et 

al., 2017). A better understanding of microglial signaling cascades and the broader 

cellular functions they promote may provide an avenue to developments in AD 

therapeutic research. It is therefore critical that investments continue to be made to 

broaden our understanding of the causal factors of AD, the cell and molecular 

mechanisms that drive its progression, and the role the innate immune system plays 

throughout. 

Myeloid Cells 

Hematopoietic stem cells (HSCs), located in the bone marrow, are multipotent 

stem cells capable of differentiating into every immune cell type in the body. As these 

HSCs undergo the process of differentiation, or hematopoiesis, they become either 

lymphoid progenitor cells or myeloid progenitor cells. Lymphoid progenitor cells 

differentiate further to generate cell types such as T cells, B cells, natural killer (NK) 

cells, and lymphoid-derived dendritic cells. Myeloid progenitor cells differentiate further 

to generate cell types including granulocytes, macrophages, microglia, monocytes, and 

myeloid-derived dendritic cells (Weiskopf et al., 2016). As these cells differentiate into 

their final form, they begin to take on different protein expression profiles, which in turn 

leads to varied signaling events, and cell-specific functions.  



 

 6 

Macrophages can be derived either from monocytes that circulate in the blood, or 

directly from progenitor cells, without the monocyte intermediary stage. Monocytes 

circulate through the blood and are recruited to tissues. Once recruited, they differentiate 

further into macrophages to either replace dying macrophages or to help support an 

immune response (Italiani & Boraschi, 2014). In contrast to circulating immune cells, 

tissue-resident cells, including microglia in the brain are recruited during development. 

These macrophage-like cells are derived from progenitor cells in the yolk sac during 

early development. Once seeded in the brain they remain there for life (Goldmann et al., 

2016). Despite the variation in origin, microglia carry out similar functions as 

macrophages in the periphery, which is why many researchers refer to them as the 

“macrophages of the brain”. Some of these functions include surveying tissue for dead or 

dying cells, producing inflammatory cytokines in response to injury, and phagocytosing 

cellular debris and invading pathogens or other foreign material that may cause injury 

(Locati et al., 2020).  

Macrophages, microglia, and other myeloid derived cells express and function 

through extracellular plasma membrane receptors that act to bind various ligands. The 

binding of specific ligands to cell receptors drives signaling cascades that ultimately 

result in a cellular response. These signaling events often incorporate many different 

proteins, including kinases, which mediate cellular responses through their 

phosphorylation of other proteins. This can ultimately lead to positive developments, 

including the phagocytosis of cellular debris and pathogens, or negative developments, 

such as tissue damage due to prolonged inflammation (Deczkowska et al., 2018). Many 

of these cellular pathways, including those related to the cell surface receptor TREM2 are 
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poorly understood and require further characterization in order to determine the roles they 

play in healthy and disease states. 

TREM2 

TREM2, a member of the immunoglobulin superfamily, is a transmembrane 

protein expressed by microglia, macrophages, and other innate immune cells. This 

receptor is a type 1 membrane protein, consisting of an N-terminal extracellular, or 

ectodomain, a transmembrane region, and a C-terminal short cytoplasmic tail. The 

ectodomain of TREM2 is suggested to bind a variety of ligands, including 

lipopolysaccharide (LPS), β-amyloid, apolipoprotein E (ApoE), nucleic acids, and lipids. 

Binding of these ligands drives a diverse set of microglial functions, including 

phagocytosis, proliferation, survival, inflammation, and others (Colonna, 2003; Gratuze 

et al., 2018; Park et al., 2016; Wang et al., 2016). 

TREM2 undergoes several post-translational modifications (PTMs) that are 

integral for its normal function. The ectodomain of TREM2 undergoes glycosylation and 

sulfidation, two modifications that are suggested to increase the receptor’s affinity for 

binding ligands. Upon ligand binding, the ectodomain of TREM2 is also cleaved by a 

disintegrin and metalloproteases (ADAMs). This cleavage occurs at amino acid position 

His157 and results in the release of a soluble form of TREM2 (sTREM2). The generation 

of sTREM2 is suggested to drive microglial functions, including phagocytosis, synaptic 

pruning, and the mediation of neuroinflammatory responses. Whether these responses are 

pro-, or anti-inflammatory remains under intense investigation (Yang et al., 2020; Zhong 

et al., 2017).  
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Mutations in the TREM2 gene lead to altered PTM profiles, impaired ligand 

binding and variable levels of sTREM2 accumulation. Mutations have also been linked to 

AD, with specific TREM2 variants increasing disease risk by as much as threefold. The 

most problematic of the studied mutations is the R47H variant, wherein the arginine at 

amino acid position 47 is replaced by a histidine. This point mutation is one of the 

highest genetic risk factors for developing AD. There remains much unknown about the 

connection between the R47H variant and AD pathology, although variations in protein 

stability, increases in sTREM2, variations in glycosylation patterns and impaired ligand 

binding have all been suggested to play a role (Gratuze et al., 2018; Nguyen et al., 2020; 

Park et al., 2016; Yang et al., 2020; Zhong et al., 2017).  

Recent studies suggest that TREM2-dependent microglia activation in mouse 

models plays a key role in β-amyloid pathology (Price et al., 2020; Wang et al., 2015; 

Wang et al., 2016). In addition, absence of proper TREM2 function in a mouse model 

was shown to contribute to the progression of AD pathology (Cui et al., 2021). The 

signaling cascades and cellular mechanisms related to studies surrounding proper, 

impaired, and loss of TREM2 function remains contested and complex. The proteins 

immediately downstream of TREM2 activation are well characterized, though full 

signaling cascades are still being investigated. 

Once bound to a ligand, TREM2 associates with another transmembrane protein, 

DAP12. The formation of this complex is required for the initiation of TREM2 driven 

intracellular signaling events. The DAP12 protein contains a cytoplasmic 

immunoreceptor tyrosine-based activation motif (ITAM) (Colonna, 2003; Gratuze et al., 

2018). ITAMs function as a binding site for tyrosine kinases, including spleen tyrosine 
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kinase (Syk). When Syk binds to an ITAM, it changes conformation, allowing for it 

become activated via tyrosine phosphorylation (Zhang et al., 2000). Syk activation has 

been associated with the TREM2/DAP12 complex upon the binding of some ligands 

(Ennerfelt et al., 2022; Gratuze et al., 2018; Jay et al., 2017; McQuade et al., 2020; 

Schlepckow et al., 2020; Wang et al., 2020; Zhao et al., 2018). This activation can lead 

to the mediation of a variety of cellular responses, including proliferation, differentiation, 

inflammation, and phagocytosis (Gratuze et al., 2018; Turner et al., 2000). It is therefore 

possible that TREM2 and DAP12 act in a Syk-dependent manner to drive pathologically 

attenuating microglial functions in AD. It is also possible that PTM alterations or AD 

associated genetic variants may inhibit these functions. Other phosphorylated kinases 

further downstream of Syk have also been suggested to be involved in TREM2-

dependent phagocytic and neuroinflammatory mediating pathways, including GSK-3β, 

Erk, and Akt (Ennerfelt et al., 2022; Jay et al., 2017; Takahashi et al., 2007; Takahashi et 

al., 2005; Wang et al., 2020; Zhao et al., 2018). In order to further investigate the role 

TREM2 plays in AD, more investigation is required into its activation and downstream 

signaling. 

SYK 

Syk is an integral non-receptor kinase localized in the cytosol of hematopoietic 

derived cells, including macrophages and microglia. The structure of Syk consists of two 

tandem N-terminal Src homology 2 (SH2) domains and a C-terminal tyrosine kinase 

domain. These domains are separated by linker regions, interdomain region A between 

the SH2 domains, and interdomain region B between the SH2 domains and the tyrosine 

kinase domain. Syk plays an important role in intracellular signal transduction upon the 
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stimulation of a variety of cell surface receptors. This role is carried out through its 

interaction with ITAMs located in the cytoplasmic domains of immune receptors. When a 

receptor protein binds a ligand, two tyrosine residues within the ITAM become 

phosphorylated, resulting in the recruitment and binding of Syk via its SH2 domains 

(Grädler et al. 2013, Mócsai et al., 2010, Yi et al., 2014).  

Once Syk binds to an ITAM, it changes conformation, allowing for residues 

within interdomain region B, including Tyr352, to become phosphorylated. Residues 

within the activation loop of the kinase domain subsequently become phosphorylated, 

leading to full Syk activation. Tyr525 and Tyr526 of the human Syk protein are two 

important sites located within the activation loop of the Syk kinase domain. 

Phosphorylation of these residues (equivalent to Tyr519/Tyr520 of the mouse protein) is 

essential for Syk function (Grädler et al., 2013, Mansueto et al., 2019, Zhang et al., 

2000).  

The activation of Syk leads to the mediation of a variety of cellular responses, 

including proliferation, differentiation, inflammation, and phagocytosis. There are many 

additional proteins involved in each of these downstream signaling events. Akt, a kinase 

well-known for the role it plays in regulating inflammation and cell survival is one of the 

many downstream proteins that have been linked to TREM2-dependent Syk activation. 

Evidence suggests that TREM2 and DAP12 may act in a Syk-dependent manner to drive 

microglial cellular responses in AD (Ennerfelt et al., 2022; Colonna, 2003, Gratuze et al., 

2018; Jay et al., 2017; McQuade et al., 2020; Schlepckow et al., 2020; Turner et al., 

2000, Wang et al., 2020; Zhao et al., 2018). Several tools, including the gene editing tool 

CRISPR and the generation of monoclonal anti-TREM2 antibodies were leveraged in this 
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study in order to investigate Syk-associated cell signaling pathways downstream of 

TREM2 activation. 

CRISPR 

Gene editing technology has become an area of great interest for researchers in 

search of therapeutic solutions to a variety of diseases. Technological breakthroughs in 

this space have come via an adaptation of a bacterial defense mechanism, acquired to 

fight off invading viruses. Bacteriophage viruses in search for a host bind to bacteria, at 

which point they inject a copy of their genome into the cytoplasm of the cell. Upon 

entering the cell, the DNA migrates to the nucleus, where it can be integrated into the 

host genome. Once the integration is complete, the host experiences either a lysogenic or 

lytic cycle of infection. A lysogenic cycle of infection is a latency period, wherein the 

viral DNA is not transcribed and translated by the host cell. The lytic cycle of infection 

on the other hand, results in the expression of viral DNA leading to replication of the 

virus. This replication event occurs until the host cell is so overwhelmed with viral load 

that it bursts, releasing the new copies of the virus into the surrounding environment. 

These replicated viruses are now free to invade new host cells, starting the process all 

over again. Some bacteriophage infections are highly lysogenic, with long latency 

periods, while others are highly lytic, leading to rapid viral replication and host cell death 

(Berg et al., 2021).  

Bacteria have adapted a key immune response to block bacteriophage infection 

before viral DNA can migrate into their genome. This immune response is RNA 

mediated and is termed clustered regularly interspaced short palindromic repeats 

(CRISPR). The bacterial cell acts to first replicate and integrate short fragments of the 
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invading genetic material into its genome. These fragments, called photospacers are then 

expressed by the cell, leading to the generation of CRISPR RNA (crRNA), also known as 

guide RNA (gRNA). This gRNA is utilized as a complementary sequence to the target 

DNA of the invading virus. Once the gRNA recognizes its complementary target 

sequence, a nuclease called Cas9 is recruited to cleave the viral DNA at that location, 

resulting in a double stranded break that neutralizes the infection (Jinek et al., 2012).  

In recent years, researchers have discovered the potential for adapting this 

bacterial defense mechanism for targeted gene editing approaches. Using the CRISPR-

Cas9 system, researchers can generate small 20 nucleotide fragments of gRNA to target 

specific loci on genes of interest. When a double stranded break occurs at a locus, one of 

two DNA repair mechanisms will occur. The first is called homology-directed repair 

(HDR). This involves the insertion of a DNA sequence that mimics the portion that was 

removed. This can be used to introduce healthy or mutated versions of a gene into a 

genome. The second repair mechanism is called non-homologous end joining (NHEJ). 

This occurs when the cell is allowed to repair a double stranded break itself without the 

insertion of a new sequence. This method is particularly useful for researchers studying 

loss of function studies, where a gene is disabled or removed entirely, thus preventing the 

generation of a particular protein in a cell or animal model (Torres-Ruiz & Rodriguez-

Perales, 2016). The development of CRISPR-Cas9 technology has allowed researchers 

insight into protein interactions, the signaling cascades they are involved in, and the 

potential role they play in disease states. 
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B Cell Maturation & Antibody Production 

The maturation process of B cells in the spleen and other lymphoid tissues begins 

when foreign antigens invade the body. Naïve B cells encounter these antigens via B cell 

receptors (BCRs) on their cell surface. BCRs contain membrane IgM (mIgM) isotype 

immunoglobulins capable of binding extracellular antigens. mIgM bound to antigen 

molecules cross-link with one another in a process known as capping. This complex of 

antigen and immunoglobulin molecules are then taken into the cell via endocytosis. The 

internalized endosome fuses with a lysosome leading to the digestion of the antigen into 

small peptides. These peptides then fuse with class II Major Histocompatability Complex 

(MHC II) molecules and are directed to the cell surface for antigen presentation. The 

presented MHC II/antigen complex binds receptors on T-helper (Th) cells, which then 

secrete cytokines to direct the antigen-presenting B cell to divide, differentiate and 

secrete antibodies (Chen & Jensen, 2008; Dubois et al., 1992; Inoue et al., 2018; Nutt et 

al., 2015). 

A key aspect of B cell maturation is the development and production of a unique, 

antigen-specific antibody through two separate genomic recombination events. 

Antibodies are composed of heavy and light chains, each with variable and constant 

regions. The variable regions of each chain are encoded by variable (V), diversity (D), 

and joining (J) gene segments. Recombination of these gene segments occurs in a specific 

order and in a manner that promotes antibody diversity within the body. This process 

occurs through double-stranded DNA breaks (DSBs) between V, D, and J segments, 

followed by DNA deletion or insertion and NHEJ to generate a unique coding sequence. 

Heavy chain variable regions are encoded by V, D, and J sequences, while light chain 
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variable regions are encoded only by V and J segments (Bassing et al., 2002; Roth, 

2014).  

In addition to V(D)J gene recombination of variable regions, antibodies undergo 

class-switch recombination (CSR), leading to alterations to heavy chain constant regions. 

This process is induced upon reintroduction of the same antigen to the B cell. This 

mechanism is driven by the DSBs in coding regions called Switch (S) regions. DNA 

coding for the IgM isotype is removed and substituted for sequences coding for a new 

isotype (IgG, IgE, or IgA). DNA repair then occurs through NHEJ, and the CSR is 

complete. Antibody isotype selection is driven both by the cell type it is secreted from 

and by the antigen type it is being generated against. IgG isotype antibodies, for instance, 

are favored for the binding of protein antigens (Hoffman et al., 2016; Nutt et al., 2015; 

Stavnezer & Schrader, 2014).    

Monoclonal Antibody Development 

Antibodies are important research tools for studying protein targets of interest. 

They can be validated for and utilized in immunoassays (western blot, 

immunohistochemistry, enzyme-linked immunosorbent assay (ELISA), etc.) or in 

functional assays, wherein the antibody binds to and modulates the activity of its target 

protein. Using antibodies in these types of assays allows researchers to examine various 

attributes of a protein, from cell and tissue expression patterns to the characterization of 

downstream signaling cascades under various conditions. The development of antibody 

reagents begins by leveraging the humoral immunity and B cell maturation process 

within a host animal.  
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The initial step to producing an antibody is the generation of a small peptide 

antigen that spans an amino acid sequence within the target of interest. These peptide 

antigens are not large enough to produce a robust immune response, and are therefore 

coupled with large carrier proteins, such as keyhole limpet hemocyanin (KLH). A host 

animal, such as a rabbit or mouse, is injected multiple times with the antigen over the 

course of several weeks in order to further promote a robust immune response. The initial 

immunization process produces an abundance of polyclonal antibodies. Polyclonal 

antibodies are a collection of antibodies that are produced by different B-cells, each of 

which has varying levels of sensitivity and specificity to the target protein. These 

antibodies are purified from the serum of the animal and tested for suitability in the 

context of an assay of interest. Once tested, individual antibodies within this polyclonal 

mixture can be isolated and cloned to generate a superior monoclonal antibody (mAb) 

(Cheung et al., 2012; Mix et al., 2006). Though polyclonal antibodies are quicker to 

produce, monoclonal antibodies have key advantages, including higher levels of 

specificity, reproducibility, and versatility (Nelson et al., 2000). Monoclonal antibodies 

are also targeted to a single epitope of a protein. This allows for certainty regarding 

which portion of a full-length or processed protein will be detected and provides insights 

into the likelihood that an antibody could be used in a functional assay. 

The epitope an antibody detects can be vitally important. Given that polyclonals 

are comprised of many different antibodies, they often detect more than one epitope. 

Some proteins, including TREM2 are processed (Yang et al., 2020) meaning that specific 

regions are shed under certain biological conditions. Researchers studying cleaved 

TREM2, or other processed proteins require an antibody with a single epitope in order to 
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specifically detect the desired region of the protein. Using a monoclonal antibody can 

ensure this level of specificity. In functional antibody experiments, like the ones being 

performed in this study, the epitope detected can also determine if the target protein, 

downstream signaling cascades, and individual cellular functions are inhibited or 

activated (Reifschneider et al., 2022; Schlepckow, 2020). It is therefore critical that the 

antibody being used has a single known epitope in order to promote the desired 

antagonistic or agonistic effect. 

Antagonistic monoclonal antibodies inhibit their target protein from becoming 

activated, while agonists do just the opposite, binding and upregulating downstream 

signaling cascades. These functional antibodies can be especially useful for studying 

receptor proteins (Huang et al., 2022; Mayes et al., 2018; McQuade et al., 2020). The use 

of antagonistic and agonistic monoclonal antibodies allows researchers to better 

understand the role a protein plays within the cell under a variety of conditions. Given 

their ability to modulate cellular activation, functional monoclonal antibodies have also 

been leveraged as therapeutics in diseases such as cancer and AD (Hellmann et al., 2019; 

Kwok et al., 2016; van Dyk et al., 2023). 

Research Aims and Hypothesis 

A more thorough understanding of TREM2-dependent microglia signaling is 

imperative in order to identify the role this receptor plays in the context of AD. The 

experiments in this study can contribute to deepening this understanding. The hypothesis 

of this study was that monoclonal antibody agonists could be generated and used to 

activate microglia-like cells in a TREM2-dependent manner, resulting in the activation of 

one or more kinases downstream of this receptor protein. To test our hypothesis, an in 
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vitro model system of TREM2 activation was developed, validated, and analyzed by 

western blot.  

The goal of using this in vitro model system for TREM2 activation was to 

visualize an upregulation of phosphorylation of kinases and other proteins downstream. 

Phosphorylation of proteins is a post-translational modification (PTM), and a readout for 

kinase activation and the promotion of signaling events that lead to cellular responses 

(Tarrant & Cole, 2009). Kinases themselves mediate phosphorylation of proteins 

downstream of their activation. Syk is an important kinase involved in many downstream 

signaling events and cellular responses. Leveraging the evidence of the existence of 

TREM2-dependent Syk activation provided a template for validating novel monoclonal 

antibodies for TREM2 binding and activation in vitro. In order to validate these 

antibodies, both for TREM2 specificity and activation, we first had to establish 

appropriate cell models. 

Endogenous human and mouse immortalized cell lines expressing TREM2 were 

identified and a CRISPR TREM2 knockout (-/-) mouse immortalized cell line was 

generated as a negative control. Anti-TREM2 mAbs were generated in-house and 

evaluated for their specificity and affinity for TREM2. Endogenous and TREM2-/- cell 

lines were then stimulated with these anti-TREM2 monoclonal antibodies for evaluation 

of their ability to bind and activate TREM2. Detection of phosphorylated Syk was used 

as a readout for TREM2 activation. In addition, phosphorylation of other kinases, 

including GSK-3β, Erk, and Akt were examined for their potential involvement in 

TREM2 signaling events. 



 

 18 

Specific Aim I: Cell Model Development and Validation 

In Specific Aim I, immortalized human and mouse cell lines were acquired and 

validated for endogenous TREM2 expression. Validation consisted of culturing, direct 

lysing, and evaluation of TREM2 expression by western blot using established, 

commercially available human and mouse reactive TREM2 monoclonal antibodies. The 

purpose of this aim was twofold. First, to establish both human and mouse expressing 

TREM2 cell lines for treatment with monoclonal antibodies directed against the 

ectodomain of TREM2. Secondly, this evaluation allowed for the generation of a 

CRISPR TREM2-/- cell line. This knockout cell line provided a negative control for 

treatment with anti-TREM2 monoclonal antibodies. Upon confirmation of TREM2 

expression levels, all cells were treated with antibody agonists at various concentrations 

and timepoints.  

Specific Aim II: TREM2 Activating Antibody Screen 

In Specific Aim II, a library of human and mouse reactive TREM2 monoclonal 

antibodies was generated and evaluated for both TREM2 specificity and for their ability 

to activate TREM2-dependent signaling pathways. Monoclonal antibodies raised against 

peptide antigens within the ectodomain of human or mouse TREM2 were generated and 

evaluated for their ability to specifically detect TREM2 by western blot using extracts of 

human and mouse TREM2 expressing immortalized cell lines. This library of human and 

mouse reactive TREM2 clones was then evaluated for their ability to function as TREM2 

agonists, using phosphorylation of Syk as a readout for TREM2 activation. Validation 

consisted of culturing and direct lysing of untreated and treated cells to evaluate Syk 

phosphorylation by western blot. 
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Specific Aim III: Western Blot Analysis of TREM2 Dependency for Syk Stimulation 

In Specific Aim III, we sought to verify antibody agonist specificity and TREM2 

dependency for Syk activation within our model system. It is possible that the agonists 

developed could have off target effects, binding to other receptors on the cell surface and 

promoting Syk activation independent of TREM2. In order to determine TREM2 

specificity and dependency for the modulation of Syk, we generated a CRISPR RAW 

264.7 TREM2-/- cell line. Immortalized human THP-1, mouse RAW 264.7 and CRISPR 

generated RAW 264.7 TREM2-/- cells were untreated or treated with a select number of 

human and mouse TREM2 agonist monoclonal antibodies. Validation consisted of 

culturing and direct lysing of untreated and treated cells to evaluate Syk phosphorylation 

in the presence or absence of TREM2 in vitro. All cell extracts were evaluated by western 

blot. 
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Chapter II. 

Materials and Methods 

Endogenous Cell Lines 

The immortalized cell lines used in this study included the human THP-1 

monocyte, mouse SIM-A9 microglia, and RAW 264.7 macrophage lines. These cells 

were sourced from ATTC (American type culture collection). THP-1 cells were cultured 

in RPMI 1640 media (ThermoFisher 11875119) with 10% FBS. RAW 264.7 cell lines 

were cultured in DMEM media (ThermoFisher 11965092) with 10% FBS. SIM-A9 cells 

were cultured in a 1:1 ratio of DMEM and F12 media (ThermoFisher 11320033), 10% 

FBS and 5% HS. All cell lines were cultured according to the manufacturer’s 

instructions. All cells were grown to 80% confluence prior to all treatments and lysing. 

All cells were serum starved for 16 hours prior to treatment with antibody reagents.  

CRISPR Cell Line Generation 

Guide RNAs were designed with the assistance of the web gene editing tool 

CRISPOR.org as listed below: 

 

gRNA1: AAACTGGTGGAGAGGTCCCA 

gRNA2: TCCTGCTGCTGATCACAGGT 

 

Plasmids coding for these guide RNAs and a puromycin resistance gene were 

generated and transfected into RAW 264.7 cells cultured in DMEM + 10% FBS. 24 

hours after transfection, puromycin was added to the media at a concentration of 2µg/mL 
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in order to select for cells that were successfully transfected. Pifithrin-α (PFTα) HBr, an 

inhibitor of cell mediated apoptosis pathways, including after DNA damage (Komarov et 

al., 1999; Sohn et al., 2009) was also added to the media (20uM) to increase the chances 

of cell survival upon Cas9 mediated DNA cleavage. The puromycin mediated selection 

process was completed after 11 days, leading to the formation of individual colonies of 

surviving cells. These CRISPR/Cas9 modified cells were isolated and replated. Confluent 

plates of each colony were directly lysed and tested by western blot for TREM2 

expression. Following this experiment, the chosen colony was maintained in culture, 

grown to 80% confluence and serum starved for 16 hours prior to treatment with antibody 

reagents. Once treated, cells were directly lysed for analysis by western blot. 

Anti-TREM2 Monoclonal Antibody Generation  

Peptides derived from the amino acid sequence of the ectodomain region of 

human and mouse TREM2 (see Table 2) were synthesized and conjugated to keyhole 

limpet hemocyanin (KLH). New Zealand white rabbits were immunized with four doses 

of these peptides by intradermal injection. Each dose was administered three weeks apart 

in order to promote V(D)J and CSR mediated anti-TREM2 IgG antibody production. 

Rabbit crude bleeds were then collected for the generation of polyclonal antibody 

samples. The serum from the crude bleeds was initially purified using protein A 

sepharose beads. A purification column was created using the KLH conjugated antigens 

that were injected into the rabbit. Serum was run over this column using gravity flow. 

The bound IgGs were then washed with PBS and eluted into solution. Polyclonal 

antibody samples were screened by western blot (data not shown) to determine specificity 
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for human or mouse TREM2. Passing polyclonal samples were then converted to 

monoclonal antibodies. 

Rabbit spleens were collected following determination of polyclonal antibody 

performance. Individual splenocytes were cultured for the secretion and isolation of 

antibodies produced by individual B cells. The antibodies produced and secreted by these 

cells were then screened by ELISA for reactivity with the TREM2 antigen they were 

raised against. Samples that passed ELISA were further characterized for specificity and 

sensitivity by western blot. Passing monoclonal antibody clones were isolated and 

sequenced. Immortalized human Hek-293 cells were transfected with cDNA 

corresponding to the heavy and light chain sequences to produce large scale volumes of 

each monoclonal antibody.  

In Vitro Cell Line Culture and Treatments 

Cells were plated and grown to 80% confluence in preparation for treatment with 

PNGase F. Each plate was lysed in 250µL of 1x cell lysis buffer (Cell Signaling 

Technology #9803) and sonicated three times. Control and treatment reagents were 

prepared in separate 1.5mL tubes. 240µL of cell extracts in 1x cell lysis buffer, 30µL of 

glycoprotein denaturing buffer (New England BioLabs Cat# NEB B1704S), and 30µL of 

water were added to each tube. Control and treatment tubes were then boiled at 95°F for 

10 minutes followed by 10 minutes on ice. 60µL of GlycoProtein 2 (New England 

BioLabs Cat# NEB B3704S), 60µL of 10% NP-40 (New England BioLabs Cat# NEB 

B2704S), and 240µL of water was added to the untreated cell lysate tube. 60µL of 

GlycoProtein 2, 60µL of 10% NP-40, 60µL of the PNGase F enzyme (New England 

BioLabs Cat # P0704L) and 180µL of water was added to the treated cell lysate tube. 
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Both tubes were incubated at 37°C for 2 hours. To stop the reaction, 330µL of 3x 

SDS+DTT loading buffer (Cell Signaling Technology Cat #7722) was added to each 

tube. Tubes were then heated at 95°F for 5 minutes and stored at -20°C for use by 

western blot. 

Cells were plated and grown to 80% confluence in preparation for treatment with 

non-conjugated anti-TREM2 monoclonal antibodies. Cells were serum starved for 16 

hours prior to treatment. Optimization of antibody treatment conditions was determined 

by using the TREM2 agonist polyclonal antibody in McQuade et al. (2020). Human 

THP-1 cells were treated with various concentrations of this anti-human TREM2 

antibody at various timepoints. Media was removed and the cells were washed with PBS 

3 times each. Cells extracts were then generated for analysis by western blot. Once the 

optimal condition was determined for TREM2 activation, human and mouse cells were 

treated with our novel monoclonal anti-human or mouse TREM2 monoclonal antibodies. 

Media was removed and the cells were washed with PBS 3 times each. Cells extracts 

were then generated for analysis by western blot. 

Western Blotting 

Cell extracts were generated by direct lysing of untreated and treated cells at 

treatment end points in 1X sodium dodecyl sulfate (SDS) Loading Buffer with 1X 

dithiothreitol (DTT) reducing agent (41.7 mM) (Cell Signaling Technology, Inc.). 

Samples were boiled for 5 minutes and then sonicated 3 times for 15 seconds using a 

probe sonicator before being stored at -20ºC. For SDS-PAGE, 5 µL of cell extract were 

loaded per lane in all experiments using 4-20% mini gels (Bio-Rad). Transfer of proteins 

onto nitrocellulose membranes was completed using a semi-dry transfer apparatus (Bio-
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Rad) and membranes. Membranes were then blocked for 1 hour in 5% nonfat dry milk in 

1X Tris Buffered Saline with Tween (TBS-T). Nitrocellulose membranes were 

subsequently incubated with primary antibodies overnight at 4ºC in 5% ultra pure bovine 

serum albumin (BSA) in 1X TBS-T.  The membranes were then washed 3 times for 5 

minutes using 1X TBS-T prior to incubation with a rabbit secondary antibody conjugated 

with horseradish peroxidase (HRP). Membranes were washed again 3 times for 5 minutes 

in 1X TBS-T before imaged using a ChemiDoc Touch instrument (Bio-Rad). Western 

blot primary and secondary antibodies were generated by Cell Signaling Technology, Inc. 

and R&D Systems, Inc. 

Antibodies 

Nitrocellulose membranes were incubated with the following primary and 

secondary antibodies per the recommended conditions listed on the Cell Signaling 

Technology website: TREM2 (D8I4C) Rabbit mAb #91068, TREM2 (E7P8J) Rabbit 

mAb (Carboy-terminal Antigen, Mouse Specific) #76765, TREM2 (E9O9F) Rabbit mAb, 

TREM2 (E4J7A) Rabbit mAb, Human TREM2 Antibody #AF1828, Syk (D3Z1E) XP® 

Rabbit mAb #13198, Phospho-Syk (Tyr525/526) (C87C1) Rabbit mAb #2710, Phospho-

Zap-70 (Tyr319)/Syk (Tyr352) (65E4) Rabbit mAb #2717, Akt (pan) (C67E7) Rabbit 

mAb #4691, Phospho-Akt (Ser473) (D9E) XP® Rabbit mAb #4060, p44/42 MAPK 

(Erk1/2) (137F5) Rabbit mAb #4695, Phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) 

(D13.14.4E) XP® Rabbit mAb #4370, GSK-3β (D5C5Z) XP® Rabbit mAb #12456, 

Phospho-GSK-3β (Ser9) (D85E12) XP® Rabbit mAb #5558, β-Actin (D6A8) Rabbit 

mAb #8457, Anti-rabbit IgG, HRP-linked Antibody #7074. See Table 1 for more details. 
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Chapter III. 

Results 

Endogenous Cell Model Validation 

Immortalized human THP-1 and mouse RAW 264.7, and SIM-A9 cell lines were 

acquired and validated for endogenous TREM2 expression. Validation consisted of 

culturing and direct lysing of cells to evaluate TREM2 expression by western blot. A 

subset of these cells was also treated with peptide -N-Glycosidase F (PNGase F), an 

amidase that acts to cleave all N-linked oligosaccharides from glycoproteins. This 

cleavage lowers the molecular weight of the protein, resulting in a downward shift of the 

target band resolved on a western blot. Using both untreated and PNGase F treated 

extracts therefore allowed for the visualization of both the higher molecular weight 

glycosylated, and lower molecular weight non-glycosylated versions of the TREM2 

protein. THP-1 cell lines untreated or treated with PNGase F were analyzed using anti-

hTREM2 (D8I4C) Rabbit mAb (Cell Signaling Technology Cat #91068). RAW 264.7, 

and SIM-A9 cell lines untreated or treated with PNGase F were analyzed using anti-

mTREM2 (E7P8J) Rabbit mAb (Cell Signaling Technology Cat #76765).  Each 

endogenous cell line was shown to express TREM2 and visualization of both 

glycosylated and non-glycosylated TREM2 was successful by western blot (Figure 1). 

Upon confirmation of TREM2 expression levels, cells were treated with monoclonal 

antibody agonists at various concentrations and timepoints.  
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CRISPR Cell Model Validation 

Three separate colonies of CRISPR generated RAW 264.7 TREM2-/- cells were 

established and evaluated alongside the endogenous RAW 264.7 cell line for TREM2 

expression. Validation consisted of culturing and direct lysing of cells to evaluate 

TREM2 expression by western blot. RAW 264.7 and RAW 264.7 TREM2-/- cell lines 

were analyzed by western blot using anti-mTREM2 (E7P8J) Rabbit mAb (Cell Signaling 

Technology Cat #76765). The endogenous RAW 264.7 cell line was shown to express 

TREM2, while two of the three RAW 264.7 TREM2-/- cell line colonies displayed no 

TREM2 expression (Figure 2). Upon western confirmation of null TREM2 expression, 

the second colony of cells was selected for further culturing and treatment with 

monoclonal antibody agonists at the optimized treatment condition. Due to technical 

difficulties, we were unable to generate a human THP-1 TREM2-/- cell line in this study. 

Evaluation of anti-TREM2 mAbs: Western Blot 

In order to determine target specificity, the human reactive TREM2 agonist 

antibodies developed in this study were evaluated by western blot using the cell models 

established previously. Nine human reactive TREM2 monoclonal antibodies (see clone 

details in Table 1) were evaluated by western blot using these lysates to determine their 

ability to detect TREM2 within the context of this assay. Of the nine tested clones, seven 

of them were able to detect TREM2, displaying target specific bands of both glycosylated 

and nonglycosylated TREM2 (Figure 3). It is important to note that some antibodies have 

a conformation-dependent epitope (Patterson-Orazem et al., 2006; Yu et al., 2019). As a 

result, though we believed it unlikely that the two monoclonal antibodies that lacked 
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TREM2 reactivity by western would be able to bind TREM2 in vitro, we elected to still 

use these antibodies in our cell treatment experiments.  

In order to determine TREM2 specificity for the mouse reactive agonist antibody 

developed in this study, we evaluated it using the endogenous and knockout cell models 

established previously. The mouse reactive TREM2 monoclonal antibody (clone E9O9F) 

was evaluated by western blot using these lysates to determine its ability to detect 

TREM2 within the context of this assay. E9O9F was able to detect both glycosylated and 

nonglycosylated versions of TREM2 in RAW 264.7 cells. Furthermore, no TREM2 

signal was seen when probing RAW 264.7 TREM2-/- cell extracts by western blot (Figure 

4). This validation provided confidence that E9O9F is specific for TREM2. 

In Vitro TREM2 Treatment Optimization 

Benchmark treatment conditions were established in order to identify the 

monoclonal antibodies with the highest degree of in vitro TREM2 activation. Given the 

uncertainty around which monoclonal antibodies generated in this study would be able to 

engage TREM2 in vitro, a polyclonal antibody from R&D Systems (Cat# AF1828) that 

was previously shown to activate TREM2 in McQuade et al. (2020) was acquired. 

Immortalized human THP-1 cells were grown in six separate culture flasks. All six flasks 

were serum starved for 16 hours prior to treatment. One flask was left untreated, the other 

five flasks were treated with the R&D Systems antibody with the following conditions: 

2µg/mL for 10 mins, 2µg/mL for 20 mins, 2µg/mL for 30 mins, 4µg/mL for 10 mins, and 

8µg/mL for 10 mins respectively. Expression of Syk phosphorylated at Tyr525 and 

Tyr526 was upregulated most significantly with the 4µg/mL and 8µg/mL concentrations 

at the 10 minute timepoint (Figure 5). Phosphorylation at these sites is consistent with 
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full Syk activation (Grädler et al., 2013, Mansueto et al., 2019, Zhang et al., 2000). No 

significant variations in signal intensity between these two concentrations was seen, 

suggesting that dose dependency of the treatment was not significant beyond the 4µg/mL 

concentration. As a result, this concentration with the 10 minute timepoint was deemed to 

be the optimized treatment condition for this antibody reagent, and the benchmark for 

which we would compare our novel monoclonal TREM2 antibodies against.  

Evaluation of In Vitro TREM2 Activation 

In order to determine their ability to function as agonists, the TREM2 monoclonal 

antibodies developed in this study were used to treat cells at the previously established 

benchmark condition. THP-1 cells were cultured and treated with the nine monoclonal 

anti-hTREM2 antibodies listed in Table 1. These cells were serum starved for 16 hours 

and subsequently treated with each of these antibodies at 4µg/mL for 10 minutes. As a 

negative control, a subset of these cells was alternatively treated with a control rabbit 

IgG. Given that monoclonal antibodies are generally more specific and sensitive than 

polyclonal antibodies, we sought to identify antibodies that would activate Syk in a 

TREM2-dependent manner in a more robust manner than what was seen previously with 

the R&D Systems antibody. 

Cell extracts from these untreated and treated cells were analyzed by western blot 

for TREM2/Syk activation. Treatment with the R&D Systems TREM2 antibody 

produced Syk activation visualized via phosphorylation at Tyr525 and Tyr526, consistent 

with the previous experiment. Six of the nine monoclonal antibodies used for treatment 

produced Syk stimulation, with one clone (E4J7A) producing a signal significantly more 

robust than the R&D Systems antibody (Figure 6). Importantly, neither the untreated nor 
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control IgG cells displayed an upregulation of Syk phosphorylation, further suggesting 

that the mechanism of activation occurred through TREM2. 

Activation of mouse TREM2 in vitro using a monoclonal antibody was also 

confirmed by western blot. We hypothesized that the mouse reactive clone generated in 

this study (E9O9F) would be able to bind TREM2 resulting in phosphorylation of Syk at 

position Tyr352, an event consistent with Syk activation (Grädler et al., 2013, Mansueto 

et al., 2019, Zhang et al., 2000). Plates of immortalized SIM-A9 mouse cell line were 

cultured, serum starved for 16 hours, and then either left untreated or treated with the 

E9O9F clone. Cell extracts from untreated and treated SIM-A9 cells were evaluated. 

Phosphorylation of Syk at Tyr352 was absent in untreated cell extracts but present in the 

TREM2 E9O9F mAb treated cells (Figure 7). The antibody used to detect Syk 

phosphorylation also detects phosphorylation of Zap-70 (a family member of Syk) at 

Tyr319 (see Table 1). Importantly, there was no change in the phosphorylation state of 

Zap-70 in untreated or treated cells. Evaluations of the rabbit monoclonal antibodies 

generated in this study produced one human reactive clone (E4J7A) and one mouse 

reactive clone (E9O9F) that were able to function as TREM2 agonists in vitro, with 

phosphorylation of Syk being the key readout. 

Activation of Kinases Downstream of TREM2/DAP12/Syk 

In order to evaluate pathways downstream of TREM2 activation, we examined 

additional kinases that are involved in a variety of Syk-associated signaling cascades. 

Mobilization of specific pathways can dictate microglial function. It is possible that 

TREM2 mobilizes specific kinases involved in signaling pathways that drive a myriad of 

microglial functions. Phosphorylation states of GSK-3β, Erk, and Akt were examined 
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given that they were implicated in TREM2 activation in previous studies (Ennerfelt et al., 

2022; Jay et al., 2017; Takahashi et al., 2007; Takahashi et al., 2005; Wang et al., 2020; 

Zhao et al., 2018). We hypothesized that both human and mouse TREM2 agonist rabbit 

monoclonal antibodies would activate GSK-3β, Erk, and Akt at the key phosphorylation 

sites that were examined. Western blot analysis showed that Syk and Akt were activated 

via phosphorylation by both agonists, while activation with GSK-3β and Erk were 

apparent only when using the human TREM2 agonist (Figure 8).  

There are many possible explanations for the divergence in results across the 

activation states of these proteins. As described in Zhou et al. (2020), species specific 

variations may occur regarding TREM2 activation and microglial cellular responses. 

These responses may result in different kinases being activated and a divergence of 

microglial functions across species. In addition, basal levels of phosphorylated GSK-3β 

and Erk were higher in the mouse cell model compared to the human cell model. It is 

possible that the activation state of the kinases was enhanced, but that this higher basal 

level made it difficult to visualize the upregulation by western blot. A more quantitative 

approach, such as proteomics or ELISA based assays may provide more information 

regarding if the activation state of these kinases is indeed upregulated under these 

conditions. A third possibility is that treatment conditions may not be optimized for this 

clone. As mentioned previously, the treatment conditions for both the human and mouse 

TREM2 monoclonal agonists were optimized using an R&D Systems polyclonal 

antibody. Optimization of treatment conditions for these individual clones may produce 

results that vary from what is depicted in Figure 8 of this study.  
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Though divergences may exist across species, TREM2, DAP12, Syk, and Akt 

activation is consistent, suggesting similarities in at least some of the cellular processes 

downstream of TREM2 in both human and mouse cell models. In previous studies, 

TREM2 activation mobilized Akt-associated pathways known to dictate metabolic and 

neuroinflammatory functions (Ulland et al., 2017; Wang et al., 2020). Further 

investigating Akt and other kinases mobilized by TREM2 will allow for the identification 

of specific pathways and microglial functions driven by this receptor. Verification of 

TREM2 dependency for the mobilization of these functions will be critical in determining 

the merit of these discoveries. 

Modulation of Syk/Akt Activity, Evaluation of TREM2-Dependency  

Given that Syk and Akt activation was implicated for both human and mouse cell 

lines in the previous experiment, we explored this cascade further. Endogenous THP-1 

and RAW 264.7 cells were treated with human and mouse TREM2 agonists respectfully, 

in order to upregulate Syk phosphorylation. In order to further show the involvement of 

Akt signaling pathways across species, we hypothesized that pre-treatment with an Akt 

pathway inhibitor would result in a reduction of treatment driven Syk phosphorylation. 

LY294002 is a classic PI3K/Akt pathway inhibitor as described in Vlahos et al. (1994) 

and Zhou et al. (2015). As anticipated based on previous results, treatment of human and 

mouse cell lines with corresponding human and mouse TREM2 agonists resulted in an 

increase of Syk activation. Further, this Syk activation was reduced when pre-treated with 

LY294002 (Figure 9). As discussed in Wang et al. (2020), Akt is classically downstream 

of Syk. These results therefore suggest that there is a complicated feedback mechanism at 

play downstream of TREM2 activation.  
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TREM2 dependency of these signaling events was further confirmed by western 

blot using CRISPR generated RAW 264.7 TREM2-/- cells. These cells were treated with 

the mouse TREM2 agonist clone E9O9F using the same conditions as endogenous RAW 

264.7 cells. Unlike the endogenous cell line however, no activation of Syk was seen. 

Western blot signal was absent in untreated, and agonist treated cells, both with and 

without the addition of LY294002. These results are significant in that without this data it 

could be postulated that these reagents could be driving TREM2 independent pathways. 

The agonists could have in theory been binding off target cell receptors leading to Syk 

activation. The fact that the removal of the TREM2 receptor as a binding partner led to 

no upregulation of Syk phosphorylation when the agonists were added emphasizes the 

specificity of these rabbit monoclonal antibodies and shows that they directly activate 

TREM2.  
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Chapter IV. 

Discussion 

TREM2, a cell surface receptor on innate immune cells has garnered a great deal 

of interest in neuroscience research given the complex role it plays in microglia 

activation in the context of AD and other neurodegenerative diseases (Konishi & 

Kiyama, 2018). Further investigation into the cell and molecular mechanisms of TREM2-

dependent microglial activation is required in order to better understand this complexity. 

Our goal is to generate research tools capable of binding and activating TREM2 in vitro 

in order to evaluate specific proteins and signaling pathways downstream. While the 

development, validation, and utilization of these tools for the identification of proteins 

downstream of TREM2 was successful, there are caveats to remember. Additional 

validation and activation strategies in vitro and in vivo are required in order to examine 

additional downstream proteins and pathways within healthy and disease state microglia. 

Significance of Results 

In order to develop monoclonal antibodies against TREM2, cell models for 

validation needed to be established. Model development for the validation of antibodies 

involves the use of positive and negative models, as well as models that account for target 

relevant post-translational modifications (PTMs). Leveraging cell lines that endogenously 

express the target of interest, and those that lack target expression allows for the 

evaluation of target specificity. As illustrated in Figure 1, human and mouse cell lines 

that endogenously express TREM2 were established using western blot experiments that 

utilized primary monoclonal antibodies developed by Cell Signaling Technology. 
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Glycosylation is an important PTM for TREM2 protein stability and ligand binding 

(Yang et al., 2020; Zhong et al., 2017). Enabling the visualization of both glycosylated 

and nonglycosylated versions of TREM2 provides evidence that western signal is specific 

for the protein. As a result, the cell lines examined were cultured, directly lysed, and 

either untreated or treated with a de-glycosylating enzyme (PNGase F) for western blot 

analysis. We were able to visualize unmodified and PTM specific versions of TREM2 in 

human THP-1, and mouse SIM-A9 and RAW 264.7 cell lines.  

Establishment of a cell line void of TREM2 expression was accomplished through 

CRISPR technology. CRISPR enables the selective targeting and removal of a particular 

gene from the DNA of a cell using a process adapted from bacteria. The technology 

leverages guide RNA that binds the gene of interest and recruits an enzyme called Cas9 

to the site. Once recruited, Cas9 generates a double stranded DNA break. The DNA is 

then repaired, but without the ability to transcribe or translate the targeted protein (Jinek 

et al., 2012). RAW 264.7 cells were subject to CRISPR technology using guide RNA that 

targeted the TREM2 gene. The cells with successful TREM2 knockout also expressed a 

puromycin resistance gene, allowing for puromycin directed selection. Surviving 

CRISPR TREM2 knockout cell lines were then evaluated by western blot to ensure that 

the gene knockout was successful. As seen in Figure 2, these cells, along with 

endogenous RAW 264.7 cells were cultured, directly lysed and tested by western blot 

using a mouse specific TREM2 antibody that is commercially available from Cell 

Signaling Technology. As seen in these results, TREM2 specific signal is present in the 

RAW 264.7 cells and absent in two of the three RAW 264.7 TREM2-/- cell lines. The 

bands present in the RAW 264.7 TREM2-/- cells are believed to be non-specific artifacts 
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that are detected by the primary western antibody that was used. These bands are detected 

in the RAW 264.7 cells, as well as in the PNGase F treated cells in Figure 1, supporting 

this conclusion. 

The positive and negative cell models established were used to evaluate novel 

monoclonal antibodies generated using peptides corresponding to the ectodomain of 

TREM2. Nine human reactive and one mouse reactive monoclonal anti-TREM2 

antibodies were evaluated by western blot as shown in Figures 3 and 4 respectively. The 

endogenous and knockout cell lines were cultured, directly lysed and untreated or treated 

with PNGase F. Cell extracts were used to evaluate each clone on an individual basis. 

Seven of the nine human reactive TREM2 monoclonal antibodies were able to detect 

TREM2 by western blot. The one mouse reactive clone, E9O9F was able to detect 

endogenous TREM2 and displayed no reactivity for any protein in the RAW 264.7 

TREM2-/- cell extracts, consistent with E9O9F being specific to TREM2. These results 

were important to show that the antigen strategy used for the generation of these 

monoclonal antibodies was successful. Initially, these results were to be used to narrow 

down which antibodies would be examined for in vitro activation of TREM2. Though we 

hypothesized that western positive clones would be more likely to be able to bind and 

activate TREM2 in vitro, we elected to still examine all ten clones, as antibodies may 

perform differently across different applications and assays (Ivell et al., 2014). 

In order to evaluate the ten novel antibodies generated in this study as TREM2 

agonists, we first needed to establish a benchmark for treatment conditions. The 

polyclonal goat anti-hTREM2 antibody used in McQuade et al. (2020) was purchased 

and optimized for TREM2 activation. THP-1 cells were cultured, and serum starved, 
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given that serum proteins can competitively interfere with cell receptor activation (Rashid 

& Coombs, 2019). As shown in Figure 5, treatments conditions using various 

concentrations of this TREM2 agonist at varying timepoints were analyzed. An antibody 

against Syk phosphorylated at amino acids Tyr525 and Tyr526 was used to evaluate 

successful TREM2 activation, given that Syk is a suggested downstream target of 

TREM2 activation, as shown in McQuade et al. (2020). We concluded that the optimal 

condition for treatment with this antibody was 4µg/mL for 10 minutes, given that a lower 

concentration (2µg/mL) produced less phospho-Syk signal by western blot and a higher 

concentration (8µg/mL) produced signal that was no stronger. This benchmark condition 

was then used to evaluate the ten novel clones developed and validated in this study.  

We hypothesized that we would see a more robust activation of TREM2 using the 

novel monoclonal antibodies in comparison to the goat polyclonal antibody that was used 

for treatment optimization. Multiple monoclonal antibodies specific for the human 

protein were shown to activate TREM2 expressed by THP-1 cells, with clone E4J7A 

producing the most robust upregulation of phospho-Syk as shown in the western results 

in Figure 6. In addition, mouse TREM2 expressed by SIM-A9 cells was shown to be 

activated when treated with clone E9O9F, once again using phospho-Syk as a readout 

(Figure 7). It is important to note that the 4µg/mL for 10 minutes condition was 

established using the only known TREM2 antibody agonist we had available, and that the 

novel clones evaluated here may have different optimal conditions. In future studies it 

would be worthwhile to reassess optimized treatment conditions for E4J7A and E9O9F. 

The establishment of treatment conditions and TREM2 agonists allowed us to 

look further downstream of TREM2, Dap12, and Syk. Additional kinases previously 
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suggested to be activated downstream of TREM2 (Ennerfelt et al., 2022; Jay et al., 2017; 

Takahashi et al., 2007; Takahashi et al., 2005; Wang et al., 2020; Zhao et al., 2018) were 

evaluated for possible engagement upon antibody ligand stimulation. Human and mouse 

TREM2 signaling cascades can vary (Zhou et al., 2020). As a result, we were uncertain if 

we would see differences in kinases activation in human and mouse cells in vitro. As can 

be seen in Figure 8, similarities and differences were evident across species. Syk and Akt 

kinases were engaged in both species, whereas GSK-3β and Erk were only visibly 

activated downstream of human TREM2. It is important to note once again that if 

treatment conditions using the mouse reactive clone were optimized, variations in kinase 

activation may be seen. It is also important to note that any stimulation seen or not seen 

using the TREM2 antibody agonists does not preclude other ligands from stimulating 

alternative proteins upon binding with TREM2. Established ligands of TREM2, including 

lipopolysaccharide (LPS), β-amyloid, apolipoprotein ApoE, and others are likely to 

produce varying signaling events and cellular responses (Kober & Brett, 2017). In future 

studies, these ligands should be used to compare signaling events in order to elucidate 

full ligand-dependent cellular responses.  

In order to further exhibit TREM2 dependency for signaling events related to Syk 

and Akt activation in both human and mouse cell models, endogenous and CRISPR 

TREM2-/- cells were stimulated with the human and mouse agonists, along with a specific 

Akt inhibitor. The results as seen in Figure 9 show that without the presence of TREM2, 

no Syk phosphorylation is evident when using the E9O9F agonist clone. Though we 

believe these results carry over the human reactive E4J7A clone, producing a THP-1 

TREM2-/- in future studies would be beneficial to support this claim. Downregulation of 
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Syk phosphorylation when treated with LY294002 supports our hypothesis of Akt’s 

involvement downstream of TREM2, Dap12, and Syk activation. Future studies using 

these agonists will allow for the identification of additional proteins downstream of 

TREM2. Treatment with LY294002 will continue to allow us to determine if these 

proteins are involved in the same cascade that is displayed in Figure 9, or if they may be 

involved in cascades that are independent of Akt activation. Using additional target 

specific inhibitors for other wide-reaching kinases, such as GSK-3β and Erk will allow 

for similar evaluations. The cumulative results of this study suggest that the TREM2 

agonist antibodies generated here will be immensely useful for neuroscience researchers 

to evaluate which proteins are activated downstream of TREM2, and in which context. 

Study Limitations 

An in vitro model may not recapitulate signaling events that occur within the 

brain of human and mouse subjects. The cells used in this study are macrophage and 

microglia-like cells, but they are not naturally occurring macrophages and microglia. The 

synthetic environment these cells are grown in also do not recapitulate the environment 

of naturally occurring macrophages and microglia. These systems were manipulated to 

provide a controlled system. In vivo experiments would be required to examine the 

signaling events occurring within the brain. 

Conclusion 

The novel research tools developed in this study provide evidence of Syk-

associated pathways downstream of TREM2 activation. These monoclonal antibodies are 

able to bind and activate TREM2 in vitro, leading to the activation of these pathways. 
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Most importantly, these events were shown to be occurring in a TREM2-dependent 

manner, as Syk activation was absent in TREM2 knockout cells. As previously 

mentioned, the absence of Syk activation was only able to be shown in a mouse cell 

model in this study. In future studies, a human TREM2 knockout cell line should be 

established to corroborate the results seen with the mouse TREM2 knockout cell line.  

Variations in signaling events downstream of TREM2 activation in human and 

mouse cell lines were observed. These variations may be species specific, agonist 

specific, or may just not have been discernable by western blot. In the future, quantitative 

approaches should be incorporated to examine which proteins are activated downstream 

of human and mouse TREM2, and to what degree. An unbiased proteomics approach 

would provide further detail regarding which of the kinases examined in this study, and 

which other proteins are altered downstream of human and mouse TREM2 when 

activated by an antibody agonist. This may also lead to the discovery of novel 

phosphorylation sites of proteins downstream of TREM2. Quantitative ELISA assays 

could also provide further information regarding the degree to which these downstream 

proteins are activated.  

Beyond individual proteins, the results of this study can be used to examine full 

signaling cascades and cellular responses downstream of TREM2. As additional proteins 

are identified, mechanisms and TREM2-dependent microglial function may become 

clearer. These functions may include Syk, Akt, GSK-3β, and Erk mediated β-amyloid 

phagocytosis, the mediation of neuroinflammation, or other cellular responses in the 

context of AD (Figure 10). This should be examined not only in vitro, but also with in 

vivo control and AD mouse models in order to examine TREM2 activity in the brain 
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under various conditions. These studies should also be extended outside of the brain, 

given that TREM2 is a widely expressed immune cell receptor. 

Though most of the interest surrounding TREM2 is in the context of the brain and 

AD, TREM2-dependent cellular activation is also a key area of focus in the periphery. 

Modulation of TREM2 activity has been suggested as a biomarker and therapeutic target 

in the context of a variety of cancers. TREM2 expression and activation in tumor 

infiltrating macrophages and other cell types is being heavily investigated in the field of 

oncology (Cheng et al., 2021; Molgora et al., 2020; Wolf et al., 2022). As a myeloid cell 

receptor, it will be vital to investigate if the role TREM2 plays is the same in the 

periphery as it is in the brain. It is possible for instance, that activation of TREM2 in the 

brain could alleviate AD pathology, while activation in the periphery could drive 

tumorigenesis. Determining the beneficial or detrimental role this receptor plays in AD, 

cancer, and other diseases is vital in order to obtain a better understanding of innate 

immunity and the role it plays in healthy and disease states. It is also important to note 

that the mechanism by which TREM2 is activated may play a role in determining the 

beneficial or detrimental role it plays. Therefore, teasing out ligand-dependent signaling 

cascades and resulting cellular function will also require investigation. 

In future studies, we plan to compare antibody agonist activation of TREM2 with 

the signaling events downstream of endogenous ligands. LPS, β-amyloid, ApoE, and 

other ligands will be used in place of, and in combination with these antibody agonists, 

both in vitro and in vivo to observe the effects they have on signaling events downstream. 

Comparing these cascades will provide further insight into pathways that are promoted or 

suppressed by TREM2. This may also provide insights into benefits and strategies of 
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manipulating TREM2 activation using functional antibodies in AD, cancer, and other 

diseases.  

The development of monoclonal antibody therapeutics has been an area of great 

research and success in cancer (Hellmann et al., 2019; Kwok et al., 2016) and recently in 

AD (van Dyk et al., 2023). The agonist antibodies developed in this study could be used 

in the same vein, first being utilized in mouse AD models to examine if they promote β-

amyloid plaque clearance. If it is determined that TREM2 activation is beneficial in these 

models, these agonists could be further explored in human subjects. The phosphorylation 

state of proteins downstream of TREM2, as identified in our studies using these agonists, 

can also be used as readouts for the efficacy of other antibody or small molecule 

therapeutics that activate or suppress TREM2 activity. TREM2 plays a key role in 

myeloid cell activation and function. Unlocking the mysteries around the signaling events 

that drive these functions using research tools such as the ones developed in this study 

will be important in determining how to leverage the activation state of this protein for 

disease attenuating therapies.  



 

 42 

Appendix 1. 

Tables 

Table 1. Key Resources Table 

Reagent Source Identifier 

Western Antibodies 

Rabbit anti-TREM2 mAb  Cell Signaling Technology Clone D8I4C, Cat# 91068 

Rabbit anti-TREM2 mAb  Cell Signaling Technology Clone E7P8J, Cat# 76765 

Rabbit anti-Syk mAb  Cell Signaling Technology Clone D3Z1E, Cat# 13198 

Rabbit anti-phospho-Syk 

mAb  

Cell Signaling Technology Clone C87C1, Cat# 2710 

Rabbit anti-phospho-Syk 

mAb  

Cell Signaling Technology Clone 65E4, Cat# 2717 

Rabbit anti-Akt mAb  Cell Signaling Technology Clone C67E7, Cat# 4691 

Rabbit anti-phospho-Akt 

mAb  

Cell Signaling Technology Clone D9E, Cat# 4060 

Rabbit anti-p44/42 MAPK 

(Erk1/2) mAb  

Cell Signaling Technology Clone 137F5, Cat# 4695 

Rabbit anti-phospho-

p44/42 MAPK (Erk1/2) 

mAb  

Cell Signaling Technology Clone D13.14.4E,        

Cat# 4370 

Rabbit anti-GSK-3β mAb  Cell Signaling Technology Clone D5C5Z, Cat# 12456 

Rabbit anti-phospho-GSK-

3β mAb  

Cell Signaling Technology Clone D85E12, Cat# 5558 

Rabbit anti-β-Actin mAb  Cell Signaling Technology Clone D6A8, Cat# 8457 

Goat anti-rabbit IgG, HRP-

linked Ab  

Cell Signaling Technology Cat# 7074 

Cell Treatment Reagents  

Rabbit mAb Isotype 

Control 

Cell Signaling Technology Clone DA1E, Cat# 3900 

Goat anti-TREM2 

Antibody 

R&D Systems Cat# AF1828 

Rabbit anti-hTREM2 mAb 

#1 

Cell Signaling Technology Clone E9E9X 

Rabbit anti-hTREM2 mAb 

#2 

Cell Signaling Technology Clone E4J7A 

Rabbit anti-hTREM2 mAb 

#3 

Cell Signaling Technology Clone E6Y7S 

Rabbit anti-hTREM2 mAb 

#4 

Cell Signaling Technology Clone E2S5K 

Rabbit anti-hTREM2 mAb 

#5 

Cell Signaling Technology Clone E9V6H 
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Rabbit anti-hTREM2 mAb 

#6 

Cell Signaling Technology Clone E9U8L 

Rabbit anti-hTREM2 mAb 

#7 

Cell Signaling Technology Clone E9L9F 

Rabbit anti-hTREM2 mAb 

#8 

Cell Signaling Technology Clone E4F5G 

Rabbit anti-hTREM2 mAb 

#9 

Cell Signaling Technology Clone D8I4C 

Rabbit anti-mTREM2 mAb Cell Signaling Technology Clone E9O9F 

Cell Lysis Buffer (10X) Cell Signaling Technology Cat# 9803 

Blue Loading Buffer Pack Cell Signaling Technology Cat# 7722 

Glycoprotein Denaturing 

Buffer 

New England Biolabs Cat# NEB B1704S 

GlycoBuffer 2  New England Biolabs Cat# NEB B3704S 

NP-40  New England Biolabs Cat# NEB B2704S 

PNGase F New England Biolabs Cat # P0704L 

LY294002 Cell Signaling Technology Cat#9901 

Cell Lines 

THP-1 ATCC Cat# TIB-202 

SIM-A9 ATCC Cat# CRL-3265 

Hek-293 ATCC Cat# CRL-1573 

RAW 264.7 ATCC Cat# TIB-71 

RAW 264.7 TREM2-/- Cell Signaling Technology N/A 

Table 2. Human and Mouse TREM2 Sequence Alignment 

Domain  Species Sequence 

Ectodomain Human (1-174) 

MEPLRLLILLFVTELSGAHNTTVFQGVAGQSLQVSC 

PYDSMKHWGRRKAWCRQLGEKGPCQRVVSTHN 

LWLLSFLRRWNGSTAITDDTLGGTLTITLRNLQPH 

DAGLYQCQSLHGSEADTLRKVLVEVLADPLDHRD 

AGDLWFPGESESFEDAHVEHSISRSLLEGEIPFPPTSI 

Mouse (1-171) 

MGPLHQFLLLLITALSQALNTTVLQGMAGQSLRVS

CT YDALKHWGRRKAWCRQLGEEGPCQRVVSTHG 

VWLLAFLKKRNGSTVIADDTLAGTVTITLKNLQAG 

DAGLYQCQSLRGREAEVLQKVLVEVLEDPLDDQD 

AGDLWVPEESSSFEGAQVEHSTSRN---QETSFPPTS 

Transmembrane 

Domain 

Human (175-195) 

LLLLACIFLIKILAASALWA 

Mouse (172-192) 

ILLLLACVLLSKFLAASILWA 
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Intracellular 

Domain 

Human (196-230) 

AAWHGQKPGTHPPSELDCGHDPGYQLQTLPGLRDT 

Mouse (193-227) 

VARGRQKPGTPVVRGLDCGQDAGHQLQILTGPGG

T 

Human and mouse TREM2 sequence alignment. Variations in aligned sequences are 

bolded and underlined in the mouse sequence. 

  



 

 45 

Appendix 2. 

Figures 

 

Figure 1. Evaluation of Endogenous Human and Mouse Cell Lines 

Human THP-1, and mouse SIM-A9 and RAW 264.7 immortalized cell lines evaluated by 

western blot using the CST Western Blot Protocol for expression of TREM2 protein. 

Extracts from THP-1 cells untreated (-) or treated with peptide N-glycosidase F (PNGase 

F; +) were analyzed (A) using TREM2 (D8I4C) Rabbit mAb #91068 (upper) and β-Actin 

(D6A8) Rabbit mAb #8457 (lower). Extracts from SIM-A9 and RAW 264.7 cells untreated 

(-) or treated with peptide N-glycosidase F (PNGase F; +) were analyzed (B) using 

TREM2 (E7P8J) Rabbit mAb #76765 (upper) and β-Actin (D6A8) Rabbit mAb #8457 

(lower). 
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Figure 2. CRISPR TREM2-/- Cell Line Evaluation 

Mouse RAW 264.7 immortalized CRISPR TREM2 knockout (-/-) cell lines were generated 

and evaluated by western blot using CST’s Western Blot Protocol for expression of 

TREM2 protein. Extracts from these cells were analyzed using TREM2 (E7P8J) Rabbit 

mAb (upper) #76765 and β-Actin (D6A8) Rabbit mAb #8457 (lower). 
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Figure 3. TREM2 Detection: Human Reactive Rabbit mAbs 

Western blot analysis of extracts from THP-1 cells, untreated (-) or treated with peptide 

N-glycosidase F (PNGase F; +), using nine human reactive anti-TREM2 Rabbit mAbs 

and β-Actin (D6A8) Rabbit mAb #8457. 
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Figure 4. TREM2 Detection: Mouse Reactive E9O9F Rabbit mAb  

Western blot analysis of extracts from RAW 264.7, and CRISPR TREM2 knockout (-/-) 

RAW 264.7 cells, untreated (-) or treated with peptide N-glycosidase F (PNGase F; +), 

using TREM2 (E9O9F) Rabbit mAb (upper) or β-Actin (D6A8) Rabbit mAb #8457 

(lower). 
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Figure 5. Agonist TREM2 Antibody Treatment Optimization 

Human THP-1 immortalized cells treated with an anti-human TREM2 antibody at 

various timepoints and concentrations in order to optimize treatment conditions for 

future experiments. Extracts of these cells were evaluated using the CST Western Blot 

Protocol using Syk (D3Z1E) XP® Rabbit mAb #13198 (upper), Phospho-Syk 

(Tyr525/526) (C87C1) Rabbit mAb #2710 (middle), and β-Actin (D6A8) Rabbit mAb 

#8457 (lower). 

 

Figure 6. In Vitro Anti-TREM2 mAb Stimulation: Human TREM2/Syk 

A library of anti-human TREM2 recombinant monoclonal antibodies was generated and 

screened for in vitro stimulation of TREM2. Human THP-1 cells untreated, treated with 

control rabbit IgG, or treated with one of eleven anti-human TREM2 antibodies (4µg/mL, 

10mins). Extracts of these cells were evaluated using the CST Western Blot Protocol 

using Syk (D3Z1E) XP® Rabbit mAb #13198 (upper), Phospho-Syk (Tyr525/526) 

(C87C1) Rabbit mAb #2710 (middle), and β-Actin (D6A8) Rabbit mAb #8457 (lower). 
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Figure 7. In Vitro Anti-TREM2 mAb Stimulation: Mouse TREM2/Syk 

An anti-mouse TREM2 recombinant monoclonal antibody was generated and tested for 

in vitro stimulation of TREM2. Mouse SIM-A9 immortalized cells untreated (-) or treated 

(+) with TREM2 (E9O9F) Rabbit mAb (4µg/mL, 10mins). Extracts of these cells were 

evaluated using the CST Western Blot Protocol using Syk (D3Z1E) XP® Rabbit mAb 

#13198 (top), Phospho-Zap-70 (Tyr319)/Syk (Tyr352) (65E4) Rabbit mAb #2717 

(middle), and β-Actin (D6A8) Rabbit mAb #8457 (lower). 
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Figure 8. Stimulation of Kinases Downstream of TREM2/Syk 

Human THP-1, and mouse SIM-A9 immortalized cell lines untreated (-) or treated (+) 

with either TREM2 (E4J7A) Rabbit mAb (4µg/mL, 10mins) or TREM2 (E9O9F) Rabbit 

mAb (4µg/mL, 10mins). Extracts of these cells were evaluated using the CST Western 

Blot Protocol using Syk (D3Z1E) XP® Rabbit mAb #13198, Phospho-Syk (Tyr525/526) 

(C87C1) Rabbit mAb #2710, Phospho-Zap-70 (Tyr319)/Syk (Tyr352) (65E4) Rabbit mAb 

#2717 (middle, and β-Actin (D6A8), Akt (pan) (C67E7) Rabbit mAb #4691, Phospho-Akt 

(Ser473) (D9E) XP® Rabbit mAb #4060, p44/42 MAPK (Erk1/2) (137F5) Rabbit mAb 

#4695, Phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) (D13.14.4E) XP® Rabbit mAb 

#4370, GSK-3β (D5C5Z) XP® Rabbit mAb #12456, Phospho-GSK-3β (Ser9) (D85E12) 

XP® Rabbit mAb #5558, and β-Actin (D6A8) Rabbit mAb #8457. 
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Figure 9. Evaluation of TREM2 Dependency for Syk Stimulation 

Human THP-1, and mouse RAW 264.7 and RAW 264.7 TREM2-/- immortalized cell lines 

untreated (-) or treated (+) with either TREM2 (E4J7A) Rabbit mAb (4µg/mL, 10mins) or 

TREM2 (E9O9F) Rabbit mAb (4µg/mL, 10mins), and LY294002 (50uM, 1hr). Extracts of 

these cells were evaluated using the CST Western Blot Protocol using Syk (D3Z1E) XP® 

Rabbit mAb #13198 (top), Phospho-Syk (Tyr525/526) (C87C1) Rabbit mAb #2710 

(middle), and β-Actin (D6A8) Rabbit mAb #8457 (lower). 
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Figure 10. TREM2-Dependent Syk Activation 

Illustrated diagram showcasing the recombinant monoclonal antibody treatment of 

TREM2 expressed on immortalized human and mouse cell lines. The image demonstrates 

incubating cells with an unconjugated primary antibody against either anti-human or 

anti-mouse TREM2, the resulting phosphorylation and activation of DAP12 and Syk 

proteins, and downstream Syk-associated cell signaling pathways that may be modulated.
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