


Summary 

The triggering receptors expressed on myeloid cells (TREMs) are a new family of 

receptors that are involved in inflammation. The activating TREM family members 

associate with the adaptor protein DAP12, that has an immunoreceptor tyrosine-based 

activation motif (ITAM). A recent study revealed a novel murine receptor that belongs to 

TREM family and that also uses DAP12 mediated signal pathway, termed triggering 

receptor expressed in antigen presenting cells (TRAPC). TRAPC is expressed in antigen 

presenting cells and it is the first TREM family molecule that has been shown to be 

expressed in B cells. TRAPC expression is upregulated on macrophages upon LPS 

treatment and crosslinking of TRAPC induced nitric oxide production. One major 

question is if there is a functional equivalent to TRAPC in humans. Based on sequence 

homology and genomic location within the TREM gene cluster, we found a most likely 

human homologue to TRAPC, TREML4, which is so far uncharacterized. In this project, 

RNA isolated from different types of cell preparations from human blood and joint fluid 

of a rheumatoid arthritis patient was used to analyze the expression pattern of TREML4 

by RT-PCR. However, I could not detect full length mRNA of TREML4 in the cells 

tested. This study suggests that TREML4 may not correspond to the murine TRAPC 

receptor. However, TREML4 might still be expressed on other cell types that have not 

been tested here. 
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Abbreviations 
CNS    Central nervous system 

DC    Dendritic cell 

FCS    Foetal Calf Serum 

ITAM    Immunoreceptor tyrosine-based activation motif 

ITIM    Immunoreceptor tyrosine-based inhibitory motif 

LPS    Lipopolysaccaride 

ORF    Open reading frame 

PBMC    Peripheral blood mononuclear cells 

RT-PCR   reverse transcriptase PCR 

TLR    Toll like receptors 

TRAPC   Triggering receptor expressed in antigen presenting cells 

TREM    Triggering receptors expressed on myeloid cells 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 3



Introduction 

Who are they? -TREM family receptors 

The triggering receptor expressed on myeloid cells (TREMs) are a new family of 

receptors that belongs to the Ig-superfamily. The TREM receptors include both activating 

and inhibitory members that are encoded in a gene cluster on chromosome 6 in humans 

(chromosome 17 in mice). The TREM gene cluster includes at least two activating 

receptors, TREM-1 and TREM-2, and at least one other gene that encodes a TREM-

related molecule with an immunoreceptor tyrosine-based inhibitory motif (ITIM) motif. 

Thus, the TREM gene cluster encodes both activating and inhibitory receptors. 

Additional TREM-like genes and pseudogenes have been predicted by computational 

analysis in this genomic region. This gene arrangement might indicate that repeated 

duplications have evolved in the TREM family from an ancestral gene, possibly under 

pressure of infections [1].  

  
-cited from’ TREMS IN THE IMMUNE SYSTEM AND BEYOND’ by Marco Colonna 

 4



TREM-1 

The first discovered TREM family member, termed TREM-1, is an activating receptor 

expressed selectively on blood neutrophils and a subset of monocytes/macrophages, 

which are the main effector cells in innate responses. TREM-1 is expressed at high level 

during Gram-positive, –negative bacteria and fungi infection. An even higher 

upregulation is obtained with purified lipopolysaccaride (LPS) [2]. In addition, the 

production of TNF and IL-1α is upregulated by co-stimulating TREM-1 mediated 

triggering with LPS, showing that TREM-1 may amplify inflammatory responses that are 

initiated by toll like receptors (TLRs) [1, 2]. The role of TREM-1 in the amplification of 

inflammatory responses to bacteria implicate that TREM-1 could be as a potential target 

for therapeutic intervention in human diseases such as septic shock [3].  

It should also be mentioned that an alternative spliced variant of TREM-1 has been 

detected. This short variant lacks the transmembrane and cytoplasmic domains and is 

translated to generate a secreted TREM-1 (sTREM-1). sTREM-1 is secreted by 

monocytes and neutrophils activated by LPS during e.g. lung infection, and appears to be 

a reliable marker of bacterial infections particularly during sepsis and pneumonia [4, 5]. 

 

TREM-2 

TREM-2 was first described as a receptor expressed on DCs derived from monocytes [6]. 

Immature DCs induce incomplete maturation by crosslinking of TREM-2. Activation via 

TREM-2 upregulate CC chemokine receptor 7 (that is important for dendritic cell 

migration to the lymph nodes, dendritic cell survival and partial activation) [1]. Recent 

evidence revealed that osteoclasts and microglia in the central nervous system (CNS) also 

expressed TREM-2, which indicated that TREM-2 is important in brain function and 

bone modeling [7]. A rare autosomal recessive disease, known as “Nasu-Hakola disease” 

or polycystic lipomemebranous osteodysplasia with sclerosing leukoencephalopathy 

(PLOSL), is linked to a loss-of –function DAP12 mutation, the signaling adaptor 

molecule associated with TREM family . This disease is characterized by a combination 

of pre-senile dementia and bone cysts [8-11]. Some cases of this disease have normal 

expression levels of DAP12 but a loss-of –function TREM-2 mutation instead [12, 13]. 
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Studies of murine microglia suggest that TREM-2 expression may contribute to the 

varying sensitivities of different brain region to similar pathological signals [7]. 

 

NKp44 

NKp44, an activating NK-cell receptor directly involved in the lysis of several tumor cell 

lines, do also belong to the TREM family of receptors [1]. NKp44 was also identified by 

function as a natural cytotoxicity receptor (NCR) together with two other receptors, 

termed NKp46 and NKp30 [14]. Although the cellular ligands recognized by NCRs have 

not been clearly characterized yet, NKp44 was described to recognize viral proteins such 

as haemagglutinin-neuraminidase of parainfluenza virus [15]. 

 

The signaling adaptor protein DAP12 

TREM-1, TREM-2 and NKp44 all associate with DAP12 for signaling and function [2, 6, 

16]. The signaling adaptor protein DAP12 belongs to the family of transmembrane 

polypeptides bearing an immunoreceptor tyrosine-based activation motif (ITAM) in 

cytoplasmic domain. It is associated with an extended array of receptors in NK cells, 

granulocytes, monocytes/macrophages, and DCs. When DAP12 is phosphorylated, it 

provides a docking site for the tyrosine kinases ZAP70 and SYK, and triggers a down 

stream tyrosine phosphorylation. Further, this down stream tyrosine phosphorylation can 

activate PI-3 pathway, IP3/DAG pathway and RAS/ERK pathway. These lead to a final 

function of inducing Ca2+ mobilization and activation of transcription factors such as 

ELK1, NFAT and NF-κB, which transcribe genes that encode cytokines, chemokines, 

and cell-surface molecules. Moreover, the study of a loss-of –function DAP12 mutation 

disease “Nasu-Hakola disease” (described above) reveals the non-immune functions of 

DAP12 in bone modeling and brain myelination. [1, 17-19] 

 

A novel murine TREM family receptor TRAPC 

A novel TREM family receptor in mouse has been cloned recently.  This sequence was 

selected as the highest homology of NKp44 by searching the mouse gene database with 

the sequence of NKp44. Analysis of the expression pattern of the new receptor showed 

that it is expressed in antigen presenting cells (DCs, monocytes/macrophages, B cells), 
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different from NKp44. It is the first TREM family molecule that is expressed in B cells. 

In concordance with the expression pattern it was named triggering receptor expressed by 

antigen presenting cells (TRAPC). As the TREMs, TRAPC has a charged amino acid in 

the transmembrane region. TRAPC has no known signaling motif in the intracellular tail 

and associates with DAP12 but not to other adaptor molecules such as CD3ζ and FcεRIγ. 

Crosslinking of TRAPC on macrophages and DCs induced nitric oxide production, and 

TRAPC expression is upregulated on macrophages upon LPS treatment. 

 

TREML4, the human counterpart of TRAPC? 

Based on sequence homology and genomic location within the TREM gene cluster, there 

is a human homologue to TRAPC, TREML4, which is so far uncharacterized. The 

purpose of this study was to clone and make the initial characterization of the expression 

pattern of the human TREML4, and to understand whether hTREML4 is a functional 

equivalent to TRAPC in human.  
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Materials and Methods 

Sequence selecting 

All predicted mRNA sequences of hTREML4, hTREM-1 and hDAP12 were selected at 

GenBank (http://www.ncbi.nlm.nih.gov/Genbank/index.html).  hTREM-1 (NM_018643) 

is also selected as a control sequence for verifying the cDNA synthesis and later function 

comparison. Since hTREML4 (NM_198153) shares the highest homology to TRAPC, 

hDAP12 (AF019562) is selected as a most potential adaptor molecular. ORF of each 

sequence is found by software BioEdit (http://www.mbio.ncsu.edu/BioEdit/bioedit.html). 

Signal peptide cleavage sites are predicted by SignalP 3.0 Server 

(http://www.cbs.dtu.dk/services/SignalP-3.0/). 

 

Cells 

Five different types of cell preparations were used: leucocytes (mainly neutrophils, 

eosinophils, basophils, lymphocytes , monocytes), i.e. peripheral blood depleted of 

erythrocytes and then immediately used for isolation of RNA; peripheral blood 

mononuclear cells (PBMC) (mainly T-, B-, and NK cells, and monocytes) from a healthy 

adult donor or from buffy coats were purified by centrifugation at 2000 rpm for 20 

minutes. on LymphoprepTM (Axis-Shield, Oslo, Norway); PBMC activated by 1000 u/ml 

IL-2 for 5 days (a cytokine secreted by T cells, that in high concentrations mainly activate 

NK cells, lymphokine activated killer cells); PBMC stimulated by 10 ng/ml 

lipopolysaccaride (LPS) for 3 days; joint fluid from a rheumatoid arthritis patient (mainly 

activated granulocytes). All cells were cultured in RPMI 1640 (Sigma-Aldrich, Ayrshire, 

UK) supplemented with 10% FCS, penicillin/streptomycin, L-glutamine, non-essential 

amino acids, sodium pyruvate, and β-mercaptoethanol. 

 

RNA isolation and cDNA synthesis 

RNeasy Mini Kit (QIAGEN, Hilden, Germany) was used to isolate RNA from the 

different cell populations according to the standard protocol. cDNA was synthesized 

using the First-Strand cDNA Synthesis Kit (Amersham Biosciences, Buckinghamshire, 

UK) according to the standard protocol. 
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Primers designing 

Four primer-designing softwares were used for designing and optimizing PCR primer 

selection: Oligo Explorer, Oligo Analyzer, Oligo 6 and Primer Premier. The first primer 

pairs for hTREML4 (NM_198153) complete ORF (684 bp) cloning are: 5’-

ACAGATTTGGGCTGGAATG (C1_forward), 5’-TGGGACAATCAGAAACCTC 

(C1_reverse). The second primer pairs for hTREML4 (NM_198153) complete ORF 

(1119 bp) cloning are: 5’-TTTCTCCTCTCCTCCGCTGTC (C2_forward), 5’-

TAGGGCAGACCACAGGCAACA (C2_reverse). The first primer pairs for hTREML4 

(NM_198153) detection (337 bp) are: 5’-CTACAACGCTTCCGAAAAC (D1_forward), 

5’-TGGGACAATCAGAAACCTC (D1_reverse). The second primer pairs for 

hTREML4 (NM_198153) detection (266 bp) are: 5’-TCACAAACACCCAGGACAGA 

(D2_forward), 5’-TTTCGGAAGCGTTGTAGATT(D2_reverse). The primer pairs for 

hTREM-1 (NM_018643) complete ORF (765 bp) cloning are 5’-

GCTGGTGCACAGGAAGGATG (forward), 5’-GGCTGGAAGTCAGAGGACATT 

(reverse). The primer pairs for hDAP12 (AF019562) complete ORF (473 bp) cloning are: 

5’-TGTGGTGTCCAGCAGCATC (forward), 5’-GCACTCTGTGGGTCTGTATCG 

(reverse). All primers are verified through BLAST (http://www.ncbi.nlm.nih.gov/blast/). 

The primer pairs for hTREM-1 are published elsewhere [2].  All the primers were 

ordered from Thermo Electron© (Ulm, Germany). 

 

RT-PCR 

Based on the Tm of the primers and the length of PCR products, initial amplification was 

performed with 20 pmoles of each primer. First 4 minutes at 95˚C for initial denaturizing, 

followed by 35 cycles of 1 minute at 95˚C (denaturizing), 30 seconds at 54˚C (annealing) 

and 40 seconds at 72˚C (elongation). Additional 6 minutes at 72˚C for final elongation 

and 4˚C for storing are performed at the last cycle. Ten μl 10xPCR buffer, 4 μl MgCl2 (50 

mM), 8 μl dNTP (2.5 mM), 70.5 μl H2O, 0.5 μl Taq polymerase (Invitrogen, CA, US) are 

used for 100 μl reaction. Optimal changes of the program and the concentration of MgCl2 

are made during the experiment. 
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Electrophoresis Gel 

All gel electrophoresis were made with 1% agarose gels with EtBr (Invitrogen, Paisley, 

Scotland) at 100 mV. One μg up to10 μl 100-bp-DNA-ladder is used as a standard size 

marker. 

 

TOPO cloning and Sequencing 

The PCR amplification products of hTREM-1 and hDAP12 were subcloned into TOPO 

pCR2.1 vector by TOPO-TA Cloning kit (Invitrogen, CA, US) and were sequenced in 

both directions. Some amplification products of hTREML4 were also subcloned in TOPO 

pCR2.1 vector by TOPO-TA Cloning kit and were sequenced in both directions.  Some 

amplification products of hTREML4 were selected for DNA sequencing; the predicted 

band was cut out from the gel and purified by QIAquick® Gel Extraction Kit (QIAGEN, 

Hilden, Germany). The sequences from the clones were aligned to the published hTREM-

1 sequence using the alignment software ClustalX [20] and Staden [21]. Plasmid plots 

were analyzed using the software pDraw32 (http://www.acaclone.com/).  

 

Gene map building and software analysis 

In order to get a good overview of the predicted hTREML4 gene, another predicted 

hTREML4 cDNA (AK090633) was used to build the schematic hTREML4 gene map 

with the predicted introns and exons location at human chromosome 6, location 6p21.1. 

The software Sim4 (http://pbil.univ-lyon1.fr/sim4.php) was used to locate the cDNA 

segments at 6p21.1 of both NM_198153 and AK090633. The software GENESCAN 

(http://genes.mit.edu/GENSCAN.html) was used to draw the predicted exons at location 

6p21.1 with setting Suboptimal exon cutoff at 1.00. 
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Results 

Gene database searching 

The two published predicted sequences of hTREML4 in Genbank (NCBI), NM_198153 

and BC101780, were aligned and were shown to be identical in the open reading frame 

(ORF).  NM_198153 was selected to be used for further analysis of the hTREML4 

predicted mRNA sequences. An alignment of hTREML4, hTREM-1, TRAPC and 

NKP44 is shown in Fig. 1A. hTREML4 shares the highest homology with TRAPC, and 

comparing the genomic positions and the high homology of the sequences, it was likely 

that TREML4 was a human orthologue of TRAPC. The predicted signal peptide of 

hTREML4, TREM-1, hDAP12 is shown in Fig. 1B. The different genomic exons 

predicted by GENESCAN, present in NM_198153 and another published sequence 

AK_090633 were plotted and the position of all the hTREML4 PCR primers’ used in this 

study are listed in Fig. 2, to get an overview of the predicted PCR results using different 

primer combinations. 
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hTREML4 is not expressed on peripheral blood mononuclear cells 

Primer pair C1 (cloning, whole ORF) and D1 (detection) were used to detect the 

existence of hTREML4 mRNA in peripheral blood mononuclear cells (PBMC). The 

predicted PCR product size is 684 bp for the entire ORF and 337 bp for detection primer 

pairs.  No bands were specifically amplified at the concentration of 2 mM MgCl2 (Fig. 

3A). By increasing the concentration of MgCl2 to 2.5 mM and 5 mM, a clear band 

appeared at the expected size of entire ORF at about 700 bp (Fig. 3B). The amplification 

product at 2.5 mM MgCl2 condition was purified and subcloned into PCR2.1 vector by 

TOPO-TA Cloning kit. By analyzing the vector plot, restriction enzyme EcoRI and ScaI 

were used to test cut the transformed plasmid. Test cutting result showed the predicted 

size by EcoRI (~3900 bp and ~700 bp) and the predicted position of restriction enzyme 

ScaI with both hTREML4 orientations (~2600 bp and ~1900 bp for clockwise orientation; 

~2200 bp and ~2300 bp for counterclockwise orientation), an unknown weak band also 

displayed at ~200 bp by cutting with ScaI (Fig. 3C). Unexpectedly, when the PCR 

product was sequenced it was revealed that it was a completely unrelated DNA fragment 

that had been amplified, that by pure chance had the expected size and on top of that, 

gave a similar restriction pattern as the expected amplicon. Further analysis indicate that 

this amplified gene fragment recognized 8 nucleotides from both 3’ site of C1 primer 

pairs. With a rare coincidence, this gene fragment shared very similar restriction sites of 

ScaI, except an extra cutting fragment at ~200 bp. This unspecific amplification, together 

with the fact that it was not possible to detect or clone any expected product, indicated 

that no traceable hTREML4 mRNA was expressed in PBMC. 

 

hTREML4 is not expressed on leucocytes , PBMC and IL-2 activated  PBMC 

Since it was not possible to detect hTREML4 with neither the cloning primers C1, nor the 

detection primers N1, one alternative explanation was that the primers were not working 

optimally. Therefore, a new set of primers were designed, primer pair C2 (whole ORF) 

and D2 (detection), that were used to detect the existence of hTREML4 mRNA in 

leucocytes and PBMC. The predicted PCR product size was 1119 bp for the entire ORF 

and 266 bp for the detection primer pairs. No predicted size of the ORF was specifically 

amplified in any of the conditions of MgCl2 tested (Fig. 4A). An extended elongation 

 13



time to 1’30’’ and 3’30’’ amplified 2 unspecific bands at ~1100 bp and ~1300 bp (not 

shown). Clear bands appeared at ~200 bp size by using detection primer pair D2, 

suggested predicted detection fragment amplification in leucocytes, PBMC and IL-2 

activated PBMC (Fig. 4B). Sequencing of the PCR product after gel purification showed 

that these bands correspond to the hTREML4 mRNA. Further PCR with different 

combinations of primer pair C1, C2, D1, and D2 were made to get a clearer pattern of the 

potential mRNA expression of hTREML4. By combining the primers C2_forward and 

D2_reverse, a clear band was amplified in all leucocytes, PBMC and IL-2 activated 

PBMC at ~600 bp (Fig. 5). Sequencing of this DNA band gave a result of hTREML4 

genomic sequence containing an intron, indicating that the gene was unspliced. 4 

different primer combinations of nested PCR were also screened on leucocytes, all with 

negative result. Taken together, this suggested that no functional hTREML4 mRNA was 

expressed in leucocytes, PBMC or IL-2 activated PBMC. 

 

hTREML4 is not expressed on LPS stimulated PBMC 

Another hypothesis why no full length DNA corresponding to the hTREML4 ORF was 

amplified could be that the receptor only is expressed in activated leukocytes. Therefore 

different means of activation of the PBMC was used, e.g. IL-2 activation (see above), 

LPS stimulation, or in vivo activated granulocytes from patient material. The existence of 

hTREML4 mRNA in PBMC stimulated by LPS for three days was searched by using 

primer pair C1, C2 (whole ORF) and D1, D2 (detection). No predicted ORF was 

amplified, whilst a clear band existed at the predicted size of detection fragment by using 

primer pair D1 (Fig. 6). Sequencing of this PCR product showed that it corresponded to 

the highly homologous predicted mRNA of hTREML3, instead of hTREML4. This 

suggested that LPS did not stimulate the expression of hTREML4 mRNA in PBMC. 

 

hTREML4 is not expressed on activated granulocytes 

cDNA was prepared from activated granulocytes obtained from synovial fluid from a 

rheumatoid arthritis patient’s joint. Primer pairs C1, C2 (whole ORF) and D2 (detection) 

were used to perform the PCR. No predicted fragments were amplified, which suggested 

hTREML4 mRNA was not express in activated granulocytes either (Fig. 7). 
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hTREM-1 and hDAP12 cloning 

As a control of PCR and further use, hTREM-1 ORF was amplified from the peripheral 

blood lymphocytes, subcloned into pCR2.1 vector by TOPO-TA cloning kit and 

sequenced in both directions. The result of sequencing suggests a new short version of 

hTREM-1, most likely a soluble variant. The hDAP12 mRNA was also amplified, 

subcloned and sequenced from the peripheral blood lymphocytes as the most likely 

adaptor molecular for hTREML4 (Fig. 8).  
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Discussion 

No traceable signs of hTREML4 full length mRNA expression could be detected, in spite 

of being activated or not, in blood leucocytes (mainly neutrophils, eosinophils, basophils, 

lymphocytes , monocytes), PBMC (mainly T-, B-, and NK cells and monocytes), or 

granulocytes (mainly neutrophils, eosinophils, basophils). These cell populations include 

antigen presenting cells, where the suggested orthologue, mouse TRAPC, is expressed. 

 

The TREM family of molecules has so far been found to be expressed in cells of myeloid 

or lymphoid origin. The cells I screened are mainly human peripheral blood cells. There 

are other immune cell subsets in different organs, such as lymph node, brain, and nervous 

system, which might have a different surface receptor expression pattern. The hTREML4 

mRNA may be expressed in one of those cell subpopulations. A search of GenBank 

expressed sequence tagged database (dbEST) database also suggested that hTREML4 

may be express in human brain nervous system based on the origin of the libraries where 

the transcript was detected, where the major immunocytes are microglia cells that 

originates from the myeloid cell lineage. TRAPC is also expressed in microglia. Matured 

DC and spleen B cell subsets are other options to look for hTREML4 existence in the 

future. 

 

The existence of the small hTREML4 mRNA fragment and unspliced genomic fragment 

gives out a suggestion that hTREML4 may be selectively expressed on lymphocytes and 

monocytes by certain particular stimulation. Though LPS and IL-2 activated PBMC were 

tested negative in above experiments, it should not be excluded that other kind of 

activation still might stimulate the hTREML4 mRNA expression from partial sequence to 

full length and translate into functional protein eventually. 

 

Thus, despite hTREML4 by sequence comparison is the most likely orthologue of murine 

TRAPC, it shows a different expression pattern. TRAPC was expressed in dendritic cells, 

B cells and monocytes/macrophages and its expression was up-regulated with LPS, 

whilst hTREML4 could not be found in any blood lymphocytes, leucocytes, monocytes 

and granulocytes. LPS and IL-2 could not stimulate the expression of hTREML4 in those 
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cells. These results suggest that TREML4 may not correspond to the murine TRAPC 

receptor. 

 

It should also be mentioned that when PBMC were stimulated with LPS, the newly 

published gene fragment of TREML3 was amplified instead of hTREML4. The gene for 

TREML3 lies adjacent to the gene for hTREML4, located in the same region in 

chromosome 6 (Fig. 6). The predicted whole length cDNA of hTREML3 was just 

published at Mar, 2006, function unknown. In this case, one would presume that the 

expression of hTREML3 may be upregulated by LPS. 
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