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The triggering receptor expressed on myeloid cells 
(TREM) family, which is abundantly expressed in myeloid 
lineage cells, plays a pivotal role in innate and adaptive im-
mune response. In this study, we aimed to identify a novel 
receptor expressed on hematopoietic stem cells (HSCs) by 
using in silico bioinformatics and to characterize the iden-
tified receptor. We thus found the TREM-like transcript 
(TLT)-6, a new member of TREM family. TLT-6 has a sin-
gle immunoglobulin domain in the extracellular region and 
a long cytoplasmic region containing 2 immunoreceptor 
tyrosine-based inhibitory motif-like domains. TLT-6 tran-
script was expressed in HSCs, monocytes and macro-
phages. TLT-6 protein was up-regulated on the surface of 
bone marrow-derived and peritoneal macrophages by lip-
opolysaccharide stimulation. TLT-6 exerted anti-prolifera-
tive effects in macrophages. Our results demonstrate that 
TLT-6 may regulate the activation and proliferation of 
macrophages.
[Immune Network 2015;15(5):232-240]
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INTRODUCTION

Triggering receptor expressed on myeloid cells (TREM) 
and TREM-like receptors are a structurally linked protein 
family, which contains a variable single immunoglobulin 
domain that is located on chromosome 17C in mice (1). 
These receptors are expressed on a variety of myeloid line-
ages cells such as neutrophils, monocytes, macrophages, 
and dendritic cells (1). TREM family receptors play im-
portant roles in the regulation of both innate and adaptive 
immune response. For example, TREM-1 is mainly asso-
ciated with inflammation, expressed by the stimulation of 
lipopolysaccharides (LPS), and up-regulated in Gr-1 (＋) 
F4/80 (＋) monocytes from tumor mice (2,3). Soluble 
TREM-1, which is secreted in innate immune cells, is in-
volved in intra-amniotic infection/inflammation (4). TREM- 
2 plays a key role in negative regulation of autoimmunity 
(1,5). In the TREM-like family, TREM-like transcript 
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(TLT)-1 is found in the naïve platelet and megakaryocyte 
α-granules and its expression is upregulated on surface of 
activated cells (6). TLT-1 had an important role for the 
protection of inflammation-associated hemorrhage (7). 
Unlike other TREM family, TLT-2 is expressed in B cells 
as well as peripheral lymphoid organs. In myeloid cells, 
TLT-2 was not expressed in naïve monocytes in the bone 
marrow and peripheral blood but was up-regulated in dif-
ferentiated macrophages and granulocytes upon activation 
or inflammatory stimulation (8,9). TLT-4 is predominantly 
expressed on dendritic cells and macrophages, especially 
in red pulp and marginal metallophilic macrophages in the 
spleen. Moreover, TLT-4 in dendritic cells showed the 
ability to bind to Annexin V＋ PI＋ late apoptotic or ne-
crotic cells and was not affected by maturation induced by 
Toll-like receptor ligands (10). 
  Several TREM including TREM-1, TREM-2, TREM-3, 
and TREML-4 can participate in the signaling through 
their association with an adaptor molecule DNAX activa-
tion protein 12 kDa (DAP12) that contains an immunor-
eceptor tyrosine-based activation motif (ITAM), which is 
phosphorylated upon activation of DAP12-linked recep-
tors. The phosphorylated ITAM recruits or activates Syk 
and NTAL/LAB, leading to activation of their subsignaling 
molecules such as Akt, calcium, and mitogen-activated 
protein kinase, for various cellular responses (1,11). In 
contrast, TREML-1 and TREML-2, which encode TLT-1 
and TLT-2, respectively, contain a cytoplasmic tail with 
immunoreceptor tyrosin inhibitory motifs (ITIMs) that can 
associate with the SHP-1 and SHP-2 proteins (12,13). 
  In this study, we attempted to identify the novel re-
ceptor-type genes expressed in hematopoietic stem cells 
(HSCs) or hematopoietic lineage cells using an in silico 
differential display method. We found several receptor- 
type unigenes expressed in HSCs and mature hemato-
poietic cells. Among them, we identified a novel TREM 
family gene, TLT-6, and demonstrated its molecular char-
acter, expression, and biological activity in macrophages. 

MATERIALS AND METHODS

Materials
Doxycycline, LPS, propidium iodide and pervanadate were 
purchased from Sigama (St. Louis, MO, USA). Dulbecco’s 
modified Eagle’s medium (DMEM), bovine calf serum, fe-
tal bovine serum (FBS) and penicillin/streptomycin were 

obtained from Gibco (Grand Island, NY, USA). Trizol was 
from Invitrogen Life TechnologiesTM (Carlsbad, NM, 
USA). Macrophage colony-stimulating factor (M-CSF) was 
purchased from R&D Systems (Minneapolis, MN, USA). 
Antibodies against hemagglutinin (HA), SHIP and SHP-2 
were from Santa Cruz Biotechnology (Santa Cruz, CA, 
USA). 

Cells 
The investigation was performed in accordance with the 
Guide for the Care and Use of Laboratory Animals pub-
lished by the US National Institutes of Health (NIH pub-
lication No. 85-23, revised 1996, latest revision in 2011) 
and was approved by the Animal Subjects Committee and 
by the Institutional Guidelines of Konkuk University, 
Korea. C57BL/6 mice (6- to 8-weeks old) were purchased 
from Orient Bio (Seoul, Korea) and maintained in a patho-
gen-free environment. Hematopoietic lineage cells were 
isolated from the bone marrow, thymus, lymph nodes, and 
peripheral blood of mice, and they were analyzed by stain-
ing with specific antibodies using FACSVantage SE (BD 
Biosciences, San Jose, CA, USA). Peritoneal macrophages 
were isolated from peritoneal exudates of mice (14). Bone 
marrow-derived macrophages were obtained from the total 
bone marrows from femurs and tibiae of mice (15,16). 
Bone marrow-derived macrophages were cultured in 
DMEM supplemented with 10% bovine calf serum and 5 
ng/ml M-CSFfor 5∼6 days. RAW264.7 and HeLa cells 
were purchased from ATCC (Manassas, VA, USA) and 
were maintained in DMEM supplemented with 10% FBS 
and 1% penicillin/streptomycin. 

TLT-6 cloning
Mouse TLT-6 full-length cDNA was amplified by poly-
merase chain reaction (PCR), with following primer pair: 
5' primer (5'-GGATCCATGGCCTGGGA GCCCACATAC- 
3') and a 3' primer (5'-GAATTCTCAC TGCCCTGGGAG 
CTCAGC-3'). PCR was performed at 94oC for 45 s, 56oC 
for 30 sec, and 72oC for 1 min, for a total of 30 cycles. 
The amplified PCR product was subcloned into a pGEM-T 
easy vector (Promega, Madison, WI, USA) and confirmed 
the sequences of cDNA by automated sequencing. Murine 
TLT-6 sequence was analyzed using the BLAST algorithm 
of the National Center for Biotechnology Information 
(http://www.ncbi.nlm.nih.gov/BLAST). Alignment of se-
quences was performed using the DNASTAR program 
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(17,18). 

Expression of the TLT-6 transcript
Cells were harvested from bone marrow, blood, brain, 
heart, kidney, ovary, spleen, lung, liver and thymus for de-
termination of organ specific expression analysis. To con-
firm hematopoietic lineage specific expression analysis, 
cells were isolated from the bone marrow, thymus, spleen, 
and peripheral blood and each hematopoietic lineage cells 
were purified using FACSVantage SE; BD Biosciences). 
Cell total RNA was isolated with Trizol according to the 
manufacturer’s instructions, and 5μg of RNA was reverse 
transcribed to cDNA using SuperScriptTM (Invitrogen Life 
TechnologiesTM). The primers for RT-PCR analysis of 
TLT-6 included a 5' primer (5'-CTCGCTTCAA CTT 
CTTCACT-3') and a 3' primer (5'-GCTGTAGATGGAGT 
CCTCAG-3'). The conditions for RT-PCR analysis were 
94oC for 30 s, 60oC for 30 s, and 72oC for 1 min for a 
total of 30 cycles. 

TLT-6 transfectant cells
To generate an inducible stable cell line, HA-tagged 
TLT-6 cDNA was inserted into pRevTRE-EGFP-RSVp-rt 
TA2S-M2-WPRE retroviral inducible vector by doxycy-
cline treatment (18). TLT-6 transfectant cells were ob-
tained by sorting green fluorescent protein (GFP)-positive 
cells by using FACSVantage SE (BD Biosciences). To 
confirm the biological roles, RAW264.7 cells were trans-
fected with TLT-6 construct were treated with doxycyclin 
(1 ng/ml).

Coimmunoprecipitaion and Western blotting analysis
To confirm the molecular weight of the TLT-6 protein, 
HA-tagged full-length TLT-6 cDNA was directly inserted 
into the pcDNA 3.1 expression vector and expressed in vi-
tro with TnT Quick Coupled Transcription/Translation 
Systems (Promega) following the technical manual. In or-
der to determine the interaction of TLT-6 with SHIP and 
SHP-2, an HA-tagged TLT-6 inducible retroviral vector 
was introduced into HeLa cells, and then, the cells were 
induced with doxycycline treatment. After 48 h of in-
duction, co-immunoprecipitation was performed with an 
anti- HA antibody, and western blot analysis was per-
formed with anti-SHIP or anti-SHP-2. 

Production of monoclonal antibody
To generate a TLT-6-specific monoclonal antibody, the ex-
tracelluar domain of TLT-6 was constructed into the 
pMT/V5-His vector. This construct was used to generate 
recombinant protein in Schneider (S2) cells by using the 
Drosophila Expression System. Purification of His-TLT-6 
was performed using a HisTrapTM HP (Amersham Bioscien-
ces). His-TLT-6 protein was injected into male SD rats 
(Orient Bio; 7 weeks old) twice at 1-week intervals. After 
the last injection, lymphocytes from popliteal lymph nodes 
of the immunized rats were obtained and fused with SP-2 
myeloma cells. To screen the positive hybridoma clones, 
we conducted ELISA by using an His- TLT-6 protein- 
coated plate and confirmed with transfected cell lines with 
full-length TLT-cDNA by flow cytometry (FACSVantage 
SE; BD Biosciences).

Flow cytometry 
To investigate the expression of TLT-6 in primary cells, 
cells were harvested from the bone marrow and bone mar-
row-derived and peritoneal macrophages were collected, 
and washed twice in staining buffer (PBS, 0.01% NaN3, 
and 2% FBS). Cells were stained with fluorescence (FITC, 
PE, or APC)-, biotin-conjugated hematopoietic-specific 
monoclonal antibodies (CD4, CD3, CD8, B220, Gr-1, 
Mac-1, c-Kit, Sca-1, CD11b, Ter-119, and CD11c), or 
matched isotype controls purchased from eBiosciences 
(Sand Diego, CA, USA). Macrophages derived from the 
peritoneum or bone marrow were activated by LPS. Red 
cells were lysed, and nonspecific binding was blocked by 
preincubation with nonconjugated antibody to CD16/32. 
Dead cells were excluded by propidium iodide staining. 
Whole cells stained were analyzed using FACSVantage SE 
(BD Biosciences).

Proliferation assay 
RAW 264.7 cells were transfected with TLT-GFP fusion 
retroviral vector or GFP vector as the control, and the 
GFP-positive cells were sorted by flow cytometry. Bone 
marrow-derived macrophages were obtained by M-CSF 
stimulation for 4 days and then treated with anti-TLT-6 
monoclonal antibody for 2 days. The proliferation effects 
were calculated using a Cell Counting Kit-8 (DOJINDO 
Lab, Kumamoto, Japan). 
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Table I. In silico bioinformatics unigenes expressing strongly in 
HSCs 

No. Gene description Riken Clone ID Unigene ID

1 U-SNRNP-assocated 
cyclophilin homolog

4932410C21 Mm.333420

2 P2ry10 5830408N17 Mm.444132
3 Ras GTPase 9830134C10 Mm.328927
4 Cannabinoid receptor2 9830147G02 Mm.297251
5 Hypothetical protein 9830165H07 Mm.123455
6 Multimerin 1 9830168D06 Mm.22904
7 Hypothetical protein A330087I24 Mm.359168
8 Hypothetical protein A430108H07 Mm.171518
9 Hypothetical protein A530040L11 Mm.260587

10 Slc35d3 A730022A14 Mm.74324
11 Hypothetical protein B130063C23 Mm.197630

Figure 1. Sequence analysis and character of TLT-6. (A) Predicted amino acid sequences, domains, and motifs of TLT-6. The leader 
sequence and transmembrane domain are indicated by dotted lines, and the variable type of immunoglobulin-like domain in the 
extracellular region is denoted by a solid line. The ITIM-like motifs in the intracellular region of TLT-6 are shown in the box. (B) Analysis 
of deduced molecular weight for Flag-tagged TLT-6 using an in vitro transcription/translation system. (C) Identification of interacting 
protein with TLT-6 using co-immunoprecipitation. HeLa cells, endogenously expressing SHIP and SHP-2, were used for transfection 
with HA-tagged TLT-6, immunoprecipitated with anti-Flag antibody, and then immunoblotted with anti-phospho SHIP or SHP-2 
monoclonal antibodies. IB, Immunobloting; IP, immunoprecipitation.

Statistical analysis
The data are expressed as means±SD. Statistical sig-
nificance of the differences between experimental groups 
was assessed by Student’s t-test. Statistical significance 
was determined at the level of p＜0.05.

RESULTS

Cloning and character of TLT-6
To identify novel candidate genes, which are predom-
inantly expressed in HSCs, we performed a digital differ-
entiation display by using expressed sequence tag (EST) 
unigenes libraries (http://www.ncbi.nlm.nih.gov/unigene) 
between mouse HSCs (c-Kit＋Sca-1＋Lin−) and mature 
hematopoietic cells (Table 1). For one of these genes, 
TLT-6, we found a higher sequence homology with TREM 
receptor families. The predicted amino acid sequence 
showed a 22-aa leader sequence, 56-aa extracellular do-

main, 23-aa transmembrane domain, and 112-aa cytoplas-
mic region. The extracellular region of TLT-6 contains an 
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Figure 2. RT-PCR analyses of TLT-6 expression. (A) Organ specific expression of TLT-6 and (B) hematopoietic lineage cells specific 
expression of TLT-6 purified in the bone marrow, spleen, and peripheral blood, as described in the methods section. cDNA concentration 
was standardized and quantified using β-actin. (C) TLT-6 expression in HSCs (K＋S＋L−) and progenitor cells (K＋S＋L−, K−S＋L−, and 
K−S−L−) isolated from the mouse bone marrow using RT-PCR. For RT-PCR, cDNA concentration was normalized with β-actin. PBL, 
leukocytes isolated from peripheral blood.

immunoglobulin domain and a cytoplasmic region with 2 
representative ITIM-like motifs (ICYASL and VEYASI) 
(Fig. 1A). To confirm the molecular weight of TLT-6, we 
translated the protein with the Flag-tagged TLT-6 cDNA 
using an in vitro translation method and identified approx-
imately 42-kD proteins (Fig. 1B). As next trials, we con-
firmed whether two ITIM motifs of TLT-6 in the cytoplas-
mic might recruit a protein phosphatase such as SHIP or 
SHP-2 when phosphorylated. To test this possibility, an 
HA-tagged TLT-6 transgene was introduced into HeLa 
cells expressing the SHIP and SHP-2 proteins. After stim-
ulation with 100 μM pervanadate for 20 min, we per-
formed immunoprecipitation with anti-HA antibody and 
then confirmed anti-SHIP or SHP-2 protein by western 
blotting. As shown in Fig. 1C, TLT-6 was associated with 

SHP-2, but not with SHIP (Fig. 1C). 

TLT-6 expression
To confirm organ specific expression pattern of TLT-6, 
RT-PCR analysis was tested. TLT-6 mRNA transcript was 
observed high expression in bone marrow, peripheral 
blood and liver and also low expression in brain, spleen, 
lung and thymus, but not in heart, kidney and ovary (Fig. 
2A). In addition, to further characterize the expression pro-
file of TLT-6 in hematopoietic lineage cells, RT-PCR anal-
ysis was performed in purified hematopoietic lineage cells. 
TLT-6 was strongly expressed in B cells, immature eryth-
rocytes, CD4＋ T cells, CD8＋ T cells, CD11b＋ monocytes, 
granulocytes, and CD11c＋ cells (Fig. 2B). In addition, 
TLT-6 transcripts showed relatively strong expression in 
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Figure 3. TLT-6 expressions in hematopoietic stem cells, monocyts and macrophages. (A) Expression patterns of TLT-6 in the surface 
of hematopoietic lineage cells from the bone marrow of mice analyzed by flow cytometry. Flow cytometry analysis was performed as 
described in the methods section, on the surface region of CD11b＋ cells and HSCs (c-Kit＋Sca-1＋Lin−cells) from the bone marrow of 
mice. Expression of TLT-6 on the surface region of peritoneum (B, C)- and bone marrow (D, E)-derived macrophages. Each isolated 
macrophage sample was stimulated with LPS (10 ng/ml) during the indicated days. After treatment with anti-TLT-6 monoclonal antibody 
for 2 days, flow cytometry analysis was carried out as described in the methods section. Numbers in the upper parts of histogram curves 
indicate the positive intensity values of TLT- 6 expression in cells. Dotted line, control; Solid line, LPS-stimulated condition.

HSCs (c-Kit＋Sca-1＋Lin−) or progenitor cells (Fig. 2C).

Expression character of TLT-6 protein
To determine the expression levels of the TLT-6 protein 
in hematopoietic lineage cells, we generated a monoclonal 
antibody against the extracellular domain of TLT-6 pro-
tein. Using the monoclonal antibody, we analyzed the ex-
pression character of TLT-6 on the surface of HSCs or 
CD11b＋ cells from the bone marrow. As shown in Figure 
3A, flow cytometry analysis showed that few TLT-6 pro-
tein-positive cells were observed on the surface of CD11b＋

cells, but not on that of HSCs (c-Kit＋Sca-1＋Lin− cells) 
from the bone marrow.
  To test whether the activation of macrophages from 

bone marrow or peritoneum by LPS stimulation induces 
TLT-6 expression on the cell surface, both macrophages 
treated with LPS showed an increased number of TLT- 
6-expression-positive responses on their surface (Fig. 
3B-E).

TLT-6 is upregulated and regulates proliferation in 
macrophages in response to LPS
We next investigated the expression profile or biological 
activity of TLT-6 in macrophages. TLT-6 was up-regu-
lated by LPS stimulation in macrophages derived from 
RAW264.7 cells. LPS stimulation increased the TLT-6 ex-
pression on the cell surface in dose-dependent manner in 
RAW264.7 cells (Fig. 4A and B). Moreover, TLT-6 over-
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Figure 4. TLT-6 expression and its effect on macrophages. (A, B) TLT-6 expression in activated RAW264.7 cells. The cells were 
stimulated with each indicated concentration of LPS for 3 days and the positive cells expressing TLT-6 were observed by flow cytometry 
analysis. Numbers in the upper parts of histogram curves indicate the positive intensity values of TLT-6 expression in cells. Dotted line, 
control; Solid line, LPS-stimulated condition. (C) Effect of TLT-6 overexpression on RAW264.7 cell proliferation. RAW 264.7 cells 
were transfected with the TLT-6 cDNA transgene, and cell proliferation was tested using the Cell Counting Kit-8 during the indicated 
days. (D) Effect of antibody treatment on bone marrow-derived macrophage proliferation. Cells were simultaneously treated with 10 
ng/ml M-CSF and 1 μg/ml monoclonal TLT-6 antibody for 2 days and cell proliferation was analyzed using the Cell Counting Kit-8. 
Data in panel B and C are expressed as mean±standard deviation (SD), respectively.*p＜0.05 compared with cells transfected with GFP 
vector (control in panel B), or with cells treated with IgG isotype (control in panel C).

expression in RAW264.7 cells significantly inhibited cell 
proliferation from day 2, compared with control cells 
transfected with TLT-free vector (Fig. 4C). Similar to this 
response, TLT-6 monoclonal antibody-treated bone mar-
row-derived macrophages also showed decreased pro-
liferation when compared with control cells treated with 
IgG isotype (Fig. 4D).

DISCUSSION 

HSCs have multipotential differentiation and self-renewal 
capacity to maintain blood homeostasis (19). Several in-
vestigators have thus conducted studies to identify the key 
regulator involved in controlling the self-renewal or mul-
ti-differentiation process (20,21). However, the key regu-
lators remain to be identified. In this study, we identified 
a new TREM family gene, TLT-6, with unknown ex-

pression properties and functional roles, having a structure 
similar to other TREM family genes by using in silico 
bioinformatics. In silico bioinformatics provides a power-
ful tool for discovering simple cloning of unigenes that 
show a differential expression pattern between 2 repre-
sentative samples (22). In the present study, we used this 
tool to identify a novel regulator that is predominantly ex-
pressed in HSCs compared to mature blood cells and iden-
tified several receptor-type unigenes candidates. Among 
these candidate unigenes, TLT-6 was identified as a novel 
TREM family molecule expressed in various hema-
topoietic lineage cells and its overexpression also inhibited 
macrophage proliferation. To the best of our knowledge, 
the present study is the first report on the expression prop-
erty and function of a new TREM family gene, TLT-6.
  The homology search of TLT-6 with TREM family 
genes revealed up to 50% higher sequence homology with 
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TREM-4 and TREM-5, but relatively lower homology 
with other TREM family genes with a range of 10.8%∼

15.5% for TREM-1, TREM-2, TREM-3, TLT-1, TLT-2, 
TLT-3, and TLT-4 (data not shown). Moreover, TLT-6 
gene was located on chromosome 17, which showed struc-
tures very similar to TREM family genes that have a single 
variable-type immunoglobulin domain in the extracellular 
and long cytoplasmic regions. These results indicate that 
TLT-6 is a novel of TREM family. It was known that 
TREM-1, TREM-2, and TREM-3 induced the signaling as-
sociated with the co-adapter molecule DAP12, which con-
tains an ITAM (1,11). In contrast to this finding, TLT-6, 
similar to the TREM-like family genes such as TREML-1 
and TREML-2, contained two ITIMs domains in the cyto-
plasmic tail, which has been shown to recruit SHP-2 pro-
tein, but not the SHIP protein. These results imply that 
TLT-6 may inhibit the early signaling pathway. In this 
study, we observed that TLT-6 was expressed on the cell 
surface and might be negatively involved in a complicated 
cellular reaction through extracellular signaling pathways 
though two ITIMs domain in monocytes. 
  In the case of myeloid cells, monocytes from the bone 
marrow or macrophages derived from the bone marrow or 
peritoneum showed relatively high expression of TLT-6 
within the cell, but not on the cell surface (data not 
shown). Moreover, when activated with LPS, TLT-6 was 
up-regulated on cell surface in macrophages from bone 
marrow or peritoneum, as well as in RAW264.7 cells. This 
data imply that TLT-6 protein may be translocated rapidly 
from intracellular to cell surface by activation in macro-
phages. We also observed that TLT-6 was increased in 
macrophages stimulated with M-CSF or in thioglycolate- 
elicited inflammatory macrophages compared with resident 
macrophages, indicating that TLT-6 may be important dur-
ing the innate immune response stimulated by inflam-
matory stimuli. Moreover, we also demonstrated that 
TLT-6 revealed anti-proliferation activity against myeloid 
cells. These results suggest that TLT-6 strongly inhibits in 
the process of activation in myeloid cells and macro-
phages. 
  In summary, the present study demonstrated that TLT-6 
was expressed on the surface of CD11b＋ monocytes in the 
bone marrow and that its expression was increased by in-
flammatory or activation signaling. Moreover, TLT-6 was 
involved in the activation or proliferation of macrophages 
in vitro. These results suggest that TLT-6 may regulate the 

activation and proliferation of macrophages. 
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