
TLRs are divided into 6 major subfamilies according to one of their 

key features, their leucine-rich repeat (LRR) domains and TLR2 

along with TLR1, TLR6, and TLR10 form the TLR1 subfamily5. It 

is well established that TLR2 forms a heterodimer (Fig. 1) on the 

cell surface, crucial for signaling and ligand specificity, with co-

receptors TLR1 or TLR6, commonly selected for in research using 

neutralization antibodies6,7,8. TLR2 as a functional homodimer has 

only been proposed, with no evidence proving that it triggers a 

signaling cascade to date9. It has been suggested that the TLR2 

heterodimers are pre-formed on the cell surface, and without a 

ligand, the intracellular Toll/interleukin-1 receptor (TIR) domains 

are unable to interact and no signaling cascade is initiated. The 

TLR2/TLR1 and TLR2/TLR6 heterodimers are known to specifically 

bind lipoproteins depending on whether they are tri- or diacylated, 

respectively7,8. This discriminative binding is due to structural 

differences, specifically the presence of a hydrophobic channel 

in TLR1 that binds the third acetylated chain in the lipoprotein, 

which is absent from TLR6. Moreover, ligand recognition is 

enhanced by its non-specific delivery to TLR2 by CD14, sometimes 

in combination with additional ligand-specific molecules such as 

CD36 and Dectin-110,11. When CD14 is blocked, TLR2 signaling is 

greatly reduced. Interestingly, TLR10 has also been shown to form a 

possible heterodimer with TLR2 with binding specificity for ligands 

similar to the TLR2/TLR1 heterodimer; however, no function or 

specific signaling pathway have been determined12. 

TLR2 signaling is initiated by ligand-induced dimerization of the 

essential cytoplasmic TIR domains of the TLR2 heterodimers13. 

This then triggers a cascade of phosphorylation events that 

vary depending on whether it was TLR2/1 or TLR2/6 that was 

stimulated, ultimately initiating diverse innate and adaptive immune 

responses in the host (Fig. 2)14. These signaling cascades lead to a 

MyD88 and MAL/TIRAP-dependent activation of pro-inflammatory 

transcription factors such as NF-κB and AP-115,16. 

Fig. 1: A general TLR2 
heterodimer highlighting 
the key features, such as the 
leucine rich repeats (LRRs) 
(pink), the transmembrane 
domains, and the cytoplasmic 
TIR signaling domains
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The early detection of microbes by pattern recognition receptors (PRRs) such as toll-like receptors (TLRs), is crucial for 

initiating the innate immune responses needed to provide protection to the host. In particular, toll-like receptor 2 (TLR2) plays 

an essential role in detecting a diverse range of microbial pathogen-associated molecular patterns (PAMPs) from bacteria, 

fungi, and parasites. These PAMPs include cell-wall components such as lipoproteins, lipoteichoic acid (Gram-positive 

bacteria only), lipoarabinomannan (mycobacteria only), and chitin (fungi)1,2. Interestingly, a number of viruses have also been 

shown to interact directly with TLR2 including HIV and herpes simplex virus3,4. It should also be noted that the majority of 

the experimental data for TLR2 signaling has been generated using synthetic ligands, and with further studies using whole 

bacteria, such as heat-killed bacteria, the full range of potential responses that follow TLR2 activation may be elucidated. 
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Fig. 2: The TLR2 signaling pathway
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PRODUCT DESCRIPTION UNIT SIZE CAT.CODE

HEK-Blue™ hTLR2-TLR1 Cells NEW Human TLR2+TLR1 / NF-κB / SEAP reporter HEK293 cells 3-7 x 106 cells hkb-htlr21

HEK-Blue™ hTLR2-TLR6 Cells NEW Human TLR2+TLR6 / NF-κB / SEAP reporter HEK293 cells 3-7 x 106 cells hkb-htlr26

HEK-Blue™ hTLR2 KO-TLR1/6 Cells NEW Human TLR2 (KO-TLR1/6) / NF-κB / SEAP reporter HEK293 cells 3-7 x 106 cells hkb-htlr2k16

Pam3CSK4 Synthetic triacylated lipopeptide - TLR2/1 1 mg tlrl-pms

Pam2CSK4 Synthetic diacylated lipopeptide - TLR2/6 1 mg tlrl-pm2s-1

HKLM Heat Killed Listeria monocytogenes - TLR2/6 1010 cells tlrl-hklm

HKPA Heat Killed Pseudomonas aeruginosa - TLR2/1 and TLR2/6 1010 cells tlrl-hkpa

QUANTI-Blue™ Solution NEW Alkaline phosphatase detection medium - Liquid form 5 ml rep-qbs

HEK-Blue™ Detection Cell culture medium for SEAP detection 5 pouches hb-det2

In addition, the PI3K/Akt pathway may also be activated leading 

to the production of anti-inflammatory cytokines such as IL-1017.  

Interestingly, this diversity has been attributed, in part, to slight 

modifications of the ligand with the length of the lipid moiety 

of lipoproteins, for example from Staphylococcus sp., shown to 

determine the balance between tolerant and defensive responses18. 

Lipoproteins from Staphylococcus sp. such as S. aureus and S. 

epidermidis, acylated with long-chained fatty acids associated 

with the TLR2/1 heterodimer were found to silence the immune 

response (tolerance), whereas Staphylococcus sp. such as S. carnosus, 

lipoproteins acylated with short-chained fatty acids associated 

with the TLR2/6 heterodimer enhanced the immune response 

(defense)18.

TLR2 is an important receptor detecting a large spectrum of 

microbial PAMPs. An essential feature of TLR2 is its ability to form 

heterodimers with TLR1 and TLR6, which not only expands the 

range of PAMPs that it can recognize but may also diversify the 

downstream signaling cascades that it triggers within a host, allowing 

considerable plasticity in TLR2-dependent recognition and signaling. 

This means that the array of TLR2 ligands may be different from 

what was originally suspected and will only continue to evolve with 

future work. Furthermore, the plasticity in downstream signaling, 

along with its ligand specificity is why TLR2 is a promising target 

being explored for ‘proof-of-concept’ of antibody immunotherapy in 

the treatment of diseases such as sepsis19. Therefore, by studying 

the heterodimers separately and/or in combination (TLR2/TLR1 or 

TLR2/6), a better understanding of their unique ligand activation and 

subsequent cytokine profiles will be possible. InvivoGen provides a 

large collection of engineered reporter cell lines that are designed 

for investigating the TLR2 signaling pathways.

REFERENCES

1. Oliveira-Nascimento L. et al., 2012. The role of TLR2 in infection and Immunity. 
Front Immunol. 3(79): doi:10.3389/fimmu.2012.00079.
2. Silva C.A. et al., 2008. TLR-2 and IL-17A in chitin-induced macrophage activation and 
acute inflammation. J Immunol. 181(6): 4279-4286.
3. Henrick B.M. et al., 2015. HIV-1 structural proteins serve as PAMPs for TLR2 
heterodimers significantly increasing infection and innate immune activation. Front 
Immunol. 6(428): doi:10.3389/fimmu.2015.00426.
4. Leoni V. et al., 2012. Herpes simplex virus glycoproteins gH/gL and gB bind toll-like 
receptor 2, and soluble gH/gL is sufficient to activate NF-kB. J Virol. 86(12): 6555-6562.
5. Matsushima N. et al., 2007. Comparative sequence analysis of leucine-rich repeats 
(LRRs) within vertebrate toll-like receptors. BMC Genomics. 8. 124.
6. Ozinsky A. et al., 2000. The repertoire for pattern recognition of pathogens by the 
innate immune system is defined by cooperation between toll-like receptors. PNAS, 97: 
13766-13771.
7. Takeuchi O. et al., 2001. Discrimination of bacterial lipoproteins by Toll-like receptor 
6. Int Immunol. 13: 933-940.
8. Takeuchi O. et al., 2002. Cutting edge: role of Toll-like receptor 1 in mediating 
immune response to microbial lipoproteins. J Immunol. 169: 10-14.
9. Jin M. S. et al., 2007. Crystal Structure of the TLR1-TLR2 Heterodimer Induced by 
Binding of a Tri-Acylated Lipopeptide. Cell. 130(6): 1071-1082.
10. Jimenez-Dalmaroni M.J. et al., 2009. Soluble CD36 ectodomain binds negatively 
charged diacylglycerol ligands and acts as a co-receptor for TLR2. Plos One. 4: e7411.
11. Lotz S. et al., 2004. Highly purified lipoteichoic acid activates neutrophil granulocytes 
and delays their spontaneous apoptosis via CD14 and TLR2. J Leukoc Biol. 75(3): 467-477.
12. Guan Y. et al., 2010. Human TLRs 10 and 1 share common mechanisms of innate 
immune sensing but not signaling. J Immunol. 184: 5094-5103.
13. Sandor F. et al., 2003. Importance of extra- and intracellular domains of TLR1 and 
TLR2 in NFkB signaling. J Cell Biol. 162: 1099-1110.
14. Li J. et al., 2013. Evolving bacterial envelopes and plasticity of TLR2-dependent 
responses: Basic research and translational opportunities. Front Immunol. 4(347): 
doi:10.3389/fimmu.2013.00347.
15. Piao W. et al., 2016. Differential adaptor recruitment by TLR2 co-receptors. Pathog 
Dis. 74(5): doi:10.1093/femspd/ftw043.
16. Sepehri Z. et al., 2016. Toll-like receptor 2 and type 2 diabetes. Cell Mol Bio Lett. 
21(2): doi.org/10.1186/s11658-016-0002-4.
17. Santos-Sierra S. et al., 2009. Mal connects TLR2 to PI3Kinase activation and 
phagocyte polarization. EMBO. 28(14): 2018-2027.
18. Nguyen M. et al., 2017. Lipid moieties on lipoproteins of commensal and non-
commensal staphylococci induce differential immune responses. Nat Comms. 8(2246): 
doi:10.1038/s41467-017-02234-4.
19. Gao W. et al., 2017. Inhibition of Toll-like receptor signaling as a promising therapy 
for inflammatory diseases: A journey from molecular to nano therapies. Front. Physiol. 
8(508): doi: 10.3389/fphys.2017.00508. 

INVIVOGEN’S PRODUCTS

USA : TEL : 858 457 5873 / FAX : 858 457 5843 • EUROPE : TEL :  +33 (0)5.62.71.69.39 / FAX : +33 (0)5.62.71.69.30
HONG KONG : TEL : +852-36223480 / FAX : +852-36223483

https://www.invivogen.com/hek-blue-htlr2tlr1
https://www.invivogen.com/hek-blue-htlr2tlr6
https://www.invivogen.com/hek-blue-htlr2k16
https://www.invivogen.com/pam3csk4
https://www.invivogen.com/pam2csk4
https://www.invivogen.com/hklm
https://www.invivogen.com/hkpa
https://www.invivogen.com/quanti-blue
https://www.invivogen.com/hek-blue-detection

