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Abstract 
 

Basigin/EMMPRIN/CD147 has been reported to be associated with inflammatory diseases 

and cancers. Detailed insight into this multifunctional protein in the context of cellular 

functions may provide a key to its pathophysiological role in many diseases. Here, we 

investigated the potential role of basigin in activation of the NF-B and AP-1 signaling 

cascades associated with the MyD88 and TRIF adaptor proteins. MyD88- and TRIF-

dependent activation of NF-B signaling pathway was inhibited by basigin-specific antibody 

and siRNA. In addition, induction of TRIF-dependent, but MyD88-independent, AP-1 

activation was inhibited by basigin-specific siRNA. Taken together, these results suggest that 

basigin plays a key regulatory role in activation of MyD88- and TRIF-mediated cell signaling 

pathways, and provide an important insight into basigin-mediated cellular processes that can 

serve as a guide for the development of new anti-inflammatory therapeutics via intervention 

in basigin-mediated cellular functions. 
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1. Introduction 

Basigin/EMMPRIN/CD147, a member of the Ig superfamily, is a highly glycosylated 

plasma membrane protein involved in a variety of physiological functions, including 

regulation of lymphocyte responsiveness and monocarboxylate transporter expression, 

and an extracellular matrix metalloproteinase inducer (EMMPRIN) [1-3]. In cancer, 

overexpression of basigin has been shown to promote tumor progression and invasion 

by induction of various matrix metalloproteinases (MMPs) [4-6]. Basigin also enhances 

cell proliferation and vascular endothelial growth factor (VEGF) production by 

malignant melanoma cells, and promotes tumor cell glycolysis by facilitating lactate 

transport, in combination with monocarboxylate transporters, resulting in tumor 

progression and regulation of multidrug resistance (MDR) to anticancer drugs [7-9]. 

Recent work by Kang et al. indicated that basigin plays a key role in anticancer drug 

resistance in cancer stem-cell–like cells [10], implying that basigin could be an 
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alternative target for overcoming drug resistance. Other in vitro and in vivo studies have 

suggested that basigin is involved in the regulation of inflammatory responses in a 

number of diseases, including rheumatoid arthritis [11-12], systemic lupus 

erythematosus [13], Alzheimer’s disease [14], and acute lung disease [15]. 

Basigin is, thus, likely to be a major mediator of cellular processes. However, 

development of basigin-targeted therapy has been challenged by its diverse 

pathophysiological functions and its complicated interactions with other regulators and 

signaling pathways. The interaction between basigin and cyclophilin A, for example, 

initiates activation of the extracellular signal-regulated kinase (ERK) 1/2 signaling 

cascade [16]. Basigin has also been shown to induce the expression of interferon-

induced transmembrane protein 1 (IFITM1) through ERK and PIK in THP-1 cells [17]. 

The basigin-syndecan association induces activation of p44/42 mitogen-activated 

protein kinase (MAPK), which promotes cell adhesion and chemotaxis [18]. Recently, 

we reported that the basigin cascade promotes survival in cancer stem-cell–like cells 

through a Wnt/catenin–dependent mechanism [10]. These data demonstrate that 

basigin plays a key regulatory role in signaling pathways, through association with 

extra- and intracellular molecules, in the regulation of inflammatory diseases and 

cancers. The adaptor proteins myeloid differentiation factor 88 (MyD88) and TIR-

domain-containing adaptor-inducing interferon (TRIF) have been shown to play central 

roles in activation of NF-B through Toll-like receptor (TLR) signaling transduction, 

which regulates cell proliferation, survival, and inflammation. 

Herein, we have investigated the potential role of basigin in adaptor protein-

dependent activation of the NF-B and AP-1 signaling pathways. We have shown that 

basigin induces activation of NF-B in a MyD88- and TRIF-dependent manner, and 

induces AP-1 activation in a TRIF-dependent manner. To our knowledge, this is the 

first report of the role of basigin in MyD88- and TRIF-mediated activation of signal 

transduction, and provides additional insights into the involvement of basigin in 

intracellular events. 

 

2. Materials and Methods 
 

2.1. Flow cytometry 

HEK293T cells were maintained in DMEM containing 10% FBS (Hyclone) and 

100g/mL streptomycin-penicillin (Gibco). CHO cells were maintained in DMEM/F12 

supplemented with 10% FBS, 0.1mM sodium hypoxanthine, 16M thymidine, and 

100g/mL streptomycin-penicillin. Endogenous cell-surface basigin expression was 

analyzed by flow cytometry using anti-basigin antibody (Genetex). Briefly, 1×10
6
 cells 

were resuspended in 100L ice-cold FACS buffer (PBS, 2% FBS, 0.1% NaN3, pH 7.4) 

and incubated with 100L of 10μg/mL anti-basigin antibody for 45min at 4°C. Cells 

were then washed with ice-cold FACS buffer three times by centrifugation at 300 x g 

for 5min and incubated with 200L of secondary FITC-conjugated goat anti-mouse 

antibody (Jackson ImmunoResearch). Secondary and isotype-control antibodies were 

used as negative controls. Cells were washed with ice-cold FACS buffer as before and 

fixed with 0.5mL of 0.5% paraformaldehyde in PBS, pH 7.2, for 15min at 4°C prior to 

analysis using a FACSCalibur flow cytometer (BD Biosciences) at the Central 

Laboratory of Kangwon National University.  
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2.2. Immunoblotting 

For detection of endogenous basigin by western analysis, whole-cell lysates were 

prepared in ice-cold cell lysis buffer (25mM Tris-HCl, pH 7.4, 150mM NaCl, 5mM 

EDTA, 1mM phenylmethylsulfonyl fluoride (PMSF), 1g/mL aprotinin, 1g/mL 

leupeptin, and 0.5% TritonX-100) and centrifuged at 12,000 x g for 15min at 4°C. Total 

soluble protein was determined using the BCA Protein Assay Kit (Pierce). Equal 

amounts of soluble protein were loaded and resolved by SDS-PAGE under reducing 

conditions and transferred to a nitrocellulose membrane. The membrane was then 

blocked with 3% nonfat milk in TBS-T (10mM Tris-HCl, 100mM NaCl, 0.1% 

Tween20, pH 7.5) for 1hr at room temperature, and proteins were detected with 1g/mL 

anti-basigin antibody (GeneTex) followed by HRP-conjugated secondary antibody 

(Jackson ImmunoResearch) according to the manufacturer’s protocols, and by reference 

to prestained molecular weight standard markers (Invitrogen). Immunoblots were 

visualized with the enhanced chemiluminescence (ECL) detection system (Pierce) and 

exposed to X-ray film.  

 

2.3. Luciferase reporter assay 

Luciferase constructs containing NF-B– or AP-1–binding promoters and the 

reporter assay were as previously described [19]. Plasmids carrying wild-type MyD88 

and TRIF were obtained from Addgene. Briefly, 4×10
5 

subconfluent HEK293T cells in 

a 12-well plate were transfected with 0.75g NF-B-Luc or AP-1-Luc plasmid with or 

without 0.75g MyD88 or TRIF together with β-galactosidase-Luc plasmid (0.15g) as 

an internal control. After 6-hr incubation, medium was replaced with fresh complete 

medium, and cells were incubated overnight in a CO2 incubator. Cells were then treated 

with or without anti-basigin antibody (Genetex) for 8hr, and cell lysates were prepared 

in ice-cold 10mM KH2PO4/1mM EDTA and centrifuged at 12,000 x g for 5min at 4°C. 

Luciferase activity was measured using the Luciferase Assay System (Promega) and 

VictorX4 luminometer (PerkinElmer). Experiments were carried out in quadruplicate 

for each sample, and luciferase activity was normalized to the β-galactosidase activity 

of the internal control.  

 

2.4. Small interfering RNA (siRNA)-directed basigin knockdown 

siRNA-mediated basigin silencing was carried out essentially as described for the 

luciferase reporter assay above, with the following modifications. Cells (1×10
5
) were 

seeded in a 24-well plate, and transfected with 0.g each NF-B or AP-1 luciferase 

reporter gene and plasmid harboring MyD88 or TRIF with and without 400nM 

chemically synthesized siRNA (Genolution) targeting basigin, or negative control 

siRNA, in a complex with Lipofectamine (Invitrogen) according to the manufacturer’s 

instructions. Cells were lysed, and luciferase activity was analyzed and normalized to β-

galactosidase activity as described above.  
 

3. Result 
 

3.1. Effect of basigin on activation of the MyD88-dependent NF-B signaling pathway  

We first evaluated the two selected cell lines for endogenous basigin expression using 

flow cytometry and showed that basigin was readily detectible in HEK293 cells, but not in 
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Figure 1. Analysis of endogenous basigin expression on the cell-surface of 
HEK293 and CHO by FACS (A) and western blot (B). Cells were stained with 
anti-basigin (shaded area) or isotype control antibody (gray line) followed by 

FITC labeled secondary antibody (black line), and proteins were detected using 
HRP labeled secondary antibody and TMB substrate 

 

CHO cells (Figure 1A). The level of basigin expression in these cells was further 

confirmed by western analysis, which showed a high expression level in HEK293 cells, 

consistent with the results of FACS analysis (Figure 1B). Hence, subsequent studies of 

basigin-mediated signaling cascades associated with adaptor proteins reported herein were 

conducted using the HEK293 cell line. 

To investigate whether basigin is involved in the transcriptional activation of NF-B 

with the MyD88 adaptor protein, cells were initially co-transfected with NF-B–

luciferase reporter gene with MyD88 or a control plasmid, together with the β-

galactosidase reporter as an internal control. Enhanced activity of NF-B–driven 

luciferase activity was observed only in cells transfected with MyD88, and not in cells 

transfected with control vector, suggesting that MyD88 may be involved in activation 

of the NF-B signal transduction pathway in HEK293 cells (Figure 2A). 

We then investigated whether basigin affects MyD88-mediated NF-B activation 

using a basigin-specific antibody. As shown in Figure 2A, the addition of anti-basigin 

antibody resulted in inhibition of MyD88-mediated NF-B activation by ~45%. This 

suggests that basigin may mediate activation of NF-B through its association with 

MyD88 and/or that basigin and MyD88 act synergistically to activate NF-B signaling. 

To further investigate a potential association between basigin and MyD88 leading to 

canonical NF-κB activation, we analyzed the MyD88-mediated NF-B luciferase activity 

 

 

Figure 2. Effect of basigin on MyD88-induced (A and B) and TRIF-induced (C) 
NF- B activation using anti-basigin antibody (A) and basigin-specific siRNA (B 

and C). Values are mean+SEM, and are representative of three independent 
experiments. Empty parent vector was used as a negative control 
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Figure 3. Effect of basigin on AP-1 activation mediated by MyD88 (A) and TRIF (B). 
Values are mean+SEM, and are representative of three independent experiments 

 

Following knockdown of basigin using three different basigin-specific siRNAs. 

Interestingly, approximately 85% inhibition of NF-B–driven luciferase activity was 

observed with basigin knockdown, whereas the control siRNA had no effect on MyD88-

mediated NF-B activation (Figure 2B). Taken together, these results indicate that basigin 

regulates NF-B activation through MyD88 signaling. 

 

3.2. Effect of basigin on activation of the TRIF-dependent NF-B signaling pathway 

Because TRIF is also known to associate with TLR families, we further investigated 

the involvement of basigin in the TRIF-mediated NF-B signaling cascade in HEK293 

cells cotransfected with NF-B–driven luciferase reporter with and without TRIF. Strong 

induction of NF-B–driven luciferase activity by TRIF, comparable to the 

corresponding activation by MyD88, was observed (Figure 2C). Additionally, TRIF-

induced NF-B luciferase activity was blocked by the basigin-specific siRNAs to an 

extent similar to that shown for MyD88 in Figure 2B, which suggests that basigin also 

mediates TRIF-dependent NF-B activation.  

 

3.3. Effect of basigin on activation of the TRIF-dependent AP-1 signaling pathway 

Recently, Rac-1–dependent activation of AP-1 signaling by basigin was also reported 

[20]. Hence, we investigated whether AP-1 activation is a MyD88- or TRIF-dependent 

event in the basigin-mediated signaling transduction pathway. As shown in Figure 3A, 

no significant difference in AP-1–driven luciferase activity was observed between cells 

transfected with and without MyD88, suggesting that AP-1 signaling is independent of 

MyD88. However, when the cells were treated with basigin-specific siRNAs, AP-1 

activity was reduced by ~30%, suggesting potential inhibition of intrinsic AP-1 

activation by basigin knockout. In contrast to MyD88, strong enhancement of AP-1 

activation by TRIF was observed (Figure 3B), whereas the basigin-specific siRNA 

treatment significantly reduced the TRIF induced AP-1 activity (Figure 3B). This 

observation indicates that basigin is also involved in regulation of the TRIF-mediated 

AP-1 activation pathway. 

 

4. Discussion 

Basigin has been emerging as a key regulatory protein involved in major 

pathophysiological processes, underlying conditions such as cancer and inflammatory 
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disease, and has received attention as a promising therapeutic target. Several 

mechanisms of basigin regulation through extracellular and intracellular interactions 

with functional molecules have been reported. Evaluation of several signaling pathways 

has demonstrated an association between basigin and the p38 MAPK cascade and 

activation of ERK cascades [17]. Recently, we also demonstrated that suppression of 

basigin expression results in activation of GSK3 and down regulation of Wnt/-catenin, 

demonstrating the regulatory role of basigin in the Wnt/-catenin signaling pathway 

that confers anti-cancer drug resistance [10]. Although current knowledge of 

mechanisms of basigin action suggests that basigin plays a key pathophysiological role 

in many diseases and, thus, represents a promising therapeutic target, the precise 

molecular mechanism by which basigin mediates its effects has not been fully 

elucidated. 

In this study, we report that the adaptor proteins MyD88 and TRIF are functionally 

associated with basigin. Investigation of a potential association between basigin and 

MyD88 in an NF-B-directed luciferase assay using basigin-specific neutralizing 

antibody or siRNAs showed that basigin mediates NF-B activation through a 

functional association with MyD88. MyD88 is known to be associated with the TLR 

and interleukin-1 receptor (IL-1R) superfamily involved in activation of NF-B and 

MAPK. Our observation suggests that association of basigin and MyD88 clearly leads 

to the canonical pathway of NF-B activation. 

In addition to MyD88, TRIF is an adaptor protein that appears to participate in 

basigin-mediated canonical NF-B activation, as evidenced by the reduction in TRIF-

mediated NF-B activation by basigin-specific siRNA. TRIF was also found to be 

involved in a MyD88-independent TLR signaling pathway. Both in vitro and in vivo 

studies have demonstrated that TRIF is involved in the production of inflammatory 

cytokines in response to TLR4 ligand binding and suggested that TRIF is essential for 

TLR3- and TLR4-mediated signaling pathways, which facilitate mammalian antiviral 

host defense [21]. We proposed that TRIF is an additional adaptor protein associated 

with basigin-mediated canonical NF-B activation. Taken together, our results support 

the hypothesis that basigin is associated with MyD88- and TRIF-mediated activation of 

signaling pathways. However, further studies are needed to evaluate whether MyD88 

and TRIF interact cooperatively with basigin or other regulators of signaling pathways.  

In addition to basigin-directed NF-B activation, AP-1 activation is also triggered 

through basigin in a TRIF-dependent, but MyD88-independent, manner, as reported for 

the TLR signaling pathway [21]. The present study provides the first evidence that 

basigin is coordinately associated with AP-1 activation in a TRIF-dependent manner. 

Coordinated  activity of AP-1 and NFAT in gene regulation has been reported [22]. 

Likewise, further studies are needed to identify other regulators or signaling pathways 

that are co-operatively associated with AP-1. 

In summary, we have provided evidence that endogenous basigin-mediated NF-B 

activation takes place in a MyD88- and TRIF-dependent manner. Further studies are 

underway to investigate whether MyD88 and TRIF cooperate with basigin and if 

regulators in other signaling pathways are involved. We also hypothesized that the 

basigin signaling cascade may intersect with other TLR signaling pathways. The TRIF-

dependent basigin/AP-1 signaling cascade is another area for further investigation. The 

findings of this study provide new insight into basigin-mediated cell functions, which 

may guide the strategies for targeting basigin as a promising inflammatory disease or 

cancer therapeutic. 
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