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Abstract

CLIP170 is a CAP-Gly domain containing protein that is associated with the plus end of growing 

microtubules and implicated in various cellular processes including the regulation of microtubule 

dynamics, cell migration and intracellular transport. Our studies revealed a previously 

unrecognized property and role of CLIP170. We identified CLIP170 as one of the interacting 

partners of Brucella effector protein TcpB that negatively regulates TLR2 and TLR4 signaling. In 

this study, we demonstrate that CLIP170 interacts with the TLR2 and TLR4 adaptor protein 

TIRAP. Further, our studies revealed that CLIP170 induces ubiquitination and subsequent 

degradation of TIRAP to negatively regulate TLR4-mediated pro-inflammatory responses. 

Overexpression of CLIP170 in mouse macrophages suppressed the LPS induced expression of 

IL-6 and TNF-α whereas silencing of endogenous CLIP170 potentiated the levels of pro-

inflammatory cytokines. In vivo silencing of CLIP170 in C57BL6 mice by CLIP170-specific 

siRNA enhanced LPS-induced IL-6 and TNF-α expression. Furthermore, we found that LPS 

modulates the expression of CLIP170 in mouse macrophages. Overall, our experimental data 

suggest that CLIP170 serves as an intrinsic negative regulator of TLR4 signaling that targets 

TIRAP.

Introduction

Toll-like receptors (TLRs) are essential components of innate immune response, which is at 

the first level of host defense against invading microorganisms. TLRs carry numerous 

leucine rich repeats containing an extracellular domain that binds specific conserved 

pathogen associated molecular pattern (PAMPs) and an intracellular Toll/IL-1R1 

intracellular (TIR) domain that interacts with specific adaptor proteins such as MyD88, 

TIRAP, TRIF, TRAM and SARM to initiate the signaling (1, 2), (3). TIRAP is essential for 

TLR2 and TLR4 mediated signaling where it recruits MyD88 to the TIR domain of plasma 

membrane localized TLR2 and TLR4 (4). Activation of TLR signaling by PAMPs leads to 
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the activation of transcription factors including NF-κB that in turn triggers expression of 

many pro-inflammatory cytokine genes (5). Subsequent secretion of pro-inflammatory 

cytokines activates innate immune cells that leads to various anti-microbial responses and 

promotes adaptive immunity.

TLR activities are tightly regulated to maintain cellular homeostasis following activation by 

microbial components. Ubiquitination and deubiquitination play essential roles in the 

regulation of TLR signaling pathways (6, 7). Ubiquitination comprises covalent attachment 

of ubiquitin to the lysine residues of target proteins, which involves activation of ubiquitin 

residues by ubiquitin-activating enzyme (E1) followed by transfer of activated ubiquitin to 

the catalytic cysteine of the ubiquitin-conjugating enzyme (E2) (8). Subsequently, the 

ubiquitin-conjugating enzyme transfers the ubiquitin moiety to the lysine residues of target 

proteins, which are catalyzed by ubiquitin ligases (E3). Ubiquitination can be 

monoubiquitination where a single ubiquitin moiety is attached to the substrate or 

polyubiquitination where polymerized ubiquitin chains are linked through the lysine 

residues of ubiquitin to the target protein. Ubiquitination and proteosomal degradation of 

TLRs or adaptor proteins have been implicated in negative regulation of TLR signaling to 

restore cellular homeostasis. Triad3A is an E3 ubiquitin ligase that negatively regulates 

TLR4 and TLR9 signaling by promoting their K48-linked ubiquitination and proteolytic 

degradation (9). Triad3A was also reported to induce proteolytic degradation of TIRAP (10). 

Suppressor of Cytokine Signaling-1 (SOCS-1) inhibits TLR2 and TLR4 receptor signaling 

by inducing polyubiquitination and degradation of the adaptor protein TIRAP (11).

Brucella melitensis, an infectious intracellular bacterial pathogen, encodes the TIR domain 

containing protein, TcpB that suppresses TLR2 and TLR4 signaling to subvert host innate 

immune responses (12-16). TcpB targets the TLR2 and TLR4 adaptor protein TIRAP and 

induces ubiquitination and subsequent degradation of TIRAP (12, 17). However, the 

mechanism of TcpB- mediated ubiquitination of TIRAP remains obscure. We performed a 

high-throughput yeast two-hybrid screening that identified the microtubule plus end tracking 

protein, Cytoplasmic Linker Protein 170 kDa (CLIP170), as the interacting partner of TcpB. 

CLIP170 is a microtubule associated protein that specifically binds to plus ends of growing 

microtubules (18). It is characterized by two conserved Cytoskeleton Associated Protein 

Glycine-rich (CAP-Gly) domains present at the N-terminus that function as the microtubule 

binding module (19). CLIP-170 harbors two tandem repeated zinc knuckle motifs in the C-

terminus that have been implicated in the interaction with endocytic vesicles and other 

microtubule plus-end-tracking proteins (+TIP) (20-22). CLIP170 is a multifunctional protein 

that plays essential roles in regulating microtubule dynamics, dynein localization to the 

microtubule tips, microtubule interaction with the cell cortex and linking of endosomes to 

microtubules (18, 23-28). Here we report that CLIP170 enhances the ubiquitination of 

TIRAP, which promotes the proteasome-mediated degradation of TIRAP. Further, we 

demonstrate that CLIP170 serves as a negative regulator of TLR4 signaling, and CLIP170 

expression is modulated by the TLR4 ligand, lipopolysaccharide (LPS).
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Methods

Cell Culture and Transfections

Human Embryonic Kidney (HEK) 293T (American Type Culture Collection, ATCC) or 

HEK293FT cells (Thermo Fisher Scientific) were cultured in Dulbecco’s modified Eagle’s 

medium (Sigma) supplemented with 10% fetal bovine serum (FBS) (Sigma), 1X penicillin-

streptomycin solution (Gibco) and 100 μg/ml normocin (Invivogen). RPMI (Sigma) 

supplemented with 10% FBS and 1X penicillin-streptomycin solution (Gibco) was used to 

culture J774 mouse macrophages (ATCC) and mouse embryonic fibroblast cells (ATCC). 

Cells were grown in a 37° C humidified atmosphere of 5% CO2. All the transfections were 

performed using Lipofectamine 2000 (Invitrogen) or JetPEI Macrophage (Polyplus 

Transfections) according to the manufacturer’s instructions.

Co-immunoprecipitation assays

To analyze interaction between TIRAP and CLIP170, HEK293T cells (1×106) were co-

transfected with FLAG-TIRAP (gifted by Dr. Douglas Golenbock) and HA-CLIP170 or 

empty vector using Lipofectamine 2000 reagent in 6-well plates. Forty-eight hours after 

transfections, cells were lysed and clarified by centrifugation. The cell lysates were pre-

cleared with Protein G plus agarose beads followed by addition of 5 μg of anti-FLAG 

antibody (Sigma) and incubation overnight at 4° C on a rotator. Next, Protein G plus agarose 

beads were added into the samples and incubated further for 3 h at 4° C on a rotator. 

Subsequently, agarose beads were washed three times with TNT buffer (20 mM Tris [pH 

8.0], 150 mM NaCl, 1% Triton X100) and re-suspended in 30 μl of SDS sample buffer (Bio-

Rad) and boiled for 10 minutes followed by SDS PAGE and immunoblotting. The 

membrane was probed with horseradish peroxidase (HRP)-conjugated anti-HA antibody 

(Sigma) in 5% milk in TBST overnight at 4° C. Subsequently, the membrane was washed 3 

times with TBST for 5 min each and incubated with SuperSignal West Pico 

Chemiluminescent Substrate (Pierce) for 5 min followed by acquiring the luminescent signal 

using a Chemi-documentation system (Syngene). After that, the membrane was treated with 

Restore Western Blot Stripping buffer (Pierce) and re-probed with anti-FLAG antibody to 

detect FLAG-TIRAP. The whole cell lysates were also subjected to immunoblotting and 

probed with HRP-conjugated anti-HA and anti-FLAG antibodies to detect HA-CLIP170 and 

FLAG-TIRAP, respectively.

Co-transfections to analyze protein degradation

HEK293T cells (0.5 × 106) were seeded into 12-well plates and co-transfected with 300 ng 

of FLAG-tagged TIRAP/MyD88 (gifted by Dr. Douglas Golenbock)/hTLR2 (gift from 

Ruslan Medzhitov; Addgene plasmid # 13082)/TLR4/mTLR9 (gift from Ruslan Medzhitov; 

Addgene plasmid # 13091)) plasmids and increasing concentrations (300 ng, 600 ng, 900 ng 

and 1.2 μg) of HA-CLIP170 plasmid. Twenty-four hours after the transfections, cells were 

lysed in RIPA buffer and the protein concentration was estimated using Bradford reagent. 

Equal amounts of protein samples were loaded on 4-20% Tris-Glycine SDS PAGE gel and 

subjected to immunoblotting. The membrane was probed with HRP-conjugated anti-FLAG 

antibody (Sigma, #A8592) to detect FLAG-tagged proteins and HRP conjugated anti-HA 
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antibody (Sigma, #H6533) for detecting HA-CLIP170. Actin was detected using 

monoclonal anti-β-actin peroxidase-conjugate antibody (Sigma, #A3854).

To analyze the degradation of endogenous TIRAP or MyD88, RAW264 cells (0.5×106) were 

seeded into 12-well plates and transfected with 3 μg of HA-CLIP170 plasmid or empty 

vector using Fugene HD transfection reagent (Promega) according to the manufacturer’s 

protocols. Twenty-four hours post-transfections, cells were lyzed in RIPA buffer and 

subjected to immunoblotting. Endogenous TIRAP was detected using anti-TIRAP 

antibodies (Cell Signaling Technology, # 13077S); (Santa Cruz Biotechnology, #sc-166149) 

or (Abcam, #ab17218). Anti-rabbit IgG, HRP-linked antibody (Cell Signaling Technology, 

#7074) was used as the secondary antibody for the blots probed with anti-TIRAP antibody 

from Cell Signaling Technology and Abcam. Anti-mouse IgG, HRP-linked antibody (Cell 

Signaling Technology, #7076) was used as the secondary antibody for the blot probed with 

anti-TIRAP antibody from Santa Cruz Biotechnology. Endogenous MyD88 was detected 

using anti-MyD88 antibody (Santa Cruz Biotechnology, #sc-74532).

Reverse transcript and quantitative PCR analysis

Total RNA was isolated from HEK293T cells transfected with FLAG-TIRAP + HA-

CLIP170 or FLAG-MyD88 + HA-CLIP170 plasmids followed by cDNA synthesis using 

PrimeScript first strand cDNA synthesis kit (Takara). Primers used for amplification are 

CLIP170 (CLIP170.F: GTGGCGTGGAGTTAGATGAG; CLIP170.R: 

TTTGGCTGGTGTAGTGGAAG); TIRAP (TIRAP.F: CTCCTACTTGGAAGGCAGCAC; 

TIRAP.R: ACGAAAGCCACCATCAGGG); MyD88 (MyD88.F: 

TGCTGGAGCTGGGACCCAGCATTGAGGA; MyD88.R: 

TCAGACACACACACAACTTCAGTCGATA) and GAPDH (GAPDH.F: 

AATCCCATCACCATCTTCCA; GAPDH.R: TGGACTCCACGACGTACTCA). Relative 

gene expression of CLIP170, TIRAP and MyD88 was analyzed by Comparative 2-ΔΔCt 

method using ABI 7500 software (Applied Biosystems). Data was normalized with an 

endogenous control, GAPDH.

Ubiquitination assays

HEK293FT cells (1×106 in 6-well plates) were co-transected with 1.5 μg of MYC-CLIP170, 

1.5 μg of FLAG-TIRAP or FLAG-MyD88 and 1 μg of wild-type or mutant versions of HA-

ubiquitin (gifted by Dr. Shigeki Miyamoto) plasmids in various combinations, identified in 

the results. Total DNA concentration was maintained at 4 μg using the empty vector. Twenty 

hours after the transfection, the cells were treated with proteosome inhibitor MG132 (Sigma) 

at a concentration of 20 μm for 4 h. Cells were then washed once with PBS and lysed in 300 

μl of lysis buffer containing 20 mM Tris-HCI [pH 7.4] and 1% SDS (17). Cell lysates were 

transferred into Eppendorf tubes and boiled for 10 min. Lysates were then clarified by 

centrifugation at 13,000 rpm for 15 min and diluted with buffer containing 20mM Tris-HCl 

[pH 7.5]; 150 mM NaCl, 2% Triton X100 and 0.5% NP40 (17). Five micrograms of anti-

FLAG antibody was added into the lysates and incubated overnight at 4° C on a rotator. 

Immunoprecipitation and western analysis were performed with samples as described 

before. The membrane was probed with HRP-conjugated anti-HA antibody to detect HA-

Ubiquitin.
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Immunocytochemistry

Mouse embryonic fibroblast cells (1×106) were seeded into 30 mm glass-bottom Petri plates 

(Eppendorf) and allowed to adhere overnight. Cells were then transfected with 3 μg of 

MYC-CLIP170 or HA-TcpB plasmid using Lipofectamine 3000 reagent. Twenty-four hours 

after transfection, cells were fixed with 4% paraformaldehyde in PBS for 10 min, followed 

by 3 washes for 5 min each with PBS and incubated with 50 mM NH4Cl for 10 min. Cells 

were then permeabilized with 0.1 % Triton X100 for 5 min. Subsequently, cells were washed 

3 times with PBS and incubated with FITC-conjugated anti-MYC antibody (Sigma, # 

F2047) to stain MYC-tagged proteins, FITC-conjugated anti-HA (Sigma, #H7411) to stain 

HA-TcpB and Cy3-labelled anti-β tubulin antibody (Sigma, # C4585) to stain microtubules 

for 1 h. Cells were washed and mounted in ProLong Gold anti-fading reagent (Molecular 

Probes). Cells were analyzed using a confocal microscope (Leica SP8). Experiments were 

repeated thrice and 15-20 cells were analyzed per experiment.

NF-κB reporter assays

For TLR4 activation assay, 12 h prior to the transfections, HEK293T cells expressing 

humanTLR4, CD14 and MD2 (293/hTLR4A-MD2-CD14; Invivogen) were seeded into 12-

well plates at a density of 0.5×106/well. Cells were then co-transfected with various amounts 

of HA-CLIP170 (50, 100, and 250 ng), pNF-κB-Luc (100 ng; Stratagene), and pRL-TK (50 

ng; Promega) plasmids. The total amount of DNA was made constant by adding empty 

vector (pCMV-HA). Twenty-four hours post-transfection, cells were challenged with 300 ng 

of LPS for 12 h. Cells were then lysed and luciferase activity was assayed using the Dual-

Luciferase Reporter Assay System (Promega) according to the manufacturer’s protocols. 

Firefly luciferase activity was normalized to the Renilla luciferase activity and the reporter 

assays were expressed as mean fold induction over un-induced controls. For TLR9 activation 

assay, HEK293T cells were co-transfected with mTLR9 (100 ng) expression plasmid and 

other reporter plasmids mentioned above followed by induction with 1μg of 

Oligodeoxynucleotides (ODN) and measurement of luciferase activity. Assays were 

performed in triplicate, and the experiments were repeated thrice.

Over expression and silencing of CLIP170 in mouse macrophages

To overexpress CLIP170 in mouse macrophages, full-length CLIP170 cds segment was 

ligated to the lentivirus expression plasmid, pMSCV-PIG (a gift from David Bartel; Addgene 

plasmid # 21654. To prepare lentiviral particles harboring pMSCV-PIG-CLIP170, 

HEK293FT cells (1x106 in 6-well plates) were co-transfected with packaging vector 

psPAX2 (a gift from Didier Trono, Addgene plasmid # 12260) and the envelop vector and 

pMD2.G (a gift from Didier Trono, Addgene plasmid # 12259) and pMSCV-PIG-CLIP170 

or empty vector. Seventy-two hours after transfection, culture supernatant that contains 

lentiviral particles were collected and clarified by centrifugation and passed through a 0.45 

μm syringe filter (Millipore). The lentiviral titer in the clarified cell supernatant was assessed 

using Lenti-X GoStix (Clontech) followed by transduction of J774 cells (1×106) with 

lentiviral particles. Forty-eight hours after transduction, cells were lysed in RIPA buffer and 

analyzed by immunoblotting to confirm the over expression of CLIP170 using anti-CLIP170 

antibody (Santa Cruz Biotechnology, #sc-28325). To analyze the overexpression of CLIP170 
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by qPCR, total RNA was extracted from lentivirus transduced cells followed by cDNA 

synthesis and qPCR analysis. Primers used for CLIP170 amplification are as follows: CLIP. 

F: CCTCAAGATGAAGGTGGAGATG; CLIP. R: AGGTCAAAGCAGTCACAGATG. 

CLIP170 qPCR primers were derived from a region that spans the exon-intron boundary of 

pre-mRNA of CLIP170 transcript.

To study effect of CLIP170 on cytokine secretion by macrophages, J774 cells were 

transduced with CLIP170 or empty vector for 48 hours, followed by treatment with LPS 

(100 ng/ml), Pam3CSK4 (100 ng/ml), ODN (1μg/ml), or TNF-α (20 ng/ml). Subsequently, 

culture supernatants and cells were collected at 0, 1, and 2 h after treatment. Total RNA was 

extracted from the LPS challenged cells followed by cDNA synthesis and qPCR analysis. 

Primers for qPCR analysis were TNF-α.F: GACGTGGAAGTGGCAGAAGAG; TNF-α.R: 

TGCCACAAGCAGGAATGAGA, IL-6.F: TCCAGTTGCCTTCTTGGGAC; IL-6.R: 

GTACTCCAGAAGACCAGAGG; IFN-β.F: CTGGCTTCCATCATGAACAA; IFN-β.R: 

CATTTCCGAATGTTCGTCCT; mGAPDH.F: AACGACCCCTTCATTGAC; mGAPDH.R: 

TCCACGACATACTCAGCAC. IL-6, TNF-α, IFN-β and CLIP170 expression data were 

normalized to the expression levels of GAPDH. Quantification of IL-6 and TNF-α in the 

cell culture supernatant was performed by ELISA using Quantikine ELISA kit (R & D 

Systems) according to the manufacturer’s protocols. All the assays were performed at least 

three times.

To silence the endogenous CLIP170 in J774 cells, we synthesized CLIP170 specific shRNA, 

derived from CLIP170 siRNA reported previously (23). The non-targeting control shRNA 

sequence used was CCGGTTCTCCGAACGTGTCACGTTTCTGCAGAAACGTGAC 

ACGTTCGGAGAATTTTTG. The shRNA oligos were annealed and cloned into pLKO-1 

vector (a gift from David Root, Addgene plasmid # 10878). Lentiviral particles harboring 

the CLIP170 shRNA or control shRNA were prepared as described above. J774 cells were 

transduced with lentivirus and silencing of endogenous CLIP170 was assessed by 

immunoblotting using anti-CLIP170 antibody and qPCR. To analyze the levels of IL-6 and 

TNF-α in CLIP170 silenced cells, J774 cells were transduced with lentivirus harboring 

CLIP170 specific shRNA or control shRNA. Forty-eight hours after the transduction, cells 

were challenged with various ligands followed by quantification of IL-6, TNF-α and IFN-β 
in the culture supernatants and cells by ELISA and qPCR, respectively as described above.

Silencing of CLIP170 in mice by delivery of siRNA in vivo

Mice experiments were performed after obtaining Institutional Animal Ethics Committee 

approvals. The in vivo siRNA targeting the CLIP170 (5-

GGAGAAGCAGCAGCACAUUTT-3) or scrambled siRNA (5-

UUCUCCGAACGUGUCACGUTT-3) were synthesized from Ambion. In vivo siRNA was 

complexed with the in vivo siRNA delivery reagent, Invivofectamine 2.0 (Invitrogen) 

according to the manufacturer’s protocols. One hundred microliters of siRNA complex that 

contained 50 μg of siRNA, was injected into 6 weeks old female C57BL/6 mice through tail 

vein. To examine the silencing of endogenous CLIP170 in the liver, 48 h after the siRNA 

delivery, Kupffer cells were harvested from the mice employing a gradient centrifugation 

protocol as described by Li et al., 2014 (29). Adhered Kupffer cells were lysed and subjected 
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to immunoblotting using anti-CLIP170 antibody. Spleens were also harvested and dispersed 

in RPMI1640 in 30 mm culture dishes. Spleen homogenate was then filtered through a cell 

strainer and seeded into 6-well plates. Splenocytes were allowed to adhere for 2 hours 

followed by cell lysis and immunoblotting.

Quantification of TNF-α and IL-6 in CLIP170 silenced mice

To analyze levels of IL-6 and TNF-α in splenocytes, cells were prepared as described 

before. Cells were then challenged with LPS (100 ng/ml) followed by quantification of IL-6 

and TNF-α levels in the culture supernatants and mRNA in cells by ELISA and qPCR, 

respectively. To analyze the levels of pro-inflammatory cytokines in the liver of siRNA 

treated mice, mice were injected intraperitoneally with sub-lethal dose of LPS (25 mg/kg) 

after 72 hours of siRNA delivery. Two hours after the LPS injection, mice were sacrificed 

followed by collection of liver. Total RNA was isolated from the liver and cDNA was 

synthesized. The levels of IL-6 and TNF-α mRNA were measured in the liver by qPCR 

analysis.

Analysis of CLIP170 expression in macrophages

J774 cells (0.5×106) were seeded into 12-well plates and allowed to adhere overnight. Cells 

were then challenged with LPS (100 ng/ml) for various times (0, 15, 30, 60 and 120 

minutes) followed by lysis in RIPA buffer for immunoblotting or isolation of total RNA for 

qPCR analysis. For immunoblot analysis, membranes were probed with anti-CLIP170 

antibody followed by anti-β-actin antibody where β-actin served as the loading control. For 

qPCR analysis, cDNA was prepared from total RNA followed by quantification of 

endogenous levels of CLIP170.

Results

CLIP170 promotes ubiquitination and degradation of TIRAP

We analyzed the interaction between CLIP170 and the TLR2/4 adaptor protein TIRAP using 

co-immunoprecipitation assays. HEK293T cells were co-transfected with FLAG-TIRAP and 

HA-CLIP170 followed by immunoprecipitation with anti-FLAG antibody. HA-CLIP170 

could be co-immunoprecipitated with FLAG-TIRAP indicating potential interaction between 

CLIP170 and TIRAP (Fig. 1a). SOCS-1 promoted polyubiquitination and subsequent 

degradation of TIRAP to negatively regulate TLR4 signaling (11). The Brucella effector 

protein, TcpB that interacted with CLIP170 also induced enhanced ubiquitination and 

degradation of TIRAP (17). Therefore, we examined whether CLIP170 promotes 

degradation of TIRAP. We co-transfected HEK293T cells with a constant amount of FLAG-

TIRAP and increasing concentrations of HA-CLIP170 followed by immunoblot analysis 

using anti-FLAG antibody to detect the FLAG-TIRAP. We observed enhanced degradation 

of FLAG-TIRAP with increasing concentrations of HA-CLIP170 (Fig. 1b). To rule out the 

possibility that CLIP170 may affect the expression of TIRAP, we analyzed the TIRAP 

mRNA levels in the presence or absence of CLIP170. TIRAP mRNA levels were not altered 

by overexpression of CLIP170 (Supplementary Figure 1).
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Selective protein degradation in eukaryotic cells is achieved by ubiquitination of target 

proteins and their degradation by the 20S proteasome complex. Therefore, we sought to 

examine whether CLIP170 could promote the ubiquitination of TIRAP. To analyze this, we 

performed an ubiquitination assay by co-transfecting HEK293T cells with various 

combinations of FLAG-TIRAP, MYC-CLIP170 and HA-Ubiquitin constructs as described 

in the Fig. 1c. Twenty-four hours after the transfections, cells were treated with the 

irreversible proteasome inhibitor, MG132 for 4 h to inhibit the degradation of ubiquitinated 

FLAG-TIRAP. Next, FLAG-TIRAP was immunoprecipitated, and conjugation of HA-

Ubiquitin to the FLAG-TIRAP was analyzed by immunoblotting using anti-HA antibody. 

Ubiquitinated TIRAP could be detected in MG132 treated or untreated cells and the levels of 

TIRAP ubiquitination was dramatically increased in the presence of CLIP170 (Fig. 1c). This 

suggests that CLIP170 promotes ubiquitination of TIRAP.

TIRAP serves as the bridging adaptor for recruiting the signaling adaptor, MyD88 to the 

plasma membrane bound TLR2 and TLR4 (4). Therefore, we wanted to analyze whether 

CLIP170 promotes degradation of MyD88. To examine this, we co-transfected HEK293T 

cells with a constant amount of FLAG-MyD88 expression plasmid and increasing 

concentrations of HA-CLIP170 plasmid and they were sampled for immunoblot analysis. In 

contrast to a decrease in TIRAP overexpression upon increasing co-overexpression of 

CLIP170, the levels of Myd88 expression did not decrease but slightly increased following 

increasing CLIP170 co-overexpression (Fig. 1d). However, reverse transcriptase or 

quantitative PCR analyses did not indicate altered mRNA levels of MyD88 with CLIP170 

(Supplementary Fig. 1). To confirm the substrate specificity for the ubiquitin ligase-like 

property of CLIP170, we performed an ubiquitination assay with FLAG-MyD88. CLIP170 

did not induce ubiquitination of MyD88 as an equal amount of ubiquitinated MyD88 was 

observed in the presence or absence of CLIP170 (Fig. 1e). The levels of MyD88 did not 

change in the MG132 treated or untreated cells suggesting that MyD88 did not undergo 

proteasome mediated degradation (Fig. 1e). Next, we analyzed the levels of endogenous 

TIRAP and MyD88 in the presence of CLIP170 in macrophages. RAW264 mouse 

macrophages were transfected with HA-CLIP170 or empty vector and analyzed for the 

levels of TIRAP and MyD88 by immunoblotting using specific antibodies. We observed an 

enhanced degradation of endogenous TIRAP in the RAW cells transfected with HA-

CLIP170 whereas MyD88 was not degraded (Fig. 1f). The immunoblot analysis of RAW 

cell lysates using anti-TIRAP antibodies from various suppliers detected a band of ~35 kDa, 

which was degraded upon overexpression of CLIP170 (Supplementary Fig. 2a, b and c). The 

experimental data suggest that CLIP170 targets TIRAP for degradation.

Next, we analyzed whether CLIP170 induces degradation of TLR2, TLR4 and TLR9. 

HEK293 cells were co-transfected with constant amounts of FLAG tagged TLRs and 

increasing concentrations of MYC-CLIP170. We observed slight degradation of FLAG-

TLR2 with increasing concentrations of MYC-CLIP170 (Supplementary Fig. 2d) whereas 

FLAG-TLR4 underwent slightly enhanced ubiquitination (Supplementary Fig. 2e). Levels of 

FLAG-TLR9 remained unchanged with increasing concentrations of MYC-CLIP170 

(Supplementary Fig. 2f).
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CLIP170 promotes multiple mono- and poly-ubiquitination of TIRAP

Ubiquitination involves attachment of ubiquitin to the lysine residues of the substrate protein 

that can result in monoubiquitination or polyubiquitination. In monoubiquitination, a single 

ubiquitin moiety is attached to the lysine residues of the substrate where as in 

polyubiquitination K48 or K63 linked homotypic ubiquitin chains are attached to the 

substrate (30). We analyzed the nature of CLIP170-induced ubiquitination of TIRAP by 

ubiquitination assay using mutant versions of ubiquitin. HEK293T cells were co-transfected 

with FLAG-TIRAP, MYC-CLIP170 and various mutants of HA-tagged Ubiquitin, viz UBI-

K48R, UBI-K48 only, UBI-K63R, UBI-K63 only, UBI-7KR. The UBI-K48R cannot form 

K48-linked ubiquitin chains whereas UBI-K48 only mutant can form only K48-linked 

ubiquitin chains. Similarly, the UBI-K63R cannot form K63-linked ubiquitin chains whereas 

UBI-K63only can form only K63-linked ubiquitin chains. In the UBI-7KR, all the seven 

lysine residues in ubiquitin were mutated to arginine which cannot form homotypic chains. 

All the mutants are capable of mono or multiple-mono ubiquitination of target proteins. 

Interestingly, CLIP170 promoted conjugation of all the mutant versions of ubiquitin 

including UBI-7KR to TIRAP (Fig. 2a and 2b). Conjugation of UBI-7KR to TIRAP 

suggests that CLIP170 promotes the monoubiquitination of TIRAP. The smeared appearance 

of the TIRAP band with UBI-7KR suggests that TIRAP undergoes multiple mono-

ubiquitinations in the presence of CLIP170. Similarly, presence of high-molecular weight 

smears of TIRAP with other ubiquitin mutants, which could form homotypic chains, suggest 

that CLIP170 also promotes the polyubiquitination of TIRAP (Fig. 2a and 2b).

CLIP170 regulates microtubule dynamics and has been implicated in stabilization of 

microtubules (31). We analyzed the subcellular localization of CLIP170 in mouse embryonic 

fibroblast (MEF) cells. MYC-CLIP170 was overexpressed in MEF cells followed by 

immunocytochemistry using anti-MYC-FITC to visualize CLIP170 (Supplementary Fig. 3; 

Panels a-c). CLIP170 induced dramatic microtubule bundling in MEF cells. As we 

demonstrated before, Brucella effector protein TcpB that interacted with CLIP170 also 

induced severe microtubule bundling and strongly co-localized with microtubules 

(Supplementary Fig. 3; Panels d-f).

Overexpression of CLIP170 attenuates LPS-induced NF-κB activation and pro-
inflammatory cytokine release

TIRAP is indispensable for MyD88-dependent pathway of TLR4 signaling and, therefore, 

the negative regulation of this pathway can be achieved by selected elimination of TIRAP by 

proteins like SOCS-1. Given that CLIP170 promotes ubiquitination and degradation of 

TIRAP, we wished to examine whether CLIP170 affects the LPS-induced signaling 

mediated by TLR4. We performed luciferase reporter assays to analyze the effect of 

CLIP170 in TLR4 mediated NF-κB activation. HEK293 cells, stably expressing TLR4, 

CD14 and MD2, were co-transfected with reporter plasmids and increasing concentrations 

of CLIP170 followed by challenge with LPS and NF-κB reporter assay. The assay indicated 

that CLIP170 could efficiently suppress TLR4-induced NF-κB activation in a dose 

dependent manner (Fig. 3a). To examine whether the action of CLIP170 is specific for 

TLR4, we analyzed the effect of CLIP170 on TLR9 signaling, which does not require 

TIRAP for transduction. HEK293T cells were co-transfected with mTLR9 plasmid, reporter 
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plasmids and increasing concentrations of CLIP170 followed by induction with ODN and 

NF-κB reporter assay. CLIP170 did not affect the activation of NF-κB induced by TLR9 

signaling (Fig. 3b). This suggests that CLIP170 targets the TLR4 signaling pathway where 

the role of TIRAP is indispensable.

Next, we examined whether the overexpression of CLIP170 attenuates pro-inflammatory 

cytokine secretion by macrophages. J774 cells were transduced with lentivirus harboring 

CLIP170 expression plasmid or empty vector and the overexpression of CLIP170 was 

confirmed by immunoblotting using anti-CLIP170 antibody and qPCR (Fig. 3c). Next, 

lentivirus transduced J774 cells were challenged with LPS and the levels of IL-6 and TNF-α 
were analyzed by ELISA and qPCR. J774 macrophages overexpressing CLIP170 secreted 

diminished levels of IL-6 and TNF-α compared to cells transduced with the empty vector 

(Fig. 3d). We did not observe a significant difference in TNF-α mRNA levels between 

CLIP170 overexpressed and control J774 cells (Fig. 3d). Next, we examined whether 

CLIP170 affects signaling from other TLR or non-TLR receptors. J774 cells that were 

transduced with CLIP170 expression plasmid were stimulated with Pam3CSK4 (Fig. 3e), 

ODN (Fig. 3f) and TNF-α (Fig. 3g). CLIP170 could weakly inhibit Pam3CSK4-mediated 

signaling (Fig. 3e) whereas ODN- or TNF-α-mediated signaling was not affected (Fig. 3f 

and 3g). LPS induces production of type I interferons, which is mediated by the MyD88-

independent pathway of TLR4 signaling (32). We did not observe suppression of LPS-

induced IFN-β in J774 cells overexpressing CLIP170 (Fig. 3h). The experimental data 

suggest that CLIP170 mainly targets the MyD88-dependent pathway of TLR4 signaling.

Silencing of CLIP170 potentiates the pro-inflammatory cytokine levels in macrophages and 
mice

As overexpression of CLIP170 attenuated TLR4-induced NF-κB activation and pro-

inflammatory cytokine secretion, we wanted to examine whether silencing of endogenous 

CLIP170 leads to potentiation of pro-inflammatory cytokines. J774 cells were transduced 

with lentivirus harboring CLIP170 specific shRNA expression plasmid or control shRNA 

and the downregulation of CLIP170 was confirmed by immunoblotting and qPCR (Fig. 4a). 

Next, CLIP170 silenced cells were challenged with LPS and levels of IL-6 and TNF-α were 

analyzed by qPCR and ELISA. CLIP170 silenced J774 cells expressed elevated levels of 

IL-6 compared to the cells transduced with scrambled shRNA (Fig. 4b). We observed 

significantly elevated levels of TNF-α only at the one hour time point in CLIP170-silenced 

J774 cells (Fig. 4b). As noticed before, mRNA levels of TNF-α did not change significantly 

in CLIP170-silenced J774 cells in comparison to the control (Fig. 4b). Stimulation of 

CLIP170-silenced cells with Pam3CSK4 resulted in suppression of IL-6 and TNF-α at the 

early time points whereas no suppression was observed in ODN or TNF-α induced cells 

(Fig. 4c, d & e). As observed previously, IFN-β levels were not significantly altered in 

CLIP170-silenced cells compared to the control (Fig. 4f).

Next, we examined whether the silencing of endogenous CLIP170 in mice potentiated the 

LPS-induced inflammatory responses by employing an in vivo siRNA delivery technique. In 
vivo siRNA targeting CLIP170 or scrambled siRNA was complexed with the siRNA 

delivery agent, invivofectamine, followed by intravenous injection to 6 weeks old C57BL/6 
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female mice (50 μg of siRNA/mice). To analyze the silencing of endogenous CLIP170, mice 

were sacrificed after 48 h of siRNA delivery followed by isolation of splenocytes and 

Kupffer cells. Subsequently, the endogenous levels of CLIP170 were analyzed in 

splenocytes and Kupffer cells by immunoblotting and qPCR. Both cell types displayed 

diminished levels of CLIP170 expression compared to the control indicating the silencing of 

endogenous CLIP170 (Fig. 5a & b). We obtained a robust silencing of CLIP170 in the 

splenocytes (Fig. 5a). Next, we examined the levels of IL-6 and TNF-α in the splenocytes 

and liver of CLIP170-silenced or control mice. To determine the cytokine levels in 

splenocytes, isolated cells were challenged with LPS for various time points, followed by 

quantification of IL-6 and TNF-α by ELISA and qPCR. We observed elevated levels of both 

IL-6 and TNF-α in splenocytes from CLIP170-silenced mice (Fig. 5c). Next, we analyzed 

the levels of pro-inflammatory cytokines in the liver of CLIP170-silenced or control mice. 

Seventy-two hours after the siRNA delivery, mice were given sub-lethal injection of LPS (25 

mg/kg) intraperitoneally and harvested the liver after two hours post-injection. Total RNA 

was isolated from a portion of the liver followed by cDNA synthesis and qPCR analysis to 

quantify the levels of IL-6 and TNF-α. We observed potentiated levels of IL-6 and TNF-α 
expression in the CLIP170-silenced mice compared to the control (Fig. 5d). The 

experimental data suggest that CLIP170 acts as the negative regulator of LPS-induced TLR4 

signaling in mouse.

Negative regulators of TLR signaling are induced by the agonists of respective TLRs (33, 

34). Since CLIP170 negatively regulates the TLR4 signaling, we examined if CLIP170 

expression is induced by the TLR4 ligand, LPS. To analyze this, J774 cells were challenged 

with LPS followed by analysis of endogenous levels of CLIP170 mRNA and protein by 

qPCR and immunoblotting, respectively. We observed diminished levels of CLIP170 

transcript and protein expression during the first 15 min of LPS induction compared to the 0-

h time point (Supplementary Fig. 4a & b). This is followed by a gradual increase of 

CLIP170 expression up to 2 to 3 hours. It appears that CLIP170 expression was down-

regulated at the initial stages of TLR4 signaling followed by its upregulation at later stages. 

TLR4 signaling activates the transcription factor NF-κB which in turn activates many genes 

that harbor NF-κB responsive elements. Interestingly, experimentally validated NF-κB1 

binding sites were reported in the promoter region of both mouse and human CLIP170 

(Qiagen).

Discussion

CLIP170 is multifunctional protein that is involved in important cellular processes including 

intracellular transport and signaling. CLIP170 interacts with the Brucella effector protein, 

TcpB that promotes ubiquitination and degradation of TIRAP to subvert the TLR2 and 

TLR4 signaling (17). TcpB is unlikely to harbor a ubiquitin ligase property, and it may 

recruit host protein(s) for ubiquitination and degradation of TIRAP (17). Here we report that 

CLIP170 interacts with TIRAP and induces its ubiquitination and degradation. Human 

CLIP170 maps on the reverse strand of chromosome 12 at 12q24.3 position, which spans 

152.26 kb and the locus is reported to be complex (35). The CLIP170 gene is predicted to 

transcribe 29 different mRNAs, 21 alternatively spliced variants and 8 unspliced forms (35). 

The gene is highly expressed, 4.3 times the average gene, and the RNA-Seq expression 
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analysis indicated its expression in various tissues including brain, skeletal muscle, liver, 

spleen, colon, lymph nodes, testes and thymus (35, 36). Four isoforms of CLIP170 viz, 

Restin, CLIP170, CLIP170 (11) and CLIP170(11+35) have been cloned and analyzed from 

human and chicken (37-40). All four CLIP170 isoforms appear to carry the identical CAP-

Gly domains at the N-terminus and zinc knuckles at the C-terminus. Structural analysis 

indicated that CLIP170 forms parallel dimers through its central α-helical coiled-coil rod-

domain (23). Rod domain of CLIP170 has two kinks, which may contribute to the folded 

back state of CLIP170 that regulates the activity of the protein (41). The changes in the rod 

domain of CLIP170 by alternative splicing may regulate its activity and recruitment for 

diverse cellular functions.

Our analysis revealed a previously unrecognized ubiquitin ligase-like property of CLIP170. 

Interestingly, CLIP170 does not possess classical ubiquitin ligase domains such as HECT, 

RING or U box (42). Therefore, CLIP170 may act as a scaffold to facilitate the 

ubiquitination of target proteins. Familial cylindromatosis tumor suppressor (CYLD) 

contains three CAP-Gly domains and inhibits NF-ĸB activation by cleaving the K-63 linked 

poly-ubiquitin chains from the ubiquitin ligases, TNF receptor-associated factor (TRAF)-2, 

TRAF-6 and NEMO (43-45). In contrast, CLIP170 promoted ubiquitination of target 

proteins. SOCS1 suppresses TLR4 signaling through proteasome-mediated degradation of 

TIRAP (11). We assume that CLIP170 also employs a similar mechanism to attenuate TLR4 

signaling. Our studies suggest that CLIP170 mediates conjugation of mono- and poly-

ubiquitin to TIRAP. Polyubiquitination through K48 results in proteasome-mediated 

degradation of the target proteins (46, 47). Monoubiquitination has also been shown to direct 

the proteins for degradation (48-50).

Signaling through TLR4 is heavily regulated owing to the extreme toxicity of TLR4 

signaling (51). The regulators target multiple points of the complex TLR4 signaling 

pathway. We observed that the expression of CLIP170 in mouse macrophages was 

modulated by the TLR4 agonist, LPS. A transient downregulation of CLIP170 was observed 

in the first 15 min of LPS induction followed by a steady increase of CLIP170 expression. 

TLR4 signaling occurs in two phases, an early phase mediated by TLR4-MyD88-TIRAP 

complex and a late phase mediated by TLR4-TIRAP-4-1BBL complex (52). Early phase 

may last for the first 15 minutes of LPS induction as TIRAP degradation is initiated during 

this period (11). Subsequently, TIRAP may be resynthesized for the late phase signaling of 

TLR4 (52). Hence, in the early phase of TLR4 signaling, TIRAP degradation should be 

prevented to facilitate the unhindered signaling from TLR4. Therefore, it is conceivable that 

a transient downregulation of CLIP170 at the early stage of TLR4 signaling may ensure the 

availability of signal competent TIRAP. Early TLR4 signaling may upregulate CLIP170 

expression through NF-κB that in turn ubiquitinate and degrade TIRAP resulting in the 

negative regulation of TLR4 signaling.

Over expression of CLIP170 or TcpB induced severe microtubule bundling in various cell 

types. Taxol-stabilized microtubules have been reported to relieve the auto-inhibition of 

CLIP170 (53). We previously demonstrated that TcpB mimics the properties of taxol by 

acting as a microtubule stabilization agent (14). Therefore, it is possible that the stabilization 

of microtubules by TcpB may activate the auto-inhibited CLIP170 molecules. Besides this, 
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the perturbation of microtubule dynamics by taxol or nocodazole was reported to cause 

dissociation of CLIP170 from the microtubule ends (54, 55). Hence, it can be speculated that 

TcpB-induced microtubule modulation may cause displacement of CLIP170 from the 

microtubule tips, which may facilitate the recruitment of CLIP170 for the suppression of 

TLR4 signaling.

In summary, we report an unexpected finding that CLIP170 negatively regulates TLR4 

signaling by the targeted ubiquitination and degradation of TIRAP. Furthermore, we 

observed that CLIP170 expression is modulated by LPS to maintain the cellular 

homeostasis. The role of CLIP170 in TLR signaling and inflammation has not been 

recognized previously. However, CLIP170 has been implicated in disease conditions like 

Hodgkin’s disease, anaplastic large cell lymphoma and autosomal recessive intellectual 

disability (40, 56, 57). The role of CLIP170 has recently been reported in improving the 

sensitivity of paclitaxel in breast cancer cells (58). Our findings help to understand the 

underlying mechanisms of CLIP170-mediated disease pathogenesis, which may ultimately 

help to develop novel therapeutic interventions.
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Abbreviations

CLIP170 Cytoplasmic linker protein 170

+TIP Microtubule plus-end-tracking proteins

TIRAP Toll/IL-1 receptor domain-containing adapter proteins

MyD88 myeloid differentiation primary response 88

TLR2 Toll-Like Receptor-2

TLR4 Toll-Like Receptor-4

TLR9 Toll-Like Receptor-9

PAMP Pathogen Associated Molecular Pattern

LPS Lipopolysaccharide
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ODN Oligodeoxynucleotide

SOCS-1 Suppressor of cytokine signalling-1

TIR domain Toll/IL-1 receptor domain

TNF-α Tumour Necrosis Factor-Alpha

IL-6 Interleukins 6

IFN-β Interferon-beta
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Figure 1. CLIP170 induces ubiquitination and degradation of TIRAP
(a) CLIP170 interacts with TIRAP. HEK293T cells were co-transfected with equal 

amounts of HA-CLIP170 and FLAG-TIRAP plasmids. Twenty four hours post-transfection, 

cells were lysed and FLAG-TIRAP was immunoprecipitated using anti-FLAG antibody 

followed by immunoblotting. The blot was probed with anti-HA antibody to detect the co-

immunoprecipitated HA-CLIP170 followed by detection of FLAG-TIRAP by anti-FLAG 

antibody. The whole cell lysates were also subjected to immunoblotting followed by 

immuno-detection of HA-CLIP170 and FLAG-TIRAP. (b) CLIP170 promotes 
degradation of TIRAP. HEK293T cells were co-transfected with FLAG-TIRAP and 

increasing concentrations of HA-CLIP170 plasmids. Twenty four hours post-transfection, 

cells were lysed and subjected to immunoblotting. The blot was probed with anti-FLAG and 

anti-HA antibodies to detect FLAG-TIRAP and HA-CLIP170, respectively. Actin served as 

the loading control. Right panel of the immunoblot shows the densitometry analysis of 

FLAG-TIRAP bands normalized to actin; (c) CLIP170 induces ubiquitination of TIRAP. 
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HEK293T cells were co-transfected with various combinations of FLAG-TIRAP, MYC-

CLIP170 and HA-Ubiquitin as indicated. Twenty four hours post-transfection, cells were 

treated with 20 μm MG132 for 4 h as indicated in the figure. Cells were then lysed and 

FLAG-TIRAP was immunoprecipitated followed by immunoblotting. The blot was probed 

with anti-HA antibody to detect the HA-Ubiquitin-conjugated FLAG-TIRAP. CLIP170 

enhanced the ubiquitination of CLIP170 in MG132 treated or untreated cells. Similar 

concentrations of FLAG-TIRAP and MYC-CLIP170 resulted in accumulation of 

ubiquitinated FLAG-TIRAP in the immunoprecipitated samples. (d) CLIP170 did not 
induce degradation of MyD88. HEK293T cells were co-transfected with 300 ng of FLAG-

MyD88 and increasing concentrations of HA-CLIP170. Twenty four hours post-transfection, 

cells were lysed and subjected to immunoblotting. The blot was probed with anti-FLAG and 

anti-HA antibodies to detect FLAG-MyD88 and HA-CLIP170, respectively. Degradation of 

MyD88 was not observed with increasing concentrations of HA-CLIP170. Right panel of 

the immunoblot shows the densitometry analysis of FLAG-MyD88 bands normalized to 

actin; (e) CLIP170 did not promote the ubiquitination of FLAG-MyD88. Ubiquitination 

assay was performed as described before with the FLAG-MyD88 as the substrate. 

Ubiquitination status of MyD88 was not affected by CLIP170; (f) CLIP170 induces 
degradation of endogenous TIRAP. RAW264 cells were transfected with EV or HA-

CLIP170 followed by detection of endogenous TIRAP and MyD88 using anti-TIRAP and 

anti-MyD88 antibodies, respectively. Actin served as the loading control. Immunoblots are 

representative of two independent experiments. EV: Empty vector; IP: immunoprecipitation; 

IB: immunoblotting.
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Figure 2. TIRAP undergoes poly-ubiquitination and multiple mono-ubiquitinations in the 
presence of CLIP170
HEK293T cells were co-transfected with FLAG-TIRAP, CLIP170 and various Lysine to 

Arginine mutants of HA-Ubiquitin followed by immunoprecipitation of FLAG-TIRAP and 

immunoblotting. CLIP170 mediated conjugation of all the mutant versions of Ubiquitin 

including UBI7KR where all the Lysine residues are mutated to Arginine. The vertical white 

lines indicate where the figure panels were joined.
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Figure 3. CLIP170 attenuates TLR4- but not TLR9-induced NF-κB activation
(a) HEK293 cells expressing human TLR4/CD14/MD2 were transfected with increasing 

concentrations of HA-CLIP170 (50, 100, and 250 ng), pNF-κB-Luc reporter plasmid (100 

ng), and pRL-TK (50 ng). (b) For TLR9 assay, HEK293T cells were co-transfected with 

mTLR9 (200 ng) plasmid along with other plasmids mentioned above. The total amount of 

DNA was made constant by adding empty vector. Twenty four hours post-transfection, cells 

were challenged overnight with LPS (300 ng/ml) and ODN (1 μg/ml), respectively. 

Luciferase activity was measured using the Dual-Luciferase Reporter assay system; the 

lower panels are immunoblots demonstrating the overexpression of HA-CLIP170. Actin was 

used as the loading control; (c) Overexpression of CLIP170 in mouse macrophages. J774 

cells were transduced with lentiviral particles harboring CLIP170 or empty vector followed 

by immunoblotting and qPCR. The blot was probed with anti-CLIP170 antibody to examine 

the overexpression of CLIP170. Actin served as the loading control; (d) CLIP170 
suppresses LPS-induced activation of IL-6 and TNF-α in mouse macrophages. J774 

cells transduced with CLIP170 expression plasmid or empty vector were challenged with 

LPS (100 ng/ml) for indicated time points, followed by ELISA and qPCR to quantify the 

levels of IL-6 and TNF-α. (e - h) Effect of CLIP170 on Pam3CSK4-, ODN-, TNF-α-
induced pro-inflammatory cytokines and LPS-induced IFN-β secretion. CLIP170 
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weakly suppressed Pam3CSK4-induced IL-6 and TNF-α levels (e) whereas it did not affect 

ODN- (f), TNF-α (g)-induced pro-inflammatory cytokines or LPS-induced IFN-β (h) 

levels. Data are presented as mean ± SD from at least three independent experiments (*P < 

0.05, **P < 0.01 and ***P < 0.001); ns: not significant.
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Figure 4. Silencing of endogenous CLIP170 potentiates LPS-induced pro-inflammatory 
cytokines in macrophages
(a) shRNA-mediated knockdown of endogenous CLIP170 in mouse macrophages. J774 

cells were transduced with lentiviral particles harboring CLIP170 shRNA or control shRNA 

expression plasmid followed by immunoblotting and qPCR analysis to examine the levels of 

endogenous CLIP170. The blot was probed with anti-CLIP170 antibody to detect the 

endogenous CLIP170. Actin served as the loading control; (b) Knockdown of endogenous 
CLIP170 potentiates LPS-induced expression of IL-6 and TNF-α in mouse 
macrophages. J774 cells transduced with CLIP170 shRNA expression plasmid or control 

shRNA plasmid were challenged with LPS (100 ng/ml) for indicated time points, followed 

by ELISA and qPCR to quantify the levels of IL-6 and TNF-α. (c - e) Expression of IL-6 
and TNF-α in CLIP170 silenced J774 cells challenged with Pam3CSK4, ODN and 
TNF-α. CLIP170 weakly suppressed Pam3CSK4-induced IL-6 and TNF-α levels (c) 

whereas it did not affect ODN- (d), TNF-α- (e) induced pro-inflammatory cytokines. (f) 
Expression levels of IFN-β in CLIP170 silenced cells challenged with LPS. IFN-β levels 

were not significantly altered in CLIP170 silenced cells compared to control. Data are 

presented as mean ± SD from at least three independent experiments (*P < 0.05, **P < 0.01 

and ***P < 0.001); ns: not significant.
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Figure 5. Silencing of CLIP170 enhances LPS-induced pro-inflammatory cytokines in mice
(a & b) Depletion of CLIP170 in splenocytes or Kupffer cells derived from CLIP170 
siRNA treated mice. Mice were treated with CLIP170 siRNA or control siRNA for 48 h, 

followed by collection of splenocytes (a) or Kupffer cells (b). The cells were analyzed by 

immunoblotting and qPCR to examine the levels of endogenous CLIP170. The blot was 

probed with anti-CLIP170 to detect the endogenous CLIP170. Actin served as the loading 

control. (c) Depletion of CLIP170 potentiates the expression of IL-6 and TNF-α in 
splenocytes. The splenocytes isolated from mice injected with CLIP170-specific or control 

siRNA were challenged with LPS (100 ng/ml) for the indicated time points followed by 

quantification of IL-6 and TNF-α by ELISA and qPCR. (d) Potentiated levels of IL-6 and 
TNF-α in the liver of CLIP170-silenced mice. Seventy-two hours after the siRNA 

delivery, mice were injected with LPS (25 mg/kg) intraperitoneally and the levels of IL-6 

and TNF-α were quantified by qPCR. Data are presented as mean ± SD from two 

independent experiments of six mice per group; *P < 0.05, **P < 0.01 and ***P < 0.001.
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