
Step 1:  

Undifferentiated  THP-1 cells 
(Monocytes) were grown.  

Step 2:  

Undifferentiated THP-1 cells were 
converted into differentiated THP-
1 cells (Macrophages). 

Step 3:  

Purified LOS extracted from 
Campylobacter were added 
into cultured cells. 

Step 4:  

Supernatants were  

collected after 12 hours. 

Step 5:  

Plates were coated with  

Capture antibodies. 

Step 6:  

Supernatant containing IL
-1β collected in Step 4 
was added.  

Step 7:  

Detection antibodies conju-

gated with biotin molecules 

were added. 

Step 8: 

Avidin molecules conjugated 
with horseradish 

peroxidase were added. 
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Product 

 Substrate 

Step 9:  

Substrate was added to initiate an 
enzymatic reaction.  

Step 10:  

Stop solution was added to stop the 
reaction and colour intensity was 
measured.  
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 EXPERIMENTAL PROCEDURE 

 BACKGROUND 

 RESULTS 

Fig. 3: TEN STEPS OF EXPERIMENTAL PROCEDURE 

Fig. 4: IL-1β secretion (A) and Caspase-1 induction (B) 

in THP-1 cells upon treatment with Campylobacter LOS 

(1mg) at 12 hours post treatment. Values are the mean 

+ SD of three independent experiments performed in      

triplicate; (p<0.01**; p< 0.001***).  

 Campylobacters are motile bacteria; commensal in the chicken gut but a food-borne  pathogen in the human gut.
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 Lipooligosaccharides are the sugar containing molecules on the Campylobacter cell surface which are             

synthesised at the genetic level.
 
The particular LOS structures on the Campylobacter cell surface help them  to 

evade the host immune system and modulate disease development and    progression.
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 The activation of NLRP3 inflammosome in a human macrophage is a two step process. Initial  signalling event  

occurs via Toll-like receptors which triggers the NF-kβ to initiate the transcription of NLRP3 and pro interleukin-1β. 

In the second step, assembled inflammasome elicit the Caspase-1, which further catalyses the pro interleukin-1β 

into mature IL-1β (Figure 1)
2
. 

 Aim of the present study was to investigate whether live C. coli, similar to C. jejuni, elicits the NLRP3                  

inflammasomes mediated IL-1β in macrophages. This study was also aimed at investigating the impact               

of C. jejuni and C. coli LOS on IL-1β secretion from human THP-1 cells. For this purpose, THP-1 cells were either 

infected with live cells of C. coli RM1875, wild-type (WT) C. jejuni 11168 and mutant C. jejuni 11168 or treated 

with LOS of these strains. 

 C. jejuni 11168 mutant was deficient of LOS biosynthesis genes and therefore, it had a lack of core                     

oligosaccharides, modified lipid A, and an addition of a Kdo in its LOS structure (Figure 2)
3
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 THP-1 cells treated with commercially available E. coli LPS (~0.1 μg) and C. jejuni 11168 live cells 

were used as positive controls in all THP-1 cell infection experiments. THP-1 cells culture treated 

with PBS alone was used as a negative control. 

 Compared to untreated THP-1 cells (negative control), the quantity of secreted IL-1β and Caspase-1 

significantly increased in positive control (0.1 μg LPS)  and Campylobacter LOS treated THP-1 cells. 

The LOS extracted from mutant 11168 induced significantly less IL-1β and negligible Caspase-1 from 

THP-1 cells in comparison to the WT 11168 LOS (Figure 4). 

 In comparison to uninfected THP-1 cells, a significant increase in IL-1β production was observed 

when cells were infected with live cells of C. coli RM1875 and C. jejuni 11168 LOS mutant. The level 

of secreted IL-1β in THP-1 cells raised with increase in MOI (multiplicity of infection) or number of 

live Campylobacter cells (Figure 5A). A significant increase in IL-1β production was also observed 

when THP-1 cells were treated with Campylobacter cell lysates.  

 In addition to IL-1β, Caspase-1 was also induced in C. coli RM1875 and C. jejuni 11168 LOS mutant 

infected THP-1 cells (Figure 5B). The secreted IL-1β and Caspase-1, both significantly reduced in 

the presence of Z-VAD-FMK (Caspase-1 inhibitor), indicating that IL-1β induction in THP-1 cells was 

Caspase-1 dependent (Figure 5B & 5C).  

 In the presence of glyburide (K
+
 channel inhibitor), a significant decrease in IL-1β was observed in  

C. jejuni 11168 mutant infected THP-1 cells, unlikely to WT C. jejuni 11168 and C. coli RM1875       

infection. Blocking of K
+
 channels by glyburide and alteration in LOS structure at the same time     

decreased the IL-1β production in THP-1 cells, suggesting that K
+
 efflux and LOS structures are both 

associated with NLRP3 inflammosome activation in human macrophages (Figure 5C). 

     Lipid A 

  Inner Core 

   Outer Core 

W
ild

-t
y
p

e
 L

O
S

 

Fig. 1:  Formation of mature IL-1β  within the   

macrophage cytosol . Intracellular cleavage of 

pro IL-1β (31 KDa) leads to the formation of a  

mature,    biologically functional IL-1β (17 KDa). It 

requires an inflammosome (a complex of NLRP3, 

ASC, and pro Caspase-1 proteins) and  a   

Caspase-1
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Fig. 2: Difference between wild-type C. jejuni 11168 LOS and  

mutant C. jejuni 11168 LOS. Wild-type LOS contains core         

oligosaccharides and lipid A with a Kdo molecule whereas mutant 

LOS has only lipid A with two Kdo molecules
2, 3
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This study describes for the first time that C. coli 

is also included in the list of those bacteria 

which can activate the NLRP3 inflammasomes 

in the human macrophages. C. jejuni and C. coli 

LOS, similar to live cells, induce the Caspase-1 

dependent IL-1β secretion in human             

macrophages. The extent of Caspase-1 and     

IL-1β    induction may alter with variation in LOS     

structures. It is also concluded that              

Campylobacter associated molecular pattern 

(Campylobacter LOS) and danger-associated 

molecular pattern (K
+
 efflux), both                    

independently trigger the activation of NLRP3 

inflammasomes during Campylobacter infection 

(Figure 6). This study is the first description 

which represents the association of            

Campylobacter LOS with NLRP3-mediated      

inflammatory response as well as  provides new 

insight into the interaction of Campylobacter 

with human macrophages.  

 CONCLUSION 

Kdo Glucose 
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N-acetylneuraminic acid 

THP-1 cell culture (step 1-4) and IL-1β ELISA (step 5-10) were performed. The Caspase-1 ELISA was also performed with the same procedure as explained above (step 6 -10). 

Fig. 5: (A) At 12 hours post treatment, IL-1β secretion by THP-1 

cells infected with Campylobacter live cells (MOI= 2, 50, 200); 

(B) Caspase-1 secretion by THP-1 cells by Campylobacter live 

cells (MOI=200) and its reduction upon THP-1 cells treatment 

with Z-VAD-FMK; (C) Effect of Z-VAD-FMK and glyburide on    

IL-1β secretion in Campylobacter  infected (MOI=200) THP-1 

cells. Values are the mean + SD of three independent               

experiments  performed in triplicate; (p<0.05*; p< 0.01**).  
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The Campylobacter lipooligosaccharides (LOS) can stimulate membrane bound innate immune     

receptors in human macrophages. However, the association of Campylobacter LOS in the           

stimulation of cytosolic receptors or the inflammasome remains poorly characterised. Therefore, we 

determined the role of Campylobacter jejuni and Campylobacter coli LOS in the activation of NLRP3 

inflammasome-dependent signalling in human macrophages. Induction of NLRP3 inflammasome-

mediated interleukin-1β (IL-1β) and Caspase-1 secretion in THP-1 supernatants was quantified     

using ELISA following co-culture of THP-1 cells with LOS extracts from wild-type C. jejuni 11168,  

mutant C. jejuni 11168, C. coli RM1875 and C. coli 76339. Our results demonstrated that both         

C. jejuni and C. coli purified LOS can induce Caspase-1 and IL-1β production in THP-1 cells.        

However, C. jejuni 11168 mutant LOS with modified lipid A and a lack of core oligosaccharides     

stimulated significantly reduced Caspase-1 and IL-1β. This result was also replicated in co-culture of 

live wild-type and mutant C. jejuni with THP-1 cells. This study provides new insights into the          

interaction of Campylobacter with human macrophages and suggests that NLRP3 inflammasome   

activation in human macrophages can alter because of variation in Campylobacter LOS structure. 

 ABSTRACT 

Fig. 6: A proposed correlation between               

Campylobacter live cells, disrupted cells, and LOS 

in order to induce the IL-1β secretion in human mac-

rophages. Arrows represent the already known 

events, dashed arrows represent the proposed events, 

and dashed arrows with question marks represent the 

unknown signalling pathways . 
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 THP-1 cells were differentiated by resuspending them in cell culture medium [RPMI 1640 medium 

with 10% (v/v) FBS] supplemented with a final concentration of 100 ng/mL phorbol 12-myristate     

13-acetate. THP-1 cells were seeded into 12-well tissue culture plates at a density of approximately 

1×10
6
 cells per well and incubated for 48 hours at 37 °C in 5 % CO2 humidified incubator. After        

incubation, PMA-containing medium was aspirated and adherent, differentiated cells were washed 

once with culture medium. Differentiated cells were then incubated in culture medium without PMA 

for an additional 24 h prior to inoculation.  

 Campylobacter live cells were used at MOI (multiplicity of infection) of 2, 50 and 200 to infect the   

differentiated THP-1 cells. The whole cell lysates equivalent to ~25 µg protein were used to        

stimulate the IL-1β secretion in THP-1 cells. Lipooligosaccharides were extracted from               

Campylobacter cells using the hot-phenol method, lyophilised, filter sterilised, and added (~1 mg) in 

THP-1 cell cultures. 

  The assay was carried out for 12 hours after the addition of either live bacteria, lysates or purified 

LOS and media from the culture plate was collected after 12 hours for IL-1β and Caspase-1 ELISA. 

For the inhibition of K
+
 channels and Caspase-1, THP-1 cells were incubated respectively with 50 

µM glyburide and 10 µM N-benzyloxycarbony-Val-Ala-Asp (O-methyl)-fluoromethylketone (Z-VAD-

FMK) for 3 hours prior to inoculate them with live or killed bacterial cells. 

 Comparisons between the two experimental groups were performed by using the Student's t-test 

(Independent; equal variance t-test). Differences in the data mean values were considered           

significant with a value of alpha than 0.05 considered statistically significant.   


