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 Listeria monocytogenes is a gram-positive bacterium that infects 

individuals after consuming contaminated food and it’s linked to a high 

mortality rate worldwide. This experiment aimed to determine the gene 

expression of IL-1β in the small intestine in diarrhea patient exposed to 

L. monocytogenes. The investigation was carried out using the small 

intestine of rabbit injected with 1 ml of a 107 CFU/ml of L. 

monocytogenes, and small intestine of rabbit injected with 1 ml of PBS 

as a control. Eight hours later of in vivo incubation time, the gene 

expression level of IL-1β in was determined in the rabbit small intestinal 

tissue injected by L. monocytogenes using RT-qPCR technique. Result 

indicated an apparent increase in IL1ــβ gene expression level in the 

rabbit small intestine injected by L. monocytogenes compared to the 

control. The expression level of IL1ــβ was significantly increased with 

14.8-fold change in intestinal tissue injected by L. monocytogenes 

compared to 6.9-fold change in intestinal tissue of the control. This study 

proposes a strategy for understanding the intestinal tissue immune 

response to L. monocytogenes invasion. 
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1. Introduction 

The gram-positive foodborne pathogen L. monocytogenes is the cause of listeriosis. Soft cheese, pies, 

sausages, and tainted milk after processing are some examples of foods that are contaminated when they are 

raw but only go through minimum processing, which increases the risk to human health [1]. The 

gastrointestinal system is the main entry point for pathogenic L. monocytogenes into the host [6]. The 

infection's clinical course frequently starts in gastroenteritis cases about 20 hours after consuming seriously 

contaminated food [4]. Listeria will face many barriers in the intestine, including lymphatic membranes that 

contain immune cells and mucous membranes on the surface of small intestinal cell walls [1]. The pro-

inflammatory cytokine interleukin-1 (IL-1β) plays a critical role in the body's immune response to infection 

and damage [20]. Several cell types are responsible for its synthesis and secretion, with the majority of 

research focusing on innate immune cells such monocytes and macrophages. It begins as pro- IL-1β 

precursor protein of 31 kDa, in response to 'pathogen related molecular patterns' on invading pathogens 

(PAMPs). Pattern-associated molecular patterns (PAMPs) influence gene-expression pathways in 
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macrophages through pattern recognition receptors (PRRs) [19]. Priming is the process of stimulating 

secretion by inducing the production of pro- IL-1β. In order to trigger the processing and secretion of an 

active IL-1β molecule, the primed cell must come into contact with a second PAMP or a DAMP (danger 

associated molecular pattern; endogenous chemicals released by dead cells). 

 

Cleavage of pro- IL-1β by the pro-inflammatory protease caspase-1 [15]. Caspase-1 activation begins when 

the protein is recruited to the inflammasome, a molecular scaffold made up of adaptor molecules, a 

cytosolic pattern recognition receptor, and pro-caspase-1. The cytosolic PRR NLRP3 forms the best 

characterized inflammasome [12]. A PAMP/DAMP sensing C-terminal leucine rich repeat (LRR), a central 

nucleotide binding (or NACHT) domain, and an N-terminal pyrin domain (PYD) make up NLRP3's 

tripartite structure [13]. Homotypic interaction between the PYD domains of NLRP3 and ASC, an adaptor 

molecule, recruits ASC. Similarly, ASC attract pro-caspase-1 to be activated by caspase-1 via a homotypic 

interaction of CARD domains. Mature IL-1β is quickly released from the cell after pro- IL-1β undergoes 

caspase-1-dependent processing [3]. 

 

IL1ــβ gene expression is increased selectively and activated by bacterial endotoxin [5]. It has been reported 

that IL1ــβ level increased after in response to L. monocytogenes infection [11]. It has been shown that L. 

monocytogenes causes invasive disease in the intestinal epithelial also, L. monocytogenes causes many 

histopathological changes in the epithelial layer [22]. However, this research aims to investigate the gene 

expression of IL1ــβ after exposure to L. monocytogenes infection. 

 

2. Material and Methods 

 

2.1 Animals experiment 

Rabbit experiments were conducted under a procedure approved by the Al-Qasim Green University. 

Specific-pathogen-free New Zealand white rabbits (3 years old; mean weight 2.5 kg ± 10 g) were obtained 

from the hatchery at the College of Biotechnology at Al-Qasim Green University and used in this study. 

The animals were starved for 72 hours before the experiment. 

 

2.2 The injection steps 

L. monocytogenes used in this study was isolated from diarrhea patients [2]. The pathogen-free rabbits were 

anesthetized using (10% ketamine with xylazine). 1 ml of a 107 cells/ml dosage of L. monocytogenes was 

injected to the rabbit’s small intestine. Also, 1 ml of phosphate buffer saline was injected to rabbit’s small 

intestine as a control (L. monocytogenes and PBS was injected in the small part of the rabbit intestine, 

which constructed as a loop by double ligation). After 8 hours of post infections, the animals were 

euthanized, and the small intestine was isolated. 

 

2.3 RNA extraction and cDNA synthesis 

A small piece from each isolated rabbits intestinal tissue (30-50 mg) was immediately placed in liquid 

nitrogen and then placed in an Eppendorf tube containing 700 ml triazole. Total RNA from the collected 

tissues was isolated using the GENEzolTM TriRNA Pure kit (Geneaid) following manufacturer’s 

instructions. The final RNA concentration was measured using a spectrophotometer. The final RNA 

concentration was quantified using a Nano drop (NanolytiK, Germany) spectrophotometer, and the purity 

was evaluated using agarose gel electrophoresis. The RNA was then converted to cDNA using 

(AccuPowerR RocketScriptTM RT PreMix) kit according to the manufacturer’s procedures. 

 

2.4 Quantitative real-time PCR and data analysis 
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IL1ــβ gene and its accession numbers and primers is shown in Table 1. The RT-qPCR technique was used 

to measure gene expression using (QRT-PCR AccuPowerR Green starTM qPCR PreMix kit) (Bioneer). 

Primers were designed using Primer 3 software (http://www-

genome.wi.mit.edu/cgibin/primer/primer3_www.cgi) and made commercially (Scientific Researcher. Co. 

Ltd in Iraq). qPCR reaction consisted of a total volume of 20 µl containing 5 µl of cDNA, and 11 µl DDW, 

primers (1 µl each) and 2 µl of Power SYBR Green mix. Reactions were carried out in triplicate on a 

Q3200 (Bio-Gener RT-PCR) using the universal thermal cycling setup (1 min at 95 c0, 1 cycle, 40 cycles of 

5 sec. at 95 c0 and 40 sec. at 55 c0. melting 1 cycle at 95 c0 of 30 sec. and 60 c0 of 30 sec. The relative 

expression level of IL-1β was calculated using comparative ∆Ct method (Livak method 2-∆∆CT). Gene 

expression level was measured and compared across samples of gene expression of housekeeping gene (18s 

rRNA). The difference between the infected tissues compared to the uninfected tissues (control) was used to 

determine the (∆∆CT) as follows; ∆Ct = Ct gene – Ct Ref, and ∆∆CT = ∆Ct sample – (average ∆Ct of 

control group). Thus, Expression ratio = 2-∆∆CT 

 

Table (1): Gene accession number and primers used for RT-qPCR in this study. 

Gene 
The sequence of primers (5'- 3') 

Product size  

(bp) 

 

Accession No. 

 

IL1ــβ  

F 
TGCCAACCCTACAACAAGAG 

119 

 

 

NM_001082201.1 

 

R 
AAAGTTCTCAGGCCGTCATC 

18S rRNA 

 

F 
CTGAGAAACGGCTACCACATC 

107 

 

NR_033238.1 

 R GCCTCGAAAGAGTCCTGTATTG 

 

2.5 Statistical analysis 

SPSS program was used for the statistical analysis. The two tailed (Tــ test) was used to assess the 

differences between the expression levels of IL-1β in rabbit’s intestinal tissues injected by L. 

monocytogenes and tissue injected by PBS. P < 0.05 was considered statistically significant. 

 

3. Result 

The expression level of IL1ـβ was evaluated using RT-qPCR technique. The results showed that the 

expression levels of IL1ــβ gene was significantly higher in the rabbit intestinal tissues injected by L. 

monocytogenes with fold change of (14.8) compared to the rabbit's intestinal tissues injected with PBS with 

fold change of (6.9) figure 1. Our result indicated that there is a considerable increase in the production 

level of IL-1β proinflammatory cytokine as early response to L. monocytogenes infection. 
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Figure 1: Expression levels of IL-1β in rabbit’s intestine induced by L. monocytogenes. Data of qPCR 

analysis included 5 rabbits and repeated in triplicate runs. 

 

4. Discussion 

The aim of this study was to evaluate the production level of Interleukine-1β gene in response to L. 

monocytogenes infection using RT-qPCR technique. Assessments of pro inflammatory cytokines 

productions are powerful tools for studying the innate immune system of the host cells in response to viral 

and bacterial infections. Research has suggested the importance of IL1ــβ gene expression level, which 

greatly increases the defense of the host cells against L. monocytogenes invasion [21]. 1 ml of a 107 cells/ml 

dosage of L. monocytogenes was injected to the rabbit’s small intestine to assess the production level of IL-

1β gene expression in the rabbit intestinal tissue. Also, 1 ml of phosphate buffer saline was injected to 

rabbit’s small intestine as a control. Our results showed that there is a significantly increased level of IL-1β 

gene production in response to L. monocytogenes compared to the control. 

 

Rabbits considered as an important model for understanding host immune resistance against intracellular 

bacteria such as L. monocytogenes [8]. IL-1β production may enhance immune resistance against the 

intracellular pathogen L. monocytogenes [14]. It has been reported that IL-1β is important cytokine to 

control primary L. monocytogenes infection in which mRNA expression of IL-1β increased in the gastric 

tissue of L. monocytogenes infected mice at 1–7 days, then decreased slightly at two weeks [18]. 

Macrophages and neutrophils are important early sources of IL-1β [7]. In a previous study, mice deficient in 

IL-1β were highly susceptible to L. monocytogenes infection [10]. However, IL-1β plays an important role 

in protective immunity against re-infection. In a previous study, if IL-1β deficient mice were immunized 

with an attenuating series of L. monocytogenes, and then challenged with lethal L. monocytogenes, these 

mice would be protected against challenge infection [9]. In addition to the well-described induction for IL-

1β, L. monocytogenes has long been known to also induce type I IL-1α normally associated with 

antibacterial immune responses, and are potent inducers of antibacterial genes, including pro-apoptotic 

genes and antigen presentation genes [16]. 

 

However, this study concludes that L. monocytogenes isolated from diarrhea patients and injected into the 

rabbit’s small intestine is characterized by its strong stimulation to the host immune response. Furthermore, 

the increased level of IL-1β gene production leads to the hypothesis that L. monocytogenes may represent a 

dangerous pathogen to increase the inflammation disorders in diarrhea patients and this finding is in 

constant with the study conducted by [17]. On the basis of this latter argument, we suggest that further 

studies should determine the effects of L. monocytogenes on other pro inflammatory cytokines and its 
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application in clinical practice as a microorganism that increases the inflammatory response of diarrhea 

patients in resistance to infection. 
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