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Background:MDA5 and RIG-1 are the important intracellular receptorswhich detectmicrobial associated
molecular patterns. Septicemia is a condition in which infection enters the bloodstream of the patients.
The main intracellular mechanisms against septicemia are yet to be clarified. Therefore, this research
study was aimed to evaluate expression of MDA5 and RIG-1 in the patients suffering from septicemia in
comparison to healthy controls.
Methods: MDA5 and RIG-1 expression levels in 40 patients suffering from septicemia and 40 healthy
controls were evaluated using Real-Time PCR technique. The sources of bacteria in the bloodstream of the
patients suffering from septicemia were determined using microbial cultures.
Results: The results showed that mRNA levels of MDA5 and RIG-1 were significantly increased in the
patients when compared to healthy controls. The results also revealed that the patients were infected
with four bacteria including Escherichia coli,Staphylococcus aureus, Acinetobacter baumannii and
Pseudomonas aeruginosa. mRNA levels of MDA5 and RIG-1 did not differ among patients with various
bacterial infections.
Conclusion: Based on the results it seems that MDA5 and RIG-1 are the main intracellular immunity
against the bacteria during septicemia and could be considered for their roles in induction of immunity.
© 2018 Faculty of Health and Social Sciences, University of South Bohemia in Ceske Budejovice. Published

by Elsevier Sp. z o.o. All rights reserved.
Introduction

It has been demonstrated that intracellular sensors, as main
pattern recognition receptors (PRRs), participate in recognition of
pathogens, and hence, can induce appropriate immune responses
to eradicate infection (Bagheri et al., 2014; Karimi-Googheri and
Arababadi, 2014). Recent investigations revealed that melanoma
differentiation-associated protein 5 (MDA5) and retinoic acid-
inducible gene 1 (RIG-1) are expressed in the cytoplasm of immune
cells and play key roles in recognition of pathogen associated
molecular patterns (PAMPs) (Ebrahim et al., 2015). Interferon
regulatory transcription factor 3 (IRF3) and nuclear factor-kappaB
(NF-kB) are the main down-stream pro-inflammatory transcrip-
tion factors of MDA5 and RIG-1 (Bustos-Arriaga et al., 2011). Thus,
they may play key roles in induction of immune responses against
bacteria in human. It has been determined that innate immune
responses are the main criteria for eradication of infections from
tissues, including blood (septicemia) (Chantratita et al., 2017;
Lewis et al., 2016). Accordingly, it is worthy to clarify the main
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immune responses elements against septicemia to determine the
main parameters of immune responses which are involved during
the disorder. Based on the important roles played by MDA5 and
RIG-1 as intracellular receptors to activate innate immune
responses (Dou et al., 2017; Loo et al., 2008), it seems that the
molecules may participate in the induction of immune responses
against bacteria during septicemia. Therefore, the aim of this study
was to determine the expression levels of MDA5 and RIG-1 in
patients suffering from septicemia in comparison to healthy
controls.

Materials and methods

Subjects

This cross-sectional study was performed on 40 patients
suffering from septicemia and 40 sex and age matched healthy
controls. Septicemia was approved by an expert MD in infectious
diseases using the following criteria: Positive bacteria blood
culture, existence of fever, respiratory distress, hypothermia,
jaundice, cyanosis, lethargy, apnoea, convulsion, irritability,
vomiting and poor feeding (Farhat et al., 2014). Positive bacteria
blood culture and fever were seen in all the patients, while other
in Ceske Budejovice. Published by Elsevier Sp. z o.o. All rights reserved.
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criteria were seen in some patients. The samples were collected
from patients with septicemia before antibiotic therapy which
were selected from Afzalipour hospital of Kerman city, Kerman,
Iran. The patients who were pregnant, breast feeding, under
administration of immune affected drugs, cancers, allergies,
diabetes and autoimmunity were excluded from the study. 12
and 2ml of blood were taken from the patients and controls,
respectively. The blood from the patients was used for blood
culture (10 ml) and mRNA extraction (2 ml), while all of the blood
samples from controls were used for mRNA extraction only. The
Ethical Committee of Islamic Azad University, Kerman Branch
approved the protocol study and all patients with septicemia and
those in control group filled out the concerned written informed
consent form.

Blood culture

For blood culture, 10ml of blood was taken from the suspected
patients and injected into two culture media, Thioglycollate broth
(Merck, Germany) simultaneously, and were incubated in either
aerobic or anaerobic conditions at 37 �C for 7 days. The bottleswere
observed daily regarding microbial growth and its evidence
including gas production, hemolysis, media turbidity, formation
of discrete colonies, etc. Additionally, the samples were also
subcultured and incubated ontoMacConkey agar and Blood agar at
37 �C for 24–48 h to identify the pathogenic bacteria. The positive
cultures were selected for diagnostic bacteriological tests (Tille,
2013). All the media was prepared from Merck Company, Berlin,
Germany.

Real-time PCR

The collected samples (whole blood) in anti-coagulant (Ethyl-
enediaminetetraacetic acid (EDTA)) pre-treated tubes were used
for RNA purification by a commercial kit from Cinnaclon Company,
Tehran, Iran. The extracted RNA was converted to cDNA using a
commercial kit (Parstoos Com, Tehran, Iran). Real-time PCR was
performed based on our previous investigation protocol (Karimi-
nik et al., 2016), except the used housekeeping gene, b-actin. The
primer sequenceswhichwere usedwere as follow: RIG-1 Forward:
CACACCAAGAGCCCAAAC, RIG-1 Reverse: TGACCCGATAGCAACAGC,
MDA5 Forward: GCAGAGGTGAAGGAGCAGA, MDA5 Reverse:
AAACGATGGAGAGGGCAAG, b-actin Forward: GGCACCCAGCA-
CAATGAAG, b-actin Reverse: CCGATCCACACGGAGTACTTG. In
other words, b-actin was used as internal control. Briefly, in order
to extract mRNA, 200 ml of whole blood was lysed by lysis buffer
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Fig. 1. Expression levels of MDA5 and RIG-1 in septicemia patients and healthy contr
increased in septicemia patients in comparison to healthy controls.
and transmitted from RNA purification filters by centrifuge at
12000 g for 8min. Filters were washed by appropriate washing
buffer which was prepared in the kits and finally, the purified
mRNA was separated from the filters using elution buffer. The
purified mRNA was used for cDNA synthesize using oligo-dT
primers and a commercial kit from Parstoos Com, Tehran, Iran.
Accordingly, the purified mRNA, oligo-dT primer and pre-mix
solution (containing dNTPs and reverse transcriptase) was
incubated at 40 �C for 60 min. The synthesized cDNA has been
used for amplification in a Real-Time PCR instrument (Rotor-Gene
Q series) using the mentioned primers and a mastermix from
Parstoos Com, Tehran, Iran using the following program: 5min at
96 �C (one cycle), 30, 30 and 40 s at 96 �C, 58 �C and 72 �C,
respectively, for 40 cycles. The rawdatawere analysed using 2�DDct

formula.

Data analysis and statistical methods

The differences between the patients with septicemia and
healthy controls and female in comparison tomalewere calculated
using Mann–Whitney U test, and the differences among the
patients infected with various bacteria were examined using
Kruskal–Wallis test under SPSS software version 18. P-value was
considered significant at <0.05. Data are presented in the result
section as median (1st quartile–3rd quartile).

Results

Identification of septicaemia

Based on blood culture and diagnostic tests, the following
bacteria were identified: Escherichia coli (7/40 cases), Staphylococ-
cus aureus (10/40 cases), Acinetobacter baumannii (17/40 cases) and
Pseudomonas aeruginosa (6/40 cases).

Expression levels of target genes

Results showed that MDA5mRNA levels in the peripheral blood
immune cells (PBIC) of the patients suffering from septicemia and
healthy controls were 7.4108 (1.0611–184.4549) and 0.1959
(0.0263–0.6239), respectively. Statistical analysis demonstrated
a significant difference (p< 0.001). Expression levels of RIG-1 also
significantly (p< 0.001) increased in the septicemia patients
(7.4054 (0.1190–579.4633)) when compared to healthy controls
(0.0040 (0.0007–0.0339)). Fig. 1 illustrates the expression levels of
MDA5 and RIG-1 in the septicemia patients and healthy controls.
ols. Figure illustrates that the mRNA levels of MDA5 and RIG-1 were significantly
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Fig. 2. Expression levels of MDA5 and RIG-1 in female in comparison to male septicemia patients. Figure illustrates that the mRNA levels of MDA5 and RIG-1 were not
significantly different in female and male septicemia patients.
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Fig. 3. Expression levels of MDA5 and RIG-1 in septicemia patients infected with various Escherichia coli, Staphylococcus aureus, Acinetobacter baumannii and Pseudomonas
aeruginosa. The figure illustrates that the mRNA levels of MDA5 and RIG-1 did not significantly differ among groups.

Table 1
Correlation between age and mRNA levels of MDA5 and RIG-1 in septicemia
patients.

Male Female

Bacteria Escherichia coli 3 4
Staphylococcus aureus 4 5
Acinetobacter baumannii 9 9
Pseudomonas aeruginosa 2 4

P value 0.878

Table illustrates that there was no significant correlation between age and mRNA
levels of MDA5 and RIG-1 in septicemia patients.

Table 2
Distribution of bacterial infection between male and female participants.

MDA5 RIG-1

Spearman’s rho Age Correlation coefficient 0.034 �0.030
P value 0.871 0.889

The table demonstrates that male and female were no different regarding the
pattern of bacterial infection.
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The results revealed that mRNA levels of MDA5 (p = 0.018) were
significantly higher in the female (4.7442 (0.4685–8.4924)) when
compared to male (180.5401 (3.5955–562.6819)) septicemia
patients (Fig. 2).

Expression levels of RIG-1 (p = 0.236) did not significantly differ
between female (0.0027 (0.0863–0.0007)) when compared to
male (0.0048 (0.0006–0.0103)) septicemia patients (Fig. 2).

Results also demonstrated that expression levels of MDA5
(p = 0.303) and RIG-1 (p = 0.576) did not significantly differ among
septicemia patients infected with various bacteria (Escherichia coli,
Staphylococcus aureus, Acinetobacter baumannii and Pseudomonas
aeruginosa). Fig. 3 illustrates the expression levels of MDA5 and
RIG-1 in the septicemia patients infected with various pathogens.

The results also revealed that there was no significant
correlation between age and expression of MDA5 and RIG-1 in
the septicemia patients (Table 1).

The results also showed that male and female septicemia patients
were similar regarding the type of infected bacteria (Table 2).

Discussion

Septicemia is a condition with distributed infection in the
bloodstream (Fecteau et al., 2009; Sogaard et al., 2012). The results
showed that the septicemia patients have a significant increased
expression of both MDA5 and RIG-1. As mentioned previously,
MDA5 and RIG-1 are the important intracellular receptors which
play key roles in recognition ofmicrobes (Hu et al., 2017) and, hence,
can be considered as important factors against septicemia. Results of
the current study proved the hypothesis and revealed that mRNA
levels of the intracellular sensors have been increased following
septicemia. Accordingly, it seems that either MDA5 or RIG-1
participate in induction of immune responses against the bacteria
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which is responsible for septicemia. Based on the fact that both
molecules recognize microbial RNAs, it seems that one of the main
immune responses against bacteria is related to recognition of
bacterial RNA during septicemia. To the best of our knowledge, this
is the first project which evaluated the roles of MDA5 and RIG-1 in
the immune responses against septicemia but some investigations
revealed that down-stream molecules and target genes of MDA5
and RIG-1 are involved in the responses during septicemia. For
instance, studies reported that septicemia patients infected with
Escherichia coli up-regulate expression of pro-inflammatory
cytokines in a Nuclear factor-kB (NF-kB) dependent manner
(Gao et al., 2016; Selvaraj et al., 2015). NF-kB is a transcription
factor which is activated by several pathways including MDA5 and
RIG-1 dependent pathways (Matsukura et al., 2007). Additionally,
the roles played by MDA5 and RIG-1 against other pathogens
rather than bacteria including parasites (Jaeger et al., 2015; Wu
et al., 2014) and viruses (Ebrahim et al., 2015; Ohtani et al., 2011)
have been reported previously. Therefore, the roles of MDA5 and
RIG-1 in the fight against bacteria in the septicemia are plausible
and further investigations could illustrate a better understanding
of the mechanisms used by the molecules during septicemia. The
results also revealed that expression levels of MDA5 but not RIG-1
were significantly increased in female in comparison to male
patients. Accordingly, it may be concluded that sex is an important
factor to interfere with septicemia in a MDA5 dependent manner.
Additionally, results proved that the expression of both MDA5 and
RIG-1 molecules in the septicemia patients infected with various
bacteria did not differ; hence, it seems that the kind of the bacteria
cannot be considered as a critical factor for expression of the
evaluated molecules during septicemia. Moreover, data analysis
demonstrated that age also has no effects on the expression of the
MDA5, which is a sex dependent factor, as well as RIG-1.

However, based on the fact that MDA5 and RIG-1 use some
intracellular signalling molecules as down-streammolecules such as
receptor interacting protein 1 (RIP1) and IFN-b promoter stimulator-
1 (IPS-1) (Swiecki et al., 2011), it is worthy to evaluate the molecules
and their related transcription factors, interferon regulatory factor
(IRF) 3 and 5, in the patients with septicemia. Additionally, it may be
hypothesized that molecular therapy which targets MDA5 and RIG-1
and their relatedmoleculesmight be considered as a new strategy to
decrease the complication of septicemia.
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