
168

Cellular and Molecular Biology
E-ISSN : 1165-158X / P-ISSN : 0145-5680

www.cellmolbiol.org 
Original Research
Evaluation of serum zinc level and IL-18 mRNA expression in children with pneumonia
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Abstract: Pneumonia is currently one of the leading causes of death in children. Increased susceptibility to pneumonia may be due to their decreased immunity. 
One of the reasons for the decrease in immunity is zinc deficiency. In children with pneumonia, on the other hand, some cytokines are secreted, resulting in inflam-
mation that spreads, persists, and makes treatment difficult for specialists. In this study, we investigated the serum zinc level in children with pneumonia and healthy 
children. Also, we tried to find its relationship with IL-18 mRNA expression as an inflammatory cytokine. For this purpose, serum zinc levels and IL-18 mRNA 
expression were evaluated in 120 children aged 3-60 months with pneumonia and 120 healthy children. After taking 2ml of blood from children and measuring 
serum zinc level, the level of the IL-18 mRNA was measured by real-time PCR. Total RNA was extracted by bioZOL™-G RNA Isolation Reagent kit. The primary 
cDNA was amplified by the extracted RNA, and in the next step, 2µl of cDNA were amplified by specific primers to measure IL-18 mRNA. The Beta-actin gene 
was also used as internal control and housekeeping gene. Results showed that the level of zinc in the patient group was 412.625±28.87μM and in the control group 
was 514.40±49.67μM. This difference was statistically significant (P=0.0053). Also, the expression of the IL-18 gene was increased in children with pneumonia, 
significantly (P=0.0015). Therefore, from the results, it can be deduced that children with zinc deficiency were at higher risk for a lung infection. Inflammatory 
cytokines such as IL-18 also were increased in these children. Hence, it can be concluded that zinc levels can reduce the expression of IL-18 mRNA and play an 
important role in the prevention and treatment of children with pneumonia.
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Introduction

Lower respiratory infection (pneumonia) is one 
of the leading causes of child mortality in developing 
countries (1). The susceptibility to infection is higher 
in malnourished children due to decreased cellular im-
munity (2). Zinc deficiency may be one of the reasons 
for reduced immunity in children with malnutrition (3). 
Zinc is an important chemical element with different 
functions in humans. Zinc has been shown to play a role 
in neurotransmission, immune activity, development, 
the activity of certain hormones, olfactory function, 
and wound healing (4). The essential role of zinc in the 
synthesis of protein and nucleic acid has also been pro-
ven (5). Also, the role of zinc in shortening the fever 
period and speeding up recovery in pediatric respiratory 
infections is well known. Even some studies have found 
that routine zinc intake in children 6 months to 3 years 
old is effective in reducing the incidence of pneumonia 
(6). This may be due to an improvement in the immune 
system, especially an increase in CD4 (5). Numerous 
studies have shown that serum zinc levels in children 
with pneumonia have a significant reduction relative to 
the control group (7, 8). Zinc has also been shown to 
improve gastrointestinal infections (diarrhea) in recent 
years (9, 10).

Pneumonia, or acute infection of the lung parenchy-
ma, is most often caused by bacterial or viral agents, but 
the causative agent is often undetectable (11). In this di-

sease, infection and tissue damage invoke cells involved 
in inflammation, such as macrophages, to the site of in-
jury (11). Inflammation and tissue damage induces the 
secretion of cytokines from these cells, leading to an 
acute phase response. These include inflammatory cyto-
kines, interleukin-6 (IL-6) and IL-18 in humans and in 
mice, which are produced by macrophages (12). A study 
in rats infected with Streptococcus pneumoniae repor-
ted a sharp rise in IL-6 and IL-18 (13). These cytokines 
activate the JAK-STAT pathway and after STAT phos-
phorylation by JAK, STAT binds to the hepcidin pro-
moter and increases transcription of the hepcidin gene 
(14, 15). Other inflammatory cytokines, such as tumor 
necrosis factor-alpha (α-TNF) and microbial products 
may also activate hepcidin gene transcription (15). 

IL-18 was first detected in the liver cells of mice ex-
posed to the lipopolysaccharide of the bacterium Propio-
nibacterium acnes (16). IL-18 is similar in structure and 
function to the IL-1β family. It is biologically synthe-
sized as a 24 kDa protein precursor. The conversion of 
this protein to the active form of 18 kDa is performed 
by the converting enzyme IL-1β (caspase-1), which is 
essential for the biological activity of IL-18. IL-18 plays 
a major role in defense against pathogens by stimulating 
the innate immune response and increasing the TH1 res-
ponse. This cytokine causes the cytotoxicity of NK cells 
and the production of IFN‐γ from the cells (17).

Because timely diagnosis and effective treatment of 
this disease are very important in children, so the pres-
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ent study was performed to investigate the serum level 
of zinc and IL-18 mRNA expression in children with 
pneumonia and compare it with healthy children to find 
out the effect of zinc on IL-18 mRNA expression.

Materials and Methods

Patients
In this case-control study, all children who were 

admitted to the pediatric ward of the hospital with a 
diagnosis of pneumonia were studied in the absence of 
the following; age less than 3 months and more than 
60 months, malnutrition, diarrhea, localized infection 
except pneumonia, underlying disease, dehydration, 
hemolysis, antibiotics and zinc, seizures, and more than 
12 hours of incontinence. A total of 120 children with 
pneumonia were eligible for the study.

Because severe cases of pneumonia (tachypnea with 
severe retraction of intercostal muscles, cyanosis, loss 
of consciousness, toxicity) are admitted to the ICU of 
children, they were not included in the study. Children 
in good general condition (who could be fed orally at 
the beginning or most after 12 hours) were included 
in the study. The mean time of hospitalization in these 
patients was 5 ± 1.5 days.

120 healthy children of the same age as the case 
group and of appropriate weight and height who had 
been referred for monthly visits or vaccinations were 
included in the study as a control group after obtaining 
parental consent.

Measurement of serum zinc level
Two milliliters of venous blood were taken from 

all these children. The blood was then poured in acid-
washed polypropylene tubes and immediately transfer-
red to a laboratory under sterile conditions for centrifu-
gation and serum separation. After centrifugation of the 
blood and separation of the serum from the globules, the 
serum was transferred to another sterile tube and stored 
in a freezer at -80°C. After obtaining the calculated 
number of samples and serum level, it was measured by 
atomic absorption spectrophotometry.

RNA extraction and cDNA preparation
Total RNA was extracted using a solution Biozol 

(Bioflux-Japan) according to the manufacturer's proto-
col, and the amount and purity of the extracted RNA 
were determined using a nanodropspectrometer (USA). 
Optical Density RNA was measured at 260/280 nm. 
Samples with the OD 260/280 nm ratios ranging from 
1.8 to 2.2 were used for cDNA synthesis. In this study, 
2μg of RNA was converted to single-stranded cDNA 
using Fermentas Revert Primer (Random Hexamer) 
AidTM First Strand cDNA synthesis Kit, according to 
the manufacturer's protocol. There were two stages of 

incubation: the first 5 minutes at 65°C and the second 
incubation for 10 minutes at 25°C and then 60 minutes 
at 42 °C. Finally, the reaction was completed with 10 
minutes of heating at 72°C. The synthesized cDNA was 
stored at -70°C for later use.

The reaction of Real-Time PCR (TaqmanProb)
In this study, the IL-18 gene was studied as the target 

gene and the β-actin gene was used as the housekeeping 
gene. The primers were designed by GENERUNNER 
software, PERLPRIMER and NCBI database (www.
ncbi.nlm.nih.gov/BLAST). The sequence of primers is 
shown in Table 1.

All Real-Time PCR reactions were performed on a 
Corbett Rotor Gene TM 3000. The time-heating sche-
dule of the device was set in three stages. The first stage 
was 95°C for 10 minutes, which led to the denaturation 
of cDNA molecules. The second stage was 45 cycles, 
which included 95 °C for 15 seconds for denaturation, 
60°C for 60 seconds for annealing and extension. These 
reactions were performed at a final volume of 25μl in 0.1 
ml microtubes. Compounds of each reaction consisted 
of 12μl of TaqMan Universal PCR Master Mix (2X-ro-
tor gene-Germany), 0.4μl of 10 pM primers and 0.2μl 
of 10 pM probes, 7μl DNase free water, 2μl of template 
cDNA, then the sample was placed in the analyzer and 
45 cycles were amplified. For data analysis, the ΔCt 
gene in each sample was calculated from the differen-
tiation of the corresponding Ct gene, and the Ct β-actin 
gene was calculated as the reference gene.

Statistical analysis
The collected data were analyzed using SPSS 16, 

Mann Whitney U test for gene expression in two dif-
ferent groups, and t-test. GraphPad Prism 5 Demo 
software was used to prepare the relevant figures.

Results

Mean serum zinc levels
A total of 240 children were studied in two groups 

of 120 children. The mean age of the subjects was 
13.7±6.31 months. In both groups, 62.9% were boys and 
37.1% were girls. The level of zinc in the patient group 
was 412.625±28.87μM and in the control group was 
514.40±49.67μM. This difference was statistically si-
gnificant (P=0.0053). This means that serum zinc levels 
in children with pneumonia were significantly reduced. 
In both patient and control groups, 73.7% of cases (177 
children) were in the age range of 3-12 months and 63 
children were in the age range of 1-5 years. The mean 
serum level of zinc in the two groups with pneumonia 
and control in general and by age group under one year 
and above one year is shown in Table 2.

Gene Sequence
IL-18 Forward 5´- GACCAAGGAAATCGGCCTCTA -3´

Reverse 5´- CCATACCTCTAGGCTGGCTATCTT -3´
Probe FAM-ATTCTGACTGTAGAGATAATGCACCCCGGAC-TAMRA

β-actin Forward 5´- AGCCTCGCCTTTGCCGA -3´
Reverse 5´- CTGGTGCCTGGGGCG -3´
Probe FAM-CCGCCGCCCGTCCACACCCGCC-TAMRA

Table 1. The sequence of primers and probes.
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cess to be biologically activated. Analysis of pneumo-
nia shows the presence of an adult isoform of 18kDa 
IL-18 in the positive and negative cases of the disease. 
However, previous studies on intestinal mucus in pa-
tients with colitis show 18kDa IL-18 expression. But 
the 24kDa precursor IL-18 has also been found in the 
intestinal mucus of healthy individuals. Quantitative 
techniques such as ELISA to detect IL-18 cannot dif-
ferentiate between mature IL-18 and IL-18 precursors 
(28). In rheumatoid arthritis, in which high levels of IL-
18 protein were demonstrated using Western blotting, 
evaluation of complete IL-18 protein in ELISA biopsy 
specimens showed IL-18 depletion (29).

In general, according to the results of this study, 
children with zinc deficiency are at higher risk for a 
lung infection. Inflammatory cytokines such as IL-18 
should also be increased in these children. Therefore, it 
can be concluded that zinc levels can reduce the expres-
sion of IL-18 mRNA and play an important role in the 
prevention and treatment of children with pneumonia.

In this study, the amount of zinc and IL-18 mRNA 
expression in children with pneumonia were evaluated 
and compared with healthy children. The results showed 
that the amount of zinc in children with pneumonia was 
significantly lower than in healthy children, and the 
level of IL-18 gene expression in these children was 
significantly increased compared to healthy children. 
Therefore, according to the results of this study, child-
ren with zinc deficiency are at higher risk for a lung 
infection. Inflammatory cytokines such as IL-18 should 
also be increased in these children. Therefore, it can be 
concluded that zinc levels can reduce the expression of 
IL-18 mRNA and play an important role in the preven-
tion and treatment of children with pneumonia.

References 

1. Nathan AM, Teh CSJ, Jabar KA et al. Bacterial pneumonia and 

IL-18 mRNA expression
Statistical analysis showed that there was a signi-

ficant difference between IL-18 mRNA expression in 
children with pneumonia and children in the control 
group (Figure 1). The expression of the IL-18 gene was 
increased in children with pneumonia, significantly 
(P=0.0015).

Discussion

Zinc is an element that plays an important role in 
human development and immune function. In recent 
years, the role of zinc in many diseases has been dis-
cussed. Zinc levels in children with fever and seizures 
have been studied and the deficiency of this element has 
been stabilized in these cases (18). The deficiency of 
this element has a role in causing neural tube defects and 
prevention and reduction of these defects by consuming 
this element has been proven. The role of this element 
in wound healing due to surgery has also been shown 
(19). The most controversial issue in recent years about 
zinc is its role in infectious diseases and reducing the 
mortality of these diseases by consuming this element. 
The deficiency of this element in children with diarrhea 
has been shown in numerous studies (20). In one study, 
zinc consumption during diarrhea was shown to reduce 
the severity and duration of diarrhea (21).

Other infections that are associated with zinc defi-
ciency are considered to be pulmonary infections (pneu-
monia). A 2004 study by Mahalanabis et al. (22) found 
that zinc consumption during pneumonia reduced fever 
and improved infection time. Another study conducted 
in 2004 by Brooks et al. (7) also confirmed the result. 
In a study similar to the present study conducted on 
children with pneumonia, serum zinc levels in children 
with pneumonia were significantly lower than in the 
control group. Thus, the zinc level was 176±98 u/dl in 
the control group and 90±51 u/dl in children with pneu-
monia (10). In the present study, the deficiency of this 
element was shown in children with pneumonia compa-
red to healthy children. Serum zinc level was 514.40 ± 
49.67μM in the control group and 412.625 ± 28.87μM 
in the patient group. This difference was statistically 
significant.

IL18 is a multifunctional immune system-regu-
lating cytokine that is elevated in the human body in 
autoimmune and infectious diseases such as rheumatoid 
arthritis, pneumonia, and leprosy tuberculosis (23, 24). 
This suggests that pneumonia is involved in increasing 
IL-18. Unlike many cytokines, IL-18 mRNA may have 
a long half-life (25). In fact, untranslated IL-18 region 
3´ lacks the AUUUA sequence, which is an unstable 
sequence. The high level of IL-18 transcripts in infec-
tious and non-infectious tissues indicates that the bio-
logical activity of this cytokine may be controlled after 
translation (26-28).  

IL-18 requires a post-translational enzymatic pro-

Pneumonia Group (μM) Control Group (μM)
<1 year old 465.82 ± 25.03 532.59 ± 46.13
≥1 year old 359.43 ± 32.71 496.21 ± 53.21
Total 412.625 ± 28.87 514.40 ± 49.67

Table 2. Comparison of mean serum zinc levels (μM) in pneumonia and control groups by age.
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and children in the control group.
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