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Abstract

Malaria is often characterized by a complicated disease course due to multifaceted intrinsic genetic factors of the host and
the parasite. This study aimed to investigate the role of interleukin-27 (IL-27) gene polymorphisms in Plasmodium falcip-
arum malaria infection in a Saudi Arabian cohort. This case-control study obtained blood samples from 250 malaria
patients with P. falciparum and 200 randomly identified healthy control subjects from the Malaria Center in the Jazan
area. Malaria patients were grouped into three cohorts as follow: low (<500 parasites/pl of blood), moderate (500—
1000 parasites/pl of blood), and high (>1000 parasites/pl of blood) parasitemia. The results show that the IL-27 variant
rs181209 was significantly associated with malaria patients (P=0.026). Similarly, the homozygous GG genotype of
rs26528 was also associated with risk of developing P. falciparum malaria (P=0.032). The minor allele C of variant
rs181206 exhibited an association with low to moderate parasitemia (P=0.046). Furthermore, the rs|181209 AA geno-
type was statistically significant in age group |5 years (P=0.049). In conclusion, this study suggests that variant rs 181209

and rs26528 could be associated with the risk of malaria infection by P. falciparum in the population studied.
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Background

Globally, malaria continues to be the leading protozoan
infection, with over 219 million people in more than
100 nations currently affected by malaria infection.'*
Plasmodium falciparum is considered the deadliest of
Plasmodium species and is associated with widespread
morbidity and mortality in human hosts.® In fact, almost
5% of the global population that suffers from malaria infec-
tion with P. falciparum has been reported to have grave
clinicopathological consequences such as hemoglobinuria,
severe malarial anemia (SMA), cerebral malaria (CM),
and pulmonary distress.*

Inflammatory responses are coordinated by a cohort of
immune cells that modulate inflammation through the
release of specific pro- and anti-inflammatory cytokines
such as interferon-y (IFN-y), interleukins (IL) and tumor
necrosis factor alpha (TNFa).® A cytokine of recent
interest in malaria infection is interlkeukin-27 (IL-27).
IL-27 is a heterodimeric protein that belongs to the
IL-12 protein family and has pro-inflammatory and anti-
inflammatory properties.”® Physiologically, IL-27 is
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known to promote IL-10 production and is also involved
in limiting inflammation induced by infectious diseases.
Furthermore, IL-27 has been suggested to regulate
T-lymphocyte activities to modulate both innate and
humoral immunity, acting as a candidate cytokine to influ-
ence immunological responses.’

Several studies have recently investigated the role of
the IL-27 cytokine in malaria infection. Since IL-27 reg-
ulates the production and release of IL-10 cytokines by
T-helper 1 (Thl) cells, it is assumed that enhanced
IL-10 release by IL-27 could provide protection against
malaria infection and associated immunopathological
complications in the host.”'® Rahiman et al. confirmed
that the increase in IL-10 cytokine release and the subse-
quent anti-inflammatory activity after exposure to IL-27
in a mouse model infected with P. berghei, indicating
the potential role of IL-27 as an immunotherapy in the
resolution of malaria infection.” However, a study by
Zhang et al. showed an increased risk of clinical
malaria in children with IL-10 polymorphisms and
IL-10 cytokine production.'' Similarly, risk of severe
malaria,'> CM and SMA were prominent with IL-10
polymorphisms in a study by Ndila et al.'> Kimura
et al. also showed that in models infected with P.
berghei, 1L-27 produced by CD4" T lymphocytes gener-
ated a protective immune response against malaria infec-
tion.® Another study showed that IL-27 regulates the
expression of IL-10 cytokines by CD4™* cells in lymphoid
and non-lymphoid tissues during malaria infection with
P. yoelii.'* Villegas-Mendez et al. have also reported
the control of Thl cells by IL-27 independent of IL-10
in the NK65 model of P. berghei murine malaria infec-
tion."> In a similar vein, Findlay et al. established that
mice lacking the IL-27 receptor (IL-27R) were at
increased risk of developing malaria infection by P.
berghei NK65, and that the IL-27R signaling pathway
regulates effector T lymphocyte function in malaria
infection.'® This evidence indicates that IL-27 appears
to provide some form of protection against multiple
species of Plasmodium.

Recently, only one study has evaluated the expression
levels of IL-27 and other cytokines in infants infected
with P. falciparum."” The study found significantly higher
expression levels of IL-27 in non-infected infants with P.
falciparum compared to infants with simple malaria and
severe malaria. They reported very high levels of IL-10
cytokine in infants with no complications and severe
malaria compared to their non-infected counterparts,'’ sug-
gesting protection from infection through IL-27 and IL-10
pathway. However, the role played by IL-27 gene poly-
morphisms in influencing the dynamics of P. falciparum
malaria infection is unknown. The present study thus
aims to deepen and update our knowledge of the pleiotropic
role of the IL-27 gene polymorphisms and the expression of

cytokines in malaria infection by P. falciparum in a Saudi
Arabian cohort.

Materials and methods

Study design

This case-control study obtained blood samples from 250
malaria patients with P. falciparum infection and 200
randomly identified healthy control subjects from the
Malaria Center in the Jazan area, located in the south-
western of the Kingdom of Saudi Arabia. While the
national malaria control program in Saudi Arabia,
initiated in 1948, has accomplished a remarkable
decline in malaria, it is still prevalent in southwestern
regions like Jazan and Aseer. One recent study found
94.3% of the malaria cases in Jazan region to be infected
with P. falciparum.'® The level of parasitemia was mea-
sured by examining thick blood smears and counting the
P. falciparum parasites based on 200 white blood cells
(WBCs) count.'® Malaria patients were grouped into
three cohorts according to their parasite count as
follow: Low (<500 parasites/ul of blood), moderate
(500-1000 parasites/ul of blood), and high (>1000 para-
sites/ul of blood) parasitemia.’

Ethical considerations

This study was granted ethical approval (registry number
041) by the Ethics Review Committee of King Fahad
Hospital (KFCH), Jazan. The study was also conducted in
accordance with the ethical guidelines laid out in the
Declaration of Helsinki of 1975. Written informed
consent was obtained from the study subjects prior to
enrollment, and consent was obtained on behalf of the chil-
dren from their legal guardians. Identifiers were removed
from patient data and biological samples for confidentiality.
The demographics and clinical characteristics of the study
participants were documented and saved on a password pro-
tected computer, which can only be accessed by the
research staff.

Single nucleotide polymorphism (SNP) selection

A total of six SNPs of the IL-27 gene (rs34833, rs17855750,
rs181209, rs26528, rs40837, and rs181206) were included
for genotyping. The following criteria were used to identify
selected SNPs: (i) MAF <5%; and (ii) linkage disequilib-
rium (LD) threshold (+%)<0.8, or (iii) proof of association
with P. falciparum malaria. Information on the SNP
marker for the IL-27 gene in this study is presented in
Supplementary Table 1.
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Genotyping

DNA samples were extracted from blood samples
using DNeasy commercial kit (Qiagen, Valencia, CA,
USA) according to the manufacturer’s protocol. To
identify SNPs in DNA samples, nearby primers were
designed using Primer3 input software version 0.4.0
(available at: http:/bioinfo.ut.ee/primer3-0.4.0/). SNP-
specific primers and PCR conditions are detailed in
Supplementary Table 2. Genotyping was performed
using direct DNA sequencing based on polymerase
chain reaction (PCR) or restriction fragment length poly-
morphism (RFLP).

The PCR products were analyzed using GoTaq
Green Master Mix PCR (Promega, Madison, WI,
USA). The PCR reaction products were analyzed by
agarose gel electrophoresis to confirm the purity of
the PCR products. Direct sequencing of the amplifica-
tion products of SNPs (rs34833, rs17855750,
rs181209, rs26528 and rs40837) was performed using
the BigDye™ Terminator v 3.1 Cycle Sequencing Kit
(Applied Biosystems, Foster City, CA, USA) according
to the manufacturer’s protocol. Sequences were ana-
lyzed for forward and reverse reads via SeqMan Pro
15 LaserGene (DNASTAR, Inc., Madison, WI). The
amplification product of rs181206 was analyzed using
the RFLP method. Briefly, the amplification products
of PCR were treated with the restriction enzyme
(HinfT). The digested products were separated in a 2%
agarose gel and visulaized under UV light.
Afterwards, they were stained with ethidium bromide,
examined and photographed via ultraviolet light.
Imagel] software (https:/imagej.nih.gov/ij/download.

Table |. Baseline characteristics of P. falciparum-infected
patients.

Variables Patient Control
Age

Mean + SD 28.01 +13.95 224+7.08

Median (25th-75th) 25.50 (19.0-36.75) 21.0 (20.00-22.00)
Sex

Male count % 212 (84.8%) 142 (71%)

Female count % 38(15.2%) 58(29%)
Age groups

I-5, count (%) 7 (2.8%)

6-9, count (%) Il (4.4%)

10—-19, count (%) 42 (16.8%)

2040, count (%) 136 (54.4%)

41 and above, count 54 (21.6%)

(%)
Parasite Density (PD)

Low Parasitemia 121 (48.4%)

Moderate Parasitemia 72(28.8%)

High Parasitemia 57(22.8%)

html) and MolWT macro (PHASE GmbH, Luebeck,
Germany) were used to identify the size of restricted
fragments.

Luciferase reporter assays

IL-27 5UTR and 3'UTR PCR fragments were amplified
and subcloned in the corresponding plasmids using pGL3
Basic Vector (Promega, Madison, WI, USA) and pmirGlo
Luciferase Reporter Vector, respectively. The primers
were 5-” end labeled for restriction enzymes with a specific
endonuclease recognition sequence. Appropriate restriction
enzymes (BglIl, Xhol) and (Sacl, Xbal) were used to inves-
tigate DNA fragments in the SUTR and 3'UTR region
respectively. The primers used for amplification, reaction
conditions and chromosomal position for the 5" UTR and
3’ UTR are shown in Supplementary Table 3 and 4, respect-
ively. The PCR reaction was performed using HotStar PCR
(Qiagen) following the manufacturer’s protocol.
Escherichia coli DHS5a-competent cell transformation
with plasmid was performed for colony selection in ampi-
cillin plates. The clones were selected, and genomic DNA
was extracted using the QIAamp DNA mini kit (Qiagen)
according to the manufacturer’s instructions. The plasmids
were then transfected into HEK293 cells (Human
Embryonic Kidney 293 cells) using Lipofectamine 2000
(Qiagen), which were then collected and eventually
observed for luciferase activity after 48 h.

Statistical analysis

We analyzed the SNPs in the [L-27 gene and used
Haploview software version 4.0 (Broad Institute of MIT
and Harvard, Cambridge, MA, USA) to calculate
the haplotype frequencies and minor allele frequencies
(MAF). For the genotypic association test, we used the
DeFinetti program (available at: https:/ihg.gsf.de/cgi-bin/
hw/hwal.pl). For possible modes of inheritance, we
explored each variant by performing allele, dominant and
recessive model analyses. The results of the association
were presented as odds ratios (OR) with 95% confidence
intervals (95% CI). The Hardy-Weinberg equilibrium
(HWE) test was performed to find deviation, if any.
P-values <0.05 in a two-tailed test were considered statistic-
ally significant.

Results

In the present study, we investigated the distribution of the
selected SNPs within the IL-27 gene (rs34833, rs17855750,
rs181209, 1526528, rs40837 and rs181206) in patients
infected with the malaria parasite P. falciparum and
healthy controls. The baseline characteristics of the patients
included in this study are illustrated in Table 1.
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IL-27 genotype and allele frequency distribution
linked with infection with p. falciparum

The homozygous genotype of the major allele was defined
as the reference genotype (Ref) in each polymorphism of
the IL-27 gene. Our findings demonstrated that two poly-
morphisms of the /L-27 gene (rs181209 and rs26528)
were significantly associated with a higher susceptibility
to malaria infection with P. falciparum when compared to
healthy controls. However, we did not observe significant
differences between malaria patients infected with P. falcip-
arum and healthy controls in the genotype and allele fre-
quency distributions of the IL-27 SNPs rs34833,
rs17855750, rs40837 and rs181206 (Table 2).

IL-27 genotype and allele frequency distribution
associated with advanced P. falciparum infection
evaluated by parasite density

Of the six SNPs of the IL-27 gene, no polymorphism was
found to have a significant association with low parasite
density (group I). In comparison of low and moderate para-
site density (groups I+ II) with that of high parasite density
(group III), showed statistically significant association
with the minor allele C of rs181206 (OR =2.066; 95% CI
0.999-4.271, ¥*=3.967 and P=0.046). The IL-27 geno-
type and allele frequency distribution are summarized in
Tables 3 and 4.

IL-27 genotype and allele frequency distribution
linked to malaria infection based on age groups

A higher risk of P. falciparum infection with the IL-27
variant rs181209 was observed in malaria cases in the age
groups 1-5 years compared to cases in cohorts aged 6
years and over. The frequency of occurrence of the homo-
zygous polymorphism AA genotype rs181209 was signifi-
cant in malaria infection cases in the age group 1-5 years
(genotype frequency 14.3% vs 3.3%, OR=0.131; 95%
CI 0.012-1.405, y*=3.85 and P=0.049). The frequency
of the minor A allele of rs181209 was significantly higher
in the malaria patients in the 1-5 age group than in their
counterparts in the 6 years and older age cohort (allele fre-
quency 35.7% vs 14%, OR =0.293; 95% CI 0.095-0.900,
x> =5.15 and P=0.039) (Table 5).

IL-27 haplotype frequency distribution

Haplotypes consisting of the C allele of rs181209, the T
allele of rs17855750, the A allele of rs26528, and the G
allele of rs34833 (C-T-A-G) were significantly associated
with a lower risk of malaria infection by P. falciparum
(Frequency 72.7%, P=0.013). On the contrary, the A
allele of rs181209, the T allele of rs17855750, the G

allele of rs26528 and the G allele of rs34833 (A-T-G-G)
were significantly related with ahigh risk of malaria infec-
tion (Frequency 11.3%, P=0.045) (Table 6). None of the
haplotype blocks were found to be significant upon com-
parison of malaria patient cohorts based on malaria parasite
density. Lastly, the haplotype block of the A allele of
rs181209, the T allele of rs17855750, and the G allele of
1s26528 (A-T-G) had a significantly higher frequency
in cases with malaria-infected for age group 1-5
years when compared to 6 years and older (Frequency
13.3%, P=0.013) (Table 7).

Deletion analysis of the 5" UTR and 3" UTR regions
of the il-27 gene

For 5/ UTR, a significantly high mean luciferase activity
(relative luciferase unit, RLU) was observed in constructs
F4R1 (P=0.001) and F3R2 (P=0.001) in the 5 UTR
region of the IL-27 gene. However, a significant reduction
in the expression of the IL-27 gene was observed for
group F3R1 (P =0.045). While group F1R2 (P<0.0001)
demonstrated significantly higher mean luciferase activity,
indicating high gene expression, group FIR1 (P<0.0001)
exhibited significantly lower mean luciferase activity, and
therefore low expression in the 3'UTR region (see Figures
1 and 2).

Discussion

In this study, we investigated six polymorphisms (rs34833,
rs17855750, rs181209, rs26528, rs40837, and rs181206) in
the IL-27 gene that produces a pleiotropic IL-27 cytokine.
The study evaluated the association of SNPs with the risk
of development or protection against P. falciparum
malaria infection, the level of P. falciparum parasite
density, or the age-related distribution of P. falciparum
malaria infection. Of the six SNPs genotyped for the
IL-27 gene, our findings demonstrated that the frequency
of the AA genotype of variant rs181209, the GG genotype,
and the minor allele G of variant rs26528 were significantly
associated with the risk of malaria infection with P.
falciparum.

Cytokines have been shown to play a key role in the
immunoprotection and immunopathology of malaria infec-
tion by P. falciparum.>' TL-27 has been reported to induce
proliferation and survival of activated effector CD4* T lym-
phocytes during malaria infection, which helps in reducing
the morbidity and mortality associated with Plasmodium
malaria infection,'%1© However, unlike the healthy control
in this study, we found that two SNPs of the IL-27 gene
(rs181209 and rs26528) were significantly associated with
a high risk of malaria infection by P. falciparum. This indi-
cates that such variations could influence the function of
effector CD4 + T lymphocytes whose function is modulated
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Table 2. Genotypic distribution of IL-27 SNPs when healthy control group was compared with patients’ group.

SNPs Genotype/ Allele distribution  Control (n=200) Patients n=(250) OR (95% C.I.) x> P-value
rs34833 GG 179 212 Ref

AG 20 37 1.562 (0.875-2.788) 2304 0.129

AA I | 0.844 (0.052-13.595) 0.014 1.00

G 378 461 1.454 (0.847-2.494) 1.86 0.173

A 22 39

AA + AG.vs.GG 1.528 (0.865-2.699) 2.15 0.142

AAvs. AG + GG 0.799 (0.050-12.857)  0.025 1.00
rs17855750 TT 188 238 Ref

GT I 12 0.862 (0.372-1.996) 0.121  0.728

GG I 0 0.995 (0.984—1.005) 1.26 0.443

T 387 488 0.732 (0.330-1.622) 0.59 0.441

G 13 12

GG+ GTvsTT 0.790 (0.347-1.798) 0.317 0.573

GG.vs.GT+TT 0.995 (0.985—-1.005) 1.25 0.444
rs181209 CC 159 186 Ref

AC 40 55 1.175 (0.743—1.860) 0.477  0.490

AA I 9 7.694 (0.964-61.386)  5.11 0.026*

C 358 427 1.457 (0.972-2.184) 335 0.067

A 42 73

AA +AC.vs.CC 1.334 (0.855-2.083) 1.62 0.204

AAvs AC+CC 9.629 (1.208-76.73) 6.777  0.010
rs26528 AA 124 137 Ref

AG 69 93 1.220 (0.822-1.811) 0.97 0.324

GG 7 20 2.586 (1.057-6.325) 4.59 0.032*

A 317 367 1.384 (1.012-1.892) 4.17 0.041*

G 83 133

GG+ AG.vs.AA 1.346 (0.921-1.966) 2.36 0.124

GG.vs.AG + AA 2.398 (0.993-5.790) 3.989  0.046*
rs40837 AA 118 142 Ref

AG 72 87 1.004 (0.676—1.493) 0.000 0.984

GG 10 21 1.745 (0.791-3.851) 1.937 0.164

A 308 371 1.164 (0.856—1.583) 0.94 0.332

G 92 129

GG + AG.vs.AA 1.094 (0.751-1.595) 0.22 0.639

GG.vs. AG + AA 1.742 (0.801-3.790) 2.00 0.157
rs181206 TT 159 196 Ref

CT 38 46 0.982 (0.609-1.584) 0.006  0.941

CcC 3 8 2.163 (0.565-8.289) 1.327 0359

T 356 438 1.145 (0.759-1.727) 0419 0517

C 44 62

CC+CTvs.TT 1.068 (0.677—1.687) 0.08 0.776

CCwsCT+TT 2.171 (0.568-8.292) 1.347 0360

*A p-value of less than 0.05 was considered significant.

by IL-27?? and could consequently result in severe
malaria complications. Related to these results, Ayimba
et al. reported that children who had a decrease in
IL-27 cytokine levels were prone to severe malaria.”
In addition, Ayimba et al. showed that severe malaria
was caused by the reduced expression of the immunore-
gulatory IL-27 cytokine among infants infected with the
parasite P. falciparum."’

IL-27 is considered a potent blocker of Th17 cell differ-
entiation, thus attenuating inflammatory responses by

inhibiting Th17 response after successful alleviation of
the parasite P. falciparum in malaria infection.”**> Here,
the two variants of the IL-27 gene, rs181209 and rs26528,
could possibly reduce the expression of IL-27 cytokines,
thus improving persistent responses of Thl7 cells and
increasing the risk of P. falciparum malaria infection.
However, this finding contradicts with those of El-behi
et al., who suggested that IL-27 has no effect on differen-
tiated Th17 cells.?® This suggests that Th17 cells exhibit
functional differences, depending on their stage of
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Table 3. Genotypic distribution of IL-27 SNPs when group i (low parasitemia) of P. falciparum-infected patients was compared with

groups Il + [ll (Moderate + High parasitemia).

Group | Groups Il +11I

SNPs Genotype/ Allele distribution (n=121) (n=129) OR (95% C.I.) e P-value*
rs34833 GG 103 109 Ref

AG 17 20 1.112 (0.552-2.240) 0.088 0.767

AA I 0 0.990 (0.972-1.009) 1.053 0.488

G 223 238 0.986 (0.513-1.897) 0.002 0.967

A 19 20

AA +AG.vs.GG 1.050 (0.526-2.096) 0.019 0.890

AAvs.AG + GG 0.992 (0.976—1.008) 1.070 0.484
rs17855750 TT 17 121 Ref

GT 4 8 1.934 (0.567-6.3595) I.146 0.379

GG 0 0 nan nan 1.00

T 238 250 1.904 (0.566—6.406) 1.118 0.290

G 4 8

GG +GTvsTT 1.934 (0.567-6.3595) I.146 0.379

GG.vs.GT+TT nan nan 1.00
rs181209 CcC 87 99 Ref

AC 29 26 0.788 (0.431-1.439) 0.603 0.438

AA 5 4 0.703 (0.183-2.701) 0.266 0.737

C 203 224 0.790 (0.480-1.299) 0.864 0.353

A 39 34

AA +AC.vs.CC 0.775 (0.439-1.370) 0.769 0.381

AAvs AC+CC 0.742 (0.195-2.832) 0.191 0.743
rs26528 AA 69 68 Ref

AG 42 51 1.232 (0.727-2.089) 0.601 0.438

GG 10 10 1.015 (0.397-2.593) 0.001 1.00

A 180 187 1.102 (0.741-1.640) 0.231 0.631

G 62 71

GG+ AG.vs.AA 1.190 (0.723-1.961) 0.469 0.494

GG.vs.AG + AA 0.933 (0.374-2.326) 0.022 0.88I
rs40837 AA 68 74 Ref

AG 42 45 0.985 (0.577-1.680) 0.003 0.954

GG I 10 0.835 (0.334-2.091) 0.148 0.701

A 178 193 9.937 (0.624-1.398) 0.102 0.749

G 64 65

GG +AG.vs.AA 0.954 (0.578-1.573) 0.035 0.852

GG.vs.AG + AA 0.840 (0.343-2.056) 0.145 0.703
rs181206 TT 93 103 Ref

CcT 24 22 0.828 (0.435-1.574) 0.333 0.564

CcC 4 4 0.903 (0.220-3.713) 0.020 1.00

T 210 228 0.863 (0.507-1.470) 0.293 0.589

C 32 30

CC+CTvs.TT 0.838 (0.459-1.532) 0.329 0.566

CCwsCT+TT 0.936 (0.229-3.829) 0.008 1.000

development, with developing Th17 cells being vulnerable
and differentiated Th17 cells could be resistant to IL-27
inhibition.”®*” A study by Armah et al. in the Ghanaian
children population cited that cerebral malaria-related mor-
tality was not related to IL-27 cytokine.?® This evidence
stands in stark contrast to the findings of our study, which
has highlighted that IL-27 does not mediate the inflamma-
tory response of Th17 cells during malaria infection with
P. falciparum.

In our study, we found a significant association between
the minor allele C of the IL-27 gene variant rs181206 and
low to moderate parasitemia, indicating an association with
a lower risk of advanced malaria infection with P. falcip-
arum. Findlay et al. confirmed that wild-type mice
(control) developed high parasitemia when infected with P.
berghei NK65; however, mice knocked out of the IL-27
receptor (WSX-1-/-) were more susceptible to malaria infec-
tion much faster than wild-type mice regardless of small
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Table 4. Genotypic distribution of IL-27 SNPs when groups | + Il (low 4+ moderate parasitemia) of P. falciparum-infected patients was

compared with group Il (High parasitemia).

SNPs Genotype/ Allele distribution Groups |+l (n=193) Group lll (n=57) OR (95% C.l.) x2 P-value*
rs34833 GG 165 47 Ref

AG 27 10 1.300 (0.587-2.878) 0421 0516

AA I 0 0.994 (0.982—1.006) 0.284 1.000

G 357 104 1.184 (0.558-2.509) 0.194 0.660

A 29 10

AA + AG.vs.GG 1.254 (0.568-2.767) 0315 0575

AAvs.AG+ GG 0.995 (0.985-1.005) 0.297 1.000
rs17855750 TT 184 54 Ref

GT 9 3 1.136 (0.297—4.344) 0.053  1.000

GG 0 0 nan nan 1.00

T 377 11 1.136 (0.297—4.344) 0.053  1.000

G 9 3

GG+ GTvs.TT 1.934 (0.567-6.3595) I.146 0379

GG.vs.GT+TT nan nan 1.00
rs181209 CC 142 44 Ref

AC 43 12 0.901 (0.437-1.857) 0.080 0.777

AA 8 | 0.403 (0.049-3.315) 0.761 0383

C 327 100 0.776 (0.416—1.449) 0.637 0425

A 59 14

AA+AC.vs.CC 0.823 (0.410-1.651) 0.302 0.582

AAvs.AC+CC 0.413 (0.051-3.373) 0.725 0475
rs26528 AA 107 30 Ref

AG 68 25 1.311 (0.711-2.417) 0.756 0.385

GG 18 2 0.396 (0.087-1.805) 1.522  0.256

A 282 85 0.925 (0.574-1.492) 0.102 0.749

G 104 29

GG+ AG.vs.AA 1.120 (0.619-2.025) 0.140 0.708

GG.vs. AG + AA 0.354 (0.080-1.572) 2.024 0.179
rs40837 AA 112 30 Ref

AG 62 25 1.505 (0.814-2.784) 1711 0.191

GG 19 2 0.393 (0.087-1.782) .561 0.256

A 286 85 0.976 (0.604—1.575) 0.010 0.920

G 100 29

GG + AG.vs.AA 1.244 (0.688-2.252) 0.523 0.470

GG.vs. AG + AA 0.333 (0.075-1.475) 2296 0.176
rs181206 TT 151 45 Ref

CcT 35 I 1.055 (0.496-2.243) 0.019 0.890

CC 7 | 0.479 (0.057—4.00) 0.481 0.686

T 337 101 2.066 (0.999-4.271) 3.967 0.046*

C 2| 13

CC+CTvs.TT 0.959 (0.465-1.975) 0.013 0.909

CCws.CT+TT 0.474 (0.057-3.939) 0.498 0.687

*A p-value of less than 0.05 was considered significant.

malaria parasite counts. The etiology of death in WSX-17"~

mice infected with P. berghei was secondary to liver path-
ology aggravated by Thl immune responses.'® Consistent
with this finding, Villegas-Mendez et al. reported that the
IL-27 receptor (WSX-1) mediates Thl immune responses
during malaria infection, independent of IL-10 and Foxp3™
T-regulatory cells."

Polymorphisms of the IL-27 gene rs34833, rs181209
and 1526528 are located in the intronic region, which

could regulate the expression of the IL-27 gene.”
Furthermore, the polymorphism of the [L-27 gene
1517855750 is located in the exonic region, which is a mis-
sense mutation, and could influence the coding or structure
of the IL-27 cytokine,” and subsequently the function of
the protein product. Several research studies have presented
a link between the variants of IL-27 that were found in this
study and also show a significant association or frequency
of occurrence with the status of the disease. Previous
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Table 5. The genomic distribution of IL-27 SNPs was compared in patients aged |-5 years with patients aged 6 years and older.

Genotype/ Allele Group 1-5Y Group 6Y and above
SNPs distribution (n=7) (n=243) OR (95% C.I.) X P-value
rs34833 GG 7 205 Ref

AG 0 37 2.737(0.153-48.947) 1.26 0.262

AA 0 I 0.109 (0.004-2.917) 0.03 0.853

G 14 447 2.560 (0.150-43.721) 1.22 0.615

A 0 39

AA + AG.vs.GG 2.810 (0.157-50.229) 1.29 0.256

AAvs.AG+ GG 10.778 (0.405-287.019) 0.03 0.865
rs17855750 TT 6 232 Ref

GT | I 0.284 (0.031-2.572) .42 0.234

GG 0 0 0.028 (0.001-1.521) nan 1.00

T 13 475 0.301 (0.036-2.508) 1.38 0.292

G | I

GG+ GTvsTT 0.284 (0.031-2.572) 1.42 0.234

GG.vs.GT+TT 32.467 (0.603—1749.207) nan 1.00
rs181209 CcC 3 183 Ref

AC 3 52 0.284 (0.056—1.450) 2.58 0.108

AA | 8 0.131 (0.012—1.405) 3.85 0.049*

C 9 418 0.293 (0.095-0.900) 5.15 0.039*

A 5 68

AA+AC.vs.CC 0.246(0.054-1.130) 3.76 0.052

AAvs.AC+CC 4.896 (0.526—45.585) 237 0.124
rs26528 AA 2 135 Ref

AG 4 89 0.330 (0.059-1.838) 1.76 0.185

GG | 19 0.281 (0.024-3.255) .17 0.280

A 8 359 0.472 (0.161-1.386) 1.95 0.216

G 6 127

GG+ AG.vs.AA 0.320 (0.061-1.682) 2 0.157

GG.vs. AG + AA 1.965 (0.225-17.178) 0.39 0.534
rs40837 AA 2 140 Ref

AG 4 83 0.296 (0.053-1.654) 2.15 0.143

GG | 20 0.286 (0.025-3.297) .14 0.286

A 8 363 0.452 (0.154-1.328) 2.19 0.210

G 6 123

GG+ AG.vs.AA 0.294 (0.056—1.547) 2.34 0.126

GG.vs. AG + AA 1.858 (0.213-16.209) 0.32 0.569
rs181206 TT 4 192 Ref

CcT 2 44 0.458 (0.081-2.582) 0.82 0.365

CcC | 7 0.146 (0.014-1.480) 3.52 0.061

T 10 428 0.339 (0.103-1.115) 347 0.082

C 4 58

CC+CTvs.TT 0.354 (0.077-1.633) 1.92 0.166

CCws.CT+TT 5.619 (0.594-53.126) 2.86 0.091

*A p-value of less than 0.05 was considered significant.

studies have shown an association between the IL-27
variant rs17855750 and several pathologies such as allergic
rhinitis, preeclampsia, dilated cardiomyopathy, atrial fibril-
lation, increased total abdominal fat, HT, ALL, and renal
cell carcinoma.?>> In addition, Posadas-Sanchez et al.
found that the IL-27 rs26528 T allele is associated with a
lower risk of premature coronary artery disease,”® and
Vargas-Alarcon et al. showed that the rs26528 T allele is
associated with hypoadiponectinemia in subjects resistant
to insulin and hypertension in subjects not resistant to

insulin.>> To our surprise, the literature search did not
reveal any disease process associated with the IL-27 poly-
morphism rs181209.

Analysis of haplotypes of variants of the IL-27 gene
revealed that the frequency of occurrence of two haplo-
types, C-T-A-G and A-T-G-G, was significant in patients
infected with the malaria parasite P. falciparum and the
healthy control group. The C-T-A-G haplotype (rs181209,
rs17855750, rs26528 and rs34833 respectively) was asso-
ciated with protection against malaria infection by
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Table 6. Haplotype analysis of IL-27 SNPs was performed when the control group was compared with patients infected with

P. falciparum.

Haplotypes Case, Control Chi

rs|181209 rs17855750 rs26528 rs34833 Freq. Case, Control Ratio Counts Frequencies Square P Value
C T A G 0.727 347.2:152.8,307.4:92.6 0.694,0.768 6.145 0.013*
A T G G 0.113 66.1 : 433.9,35.8:3642 0.132, 0.089 4.037 0.045*
C T G G 0.051 29.9 : 470.1, 15.7 : 384.3  0.060, 0.039 1.962 0.161
C T G A 0.05 26.1 : 4739, 18.9:381.1 0.052, 0.047 0.109 0.741
C G G G 0.026 11.0:489.0, 12.6 :387.4 0.022, 0.032 0.807 0.369
C T A A 0.017 11.9:488.1, 3.1 : 396.9 0.024, 0.008 3.542 0.060
A T A G 0013 5.9:494.1,6.2:393.8 0.012,0.015 0.236 0.627

*A p-value of less than 0.05 was considered significant.

Table 7. Haplotypes of the IL-27 gene were compared when group

-5 years of parasite was compared with 6 years and older.

Haplotypes

rsI81209  rsI7855750 rs26528 Freq.  Case, Control Ratio Counts  Case, Control Frequencies  Chi Square P Value

C T A 0.718 351.2:1348,79:6.1 0.723, 0.567 1.631 0.202
A T G 0.133 61.4:4246,5.0:9.0 0.126, 0.354 6.125 0.013*
C T G 0.112 55.8:430.2,0.1 : 13.9 0.115, 0.004 1.669 0.196
C G G 0.022 9.9:476.1,1.0:13.0 0.020, 0.070 1.6 0.206
A T A 0.013 6.6:479.4,0.0: 14.0 0.014, 0.003 0.11 0.740

*A p-value of less than 0.05 was considered significant.
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Figure . Luciferase reporter assay to monitor the activity of the IL-27 5" UTR promoter region. Different parts of this region were
generated and tested for their activities as detected by the luciferase activities. The constructs were transfected into HEK293 cells that
were lysed after 6 h and luciferase activity was determined. Each experiment was repeated three times in triplicates + SEM. Statistical
significance was established using the unpaired one-way Analysis of Variance (ANOVA) test (p <0.05).

P. falciparum, while the A-T-G-G haplotype (rs181209,
rs17855750, 1s26528 and rs34833 respectively) was
found to be related to a high vulnerability to malaria
infection by the parasite P. falciparum. Furthermore, we
found a haplotype was found to be significantly

predominant in the P. falciparum malaria population at
1-5 years in our study; A-T-G (rs181209, rs17855750
and rs26528 respectively) in this study. All haplotypes
found to be statistically significant had at least one risk
allele present.
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Figure 2. Luciferase reporter assay to monitor the activity of the IL-27 3’ UTR region. Different parts of this region were generated
and tested for their activities as detected by the luciferase activities. The constructs were transfected into HEK293 cells, the cells were
lysed after 6 h and the luciferase activity was determined. Each experiment was repeated three times in triplicates + SEM. Statistical
significance was established using the unpaired one-way ANOVA test (p <0.05).

We also performed a luciferase reporter assay to
examine the contribution of IL-27 variants to the expression
of the IL-27 gene in the 5SUTR and 3'UTR regions. The
finding confirmed that the IL-27 variants significantly
enhanced luciferase activity in HEK293 cells and therefore
could influence the transcription of the /L-27 gene and the
stability of RNA transcripts. Our data allowed us to draw
the conclusion that the genetic variation of IL-27 could
influence the risk of P. falciparum malaria infection by
increasing and/or decreasing its expression.

Taking into account the limitations of the study men-
tioned below, we emphasize that the findings of our study
should be interpreted with caution: 1) the causal relation-
ship cannot be established owing to the retrospective
nature of the study; 2) false negative associations could
be anticipated due to the small number of participants in
the study; 3) there is potential selection bias due to conveni-
ent selection of subjects restricting the extension of the find-
ings of our study to the general population; 4) since we
studied only variants tagged in the functional region of
the IL-27 gene, variants of the IL-27 gene in the noncoding
region or between exons that could influence IL-27 cyto-
kine expression could have been ignored; and 5) the prelim-
inary findings of this study with respect to the
polymorphisms of the /L-27 gene and its association with
P. falciparum malaria infection observed in other ethnic
populations.

Conclusions

In summary, our study findings suggest that the AA genotype
of variant rs181209 and the GG genotype and the minor allele
G of variant 1526528 could be associated with the risk of

malaria infection by P. falciparum by influencing the
protein expression of the IL-27 gene and subsequent alteration
of the immune response related to Th1l, Th2 and Th17. We
stress that future research on this specific area is needed as
our study is not a true reflection of the immunopathological
mechanisms underlying the malaria infection by P. falcip-
arum. However, it does offer a well-directed route for potential
work.
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