The Role of Aryl Hydrocarbon Receptor in Malaria Immunity During
Adulthood, Childhood and Pregnancy: A review article

Abstract

Malaria is most prevalent parasitic disease , it caused by coccidian parasite of the
genus plasmodium , four species are usually infect human beings, P. falciparum, P.
vivax, P. malriae and P. ovale, Most of malaria cases resulted from P. falciparum and
P. vivax. Aryl hydrocarbon receptor (AHR) is an environmental sensor exists in
many parts of human body such as lung , spleen, gut and breast . In this review we
discussed the functions of it as regulator for proinflammatory and anti-inflammatory
cytokines , the possible role of diet during pregnancy and breastfeeding in boosting
immunity against malaria during pregnancy and childhood by triggering AHR. Also
we hypothesize that probable role of it in synchronizing erythrocytic schizogongy.
Experimental studies recommended to know more about the biological protective
functions of AHR.
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Background:

Malaria is a protozoan parasitic infection caused by one or more of the identified
species of plasmodium which infect humanbeings (Plasmodium vivax, Plasmodium
ovale , Plasmodium ovale curtisi, Plasmodium malariae, and Plasmodium
knowlesi).

It stills a disturbing worldwide health disaster. Internationally, an expected 300-500
million people infected with malaria annually, resulting in 1.5-2.7 million deaths
every year. Because of the increase in the global move to and immigration of people
from malaria endemic areas, the rate of imported cases of malaria in developed
countries has raised. Approximately 10,000-30,000 travellers from industrial
countries are likely to contract malaria yearly. Also, drug-resistant Plasmodium
falciparum malaria exists to expand and now involves about all regions of the globe.
An increasing number of travellers exposed to drug-resistant plasmodia .Malaria
presents a wide range of systemic clinical consequences and many life threatening
organ pathologies, including the fatal cerebral malaria. Comparable to other infectious
diseases, it is an inflammatory reaction-induced disease, and positive results to



infection depend on fine tuned regulation of immune responses that capably
eliminate plasmodia and allow protective immunity build up[1].

Aryl hydrocarbon receptor (AHR) is a member of the periodic circadian protein
(PER)-AHR nuclear translocator (ARNT)-single-minded protein (SIM) superfamily
of transcription factors, where the PER-ARNT-SIM (PAS) domain senses evenly
endogenous factors and exogenous factors . It , and other members of the PAS
superfamily that alarmed in monitoring oxygen concentrations, redox potential and
alterations in the circadian rhythm, regulate adaptation to the cellular setting. It, for
adjusts biological activities that are extremely related to tissue homeostasis and to the
progress of pathological states ranging as inflammation [2]. It is widely expressed in
the body and in particular in the immune system. It is greatly signified in spleen,
lymph nodes, lung , gut skin and breast to face pathogens at the these vital organs ,in
keeping with its main role as an environmental sensor [figure:1]. It is greatly
expressed in Th17 cells, not noticeable in Thl and Th2 cells, and slightly expressed in
regulatory T cells (Tregs) [3].

The aryl hydrocarbon receptor (AhR) is a ligand-activated transcription factor that
activated by small molecules provided by the diet, microorganisms, metabolism and
pollutants [4]. Moreover, it reported that the AHR pathway involved in maintaining a
balance between promoting and preventing oxidative stress [5].

Discussion:

Study done by Brant F et al showed that AhR-knockout (KO) mice infected with P.
berghei Anka displayed augmented parasitemia, earlier death, promoted leukocyte-
endothelial cell interactions in the brain microvasculature, and raised inflammation in
brain (interleukin-17 [IL-17] and IL-6) and liver (gamma interferon [IFN-y] and
tumor necrosis factor alpha [TNF-a]) in comparison to infected wild-type (WT) mice
[6].

AHR-ligation did not just reduce the number of Th17 cells but moreover prepared
naive CD4(+) T cells to release I1L-22 without IL-17 and IFN-gamma [7].

Th17 mainly take part to inflammation by recruitment of neutrophils and induction of
secretion of many pro-inflammatory mediators, counting IL-6, IL-1, ), chemokines,
tumor necrosis factor o (TNF-a) and metalloproteinases .1t produces IL-17, IL-17F,
and IL-22, so inducing a massive tissue reaction due to the wide allocation of the IL-
17 and IL-22 receptors [8].

Study done by Bueno LL et al showed that malaria-infected people present a
noteworthy raise of IL-17-producing CD4" T cells in peripheral blood, which
accompanied with creation of IFN-y, IL-10 and TGF- [9]. IL-22 is a member of the
IL-10 cytokine family, which recognized highly significant in immune regulation.

A firm regulation between the pro— and anti—inflammatory immune responses
throughout plasmodial infection is of critical significance, as a disturbance guides to
severe malaria pathology [10].
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Figure (1): Shows Environmental sensor , Aryl hydrocarbon receptor.

Current work demonstrates that daily rhythms also allow parasites to maximise fitness
in the context of environmental interactions with their hosts [11]. Genetic depletion of
AhR promoted behavioural responses to alterations in the light-dark cycle, raised
rhythmic amplitude of circadian clock genes in the liver, and distorted rhythms of
glucose and insulin [12].

The functional human hematopoietic progenitor cells express the aryl hydrocarbon
receptor, and that stimulation of this receptor in hematopoietic progenitor cells forces
extension of the progenitor cells, along with megakaryocyte- and erythroid-lineage
cells, proposes that [aryl hydrocarbon receptor] has a very significant biological role
in how blood cells form in the human body [13].

Study done by Brazeau NF et al showed that exclusive breastfeeding (EBF)
accompanied with a low risk of clinical malaria between 6 months aged children in
Congo republic , signifying a defensive influence of EBF against malaria [14]. Study
done by showed taking a diet rich in the aryl hydrocarbon receptor (AHR) ligand
indole-3-carbinole (13C), or of breast milk, triggers AHR [15] and we hypothesized
that activation of aryl hydrocarbon receptors decrease malaria mortality among
infants.

Conclusion:
We conclude that aryl hydrocarbon receptor play important role in malaria immunity
during adulthood and childhood periods. It decreases level of proinflammatory
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cytokines by influencing number of Th17 cells and maintenance of tight balance
between proinflammatory and anti-inflammatory cytokines . Diet throughout the
pregnancy and breastfeeding after delivery activate aryl hydrocarbon receptors and
offer protection against malaria infection to the pregnant women, foetuses and
infants. Furthermore we hypothesized that synchronized erythrocytic schizogongy
controlled by aryl hydrocarbon receptor(AHR). Experimental studies required to
know more about the biological roles of ARH in malaria immunity.

References:

1. Mosab Nouraldein Mohammed Hamad, Sufian Khalid M. Noor, Awadalla H
Kashif, Mohammed Medani Eltayeb, Bader Saud Alotaibi, Elizabeth Popova,
Rania Saad Abdulgader, Abdelgadir Elamin Eltom, Shafie Abdulkadir Hassan,
Yassin Bakri Salih, Tarig Mohamed Elfaki and Mohammed Ahmed Ibrahim
Ahmed, Impact of Uric Acid in Malaria Outcomes, International Journal of Medical
Research & Health Sciences, 2021, 10(12): 36-63.

2. Rothhammer V, Quintana FJ. The aryl hydrocarbon receptor: an environmental
sensor integrating immune responses in health and disease. Nat Rev Immunol. 2019
Mar;19(3):184-197. doi: 10.1038/s41577-019-0125-8. PMID: 30718831.



3. Stockinger B, Di Meglio P, Gialitakis M, Duarte JH. The aryl hydrocarbon
receptor: multitasking in the immune system. Annu Rev Immunol. 2014;32:403-32.
doi: 10.1146/annurev-immunol-032713-120245. PMID: 24655296.

4. Gutiérrez-Vazquez C, Quintana FJ. Regulation of the Immune Response by the
Aryl Hydrocarbon Receptor. Immunity. 2018 Jan 16;48(1):19-33. doi:
10.1016/j.immuni.2017.12.012. PMID: 29343438; PMCID: PMC5777317.

5. Shin S, Wakabayashi N, Misra V, Biswal S, Lee GH, Agoston ES, Yamamoto
M, Kensler TW. NRF2 modulates aryl hydrocarbon receptor signaling: influence on
adipogenesis. Mol Cell Biol. 2007 Oct;27(20):7188-97. doi: 10.1128/MCB.00915-07.
Epub 2007 Aug 20. PMID: 17709388; PMCID: PMC2168916.

6. Brant F, Miranda AS, Esper L, Rodrigues DH, Kangussu LM, Bonaventura D,
Soriani FM, Pinho V, Souza DG, Rachid MA, Weiss LM. Role of the aryl
hydrocarbon receptor in the immune response profile and development of pathology
during Plasmodium berghei Anka infection. Infection and immunity. 2014
Aug;82(8):3127-40.

7. Ramirez JM, Brembilla NC, Sorg O, Chicheportiche R, Matthes T, Dayer JM,
Saurat JH, Roosnek E, Chizzolini C. Activation of the aryl hydrocarbon receptor
reveals distinct requirements for 1L-22 and IL-17 production by human T helper cells.
Eur J Immunol. 2010 Sep;40(9):2450-9. doi: 10.1002/€ji.201040461. PMID:
20706985.

8. Korn T, Bettelli E, Oukka M, Kuchroo VK. IL-17 and Th17 Cells. Annu Rev
Immunol. 2009;27:485-517. doi: 10.1146/annurev.immunol.021908.132710. PMID:
19132915.

9. Bueno LL, Morais CG, Lacerda MV, Fujiwara RT, Braga EM. Interleukin-17
producing T helper cells are increased during natural Plasmodium vivax infection.
Acta tropica. 2012 Jul 1;123(1):53-7.

10. Sellau J, Alvarado CF, Hoenow S, Mackroth MS, Kleinschmidt D, Huber S,
Jacobs T. IL-22 dampens the T cell response in experimental malaria. Scientific
reports. 2016 Jun 17;6(1):1-1.

11. Prior KF, van der Veen DR, O'Donnell AJ, Cumnock K, Schneider D, Pain
A, Subudhi A, Ramaprasad A, Rund SSC, Savill NJ, Reece SE. Timing of host
feeding drives rhythms in parasite replication. PLoS Pathog. 2018 Feb
26;14(2):1006900. doi: 10.1371/journal.ppat.1006900. PMID: 29481559; PMCID:
PMC5843352.

12. Jaeger C, Khazaal AQ, Xu C, Sun M, Krager SL, Tischkau SA. Aryl
Hydrocarbon Receptor Deficiency Alters Circadian and Metabolic Rhythmicity. J
Biol Rhythms. 2017 Apr;32(2):109-120. doi: 10.1177/0748730417696786. Epub
2017 Mar 27. PMID: 28347186.



13. https://www.healio.com/news/hematology-
oncology/20130621/hot0613smith 10 3928 1081597x2013060106 1229469.

14. Brazeau NF, Tabala M, Kiketa L, Kayembe D, Chalachala JL, Kawende B,
Lapika B, Meshnick SR, Yotebieng M. Exclusive Breastfeeding and Clinical
Malaria Risk in 6-Month-Old Infants: A Cross-Sectional Study from Kinshasa,
Democratic Republic of the Congo. Am J Trop Med Hyg. 2016 Oct 5;95(4):827-830.
doi: 10.4269/ajtmh.16-0011. Epub 2016 Aug 22. PMID: 27549632; PMCID:
PMC5062781.

15. Lu P, Yamaguchi Y, Fulton WB, Wang S, Zhou Q, Jia H, Kovler ML,
Salazar AG, Sampah M, Prindle T Jr, Wipf P, Sodhi CP, Hackam DJ. Maternal
aryl hydrocarbon receptor activation protects newborns against necrotizing
enterocolitis. Nat Commun. 2021 Feb 15;12(1):1042. doi: 10.1038/s41467-021-
21356-4. PMID: 33589625; PMCID: PMC7884836.


https://www.healio.com/news/hematology-oncology/20130621/hot0613smith_10_3928_1081597x2013060106_1229469
https://www.healio.com/news/hematology-oncology/20130621/hot0613smith_10_3928_1081597x2013060106_1229469

