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1 Introduction

Thank you for choosing Fitgenes and for 
your purchase of this report. 

Fitgenes is a DNA-based healthtech 
company aiming at helping individuals 
achieve  personalised  goals in overall 
health, nutrition, and performance, by 
applying nutrigenetic and nutrigenomic 
evidence. 

THE BASICS OF DNA
The human genome consists of 23 pairs of 
chromosomes found in the cell nuclei, 
which contain genes and other non-coding 
sequences. Overall, it is estimated that 
each individual has approximately 30,000 
genes. A gene is, essentially, a sequence of 
DNA that codes for a molecule with a 
function. As chromosomes come in pairs, 
each individual has two copies of each 
gene, one inherited from each parent. 

NUTRIGENOMICS
Nutrigenetics and nutrigenomics are the 
disciplines focused on the link between 
diet and genes. In particular, nutrigenetics 
is the science that studies genetic variants 
associated with a differential response to 
nutrients, as well as our health and 
wellbeing, while nutrigenomics is a whole 
system approach that investigates how 
nutrients can affect gene expression. 
Other lifestyle choices, including exercise, 
can also affect gene expression

A person cannot change their inherited 
genes, however they may be able to 
compensate for their influence. That is, 
one can modify gene expression and 
improve the functioning of  genes by 
making the right nutrition, exercise, and 
other lifestyle choices.

Genetic variants (alterations in the DNA sequence) 
are what makes everyone unique.

THE GENETICS OF IMMUNITY

The immune response is a normal biological reaction to protect the body against foreign invaders, such as viruses, bacteria, and other 
substances that appear to be harmful. There are two main types of immune response that work together: 

(i) innate immunity, which is the first line of defence and is present from birth, and

(ii) adaptive immunity, which is more specific and takes longer to activate.

The overall immune response can vary among individuals depending on environmental and genetic factors. In particular, there are genes with a 
direct role in immunity, but there are also other genes with multiple functions that have been shown to affect the immune response more directly.
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1 Your ImmuneHealth Genetic Profile Report

This report presents a number of genes 
from different biological pathways that 
have been demonstrated to have a role in 
the immune system. Some of the genes 
have variants that have been associated 
with risk of varied immunity outcomes, 
while others belong to biological pathways 
relevant to immunity.

This may provide information regarding 
your ability to prevent and minimise the 
impact of disease and, where applicable, 
how your genes may be relevant to your 
ability to fight infections. 

These genes have been grouped 
according to the primary biological 
effect that they have been demonstrated 
to have in the body, although some 
genes will impact multiple biological 
processes.

The groupings are: 

• Inflammation
• Vitamin D pathway
• Cardiovascular health
• Gut health and methylation
• Lipid metabolism
• Zinc metabolism, and
• Vitamin C metabolism

For each gene, three different results are possible, as shown by the figure below.

Beneficial Less Beneficial Least Beneficial

One or both of the genes in the pair 

contributes to the normal healthy 

functioning of the gene product.

One of the genes in the pair is contributing 

to a situation that impairs the healthy 

functioning of the gene product.

Both of the genes in the pair are 

contributing to a situation that impairs 

healthy functioning of the gene product.

The result of a genetic test can be either the 
reference variant (that found in the human 
reference genome) or the alternative (that 
other than the reference found at the same 
position). As described earlier, genes in every 
human being exist as a pair. Variants in one 
or both of the genes, known as alleles, may 
result in three possible physiological 
outcomes as listed in the following table. The 
potential risk variants of each gene (denoted 
by orange or red dots) indicate an impaired or 
suboptimal physiological functioning of the 
gene product, or a less beneficial outcome 
from the available options.

Overall, the higher number of beneficial 
results in the report, the more efficient your 
immunity is likely to be, based on the genes 
tested in this report. Conversely, a higher 
number of less/least beneficial results 
suggest a possible “call for action” or greater 
scrutiny and assessment of your immunity 
risk. This information, combined with other 
assessments, can be used by an accredited 
health practitioner to design more 
personalised and targeted recommendations 
to optimise immunity.

More information and associated references 
and interventions can be found in Fitgenes' 
proprietary Pracware platform.

Note: when comparing results from Fitgenes 
with other sources, it is important to take 
into account whether testing was done on 
the forward or reverse strand. For this 
reason, it is possible that results do not 
match completely, but they are still the same 
(C=G, A=T). Caution should be taken with 
complementary changes (C>G, A>T).

Limitations: all genes and variants presented 
in this report, with their corresponding 
implications for your health, have gone 
through extensive scientific literature 
review. Nevertheless, genetic research is 
rapidly advancing, and our understanding of 
the information included in this report will 
increase over time, and so the content of 
future reports may vary from this one. 
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YOUR RESULTS

INFLAMMATION1

Inflammation is a key biological response of the immune system triggered by pathogens, 
damaged cells or toxic substances. As a consequence of an injury or infection, immune cells travel 
to the necessary site to protect the area and cause inflammation. An efficient inflammatory 
response is controlled by an interplay between pro-inflammatory and anti-inflammatory cytokines, 
and variations in corresponding genes may impact that efficiency.

Gene
(variant)

Short description of the
encoded molecule

Relation to immunity Your Result

IL-1α-1
(rs1800587)

Pro-inflammatory cytokine

Belong to the IL-1 family of cytokines

Have a key role in inflammation and host response to pathogen
infection

Genetic variations in IL-1A and IL-1B have been associated with
susceptibility to and/or severity of influenza virus infection

CC   

IL-1α-2
(rs17561)

GG   

IL-1-β
(rs16944)

AG   

IL-1B-2
(rs1143627)

TC   

IL-6
(rs1800795)

Important mediator of the acute phase response

Also acts as anti-inflammatory cytokine

Genetic variation in IL-6 has been associated with spontaneous
clearance of hepatitis C virus infections

Overexpression leads to a favourable viral environment

GC   

IL-8
(rs4073)

Makes neutrophils and other granulocytes migrate to the site of
infection and stimulates phagocytosis

AA   

IL-17
(rs2275913)

Key cytokine whose role is linking T cell activation to neutrophil
mobilization and activation

Genetic variation in IL-17 has been associated with susceptibility to
and/or severity of influenza virus infection

GG   

IL-18
(rs1946518)

Augments natural killer cells and stimulates interferon-gamma
production in T-helper type I cells

GG   

IL-28B
(rs8099917)

Cytokine member of the interferon (IFN)-λ family, reported to
regulate B- and T-cell responses during influenza vaccination

Genetic variation in IL-28B has been associated with susceptibility
to and/or severity of influenza virus infection

GT   
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YOUR RESULTS

1 INFLAMMATION (cont.)

Inflammation is a key biological response of the immune system triggered by pathogens, 
damaged cells or toxic substances. As a consequence of an injury or infection, immune cells travel 
to the necessary site to protect the area and cause inflammation. An efficient inflammatory 
response is controlled by an interplay between pro-inflammatory and anti-inflammatory cytokines, 
and variations in corresponding genes may impact that efficiency.

Gene
(variant)

Short description of the
encoded molecule

Relation to immunity Your Result

TNFα
(rs1800629)

Pro-inflammatory cytokine
(cont'd)

Its main role is the regulation of immune cells

Also part of the acute phase reaction

Has been shown to be a key negative regulator of type 1 immune
activation following intracellular bacterial infection

Genetic variation in TNFA has been associated with susceptibility to
and/or severity of influenza virus infection

GA   

TNFA-2
(rs361525)

GG   

CRP-1
(rs2794520)

Acute-phase protein whose circulating concentrations increase in
response to inflammation

CC   

CRP-2
(rs2592887)

GG   

CRP-3
(rs1205)

CC   

COX-2-1
(rs20417) Plays a key role in chronic inflammatory events including infections

Highly expressed during gammaherpesvirus directed malignancies

GG   

COX-2-3
(rs689466)

AA   

IL-10-1
(rs1800896)

Anti-inflammatory cytokine

Labelled as "the master regulator of immunity to infection"

Can both prevent pathogen clearance and also improve
immunopathology

AA   

IL-10-2
(rs1800871)

CC   

IL-10-3
(rs1800872)

CC   
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YOUR RESULTS

2 VITAMIN D PATHWAY

Vitamin D is a fat-soluble vitamin produced by the body in response to sunlight, and 
also found in some foods. In addition to its effect on calcium and bone health, vitamin D can 
also modulate both the innate and adaptive immunity, being essential for the proper functioning of 
the immune system. It exerts its function by binding the vitamin D receptor (VDR), which is 
expressed on immune cells (B cells, T cells and antigen presenting cells). Variations in VDRs 
may impact or limit the benefits of Vitamin D, necessary for immune-regulating role of the pro-
inflammatory and anti-inflammatory cytokines. Accordingly, vitamin D deficiency has been 
associated with higher risk of several autoimmune diseases and viral infections.

Gene
(variant)

Short description of the
encoded molecule

Relation to immunity Your Result

VDR
(rs1544410)

Vitamin D receptor

Expressed by immune cells to allow vitamin D to participate in the
regulation of innate immune responses

Has a role in the adaptive immune system by modulating
antigen-presentation and T cells proliferation and phenotype

GG   

VDR-2
(rs731236)

TT   

DHCR7
(rs12785878)

7-dehydrocholesterol reductase
Inhibition of DHCR7 enzyme activity has been associated with a

higher ability to clear multiple viruses through IRF3 activation and
IFNβ production

TG   

CYP2R1
(rs10741657)

25-hydroxylase
CY2PR1 gene transcription has been associated with plasma levels
of 1,25-dihydroxyvitamin D3 in Th cells, a type of T cell essential in

immunity
GG   

GC-1
(rs4588)

Vitamin D-binding protein

Plays a direct role in the inflammatory cascade, and a proximate
role in innate immunity regulation

Genetic variation in GC has been associated with diverse outcomes
in a range of infectious diseases

GG   

GC-2
(rs7041)

CA   

CYP27B1
(rs10877012)

1-alpha-hydroxylase

High expression of CYP27B1 occurs in response to innate immune
stimuli to regulate immune responses

Generates dihydroxyvitamin D in macrophages which has
anti-mycobacterial and anti-viral effector functions

TT   

CYP24A1
(rs6013897)

Enzyme that converts 1,25(OH)2D to inactive 24,25 (OH)2D for
clearance.

TA   
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2 VITAMIN D PATHWAY - DIAGRAM

The following diagram illustrates the biological process of vitamin D as it is processed by 
the skin, liver and kidneys and their associated genes highlighted in different colours according to 
your results. Some of the relevant genes are included in Inflammation. This visual representation 
helps to understand the pathway and the genetic variations affecting vitamin D metabolism.

DHCR7

IL-6

TNFα

TNFA-2

CYP2R1

GC-1

GC-2

CYP24A1 CYP27B1

VDR

VDR-2
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YOUR RESULTS

3 CARDIOVASCULAR HEALTH

Cardiovascular health relies on the healthy functioning of the heart, blood, and blood 
vessels. The heart can be defined as an immunological organ that activates an innate stress 
system following different types of injury to coordinate homeostatic responses. Cardiovascular 
disease has been proposed to be a risk factor for multiple autoimmune diseases and increased 
mortality following viral infections. At the same time, the immune system has an important 
contribution to cardiovascular health.

Gene
(variant)

Short description of the
encoded molecule

Relation to immunity Your Result

ACE
(rs4343)

Renin-angiotensin system
protein

Part of the renin-angiotensin system, which is known to have a key
role in the regulation of blood pressure, but also has an effect on
the immune system and inflammation by modulating the cellular
synthesis of several molecules such as cytokines, chemokines and

transcription factors

Genetic variation in ACE has been associated with the number of
SARS-CoV-2 cases, and as a result this gene has been proposed to

be a predictive marker for COVID-19 risk and severity

ID   

AGT
(rs699)

TT   

AGTR1
(rs5186)

AA   

GNβ3
(rs5443)

Guanine nucleotide-binding
protein G(I)/G(S)/G(T) subunit

beta-3

Genetic variation in GNB3 has been associated with differential T
cell response

CT   

eNOS3-2
(rs1799983)

Nitric oxide synthase 3

Its expression is important for the development of adaptive
immune responses

Nitric oxide is involved in the pathogenesis and control of infectious
diseases and regulates dendritic cells immune function

GT   

NADPH-CYBA
(rs4673)

Cytochrome b-245 alpha chain

Produces a protein part of the NADPH oxidase enzyme complex,
which is essential in the immune system

Especially active in phagocytes and regulates the activity of
neutrophils

CC   

PAI-1-S
(rs2227631)

Plasminogen activator inhibitor 1
Has a critical role in protecting the host during the acute phase of

infection by regulating interferon-gamma release
GG   

ADIPOQ
(rs1501299)

Adiponectin

Produces adiponectin which has anti-inflammatory activity

Has been labelled as "a versatile player in innate immunity"

Genetic variation in ADIPOQ has been reported to result in higher
adiponectin levels affecting the regulation of the immune response

CA   
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4 GUT HEALTH AND METHYLATION

The microorganisms residing in the gastrointestinal tract have a role in regulating innate 
and adaptive immune homeostasis, not only in the local intestinal immune system but also in the 
systemic immune responses, being essential to host health. It has also been shown that host 
genetics has an effect on the composition of the gut microbiome, in combination with diet 
and lifestyle, with certain genetic variants leading to differences in the immune response 
through microbiome dysbiosis, among other mechanisms. On the other hand, gut microbiota 
composition is also associated with the global methylation pattern, having a specific role in the 
intestinal folate production.

YOUR RESULTS

Gene
(variant)

Short description of the
encoded molecule

Relation to immunity Your Result

FUT2
(rs602662)

Golgi stack membrane protein

Affects the HBGA (Histo-Blood Group Antigen) expression in
intestinal epithelial cells

Genetic variation in FUT2 determining the secretor or non-secretor
status has been shown to modulate innate immune responses and

may affect survival during different pathogen outbreaks

AA   

TLR1-1
(rs5743551)

Toll-like receptor

Expressed in the intestinal epithelial cells where it has a role in
recognising harmful microorganisms and regulating the immune

response

Activation of TLR signalling leads to the production of inflammatory
cytokines and chemokines

Genetic variation in TLR1 has been associated with
hyperinflammatory response, and consequently worse immunity

outcomes, as well as differences in the ability to recognise harmful
microorganisms

Genetic variation in TLR4 has been associated with predisposition
to many types of infectious diseases

CT   

TLR4
(rs4986790)

AA   

MY09B-2
(rs1545620)

Myosin IXB

Highly expressed in the human immune system

Genetic variation in MY09B has been associated with risk of
intestinal and autoimmune disorders, suggesting a defect in the

primary intestinal barrier

CA   

MTHFR-1
(rs1801133)

Methylenetetrahydrofolate
reductase

While genetic variation in MTHFR leads to reduced enzyme activity
and therefore risk of impaired methylation and folate deficiency,

this variation has also been reported to provide a survival
advantage in the host response against pathogens and therefore

might represent a beneficial outcome for immunity.

Note: The genetic variant result will be the same, however the
interpretation here (green versus orange/red) could therefore be

expected to be different to that in the Fitgenes Health and
Wellbeing Report.

CC   

MTHFR-2
(rs1801131)

CA   

4.0



PAGE 10 .|   VER SION PER SONALISED HEALTH

YOUR RESULTS

5 LIPID METABOLISM

Lipid metabolism refers to the synthesis and degradation of lipids in cells. There is a 
complex interplay between lipid metabolism and the immune system by regulating each other. 
Specifically, lipids have immune functions to protect and modulate immune responses against 
infectious agents, which are attempting to exploit existing lipid signalling for cellular entry.

Gene
(variant)

Short description of the
encoded molecule

Relation to immunity Your Result

PPARδ
(rs2016520)

Member of the peroxisome
proliferator-activated receptor
subfamily of nuclear receptors

Has multiple functions in the immune system

Expressed mostly by macrophages and dendritic cells

Activation of PPARG has been proposed to be a potential effective
therapeutic strategy following virus infections

TT   

PPARγ
(rs1801282)

Guanine nucleotide-binding
protein G(I)/G(S)/G(T) subunit

beta-3

Has a role in in mediating responses to inflammation

Expressed by many immune cells, including
monocytes/macrophages, platelets, lymphocytes, and dendritic

cells

CC   

LEPR-1
(rs1137101)

Leptin receptor

Inflammatory molecule that regulates both adaptive and innate
immunity

Links metabolism with the immune system

Can enhance multiple immune functions and inhibit CD4+ T and NK
cells

AA   

LEPR-2
(rs1137100)

AA   

ADRβ2
(rs1042714)

Beta-2-adrenergic receptor
ADRB2 signalling has been reported to regulate inflammation

through IL-10 rapid induction and to have a role in adaptive T-cell
responses to infection

GG   

CETP
(rs708272)

Cholesteryl ester transfer
protein

Has a role in decreasing the inflammatory response to bacterial
endotoxins by interacting with the innate immune system and

sequestrating pro-inflammatory lipopolysaccharide
TT   
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YOUR RESULTS

6 ZINC METABOLISM

Zinc is an essential mineral naturally present in some foods. Zinc homeostasis is essential 
for the function of the immune system, given that zinc has a role in maintaining host immune 
function. Zinc deficiency has been shown to negatively affect both innate and adaptive immune 
responses, leading to an increased risk of infection. 

Gene
(variant)

Short description of the
encoded molecule

Relation to immunity Your Result

SLC39A14
(rs4872479)

Zinc transporter 14

Zinc importing protein with a role in glucose homeostasis

Genetic variation in SLC39A14 has been associated with blood zinc
concentrations

GG   

CA-1
(rs1532423)

Carbonic anhydrase

Carbonic anhydrases are zinc-containing enzymes that account for
nearly all the zinc in erythrocytes

Genetic variation in CA-1 has been associated with blood zinc
concentrations

CT   

PPCDC
(rs2120019)

Phosphopantothenoylcysteine
decarboxylase

Part of the coenzyme A synthesis pathway

Reported to affect zinc status through effects vitamin B5
metabolism

Genetic variation in PPCDC has been associated with blood zinc
concentrations

TT   

NBDY
(rs4826508)

Negative Regulator Of P-Body
Association

Human microprotein that interacts with the mRNA decapping
complex

Genetic variation in NBDY has been associated with blood zinc
concentrations

TC   
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YOUR RESULTS

7 VITAMIN C METABOLISM

Vitamin C is an essential macronutrient with many functions in the human body, including 
collagen formation, iron absorption, and proper functioning of the innate and adaptive immune 
system. Specifically, it supports epithelial barrier against pathogens and has a role in microbial 
killing. Research has shown a link between vitamin C deficiency and risk of infectious diseases 
and supplementation with vitamin C has been shown to prevent and treat respiratory and 
systemic infections.

Gene
(variant)

Short description of the
encoded molecule

Relation to immunity Your Result

SLC23A1
(rs33972313)

Vitamin C transporter

Key transporters involved in the absorption of vitamin C into the
body

Genetic variation in SLC23A1 and SLC23A2 has been associated with
vitamin C levels

CC   

SLC23A2
(rs6053005)

CC   
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1 Summary

This report has been designed to identify variations in your genes involved in multiple 
biological pathways that could have an impact on your immunity. This and other information can 
be used by your health practitioner to design personalised interventions to boost your immunity. 

Samples obtained after 18 Oct 2021 will test for all genes listed in this new ImmuneHealth Report. Older samples will only show genes which 
were available at the time of original testing (as listed in the previous version; the “Immunity Report”). Because of this, older samples may 

give a report with sections appearing blank as they were not present in the old panel.

The immune response is a very complex biological process controlled by genetic and environmental influences, and this report contains a 
subset of genes with a role in the immune response. A number of genetic variants included in this profile were originally selected based on 
outcomes related to the Fitgenes Health and Wellbeing profile, and therefore, unless indicated in the text, there are no reports 
specifically linking variation to immunity. If you have a serious concern about your immune system, please speak to your health practitioner.

# Gene Reported Variant rsID Your Result
Inflammation - Pro-inflammatory cytokine

1 IL-1α-1 -889C>T rs1800587 CC   

2 IL-1α-2 +4845G>T rs17561 GG   

3 IL-1-β -511G>A rs16944 AG   

4 IL-1B-2 rs1143627 TC   

5 IL-6 -174 G>C rs1800795 GC   

6 IL-8 -251T>A rs4073 AA   

7 IL-17 rs2275913 GG   

8 IL-18 -607C>A (G>T) rs1946518 GG   

9 IL-28B rs8099917 GT   

10 TNFα -308 G>A rs1800629 GA   

11 TNFA-2 rs361525 GG   

12 CRP-1 +0169171C>T rs2794520 CC   

13 CRP-2 +0143294C>T (G>A) rs2592887 GG   

14 CRP-3 3872C>T rs1205 CC   

15 COX-2-1  (-765 G>C) rs20417 GG   

16 COX-2-3 -1195A>G rs689466 AA   

Inflammation - Anti-inflammatory cytokine

17 IL-10-1 -1082G>A rs1800896 AA   

18 IL-10-2 -819C>T rs1800871 CC   

19 IL-10-3 -592C>A rs1800872 CC   

Methylation - Golgi stack membrane protein

20 FUT2 A>G(T>C), (Ser258Gly) rs602662 AA   

Methylation - Toll-like receptor

21 TLR1-1 rs5743551 CT   

22 TLR4 rs4986790 AA   

Methylation - Myosin IXB

23 MY09B-2 rs1545620 CA   

Methylation - Methylenetetrahydrofolate reductase

24 MTHFR-1 +677 C>T rs1801133 CC   

25 MTHFR-2 +1298A>C rs1801131 CA   

Vitamin D metabolism - Vitamin D receptor

26 VDR Bsml RFLP rs1544410 GG   

27 VDR-2 Taq1  C>T rs731236 TT   

Vitamin D metabolism - 7-dehydrocholesterol reductase

28 DHCR7 T > G rs12785878 TG   

Vitamin D metabolism - 25-hydroxylase

29 CYP2R1 G > A rs10741657 GG   

Vitamin D metabolism - Vitamin D-binding protein

30 GC-1 1307C>A, T436K rs4588 GG   

31 GC-2 1296G>T, D432E rs7041 CA   

Vitamin D metabolism - 1-alpha-hydroxylase

32 CYP27B1 -1260C > A rs10877012 TT   

33 CYP24A1 T > A rs6013897 TA   

# Gene Reported Variant rsID Your Result
Cardiovascular health - Renin-angiotensin system protein

34 ACE Ins. / Del. rs4343 I/D   

35 AGT M235T rs699 TT   

36 AGTR1 +1166A>C rs5186 AA   

Cardiovascular health - Guanine nucleotide-binding protein G(I)/G(S)/G(T) subunit beta-3

37 GNβ3 C825T rs5443 CT   

Cardiovascular health - Nitric oxide synthase 3

38 eNOS3-2 +894G>T rs1799983 GT   

Cardiovascular health - Cytochrome b-245 alpha chain

39 NADPH-CYBA +242C>T rs4673 CC   

Cardiovascular health - Plasminogen activator inhibitor 1

40 PAI-1-S -844G>A rs2227631 GG   

Cardiovascular health - Adiponectin

41 ADIPOQ +276 G>T (C>A) rs1501299 CA   

Lipid metabolism - Member of the peroxisome proliferator-activated receptor subfamily of nuclear receptors

42 PPARδ +294T > C rs2016520 TT   

Lipid metabolism - Guanine nucleotide-binding protein G(I)/G(S)/G(T) subunit beta-3

43 PPARγ Pro12Ala rs1801282 CC   

Lipid metabolism - Leptin receptor

44 LEPR-1 Gln223Arg rs1137101 AA   

45 LEPR-2 Lys109Arg rs1137100 AA   

Lipid metabolism - Beta-2-adrenergic receptor

46 ADRβ2 (Gln27Glu) rs1042714 GG   

Lipid metabolism - Cholesteryl ester transfer protein

47 CETP +279G>A (C>T) rs708272 TT   

Zinc metabolism - Zinc transporter 14

48 SLC39A14 rs4872479 GG   

Zinc metabolism - Carbonic anhydrase

49 CA-1 rs1532423 CT   

Zinc metabolism - Phosphopantothenoylcysteine decarboxylase

50 PPCDC rs2120019 TT   

Zinc metabolism - Negative Regulator Of P-Body Association

51 NBDY rs4826508 TC   

Vitamin C metabolism - Vitamin C transporter

52 SLC23A1 rs33972313 CC   

53 SLC23A2 rs6053005 CC   

4.0



PAGE 14 .|   VER SION PER SONALISED HEALTH

1 References
Abella, V., Scotece, M., Conde, J., Pino, J., Gonzalez-Gay, M. A., Gomez-Reino, J. J., . . . Gualillo, O. (2017). Leptin in the interplay of inflammation, metabolism and immune system 
disorders. Nat Rev Rheumatol, 13(2), 100-109. doi:10.1038/nrrheum.2016.209
Agac, D., Estrada, L. D., Maples, R., Hooper, L. V., & Farrar, J. D. (2018). The beta2-adrenergic receptor controls inflammation by driving rapid IL-10 secretion. Brain Behav Immun, 74, 
176-185. doi:10.1016/j.bbi.2018.09.004
Agnese DM, Calvano JE, Hahm SJ, et al. Human toll-like receptor 4 mutations but not CD14 polymorphisms are associated with an increased risk of gram-negative infections. J 
Infect Dis. 2002;186(10):1522-1525. doi:10.1086/344893
Alti, D., Sambamurthy, C., & Kalangi, S. K. (2018). Emergence of Leptin in Infection and Immunity: Scope and Challenges in Vaccines Formulation. Front Cell Infect Microbiol, 8, 147. 
doi:10.3389/fcimb.2018.00147
Amaya-Amaya J, Sarmiento-Monroy JC, Rojas-Villarraga A. Cardiovascular involvement in autoimmune diseases. In: Anaya JM, Shoenfeld Y, Rojas-Villarraga A, et al., editors. 
Autoimmunity: From Bench to Bedside [Internet]. Bogota (Colombia): El Rosario University Press; 2013 Jul 18. Chapter 38. Available from: https://www.ncbi.nlm.nih.gov/books/
NBK459468/
Annika Linde, Derek Mosier, Frank Blecha, Tonatiuh Melgarejo, Innate immunity and inflammation - New frontiers in comparative cardiovascular pathology, Cardiovascular Research, 
Volume 73, Issue 1, January 2007, Pages 26-36, https://doi.org/10.1016/j.cardiores.2006.08.009
Antonopoulou A, Baziaka F, Tsaganos T, et al. Role of tumor necrosis factor gene single nucleotide polymorphisms in the natural course of 2009 influenza A H1N1 virus infection. Int J 
Infect Dis. 2012;16(3):e204-e208. doi:10.1016/j.ijid.2011.11.012
Aranow C. Vitamin D and the immune system. J Investig Med. 2011;59(6):881-886. doi:10.2310/JIM.0b013e31821b8755
Belambri SA, Rolas L, Raad H, Hurtado-Nedelec M, Dang PM, El-Benna J. NADPH oxidase activation in neutrophils: Role of the phosphorylation of its subunits. Eur J Clin Invest. 2018;48 
Suppl 2:e12951. doi:10.1111/eci.12951
Bernotiene, E., Palmer, G., & Gabay, C. (2006). The role of leptin in innate and adaptive immune responses. Arthritis Res Ther, 8(5), 217. doi:10.1186/ar2004
Bernstein, K. E., Khan, Z., Giani, J. F., Cao, D. Y., Bernstein, E. A., & Shen, X. Z. (2018). Angiotensin-converting enzyme in innate and adaptive immunity. Nat Rev Nephrol, 14(5), 
325-336. doi:10.1038/nrneph.2018.15
Bogdan, C. (2001). Nitric oxide and the immune response. Nat Immunol, 2(10), 907-916. doi:10.1038/ni1001-907
Brockmeyer NH, Potthoff A, Kasper A, Nabring C, Jöckel KH, Siffert W. GNB3 C825T polymorphism and response to anti-retroviral combination therapy in HIV-1-infected patients--a 
pilot study. Eur J Med Res. 2005;10(11):489‐494
Calle-Fabregat C, Morante-Palacios O, Ballestar E. Understanding the Relevance of DNA Methylation Changes in Immune Differentiation and Disease. Genes (Basel). 2020;11(1):110. 
Published 2020 Jan 18. doi:10.3390/genes11010110
Carr, A. C., & Maggini, S. (2017). Vitamin C and Immune Function. Nutrients, 9(11), 1211. https://doi.org/10.3390/nu9111211
Christodoulou A, Ierodiakonou D, Awofala AA, et al. Variants in ADIPOQ gene are linked to adiponectin levels and lung function in young males independent of obesity. PLoS One. 
2020;15(1):e0225662. Published 2020 Jan 24. doi:10.1371/journal.pone.0225662
Chun, R. F., Liu, P. T., Modlin, R. L., Adams, J. S., & Hewison, M. (2014). Impact of vitamin D on immune function: lessons learned from genome-wide analysis. Front Physiol, 5, 151. 
doi:10.3389/fphys.2014.00151
Ciavarella, C.; Motta, I.; Valente, S.; Pasquinelli, G. Pharmacological (or Synthetic) and Nutritional Agonists of PPAR-γ as Candidates for Cytokine Storm Modulation in COVID-19 Disease. 
Molecules 2020, 25, 2076
Clohisey S, Baillie JK. Host susceptibility to severe influenza A virus infection. Crit Care. 2019;23(1):303. Published 2019 Sep 5. doi:10.1186/s13054-019-2566-7
Couper, K. N., Blount, D. G., & Riley, E. M. (2008). IL-10: the master regulator of immunity to infection. J Immunol, 180(9), 5771-5777. doi:10.4049/jimmunol.180.9.5771
Croasdell, A., Duffney, P. F., Kim, N., Lacy, S. H., Sime, P. J., & Phipps, R. P. (2015). PPARgamma and the Innate Immune System Mediate the Resolution of Inflammation. PPAR Res, 
2015, 549691. doi:10.1155/2015/549691
Crowley, S. D., & Rudemiller, N. P. (2017). Immunologic Effects of the Renin-Angiotensin System. J Am Soc Nephrol, 28(5), 1350-1361. doi:10.1681/asn.2016101066
da Rocha, T. J., Korb, C., Schuch, J. B., Bamberg, D. P., de Andrade, F. M., & Fiegenbaum, M. (2014). SLC30A3 and SEP15 gene polymorphisms influence the serum concentrations of zinc 
and selenium in mature adults. Nutrition research (New York, N.Y.), 34(9), 742-748. https://doi.org/10.1016/j.nutres.2014.08.009
Dahmer, M. K., Cornell, T., & Quasney, M. W. (2016). Genetic and epigenetic factors in the regulation of the immune response. Curr Opin Pediatr, 28(3), 281-286. doi:10.1097/
mop.0000000000000356
David JM, Dominguez C, Hamilton DH, Palena C. The IL-8/IL-8R Axis: A Double Agent in Tumor Immune Resistance. Vaccines (Basel). 2016;4(3):22. Published 2016 Jun 24. 
doi:10.3390/vaccines4030022
Dinarello, C. A. (2018). Overview of the IL-1 family in innate inflammation and acquired immunity. Immunol Rev, 281(1), 8-27. doi:10.1111/imr.12621
Egli A, Santer DM, O'Shea D, et al. IL-28B is a key regulator of B- and T-cell vaccine responses against influenza. PLoS Pathog. 2014;10(12):e1004556. Published 2014 Dec 11. 
doi:10.1371/journal.ppat.1004556
Ellinghaus D, Degenhardt F, Bujanda L, et al. Genomewide Association Study of Severe Covid-19 with Respiratory Failure [published online ahead of print, 2020 Jun 17]. N Engl J Med. 
2020;NEJMoa2020283. doi:10.1056/NEJMoa2020283
Estrada LD, Ağaç D, Farrar JD. Sympathetic neural signaling via the β2-adrenergic receptor suppresses T-cell receptor-mediated human and mouse CD8(+) T-cell effector function. Eur J 
Immunol. 2016;46(8):1948‐1958. doi:10.1002/eji.201646395
Evans, D. M., Zhu, G., Dy, V., Heath, A. C., Madden, P. A., Kemp, J. P., McMahon, G., St Pourcain, B., Timpson, N. J., Golding, J., Lawlor, D. A., Steer, C., Montgomery, G. W., Martin, N. G., 
Smith, G. D., & Whitfield, J. B. (2013). Genome-wide association study identifies loci affecting blood copper, selenium and zinc. Human molecular genetics, 22(19), 3998-4006. https://
doi.org/10.1093/hmg/ddt239
Ferdinands JM, Denison AM, Dowling NF, et al. A pilot study of host genetic variants associated with influenza-associated deaths among children and young adults. Emerg Infect 
Dis. 2011;17(12):2294-2302. doi:10.3201/eid1712.111002
Fodil-Cornu, N., Kozij, N., Wu, Q., Rozen, R., & Vidal, S. M. (2009). Methylenetetrahydrofolate reductase (MTHFR) deficiency enhances resistance against cytomegalovirus infection. 
Genes Immun, 10(7), 662-666. doi:10.1038/gene.2009.50
Fujihara, J., Yasuda, T., Kimura-Kataoka, K., Takinami, Y., Nagao, M., & Takeshita, H. (2018). Association of SNPs in genes encoding zinc transporters on blood zinc levels in humans. 
Legal medicine (Tokyo, Japan), 30, 28-33
Galmés, S., Serra, F., & Palou, A. (2020). Current State of Evidence: Influence of Nutritional and Nutrigenetic Factors on Immunity in the COVID-19 Pandemic Framework. Nutrients, 12(9), 
2738. https://doi.org/10.3390/nu12092738
Gandhi J, Khera L, Gaur N, Paul C, Kaul R. Role of Modulator of Inflammation Cyclooxygenase-2 in Gammaherpesvirus Mediated Tumorigenesis. Front Microbiol. 2017;8:538. Published 
2017 Mar 28. doi:10.3389/fmicb.2017.00538
Hall, A. B., Tolonen, A. C., & Xavier, R. J. (2017). Human genetic variation and the gut microbiome in disease. Nat Rev Genet, 18(11), 690-699. doi:10.1038/nrg.2017.63
Hallau J, Hamann L, Schumann RR, Worm M, Heine G. A Promoter Polymorphism of the Vitamin D Metabolism Gene Cyp24a1 is Associated with Severe Atopic Dermatitis in Adults. Acta 
Derm Venereol. 2016;96(2):169‐172. doi:10.2340/00015555-2226
Hewison M. Vitamin D and the intracrinology of innate immunity. Mol Cell Endocrinol. 2010;321(2):103‐111. doi:10.1016/j.mce.2010.02.013
Hubler MJ, Kennedy AJ. Role of lipids in the metabolism and activation of immune cells. J Nutr Biochem. 2016;34:1‐7. doi:10.1016/j.jnutbio.2015.11.002
Iskander, K., Li, J., Han, S., Zheng, B., & Jaiswal, A. K. (2017). NQO1 and NQO2 regulation of humoral immunity and autoimmunity. J Biol Chem, 292(5), 2053. doi:10.1074/
jbc.A117.605809
Knoell, D. L., & Liu, M. J. (2010). Impact of zinc metabolism on innate immune function in the setting of sepsis. International journal for vitamin and nutrition research. Internationale 
Zeitschrift fur Vitamin- und Ernahrungsforschung. Journal international de vitaminologie et de nutrition, 80(4-5), 271-277. https://doi.org/10.1024/0300-9831/a000034

4.0



PAGE 15 .|   VER SION PER SONALISED HEALTH

1 References (cont.)

Kundu R, Chain BM, Coussens AK, Khoo B, Noursadeghi M. Regulation of CYP27B1 and CYP24A1 hydroxylases limits cell-autonomous activation of vitamin D in dendritic cells. Eur J 
Immunol. 2014;44(6):1781-1790. doi:10.1002/eji.201344157
Lagishetty V, Liu NQ, Hewison M. Vitamin D metabolism and innate immunity. Mol Cell Endocrinol. 2011;347(1-2):97-105. doi:10.1016/j.mce.2011.04.015
Le Menn, G., & Neels, J. G. (2018). Regulation of Immune Cell Function by PPARs and the Connection with Metabolic and Neurodegenerative Diseases. Int J Mol Sci, 19(6). 
doi:10.3390/ijms19061575
Li J, Wang X, Chen J, Cai Y, Deng A, Yang M. Association between ABO blood groups and risk of SARS-CoV-2 pneumonia. Br J Haematol. 2020;190(1):24-27. doi:10.1111/bjh.16797 Lin, 
R. (2016). Crosstalk between Vitamin D Metabolism, VDR Signalling, and Innate Immunity. Biomed Res Int, 2016, 1375858. doi:10.1155/2016/1375858
Lindemann, M., Virchow, S., Ramann, F., Barsegian, V., Kreuzfelder, E., Siffert, W., . . . Grosse-Wilde, H. (2001). The G protein beta3 subunit 825T allele is a genetic marker for 
enhanced T cell response. FEBS Lett, 495(1-2), 82-86. doi:10.1016/s0014-5793(01)02339-0
Liumbruno GM, Franchini M. Beyond immunohaematology: the role of the ABO blood group in human diseases. Blood Transfus. 2013;11(4):491-499. doi:10.2450/2013.0152-13 Luisa 
Morales-Nebreda, Fred S. McLafferty, Benjamin D. Singer, DNA methylation as a transcriptional regulator of the immune system, Translational Research, Volume 204, 2019, Pages 
1-18, SSN 1931-5244, https://doi.org/10.1016/j.trsl.2018.08.001.
Luo, Y., & Liu, M. (2016). Adiponectin: a versatile player of innate immunity. J Mol Cell Biol, 8(2), 120-128. doi:10.1093/jmcb/mjw012
Malik S, Fu L, Juras DJ, et al. Common variants of the vitamin D binding protein gene and adverse health outcomes. Crit Rev Clin Lab Sci. 2013;50(1):1-22. 
doi:10.3109/10408363.2012.750262
Mangino, M., Roederer, M., Beddall, M. et al. Innate and adaptive immune traits are differentially affected by genetic and environmental factors. Nat Commun 8, 13850 (2017). 
https://doi.org/10.1038/ncomms13850
Mazzon, M. and Mercer, J. (2014), Lipids and Viruses. Cell Microbiol, 16: 1493-1502. doi:10.1111/cmi.12340
Micallef MJ, Ohtsuki T, Kohno K, et al. Interferon-gamma-inducing factor enhances T helper 1 cytokine production by stimulated human T cells: synergism with interleukin-12 for 
interferon-gamma production. Eur J Immunol. 1996;26(7):1647‐1651. doi:10.1002/eji.1830260736
Miner-Williams, W., & Moughan, P. (2016). Intestinal barrier dysfunction: Implications for chronic inflammatory conditions of the bowel. Nutrition Research Reviews, 29(1), 40-59. 
doi:10.1017/S0954422416000019
Morales-García G, Falfán-Valencia R, García-Ramírez RA, et al. Pandemic influenza A/H1N1 virus infection and TNF, LTA, IL1B, IL6, IL8, and CCL polymorphisms in Mexican population: 
a case-control study. BMC Infect Dis. 2012;12:299. Published 2012 Nov 13. doi:10.1186/1471-2334-12-299
Morán-Auth Y, Penna-Martinez M, Shoghi F, Ramos-Lopez E, Badenhoop K. Vitamin D status and gene transcription in immune cells. J Steroid Biochem Mol Biol. 2013;136:83-85. 
doi:10.1016/j.jsbmb.2013.02.005
Nakanishi K. Unique Action of Interleukin-18 on T Cells and Other Immune Cells. Front Immunol. 2018;9:763. Published 2018 Apr 20. doi:10.3389/fimmu.2018.00763
Naylor, C., & Petri, W. A., Jr. (2016). Leptin Regulation of Immune Responses. Trends Mol Med, 22(2), 88-98. doi:10.1016/j.molmed.2015.12.001
Ouchi N, Walsh K. Adiponectin as an anti-inflammatory factor. Clin Chim Acta. 2007;380(1-2):24‐30. doi:10.1016/j.cca.2007.01.026
Panday, A., Sahoo, M. K., Osorio, D., & Batra, S. (2015). NADPH oxidases: an overview from structure to innate immunity-associated pathologies. Cell Mol Immunol, 12(1), 5-23. 
doi:10.1038/cmi.2014.89
Perez-Perez, A., Vilarino-Garcia, T., Fernandez-Riejos, P., Martin-Gonzalez, J., Segura-Egea, J. J., & Sanchez-Margalet, V. (2017). Role of leptin as a link between metabolism and the 
immune system. Cytokine Growth Factor Rev, 35, 71-84. doi:10.1016/j.cytogfr.2017.03.001
Puertollano MA, de Pablo MA, Alvarez de Cienfuegos G. Relevance of dietary lipids as modulators of immune functions in cells infected with Listeria monocytogenes. Clin Diagn Lab 
Immunol. 2002;9(2):352‐357. doi:10.1128/cdli.9.2.352-357.2002
Russ BE, Prier JE, Rao S and Turner SJ (2013) T cell immunity as a tool for studying epigenetic regulation of cellular differentiation. Front. Genet. 4:218. doi: 10.3389/
fgene.2013.00218
Sanchez-Gomez, F. J., Diez-Dacal, B., Garcia-Martin, E., Agundez, J. A., Pajares, M. A., & Perez-Sala, D. (2016). Detoxifying Enzymes at the Cross-Roads of Inflammation, Oxidative 
Stress, and Drug Hypersensitivity: Role of Glutathione Transferase P1-1 and Aldose Reductase. Front Pharmacol, 7, 237. doi:10.3389/fphar.2016.00237
Segal AW, Abo A. The biochemical basis of the NADPH oxidase of phagocytes. Trends Biochem Sci. 1993;18(2):43‐47. doi:10.1016/0968-0004(93)90051-n
Segal, B. H., Grimm, M. J., Khan, A. N., Han, W., & Blackwell, T. S. (2012). Regulation of innate immunity by NADPH oxidase. Free Radic Biol Med, 53(1), 72-80. doi:10.1016/
j.freeradbiomed.2012.04.022
Shea-Donohue, T., Zhao, A., & Antalis, T. M. (2014). SerpinB2 mediated regulation of macrophage function during enteric infection. Gut Microbes, 5(2), 254-258. doi:10.4161/
gmic.28093
Shrestha, S., Wu, B. J., Guiney, L., Barter, P. J., & Rye, K. A. (2018). Cholesteryl ester transfer protein and its inhibitors. J Lipid Res, 59(5), 772-783. doi:10.1194/jlr.R082735
Sims, J., Smith, D. The IL-1 family: regulators of immunity. Nat Rev Immunol 10, 89-102 (2010). https://doi.org/10.1038/nri2691
Szeles, L., Torocsik, D., & Nagy, L. (2007). PPARgamma in immunity and inflammation: cell types and diseases. Biochim Biophys Acta, 1771(8), 1014-1030. doi:10.1016/
j.bbalip.2007.02.005
Thwe, P. M., & Amiel, E. (2018). The role of nitric oxide in metabolic regulation of Dendritic cell immune function. Cancer Lett, 412, 236-242. doi:10.1016/j.canlet.2017.10.032 Wacklin, 
P., Makivuokko, H., Alakulppi, N., Nikkila, J., Tenkanen, H., Rabina, J., . . . Matto, J. (2011). Secretor genotype (FUT2 gene) is strongly associated with the composition of 
Bifidobacteria in the human intestine. PLoS One, 6(5), e20113. doi:10.1371/journal.pone.0020113
Waldron, P. R., Belitskaya-Levy, I., Chary, A., Won, J., Winters, M., Monto, A., . . . Holodniy, M. (2016). Genetic Variation in the IL-6 and HLA-DQB1 Genes Is Associated with 
Spontaneous Clearance of Hepatitis C Virus Infection. J Immunol Res, 2016, 6530436. doi:10.1155/2016/6530436
Wang, Z., Zhao, Q., Han, Y., Zhang, D., Zhang, L., & Luo, D. (2013). PAI-1 and IFN-gamma in the regulation of innate immune homeostasis during sublethal yersiniosis. Blood Cells Mol 
Dis, 50(3), 196-201. doi:10.1016/j.bcmd.2012.11.005
Ware CF. The TNF receptor super family in immune regulation. Immunol Rev. 2011;244(1):5‐8. doi:10.1111/j.1600-065X.2011.01065.x
Xiao J, Li W, Zheng X, et al. Targeting 7-Dehydrocholesterol Reductase Integrates Cholesterol Metabolism and IRF3 Activation to Eliminate Infection. Immunity. 
2020;52(1):109-122.e6. doi:10.1016/j.immuni.2019.11.015
Xue Q, Yan Y, Zhang R, Xiong H. Regulation of iNOS on Immune Cells and Its Role in Diseases. Int J Mol Sci. 2018;19(12):3805. Published 2018 Nov 29. doi:10.3390/ijms19123805 
Yamamoto N, Ariumi Y, Nishida N, et al. SARS-CoV-2 infections and COVID-19 mortalities strongly correlate with ACE1 I/D genotype [published online ahead of print, 2020 Jul 3]. 
Gene. 2020;144944. doi:10.1016/j.gene.2020.144944
Yang, Y., Gocke, A. R., Lovett-Racke, A., Drew, P. D., & Racke, M. K. (2008). PPAR Alpha Regulation of the Immune Response and Autoimmune Encephalomyelitis. PPAR Res, 2008, 
546753. doi:10.1155/2008/546753
Wang MJ, Xu XL, Yao GL, et al. MYO9B gene polymorphisms are associated with the risk of inflammatory bowel diseases. Oncotarget. 2016;7(37):58862-58875. doi:10.18632/
oncotarget.11186
Wu HJ, Wu E. The role of gut microbiota in immune homeostasis and autoimmunity. Gut Microbes. 2012;3(1):4-14. doi:10.4161/gmic.19320
Zenobia C, Hajishengallis G. Basic biology and role of interleukin-17 in immunity and inflammation. Periodontol 2000. 2015;69(1):142-159. doi:10.1111/prd.12083
Zganiacz A, Santosuosso M, Wang J, et al. TNF-alpha is a critical negative regulator of type 1 immune activation during intracellular bacterial infection. J Clin Invest. 
2004;113(3):401‐413. doi:10.1172/JCI18991
Zhou, F., Yu, T., Du, R., Fan, G., Liu, Y., Liu, Z., . . . Cao, B. (2020). Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort 
study. Lancet. doi:10.1016/s0140-6736(20)30566-3



Your DNA journey 
with Fitgenes 
has just begun


