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Abstract:

Genomic data is crucial for precise treatment, known as customized medicine. Its use in treating
autoimmune diseases will lead to a significant advancement in medicine. Autoimmune illnesses
occur when the body'’s immune response identifies and reacts to self-antigens. Various methods
may incorporate precision medical data into the clinical care of autoimmune disorders, such as
identification, prognosis, classification, and prediction of therapy reactions. Various indicators are
available to assist in clinical decision-making, with other indicators currently being discovered and
suggested. This article focuses on information and databases in personalized medicine for autoimmune
medical conditions and exchanging information. The discussion focused on personalized medicine
for specific autoimmune disorders, examining different indicators for identification, prognosis,

classification, and treatment response tracking.
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Introduction

The immunological system’s role is to defend
the body against illness by eliminating infectious
organisms that assault the body or are transmitted via
vaccination (1). The body’s defense system operates
via tightly controlled biological mechanisms that
help identify and distinguish between bodily and
foreign cells (2). The body’s immune system cells
often cohabit alongside other cells that possess a self-
marker protein (3). Immune responses are initiated
when a substance, such as a bacterium, part of an
organism, or a chemical, is detected on the outermost
layer of a cell and recognized by the body’s defensive

mechanisms (4).

The human defense mechanism consists of two
divisions: innate and developed immunity. Innate
immunity acts as the first protection against infectious
diseases upon recognition by the body, whereas
acquired immunity eliminates infections in the later
stages of illness. When the body’s immune system
is activated, it identifies and eliminates alien entities
(5). However, under some aberrant circumstances,
the immune system may exhibit insensitivity to
antigens, hypersensitivity to substances or mistake
cells with self-markers as alien cells (6).

Various medical problems may impact the immune
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system’s function, resulting in various symptoms
collectively known as immunological disorders.
Immune-mediated illnesses contain congenital and
acquired immune deficiency immune-proliferative

diseases such as cancers (multiple myeloma,
lymphoma, leukemia), autoimmune conditions
like rheumatoid arthritis, and immunological

hypersensitivities like allergies (7, 8). Primary
immune deficiency, frequently referred to as
inherited immune deficiency, encompasses many
immunological illnesses that affect the growth and
operation of the immune system and its functions
(9). Primary immunodeficiency refers to disorders
caused by monogenic germline mutations that
lead to loss of function, gain of function, or loss of
expression. Externally and environmental variables
may negatively impact the immune system, leading
to acquired immunodeficiency. This is a regular
occurrence in clinical settings and can result from
several illnesses (10).

Personalized healthcare refers to the shift in
medical procedures, particularly in medical care and
diagnosis, from a generalized approach to a more
individualized and genetic-based classification of
patients to gather more specific information regarding
the illness and the individual receiving treatment (1,
10, 11). The intricate nature of the immune system
in the body and the cells’ capacity to transition
between several activation stages in both standard
and abnormal settings contribute to the variety of
treatment strategies (12). Immune disorders may
be different, leading to variances in reaction to
treatment. The variation in the illness progression
underscores the need for identifying individualized
markers for diagnosing immunological diseases.
Genetic evaluation is crucial for selecting the most
effective therapy method among several possibilities
with varied mechanisms, dangers, and effectiveness
(13, 14).

This article covers medical precision kinds of data,
genomic information in precision medicine, genome-
wide and customized medicine database servers,
and data sharing, access, and usage. This article also
discusses the application of genomic techniques and
information in disease comprehension, evaluation
employing specific indicators, forecasting monitoring
employing prognosis indicators, personalized therapy
for immune-related conditions, and monitoring
response to therapy employing reaction biomarkers.

Personalized medicine for distinct autoimmune

conditions

What’s referred to as the immune system?
Immunization is the body’s capacity to avoid

illness through fighting against the growth of

dangerous microorganisms known as pathogenic

organisms (15). Immunity may be roughly divided

into two types:
1. Innate or Natural Immunity 2. Acquired Protection

Innate or natural immunity

Humans encounter several possible infections
every day via touch, ingestion, and inhalation.
The immune system’s adaptive function plays a
crucial role in our capacity to prevent infection by
recognizing and eliminating specific pathogens
upon subsequent contact (16). Upon first exposure
to a novel pathogen, adaptive immune reactions
are delayed due to the activation and expansion
of particular clones of B and T cells, resulting in a
successful response taking about a week to develop
(17). On the other hand, a single microorganism with
a doubling period of one hour may generate about 20
million offspring within one day, causing a complete
infection (18). Thus, in the first crucial hours and
days of encountering a novel pathogen, our natural
immune system is essential for shielding us against
infection (19).

Unlike adaptive immune system reactions, innate
immune system reactions lack specificity towards
a particular disease (20). They rely on a set of
molecules and phagocytic cells that identify common
characteristics of infections and rapidly become
active to assist in eliminating intruders. The adaptive
immune system, or immune system, emerged in
evolution fewer than 500 million years ago and is
exclusive to vertebrates (21). In contrast, innate
immune reactions are present in both invertebrates
and vertebrates, as well as in plants, with conserved
regulatory mechanisms (20, 21). Natural immunity,
controlled by phagocytes, is the first line of defense
versus disease-causing substances (22). The human
body’s innate defense detects intruding germs via
germline-encoded  pattern-recognition  receptors
(PRRs). Pattern Recognition Receptors (PRRs),
such as Toll-like and cytoplasmic receptors, identify
specific microbial components of invading pathogens
and stimulate immune cells (20-22).

The way in which innate or natural immunity functions

Upon  detecting  non-self-agents,  Pattern
Recognition Receptors (PRRs) located on the cell’s
outer membrane, intracellular components, or in body
fluids carry out opsonization, stimulate complement
and coagulation processes, facilitate phagocytosis,
initiate pro-inflammatory signaling processes, trigger
apoptosis (23). The intracellular signaling pathways
produce overlapping and distinct genes that play a
role in inflammatory immune reactions and are crucial
in personalized medicine. Innate immune reactions
include phagocytes (neutrophils, monocytes, and
macrophages), inflammatory mediator-releasing
cells (basophils, mast cells, and eosinophils), and
natural killer (NK) cells (24).
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Acquired immunity

Adaptive immunity is not established at birth. It
has been acquired (25). The learning process begins
when an individual’s immune system comes into
contact with external intruders and identifies non-
self-substances known as antigens (26). The different
elements of acquired immunity develop to effectively
target each antigen and create a memory specific to
that antigen. Acquired immune systems, also known
as particular immunity, target a specific antigen met
earlier. Its distinguishing features are its capacity to
acquire knowledge, adjust, and retain information
(25, 26).

Adaptive immunity requires a period to establish
after initial exposure to a novel antigen. Following
the first exposure, the immune system retains memory
of the antigen, resulting in faster and more efficient
responses upon repeated encounters (27).

The white blood cells contributing to acquired
immunity include Lymphocytes consisting of T
cells and B cells. Other components of acquired
immunity include Dendritic cells and cytokines (28).
The immune system’s complement system boosts
the efficacy of antibodies. Acquired immunity is the
body’s defense system that develops after exposure
to a pathogen, either through previous infection or
through the transfer of chemicals that protect from
mother to child. Adaptive immunity is mediated by
T and B lymphocytes that are clonally dispersed
and exhibit specificity and memory. Stimulation of
the innate body’s immune system often stimulates
acquired immunity. Helper T cell subset formation
and cytokine production impact adaptive immunity
(25-28).

Mechanism of Acquired Immunity
Naive T-helper cells develop into two subsets
that are TH1 and TH2 when triggered by Antigen-

presenting Cells (APCs). Interferon-y (IFN-y) is
secreted by TH1 cells and enhances explicitly
cellular immunity. TH2 cells generate interleukin 4,
5, 10, and 13 (IL-4, IL-5, IL-10, and IL-13). IL-12
drives TH1 differentiation, whereas IL-4 promotes
TH2 differentiation. TH2 has a significant role in
enhancing humoral immunity (27-29).

Development of immunological disorders
Immunological illness arises from the dysfunction
of many components of the mammalian immune
system’s function. The immune system reaction
identifies and removes antigens while also tolerating
its tissues (30). The classification of immune-
mediated illnesses depends on the significant immune
pathology lesion. Immune-mediated illnesses may be
categorized into acute hypersensitivity, autoimmune
diseases, immune-complex illness, and delayed-type
hypersensitivity. Autoimmunity may be categorized
into adaptive immunity-mediated and innate
immunity-mediated. Most illnesses are characterized
by positive pathogenic feedback among adaptive and
innate immune systems. Figure 1 below illustrates
the development of immunological disorders (31).

Personalized Healthcare

Personalized healthcare involves customizing
diagnostic methods, therapy, and preventative
measures based on specific patient features to
achieve the best possible result for every individual,
focusing on availability and cost-effectiveness (32).
Personalized healthcare utilizes an individual’s
unique genetic composition to inform clinical
treatment decisions (33). Researchers constantly seek
prognostic, diagnostic, and predictive biomarkers to
assist in clinical decision-making and guarantee that
the most appropriate medicine is provided to the
correct patient at the optimal moment (34). Figure 2

Dysregulation of immune system

Hypersensitivity

Autoimmounity

Delayed type
Hypersensitivity

Immediate type
Hypersensitivity

Innate or Aquired
immunity

mediated diseases

Fig 1. Diagram illustrating the development of immunological disorders.
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illustrates the subdivision of customized medicine.
The method of application of precision medicine is
given in Figure 3.

Individualized medicine and genetic information

Personalized healthcare often consists of a large
amount of genetic data. Advancements in power
systems have enhanced the application of massive
amounts of information in customized or precise
healthcare. The advancement of genomics data
provides several opportunities for developing clinical
procedures, diagnostics, and preventative strategies
and predicting the most effective therapies for
various illnesses associated with distinct locations
and lineages (35).

Types of data used in precision healthcare

Information about patients is being systematically
collected and becoming more complicated,
especially in neuroimaging, where over 10 petabytes

of data are generated annually. Precision healthcare
research utilizes various types of data including
imaging information (CT, PET, ultrasound, and
MRI), bio-sample information (serum, plasma, and
urine amount), molecular information, genomics
information (nucleotide sequences), proteomic
identifying information (mass spectrometry), digital
pathology information, biomedical instrument
information (blood pressure, heart rate, and insulin
level), and clinical information (death/survival data,
demographics, and medical-based questionnaire)
among others (35, 36).

Advancements in personalized medicine have
resulted in the development of tailored brain
models for patients with intractable epilepsy and
breakthroughs in understanding the epigenetic
mechanisms of hematopoiesis. A comprehensive
grasp of several informatics domains, such as data
science, data management, data curation, and
bioinformatics, is essential for combining and
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Fig 2. A diagram illustrating the many divisions of precision healthcare.
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Fig3. The implementation of the precision healthcare approach is shown in Figure 3.
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integrating numerous data kinds (37).

Platform for genomic and customized healthcare

A database of information is an organized collection
of information managed by the database management
system (DBMS) on a computing device. A relational
database management system consisting of data,
DBMS, and related applications is often called a
database. Each database includes certain forms of
data. Here, we shall introduce databases related to
customized or precision healthcare (38).

Immune Epitope Database (IEDB)

The IEDB is an open-access database valuable
for vaccine and pharmaceutical research. It contains
experimental information on immunoglobulins
Major  Histocompatibility = Complex (MHC),
attaching information gathered from various
antigenic resources, as well as Helper T Lymphocyte
(HTL) and Cytotoxic T Lymphocyte (CTL) epitopes
for human and other animal species. The collected
information also assists in forecasting and analyzing
different types of epitopes (39). The database is
accessible at https://www.iedb.org/.

Prostate cancer-related lifestyle database (PCaLiStDB)
Lifestyle therapy focuses on the relationship
between lifestyle choices and chronic or immune-
related illnesses. PCaLiStDB is a lifestyle collection
focused on accuracy in preventing prostate cancer
and other lifestyle-related disorders. The database
contains lifestyle-related genes, biomarkers linked
with lifestyle types, and individualized predictors of
lifestyle-related diseases (40). The database URL is
http://www.sysbio.org.cn/pcalistdb/.

Clinical Genome Resources (ClinGen)

The ClinGen database structure, supported by
the National Institute of Health (NIH), collects
clinically significant data for personalized research
and medicine. This data collection extracts clinically
significant genes and variations for accurate diagnosis
and therapy (41, 42). The database may be accessible
via the website https:/clinicalgenome.org/.

Personal Genome Project (PGP)

The personal genomics research collection is
considered a significant advancement in healthcare
technology. This information collection is accessible
to anyone focused on creating a tool for individualized
treatment and furthering research. The database
contains diverse data sets for several locations,
such as PGP-UK, PGP-AUSTRIA, PGP-CHINA,
PGP-CANADA, and PGP-UNITED STATES. The
information system provides Genome, Methylome,
transcriptome, and phenotypic data for the application
of precision medicine (43). The genome database may
be accessed at https://www.personalgenomes.org/.
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Online mendelian inheritance in man (OMIM)

The information system was established at the
beginning of the 1960s, with an online version
developed in 1985. OMIM is an open-access library
for specialists specializing in genetic diseases,
genetics researchers, and advanced medical students.
Information about human genes, genetic diseases,
clinical characteristics, phenotypes, and genes (44).
The URL for this database is https://www.omim.org/.

Human gene mutation database (HGMD)

This collection of files compiles known gene
mutations responsible for human hereditary
disorders. Data collection contains precise healthcare
information, including gene symbols, genomics
coordinates, splicing, various diseases, phenotypes,
and alterations in the human chromosome (45). The
database may be accessed at http://www.hgmd.cf.ac.

uk/ac/index.php.

Clinical Genome Database (CGD)

The Clinical Genomic Library is a crucial resource
at the intersection of clinical and genomic healthcare,
providing medically relevant genetic information and
possible therapies. The CGD provides information
regarding allelic circumstances, gene symbols,
clinical categories (manifestation and therapies),
affected populations, mode of inheritance, and
pathogenic mutations for all captured illnesses in
the database (46). The database is accessible at the

following link: https://research.nhgri.nih.gov/CGD/.

Other database related to precision/personalized medicine

Other collection initiatives are also under progress
to enhance the current ones, such as The Human
Variome Project (47). Additionally, several websites
and information related to precision healthcare are
beyond the scope of this article to cover in detail.
Table 1 below contains more database information
on precision healthcare in general and their
corresponding connections (40-47).

Application of Genomic and Personalized Healthcare
Information

The exchange of information involves the
transmission of a single data source across several
applications or users, allowing for the exchange,
access, and reuse of copies of information. Data
may be categorized as open access (publicly
accessible) or controlled (limited). Distributing
data includes both original information (such as
nucleotide sequences) and additional information
(previously used or processed information) (63).
Access to precision healthcare data, such as clinical
information, may be open or limited. Authorization
from an authorized individual is required to utilize
the data for therapeutic, diagnostic, and research
purposes (64).


37.	Kuhn Cuellar L, Friedrich A, Gabernet G, de la Garza L, Fillinger S, Seyboldt A, Koch T, zur Oven-Krockhaus S, Wanke F, Richter S, Thaiss WM. A data management infrastructure for the integration of imaging and omics data in life sciences. BMC bioinformatics. 2022 Feb 7;23(1):61.
http://38.	Chopra R. Database Management System (DBMS) A Practical Approach. S. Chand Publishing; 2010.
39.	Vita R, Mahajan S, Overton JA, Dhanda SK, Martini S, Cantrell JR, Wheeler DK, Sette A, Peters B. The immune epitope database (IEDB): 2018 update. Nucleic acids research. 2019 Jan 8;47(D1):D339-43.
https://www.iedb.org/
40.	Chen Y, Liu X, Yu Y, Yu C, Yang L, Lin Y, Xi T, Ye Z, Feng Z, Shen B. PCaLiStDB: a lifestyle database for precision prevention of prostate cancer. Database. 2020;2020:baz154.
http://www.sysbio.org.cn/pcalistdb/
41.	Piri Gharaghie T, Doosti A, Mirzaei SA. Prevalence and antibiotic resistance pattern of Acinetobacter spp. infections in Shahrekord medical centers. Developmental Biology. 2021 Nov 22;13(4):35-46.
42.	Milko LV, Funke BH, Hershberger RE, Azzariti DR, Lee K, Riggs ER, Rivera-Munoz EA, Weaver MA, Niehaus A, Currey EL, Craigen WJ. Development of Clinical Domain Working Groups for the Clinical Genome Resource (ClinGen): lessons learned and plans for the future. Genetics in Medicine. 2019 Apr 1;21(4):987-93.
https://clinicalgenome.org/
43.	Angrist M. Eyes wide open: the personal genome project, citizen science and veracity in informed consent. Personalized medicine. 2009 Nov;6(6):691-9.
https://www.personalgenomes.org/
44.	Amberger JS, Bocchini CA, Schiettecatte F, Scott AF, Hamosh A. OMIM. org: Online Mendelian Inheritance in Man (OMIM®), an online catalog of human genes and genetic disorders. Nucleic acids research. 2015 Jan 28;43(D1):D789-98.
https://www.omim.org/
45.	Stenson PD, Mort M, Ball EV, Chapman M, Evans K, Azevedo L, Hayden M, Heywood S, Millar DS, Phillips AD, Cooper DN. The Human Gene Mutation Database (HGMD®): optimizing its use in a clinical diagnostic or research setting. Human genetics. 2020 Oct;139:1197-207.
http://www.hgmd.cf.ac.uk/ac/index.php
http://www.hgmd.cf.ac.uk/ac/index.php
46.	Solomon BD, Nguyen AD, Bear KA, Wolfsberg TG. Clinical genomic database. Proceedings of the National Academy of Sciences. 2013 Jun 11;110(24):9851-5.
https://research.nhgri.nih.gov/CGD/
47.	Kaput J, Cotton RG, Hardman L, Watson M, Al Aqeel AI, Al‐Aama JY, Al‐Mulla F, Alonso S, Aretz S, Auerbach AD, Bapat B. Planning the human variome project: the Spain report. Human mutation. 2009 Apr;30(4):496-510.
40.	Chen Y, Liu X, Yu Y, Yu C, Yang L, Lin Y, Xi T, Ye Z, Feng Z, Shen B. PCaLiStDB: a lifestyle database for precision prevention of prostate cancer. Database. 2020;2020:baz154.
47.	Kaput J, Cotton RG, Hardman L, Watson M, Al Aqeel AI, Al‐Aama JY, Al‐Mulla F, Alonso S, Aretz S, Auerbach AD, Bapat B. Planning the human variome project: the Spain report. Human mutation. 2009 Apr;30(4):496-510.
63.	Quandt K, Frech K, Karas H, Wingender E, Werner T. Matlnd and Matlnspector: new fast and versatile tools for detection of consensus matches in nucleotide sequence data. Nucleic acids research. 1995 Jan 1;23(23):4878-84.
64.	Saremi Nouri S, Emami M, Kabiri H, Rajaei N. Innovative Functions of Metabolomics in Individualized Health Care: A review study in the field of metabolomics. Personalized Medicine Journal. 2024 Mar 1;9(32):23-8.
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Table 1. The database is associated with precision healthcare in general and its connections.

Database Link Ref
NetPath (signal transduction) http://www.netpath.org/ 48
Entrez — (encompasses sub-Databases) http://www.ncbi.nlm.nih.gov/sites/gquery 49
GeneCards http://www.genecards.org/ 50

Human Genome Resources

Ensembl Human Genome Browser

Online Mendelian Inheritance in Man (OMIM)

Gene Expression Omnibus

ENCODE Project: ENCyclopedia of DNA Elements, NHGRI
PubChem

PhenX Toolkit

Human Genome Project, NHGRI

NCBI BioSystems

National Human Genome Research Institute (NHGRI)
ExPASy Proteomics Server

HUPO: Human Proteome Organization

http://www.ncbi.nlm.nih.gov/projects/genome/guide/human/ 51

http://www.ensembl.org/Ilomo_sapiens/Info/ 52
http://www.ncbi.nlm.nih.gov/omim/ 53
http://www.ncbi.nlm.nih.gov/geo/ 54
http://www.genome.gov/ENCODE/ 55
http://pubchem.ncbi.nlm.nih.gov/ 56
https://www.plienxtoolkit.org/ 57
http://www.genome.gov/10001772 58
http://www.ncbi.nlm.nih.gov/biosystems/ 59
http://genome.gov 60
http://expasy.org/ 61
http://www.hupo.org/ 62

Conclusions

Genomics information is crucial for precision
healthcare since it helps explain individual variability
and development. However, the practical use of
chromosomal information in clinical settings must be
enhanced to address issues identified by researchers,
such as the disparity between the molecular and
medical data forms poses a challenge due to the
vast amount of genomic information, making it
difficult to handle clinical data in practice without
further manipulation. Genomic and observational
information utilized in clinical contexts varies due
to the vast amount of data in genomic operations,
making it distinct from data in clinical systems.
Challenges arise when aligning genomic and clinical
information for medical interpretation, particularly
in specific sequencing, where information is often
processed before medical analysis. There needs to be
more global validation for the biomarkers being used,
highlighting the need for international cooperation to
evaluate the existing biomarkers. Conquering these
obstacles will provide further possibilities for using
genetic data in therapeutic settings.

Acknowledgements

The authors would like to thank the Islamic Azad
University, East-Tehran Branch, Tehran, Iran for
their support.

Authors’ Contribution

Hossein Amin-Anaraki and Hamidreza Ashrafi
were involved in the conceptualization, design, and
support of the study. All authors read and confirmed
the final manuscript.

Funding
Not applicable.

Availability of data and materials
All data are obtainable after an appeal from the
corresponding author.

Declarations
Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare they have no conflicts of
interest regarding the publication of this article.

References

1. Piri-Gharaghie T. Polycystic ovary syndrome and genetic
factors influencing its development: A review article.
Personalized Medicine Journal. 2021 Dec 1;6(23):25-9.

23



Hossein Amin-Anaraki et al

Advanced Therapies Journal

2. Jain KK, Jain KK. Personalized immuno-oncology.
Textbook of Personalized Medicine. 2021:479-508.

3.Nazahah M, Koh MB. Tissue typing and its role
in transplantation. ISBT Science Series. 2015
Apr;10(S1):115-23.

4. Yadav M. Innate Immunity. InAn Interplay of Cellular
and Molecular Components of Immunology 2022 Dec
19 (pp. 27-59). CRC Press.

5. Bals R, Weiner DJ, Wilson JM. The innate immune
system in cystic fibrosis lung disease. The Journal of
clinical investigation. 1999 Feb 1;103(3):303-7.

6. Tauber Al, editor. Organism and the Origins of Self.
Springer Science & Business Media; 2012 Dec 6.

7.GuptaS, Pattanaik D, Krishnaswamy G. Common variable
immune deficiency and associated complications. Chest.
2019 Sep 1;156(3):579-93.

8. Yadollahi A, Ghajari G. Transgenic induction in
Sesamum indicum with recombinant pBil21 expression
construct containing CYP81Q1 and aroA genes using
Agrobacterium tomfacensis.

9. Geha RS, Notarangelo LD, Casanova JL, Chapel H,
Conley ME, Fischer A, Hammarstrom L, Nonoyama
S, Ochs HD, Puck JM, Roifman C. Primary
immunodeficiency diseases: an update from the
international union of immunological societies primary
immunodeficiency diseases classification committee.
Journal of Allergy and Clinical Immunology. 2007 Oct
1;120(4):776-94.

10. Amaya-Uribe L, Rojas M, Azizi G, Anaya JM, Gershwin
ME. Primary immunodeficiency and autoimmunity: a
comprehensive review. Journal of autoimmunity. 2019
May 1;99:52-72.

11. Piri Gharaghie T, Hajimohammadi S. Comparison of
anti-candida effects of aqueous, ethanolic extracts and
essential oil of E. angustifolia with fluconazole on the
growth of clinical strains of Candida. New Cellular
and Molecular Biotechnology Journal. 2021 Jul
10;11(43):25-38.

12. Bennett FC, Molofsky AV. The immune system and
psychiatric disease: a basic science perspective. Clinical
& Experimental Immunology. 2019 Sep;197(3):294-
307.

13. Siddiqui JA, Fan R, Naz H, Bamisile BS, Hafeez M,
Ghani MI, Wei Y, Xu'Y, Chen X. Insights into insecticide-
resistance mechanisms in invasive species: Challenges
and control strategies. Frontiers in Physiology. 2023 Jan
9;13:1112278.

14. Asadipour E, Asgari M, Mousavi P, Piri-Gharaghie
T, Ghajari G, Mirzaie A. Nano-Biotechnology and
Challenges of Drug Delivery System in Cancer
Treatment Pathway. Chemistry & Biodiversity. 2023
Jun;20(6):¢202201072.

15. Sarmah P, Dan MM, Adapa D, Sarangi TK. A review
on common pathogenic microorganisms and their
impact on human health. Electronic Journal of Biology.
2018;14(1):50-8.

16. Marshall JS, Warrington R, Watson W, Kim HL. An
introduction to immunology and immunopathology.
Allergy, Asthma & Clinical Immunology. 2018 Sep;14:1-
0.

17. Booth JS, Toapanta FR. B and T cell immunity in tissues
and across the ages. Vaccines. 2021 Jan 6;9(1):24.

18. Tumpey TM, Basler CF, Aguilar PV, Zeng H, Solérzano

24

A, Swayne DE, Cox NJ, Katz JM, Taubenberger JK,
Palese P, Garcia-Sastre A. Characterization of the
reconstructed 1918 Spanish influenza pandemic virus.
science. 2005 Oct 7;310(5745):77-80.

19. Paauw M, van Hulten M, Chatterjee S, Berg JA, Taks
NW, Giesbers M, Richard MM, van den Burg HA.
Hydathode immunity protects the Arabidopsis leaf
vasculature against colonization by bacterial pathogens.
Current Biology. 2023 Feb 27;33(4):697-710.

20. Vivier E, Malissen B. Innate and adaptive immunity:
specificities and signaling hierarchies revisited. Nature
immunology. 2005 Jan 1;6(1):17-21.

21. Flajnik MF, Kasahara M. Origin and evolution of the
adaptive immune system: genetic events and selective
pressures. Nature Reviews Genetics. 2010 Jan;11(1):47-
59.

22. Sharma SR, Sharma B. Immunity: A Step-by-Step
Overview. Homcaeopathic Links. 2022 Mar;35(01):048-
55.

23. Walajtys-Rode E, Dzik JM. Monocyte/Macrophage:
NK Cell Cooperation—Old Tools for New Functions.
Macrophages: Origin, Functions and Biointervention.
2017:73-145.

24. Cruse JM, Lewis RE. Illustrated dictionary of
immunology. CRC press; 2009 Apr 20.

25. Zhao J, Yang X, Auh SL, Kim KD, Tang H, Fu YX.
Do adaptive immune cells suppress or activate innate
immunity?. Trends in Immunology. 2009 Jan 1;30(1):8-
12.

26. Sobh TS. An Artificial Immune System for Detecting
Network Anomalies Using Hybrid Immune Theories.
Journal of the ACS Advances in Computer Science.
2023 Jun 1;14(1).

27. Bonilla FA, Oettgen HC. Adaptive immunity. Journal
of Allergy and Clinical Immunology. 2010 Feb
1;125(2):S33-40.

28. Fearon DT, Carter RH. The CD19/CR2/TAPA-1
complex of B lymphocytes: linking natural to acquired
immunity. Annual review of immunology. 1995
Apr;13(1):127-49.

29. Dominguez-Andrés J, Dos Santos JC, Bekkering S,
Mulder WJ, van der Meer JW, Riksen NP, Joosten LA,
Netea MG. Trained immunity: adaptation within innate
immune mechanisms. Physiological Reviews. 2023 Jan
1;103(1):313-46.

30. Castelo-Soccio L, Kim H, Gadina M, Schwartzberg PL,
Laurence A, O’Shea JJ. Protein kinases: drug targets for
immunological disorders. Nature Reviews Immunology.
2023 Dec;23(12):787-806.

31. Caso F, Costa L, Nucera V, Barilaro G, Masala IF,
Talotta R, Caso P, Scarpa R, Sarzi-Puttini P, Atzeni F.
From autoinflammation to autoimmunity: old and recent
findings. Clinical Rheumatology. 2018 Sep;37:2305-21.

32. Rutten-van Molken M, Versteegh M, Nagy B,
Wordsworth S. HEcoPerMed, personalized medicine
from a health economic perspective: lessons learned and
potential opportunities ahead. Personalized Medicine.
2023 Jul;20(4):299-303.

33. Evers K. Personalized medicine in psychiatry: ethical
challenges and opportunities. Dialogues in clinical
neuroscience. 2009 Dec 31;11(4):427-34.

34. Horgan D, Ciliberto G, Conte P, Baldwin D, Seijo
L, Montuenga LM, Paz-Ares L, Garassino M,



Winter 2024, Volume 6, Issue 18 (18-25)

Hossein Amin-Anaraki et al

Penault-Llorca F, Galli F, Ray-Coquard I. Bringing
greater accuracy to Europe’s Healthcare Systems: the
unexploited potential of biomarker testing in oncology.
Biomedicine hub. 2020 Sep 14;5(3):1-42.

35. Tyagi AK, editor. Privacy Preservation of Genomic and
Medical Data. John Wiley & Sons; 2023 Nov 16.

36. Gupta NS, Kumar P. Perspective of artificial
intelligence in healthcare data management: A journey
towards precision medicine. Computers in Biology and
Medicine. 2023 May 30:107051.

37. Kuhn Cuellar L, Friedrich A, Gabernet G, de la Garza
L, Fillinger S, Seyboldt A, Koch T, zur Oven-Krockhaus
S, Wanke F, Richter S, Thaiss WM. A data management
infrastructure for the integration of imaging and omics
data in life sciences. BMC bioinformatics. 2022 Feb
7;23(1):61.

38. Chopra R. Database Management System (DBMS) A
Practical Approach. S. Chand Publishing; 2010.

39. Vita R, Mahajan S, Overton JA, Dhanda SK, Martini S,
Cantrell JR, Wheeler DK, Sette A, Peters B. The immune
epitope database (IEDB): 2018 update. Nucleic acids
research. 2019 Jan 8;47(D1):D339-43.

40. Chen Y, Liu X, YuY, Yu C, Yang L, Lin Y, Xi T, Ye
Z, Feng Z, Shen B. PCaLiStDB: a lifestyle database
for precision prevention of prostate cancer. Database.
2020;2020:baz154.

41. Piri Gharaghie T, Doosti A, Mirzaei SA. Prevalence
and antibiotic resistance pattern of Acinetobacter spp.
infections in Shahrekord medical centers. Developmental
Biology. 2021 Nov 22;13(4):35-46.

42. Milko LV, Funke BH, Hershberger RE, Azzariti DR, Lee
K, Riggs ER, Rivera-Munoz EA, Weaver MA, Nichaus
A, Currey EL, Craigen WJ. Development of Clinical
Domain Working Groups for the Clinical Genome
Resource (ClinGen): lessons learned and plans for the
future. Genetics in Medicine. 2019 Apr 1;21(4):987-93.

43. Angrist M. Eyes wide open: the personal genome
project, citizen science and veracity in informed consent.
Personalized medicine. 2009 Nov;6(6):691-9.

44. Amberger JS, Bocchini CA, Schiettecatte F, Scott AF,
Hamosh A. OMIM. org: Online Mendelian Inheritance
in Man (OMIM®), an online catalog of human genes
and genetic disorders. Nucleic acids research. 2015 Jan
28;43(D1):D789-98.

45. Stenson PD, Mort M, Ball EV, Chapman M, Evans K,
Azevedo L, Hayden M, Heywood S, Millar DS, Phillips
AD, Cooper DN. The Human Gene Mutation Database
(HGMD®): optimizing its use in a clinical diagnostic or
research setting. Human genetics. 2020 Oct;139:1197-
207.

46. Solomon BD, Nguyen AD, Bear KA, Wolfsberg TG.
Clinical genomic database. Proceedings of the National
Academy of Sciences. 2013 Jun 11;110(24):9851-5.

47. Kaput J, Cotton RG, Hardman L, Watson M, Al Aqgeel
Al Al-AamaJY, Al-Mulla F, Alonso S, Aretz S, Auerbach
AD, Bapat B. Planning the human variome project: the
Spain report. Human mutation. 2009 Apr;30(4):496-510.

48. Kandasamy K, Mohan SS, Raju R, Keerthikumar S,
Kumar GS, Venugopal AK, Telikicherla D, Navarro JD,
Mathivanan S, Pecquet C, Gollapudi SK. NetPath: a
public resource of curated signal transduction pathways.
Genome biology. 2010 Jan;11:1-9.

49. Ostell JM. Entrez: The NCBI search and discovery

engine. InData Integration in the Life Sciences: 8th
International Conference, DILS 2012, College Park,
MD, USA, June 28-29, 2012. Proceedings 8 2012 (pp.
1-4). Springer Berlin Heidelberg.

50. Safran M, Dalah I, Alexander J, Rosen N, Iny Stein
T, Shmoish M, Nativ N, Bahir I, Doniger T, Krug H,
Sirota-Madi A. GeneCards Version 3: the human gene
integrator. Database. 2010 Jan 1;2010.

51. Pruitt KD, Katz KS, Sicotte H, Maglott DR. Introducing
RefSeq and LocusLink: curated human genome resources
at the NCBI. Trends in Genetics. 2000 Jan 1;16(1):44-7.

52. Stalker J, Gibbins B, Meidl P, Smith J, Spooner W,
Hotz HR, Cox AV. The Ensembl Web site: mechanics
of a genome browser. Genome research. 2004 May
1;14(5):951-5.

53. Hamosh A, Scott AF, Amberger J, Valle D, McKusick
VA. Online Mendelian inheritance in man (OMIM).
Human mutation. 2000 Jan;15(1):57-61.

54. Barrett T, Edgar R. [19] Gene Expression Omnibus:
microarray data storage, submission, retrieval, and
analysis. Methods in enzymology. 2006 Jan 1;411:352-
69.

55. ENCODE Project Consortium. A user’s guide to the
encyclopedia of DNA elements (ENCODE). PLoS
biology. 2011 Apr 19;9(4):e1001046.

56. Kim S, Chen J, Cheng T, Gindulyte A, He J, He S, Li
Q, Shoemaker BA, Thiessen PA, Yu B, Zaslavsky L.
PubChem 2019 update: improved access to chemical
data. Nucleic acids research. 2019 Jan 8;47(D1):D1102-9.

57. Hamilton CM, Strader LC, Pratt JG, Maiese D,
Hendershot T, Kwok RK, Hammond JA, Huggins W,
Jackman D, Pan H, Nettles DS. The PhenX Toolkit:
get the most from your measures. American journal of
epidemiology. 2011 Aug 1;174(3):253-60.

58. Thangadurai S. The Human Genome Project: the
role of analytical chemists. Analytical sciences.
2004;20(4):595-601.

59. Geer LY, Marchler-Bauer A, Geer RC, Han L,
He J, He S, Liu C, Shi W, Bryant SH. The NCBI
biosystems database. Nucleic acids research. 2010 Jan
1;38(suppl_1):D492-6.

60. Thomson EJ, Boyer JT, Meslin EM. The ethical, legal,
and social implications research program at the National
Human Genome Research Institute. Kennedy Institute of
Ethics Journal. 1997;7(3):291-8.

61. Gasteiger E, Gattiker A, Hoogland C, Ivanyi I, Appel
RD, Bairoch A. ExPASy: the proteomics server for in-
depth protein knowledge and analysis. Nucleic acids
research. 2003 Jul 1;31(13):3784-8.

62. Merrick BA. The human proteome organization
(HUPO) and environmental health. Environmental
health perspectives. 2003 May;111(6):797-8.

63. Quandt K, Frech K, Karas H, Wingender E, Werner T.
Matind and Matlnspector: new fast and versatile tools for
detection of consensus matches in nucleotide sequence
data. Nucleic acids research. 1995 Jan 1;23(23):4878-84.

64. Saremi Nouri S, Emami M, Kabiri H, Rajaei N.
Innovative Functions of Metabolomics in Individualized
Health Care: A review study in the field of metabolomics.
Personalized Medicine Journal. 2024 Mar 1;9(32):23-8.

25



