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Abstract

Purpose: The aim of the study was to investigate the
Regulation of Gene Expression and Its Role in Development
and Disease: A Case of India.

Methodology: This study adopted a desk methodology. A
desk study research design is commonly known as secondary
data collection. This is basically collecting data from
existing resources preferably because of its low cost
advantage as compared to a field research. Our current study
looked into already published studies and reports as the data
was easily accessed through online journals and libraries.

Findings: The study revealed that regulation of gene
expression plays a fundamental role in orchestrating the
intricate processes of development and maintaining cellular
homeostasis in health and disease. Through a myriad of
molecular mechanisms, including epigenetic modifications,
transcriptional regulation, and non-coding RNA activity,
cells finely tune gene expression patterns to drive
differentiation, tissue-specific functions, and response to
environmental cues. Transcriptional regulatory networks
govern the activation or repression of gene expression
programs critical for organogenesis, tissue regeneration, and
immune responses. Dysregulation of these networks, often
involving aberrant transcription factor activity or disrupted
signaling pathways, can lead to developmental
abnormalities, cardiovascular diseases, and immune-related
disorders.

Unique Contribution to Theory, Practice and Policy:
Central dogma of molecular biology & gene regulatory
network theory may be used to anchor future studies on
regulation of gene expression and its role in development
and disease. Utilize molecular profiling technologies to
stratify patients based on their gene expression profiles,
enabling personalized diagnosis, prognosis, and treatment
selection tailored to individual molecular signatures.
Identify novel therapeutic targets by targeting dysregulated
gene expression pathways in disease. Implement policies to
promote data sharing and collaboration across research
institutions and international consortia. Develop ethical
guidelines for the use of gene expression data in research and
clinical settings. Ensure responsible data stewardship,
patient privacy protection, and equitable access to emerging
technologies to prevent misuse and address societal concerns
surrounding genomic information.
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INTRODUCTION

In developed economies such as the United States and the United Kingdom, the relationship
between development and disease encompasses a wide range of factors influencing human health
outcomes. One example is the correlation between socio-economic development and non-
communicable diseases (NCDs) such as cardiovascular diseases and diabetes. In these countries,
rapid urbanization, sedentary lifestyles, and dietary changes have contributed to the increasing
prevalence of NCDs. For instance, in the United States, statistics from the Centers for Disease
Control and Prevention (CDC) indicate that cardiovascular diseases remain the leading cause of
mortality, accounting for approximately 659,000 deaths annually. Similarly, diabetes prevalence
has been on the rise, with over 34 million people affected, according to the American Diabetes
Association. These trends underscore the complex interplay between economic development,
lifestyle factors, and disease burden in developed economies (CDC, 2020; American Diabetes
Association, 2021).

Another example is the impact of environmental pollution and industrialization on public health
in developed nations. Exposure to air pollution, hazardous chemicals, and heavy metals has been
linked to various diseases, including respiratory disorders, cancer, and neurological conditions. In
the United Kingdom, for instance, air pollution remains a significant public health concern, with
an estimated 40,000 premature deaths annually attributed to poor air quality, according to a report
by the Royal College of Physicians. Similarly, in Japan, industrial pollution has been associated
with health problems such as Minamata disease, caused by mercury contamination in the 1950s
and 1960s. Despite advancements in environmental regulations and pollution control measures,
the persistence of these health challenges highlights the complex nature of development and its
impact on disease patterns in developed economies (Royal College of Physicians, 2016).

In developed economies like the United States, Japan, and the United Kingdom, the relationship
between development and disease is multifaceted, encompassing various social, environmental,
and economic factors. One significant aspect is the prevalence of chronic diseases such as obesity
and diabetes, which are closely linked to lifestyle choices, diet, and physical activity levels. In the
United States, for instance, obesity rates have reached alarming levels, with over 42% of adults
classified as obese, according to the Centers for Disease Control and Prevention (CDC). This
epidemic of obesity contributes to a higher risk of developing conditions such as type 2 diabetes,
cardiovascular disease, and certain cancers. Similarly, in Japan and the United Kingdom, rising
obesity rates are a growing public health concern, with implications for disease burden and
healthcare costs. Addressing the obesity epidemic requires comprehensive strategies that promote
healthy eating, active living, and environmental changes to support healthy lifestyles (CDC, 2021).

Another area of concern in developed economies is the increasing prevalence of antimicrobial
resistance (AMR), which poses a significant threat to public health worldwide. Overuse and misuse
of antibiotics in healthcare, agriculture, and animal husbandry contribute to the emergence of
resistant bacteria, making infections harder to treat and increasing the risk of mortality. In the
United States, Japan, and the United Kingdom, AMR is a growing concern, with data from the
World Health Organization (WHO) indicating high levels of antibiotic consumption and
resistance. For example, in the United Kingdom, antibiotic resistance is estimated to result in over
12,000 deaths annually and costs the healthcare system billions of pounds. Addressing AMR
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requires coordinated efforts to improve antibiotic stewardship, develop new antimicrobial agents,
and implement infection prevention and control measures to reduce the spread of resistant
pathogens (WHO, 2020).

In developing economies, the relationship between development and disease presents unique
challenges influenced by socio-economic, environmental, and infrastructural factors. One
significant health issue in many developing countries is the burden of infectious diseases, including
malaria, tuberculosis, and HIV/AIDS. Limited access to clean water, sanitation, and healthcare
services contribute to the spread of these diseases, particularly in rural and underserved
communities. For example, malaria remains a major public health concern in sub-Saharan Africa,
where the majority of cases and deaths occur. According to the World Health Organization
(WHO), malaria disproportionately affects children under five years of age and pregnant women
in these regions. Similarly, tuberculosis (TB) is a leading cause of morbidity and mortality in many
developing countries, with factors such as poverty, overcrowding, and malnutrition contributing
to its prevalence (WHO, 2021).

Another significant health challenge in developing economies is the double burden of disease,
characterized by the coexistence of infectious diseases and non-communicable diseases (NCDs).
As these economies undergo rapid urbanization and demographic transitions, lifestyle changes,
urbanization, and globalization contribute to the rising prevalence of NCDs such as cardiovascular
diseases, diabetes, and cancer. For instance, in countries like India and China, rapid economic
growth has led to shifts in dietary patterns, increased tobacco use, and reduced physical activity,
resulting in a higher burden of NCDs. According to the International Diabetes Federation, India
has the second-largest number of individuals with diabetes globally, with an estimated 77 million
adults affected. Addressing the double burden of disease requires integrated approaches that
prioritize both prevention and treatment strategies, strengthen healthcare systems, and address
social determinants of health to promote equitable access to care (International Diabetes
Federation, 2021).

In developing economies, the relationship between development and disease is complex and
influenced by various socio-economic, environmental, and political factors. One significant health
challenge in many developing countries is the lack of access to adequate healthcare services and
infrastructure, resulting in disparities in health outcomes and limited healthcare access, particularly
in rural and remote areas. Limited healthcare resources, including healthcare facilities, trained
healthcare professionals, and medical supplies, contribute to poor health outcomes and hinder
efforts to prevent, diagnose, and treat diseases. For example, in sub-Saharan Africa, the shortage
of healthcare workers is a critical issue, with an estimated deficit of 4.3 million healthcare workers,
according to the World Health Organization (WHO). This shortage compromises the delivery of
essential health services and undermines efforts to address prevalent health issues such as maternal
and child health, infectious diseases, and malnutrition (WHO, 2020).

Furthermore, the burden of infectious diseases remains high in many developing economies,
exacerbated by factors such as poor sanitation, inadequate access to clean water, and overcrowded
living conditions. Diseases such as diarrheal illnesses, respiratory infections, and vaccine-
preventable diseases disproportionately affect vulnerable populations, including children, pregnant
women, and the elderly. For instance, diarrheal diseases are a leading cause of morbidity and
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mortality among children under five years of age in developing countries, with an estimated 1.5
million deaths annually, according to UNICEF. Similarly, vaccine-preventable diseases such as
measles and polio continue to pose significant public health challenges, despite global vaccination
efforts. Strengthening healthcare systems, improving access to essential medicines and vaccines,
and addressing social determinants of health are essential strategies for reducing the burden of
infectious diseases and improving health outcomes in developing economies (UNICEF, 2020).

In Sub-Saharan economies, the relationship between development and disease is characterized by
a complex interplay of socio-economic, environmental, and structural factors that contribute to
high disease burden and limited access to healthcare services. One of the most pressing health
challenges in the region is the burden of infectious diseases, including malaria, HIV/AIDS, and
tuberculosis. Malaria remains endemic in many Sub-Saharan countries, with the region accounting
for the majority of global malaria cases and deaths. According to the World Health Organization
(WHO), approximately 94% of malaria cases and deaths occur in Sub-Saharan Africa, with
children under five years of age and pregnant women being the most vulnerable. Similarly,
HIV/AIDS continues to be a major public health issue in the region, with Sub-Saharan Africa
accounting for nearly 70% of global HIV infections. Limited access to healthcare, stigma, and
socio-economic factors contribute to the spread of HIV/AIDS and hinder efforts to control the
epidemic (WHO, 2021).

Moreover, maternal and child health remains a significant concern in Sub-Saharan economies,
with high maternal and infant mortality rates compared to developed regions. Factors such as
limited access to skilled birth attendants, inadequate antenatal care, and socio-cultural practices
contribute to poor maternal and child health outcomes. For instance, according to UNICEF, Sub-
Saharan Africa has the highest maternal mortality ratio globally, with an estimated 533 maternal
deaths per 100,000 live births. Additionally, malnutrition and food insecurity exacerbate the
vulnerability of women and children to infectious diseases and contribute to the cycle of poverty
and poor health outcomes. Addressing these challenges requires comprehensive strategies that
focus on strengthening health systems, improving access to quality healthcare services, promoting
maternal and child health interventions, and addressing social determinants of health such as
poverty, education, and gender inequality (UNICEF, 2021).

The intersection of development and disease reflects a complex web of socio-economic,
environmental, and infrastructural challenges that influence health outcomes. One significant
health issue in the region is the prevalence of neglected tropical diseases (NTDs), which
disproportionately affect marginalized communities living in poverty. NTDs such as
schistosomiasis, soil-transmitted helminthiasis, and lymphatic filariasis thrive in environments
with poor sanitation, inadequate access to clean water, and limited healthcare infrastructure.
According to the World Health Organization (WHO), Sub-Saharan Africa bears the highest burden
of NTDs globally, with over 600 million people at risk of infection. These diseases not only cause
significant morbidity and disability but also perpetuate the cycle of poverty by impairing
productivity and hindering economic development (WHO, 2021).

Regulation of gene expression is a fundamental process that governs the activity of genes within
cells, dictating when and to what extent genes are transcribed into messenger RNA (mRNA) and
subsequently translated into proteins. One of the key mechanisms of gene regulation is
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transcriptional control, which involves the binding of transcription factors to specific DNA
sequences known as enhancers or promoters, thereby either promoting or inhibiting the initiation
of transcription. For instance, during embryonic development, the expression of developmental
genes is tightly regulated by transcription factors, orchestrating the formation of complex tissues
and organs. Dysregulation of transcriptional control can lead to developmental abnormalities and
congenital disorders. For example, mutations in transcription factor genes such as PAX6 are
associated with developmental defects such as aniridia, a condition characterized by the absence
of iris in the eye (Petersen et al., 2000).

Another crucial mechanism of gene regulation is epigenetic modification, which involves chemical
modifications to DNA and histone proteins that alter chromatin structure and accessibility of genes
to transcriptional machinery. Epigenetic changes play a significant role in cellular differentiation,
tissue-specific gene expression, and disease pathogenesis. For instance, aberrant DNA methylation
patterns have been implicated in various diseases, including cancer, where hypermethylation of
tumor suppressor genes leads to gene silencing and oncogenesis. Additionally, histone
modifications such as acetylation and methylation regulate gene expression by modulating
chromatin structure and accessibility of transcriptional regulators. Dysregulation of epigenetic
processes contributes to the pathogenesis of diseases such as neurodevelopmental disorders,
autoimmune diseases, and metabolic disorders (Baylin & Jones, 2016).

Statement of the Problem

The regulation of gene expression is a complex process essential for orchestrating cellular
functions during development and maintaining tissue homeostasis in health. Dysregulation of gene
expression has been implicated in a myriad of diseases, including cancer, neurodevelopmental
disorders, cardiovascular diseases, and metabolic disorders (Smith, 2016; Johnson, 2017;
Martinez, 2018; Garcia, 2017). Despite significant advancements in our understanding of the
molecular mechanisms underlying gene expression regulation, several challenges persist.

Recent studies have highlighted the need to unravel the intricate interplay between genetic,
epigenetic, and environmental factors influencing gene expression patterns (Wang, 2019; Zhang,
2018). Additionally, there is a growing recognition of the importance of non-coding RNAs, such
as microRNAs and long non-coding RNAs, in modulating gene expression networks and their
implication in disease pathogenesis (Zhang, 2018; Nguyen, 2016).

However, gaps remain in our understanding of the functional consequences of identified molecular
alterations, the integration of diverse regulatory mechanisms, and the translation of research
findings into clinical practice (Smith, 2016; Wang, 2019).

Theoretical Review
Central Dogma of Molecular Biology

Proposed by Francis Crick in 1958, the Central Dogma of Molecular Biology describes the flow
of genetic information within a biological system. According to this theory, genetic information
flows from DNA to RNA to protein, with DNA serving as the repository of genetic information,
RNA acting as an intermediary in the transcription process, and proteins carrying out cellular
functions. The Central Dogma provides a framework for understanding how gene expression is
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regulated at the transcriptional and translational levels, which is crucial for development and
disease processes. For instance, dysregulation of transcription factors or RNA processing
machinery can disrupt the flow of genetic information, leading to aberrant gene expression patterns
associated with developmental disorders or diseases such as cancer (Crick, 1958).

Gene Regulatory Network Theory

Gene regulatory networks (GRNs) are complex systems of interacting genes and regulatory
elements that govern gene expression patterns in response to internal and external cues.
Originating from systems biology approaches, GRN theory emphasizes the interconnectedness and
dynamic nature of gene regulation, highlighting the role of transcription factors, signaling
pathways, and epigenetic modifications in shaping gene expression profiles. GRNs play a central
role in controlling cellular differentiation, tissue development, and disease pathogenesis by
coordinating the expression of genes involved in specific biological processes. Understanding the
structure and dynamics of GRNs is essential for elucidating the molecular mechanisms underlying
development and disease and identifying potential targets for therapeutic intervention (Davidson,
2001).

Empirical Review

Smith (2016) investigated the impact of epigenetic modifications on gene expression patterns in
neurodevelopmental disorders. This study utilized genome-wide DNA methylation profiling and
chromatin immunoprecipitation assays to analyze epigenetic marks in neuronal cell lines derived
from individuals with neurodevelopmental disorders. The researchers identified differential DNA
methylation patterns and histone modifications at specific genomic loci associated with
neurodevelopmental disorders, suggesting a role for epigenetic dysregulation in disease
pathogenesis. The study emphasizes the importance of targeting epigenetic mechanisms for
potential therapeutic interventions in neurodevelopmental disorders.

Johnson (2017) elucidated the transcriptional regulatory networks controlling cardiovascular
development genes in congenital heart disease (CHD). This study employed RNA sequencing
(RNA-seq) and chromatin immunoprecipitation followed by sequencing (ChIP-seq) to profile gene
expression patterns and identify transcription factor binding sites in cardiac tissue samples from
CHD patients and healthy controls. The researchers identified dysregulated expression of key
developmental genes and aberrant transcription factor binding in CHD patients, providing insights
into the molecular mechanisms underlying CHD pathogenesis. The study suggests potential targets
for therapeutic intervention aimed at modulating transcriptional regulation in CHD.

Martinez (2018) investigated the role of microRNAs (miRNAS) in regulating gene expression
networks involved in cancer development and progression. This study utilized miRNA microarray
analysis and quantitative real-time PCR to profile miRNA expression levels in cancer tissue
samples and adjacent normal tissues from patients with various cancer types. The researchers
identified dysregulated miRNA expression patterns associated with tumor initiation, progression,
and metastasis, implicating miRNAs in cancer pathogenesis. The study highlights the potential of
miRNAs as diagnostic biomarkers and therapeutic targets for cancer treatment.

Wang (2019) elucidated the transcriptional regulatory networks governing stem cell differentiation
and tissue regeneration. This study employed CRISPR-Cas9-based gene editing and single-cell

51


http://www.iprjb.org/

International Journal of Biology

ISSN 2710-3765 (Online)
Vol 4, Issue 1, No.4, pp 35 - 45, 2024

ERNATIONAL FEER 2V
w O :

W WD
NAL AND BOOK PUSLEEHING

www.iprijb.org

RNA sequencing to identify transcription factors and their target genes involved in directing stem
cell fate decisions during tissue repair and regeneration. The researchers identified key
transcriptional regulators and signaling pathways that orchestrate stem cell differentiation and
tissue-specific gene expression programs, providing insights into regenerative medicine
approaches. The study suggests potential strategies for enhancing the regenerative capacity of stem
cells for tissue engineering and regenerative medicine applications.

Garcia (2017) investigated the epigenetic modifications at metabolic gene loci and their
association with obesity and type 2 diabetes. This study utilized bisulfite sequencing and chromatin
immunoprecipitation assays to assess DNA methylation patterns and histone modifications in
adipose tissue samples from obese individuals with and without type 2 diabetes. The researchers
identified differential epigenetic marks at key metabolic gene loci in obesity and type 2 diabetes,
implicating epigenetic dysregulation in metabolic dysfunction. The study suggests that targeting
epigenetic modifications may represent a potential therapeutic approach for managing obesity and
type 2 diabetes.

Zhang (2018) investigated the role of long non-coding RNAs (IncRNAS) in the pathogenesis of
developmental disorders and explore their therapeutic potential. This study employed RNA
sequencing and functional assays to characterize the expression patterns and regulatory
mechanisms of IncRNAs in cellular and animal models of developmental disorders. The
researchers identified dysregulated IncRNAs associated with neurodevelopmental disorders,
skeletal abnormalities, and other developmental conditions, providing insights into their roles in
disease pathogenesis. The study highlights the potential of INcCRNAs as diagnostic biomarkers and
therapeutic targets for developmental disorders.

Nguyen (2016) characterized the transcriptional regulatory networks governing immune responses
to infectious diseases. This study employed RNA sequencing and chromatin immunoprecipitation
assays to profile gene expression patterns and transcription factor binding sites in immune cells
from individuals infected with various pathogens. The researchers identified key transcriptional
regulators and signaling pathways involved in modulating immune responses to infectious
diseases, providing insights into host-pathogen interactions. The study suggests potential targets
for immunotherapy and vaccine development aimed at modulating transcriptional regulation in
infectious diseases.

METHODOLOGY

This study adopted a desk methodology. A desk study research design is commonly known
as secondary data collection. This is basically collecting data from existing resources preferably
because of its low cost advantage as compared to a field research. Our current study looked into
already published studies and reports as the data was easily accessed through online journals and
libraries

RESULTS

The conceptual gap across these studies is the lack of investigation into the dynamic and complex
interactions between different layers of gene regulation (such as epigenetic modifications,
transcriptional regulation, and non-coding RNA activity) in the context of disease pathogenesis.
While each study focuses on elucidating specific aspects of gene regulation, there is a need to
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integrate these findings to develop a comprehensive understanding of the molecular mechanisms
underlying various diseases. This integration could provide insights into the hierarchy of
regulatory events, feedback loops, and crosstalk between different regulatory elements, ultimately
facilitating the identification of novel therapeutic targets and treatment strategies (Smith, 2016)

Contextual Gap

The contextual gap in these studies is the limited consideration of environmental and lifestyle
factors that may influence gene regulation and disease susceptibility. While the studies provide
valuable insights into the molecular mechanisms underlying various diseases, they often overlook
the contribution of environmental exposures, socioeconomic factors, and lifestyle choices to
disease pathogenesis. Understanding how these external factors interact with genetic and
epigenetic determinants of disease could provide a more holistic understanding of disease etiology
and inform personalized medicine approaches(Martinez, 2018)

Geographical Gap

The geographical gap in these studies is the lack of diversity in study populations, which may limit
the generalizability of the findings to broader populations. Many of the studies predominantly
focus on patient cohorts from specific geographical regions, potentially overlooking genetic,
ethnic, and environmental differences that may influence disease susceptibility and treatment
response across diverse populations. Including more diverse study populations could improve the
external validity of the findings and facilitate the development of more universally applicable
therapeutic interventions (Nguyen, 2016).

CONCLUSION AND RECOMMENDATION
Conclusion

The regulation of gene expression plays a fundamental role in orchestrating the intricate processes
of development and maintaining cellular homeostasis in health and disease. Through a myriad of
molecular mechanisms, including epigenetic modifications, transcriptional regulation, and non-
coding RNA activity, cells finely tune gene expression patterns to drive differentiation, tissue-
specific functions, and response to environmental cues.

Furthermore, transcriptional regulatory networks govern the activation or repression of gene
expression programs critical for organogenesis, tissue regeneration, and immune responses.
Dysregulation of these networks, often involving aberrant transcription factor activity or disrupted
signaling pathways, can lead to developmental abnormalities, cardiovascular diseases, and
immune-related disorders.

Non-coding RNAs, including microRNAs and long non-coding RNAs, add another layer of
complexity to gene regulation by modulating mRNA stability, translation, and chromatin structure.
Dysregulated expression of these regulatory RNAs has been implicated in cancer progression,
developmental disorders, and infectious diseases, highlighting their potential as diagnostic
biomarkers and therapeutic targets.

In conclusion, elucidating the regulation of gene expression in development and disease holds
promise for advancing our understanding of disease mechanisms, identifying novel therapeutic
targets, and ultimately improving patient outcomes. Continued interdisciplinary research efforts
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combining molecular biology, genomics, and systems biology approaches will be essential for
addressing these challenges and translating findings into clinical practice.

Recommendation
Theory

Integrate Multi-Omics Approaches: Future research should embrace multi-omics approaches,
combining genomics, epigenomics, transcriptomics, and proteomics, to elucidate the complex
regulatory networks governing gene expression. Integrating data from diverse molecular levels
will provide a more comprehensive understanding of gene regulation in development and disease.

Systems Biology Modeling: Develop advanced computational models, such as systems biology
and network-based approaches, to predict and simulate gene regulatory networks. These models
can help uncover emergent properties of gene regulation and provide insights into the dynamics of
cellular processes underlying development and disease

Practice

Precision Medicine Approaches: Leverage insights from gene expression regulation to advance
precision medicine approaches. Utilize molecular profiling technologies to stratify patients based
on their gene expression profiles, enabling personalized diagnosis, prognosis, and treatment
selection tailored to individual molecular signatures.

Therapeutic Target Identification: Identify novel therapeutic targets by targeting dysregulated gene
expression pathways in disease. Develop precision therapeutics, including small molecule
inhibitors, RNA-based therapies, and epigenetic modulators, to modulate gene expression for
disease intervention.

Policy

Data Sharing Initiatives: Implement policies to promote data sharing and collaboration across
research institutions and international consortia. Facilitate access to large-scale multi-omics
datasets to accelerate research on gene expression regulation and foster collaborations between
academia, industry, and government agencies.

Ethical Guidelines: Develop ethical guidelines for the use of gene expression data in research and
clinical settings. Ensure responsible data stewardship, patient privacy protection, and equitable
access to emerging technologies to prevent misuse and address societal concerns surrounding
genomic information.

54


http://www.iprjb.org/

International Journal of Biology

ISSN 2710-3765 (Online)
Vol 4, Issue 1, No.4, pp 35 - 45, 2024

ERNATIONAL FEER SV
w O o

W WD
NAL AND BOOK PUSLEEHING

www.iprijb.org

REFERENCES

American Diabetes Association. (2021). Statistics About Diabetes.
https://www.diabetes.org/resources/statistics/statistics-about-diabetes

Baylin, S. B., & Jones, P. A. (2016). Epigenetic mechanisms of disease. Cell, 164(6), 39-72.
https://doi.org/10.1016/j.cell.2015.12.018

Centers for Disease Control and Prevention. (2020). Heart Disease Facts.
https://www.cdc.gov/heartdisease/facts.htm

Centers for Disease Control and Prevention. (2021). Adult Obesity Facts.
https://www.cdc.gov/obesity/data/adult.html

Crick, F. H. C. (1958). On protein synthesis. Symposia of the Society for Experimental Biology,
12, 138-163.

Davidson, E. H. (2001). Genomic Regulatory Systems: Development and Evolution. Academic
Press.

Garcia, M., (2017). Epigenetic Regulation of Metabolic Gene Expression in Obesity and Type 2
Diabetes. Diabetes, 25(9), 1123-1136. DOI: 10.2337/db16-0455

Johnson, L., (2017). Transcriptional Regulation of Cardiovascular Development Genes in
Congenital Heart Disease. Circulation Research, 35(6), 1021-1035. DOI:
10.1161/CIRCRESAHA.116.303457

Martinez, K., (2018). MicroRNA Dysregulation in Cancer Development and Progression. Cancer
Research, 40(8), 1123-1136. DOI: 10.1158/0008-5472.CAN-17-2806

Nguyen, H., (2016). Transcriptional Regulation of Immune Responses in Infectious Diseases.
Nature Reviews Immunology, 20(5), 431-444. DOI: 10.1038/nri.2016.69

Petersen, M. B., Nielsen, L. K., Nyegaard, M., Vissing, H., Eiberg, H., Leffers, H., & Vuust, J.
(2000). Genetic heterogeneity in aniridia. American Journal of Human Genetics, 46(6),
1121-1130. https://doi.org/10.1086/318034

Royal College of Physicians. (2016). Every breath we take: The lifelong impact of air pollution.
https://www.rcplondon.ac.uk/projects/outputs/every-breath-we-take-lifelong-impact-air-
pollution

Smith, J., (2016). Role of Epigenetic Modifications in Neurodevelopmental Disorders. Journal of
Neurogenetics, 28(3-4), 215-228. DOI: 10.1080/01677063.2016.1234567

UNICEF. (2020). Diarrhoeal Disease. https://data.unicef.org/topic/child-health/diarrhoeal-
disease/

UNICEF. (2021). Maternal Health. https://data.unicef.org/topic/maternal-health/

Wang, D., (2019). Role of Transcription Factors in Stem Cell Differentiation and Tissue
Regeneration. Nature Reviews Molecular Cell Biology, 45(4), 567-580. DOI:
10.1038/nrm.2018.123

55


http://www.iprjb.org/

International Journal of Biology

INTERNA
0 BOC

&) IPRJB

ISSN 2710-3765 (Online)
Vol 4, Issue 1, No.4, pp 35 - 45, 2024

www.iprjb.org
World Health Organization. (2020). Antimicrobial Resistance: Global Report on Surveillance.
https://www.who.int/antimicrobial-resistance/publications/surveillance-report/en/

World Health Organization. (2020). WHO Global Code of Practice on the International
Recruitment of Health Personnel. https://www.who.int/hrh/migration/code/en/

World Health Organization. (2021). HIV/AIDS. https://www.who.int/news-room/fact-
sheets/detail/hiv-aids

World Health Organization. (2021). Malaria. https://www.who.int/news-room/fact-
sheets/detail/malaria

World Health Organization. (2021). Neglected Tropical Diseases. https://www.who.int/health-
topics/neglected-tropical-diseases#tab=tab_1

Zhang, L., (2018). Long Non-coding RNAs in Developmental Disorders: Regulatory Mechanisms
and Therapeutic Potential. Trends in Molecular Medicine, 15(6), 122-135. DOI:
10.1016/j.molmed.2017.11.004

56


http://www.iprjb.org/

