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Introduction
Drug metabolism is a biological process that involves specific 

enzyme systems modifying medicinal compounds. Drug metabolism 
can be affected by changes in the expression of drug-metabolizing 
enzyme genes. Epigenetic control of drug-metabolizing enzyme 
genes has recently been identified as a critical mechanism. Heritable 
factors of genomic modifications that do not include changes in DNA 
sequence are referred to as epigenetic regulation. DNA methylation, 
histone modifications, and non-coding RNAs are examples of such 
modifications[1-15].The impact of epigenetic regulators on genes 
involved in drug metabolism is examined in this review, which also 
proposes a network approach to epigenetic regulation. Epigenetic 
mechanisms have significant therapeutic consequences and may 
provide insight into effective medication development as well as 
increase drug therapy safety.

Subjective heading

OSBP is a sterol sensor and facilitates trafficking of cholesterol 
or hydroxycholesterol from ER to Golgi OSBP binds to both vesicle-
associated membrane protein-associated protein (VAP)-subtype A 
on the ER and phosphatidylinositol 4-phosphate (PI4P) on the Golgi 
to form a “membrane contact site” (MCS) to facilitate lipid transfer 
between opposing surfaces . CERT, which shares functional homology 
with OSBP, regulates the transport of ceramide from ER to the Golgi 
where the ceramide is converted to sphingolipids OSBP modulates 
CERT activation and translocation to the Golgi and thereby integrates 
sterol homeostasis to sphingolipid biosynthesis . We previously 
showed that OSBP mediates HCV secretion while binding to NS5A 
and vesicle-associated membrane protein-associated protein (VAP)-
subtype A  Inhibition of CERT function effectively suppressed HCV 
release without affecting RNA replication  These studies indicate that 
these lipid transport proteins, CERT, and OSBP directly contribute to 
HCV morphogenesis/secretion.

Syphilis is an infection caused by Treponema pallidum. Usually, T. 
pallidum is transmitted through sexual intercourse. In addition, syphilis 
greatly increases the risk of infection and transmission of  acquired 
immune deficiency syndrome . In recent years, the global incidence of 
syphilis has increased because of the ability of  T. pallidum  to evade 
host immune defenses and spread from the initial site of infection to 
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Abstract
Hepatitis C virus (HCV) RNA replicates its genome on specialized endoplasmic reticulum modified membranes 

termed membranous web and utilizes lipid droplets for initiating the viral nucleocapsid assembly. HCV maturation 
and/or the egress pathway requires host sphingolipid synthesis, which occur in the Golgi. Ceramide transfer protein 
(CERT) and oxysterol-binding protein (OSBP) play a crucial role in sphingolipid biosynthesis. Protein kinase D 
(PKD), a serine/threonine kinase, is recruited to the trans-Golgi network where it influences vesicular trafficking 
to the plasma membrane by regulation of several important mediators via phosphorylation. PKD attenuates the 
function of both CERT and OSBP by phosphorylation at their respective Ser132 and Ser240 residues Here, we 
investigated the functional role of PKD in HCV secretion. Our studies show that HCV gene expression down-
regulated PKD activation. PKD depletion by shRNA or inhibition by pharmacological inhibitor Gö6976 enhanced 
HCV secretion. Overexpression of a constitutively active form of PKD suppressed HCV secretion. The suppression 
by PKD was subverted by the ectopic expression of nonphosphorylatable serine mutant CERT S132A or OSBP 
S240A. These observations imply that PKD negatively regulates HCV secretion/release by attenuating OSBP and 
CERT functions by phosphorylation inhibition. 

other organs and tissues. Hence, it is also termed a “stealth pathogen. 
How  T. pallidum  overcomes the immune response and damages 
tissue is incompletely understood. Explaining the pathogenesis and 
immune mechanism of action of T. pallidum has become a key link to 
controlling syphilis.

Discussion
The metabolic process and therapeutic effect of a medicine are 

heavily influenced by factors that influence the expression and function 
of drug-metabolizing enzymes and transporters. Genetic differences 
in enzymes and transporters have long been known to cause changes 
in medication responsiveness. There have been numerous genetic 
polymorphisms discovered in genes encoding drug-metabolizing 
enzymes and transporters that can be converted into clinical differences.
However, genetic influences can only explain a portion of the huge 
interindividual variability in medication responsiveness. Only 10%–
30% of phenotypic variations may be explained by genetic variants in 
genes encoding drug-metabolizing enzymes and transporters in the 
majority of cases.

Histone H3  acetylation is an important epigenetic modification 
regarding the ability for genes to be transcribed. Acetylation has the 
most potential to unfold chromatin, because it neutralizes the basic 
charge of the lysine residual and loosens the interaction between 
histone and DNA. Acetylation is generally associated with activation 
of transcription. Several histone acetyltransferase have been identified 
as transcription co-activators. In contrast, histone deacetylation 
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is generally associated with repression of transcription.  Histone 
deacetylases have been identified as transcriptional co-repressors.

Because genetic information can be expressed differently in 
different people throughout time and space, and even monozygotic 
twins do not necessarily have the same phenotype, epigenetic factors 
are now thought to be a major part of the molecular control of gene 
expression4. The general idea of epigenetics will be briefly discussed in 
this review, as will its influence on genes encoding proteins involved 
in drug metabolism and transport. We’ll also look at epigenetic 
mechanisms as a regulatory network and talk about how epigenetic 
research affects medication.

Property of epigenetics

Epigenetics is the study of heritable changes in gene expression that 
are not driven by DNA sequence changes. Epigenetic control results 
in generally stable alterations that can be influenced by a variety of 
different factors, including age, diet, lifestyle, disease, and environment. 
DNA methylation, histone modifications, and non-coding RNAs are 
only a few examples of epigenetic regulatory systems that can influence 
gene expression without affecting the underlying DNA sequences.
DNA methylation

In a dinucleotide setting, DNA methylation usually refers to the 
insertion of a methyl group to the cytosine pyrimidine ring at position  
DNA methyltransferases (DNMTs) and demethylases keep track of a 
site’s methylation status, which can be passed down via cell divisions. 
For optimal gene regulation, chromosomal integrity, and parental 
imprinting, DNA methylation is required. It is vital in the long-term 
silencing of transcription and the development of heterochromatin.

Protein kinase D (PKD), a serine/threonine kinase, is recruited to 
the trans-Golgi network where it influences vesicular trafficking to the 
plasma membrane by regulation of several important mediators via 
phosphorylation. PKD attenuates the function of both CERT and OSBP 
by phosphorylation at their respective Ser132 and Ser240 residues Here, we 
investigated the functional role of PKD in HCV secretion. Our studies 
show that HCV gene expression down-regulated PKD activation. 
PKD depletion by shRNA or inhibition by pharmacological inhibitor 
Gö6976 enhanced HCV secretion. Overexpression of a constitutively 
active form of PKD suppressed HCV secretion. The suppression by 
PKD was subverted by the ectopic expression of nonphosphorylatable 
serine mutant CERT S132A or OSBP S240A. These observations imply 
that PKD negatively regulates HCV secretion/release by attenuating 
OSBP and CERT functions by phosphorylation inhibition. 

OSBP is a sterol sensor and facilitates trafficking of cholesterol 
or hydroxycholesterol from ER to Golgi OSBP binds to both vesicle-
associated membrane protein-associated protein (VAP)-subtype A 
on the ER and phosphatidylinositol 4-phosphate (PI4P) on the Golgi 
to form a “membrane contact site” (MCS) to facilitate lipid transfer 
between opposing surfaces CERT, which shares functional homology 
with OSBP, regulates the transport of ceramide from ER to the Golgi 
where the ceramide is converted to sphingolipids OSBP modulates 
CERT activation and translocation to the Golgi and thereby integrates 
sterol homeostasis to sphingolipid biosynthesis We previously showed 
that OSBP mediates HCV secretion while binding to NS5A and vesicle-
associated membrane protein-associated protein subtype Inhibition of 
CERT function effectively suppressed HCV release without affecting 
RNA replication These studies indicate that these lipid transport 
proteins, CERT, and OSBP directly contribute to HCV morphogenesis/
secretion.

Histone modifications

Histone proteins in the nucleosome, surrounded by 146 bp DNA, 
play a dominant role in the regulation of gene expression. Several 
covalent modifications on the N-termini of histone proteins have 
been discovered, many of which contain distinct regulatory functions 
and are transmissible through cell divisions. Histone modifications 
can be divided into those that correlate with activation or repression 
of gene expression Histone H3 acetylation is an important epigenetic 
modification regarding the ability for genes to be transcribed. Acetylation 
has the most potential to unfold chromatin, because it neutralizes the 
basic charge of the lysine residual and loosens the interaction between 
histone and DNA. Acetylation is generally associated with activation 
of transcription. Several histone acetyltransferase have been identified 
as transcription co-activators. In contrast, histone deacetylation 
is generally associated with repression of transcription.  Histone 
deacetylases have been identified as transcriptional co-repressors.

Conclusion
In summary, epigenetic regulation of drug-metabolizing genes 

and transporters is a critical factor in control of drug metabolism and 
transport as schematically illustrated. Epigenetic mechanism is an 
important source of interindividual variability in drug metabolism and 
transport. Combining the current understanding with further studies 
about the network of epigenetic regulations in drug metabolism may 
help to improve the safety and effectiveness of drug therapy.

Acknowledgement

I would like to thank my Professor for his support and 
encouragement.

Conflict of Interest

The authors declare that they are no conflict of interest.

References
1. Qin J, Li R, Raes J(2010) A human gut microbial gene catalogue established by 

metagenomic sequencingNature.464: 59-65.

2. Abubucker S, Segata N, Goll J(2012) Metabolic reconstruction for metagenomic 
data and its application to the human microbiome. PLoS Comput Biol 8. 

3. Hosokawa T, Kikuchi Y,Nikoh N (2006) Strict host-symbiont cospeciation and 
reductive genome evolution in insect gut bacteria. PLoS Biol 4.

4. Canfora E E, Jocken J W, Black E E (2015) Short-chain fatty acids in control of 
body weight and insulin sensitivity. Nat Rev Endocrinal 11: 577-591.

5. Lynch SV, Pedersen(2016) The human intestinal microbiome in health and 
disease. N Engl J Med 375: 2369-2379.

6. Leonard S, Hommais F (2017) Plant-phytopathogen interactions: bacterial 
responses to environmental and plant stimuli. Environ Microbiol 19: 1689-1716.

7. Brader G, Compant S,Vescio K (2017) Ecology and genomic insights into 
plant-pathogenic and plant-nonpathogenic endophytes. Annu Rev Phytopathol 
55: 61-83, 10.1146

8. Vurukonda S, Giovanardi D (2019)Plant growth promoting and biocontrol 
activity of Streptomyces. spp. as endophytes . Int J Mol Sci. 

9. Vacheron J, Desbrosses G (2019) Prigent-CombaretPlant growth-promoting 
rhizobacteria and root system functioningFront. Plant Sci 4: 356 10.3389.

10. Graf T, Felser C (2011) Simple rules for the understanding of Heusler compound 
sprog. Solid State Chem 39: 1-50.

11. . Zsaki X A Xi M(2017) Stability assessment of homogeneous slopes loaded 
with mobile tracked cranes - an artificial neural network approach.Cogent 
Engineering 7 (1): 1-13.

12. Ak HM Iphar, Yavu M(2009) Evaluation of ground vibration effect of 

https://www.nature.com/articles/nature08821
https://www.nature.com/articles/nature08821
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1002358
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1002358
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.0040337
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.0040337
https://www.nature.com/articles/nrendo.2015.128
https://www.nature.com/articles/nrendo.2015.128
https://pubmed.ncbi.nlm.nih.gov/27974040/
https://pubmed.ncbi.nlm.nih.gov/27974040/
https://pubmed.ncbi.nlm.nih.gov/27878915/
https://pubmed.ncbi.nlm.nih.gov/27878915/
https://www.annualreviews.org/doi/abs/10.1146/annurev-phyto-080516-035641
https://www.annualreviews.org/doi/abs/10.1146/annurev-phyto-080516-035641
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5979581/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5979581/
https://pubmed.ncbi.nlm.nih.gov/24062756/
https://pubmed.ncbi.nlm.nih.gov/24062756/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6533245/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6533245/
https://www.tandfonline.com/doi/full/10.1080/23311916.2017.1360236
https://www.tandfonline.com/doi/full/10.1080/23311916.2017.1360236
https://www.sciencedirect.com/science/article/abs/pii/S0267726108001255


Page 3 of 3

Citation: Zhong X (2022) Gene Control in Pharmaceutical Synthesis and Delivery. J Cell Mol Pharmacol 6: 122.

Volume 6 • Issue 3 • 1000122J Cell Mol Pharmacol, an open access journal

blasting operations in magnesite mine. Soil Dynamics and Earthquake 
Engineering 29 (4): 669-676.

13. Granild JB(2015) Predictors for early diagnosis of cerebral palsy from national 
registry. dataDev. Med. Child Neurol 57 (10): 931-935.

14. Novak C Morgan L, Adde J(2017)Early accurate diagnosis and early intervention 
in cerebral palsyadvances in diagnosis and treatment. JAMA Pediatr 171 (9): 
897-907.

15. De JAD Leon C(2020) Evaluation of oxidative stress in biological samples 
using the thiobarbituric acid reactive substances assay. J Vis Exp (159): Article 
e61122.

https://www.sciencedirect.com/science/article/abs/pii/S0267726108001255
https://www.researchgate.net/publication/274726642_Predictors_of_early_diagnosis_of_cerebral_palsy_from_national_registry_data
https://www.researchgate.net/publication/274726642_Predictors_of_early_diagnosis_of_cerebral_palsy_from_national_registry_data
https://www.researchgate.net/publication/318472896_Early_Accurate_Diagnosis_and_Early_Intervention_in_Cerebral_Palsy_Advances_in_Diagnosis_and_Treatment
https://www.researchgate.net/publication/318472896_Early_Accurate_Diagnosis_and_Early_Intervention_in_Cerebral_Palsy_Advances_in_Diagnosis_and_Treatment
https://www.sciencedirect.com/topics/medicine-and-dentistry/thiobarbituric-acid-reactive-substance
https://www.sciencedirect.com/topics/medicine-and-dentistry/thiobarbituric-acid-reactive-substance

	Title
	Corresponding author
	Abstract 

