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PHARMACOGENOMICS 

Programme of Module 2 Pharmacoepigenomics 

 

-Introduction to pharmacoepigenomics: general aspects 

-Interactions between genome and environment  in the modulation of the pharmacological response 

-Interactions between genome and environment  in the modulation of side effects 

-Pharmacoepigenomics deals with: 

the influence that epigenetic alterations (DNA methylation, histone modifications, chromatin 

remodeling, non-coding RNAdysregulation) exert on drug efficacy and safety,  

-the influence of the effects that drugs may have on the epigenetic machinery.  

-Genes involved in pharmacogenomics are also affected by epigenetic modifications conditioning the 

therapeutic outcome.  

-Drugs may modify epigenetic functions under normal and pathological conditions.  

-Epigenetic drugs with potential effects in CNS disorders 

-How epigenetic phenomena affect drug response in CNS diseases: addiction, chronic pain, 

neurodegenerative diseases, neuropsychiatric diseases. 

-Epigenetic drugs: DNA methyltransferase inhibitors,  histone deacetylase inhibitors, 

 histone acetyltransferase modulators,  histone methyltransferase inhibitors, 

 histone demethylase inhibitors, non-coding RNAs (miRNAs) 

-Ubiquitin proteasome system and interacions with epigenetic modifications. 

-Animal models of human diseases 



Epigenetics

And  

Epigenetic drugs



What means epigenetic ????

This term refers to changes altering the phenotype
without altering the genotype of a person.

Epigenetics is a branch of genetic that is involved in the study of different kinds
of alterations able to affect gene expression, without altering the DNA coding

sequence. 

Epigenetic signals and modifications are anyway inheritable
even if it does not alter nucleotidic sequence, whereas it alters

its activity.
They are inheritable phenomena and the phenotype is
determined not only by the inheritable genotype but also by the 
overlapping of a mark, an influence of the functional behavior.



Borrelli et al., 2008, Neuron.

Genetics versus Epigenetic Control

Regulation of biological processes can be achieved via genetic and epigenetic programs. Variation in 
genetic information is obtained by mutagenesis of the DNA sequence that irreversibily change the 

encoded message. Epigenetic control operates either on DNA, via DNA methylation, or on 
chromatin.



These changes are also called EPIMUTATIONS, 
influencing next generations of cells and individuals, 

without DNA mutations
They are defined as

NONGENOMIC factors able to induce a different gene 
expression of the individuals



Gene-environment interactions are responsible of development   trajectories 
alterations, leading to evolution adaptations toward some vulnerability or 

resilience for diseases 



Environmental factor and Drug addiction









Epigenetic regulation during development



Epigenetic regulation during development



Genetics alone does not determine our health 



ORGANIZATION and        
structure of CHROMATIN

Chromatin is the structure of nucleic acids inside the cells. 
In eucariotic cells chromatin is mainly consisting of:
DNA wind up to proteins named Histone (H) producing the NUCLEOSOMA





EUCHROMATIN     vs        HETEROCHROMATIN
ACTIVE                      INACTIVE





Condensed
chromatin

Relaxed chromatin



3 Main epigenetics mechanisms:

1. Histone modifications 

2. DNA methylation

They are reversible and dynamic also in adults.

3. non-coding RNA (ncRNA) = functional RNA encoding from DNA but

not translated in protein→ regulation of gene expression at trascriptional and 

post-transcriptional level. 

ncRNA related to epigenetic include short-ncRNA (microRNAs (miRNAs), short 

interfering RNAs (siRNAs) and long-ncRNA. 



1. Histone modifications are   post-
transcriptional





Histone modifications

Lisine = K; Arginine = R; Serine = S



Acetylation and Deacetylation

Acetylation is associated to
chromatin relaxation and gene
transcription enhancement

Deletion of acetyl groups is associated
to chromatin condensation and gene
transcription repression

HDACs
(many isoforms) HATs

(many isoforms)



Histone methylation

histone-methyltransferase (HMTs)
substitute 1 H with 1 CH3 on residues of arginine (R) or lysine (K)→

Usually, methylation of R activates gene transcription, of K inhibits; also
number of –CH3 added is important

Lysin K can be  MONO, DI o Tri methylated





Examples



Tab.1 Epigenetic histone
modifications





Cross-talk of histone modifications

Also the histone modifications can affect other modifications.

Regulation of chromatin by histone modifications
Bannister and Kouzarides

(Cell Res 2011 Mar;21(3):381-95)



Out of more than 3 billions of base pairs belonging to mammals genome,
About the 40% are CG and the 2-7% of them is methylated.
In eucariotics the methylation is on the cytosines ( C ) of the CpG islands.

2.  DNA  methylation



DNA methyltrasferase enzyme (DNMT) acts a methylation in position 5 of the

Cytosine bases, producing 5-methyl cytosine.

There are different isoforms of these enzymes (DNMT1, DNMT3a, DNMT3b..)

CpG islands: genome DNA fragments carryng CpG sequences 10 fold more frequent,
located overall close to CAP sites.

DNMTs



❑ DNA and histone lysine methylation systems are highly 
interrelated

❑ Also histone acetylation and DNA methylation are 

interregulated events
❑→ the first leads DNA access for demethylases enzymes, removing CH3 
groups.

❑→ the second increases the affinity for histones
deacetylases



Since reproductive function is repressed in workers but
not queens, it seems possible that DNA methylation

results in repression of gene expression in workers. DNA 
methylation requires the enzyme DNMT3. It was shown

that silencing DNMTS expression in newly hatched
honeybee larvae mimics the effect of royal jelly, 

namely, the larvae destined to become workers develop
into queens with fully developed ovaries.

Kucharski R et  al., 2008, Science

In honey bees the behaviorally and 
reproductively distinct queen and worker

female castes derived from the same
genome as a result of differential intake of 
royal jelly and are implemented in concert

with DNA methylation.

Lyko F et al.., 2010, PloS Biol.

Cridge AG et al, 2015. Nutrients

Royalactine



EPIGENETIC FACTORS

Environmental Factors

➢Age
➢ Social stress
➢Exposure to chemical substances
➢Exposure to addictive drugs
➢Neurodegenerative disorders
➢Cancer



Environmental factors

Social stress

Adults rats receiving high level of maternal care during
the first months of life show less fear compared with  
lower level of maternal care and higher GR gene expression caused
by lower DNA  methylation on GR promoter.

Sexual abused children show high stress response and suicide risk increase.

The hippocampus of suicides sexually-abused in childhood show a strong decrease
of GR mRNA expression associated to an hypermethylation



Epigenetics and suicide

Biological, developmental, social and environmental factors
interact each other and all together affect the complex phenomenon of suicide.

Brain studies suggest a role for epigenetic mechanisms affecting
gene expression and consequently affect behavior and predisposition to suicide.
Among them DNA methylation represents the most important
epigenetic modification in the neurobiology of suicide.

Decrease of GR gene expression levels is linked
to increase of site-directed DNA methylation in GR gene promoter.
This happens in the hippocampus of suicides, victims of adversity in childhood

(adversity history: severe physical and or sexual abuse, or severe neglect)

MCGowan et al., Hippocampus, 2009  GR showed for the 1° time:
Methylation in NGFI-A binding site within GR promoter in hippocampus of suicides with history of 

abuse.
GR expression in the same



Epigenetic and suicide

Suicide PFCx: show High levels of methylation
of H3K27 on TrkB receptor gene promoter.

Alterations of 5-HT and GABA neurotransmission
Are MARKERS of Major depression and suicide risk.

Alterations of DNMT (DNA methyl transferase) in FCX, limbic
areas and brainstem of suicides



Epigenetics and addictive drugs

Epigenetic alterations interact with genetic predisposition,
environmental factors, exposure to addictive drugs.

All together induce long-lasting gene expression alterations
influencing the typical behavior of addiction



Cocaine epigenetic effects

1 single cocaine administration ↑ in 30 min histone H4 acetylation

(H4ac) e histone H3 phospho-acetylated (H3pac) levels in rat NAc

Self-administration of cocaine in the rat ↑ H3ac and H4ac levels in

NA but only H3ac levels are related to motivation of the cocaine

intake.

On the contrary, repeated exposure to cocaine ↓ H3 dimethylation

in Lysine in position 9 (H3K9me2), a repressive modification.

EPIGENETICS and Addictive drugs



Combining the two modifications (increase of acetylation and

decrease of methylation on H3 determines the final effect:

repeated exposure to cocaine induce a global increase of DNA

transcription.

Therefore the chronic exposure to cocaine induce in the Nac

neurons a global modification of chromatin that is favorable to

transcription by means of increase of acetylation (H3ac, H4ac) and

phosphoacetylation (H3pac) and a decrease of methylation

(H3K9me2)) di specifici istoni.

EPIGENETICS and Addictive drugs



Epigenetic and disorders

Histone modifications

Many neurological disorders are related to a dysequilibrium of
histones acetylation levels and to transcriptional dysfuctions.

→Pharmacological treatment with HDAC inhibitors may correct these
dysfunctions becoming useful therapeutic strategies for neurodegenerative
diseases.

→ In fact nowadays we know that HDAC inhibitors show neuroprotective,
neurotrophic and antinfiammatory properties.

→ Environmental enrichment is also able to ameliorate learning and memory

deficits in animals loosing hippocampal and cortical neurones; a positive 
environment stimulates histone acetylation leading to an increase of BDNF levels
causing an increase of the intact neuronal circuitry



Valproic acid is a drug used for epilepsy and bipolar disorders

Therefore it is considered as anticonvulsant and mood stabilizer.
Mechanisms of action:

❖ Increase of GAD enzyme activity, so more GABA synthesis

❖ Inhibition of GABA transporter (GAT-1 )(antiepileptic )

❖ Decrease of Glutamate release by acting on Sodium and calcium
channels.

❖ HDACs Inhibition!!



Other possible disorders among the neurodegeneratives genetically based:

→ Huntington Chorea
→ Alzheimer disease
→amyotrophic lateral sclerosis SLA
→ spinal muscular atrophy (SMA)
→ Rett syndrome ( a genetic type of autism)

HDAC Inhibitors



Epigenetic and diseases

→Emotional field patologies

Rat adolescents receiving high levels of maternal/stimulation care

Meet a GR (glucocorticoid receptor) gene demethylation, that causes an
increase of histone acethylation in the hippocampus with a related
increase of transcription rate for many genes.

When they are adults they show higher levels of GR and a less stress
related phenotype, since this gene is responsible of the regulation of the
stress response circuit (activated by the axis HPA)





Also BDNF function is crucial for synaptic neuronal plasticity , and it is
regulated by epigenetic mechanisms. 

→ In inactive neurones, BDNF promoter is methylated and it is linked to  
MECP2 factor (Methyl Cytosine phosphate guanine binding Protein 2) and to a 
transcription repressor complex. 

→Environmental stimuli cause neuronal depolarization and cause BDNF gene 

demethylation, inducing unbinding from MECP2-dependent transcription
repressor complex. 

→Mutations causing the loss of MECP2 gene function are responsible in 
humans for serious deficits of motor coordination and for socialization and 
cognitive abilities (Rett syndrome).



DNA methylation and cancer

Anormal DNA methylation is associated to a non programmed
gene inhibition (silencers)

Many of them are related to many human cancers:

Genes may appear hyper or hypo methylated vs normal tissues

→ DNA hypermethylation is repressing transcription usually in a oncorepressor gene 
promoter = this causes an increase of cell proliferation

→ DNA hypomethylation enhances transcription of an oncogene = this causes an 
increase of cell proliferation



Early epigenetic changes Late epigenetic changes

specific epigenetic marker selection may produce 
selective advantages for tumor cells = increase
metastatic cascade. 

To look for these epi-drivers might be important for the 
understanding of metastatic risk in a tumor. 



VALPROIC acid is studied also for blood liquid tumors.
miRNAs = utilized as diagnostic and prognostic markers.
Dual molecules acting both as HDACs and DNA methylation inhibitors



Drug discovery for new dual molecules acting both as HDACs and 
DNA methylation inhibitors have shown a potent antineoplastic
effect for melanoma. 

More advantages, 
more specificity,
More activity
at epigenetic level, usually
potentiated in cancer

→ Strategy to understand better new targets







SIRT1     PIN1     APOE1      APP         PSEN



Competitive inhibitors of HDACs (tricostatin A [TSA], hydrossamic

acid suberoilanilide [SAHA], sodium butirrate [NaBut] and valproic

acid [VPA]) interact directly and prevent deacetylation of Lysines by

HDACs, therefore inducing a hyperacetylation and active

transcription.

Histone modifications





A large number of neurodegenerative conditions in vivo and in

vitro involve functional imbalance in HATs and HDACs, resulting in

histone hypoacetylation and transcriptional dysfunction.

Treatment with Class I, II and, more recently, III HDAC inhibitors

restores these deficiencies.



Scheme showing that neurological and psychiatric disorders involve epigenetic modifications of key

neuronal genes and intervention by HDAC inhibitors

Neurodegenerative diseases (Huntington’s disease, Parkinson’s disease and ischemia), psychiatric disorders

(depression, stress and anxiety) and neurodevelopmental disorders can involve aberrant acetylation and

methylation of histones and/or DNA methylation. These epigenetic modifications can be influenced by

experience and determine the transcriptional state of regulatory genes critical to synaptic plasticity, cognition

and mood. Histone deacetylase inhibitors amelioration of plasticity and cognitive deficits.



Scopolamine administration drastically up-regulated DNA methyltransferases (DNMT1) and

HDAC2 expression. HDAC inhibitor sodium butyrate and DNMT inhibitor Aza-20deoxycytidine

recovered scopolamine-impaired hippocampal-dependent memory consolidation with concomitant

increase in the expression of synaptic plasticity genes Brain-derived neurotrophic factor (BDNF) and Arc

and level of histone H3K9 and H3K14 acetylation and decrease in DNA methylation level.







➢ Histone hypoacethylation and transcriptional disfunctions are

involved in many neurodegenerative disorders and conditions in

vivo e in vitro.

➢ iHDAC normalize these deficiencies and protect against

neurodegeneration.

➢ many genes are involved in neuroprotection and neurotrophic

mechanisms and they are regulated by inhibition of HDAC

➢ iHDAC suppress neuroinflammation by inhibiting microglial

activation



Ictus or stroke

In a model of stroke induced by occlusion of middle

cerebral artery (MCA): ↓ Hac on lysine in the mouse or

rat ischemic brain.

These alterations decrease by means of iHDAC therapy

causing a reduction of stroke volume.



4-phenylbutirrate administered at beginning of symptoms in a mouse

transgenic model of SLA increase survivor and admeliorate

symptoms.

Alzheimer Disease

In a mouse transgenic model of AD the administration of 4-

phenylbutirrate :

➢ restore deficits of spatial memory by means of normalization of

hyperphosphorylation of Tau protein in the hippocampus

➢ improve the dramatic loss of H4 acethylation in the cortex.

Amyotrophic lateral sclerosis





AD biomarkers

• BDNF in progressive decline of cognition in AD

• Sirt1 as IHDAC involved in epigenetic mechanisms
decreases β-A e Tau

• Pin1, peptidil-prolil cis/trans isomerasis (modulate 
plaques formation)

• Psen1 as component of complex γ-secretasis (production of β-A 

and Tau phosphorilation)



Fig. 1. (A) Pin1 mRNA expression after 25 μM Aβ (25–35) treatment for 5, 24, 

or 48 h. Gene expression was measured by real-time PCR. Data represent 

2−DDCt values normalized to GAPDH levels. Data are expressed as mean ±

SEM of controls of three independent experiments.

Fig. 3. (A) Bdnf mRNA expression after 25 μM Aβ (25–35) treatment for 5, 24, or 48 

h. Gene expression was measured by real-time PCR. Data represent 2−DDCt values 

normalized to GAPDH levels. Data are expressed as mean ± SEM of controls of three 

independent expe...



Fig. 1. (A) Pin1 relative gene expression (mRNA) levels were 

determined by real-time PCR in the hippocampus, entorhinal cortex, 

parietal cortex, and frontal cortex of apoE3 and apoE4 transgenic 

mice. 
Fig. 2. (A) Sirt1 relative gene expression (mRNA) levels were determined by 

real-time PCR in the hippocampus, entorhinal cortex, parietal cortex, and 

frontal cortex of apoE3 and apoE4 transgenic mice. 

ApoE: Fattore a maggior rischio genetico di AD sporadico



Fig. 3. (A) PS1 relative gene expression (mRNA) levels were determined by real-time PCR in the hippocampus, entorhinal cortex, 

parietal cortex, and frontal cortex of apoE3 and apoE4 transgenic mice. 

in vitro and in vivo  data demonstrate the gene expression

modulation for the investigated proteins and this has

something to do in the molecular mechanisms underlying

Alzheimer D.











Fig. 1. Percentage of BDNF promoter methylation levels 

in controls and AD patients.
Fig. 2. Percentage of Sirt1 promoter methylation 

levels in controls and AD patients.

RESULTS



Fig. 3. Percentage of Psen1 promoter 

methylation levels in controls and AD 

patients.





Epigenetic mechanism in leucocites of  discordant twins

sirt 1 and pin1 are up-regulated in AD twin

A significant decrease of acetylation on H3K9 in agreement with gene expression.

A significant increase of HDAC2 and HDAC9 gene expression.

Biomarkers predictive of AD.



























EPIGENETICS and cancer

E CANCRO

DNA hypoMETHYLATION

Cancer cells have 20–60% less CpG methylated sites compared to

normal cells; this represents the first epigenetic alterations shown in

cancer cells.

➢ Hypomethylation grade increases across tumor evolution, from

a benigne lesion to an invasive tumor

➢ cancerogenesis role: loss of imprinting, cromosomes instability

generation, activation of oncogenes normally methylated.

➢ meccanisms not well clarified



DNA Hypermethylation

Hypermethylation of CpG islands and the silencing of

tumor suppressor genes are causal factors both in

early and in late stages of cancerogenesis.

DNA 

Epigenetics and cancer

Hypermethylation of tumor suppressor gene

promoters is observed in the majority of tumors.



EPIGENETICs and cancer

A) CpG sites in CpG islands are usually non methylated in normal

cells, whereas CpG sites out of islands are usually methylated. The

CpG islands non methylated are usually actively transcribed.

B) Transcritional silencing of tumor suppressor genes in cancer cells is

often associated to hypermethylation of their CpG islands in the

promotor. Then CpG sites out of islands often are hypomethylated

in cancer cells.



EPIGENETICs and cancer



In normal cells, CpG island promoters are generally unmethylated and when active, as in the case of tumor

suppressor genes, are accompanied by active histone marks such as acetylation and H3K4 methylation (green

circles, 4) allowing for a transcriptionally active open chromatin structure.

However, repetitive regions, transposons, CpG poor intergenic regions and imprinted gene promoters are

heavily methylated and accompanied by repressive histone marks such as H3K9 methylation (red circles, 9) that

together form a silent chromatin state. During tumorigenesis, tumor suppressor gene promoters with CpG

islands become methylated, resulting in the formation of silent chromatin structure and aberrant silencing

(indicated by the red arrow). In contrast, the repetitive sequences, transposons and imprinted gene promoters

become hypomethylated resulting in their aberrant activation (indicated by the green arrow).

DNA methylation changes in cancer



in conclusione

❖ farmaci capaci di “reverse” queste alterazioni epigenetiche

❖ inibire DNMTs per contrastare ipermetilazione DNA

❖ inibire HDACs per contrastare ipoacetilazione istoni

EPIGENETICS and cancer



❖ Drugs able to “reverse” epigenetic alterations may be useful

❖ inhibiting DNMTs to oppose the DNA hypermethylation

❖ inibiting HDACs to oppose the histone hypoacetylationoni

EPIGENETICS and CANCER



epigenetics: therapy

In cancer cells epigenetic alterations leading

silencing of “tumor suppressor genes” produce

new drugs able to revert aberrant patterns of DNA

methylation and histone acetylation by inhibiting

DNMTs and HDACs.



epigenetic: therapy

DNA methyltransferase inhibitors



epigenetic: therapy

Among the iHDAC, FDA has approved

vorinostat, for the treatment of cutaneous

linphoma T-cell.



miRNA

1993 first miRNA isolated in C.elegans Lin4

1998 second miRNA in C.elegans Lin-7

In 15 years more than 2000 miRNA identified



smallRNA: 

smallRNA

siRNA miRNA tncRNAsmRNA



miRNA: 

miRNA (MicroRNA)

➢ small molecule of single strend RNA

➢ 19-25 nucleotides lenght

➢ non coding but regulating of translation without

degradation

➢ non perfectly complementary to their mRNA target.

➢ genes codifying for miRNA are 1% out of the total.



Tra i ncRNA maggiormente caratterizzati troviamo i

tRNA (RNA transfer) and rRNA (ribosomial RNA). They

are important for protein synthesis.

Also….

RNA non coding (ncRNA)







miRNA: how are born

1. transcription from RNA pol II to form pre-miRNA

2. clivage from Drosha to form pre-miRNA

3. translocation out of nucleus by  esportin 5

4. clivage from Dicer to miRNA mature





miRNA: how do they work

After formation of silencing complex induced by RNA (RISC):

a. inhibition of mRNA-ribosome complex formation

b. protein synthesis alterations

c. degradation of the poliA tail of mRNA

1
2









miRNA: functions

➢ embrional development

➢ haematopoiesis

➢ apoptosi

➢ neoplastic genesis and progression

➢ cardiac elettrophysiology

➢ cardiac myopathies

➢Endocrine mechanisms



miRNA: functions

regolazione dell'espressione genica

regolazione dello sviluppo e del differenziamento cellulare tempo 

e tessuto-specifico

➢Embrional development (miR51 family),

➢ electrical cardiac functions (miR-1, miR-2)

➢ synapsis formation and maturation (miR-134, miR-138)

➢ haematopoiesis



Abnormal miRNA expression profiles have been

identified in several pathologies, suggesting their role in

cellular events underlying start and progression of the

illness.

➢ cancer

➢ autoimmune diseases

➢ SNC diseases

miRNA FUNZIONI





Alzheimer Disease

miRNA-146 increase chronic inflammation

Proinflammatory cytochines induce NF-kB
Activation

Activation of miRNA-146 expression
Causes an increase of the inhibition of CFH 
(H complement factor) that represses
cerebral inflammatory processes



miRNA and Cancer

let-7     increase of tumoral growth

miR-15a/16-1  decrease of apoptosis

miR-424 increase of angiogenesis

mirR-103/107
miR-200 metastasis

miR-21 gemcytabine resistance











ncRNA: therapeutical advanges

miRNA as diagnostical biomarkers

miRNA pattern of expression is able to identify neoplastic formation
scarsely differentiated, very difficult to see with mRNA or Protein expression

The pattern of expression of more than 200 miRNAs in plasma, saliva, tissues
can help to make early diagnosis of hidden tumors



ncRNA therapeutical advantages

miRNA as therapeutical target

RNA molecules can be used for therapeutical aims
by mimiking or regulating miRNA activity in tumors.

- Introduce underexpressed miRNA

- Inhibit the overexpression of miRNA
(by antagomirs, complementary or binding to miRNA or by

Sponges containing several artificial binding sites for miRNAs)



cancer

miRNAs may have both oncogene or

oncosupressor functions.

Surprisingly, one specific miRNA can behave as

oncogene or oncosuppressor depending upon

the type of alteration, type of cell or

transcriptional or post transcriptional regulation

of target genes..

miRNA: Diseases



Cancer

↓ let-7 → ↑ tumoral growth, 

↓ miR-15a/16-1 → ↓ apoptosis,

↑ miR-424 → ↑ angiogenesis,

↑ miR-103/107, ↓ miR-200 → metastasis,

↑ miR-21 → gemcitabine resistance

miRNA: diseases





miRNA: diseases









ncRNA: therapy

miRNA as diagnostic biomarker

Sometimes miRNA expression pattern is able to identify the origin of

neoplastic formations scarcely differentiated (differently from mRNA

encoding protein).

The expression pattern of more than 200 miRNA (in the plasma,

salive, tissues) can help in the early diagnosis of hidden tumors.



miRNA: functions



miRNA: diseases
. Alzheimer: ↓ miR-29b → ↑ BACE1 → ↑  βamiloid plaques

. Parkinson: absence of miR-133 → ↑ apoptosi DN, ↓ miR-7 → ↑ α-

sinucleine

. Cardiac hypertrophy

. HIV: interaction Tatviral-Dicerhuman → ↓ miR-N367→ ↑ virulence, ↓ miR-Tar 3p 

and miR-Tar 5p→ viral transcription active, ↓ miR-17-92 → ↑ viral replication.



miRNA: therapy option

Prevention: 

. miRNA as biomarker

Terapy:

. By introducing miRNA under expressed

. By inhibiting overexpression of miRNA

Problems:

. Low stability in vivo

. targeting

. Cell entrance

. Well knowledge of miR action both utilized/supressed



ncRNA: therapy

miRNA come therapeutic targets

RNA molecule can be used therapeutically,

By mimiking or regulating the activity of miRNA in tumors

✓ by adding miRNA under expressed

✓ by inhibiting miRNA over expression

… it would be easier and more useful to repair the regulation

software (i.e. ncRNAs) than tray to correct the hardware (i.e.

protein-coding genes).


