
Polymorphisms in genes
encoding drug targets



G protein-coupled receptors (GPCRs)

Approximately 40% of approved drugs target GPCRs and genes 
encoding them are highly polymorphic.

great variability in the responses of drugs that target these receptors.

G protein-coupled receptors (GPCRs) are a large 
family of cell surface proteins which modulate 
intracellular signaling pathways via G proteins.

Structure:
• extracellular amino-terminal domain
• seven hydrophobic transmembrane α-helical

structure
• intracellular carboxy-terminal domain



Polymorphisms and GPCRs

The functional impact of SNPs depends on their position on the gene 
sequence. These sequence variations can lead to differences in drug 
binding, receptor activation, and downstream signaling.

For example, they can affect:

- drug binding site: SNPs may result in a reduced affinity of the drug, 
or variations in its potency and efficacy.

- G protein binding site: SNPs can promote, after stimulation by the 
agonist, preferential coupling with a selected G protein

− -arrestins binding site: SNPs can modify receptors trafficking,
increasing or reducing their internalization rate



Polymorphisms and GPCRs

Genes encoding GPCRs may also contain CNVs.

Functional consequences are:

- reduced or absent therapeutic response, in the case of deletions
- abnormal therapeutic response, in the case of duplications

Polymorphisms affecting GPCRs function are also present in non-
coding regions, such as regulatory regions.



Main classes of asthma medications:

-  adrenergic receptors agonists
- leukotriene receptor antagonists
- corticosteroids
- theophylline

• GPCRs polymorphisms are 

associated with asthma

susceptibility.

• Several polimorphisms affect asthma

symptoms and alter therapeutic

responses.

Asthma therapy and 
polymorphisms



2 receptors agonists

2 receptors are highly present in airway 
smooth muscles: their activation results 
in increased intracellular cAMP levels 
and bronchodilation. 
There is great individual variability in 
therapeutic response to bronchodilators 
(2 agonists): 40-70% of patients are 
poorly responsive.

1) Development of tolerance after
prolonged exposure to 2 agonists
(down-regulation of 2 receptors)

2) Polymorphismshttps://clinicalgate.com/airway-pharmacology-2/



Several SNPs have been identified:

• 12 SNPs in gene coding region:
- 5 are synonymous
- 5 are non-synonymous and cause change in the amino acid sequence 

of the protein affecting the functional properties of the receptor
(amino acid positions 16, 27, 34, 164, 220)

• 10 SNPs in the 5' upstream regulatory region of the gene:
- 1 in the sequence encoding for the Beta Upstream Peptide (BUP, 19 aa)
which regulates 2 receptor expression

 receptors polymorphisms

Taylor, M. Pharmacogenetics of the human beta-adrenergic receptors. Pharmacogenomics J 7, 29–37 (2007). 



Polymorphism at nucleotide position 46 (Arg16Gly)

It favours 2 receptors desensitization and down-regulation after prolonged
activation by 2 agonists: lower pharmacological responses.

Liggett (2000) β2-Adrenergic Receptor Pharmacogenetics



Polymorphism at nucleotide position 491 (Thr164Ile)
This polymorphism alters the receptor coupling to Gs protein, with a
decrease adenylil cyclase activation.

Liggett (2000) β2-Adrenergic Receptor Pharmacogenetics. 
Am J Respir Crit Care Med. 2000 Mar;161(3 Pt 2):S197-201

In vitro studies show a decreased noradrenaline-stimulated adenylyl cyclase activity in 
cells with Ile 164 substitution in  receptor amino acid sequence.

Chinese hamster fibroblasts expressing different polymorphic
receptors of β2AR



Polymorphism in the BUP encoding sequence
(Arg19Cys)

McGraw (1998) J Clin Invest 102:1927-1932

Arginine substitution with cystein in position 19 of BUP increases the
number of 2 receptors in cell membranes, causing higher pharmacological
response to 2 receptor agonists.



Polymorphisms in genes encoding for leukotriene
receptors (CysLTR)

Thompson et al., 2016. Frontiers in pharmacology vol. 7 299 

Leukotriens are important mediators of
inflammation and bind two GPCRs subtypes
(CysLTR1 e CysLTR2), which are both encoded
by polymorphic genes.

CysLTR1 is involved in smooth muscle 
contraction, increased vascular permeability, 
and the recruitment of inflammatory cells like 
neutrophils and macrophages.

It represents the preferential target of 
leukotriene receptor antagonists, such as
montelukast, parnlukast and zafirlukast.

20% of asthmatic patients do not respond as 
expected to these drugs.

CysLTR2 is not functional, but can interact 
with CysLTR1 and negatively regulate its 
function.



Risultati immagini per isola tristan da cunha

Tristan da Cunha

Risultati immagini per isola di sant'elena

The population of Tristan da Cunha, 
a small and isolated island in South 
Atlantic Ocean, has a significantly 
higher prevalence of asthma (36%) 
and atopy (45%)

Genome-Wide Association Studies demonstrated the prevalence of the
CYSLTR1 Gly300Ser variant in the island population, which makes the 
receptor more sensitive to LTD4 and LTC4: this hypersensitivity is associated
with atopy. CysLTR2 Met201Val variant has been also discovered, which
inactivates the receptor and its inibitory control on CysLTR1. These
polymorphisms are often associated.

http://www.ilnavigatorecurioso.it/2015/09/17/tristan-da-cunha-lisola-piu-remota-del-mondo-cerca-un-professore-mandateci-il-curriculum/
http://www.ilcaffaro.com/tristandacunha.php
http://www.ilgrandeinquisitore.it/2014/06/morte-loblio/


Thompson et al., 2016. Frontiers in pharmacology vol. 7 299, 



Genetic polymorphisms contribute to the variability in response to nociceptive 

stimuli and to treatment with analgesics, particularly opioids.

The genetic individual variability in the response to different opioids depends 
on: 
1) Polymorphisms in metabolic enzymes genes (e.g. CYP2D6 and codein)

2) Polymorphisms in transporters genes (e.g. P-glicoprotein and morphin)

3) Polymorphisms in opioid receptors genes

Pain therapy and polymorphisms

The World Health Organization pain ladder



Polymorphisms and  -opioid receptors (MOR)

MORs are the preferential target of
opioid analgesics.

They are encoded by OPRM1 gene
located on chromosome 6 (q24-
q25) which can lead to the syntesis
of 4 different subtypes (MOR-1,
MOR-1A, MOR-1X e MOR-1O).
This gene is highly polymorphic
(more than 800 polymorphisms).

At least 20 polymorphisms:
• cause changes in the amino acid sequence
• have a functional impact
• have a high frequency in population

https://www.nysora.com/anesthesia/opioids/



118A>G polymorphism

It causes a substitution of the amino acid asparagine (N) with aspartic acid (D) 
at position 40 of the extracellular receptor domain of  receptor (Asn40Asp,
N40D). This variation cause the deletion of a N-glycosilation site, modifying
the ligands binding to the receptor.

Opioids analgesic effect is reduced of about 2-3 times. Individuals carrying 
the 118G allele may require higher doses of opioids to achieve analgesic 
effects.

This polymorphism is present in 10-15% of the Caucasian population.



This polymorphism causes a change from serine to proline in 268 position 
(Ser268Pro) in the third intracellular loop of the receptor.

This single amino acid substitution disrupts G protein coupling, causing a 
drastic reduction of the analgesic effect of opioids.

Other polymorphisms with a similar functional impact are: SNP 779G>A
encoding for Arg260His (R260H) e SNP 794G>A encoding for Arg260His
(R265H).

802T>C polymorphism



-opioid receptors play a key role in
the mechanisms of addiction.

118A>G polymorpism has been
associated with substance abuse
(e.g. alcohol dependence) or other
psychiatric disorders such as
obsessive-compulsive disorder.



Depression and serotonin transporter gene 
polymorphisms

Canli T, Lesch KP. Long story short: the serotonin transporter in emotion regulation and social 
cognition. Nat Neurosci. 2007 Sep;10(9):1103-9.

The serotonin transporter (SERT) is encoded by the SLC6A4 gene located on 
chromosome 17. The transcriptional activity of this gene is regulated by a promoter 
(5-HTTLPR). Several polymorphisms in the SLC6A4 gene have been identified, which 
may affect the function and expression of the protein and the activity of 
antidepressant drugs. The have been also associated with an increased risk of 
developing depression or other psychiatric diseases. 



5-HTTLPR polymorphisms

Gerretsen et al. The intersection of pharmacology, imaging, and genetics in 
the development of personalized medicine. Dialogues Clin Neurosci. 

2009;11(4):363-376. 

The most studied polymorphism is the variation in the number of repeated 
elements in the 5-HTTLPR promoter region. There is a distinction between a 
short version (short, S), with 14 repeats, and a long version (long, L), with 16 
repeats. The S version is linked to lower SERT mRNA levels and thus reduced 
serotonin reuptake. Individuals carrying the S variant may have a reduced 
response to SSRIs.



GENE-
ENVIRONMENT 
INTERACTION 

(GXE)

Studies have found an interaction between 5-HTTLPR and environmental 
adverse events for various neuropsychiatric disorders.

Subjects with one or two S alleles were found to have a higher risk of 
depression after exposure to adverse events, compared to those with L 
alleles. Those with the L/L genotype were protected from depression, 
despite severe trauma. 

The presence of the S allele has been hypothesized to alter serotonergic 
transmission, modifying the response to stress and causing dysregulation in 
emotion processing, increasing susceptibility to psychiatric illness.



Polymorphisms in 
Human Leucocyte

Antigen (HLA) genes



HLA (Human Leukocyte Antigen)

HLA genes (approximately 200) are located on chromosome 6 and encode 
for glycoproteins on the surface of cells that can bind foreign peptides 
(antigens), triggering the immune system response.

They play an important role in self/non-self discrimination and contribute 
to both humoral and cell-mediated immunity.



• class I HLA genes: they encode proteins that are expressed on the 
surface of all nucleated cells (no in red blood cells). These proteins 
present antigens (intracellular peptides, such as viral fragments or 
tumor proteins) to cytotoxic T lymphocytes (CD8+), causing cell 
death.

• class II HLA genes: they encode proteins expressed on macrophages,
dendritic cells, B lymphocytes. They present exogenous antigens to T
helper lymphocytes (CD4+).

• class III HLA genes: they encode secreted proteins with immune 
functions (complement proteins, cytokines...)

The HLA system is polymorphic and codominant, i.e. products of both 
alleles are expressed in each individual.



HLA and autoimmune diseases

Type 1 diabetes.



HLA genes polymorphisms and adverse drug
reactions

Pharmacogenetic studies aimed at identifying genetic markers of 
susceptibility to severe adverse drug reactions have shown the role of 
polymorphisms in genes that encode the HLA system.

The presence of these gene variants has been linked to an increased risk of 
cutaneous drug reactions, including Stevens–Johnson syndrome (SJS) and 
toxic epidermal necrolysis (TEN), in specific populations.



Abacavir is an antiretroviral drug used to treat HIV. It is a guanosine 
nucleotide analogue that inhibits retrotranscriptase. It’s an effective 
drug, but 5% of patients develop hypersensitivity reactions (including 
fever, skin rash, headache and gastrointestinal disorders) within the 
first six weeks of treatment, which can sometimes have serious or 
even fatal outcomes. 

There is a strong correlation between hypersensitivity reactions and 
the presence of the HLA-B*5701 allele of the class I HLA genes, which 
is mainly found in Caucasian or Hispanic people.

The FDA and EMA therefore require pharmacogenetic screening 
before starting Abacavir in therapy.

Abacavir and HLA-B polymorphisms



AIFA note about the use of Abacavir in therapy 
and medication package insert. 



Carbamazepine is a drug used for epilepsy, trigeminal neuralgia and
obsessive-maniacal disorders.

It can cause severe skin reactions such as Steven Johnson syndrome
and toxic epidermal necrolysis.

Reactions are associated with the HLA-B*1502 allele, typical of Asian
individuals.

Carbamazepine and HLA-B polymorphisms

Screening for this allele is 
recommended before starting 
carbamazepine treatment. If 
patients are positive, 
carbamazepine should not be 
used unless no valid 
therapeutic alternatives are 
available. 



The HLA-A*3101 allele, 
typical of patients of 
European or Japanese 
descent, can also lead to 
severe skin reactions after 
taking carbamazepine.
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