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The Pharmacogenetics Laboratory of
the Department of Pharmacology and
Toxicology at the American University of
Beirut Faculty of Medicine

The pharmacogenetics (PGx) laboratory at the Department of Pharmacology and
Toxicology at the American University of Beirut Faculty of Medicine was established
in October 2007. Several projects on the genetic polymorphisms of drug metabolizing
enzymes and transporters with treatment of noncommunicable diseases such as cardiac
diseases and cancers are ongoing. We have been applying the ‘candidate gene’ PGx
approach, and recently started using higher throughput analyses. The more recent
research projects are geared towards performing more extensive genotyping and
including bigger and more representative population samples such as by developing
research registries and prospectively following up patients. Furthermore, many
technologies and research applications, such as next-generation sequencing and
pharmacoepigenetics that complement and enhance PGx research and applications,
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are being actively pursued.
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The pharmacogenetics (PGx) laboratory
(lab) at the Department of Pharmacology
and Toxicology at the American University
of Beirut Faculty of Medicine (AUBFM)
was established in October 2007 upon the
recruitment of Dr Nathalie K Zgheib, a
Family Physician, graduate of the American
University of Beirut (AUB) who trained in
PGx, drug metabolism and interindividual
variability at the Center for Clinical Phar-
macology at the University of Pittsburgh
with Drs Robert A Branch and Marjorie
Romkes.

Since then, the PGx lab has been gradu-
ally and steadily growing, and has attracted
increasing numbers of collaborators from
the clinical departments, such that cur-
rently, there are at least 6000 biologic
samples stored and available for research
(Figure 1 & Supplementary Table 1). The PGx
lab is pursuing two main lines of research:

applied pharmacogenetic and pharmaco-
epigenetic research and translational and
clinical utility of PGx, while also being
invested in teaching PGx.

Applied PGx & pharmacoepigenetic
research

Cardiology

Given that people in the Middle East have
different genetic makeup and associated
phenotypes when compared with west-
ern populations, we first investigated the
effect of CYP2C9 and VKORCI genetic
polymorphisms on oral anticoagulants as a
proof of concept project [1]. Predicting the
dose of anticoagulants was more accurate
when we used Artificial Neural Networks
(ANN) instead of regression analysis [2],
so we developed an online application that
integrates the ANN model to calculate the
oral anticoagulant dose needed for a specific

Future %3
Medicine o

10.2217/pgs-2017-0122 © 2017 Future Medicine Ltd

Pharmacogenomics (2017) 18(14), 1311-1315

ISSN 1462-2416

1311



Zgheib

Institutional Profile

Ausaqo jo sonauabiinN Ausaqo
eisayjsaue |eanpida ui jAuejus) yum LINHAO ureg
Asdayida uy soueysisal suid HED YM VINOS fsdends
S1182 HL Ul HAA UO @ HA Jo 1088 anauabidy

(£81€2¥22) QUA :mvmw_b_\w,_ﬂhwnw q uiweyp

pue 1 HedAD a ¥HA J0 XDHd pue

solleusbuinu ay L
1INg Ul 3]0ZeUODLIOA YUM SNid1IING jue|dsues} moLew suog
3SM 132Ued J3appe|q pue Z1VN J190UED JOppe|g

TV Ul BUISLIDUIA JO sonRuabooewIeyd

(69822522)
TIV Ul N9 YHm
1L PUB SLIANN

(£81£0052) TV U
ajexanoylaw Jo xnd

elwayna| onhooydwA| eynoy

J199UED }seaiq ul s10}dnisip aulI20pUS JO 3jo4 d1duabidg

Jaoued jsealq ul sanauabidaooixo} pue sanauabid ) Bidg
(8v91+9522) (L282eese)
J190UED JSBRIq J90UBD
ul s1epodsues) 1seauq ul
pue s3Q Jo siay ewolq
sonauabide Se YNYIW
-ooew.eyd

(€0516052) (92¥85/€2)

190UBD JSealq J90UED JSEDIq

ul uajixowre} ul [9Xe1200p

pue 9azdAd pue snid13INA

(91582¥52) (vzeszoee)

Sl Jooued

J90ueD JSB3Iq Ul
aplweydsoydojoho

1sB91q Ul 1 SO puE
‘ZLVN ‘132dAD

Jaoued jsealg

pue 9g2dA0
Kioysodas yoaseasas weiboid aujdipaw Jejnasep ( )
ey8y.Lvee
(v¥€L6272) NNV 20UB)SISal (6708711.2)
pue xod Buisn jes6opidod sjue|nbeoonue [ei0 ABojoipren
uonoipaid asop Ul sidd UM LOHOMA
JenBeoonuy PUE 6102dAD pue 602¢dAD
youeasai ol Bid: seyd pue or 3] reyd paijddy|
(Lyv82¥82) (062L68¥2) (e6128212) XOd (£686Y502)
uoibal YNIN weiboud 1o uoneuswsa|dwi auldipaw
By} Ul duldlpaw aoue|ibinoush 0 Jo Aonins poz|jeuosiad uonyeyuawa|dw|
olwouafb pue -ooewleyd |euoneusaiul pue x9d
onauab uoisioald e Joj [lesodoid annesodxg
(e9v1 1922 (9r9€2912)
8 202612€2) Bunse) (vEV6Y902)
areo Ay X9Od Spiemo} sueioisAyd e1ea are0 Arewid
ul solisouelayl | speuoissajoid ased A1 1oy sonauab ui
PUEBXOd | yyeay Jo sapnimy | uopeonpe 1oy pesu ey
ouab! teyd Jo Aunn [eojulld pue [euone|sues |

future science group f

Pharmacogenomics (2017) 18(14)

1312



The PGx Laboratory of the American University of Beirut Faculty of Medicine

Figure 1. Timeline of select PGx research at the PGx lab of the Department of Pharmacology and Toxicology,
American University of Beirut Faculty of Medicine (see previous page). Black font refers to published original
research articles. Red font refers to published review or perspective articles. Green font refers to completed
projects with manuscripts currently being written or under review. Blue font refers to ongoing projects. Numbers

between parentheses refer to the PubMed ID.

ALL: Acute lymphocytic leukemia; BMT: Bone marrow transplant; DMEs: Drug metabolizing enzymes; PGx:

Pharmacogenetics; Vit D: Vitamin D.

For color figures, please see online at https://www.futuremedicine.com/doi/10.2217/pgs-2017-0122

target International Normalized Ratio (INR). The lab
also evaluated the PGx of clopidogrel and concluded
that CYP2CI9 genetic polymorphisms do not play a
major role in clopidogrel resistance in the Lebanese [3].
The lab is currently leading the biologic repository
of the vascular medicine program at AUBFM where
patients admitted to the Cardiac Catheterization Lab
and Coronary Care unit at AUB Medical Center are
recruited. The repository includes blood and urine col-
lection that is linked to medical information including
medication use, lab values and cardiac end points. The
repository will be an excellent resource for translational
research questions.

Cancer

The PGx lab has been involved in cancer genomics
and established a repository (blood and tissue samples
and clinical data) for breast cancer patients. The can-
didate SNPs approach in drug metabolizing enzymes
(DMEs) was first adopted to evaluate potential asso-
ciations with breast cancer risk [4] and interindividual
variability of cyclophosphamide based cytotoxic ther-
apy [s]. Using high-throughput analyses, the PGx lab
was the first in the Middle East to use the DMEs and
transporters array on the Affymetrix platform in order
to assess for the effect of genetic polymorphisms in
DME:s and transporters on docetaxel toxicity [6]. The
role of an array of CYP2D6 genetic polymorphisms,
among other DMEs and in partnership with interna-
tional collaborators, was then evaluated in relation to
tamoxifen hormonal therapy (7).

We took advantage of the breast cancer repository
daraset to investigate epigenetic factors that may play a
role in individualized therapy (pharmacoepigenetics).
Pilot data on levels of tissue and circulating miRNA
in Lebanese breast cancer patients have been gener-
ated (8], and it is hoped that specific miRNAs may
be used as biomarkers for the efficacy or toxicity of
therapy in breast cancer [9]. Additional toxicoepi-
genetic research is ongoing on the role of ABCBI pro-
moter methylation in peripheral blood with docetaxel
related neutropenia. The lab is also currently part of a
multidisciplinary toxicology project investigating the
role and mechanism of environmental toxins, mainly
Bisphenols A, F and S in breast cancer. This project
uses the breast cancer repository in addition to a newly
established, very well phenotyped cohort of Lebanese

people living in Greater Beirut area. All participants
have undergone physical exam for anthropometric
measurements, extensive blood testing for metabolic
and other abnormalities, and a food frequency ques-
tionnaire. Accordingly, candidate SNPs analysis for a
nutrigenetics project is also in progress.

The PGx lab also used its expertise to determine the
effect of candidate SNPs on toxicity from methotrex-
ate [10], 6-mercaptopurine [11] and vincristine therapy
in children with acute lymphocytic leukemia. Other
ongoing PGx projects in cancer include the distribu-
tion and role of NAT2 genetic polymorphisms in blad-
der cancer risk, and the role of genetic polymorphisms
of DME:s and transporters in the interaction between
voriconazole and cyclosporine in patients undergoing
bone marrow transplantation.

Other

Other collaborative PGx research projects are ongoing
to include the role of candidate SNPs in OPRM]I in
response to epidural fentanyl analgesia. The PGx lab
is also part of a collaborative effort in storing DNA
and blood for a large number of very well phenotyped
patients with newly diagnosed epilepsy and who are
being prospectively followed up for treatment out-
come. An ongoing project on the potential role of a
SCNIA candidate SNP in resistance to carbamazepine
builds on these data collection. The PGx lab was also
involved in the evaluation of CYP2RI genetic polymor-
phisms as potential drivers for the reportedly low levels
of 25-hydroxy vitamin D in the Lebanese despite the
plentiful sunshine, and whether these polymorphisms
affect response to oral vitamin D supplementation [12].
Further work is in progress on the potential epigenetic
effects of vitamin D on the vitamin D receptor.

Translational & clinical utility of PGx

Despite the important role that physicians are
expected to play in PGx-based prescribing to reduce
the rates of adverse drug events, the adoption of PGx
testing unfortunately remains limited. The PGx lab
therefore, and in anticipation of the broader clinical
applications of PGx, conducted empiric research on
the ethical, social, economic and cultural factors that
may influence implementation of PGX-based prescrib-
ing in low- and middle-income countries, with a focus
on primary care.
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Three original research articles on the underuti-
lization of genetic services by Middle Eastern primary
care practitioners [13], the attitudes of healthcare pro-
fessionals toward PGx testing [14] and a comparison
between underdeveloped and developed countries
regarding the clinical application of PGx [15] were
published. Results of these surveys revealed that phy-
sicians’ education and buy-in are key to implement
the clinical applications of PGx. As a matter of fact
at AUB Medical Center, the molecular diagnostics
laboratory launched genotyping services for CYP2C9
and VKORCI with oral anticoagulants, yet there was
very little clinical use of the test, and it was hence
discontinued. The same applies to CYP2CI9 geno-
typing especially that, at the time, we genotyped for
CYP2C19*2 and *3 only.

We believe that there is still a long way before the
implementation of personalized medicine becomes a
reality in our region. We shared our insight on the
matter by writing review articles and perspectives
on the advances of PGx applications, the barriers
for their adoption in the clinic and the efforts that
are being undertaken to move PGx forward [16.17].
Additionally, and in the era of precision medicine,
the PGx lab proposes and hopes to foster the estab-
lishment of a pharmacogenovigilance program in
primary care [18].

Teaching PGx

The PGx lab (Dr Zgheib) has been involved in teach-
ing PGx to medical students, graduate nursing students
as well as graduates and PhD students of the biomedi-
cal sciences at AUBFM. An innovative and efficient
teaching method, called Team Based Learning, that is
well suited for resource-limited countries and greatly
liked by students is employed [19]. Students are chal-
lenged with therapeutic scenarios and given an exercise
whereby they are asked to find the evidence for a drug’s
dosing based on PGx data using the Pharmacogenom-
ics Knowledge Base website, and to review and analyze
the recommendations of the clinical PGx implemen-
tation consortium. The PGx lab has also conducted
empiric research on the teaching of PGx in low and
middle income countries [20].

Lab support

The PGx lab has been funded by intramural and extra-
mural grants most of which are collaborative with a
number of AUBFM investigators such as cardiologists,
hemato-oncologists, urologists, endocrinologists, neu-
rologists, gastroenterologists, pathologists and others.
International collaborations to include Europe (such as
France and Germany) and the USA have been estab-
lished. The lab also makes use of instruments available

at the AUBFM core lab facilities and the AUBFM
infrastructure for research support such as the services
of the Clinical Research Institute (CRI) for data
management and analysis.

The maintenance of the lab at its highest functional
level has also been dependent on its personnel and stu-
dents who gradually acquire expertise in several PGx
and laboratory techniques. This includes conducting
patients’ consent and recruitment; clinical data collec-
tion and entry; samples collection, handling and prep-
aration; optimization, running, analysis and trouble-
shooting of low- and high-throughput platforms and
analyses to include genotyping, RNA and miRNA
expression, and methylation; following ethical guide-
lines and good clinical practice for human subjects
research and good laboratory practices; and generating
reliable and reproducible data.

Challenges

Despite the support that the PGx lab has been receiv-
ing, its operations and growth have been hindered by
several challenges. First and foremost is the limita-
tion in funding; for instance, although there are a
number of intramural funding opportunities, many
of which have been recently launched by AUB and
AUBFM, the maximum allowable amount per year
is barely enough to support initiation of project ideas
and generation of proof of principle and preliminary
data for further extramural funding. On the other
hand, securing international large extramural grants
for research has been quite difficult. In addition, the
cost of lab items in Lebanon is double or triple that
in Western countries due to the presence of exclu-
sive dealers for the various companies. Furthermore,
the available sample sizes remain relatively low. It is
hence believed that the only way to move forward
for more translational value and impact is to nur-
ture local, regional and international collaborations.
These would hopefully facilitate the collection and
pooling of larger sample populations in addition to
the sharing of funds, data and scientific knowhow
to include new technologies such as next-generation
sequencing.

Conclusion & future perspective

The PGx lab of the Department of Pharmacology
and Toxicology at the AUBFM began by applying
the ‘candidate gene’ PGx approach, and then moved
to using higher throughput analyses, but with limited
sample sizes. Planned research projects are therefore
geared towards performing more extensive genotyp-
ing and including bigger and more representative
population samples such as by developing research
registries and prospectively following up patients.
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The PGx Laboratory of the American University of Beirut Faculty of Medicine

Furthermore, many technologies and research appli-
cations, such as next-generation sequencing and phar-
macoepigenetics that complement and enhance PGx
research and applications, are being actively pursued. It
is hoped that with more time, perseverance, additional
funds and collaborations, the PGx lab will continue
to further develop PGx research in Lebanon and the
region.
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