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Sir,

Achieving the therapeutic goal of human immunodeficiency
virus (HIV) infection is complex in nature due to the potential
drug—drug interactions, modulations in the cytochrome P450
enzyme and/or drug transporters such as P-glycoprotein.
Pharmacological activity of P-glycoprotein has been
extensively studied and is under significant investigation
in humans and laboratory animals. The sequence of the
P-glycoprotein encoding gene, MDR1, is well characterized
in humans; however, no complete sequence has been
reported for the MDR1 gene in non-human primates
particularly of the most versatile noble model such as
Macaca nemestrinas. As most of the preclinical studies
for therapeutic assessment of new chemical compounds are
carried out in human closest species, non-human primates,
it is therefore necessary to identify and characterize primate
P-glycoprotein.

Rationale for the current study was that, P-glycoprotein
and cytochrome P450 enzymes (especially of CYP3A)
are prominent factors identified as being important
regulators of oral drug absorption.['?l We hypothesized the
limited oral absorption and variable tissue distribution of
protease inhibitors (PIs) in primates is in part due to the
presence of efflux membrane transporters particularly of
P-glycoprotein.

To demonstrate the assumption, specimens from freshly
frozen liver, brain, kidney, and intestine of M. nemestrinas
(n = 3) were screened for the expression of P-glycoprotein.
Tissues were provided by the Washington Regional Primate
Research Center at the University of Washington. tRNA
was extracted from 50 mg of each tissues by stratagen
RNA extraction according to the manufacturers protocol
and amplified by superscript II one step RT-PCR protocol
from [Invitrogen. Existing human MDRI1 full-length
sense (F6) and antisense (R11) primers were selected
and subsequently, each tissue was tested as shown in the
gel electrophoresis [Figure 1] where two different sizes,
approximately 2kb and 3.8kb, fragments of P-glycoprotein
were observed for brain and kidney. Reproducibility for
the presence of the fragments was confirmed in additional
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run as in Figure 2. All the forward and reverse primers
were acquired from Invitrogen (Life technologies, Grand
Island, NY). These findings suggest that in addition to
the full length P-glycoprotein, there could be a possibility
of existence of a smaller size transporter at least in the
brain and kidney of the nemestrinas. Substantiating these
findings, the existence of another form of P-glycoprotein
with shorter length (mini p-glycoprotein) in murine
leukemia cells and human natural killer cells has been
reported in some articles with similar function to that of
the classic 3.8kb P-glycoprotein.[*#

Primate MDRIcDNA Sequence for M. nemestrinas was
constructed for sequence homology analysis with the
human MDRI1. Both forward and reverse primers were
designed as pF11- AGT GTC CAG GTC GGA GCA
AAG CGC CAG TGA A and pR11- TTC ACT GGC
GCT TTG CTC CAG CCT GGA CAC T, based on
M. fascicularies MDR1 cDNA sequence and acquired from
Invitrogen. 3.2 pmol primers and 150 ng purified PCR gel
(Qiagen kit) [Figure 3] product were used for sequencing
(ABI Prism, Model 3100, Version 3.7). After analyzing
the electropherogram for its nucleotide signals and purity,
sequence text files were blasted with the M. fascicularies
MDRI1 coding region sequence (accession #AF537134)
and M.nemestrinas MDR1 sequence was constructed by
aligning both the forward and reverse primers. A total
of 3843 bases were found for all the macaques (n = 3).
Sequence analyses of human MDR1 and M. nemestrinas
pMDRI1 coding region from liver cDNA were then
conducted and there were found more than 99% sequence
homology [Table 1] with four nucleotide alterations at
position 540, 544/5, and 3829. Further amino acid blast
analysis indicated the presence of changes in amino acids
at 185 and 1277 positions. While the changes in nucleotide
at positions 540, and 544/5 are the most frequently
observed polymorphisms in the human MDR1gene,P! the
single nucleotide polymorphism (SNP) at position 3829
A — G could be the significant variant between the two
species (Homo sapiens and M. nemestrinas) leading to an
amino acid change at position1277 Thr — Ala which could
in turn affect the fate of an experimental drug PK/PD.

In this regard, there have been increasing evidence that
polymorphism of the ABCB1 (MDR1) gene contributes
to inter-individual variability in bioavailability and tissue
distribution of P-glycoprotein substrates. Significant data
have been reported on the most widely studied SNPs in
MDRI1 such as C3435CT and its association with Lopinavir/
Ritonavir monotherapy failure in HIV-1 patients,!® G2677T
polymorphism in susceptibility of myeloid leukemia,!”!
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Figure 1: Tissue expression of P-glycoprotein in primates. Total RNA
was extracted from 50mg of liver, brain, kidney and intestine using
stratagen RNA extraction protocol and amplified by superscript Il one
step RT-PCR protocol from Invitrogen
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Figure 2: Expression of possible mini and full length P-glycoprotein
in the brain of M. nemestines. Total RNA was extracted from 50mg
brain tissue using stratagen RNA extraction protocol and amplified by
superscript Il one step RT-PCR procedure from Invitrogen
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Figure 3: Primate MDR1 cDNA gel electrophoresis from Liver. cDNA
extracted and purified by Qiagene kit was amplified by fail safe PCR

C1236T SNP in HIV-1 positive children causing significant
reduction in Lopinavir plasma concentration affecting the

Table 1: Multiple nucleotide alterations and
amino acid changes of M. nemestrinas P-gp
encoding gene isolated from liver comparing
to human MDR1

Subject MDR1 coding sequence

Nucleotide and Amino acid
position and position

H.sapiens T at 540 Ser at 180

TT at 554/5 Val at 185

A at 3829 Thr at 1277

M. nemestrinas C at 540 Ser at 180

GA at 554/5 Gly at 185

G at 3829 Ala at 1277

virological response to highly active antiretroviral therapy™
are some of the direct impacts of polymorphisms influencing
the pharmacodynamics and pharmacokinetics outcome of a
therapy.

Therefore, the data depicted here suggest that the limited
oral absorption and variable tissue distribution of PIs in
primates could be in part by the presence of efflux membrane
transporters particularly of P-glycoprotein. P-glycoprotein
may limit penetration of PIs into several therapeutically
relevant compartments and thus diminishing the chance
of achieving a curative treatment regimen. As a result,
identifying and characterizing the presence of P-glycoprotein,
an ATP-dependent multidrug efflux membrane pump with
extensive substrate specificity, could guide in designing a
target specific therapeutic regimen in patients favoring a
good pharmacological outcome specifically for those organs
that provide potential HIV sanctuary sites in the body.
However, further elucidation for sequence confirmation
of the mini-P-glycoprotein in the brain and/or kidney and
functional analysis of A3829G are a necessity.

Acknowledgments

The author would like to thank Dr. Rodney JY Ho from
Department of Pharmaceutics for giving me the opportunity to
work on this project and for his excellent guidance. The author
would also like to extend his best gratitude to Dr. Edward Kelly,
head of the DNA sequencing and Gene Analysis Center, for
his professionalism and sample sequencing.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

Mesfin Yimam

Department of Pharmaceutics, University of Washington,
Washington, USA

Journal of Pharmacology and Pharmacotherapeutics | July-September 2015 | Vol 6 | Issue 3 155



[Downloaded free from http://www.jpharmacol.com on Tuesday, October 12, 2021, IP: 157.45.25.155]

Research Letter

Address for correspondence:

Mesfin Yimam, Unigen, Inc, 3005 1t Avenue,
Seattle, Washington - 98121, USA.

E-mail: myimam@unigen.net

Received: 19-12-2014
Revised: 08-03-2015
Accepted: 15-05-2015

REFERENCES

156

Zhang Y, Benet LZ. The gut as a barrier to drug absorption: Combined
role of cytochrome P450 3A and P-glycoprotein. Clin Pharmacokinet
2001;40:159-68.

Wacher V], Salphati L, Benet LZ. Active secretion and enterocytic
drug metabolism barriers to drug absorption. Adv Drug Deliv Rev
2001;46:89-102.

Kawai K, Kusano I, Ido M, Sakurai M, Shiraishi T, Yatani R. Identification
of a P-glycoprotein-related protein  (mini-P-glycoprotein) which is
overexpressed in multidrug resistant cells. Biochem Biophys Res Commun
1994;198:804-10.

Trambas C, Wang Z, Cianfriglia M, Woods G. Evidence that natural killer
cells express mini P-glycoproteins but not classic 170 kDa P-glycoprotein. Br
J Haematol 2001;114:177-84.

Kroetz DL, Pauli-Magnus C, Hodges LM, Huang CC, Kawamoto M,
Johns SJ, ez al; Pharmacogenetics of Membrane Transporters Investigators.
Sequence diversity and haplotype structure in the human ABCBI
(MDR1, multidrug resistance transporter) gene. Pharmacogenetics
2003;13:481-94.

Berno G, Zaccarelli M, Gori C, Tempestilli M, Pucci L., Antinori A, ez al.

Potential implications of CYP3A4, CYP3AS and MDR-1 genetic variants on
the efficacy of Lopinavir/Ritonavir (LPV/r) monotherapy in HIV-1 patients.
J Int AIDS Soc 2014;17(Suppl 3):19589.

7. Yan Y, Liang H, Xie L, He Y, Li M, Li R, ¢ a/. Association of MDR1
G2677T polymorphism and leukemia risk: Evidence from a meta-analysis.
Tumour Biol 2014;35:2191-7.

8.  Bellusci CP, Rocco C, Aulicino B, Mecikovsky D, Curras V,
Hegoburu S, ez al. Influence of MDR1 C1236T polymorphism on lopinavir
plasma concentration and virological response in HIV-1-infected children.
Gene 2013;522:96-101.

This is an open access article distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix,
tweak, and build upon the work non-commercially, as long as the author is credited and
the new creations are licensed under the identical terms.

Access this article online

Quick Response Code:

Website:
www.jpharmacol.com

DOL:
10.4103/0976-500X.162021

How to cite this article: Yimam M. Identification and characterization of
primate P-glycoprotein. J Pharmacol Pharmacother 2015;6:154-6.

Journal of Pharmacology and Pharmacotherapeutics | July-September 2015 | Vol 6 | Issue 3


avinash
Rectangle


