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Presentation

In 1999, doctors Antonio Veldzquez and Gerardo Jiménez
Sanchez came up with the idea to actively promote genomic
medicine in Mexico, given the imminent elucidation of the
human genome that would lead to great expectations in the
application of knowledge generated by this magnum effort.
This initiative lead them to seek institutional support at the
Mexican Health Foundation (FUNSALUD). Consequently;,
a group of 16 researchers was formed, with specialists from
the National Autonomous University of Mexico and the
National Health Institutes. Over the next few months, these
researchers participated in several in-depth discussions in
order to study the current situation and the feasibility of
using the information and knowledge derived from the im-
minent elucidation of the human genome to benefit the col-
lective health of the Mexican population. The end result of
these debates was the elaboration of the following docu-
ment: Development of genomic Medicine in Mexico. Center for
Genomic Medicine. This document revealed the situation that
prevailed at the threshold of genomic medicine and empha-
sized the reasons why Mexico should not abstain from par-
ticipating in the development of genomic medicine.

Since the magnitude of this ambitious project is beyond
the scope of any single institution, an alliance between the
Health Ministry (SSA), the National Autonomous Univer-
sity of Mexico (UNAM), the Council for Science and Tech-
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nology (CONACYT), and FUNSALUD was proposed; this
proposal was duly relayed to the heads of each organism at
the beginning of the year 2000. On October 3rd, 2000, they
all agreed to jointly carry out a feasibility study to create a
Center for Genomic Medicine as an vehicle through which
to promote research, technological development, formation
of specialists, services and, in general, the generation of
knowledge regarding the human genome and its benefits.

Consequently, on October 3, 2000 a formal agreement was
reached between the National Autonomous University of
Mexico (UNAM), the Health Ministry (SSA), the National
Council for Science and Technology (CONACYT) and
FUNSALUD wherein they resolved to establish a center for
genomic medicine and carry out, as a first step, a study of
its technical, economic, social and political feasibility.

A technical group with representatives from each of the
participating institutions immediately began to work on this
feasibility study.! The activities were conducted by Gui-
Ilermo Soberén, who was assigned, by the four institutions,
as Executive Coordinator of the project. Renowned schol-
ars, familiar with the topic, were asked to participate and
the technical advice of specialized consulting firms was also
used to elaborate the study. Throughout its distinct phases,
atotal of 61 people participated in the project, not only from
the Health sector but also from universities and research
centers within the country and abroad.

! The group included Guillermo Soberdn and Gerardo Jiménez
Sanchez for FUNSALUD, Juan Pedro Laclette San Roman (UNAM),
Jaime Martuscelli Quintana (CONACYT) and Roberto Tapia Conyer
(SSA), with the participation of Cuauhtémoc Valdés Olmedo as Tech-
nical Secretary. When the Federal Administration changed in Febru-
ary of 2001, Alfonso Serrano Pérez Grovas replaced Jaime Martuscelli.
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Between October 2000 and August 2001, an informative
brochure was published and was abundantly distributed
by the institutions themselves and at national and interna-
tional symposiums on the subject. Moreover, a web page
was created (www.inmegen.org.mx) where general infor-
mation about the project was made available to the public
in general.

On August 27th 2001, the Feasibility Study for the Establish-
ment and Development of a Center for Genomic Medicine was
delivered to the heads of UNAM, SSA, CONACYT and
FUNSALUD. They approved its contents and agreed to con-
tinue onto the next stage: the creation of a genomic medicine
institute. The feasibility study contains information that sup-
ports and confirms the viability of a Mexican Genomic Medi-
cine Institute, using infrastructure currently available in
Mexico, such as human resources, institutions, academic pro-
grams, connections in the business sector, collaborations with
Mexican academic and health institutions, as well as the par-
ticipation of foreign organisms that support the creation of the
Mexican Genomic Medicine Institute (INMEGEN).

On November 22nd 2001, the heads of the four partici-
pating institutions signed a new agreement to establish a
Promoting Consortium for the Genomic Medicine Institute.
Its objective was to promote and carry out executive and de-
tailed studies to establish and develop the Genomic Medi-
cine Institute as well as to promote horizontal connections
with any national and international institutions willing to
cooperate in the elaboration of research programs, the forma-
tion of human resources and the dissemination of informa-
tion regarding genomic medicine, through the articulation
of projects. On that occasion, it was also decided that the
future organization should be part of the health sector and
should fit the profile of a National Health Institute.

During that same period, Antonio Lépez de Silanes, Presi-
dent of FUNSALUD'’s Board of Trustees, recommended
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the establishment of a FUNSALUD Support Group for
INMEGEN, whose activities would be entrusted to Associ-
ates with ties to the health care field, such as those in the
pharmaceutical industry, insurance companies and any
other interested parties, in order to explore ways for the
private sector to participate in the development of the Ge-
nomic Medicine Institute. At a later date, in order to inform
society in general and acquaint academic forums on the
subject, an intense dissemination campaign was carried
out, including a luncheon-conference, which took place on
April 19th 2001, to present the project to the entrepreneur-
ial sector. It was organized by the Industrials Club and
FUNSALUD, and both Guillermo Soberon and Gerardo
Jiménez Sanchez participated in the event. The next day, a
symposium was also held, organized by El Colegio Nacio-
nal, the National Academy of Medicine and FUNSALUD,
with the participation of Francisco Bolivar, Barton Childs,
Gerardo Jiménez Sanchez, Julio Frenk, Guillermo Soberén
and David Valle. Moreover, during the elaboration of the
study, several other works were produced and published in
scientific and other informative magazines.

At the beginning of this year, the Support Group for
INMEGEN was acquainted with ways the pharmaceutical
industry could participate in the development of the Ge-
nomic Medicine Institute. This document now appears in
English, in Cuadernos FUNSALUD. The Spanish version was
published in Gaceta Médica de México,? the official organ of
the National Academy of Medicine.

The publication we are presently submitting is aimed at
the non-scientific community and communities abroad, and

2 Gerardo Jiménez Sanchez, “Opportunities for the pharmaceutical
industry in the Genomic Medicine Institute”. Gaceta Médica de México
(138):3, 291-294, May-June, 2002.
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contains information about the new opportunities that will
be made available now that Mexico is about to acquire a
National Institution whose main objective will be the gen-
eration of more accessible health interventions for its inhab-
itants, and the ability to harness the power derived from the
new source of knowledge in order to create a more positive
impact on health care.
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The Human Genome and
Genomic Medicine

The Human Genome Project has been able to determine the
exact sequence of more than 90% of the nearly 3,200 million
nucleotides in the human genome, and to developed a map
locating the 30,000-40,000 genes contained in it (1, 2).

Analysis of this project has made possible the integral
examination of approximately 1,000 genes responsible for
monogenic diseases (3), and has identified thousands of the
single-nucleotide polymorphisms (SNPs, pronounced
“snips”) which confer individuality (4). Genetic individu-
ality includes susceptibility or resistance to develop com-
mon diseases, such as diabetes mellitus, asthma, cancer or
hypertension, among many other world health problems.
These multifactorial traits also include the ability of an indi-
vidual to respond to drugs, or develop of adverse reactions,
which represents a significant burden to the pharmaceuti-
cal industry.

The knowledge of human genomic variability and its
relationship to disease, led to the concept of genomic medi-
cine, defined as the routine use of genotypic analyses to
improve health care (5). This new paradigm in medical prac-
tice is based on the ability to identify those SNPs that con-
fer susceptibility or resistance to common diseases before it
shows clinical manifestations. From this, it is clear that ge-
nomic medicine will resultin a more individualized, predic-
tive, and preventive medical practice, allowing physicians
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to identify pre-symptomatic individuals, making preventive
interventions more effective, delaying or preventing clini-
cal manifestations, complications, and sequels from diseases
(6, 7). Moreover, it will make it possible to identify those
subjects in which many of the routinely used medications
act effectively, and those in which they do not, or even those
in whom such medication may lead to a health- or life-threat-
ening situation.

In average SNP occur every 1,000 nucleotides, with a fre-
quency of at least 1% in the general population (8). Combi-
nations resulting from SNPs throughout the human genome
give rise to genetic individuality, which bestows both suscep-
tibility and resistance to common diseases, as well as response
to drugs. In 1999, APBiotech, AstraZeneca, Aventis, Bayer,
Bristol-Myers Squibb, F. Hoffman, La Roche, Glaxo Wellcome,
IMB, Motorola, Novartis, Pfizer, Searle, SmithKline Beecham,
and The Wellcome Trust established “The SNP Consortium”
with the goal of accelerating SNP finding and ensuring pub-
lic access to those databases. Up to June 2002 this Consortium
has identified and made public 1,389,655 SNPs (http://
snp.cshl.org/) which will speed up the development of ge-
nomic medicine.
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Pharmacogenomics

Pharmacogenomics examines the implications of genomic
variability in the individual response to drugs (9) and use
this information to customize more individualized drugs as
well as to develop new pharmaceutical products. Identifi-
cation of genomic variability in every individual will lead
to development of genomic profiles and anticipate patient
response to medications. This novel practice will provide
valuable data both on efficacy and safety of a medication in
every patient, leading to significant changes in medical prac-
tice and positive implications in health economy (10). The
development of this discipline will be hastened by the
knowledge of the human genome, resulting in new strate-
gies to develope more individualized and effective drugs,
with less adverse effects. It is also predicted that the routine
use of DNA chips will be integrated to medical practice ex-
amining gene variations involved in the metabolism of a
number of commonly used pharmaceutical drugs. With this,
it will be possible to select the most effective and least toxic
medication for every patient. These new strategies foresee
significant financial benefits for the pharmaceutical indus-
try as they will build on captive markets, and will identify
other populations to target specific efforts. In addition, this
new era in medicine will decrease time and costs in phases
Il and 11 of clinical trials by the knowledge of genomic fea-
tures from patients involved (11).
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Importance of population studies in
pharmacogenomics

Association studies between variations in human genome
and multifactorial traits are the central principle of genomic
medicine. Since genome variations are inherited, they con-
centrate in the different populations. There are geographic
patterns of genetic variation in almost all genes analyzed.
These include genes encoding enzymes involved in drug
metabolism and genes encoding drug targets. Such evidence
make it reasonable to predict geographic variation of inter-
individual response to medications (12). Recent studies
show how association patterns vary significantly between
populations. For this, current strategies for association stud-
ies are directed to specific populations, more so in “case and
control” study designs in which participants share environ-
mental factors, in addition to their geographical area (13).
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Emerging opportunities to develop
pharmacogenomics in Mexico

Mexico has a population of unique genomic makeup as a re-
sult of its history. As of February 14, 2000, Mexico had a total
of 97,483,412 inhabitants, occupying the 11th place among the
most populated nations on earth, with an annual population
growth rate of nearly 1.58%(14). The vast majority of the
Mexican population emerged from a mixture between Meso-
American native groups and Spaniards. Among Mexico’s
population, there are nearly 60 different ethnic groups (15),
distributed in almost every state of the Mexican Republic (14).

Thus far, there are no formal studies of genetic poly-
morphism associated to drug responses in the Mexican
population. This and other areas of genomic medicine are
considered among the priorities of Health Sector in Mexico,
as shown in the National Health Program 2001-2006(16).
This commitment of the Mexican government is consistent
with the position adopted by the National Commission for
the Human Genome in the sense that the human genome
from the Mexican population most be studied in Mexico.
Political willingness to develop different areas of genomic
medicine in Mexico is supported both by a long scientific and
medical tradition of excellence in the country, and the in-
terest shown by Mexican and international industries in de-
veloping genomic medicine in Mexico. These elements
anticipate a solid platform for the successful development
of pharmacogenomics in Mexico.
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The Institute of Genomic Medicine of
Mexico

On November 22, 2001, after careful evaluation of the fea-
sibility study elaborated by over 60 investigators, an inter-
institutional agreement was signed, with the objective of
establishing an Institute of Genomic Medicine (INMEGEN)
in Mexico. By means of this document signed by the Health
Secretary, the Rector of the National Autonomous Univer-
sity of Mexico (UNAM), the Director General of the National
Council for Science and Technology (CONACYT), and the
Executive President of the Mexican Health Foundation
(FUNSALUD), formal work is initiated for the creation of
the INMEGEN (www.inmegen.org.mx) which will become
a National Institute of Health based of the Health Sector. In
addition to its own facilities and personnel, the INMEGEN
will actively encourage its horizontal association both with
national and international institutions capable of carrying
out research projects in this area, training new human re-
sources, and contribute to public education in areas related
to genomic medicine (17).

The feasibility study for the INMEGEN identified three
main strategic areas of development, namely basic, clinical
and public health research, along with strong development
of extramural projects. INMEGEN is expected to be located
on a 20,000 m? area, starting off with 10 research laborato-
ries, and high technology core units including DNA synthe-
sis and sequencing facilities, SNPs genotyping, expression
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analysis through chips and microarrays, production of
knockout and transgenic animals, animal housing room,
and a clinical unit. The latter will provide clinical facilities
for data collection and developmento of clinical projects,
as well as for short-term stay studies such as pharmacoki-
netic curves, metabolic assessments, etc. This layout makes
evident why the INMEGEN will develope multidisci-
plinary research projects in genomic medicine. For this, the
INMEGEN will reclute specialized personnel in basic and
applied medical sciences, social sciences, as well as medi-
cal personnel from different clinical specialties.
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Initial areas of opportunity for the
pharmaceutical industry at the INMEGEN

The development plan of the INMEGEN include develop-
ment of productive relationships with the industrial sector,
particularly with the pharmaceutical industry. Several areas
of opportunity are foreseen during the development of the
INMEGEN. Following are some of them:

a. Association Studies. These studies will be aimed to
identify haplotypes in Mexican patients, and their associa-
tion to multifactorial traits such as variation in drug re-
sponse. The outcomes of these studies will contribute both
to the understanding of the Mexican population genome,
and to implementing diagnostic systems that can result in
a rapid and effective way to identify patients in whom
drugs act safety and effectively. This strategy can contrib-
ute to identifying captive markets within the Mexican
population.

b. Collaborative projects with pharmaceutical industry head-
quarters. Resources available at INMEGEN will provide the
appropriate infrastructure to develop collaborative projects
with pharmaceutical companies, both at the local and head-
quarters level. Examples of these projects can include popu-
lation studies of drug response-related SNPs identified by
pharmaceutical companies. Furthermore, INMEGEN will be
able to carry out projects related to the molecular response
of Mexican patients to specific drugs in different conditions
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such as cancer, infections, among others, through the use of
DNA microarrays.

c. Improvement of product safety profile. Adverse reactions
caused by drugs are severe enough to produce clinical com-
plications or permanent changes in quality-of-life and lead
to significant financial burdens. INMEGEN will be able to
perform projects related to the identification of polymor-
phisms associated to patients in whom adverse reactions are
detected. Such strategies are directed to implementing sys-
tems to identify such polymorphisms and thus avoid admin-
istration of the drug in question, to at-risk patients.

d. Validation of new products in the Mexican population. The
INMEGEN clinical research unit will be able to carry out
clinical trials for the study of new drugs, in genetically tar-
geted populations, supported by genomic and public health
information. Over the next few years pharmaceutical labo-
ratories will be forced to manufacture more customized
drugs. The introduction of new drugs to the Mexican mar-
ket will require validation in a clinical unit capable of
genotyping patients in whom these new products would be
validated.

e. Identification of new markets. It is anticipated that
INMEGEN will have a solid horizontal structure leading to
permanent collaborations both at the national and interna-
tional level. Of particular interest will be those programs
with Latin American countries where INMEGEN will lay-
out genotyping systems allowing identification of haplotype
frequencies in those populations.

These projects will result in development of operational
academic networks with potential interactions that could
lead to new market opportunities for pharmaceutical com-
panies. In addition, interactions between the INMEGEN and
research laboratories in Latin America will provide a Span-
ish-based platform to facilitate collaborative projects with
populations from that region of America.
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f. Training programs in Genomic Medicine. One of the main
goals of the INMEGEN is the production of human resources
in the different areas of genomic medicine such as compara-
tive, functional and medical genomics, pharmacogenomics,
bioinformatics and genomic epidemiology. This will be of
benefit to different research organizations in Mexico and
abroad. In particular, the Pharmaceutical Industry can ben-
efit from these programs that would provide high quality
human resources in this area.

g. Support to comply with law and regulation. Development
of genomic medicine already estimates that within the next
3years, legislation will be generated requiring genomic stud-
ies prior to administration of specific drugs in order to de-
fine its efficacy and toxicity, and prevent adverse reactions
in patients taking them. The INMEGEN will be a unique
resource to carry out these kind collaborative projects.

h. A national platform to integrate research on genomic medi-
cine, and its ethical, social and legal areas. Association with
INMEGEN itself will be of great interest for the Pharmaceu-
tical Industry since it will the national reference center for
the development of research in the different areas of genomic
medicine for the general population, which will accelerate the
implementation of genotypic studies associated with drug
metabolism, safety and efficacy. Moreover, the INMEGEN wvill
constitute an ideal platform for research on the ethical, social
and legal issues associated to genomic medicine.

i. Fiscal incentives. Participation of the Pharmaceutical
Industry in the INMEGEN can be stimulated by the new
fiscal incentives authorized on November 2001 the Mexican
Government for industries investing in scientific research in
Mexico.
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Eduardo Cué Moran
Antonio Chedraui Obeso
Isaac Chertorivski Shkooman
Jaime Chico Pardo

Alfonso de Angoitia Noriega
Alonso de Garay Gutiérrez
Frank J. Devlyn

Jorge Dipp Murad

Soumaya Domit de Slim T
Michel Domit Gemayel
Javier Elguea Solis

Maria Eugenia Espinosa de L6pez de
Silanes

Amparo Espinosa Rugarcia
Rafael Fajer Garcia

Carlos Fernandez Gonzalez
Alejandro Galindo Acosta
Juan Gallardo

Silvio Garcia Patto

Pablo Garcia Sainz

Bernardo Garza Sada
Francisco Garza Zambrano
Rubén Goldberg Javkin
Emilio Gonzélez Lopez
Roberto Gonzalez Barrera
Claudio X. Gonzélez Laporte
Antonio Gonzélez Mendoza t
Carlos Gonzélez Nova
Guillermo Gonzélez Nova
Carlos Gonzalez Zavalegui
Xavier Gonzalez Ziron
Ricardo Guajardo Touché
José Luis Guerrero Alvarez
Antonio Gutiérrez Cortina t
Marita Gutiérrez de Vértiz
Julio Gutiérrez Trujillo

Erick Hagsater Gartenberg
Carlos Hank Rhon

Alfredo Harp Helu

Ignacio Hernandez Alvarez
Flora Hernandez Pons de Merino
Miguel Jauregui Rojas
Arturo Jiménez Bayardo
Jorge Juraidini Rumilla
Mario Laborin Gomez

Victor Lachica Bravo
Fernando Pedro Landeros Verdugo
Alejandro Legorreta Chauvet
Jaime Lomelin Guillén

Luis Maldonado Palomares
Nicolas Mariscal Toroella
Manuel Martinez Dominguez
Alejandro Martinez Gallardo
Marina Matarazzo de Escandén
Enrique Mazo6n Lépez T

José Mendoza Fernandez
Alfredo Miguel Afif

Julio A. Millan Costabile
Eugenio Minvielle Lagos
José Mora Hernandez
Consuelo Morales de Téllez
Raul Mufioz Leos

Mario Padilla Nicolin

Adrian Paez Martinez
Federico Patifio Marquez
Juan Antonio Pérez Simén
José Carlos Pérez y Pérez
Pedro Pinson Edelen

Peter Rainartz t

José Represas Pérez

Xavier Reyes Ponce

Carlos Roel Schreurs

Carlos Rojas

Enrique Rojas T

Alfonso Romo Garza

Jorge Rosenkranz Weiner
Ricardo Rosenkranz Stein
Ernesto Rubio del Cueto
Victor Rubira Nufiez
Guillermo Ruiz Reyes
Manuel Saba Ades



Carlos Sanchez Navarro
José Alfredo Santos Asseo
Fernando Senderos Mestre
Héctor Senosiain Aguilar
Clemente Serna Alvear
Maria del Carmen Servitje
Saturnino Suarez Fernandez
Ignacio Sunderland Méndez

Federico Terrazas Torrez

Misael Uribe Esquivel

Oscar Uribe de la Sierra
Alexander G. van Tienhoven
Olegario Vazquez Aldir

Luis Velasco Mancera

Marcela Woodworth de Madariaga
Ivan Zurita

AsOCIADOS HONORARIOS

Carlos Abedrop Dévila
Rubén Aguilar Monteverde
Norman Bourlaug

Jaime P. Constantiner

Harvey Fineberg

Carlyle Guerra de Macedo
David A. Hamburg
Abraham Horwitz t

Raman de la Fuente Mufiiz
Miguel de la Madrid Hurtado

Jestis Kumate Rodriguez
Ryk Ward
Salvador Zubiran Anchondo t

ASOCIADOS INSTITUCIONALES

Administracion del Patrimonio de la Beneficencia Publica
Camara Nacional de la Industria Farmacéutica
Caterpillar Inc.

Cerveceria Cuauhtémoc-Moctezuma, SA de cv
Compafiia Nestlé México, SA de cv
Consupharma, sA de cv
Empresas ICA Sociedad Controladora sA de cv
Fundacion GlaxoSmithKline
General Motors
Grupo Araman, SA de cv
Grupo CEMEX México, SA de cv
Grupo Empresarial Olmeca, SA de cv
Grupo Industrial Bacardi de México, SA de cv
Grupo Salas, SA de cv
Hospital Angeles del Pedregal, sA de cv
Hospital Metropolitano, sA de cv
Hospitales Nacionales, SA de cv
Laboratorios Bayer de México SA
Laboratorios Columbia, SA de cv
Laboratorios Liomont, SA
Laboratorios Sanfer, SA
Laboratorios Silanes, sAa de cv



Laboratorios Wyeth, sA de cv
Merck Sharp and Dohme, SA de cv
Meximed, sA de cv
Ven-Salud
NADRO, SA de cv
Procter and Gamble de México, SA
Sistema de Transporte Colectivo Metro
Televisa, SA de cv



Opportunities for the Pharmaceutical Industry
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se termind de imprimir
en el mes de octubre de 2002
en los talleres de Grafia.

Se tiraron 1,000 ejemplares
mas sobrantes para reposicion.

La edicién estuvo a cargo de la
Coodinacién General.

Disefio: Laura Novelo Q.
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