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RESUMEN

Andrés Herndndez Garcia Candidato para gbtener el grado de Dactor en Ciencias con
Universidad Autdnoma De Nuevo Ledn Especialidad eo Biologia Molecular e Ingenieria Gendlica,
Facultad de Medicina

Fecha de Graduacion: Marzo del 2002 Namero dec Piginas; §3

Area de Estudio: Terapia Génica e Inmunologia de loy Vectures Adenavirales.

Titulo del Trabajo: “EFECTO DE LA PRE-INMUNIZACION CON YECTORES ADENOVIRALES SOBRE LA
EFECTIVIDAD TERAPEUTICA Y LA TOXICIDAD DE LA TERAPIA GENICA ANTITUMORAL”

Objectivo: Determinar si la inyeccidén intratumorzl de adenavirus portadores de genes reporteros induce, o no, la produccian
de anticuerpos en contra del vector, y establecer si la presencia de éstos influye en la efectividad terapcutica y toxicidad de la
terapia génica de] cdncer mediada por vectores adenovirales.

Material v Métodos: El modelo animal de laboratoriv utilizadu, consistié de una fenocopia de tumores ortotopicos ¢n
ratones Balb/c. Cada animal fue inoculadg via subcutinea con células TM40-1) a una concentracian de | X 10°, Después de 3-
4 semanas de tumorigénesis, los animales experimentales fueron inumunizados por la inyeccion intra-tumoral de dos
diferentes vectores virales ( ADV-GFP o AFT2M59) a una dosificacion de X 10 particulas virales (v.p) /20 pl; mientras
que al grupo contral se le inyectd con PBS. Catorce dias més tarde, ambos grupas de animales recibieron una inyeccién
intratumoral de un nuevo vectar portador del gen de la luciferasa (AdV-Luc), con un rangu de dosis que fluctud entre 2X10°
a 2X10" p.v.iumor. Los niveles de expresion de AdV-Luc dentro del tumor y en tejidos normales fuervn evaluados en
funcion del tiempo (dias 2, 7 y 14 después de la administracion de AdV-Luc) y la dosis administrada Para este propésito, se
utilizo el ensayo de Luciferasa. Para la cuantificacidén de anticuerpos contra Adenovirus se utilizé el ensayo de ELISA. Para
el estudio de cito-toxicidad, los tejidos fueron evaluados por medio de estudios enzimdticos y anatomo-patolégices. Los
resultados fueron analizados por medto de un anahsis de Varianza y |a prucba *T” de Student.

Resultados: La preinmunizacién provoce una disminucion significativa en la expresion de luciferasa en todos los tejidos,
principalmente dentro del tumor (23 X) y a nivel hepatico (800 X), durante todos los tiempos de estudio. Sin embargo, en el
grupo control, no se observaron diferencias significativas cuando se compard la expresiin de Luc (en el dia 16) entre tumar,
higado, bazo v ovarios, lo cual indica la diseminacidn sist¢mica del vector. Por otro lado, en los grupos de animales pre-
inmunizados, la expresion de AdV-Luc a nivel tumoral fue significativamente mayor comparada con higado ( 33 X ), bazo
( 131 X ) y ovario { 55 X ). Los titulas de anticuerpos contra adenovirus fueron mds elevados en los animales pre-
inmunizados, indistintamente del tiempo de estudio (p<0.11). E| pico de mayor clevacion s¢ observd 7 dias después de la
inyeccion de AdV-Luc en ambos grupos. El incremento de la actividad de luciferasa relacionade cun la dosis, sdlo fue
observade en los animales preinmunizados. Especificamente, se puda abservar un incremento 30 veces mayor en la actividad
de luciferasa en los grupos de mayor dosificacion. Notablemente, la expresidn intratumoral de luciferasa en estos grupos fue
comparable con aquella observada en los animales controles. En el grupo preiomunizade se notd una significativa
disminucién en la expresion hepatica de AdV-l.uc, comparada con la de los controles. Nin embargo, no se observd ningan
incremento relacionado con la dosis. A diferencia de los animales controles, todos los ratones preinmunizados exhibieron
evidencia lustulogica de hepatitis, [ cual fue cormoborada por un incremento en los titulus de lus enzimas hepiticas.
Conclusiones: tin los animales no inmunizados la diseminacioén de los vectores adenovirales desde el sitio de la inyeccidn es
homegénea y de cardcter sistémico. La preinmunizacion acasiona una significativa reduccion en ¢l aivel y duracion de la
expresion de luciferasa. Esta disminucion ¢s més importante en ! higado, comparada con la expresidn deatru del tumor. E]
uso de dosis elevadas de vectores virales en animales con inmunidad pre-existente, restituye los niveles de expresién
intratumoral a niveles comparables con los observados en animales controles. Sin embargo, los fendmenos de toxicidad
hepética observados en los animales pre-inmunizados necesitan ser estudiados con mas detalle, debido a las enormes
implicaciones terapéuticas que los vectores adenovirales tienen en el tratamiento del cdncer.

Palabras Clave: Adenovirus, Terapia Génica, Preinmuruzacion, Toxicidad, Inmunidad pre-existente.

ho—]

Dr. Hugo A. Rarrera Saldafia
Asesar
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ABSTRACT

Dbjective: Preimmunization to adenoviruses may influence the therapeutic effectiveness and toxicity of adenoviral-mediated
gene therapy for cancer. This study was undertaken to cvaluate the impact of intratumoral preimmunization on adenoviral
vector expression and toxicity.

MVaterials and Methods: The levels and duration of adenoviral (AdVY) vector expression was evaluated in a subcutaneous
mouse mammary cancer model of naive and preimmunized animals. BALB-C mice were injected subcutaneously with
syngeneic TM40-D mouse mammary cancer cells (1 X 10° /50yl media). After 21 days of tumorigenesis, preimmunization
was achieved by intratumoral injection of a gutless AdV vector (1 x [0 ' v.p./tumor). Fourtcen days later bath naive and
preimmunized groups of mice received an intarumoral injection of AdV bearing the luciferase reporier gene (AdV-Luc), at
doses ranging from 2 X 10° t0 2 X 10 "' v.p/tumor. The levels of AdV-Luc expression in tumors and normal tissues as a
function of time (days 2,7 and 14 after AdV-L.uc injection) and AdV dose, were assessed with the Luciferase assay, and
ELISA was used to quantitate AdY antibodies. Tissue histological changes and hepalic enzymes were used to evaluate
normal tissue toxicity. Statistical analysis was conducted using Student's T -Test and Analysis of Variance,

Results: Preimmunization resuhed in statistically significant lower luciferase expression in tumor {23-fold) and liver (8QQ-
fold). Preimmunized aninials alsa demonstrated more pronounced deceeases in liver luciferase expression by a minimum of
$08-fold compared to tumor {minimum of 36-fold) at all time points. AdV antibady titers were higher in reimmunized
animals at all time points and maximally increased one week after AdV-Luc injection in both groups. AdV dose relaed
increases in intratumoral luciferase expression were observed only in preimununized animals. Specitically, higher AdV dases,
above 2X10 " v.p./tumor, increased intratumoral luciferase expression to levels comparable [0 those of naive animals. In
liver, significant AdY dose related luciferase increase by 4000-fold was observed only for naive animals while
preimmunization resulted in low levels of liver luciferase activity comparable to that of low dose naive group (p>0.424). In
contrast to naive animals, all preimmunized animals developed histolagic evidence of grade 2-3 hepatic toxicity which was
also reflected by increases in the average values of hepatic enzymes.

Conclusions: A preferential decrease in adenaviral vector expression is observed in liver compared to tumor after
preimmunization. Higher adenoviral doses restore intratumoral adenoviral expression to levels comparable to those of naive
animals. However, the hepatic toxicity observed in preimmunized animals need to be further assessed due to the therapeutic
implications for the treatment of cancer with multiple courses of adenoviral-mediated gene therapy.

Keywords: Adenovirus, Gene Therapy, Preimmunization, Toxicity, Pre-cxisting immunity.

Or. Hugo . Barrera Saldada
Asesor
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ABSTRACT

Objective: Preimmunization to adenoviruses may influence the therapeutic effectiveness and toxicity of adenoviral-mediated
gene therapy for cancer. This study was undertaken to evaluate the impact of intratumoral preimmunization on adenaviral
vector expression and toxicity.

Materials and Methods: The levels and duration of adenoviral (AdV) vector expression was evaluated in a subcutaneous
mouse mammary cancer modei of naive and preimmupized animals. BALB-C mice were injected subcutaneously with
syngeneic TM40-D mouse mammary cancer cells (I X 10° /50pl media). After 21 days of tumorigenesis, preinununization
was achieved by intratumoral injection of a gutless AdV vector (1 x 10 "' v.p/tumor). Fourteen days later both naive and
preimmunized groups of mice received an intraturnora! injection of AdV bearing the luciferase repurter gene (AdV-Luc), at
doses ranging from 2 X 10° to 2 X 10 ! v.p./tumor. The levels of AdV-Luc expression in tumors and normal tissues as a
function of time (days 2,7 and 14 after AdV-Luc injection) and AdV dose. were assessed with the Luciferase assay, and
ELISA way used to quantitate AdV antibodies. Tissue histological changes and hepatic enzymes were used o evaluate
normal tissue toxicity. Statistical analysis was conducted using Student’s T -Test and Analysis of Variance.

Results: Preimmunization resulled in statistically significant lower luciferuse expression in tumor (23-fold) and liver (800-
fold). Freimmunized animals also demonstrated more pronounced decreases in {iver luciferase expression by @ minimum of
8§08-fold compared to tumor {minimum of 56-fold) at all time points. AdV antibody titers were higher in reimmunized
animals at all time points and maximally increased one week after AdV-Luc injection in both groups. AdV dose related
tncreases in intratumoral luciferase expression were observed only in preimmunized animals. Specitically, higher AdV doses,
above 2X10 '* v.p.ftumor, increased intratumoral luciferase expression to levels comparable to those of naive animals. In
liver, significant AdV dose related luciferase increase by 4000-fold was observed only for naive animals while
preimumuanization resulted in low levels uf liver luciferase activity comparable tu that of low dose naive group (p>0.424). In
contrast to naive animals, all preimmunized animals developed histologic evidence of grade 2-3 hepatic toxicity which was
also reflected by increases in the average values of hepatic enzymes.

Conclusions: A preferential decrease i adenaviral vector exptession is abserved in liver compared to temor after
preimmunization. Higher adenoviral doses restore intratumoral adenoviral expression to levels comparable ta those of naive
animals. However, the hepatic toxicity abserved in preimmunized animals need lo be further assessed due to the therapeutic
implications for the treatment of cancer with multiple courses of adenoviral-mediated gene therapy.

Keywords: Adenovirus, Gene Therapy, Preimmunization, Tuxicity, Pre-existing imunumnity.
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