Antibody and Gene Therapy


Dr. Ambinder
Gene Therapy can be used to add foreign genes into tumor cells


(1)Tumor Suppressors  (p53,Rb)

(2) Dominant neg. protein (┤GFR), 

(3) Apoptosis Induction and Sensitize to Rad/Chemo (BAX or ┤BCL-2)

(4)Prodrug Therapy (use herpes virus’s thymidine kinase to convert Ganciclovir phosphorylated form)

                 

         Note: Gancciclovir inhibits cellular DNA polymerase

*Gene Therapy can also be used to confer drug resistance to normal cells*

Ex: Methotrexate resistance to Bone Marrow so patients can undergo more intense treatment


      -Difficulty to get it into all BM cells and toxicity can also affect GI for example

Delivery and Targeting

*Use retrovirus to select for dividing cells, Use Adenovirus for resting cells, Use Naked DNA*
-Can put virus directly in tumor, or one that targets particular cell type, or one that has promoter w/specificity-

-Will get problems w/efficiency and selectivity-

1st Gene Therapy Trial: Severe Combined Immunodeficiencies

-X-linked SCID have cytokine receptor γ chain deficiency so cant make lymphocytes

-ADA deficiency ( ↑ toxic substrates ( death of T-cell precursors

1) Get patients who lack an HLA donor since that would have been the standard therapy

2) Take their BM and infect w/retrovirus (selective for CD34) to insert . Add Cytokines for div.

( All T cells carried the transduced genes and had tremendous stimulus to divide, seemed good

(BUT, many developed leukemia since the gamma gene was put near a protooncogene ( CANCER
Note: This may not have been such a big problem if the Transgene wasn’t put into cells w/a great desire to divide
ONCOLYTIC APPROACHES
1) Viral Replication leads to death of infected tumor cells

2) Viruses engineered to limit replication to tumor cells

Onyx 15: Selective replication in tumor cells w/death of tumor cells =

Wild Type Cells: E1B ┤ p53, necessary for replication to occur and virus to survive

Cond. Replicative Adenovirus (CRAds) w/E1B deletion cant survive in wild cells but can lyse cancer cells (p53 neg)

( Actually rare, short lived response only worked in CAR positive cells (rare so need to use human material)

Efficacy determined by efficient tumor cell infection, tumor cell-specific replication, and lateral dispersion

MONOCLONAL ANTIBODIES

-Chimeric, Humanized (chimera w./more human qualities), Human etc.

Intermediate Ab best tumor/background activity ratio = minibody, diabody

-Target Ag expressed in cancer cells (ex: use Mab T84.66 for CEA), overexpressed in cancer cells, or tissue specific
-Killing can involve induction of signaling events leading to death, complement mediated lysis or ADCC- (Ab dep. Cell cytox)

Murine Monoclonal Ab: High Affinity and Specificity
-Problems include Immunogenicity, lack of interaction w/immune effector cells, and antigen heterogeneity.

-Also cant repeat due to serum sickness-

-Ab resistance: Mutation in epitopes, down regulation of proteins, resistance to apoptosis

*To avoid Immunogenicity mouse Ab(chimeric Ab( Humanized Ab( Eventually Fully Human*

Ab Approved to treat Human Cancers

1) Rituximab ( B cell lymphoma



2)Trastuzumab ( breast cancer

3)   Alemtuzumab( chronic lymphocytic leukemia

4)Bevaxizumab(colorectal cancer (anti-VEGF)

5)  Cetuximab ( colorectal cancer (anti-EGFR)

Antibody Conjugates:

-use for delivery of Toxins (ex: Diptheria), Radionucleotides (90Y, 131I for imaging and therapy), Drugs-

Examples: CD20 IgG I131 (tositumomab)

*Conjugated Ab rapidly cleared by kidney,*

Kinetics of Ab Treatment

Human Ab: t1/2 = wks





Mouse Ab: t/2 = days

*Short is better for imaging radiotherapy or tumor penetration*
SOME ISSUES
-Although long half life of human Ab is good for therapeutic applications, they may not be good for conjugating radiolabeled or toxic agents which can lead to background or toxicity respectfully.

-Small engineered fragments t1/2 or only a couple of hours

Possible Solution?MODIFICATION
-Engineer AB to optimize targeting and pharmokinetic properties

-Intermediate Ab best tumor/background activity ratio = minibody, diabody ( best tumor penetration w/o background

Imaging Needs: High contrast at early times (minibody/diabody)

Therapy Needs: High dose to target, low dose to normal tissue



Minibody/Diabody is cleared faster to lower toxicity but can sufficient doses be delivered



Liver vs.Kidney if radiometal is used?

-Idiotype = tumor specific individualized target

-Murine monoclonals against idiotypes 
-What kinds of tumors to treat? Slow growing (Burkitts lymphoma, Large Cell Lymphoma, Follicular Lymphoma)

Sometimes Sustained Responses


Retreatment limited by HAMA: 

Recurrence associated w/escape mutation

CD20: 

-B cells marker does not down regulate or get internalized following Ab binding

Rituximab: Targets CD20 B Cell Marker 

-since marker is not on precursor, cells can replenish

-overnight depletion of B cells: Side effects related to lysis

-not associated w/fall in immunoglobulins

-some normal cell lines and some tumor cells driven to apoptosis

-Ab can fix complement and complement mediated lysis may also be important as is ADCC

-Polymorphisms in Fc receptor important in determinant response (not CLL)

Effective in F. lymphoma (remissions), diffuse large cell lymphoma (w/chemo), chronic lymph. Leuk (short-lived)

-Resistance is poorly understood since CD20 doesn’t down regulate, maybe ∆ in signaling path ┤apoptosis

-Also changes in other molecules can change sensitivity to complement mediated lysis or ADCC

-Arbitrary dosing, may be used as indefinite maintenance, may interfere w/ability to make Ab response to vaccines

Anti-CD20 Radioimmunotherapy: 90-Ytttrium or 131-iodine conjugated to murine monoclonal


(delivers radiation directly to tumor


(single dose often induces remission in F. lymphoma


(tumors that don’t respond to rituximab don’t respond to RIT

Therapeutic Quandry: should asymptomatic follicular lymphoma not be treated, treated for 2 months and wait for 

relapse or be maintained, or treated w/single dose

Important: Radiolabeled Ab better for large mass, use mouse Ab b/c shorter ½ life will get radiation out faster


     Naked Ab good for single cell (microscopic disease)
