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Introduction

With support channelled through the BLT, we have been investigated a novel method of cancer

treatment based on the premise that cancer cells do not elicit an effective tumour specific

immune response. In essence, we have been trying to develop a tumour vaccine that will

stimulate the immune system to fight the cancer. The failure to develop an immune response to

tumours appears to result from inadequate presentation of tumour proteins (called antigens) to

specialised white blood cells (T-Iymphocytes).We are attempting to augment tumour antigen

presentation using activated B cells (another type of lymphocyte), which are effective antigen

presenting cells and can be fused with a tumour cell to form a hybrid cell that expresses tumour

specific antigen, has appropriate antigen processing and presentation pathways, and the full

complement of proteins required to stimulate the immune system. The use of hybrid cells in this

fashion represents an attractivemethod of cancer immune therapy in man.

Proa:ress

This will be related to the original plan of work for the project, as submitted to the BLT, which

ISgiven below:

Pre-clinical Studies

The laboratory techniques to be used in the project are relatively simple but require

refinement in an animal model before application in man. We shall, therefore, initially

investigate the strategy in a BALB/c mouse model. It is anticipated that these experiments

will take 6 to 12months to complete:

1) A syngeneic transformed mouse liver cell line, BNL ING A.2, will be used to induce

liver tumours and hybridomas will be formed by fusing these cells with a number of

syngeneic B cell lines. The optimum conditions for cell fusion will be ascertained.

2) The hybrid cells will be examined by FACS using specific antibodies to determine

expression of tumour specific antigens, B cell markers and MHC and co-stimulatory

signals, in order to learn more about the basis for the immune response to the cells.

3) The hybrid cells will be assessed for their ability to form tumours and the immune

response to the hybridomas will be ascertainedwith and without irradiation of the cells. The

nature of the antihybridoma immune response will be investigated e.g. to assess whether

CD4+ and CD8+ or other T lymphocytes infiltrate around the injected cells. The optimum

agent for activation of the B cells will also be investigated.

4) The dosing regimen for the induction of an immune reaction will be investigated i.e. the
number of hybrid cells used and the vaccinationschedule.



The original estimate of up to 12months to completethe preliminaryanimal experiments proved

to be inaccurate due to a number of problems, which have been detailed in the 6 monthly

reports. However, the problems were systematically overcome and I am pleased to report that

we did achieve the main aim, in that we have induced rejection of established turnours in mice

by administering a hybrid cell formed by the fusion of a tumour cell with an antigen presenting

cell.

The optimum conditions for cell fusion were finally established but the electrofusion technique

we are now using is very different to the PEG fusion that we had initially proposed. The latter

method of cell fusion proved inefficient but fortunately we were able to start a collaboration

with a group in Germany who had already begun electrofusion of B and tumour cells. Further

problems were encountered when the tumour cell line, BNL lNG A.2, failed to consistently

form tumours, necessitating a change to a second tumour cell line EL4. This consistently

produced tumours in the mice and the speed of onset and size of the turnours was related to the

original dose, namely 1 x106 cells produces a 1 cm tumour in 1 week, whereas 1 x 107cells

produced a tumour within 2 days that quickly grew to 2 cm (at which point the animals are

sacrificed). The EL4 tumour cells and cells from a syngeneic B-cellline A20 were fused by the

electrofusion technique and hybrid cells selectively grown in culture. To facilitate selection of

only hybrid cells, the B-cell and tumour cell lines were transfected using disabled retroviral

vectors carrying drug resistance genes derived from bacteria and after fusion the cells were

grown in high concentrations of Puromycin (Pu) and Hygromycin (Hg). The doubly resistant

hybrid cells were isolated. The disabled retroviral vectors were thoroughly tested since our

early experiments failed because the retroviral vectors proved to be inadequately disabled

allowing cells to become infected by neighbouring cells producing doubly resistant cells that

were not hybrids. The hybrid cells currently being produced are distinguishable on FACS

analysis from their parent cells due to expressionof cell markers derived from both parent cells.

Thus, these cells have the characteristics of true hybridomas and have remained viable and

capable of reproduction under double drug selection for many weeks.

The hybrid EL4/A20 cells do not form tumours in mice. Animals with established turnours

from EL4 cells have now been exposed to irradiated hybrid EL4/A20 cells and not only those



with small tumours (due to 1 x106 cells) but even animals with large tumours (due to 1 x107

cells) have complete resolution of their malignant disease. Similar results were obtained with

hybridomas formed by electrofusion of tumour cells and fresh splenocytes (60% B cells). The

findings of these studies demonstrate that hybridomas that have been maintained in tissue

culture are as effective at inducing tumour rejection as those that have been freshly made. LPS

was found to adequately activate the B cells and induce expression of the co-stimulatory

molecule B7, which is required for T cell activation. We are still investigating the optimum

vaccination schedule and number of hybrid cells required but we have now fulfilled our original

criteria for the minimal acceptableevidence for commencing the clinical studies, namely a clear

demonstration that administration of B celVtumourhybridoma has a curative effect in tumour-

bearing syngeneic mice.

We are still attempting to establish in tissue culture hybridomas produced by fusion of

human hepatoma and autologous B cells and so far we have been unsuccessful. Further

experiments are being performed with differentculture conditions since success would ensure a

continuous supply of hybrid cells for repeat administration to the patient. As soon as we have

overcome this problem, we will be investigating this approach as a treatment for patients with

hepatoma. I do believe that this approach to the treatment of solid tumours has significance not

only in hepatology but for oncology as a whole.


