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My history of discovering the Radio-Immune-Stimulating effect began in the early
1990°s by attempts to use electroporation and electro-chemotherapy in combination
with Bleomycin for tumor therapy.



Bleomycin molecules Bleomycin molecules
Outside the tumour cell inside the tumour cell

\

-
bartil_cperrion@med.bose WiCC 2014

By applying electric pulses to the tumour, pores or channels are formed in the cell-
membranes, through which pharmaceuticals e.g. Bleomycin which otherwise don’t
penetrate the cell membrane, can migrate into the cell and affect it.
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membrane before
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This is a schematic illustration of how the pores is formed in the cell membranes after
application of the electric field which is named "electroporation”.
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The first in vivo experiments were performed in the early 1990°s by using Leif G

Salford's tumour model with intra-cerebral implanted RG2 GLIOMA tumours into the
right caudate nucleus of Fischer rats. After about one week a tumour has developed in

the brain.
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Fig. 1. [Inoculation of RG 2 cells in the right caudate nucleus and
electropermeabilization 10-12 days later with electrodes enclosing the growing
tumour.

After 10-12 days two electrodes were introduced on opposite sides of the tumour and
then treated with Bleomycin and electroporation which is named Electro-chemo-
therapy.
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Fig 2. Kaplan-Meyer plot for the survival of 17 animals treated with bleomycin
and electropermeabilization (400 'V, § puls¢s) and 13 untreated controls.

After 6 days approximately 50% of the untreated animals got symptoms of the growing
tumour and were sacrificed, while 50% of those treated with electro- chemotherapy
lived symptom-free for 11 days and two of them lived for more than 20 days without
symptoms.



Since I'm engaged with radiotherapy, | was curious to examine the effect of
electroporation in combination with radiotherapy ie Electro-Radio-Therapy "EPX“
instead of chemotherapy.
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N32 Tumor cells were inoculated subcutaneously in the flank of Fischer rats. Different
groups of rats were treated with pulsed electric fields only, with Cobalt-60 gamma
radiation only, or a combination of both radiation and pulsed electric fields.



Control PEF RT PEF +RT

Figure 4. CD8+ infiltration in tumours of various treatment: Controls, Pulsed electnc fields
PEF (1400 V/cm), radiation therapy RT{4x5 Gy)and the combination PEF+RT

We found that the infiltration of cytotoxic T cells, (ie CD8 +T cells) in the tumour
increased most in the tumours treated with the combination of electroporation and
radiation. This indicated that this combinational therapy initiated an increase of
immuno-genic cell-death.
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Figure 3. CD4+ infiltration in tumours of various treatment: Controls, Pulsed electric fields PEF
(1400 Viem), radiation therapy RT (4x5 Gy) and the combination PEF+RT

Also the infiltration of helper T-cells (i.e. CD4 +T-cells) increased the most in the
tumours treated with a combination of electroporation and radiation.
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During the 1990 Leif G. Salford, professor and head of Neurosurgery in Lund initiated a
project which intended to use a vaccine based on endogenous tumor cells for
immunotherapy of brain tumors.



with a vaccine of autologous IFN-y transfected tumor cells

bartil rpersson@emed b se 1
WO 2014

Leif.G Salford started a clinical Phase | study of immunotherapy in patients with brain-
tumours (malignant glioma). The study was-called the BRIGTT study (Brain-Immuno-
Gene-Tumour-Therapy). My involvement was mainly to radiation sterilize the vaccine
made from patients' own tumour cells transfected with Interferon-gamma gene. The
vaccine was then injected subcutaneously into the arm of the patients.
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| was curious to study the combination of immune-therapy in combination with both
electroporation and radiotherapy. During 1998-2001, preclinical studies with
subcutaneously inoculated tumours were performed in order to combine the tumour
vaccine treatment with both electroporation and radiotherapy.
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Combination of 5Gyx4 Radiation Therapy. Pulsed Electric Fields
(PEF) and Immunization with syngeneic Interferon-gamma IFNg

gene transfected tumour cells.
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Tumour growth rate (TGR, black), the specific therapeutic effect
(STE, red) of all the experiments performed and Tumour

enhancement ratios (TER, blue) of the combined treatments.

The figure shows the cumulative results of the various experiments conducted during
1998-2002. Tumour growth rate (TGR) is displayed with black bars, the specific
therapeutic effect (STE) with red stack and Tumour enhancement ratios (TER) with blue
bars.

We found that Immunotherapy alone showed none or even a negative therapeutic effect
which was quite unexpected.

Also electroporation alone was ineffective, but in combination with the Vaccine of
Interferon-gamma transfected tumour cells the therapeutic effect (red bars) defined as
reduction in the growth rate of the tumours, increased to 30 %.

By Combining the Vaccine of Interferon-gamma transfected tumour cells with radiation
therapy the therapeutic effect increased further, up to 50%.

But the greatest therapeutic effect of 80% was recorded with a combination of both
immunization, electroporation and radiotherapy.
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(IFNy) secreting tumour cells.

PERSSON, B. R. R., BAUREUS MCH, LR GRﬁFSTRﬁM G.; ENG&TR&M P, BRUN, A.,
WIDEGREN, B. & SALFORD, L. G. 2002. Tumor Treatment by using Pulsed Electric Fields
Combined with Radiation Therapy and Immunization with syngeneic Interferon-gamma
secreting tumor cells. Neuro-Oncology, 4 (Supplement 2), 68

These results were presented at the 2002 Society of Neuro-Oncology (SNO) annual
meeting in San Diego, and the abstract was published in the journal of Neuro-Oncology,
4 (Supplement 2), 68
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At the 2002 SNO conference in San Diego, | met Dr. Martin Graf who had studied
immunotherapy of brain tumours with a vaccine of endogenous non-transfected
tumour cells in rats with tumours implanted in the brain, in combination with radiation
therapy. He had observed the same phenomenon as we, that immunotherapy with
vaccines increased tumour growth. But when immunotherapy is combined with
radiation the tumour’s growth considerable decreased.
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He also observed that in the immunized rats there was a vigorous infiltration and
accumulation of immature monocytes (myeloid derived suppressor cells MDSC) in the
tumour. But after a single radiation treatment with 15 Gy the presence of immature

monocytes was considerably sparse.
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Fig. 2. Vaccination of glioma- B SRatsbearing aS-day T9 glioma treated with 15 Gy
bearing rats results in decreased  °f Whole-head imadistion (j; n=s) had a significant
survival. Rats bearing a 5-day T9 extension of survival (P=0.015) compared to rats
glioma were vaccinated s.c. with receiving no treatment (d; n=3).

5-10s irradiated T9.F cells (p; n=9)
or ware sham-treated {d_l n=9}. Rats that received combined radiation and vaccination

Vaccinated rats showed a had an even greater extension of survival compared to
significant reduction of survival contrels (P=0.004), and 45% of the mts remained

(P<0.0001). tumor-free (p;n=11).

This is Graf's results presented as survival diagrams. The left diagram show that just
vaccination with tumor cells caused decreased survival of the rats compared with the
untreated controls.

The right diagram shows that the combination of the immunization with radiotherapy
resulted in a survival of 45% after more than 70 days, whereas the untreated controls
and rats treated with radiotherapy alone all died within 40 days.
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ORIGINAL ARTICLE

Myeloid-derived suppressor cells impair the quality
of dendritic cell vaccines

L. Poschke - Y. Mao - L. Adamson - F. Salazar-Onfray -
G. Masucci - R. Kiessling

Myeloid-derived suppressor cells (MDSC)
are also enriched at the tumor site. They
express the inducible nitric oxide synthase
(iNOS) allowing them to produce high
amounts of nitric oxide (NO), which inhibits
T cell migration as well as T cell receptor
(TCR) and cytokine signalling.

The results of recent immunological research show that immature monocytes called
"Myeloid Derived Suppressor Cells" MDSC are attracted and enriched at the tumour site
through secretion of Vascular epithelial growth factor “VEGF” by the tumour cells. The
"Myeloid Derived Suppressor Cells“ express the inducible nitric oxide synthase
(iNOS) allowing them to produce high amounts of nitric oxide (NO), which
inhibits T cell migration as well as T cell receptor (TCR) and cytokine signaling.
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Laboratory Investigation
Tumor infiltration by myeloid suppressor cells in response to T cell activation
in rat gliomas

Martin R. Graf ', Jeremy T, Saver” and Randall E. Merchant '
i!‘.h-pr.rrmn-m of Newroswrgery, Vieginia Convmowwealth University Medical Center, Richmond, VA, USA;
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Immunoregulatory MSC present in ghomas can
suppress the function of tumor-infiltrating, activated T
cells, and therefore play a role in brain-tumor associ-
ated immunosuppression. The inadvertent generation
of MSC in clinical tnals involving vaccine-based
strategies may represent a significant obstacle to suc-
cessful brain tumor immunotherapy. However, we
believe that modulating MSC populations or their
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Thus the cooperative effects of radiation and immunotherapy could be explained by
effect of radiation killing the myeloid suppressor cells which infiltrate the tumour, that
repeal the suppression of immunogenic tumour cell killing by the T-cells..
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In the fall of 2002 after returning from the SNO conference | started pre-clinical studies
in Salford’s rat model of brain tumours by combining immunotherapy and radiation
therapy. This study was called Radio-Imwmune-Gene-Tumour -
Therapy “RIGTT”
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5000 N29 glioma cells were injected stereo-tactically into the brains of Fischer rats and
after a few week a tumour was established in caudate nucleus. After further 6-7 weeks,
the untreated tumour has grown to 4-6 mm in the brain, resulting in symptoms in the
rat.
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A vaccine was prepared from syngeneic N29 cells transfected with interferon gamma

genes, cultured and finally radiation sterilized. Immunotherapy was performed by

injecting with this vaccine into the abdomen of the rats at 7, 21, and 35 days after the
inoculation of the N32 tumour cells into the brain. At 100 day after the inoculation of

the tumour 6 out of 7 untreated controls were dead while of those treated with a
combination of radiation and immunotherapy only 2 out of 8 animals were dead.
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RT5 Gy + Immunization 3x 154 0.01
RT 15 Gy + Immunization 3x 118 0.1
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The results of just immunization causes no significant change in survival time or in the
number of survivors after 100 days. Also single radiation therapy sessions with 5 or 15
Gy resulted in no significant changes (p=0.08). But, the combination of immunization
and radiation therapy resulted in a noticeable change in the number of survivors after
100 days. A single Radiation therapy session of 5 Gy combined with immune-therapy
resulted in a significant increase (p<0.01) of survival animals compared with the
controls.
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These are the results in the number of survival animals versus the number of days after
inoculation of tumor cells in the brain. The best result with 75% of survival animals was

achieved with the combination of immune-therapy and 5 Gy single session radiotherapy.
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