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A subject inflicted with glioblastoma multiforme who received partial tumor resection and 
radiotherapy was recruited for an ex vivo gene therapy protocol using irradiated autologous tumor 
cells that had been engineered to suppress the expression of insulin-like growth factor I as the 
tumor vaccine. After subcutaneous injection for 8 weeks, the subject developed peri-tumor necro­
sis with mass effect. The authors wondered whether this event could have resulted from the tumor 
vaccine. The tissue section bordering the necrotic tumor tissue to the viable normal tissue was 
examined for nature of any infiltrated cells and their activities. Lymphocytes, macrophages, and a 
small number of neutrophils diffused into the necrotic tumor tissue were found. The infiltrated 
lymphocytes consisted of both CD4+ and CDS+ T cells. The functional activity of these lympho­
cytes was demonstrated by the active production of interferon y and tumor necrosis factor a based 
on the respective immunofluorescent staining localized to these cells. This finding is compatible 
with the proposed mechanism underlying the tumor vaccination. However, the contribution of radia­
tion treatment to this event cannot be clearly ruled out. 
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Enhanced expression of IGF-I and IGF-11 
has been demonstrated in gliomas, meniningiomas, 
and other tumors over the respective normal tissues 
(1). This over-expression of selective growth fac­
tors including IGF-I and II has been implicated in 
uncontrolled growth and maintenance of the tumor 
phenotype(2). Epidemiological data indicate that 
cancer risk is associated with high serum IGF-I 
values(3). Circulating IGF-I is related to future 
colorectal cancer risk and may specifically predict 
adenoma progression(4). The signal resulted from 
IGF-I binding to IGF-I receptor on cancer cells has 
generated multiple cellular functions such as cell 
survival, motility, invasion, metastasis, the induc­
tion of angiogenesis, and the acquisition of multiple 
drug-resistance(5). IGF-I can block sensitization of 
human malignant glioma cells to FasL-induced­
apoptosis by wild-type PTEN(6). Therefore, disrup­
tion of IGF-I and its receptor binding may be an 
effective strategy for the treatment of a wide spec­
trum of human cancers. The treatment of rat C6 
glioma cells using antisense RNA of IGF-I resulted 
in loss of tumorigenicity and induced a tumor speci­
fic immune response involving CDS+ T cellsC7). The 
treatment by antisense IGF-I engineered with triple 
helix technologies has been reported to drive human 
glioma cells to enter apoptosis(S) and to increase 
the expression of both MHC class I and B7 mole­
cules both in human glioma cells(9) and PCC-3 
murine embryonic carcinoma cells(lO). Alternatively, 
antisense IGF-I receptor was employed in human 
malignant gliomaC11). 

The efficacy of treatment using an episome­
based antisense eDNA transcription of IGF-1 was 
demonstrated in rats bearing C6 glioma cells(?) and 
later in mice bearing PCC3 murine teratocarcinoma 
cells02). The subcutaneous injection of these trans­
fected tumor cells into syngeneic animals resulted 
in the induction of an immune response against the 
transfected tumor cells as well as the wild-type 
tumor cells that had earlier been implanted at a 
different site. The mechanism of tumor cytotoxicity 
includes the infiltration of CDS+ T cell within the 
tumor mass. The upregulation of MHC class I and 
B7 molecules on the transfected human glioma cells 
may improve the immune recognition of these cells 
(9). A clinical trial protocol of human malignant 
glioma using this strategy was approved by the then 
Recombinant DNA Advisory Committee (RAC) of 

the US Food and Drug Administration (FDA) on 
June S, 1993 with the first injection held at Case 
Western Reserve University in March 1994. An 
extension of this project in Thailand has been held 
at Siriraj Hospital with the first injection in October 
1999. The purpose of this trial was for safety and 
efficacy studies with a possible expansion of this 
approach to a spectrum of other cancers with high 
IGF-I expression. These candidate tumors include 
non-small cell lung cancer and cholangiocarcinoma 
of which the primary cultured cells have been esta­
blished in similar fashion. The authors expected an 
enhanced T cell mediated immune response similar 
to the rat model, and ultimately tumor regression or 
delayed tumor progression. 

MATERIAL AND METHOD 
The episome-pAnti-IGF-I03) contains 

Epstein-Barr virus replicative signals and a hygromy­
cin resistant gene (a gift from Dr. Anthony, CWRU, 
Cleveland, OH, USA). This episome incorporates 
the ZnS04-inducible metallothionein I (MT-I) tran­
scriptional promoter driving the antisense transcript 
of IGF-1. The transfected cells with high copy num­
bers of intracellular pAnti-IGF-I were enriched by 
gradually increasing the concentration of hygromy­
cin as a selective pressure. The suppression of IGF-1 
expression was determined by FACS analysis using 
a mouse monoclonal antibody against human IGF-1. 

Subject 
A 53-year old male subject inflicted with 

glioblastoma multiforme in the left frontal lobe was 
admitted for tumor resection (bifrontal craniotomy 
with partial left frontal lobectomy and subtotal tumor 
removal) on June 2S, 1999 at the Division of Neuro­
surgery. Informed consent for the study was given. 
The subject had received radiotherapy for a total 
dose of 56 Gy between July 16, 1999- August 31, 
1999, and was subcutaneously injected with irra­
diated pAnti-IGF-I-transfected on October 7, 1999, 
November 5, 1999, and December 30, 1999. This 
study proceeded according to the same guidelines 
proposed originally at CWRU and approved for 
domestic trial by the Institutional Review Board for 
ethical consideration of the Faculty of Medicine 
Siriraj Hospital in July 1999. The subject did not 
have active Epstein-Barr virus infection nor any 
evidence of HIV infection through the screening for 
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a panel of antibodies. Throughout the study the sub­
ject always had a Karnofsky Score above 60 except 
during December 1999 when tumor necrosis took 
place. 

Study Procedures 
1. Tumor cells were obtained from the 

patient at the time of open surgery on July 16, 1999. 
2. Cultured cells were demonstrated for 

IGF-1 production and were transfected with the 
episome containing antisense eDNA to IGF-1. The 
transfected cells were tested for down regulation of 
IGF-1 by immunohistochemistry. 

3. The transfected cells were irradiated with 
50 Gy and subcutaneously injected to the subject on 
October 7, 1999. 

4. Booster injections of transfected and irra­
diated cells were given at 4 weeks (November 5, 
1999) and at 12 weeks (December 30, 1999). 

Acquisition of Human Tissue and Primary Cell 
Culture 

The resected tissues were obtained from 
the operating room at Siriraj Hospital using standard 
surgical techniques and transferred to a tissue culture 
facility at the Department of Pharmacology. Tumor 
cells were released by digestion with 0.025 per 
cent trypsin in Dulbecco's modified Eagle medium 
(DMEM), and seeded at a density of 500-1000 
cells/mm2 of tissue culture flask in growth medium 
(DMEM, 15% fetal bovine serum, I mM sodium 
pyruvate, 1 mg/mL insulin, 0.55 mg/mL transferrin, 
0.67 ~g/mL sodium selenite, 0.1 mM non-essential 
amino acid solution, 2 mM /-glutamine, 50 unit/mL 
penicillin, 50 ~g/mL streptomycin). Cultured cells 
were maintained in growth medium incubated at 
3TC, 5 per cent C02. 

Transfection of Cultured Cells 
Cells were transfected with pAnti-IGF-1 

using the lipofectamine reagent kit (Gibco BRL). 
The transfected cells were enriched for high copy 
numbers of episome by adding hygromycin start­
ing at 0.5 ~g/mL for 1-2 weeks. The hygromycin 
concentration was gradually raised by 0.5 - 1 ~g/mL 
every 1 - 2 weeks until at least a minimum concen­
tration of 2 ~g/mL was reached. The activation of 
MT-1 promoter that drove the expression of anti­
sense IGF-1 RNA was achieved by incubation with 
0.3 mM ZnS04 in serum-free growth medium for 16 
h. The suppression of IGF-1 expression was deter-
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mined by immunohistochemical stammg with the 
mouse primary monoclonal antibodies against human 
IGF-1 (Serotec, Oxford, UK). The goat secondary 
antibody was conjugated with biotin and directed 
against the Fe fragment of the mouse primary anti­
body (Dako, Japan). The streptavidin conjugated with 
horse radish peroxidase (Dako, Japan) would be 
attracted to the biotin group of the secondary anti­
bodies. The conjugated peroxidase activity would 
catalyze the appearance of brown color upon expo­
sure to DAB substrate (Sigma, USA). 

Preparation for Injection 
The transfected cells were incubated with 

0.3 mM ZnS04 in serum free growth medium for 
16 h, transferred to fresh serum-free growth medium, 
irradiated for 50 Gy with 60co source, washed and 
finally resuspended in preservative-free normal saline 
for injection at a cell density of 1 x 106 cells/ 2 
mL. The 2-mL cell suspension was subcutaneously 
injected into the deltoid region. 

Immunohistochemistry and Immunofluorescent 
Staining 

Tumor samples in paraffin blocks were 
sliced into thin pieces with a thickness of 2-3 ~m. 
They were immunohistochemically stained with the 
mouse primary monoclonal antibodies against either 
human CD4, or CD8 (Becton Dickinson). The sec­
tions were further processed in the same way as in 
IGF-1 staining. Finally, the sections were counter­
stained with hematoxylin prior to viewing. For im­
munofluorescent staining, the sections were directly 
stained with the primary mouse anti-human inter­
feron y conjugated with PE or the primary mouse 
anti-human tumor necrosis factor a conjugated with 
FITC. The stained sections were viewed under a 
fluorescent microscope. 

RESULTS 
Quality Control of Cultured Cells 

The cultured cells were plated onto a 
chambered slide and immunohistochemically stained 
for IGF-1 protein (Fig. 1A). Dark brown staining 
appeared in the cytoplasm of almost all cells. After 
the transfection with pAnti-IGF-1 followed by the 
maintenance of the transfected cells in growth 
medium containing up to 2 ~g/mL hygromycin, 
there was still cytoplasmic staining, but of a slightly 
lighter color (Fig. lB). When 0.3 mM ZnS04 was 
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Fig. 1. The immunohistochemical staining of IGF-1 in the cytoplasm of primary cultured glioblastoma multi· 
forme. The unmanipulated cultured cells (A) attached to a chambered slide were fixed in acetone, 
stained with the mouse primary monoclonal antibody against human IGF-1 followed by the goat 
ant~·mouse secondary antibody conjugated with biotin and the streptavidin conjugated with horse 
radish peroxidase. The brown color appeared after the exposure of the conjugated peroxidase to 
DAB substrate. The pAnti-IGF-1 transfected cultured cells in the presence of at least 2 j.Lg/mL hygro· 
mycin (B) also express IGF -I in the cytoplasm. The exposure of unmanipulated cells to 0.3 mM 
ZnS04 (C) did not significantly alter cytoplasmic IGF-1 staining, whereas, the exposure of the trans­
fected cells to ZnS04 (D) clearly diminished cytoplasmic IGF-1 staining. 

inoculated with the unmanipulated tumor cells for 
16 h, there was no significant change in the stain­
ing (Fig. lC). But after the transfected cells were 
exposed to ZnS04, the staining was extensively 
decreased, although it did not completely disappear 
(Fig. lD). The cultured cells were confirmed for 
their glial origin using immunohistochemical stain­
ing for glial fibrillary acidic protein (GF AP) in the 
cytoplasm (data not shown). 

Blood Chemistry 
There was no significant alteration in CBC, 

urinalysis, CD4/CD8 ratio, PTIPTT, serum immuno-

globulin levels and a routine chemistry panel includ­
ing blood electrolytes, BUN, creatinine, total bili­
rubin, alkaline phosphatase, serum transaminases, 
and liver function studies that had been periodically 
checked throughout the 6-month study schedule. The 
tuberculin skin test that represents delayed type 
hypersensitivity before the treatment was negative 
but was later positive at the end of 6 months. 

Tumor Necrosis with Brain Edema 
Approximately 8 weeks after entering the 

experimental treatment ( 4-5 months after the radia­
tion treatment), the subject developed tumor necro-
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Fig. 2. The immunoperoxidase staining of CD4+ 
cells at the border of tumor necrotic tissue. 
The tissue was counter-stained with hema· 
toxylin. 
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Fig. 3. The immunoperoxidase staining of CDS+ 
cells at the border of tumor necrotic tissue. 

Fig. 4. The immunofluorescent staining of interferon 1 of lymphocytes infiltrating the tumor necrotic tissue 
using mouse anti-human interferon 1 conjugated with PE. 

sis with mass effect that eventually resulted in blind­
ness to both eyes. The subject was operated on 
December 16, 1999 to relieve the pressure and 
removal of the necrotic tissue. The resected tissue 
as well as the margin to adjacent normal tissue was 
diffusely infiltrated with lymphocyte, neutrophil, and 

macrophage. The immunofluorescent stammg of 
CD4 (Fig. 2) and CD8 (Fig. 3) was localized to the 
infiltrated lymphocytes. The immunofluorescent 
staining of intracellular interferon y (IFN-y; Fig. 4) 
and tumor necrosis factor a (TNF-a; Fig. 5) were 
also localized to the infiltrating lymphocytes. 
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Fig. 5. The immunofluorescent staining of tumor necrosis factor a of lymphocytes infiltrating the tumor 
necrotic tissue using mouse anti-human tumor necrosis factor a conjugated with FITC. 

DISCUSSION 
The only observed effect during the 6-

month period was the development of tumor necro­
sis with mass effect. This necrosis could have 
resulted from either radiotherapy or from the tumor 
vaccine. The incidence of tumor necrosis following 
radiation was documented as early as 1975(14). 
However, only an article reported the involvement 
of inflammatory cells and cytokines in this event. 
In radiation-induced delayed brain injury, diffusely 
infiltrated cells included CD4+ T cells, CD8+ T, and 
macrophages with the high expression of TNF-a, 
IL-la, and IL-6 predominantly localized to infil­
trated macrophage in malignant glioma(l5). Gene­
rally the development of radiation-induced tumor 
necrosis occurred very late (several months to years) 
after the treatment with 0-9 per cent of patients 
receiving less than a total dose of 60 Gy(l6). The 
development of tumor necrosis as early as 4-5 
months after the radiation treatment as well as the 
absence of vasculitis (Fig. 2, 3) suggested that the 
tumor vaccination could have played a causal role. 
The authors then investigated whether the infiltrated 
lymphocytes that had been proposed as the mediator 

for the tumor vaccination were active in agreement 
with the animal model. Since the T cell function 
tests such as cytotoxicity test and proliferation assay 
could not be performed on these infiltrated cells, the 
authors therefore investigated for the production of 
cytokines (IFN-y and TNF-a) as the only feasible 
alternative T cell function test07). As expected, the 
infiltrated lymphocytes actively produced these 
cytokines (Fig. 4, 5). The favorable response in­
cluded the reduction of tumor mass viewed with 
MRI after the trial for 4 months (February 2, 2000). 

By the end of the 6-month study (April 4, 
2000), the tumor mass had enlarged. The subject 
got his final tumor resection on May 2, 2000, and 
expired in July 2000. The subject at least developed 
partial response to tumor vaccination early in the 
study with tumor necrosis and regression. There was 
no other serious observed adverse effect derived 
from the vaccination. The recurrent tumor by the 
end of the study could have been due to the selection 
of clones that escaped the cross reaction with the 
clone grown in culture condition. In this case, ano­
ther cycle of fresh primary culture with transfection 
could have been of therapeutic benefit. 
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