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Abstract

Purpose: IGF-I anti-gene technology was applied in 
treatment of rat and human gliomas using IGF-I triple 
helix approach.

Material and methods: CNS-1 rat glioma cell and 
primary human glioblastoma cell lines established from 
surgically removed glioblastomas multiforme were trans-
fected in vitro with IGF-I antisense (pMT-Anti-IGF-I) 
or IGF-I triple helix (pMT-AG-TH) expression vectors. 
The transfected cells were examined for immunogenicity 
(immunocytochemistry and flow cytometry analysis) and 
apoptosis phenomena (electron microscopy). 3x106 trans-
fected cells were inoculated subcutaneously either into 
transgenic Lewis rats or in patients with glioblastoma. The 
peripheral blood lymphocytes (PBL) derived from “vacci-
nated“ patients were immunophenotyped for the set of CD 
antigens (CD4, CD8 etc). 

Results: Using immunocytochemistry and Northern 
blot techniques, the transfected “antisense” and “triple-
helix” cells showed total inhibition of IGF. Transfected 
cultures were positively stained either for both MHC-I and 
B7 antigens – 60% of cloned lines, or for MHC-I only – 40% 
of cloned lines. Moreover “triple helix” cells as compared 
to “antisense” cells showed slightly higher expression of 
MHC-I or B7. Transfected cells also showed the feature of 
apoptosis in 60%-70% of cells. In in vivo experiments with 
rats bearing tumors, the injection of “triple helix” cells 
expressing both MHC-I and B7 interrupted tumor growth 
in 80% of cases. In contrast, transfected cells expressing 
only MHC-I stopped development in 30% of tumors. In 

five patients with surgically resected glioblastoma who 
were inoculated with “triple helix” cells, PBL showed an 
increased percentage of CD4+CD25+ and CD8+CD11b-
cells, following two vaccinations. 

Conclusions: The anti-tumor effectiveness of IGF-I 
anti-gene technology may be related to both MHC-I and 
B7 expression in cells used for therapy. The IGF-I anti-
gene therapy of human glioblastoma multiforme increases 
immune response of treated patients.
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Introduction

Insulin-like growth factor-I, IGF-I, is a 70-amino acid poly-
peptide [1-4] involved in the growth and tissue differentiation 
[3,5-7]. IGF-I and the related polipeptides IGFs are expressed 
in many tissues, including brain, where they are involved in 
proliferation of neuronal and glial precursors [8]. Deregulated 
expression of IGF-I, is associated with growth as well as with 
pathology of different diseases, including tumors [5,7,9,10]. 
IGF-I and -II are expressed at high levels in some nervous sys-
tem-derived tumors, e.g., astrocytomas and meningiomas [11] 
or tumor cell lines [12,13]. In contrast, the block of IGF-I syn-
thesis, induces apoptotic and immunogenic phenomena [14].

Classically, in order to assign a functional role of a par-
ticular gene product, one relies on naturally occurring mutants 
that fail to express a particular gene in normal fashion. The in 
vitro generation of cellular mutants has limited applicability 
due to the diploid nature of most genes and to the lack of 
adequate mutant selection. Our experimental approach in 
this study centers on the use of IGF-I RNA-DNA triple helix 
[15,16] presumed to stop the transcription of the IGF-I gene 
and to produce phenocopies of a null mutation for IGF-I. 
Triple helix strategy [17,18] and comparatively used antisense 
strategy [19- 21] bypasses inherent limitations of functional 
studies dependent upon natural mutant cells or artificially 
mutagenized cells [22].
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According to antisense concept, a nucleotide sequence is 
expressed in cells that complementary to a portion of the native 
RNA transcript (target sequence) of the gene of interest. Bind-
ing of the antisense disrupts the function of the target sequence 
either by blocking its function, promoting its degradation or by 
altering the structure of the target sequence. 

Antisense strategy – i.e. the experimental inhibition of gene 
expression by introducing a source of nucleotide sequences 
complementary to a given endogenous mRNA has been 
applied successfully to a growing number of genes in cultured 
cells. Growth of transformed human astrocytes was inhibited 
by antisense to basic fibroblast growth factor [23]. Antisense 
inhibition of glial S 100 protein altered cell proliferation and 
cytoskeletal organization [24]. 

However, the antisense approach has frequently been 
complicated by incomplete inhibition of gene expression [25]. 
Ineffective antisense RNA-mediated inhibition of gene expres-
sion, is probably a consequence of insufficient antisense RNA 
levels and inadequate suppression of the encoded protein 
product due to integrating vectors. These vectors used for most 
antisense experiments to date, integrate randomly into the host 
chromosome and are subject to local regulatory effects exerted 
by neighboring sequences at sites of integration. Hence, 
transfected cells may at times express only limited amounts of 
antisense RNA.

We have applied the antisense strategy by employing a  self-
amplifying episomal vector that replicates to high copy numbers 
extra-chromosomally [26]. It was showed that such a  vector can 
be used in human T-cell clones for effective (>95%) inhibition 
of the T lymphocyte surface molecule CD8 [27]. The utility of 
episome-based expression vectors for the effective inhibition of 
cellular RNA expression has been subsequently confirmed by 
others, e.g., N-myc in primitive human neuroectodermal cell 
lines [28].

Johnson et al. [29] and Kiess et al. [12] previously reported 
that the rat glioma cell line C6 expresses high levels of IGF-I. 
IGF-I expression is enhanced in these tumor cells when they 
are grown in serum-free medium. 

We have used C6 glioma cell lines as model in which to study 
antisense and triple helix strategies of treatement and to define 
a role for IGF-I in the tumorigenesis of gliomas that involves 
evasion of immune surveillance. IGF-I transfectants that 
express antisense RNA to IGF-I were shown to elicit a  curative 
anti-tumor immune response with tumor regression at sites 
distant from the sites of injection of the transfectants [10,15]. 
We previously showed that C6 rat glioma cells expressed MHC-
I [30,31] and B7 [32-34] antigens when transfected with vectors 
producing IGF-I antisense RNA or inducing IGF-I triple helix 
RNA-DNA [35,36]. Moreover, the cells lost tumorigenicity and 
were able to induce a T-cell mediated immune response in syn-
geneic animals against both themselves and the non transfected 
tumorigenic parental cells [6,10]. Using the IGF-I antisense 
and triple helix approaches we recently demonstrated that 
transfected C6 cells become pro-apoptotic [36]. Unfortunately, 
the syngeneic model of rat DBIX permitting to study C6 cells 
in vivo is not available. For this reason, one of the aims of the 
present experiment was to verify the results we obtained in the 
syngeneic model of Lewis rat/CNS-1 glioma cancer (see Fig. 1), 
and to determine whether or not IGF- I triple-helix blockade of 

IGF-I syntheses changes phenotype of transfected CNS-1 cells. 
Moreover, we sought to determine if the change in immunoge-
nicity is accompanied by apoptosis in this model system and if 
the expression of both antigens, MHC-1 and B7 in transfected 
cells used for injection is necessary to stop the growth of estab-
lish rat tumors. The injection of human immunogenic glioma 
cells should be followed by cellular immune response shown in 
the patients’ blood. The experiment described here using a rat 
glioma syngeneic model permitted us to prepare human “vac-
cine” and introduce a Phase 1 clinical trial (treatment of five 
patients with glioblastoma multiforme). 

Material and methods

Cell culture
The CNS-1 rat cell line was used for experiments. The cell 

line was offered by Dr William Hickey of the Dartmouth Medi-
cal School, Hanover, NH, USA. The cell line was cultivated in 
the laboratory of INSERM by Dr M. Sanson (Salpetrier Hos-
pital, Paris) and then subcloned. Cells were cultured in DMEM 
(GIBCO-BRL) supplemented with 10 % FCS, 2 mM glutamine, 
100 U/ml penicillin and 100 microg/ml streptomycin, at 37°C 
and 5% CO2. Hygromycin B (Boehringer Mannheim) at a con-
centration of 0.05 mg/ml was added 48 hours after transfection 
to select for transfected cells. After one week, concentration of 
hygromycin B was changed to 0.15 mg/ml and maintained with 
each change of fresh medium over the next 3-4 month. 

Primary cell cultures of human glioma were derived from 
tumors of 5 glioblastoma multiforme patients during surgical 
resection in the University Hospital of Bydgoszcz, Poland. Cell 
lines were established according to the technique described 
earlier [36-39]. 

Histology
Male Lewis rats, 7 week-old male, were provided from 

CERJ, Lyon, France. Rats were inoculated subcutaneusly 
with 5 mln cloned CNS-1 cells expressing IGF-I. The removed 
tumors were fixed in 4% para-formaldehyde, and paraffin 
embedded sections were stained for IGF-I by immunoper-
oxidase technique (Vectastain ABC kit, Vector Laboratories, 
Burlingame, CA, USA) using polyclonal antibodies to IGF-I 
(Valbiotech, Paris, France) (Fig. 1). 

Plasmids 
The vector pMT-EP [6,26] was prepared in The School 

of Medicine, Case Western Reserve University (Joseph Ilan 
Laboratory) (Fig. 2). IGF-I “antisense” and “triple helix” tech-
nology was used (Fig. 3) to construct episome based plasmids 
expressing either IGF-I RNA antisense, pMT-Anti IGF-I [26], 
or IGF- I triple helix inducing vector, pMT-AG TH [15]. The 
pMT- EP is under control of the metallothionein, MT-I, induc-
ible promotor. The casette contains the Epstein-Barr Virus ori-
gin of replication and the gene encoding nuclear antigen I which 
together drive extrachromosomal replication. Down stream of 
the insertion site is a poly A termination signal followed by the 
hygromycin B and ampilicin resistance genes (Fig. 2).

In pMT-AG triple helix the cassette consists of a 23 bp 
DNA fragment cloned into the vector pMT-EP which tran-
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scribes a  third RNA strand forming a triple helix structure 
within the target region of the human IGF-I gene, between 
its transcription and translation initiation sites. The vector 
pMT-EP containing cDNA expressing IGF-II antisense RNA 
as insert was used in control experiments [6]. 

Transfection
Cells, 60-80% confluent, were transfected in 6-well plates 

in a ratio of 1 ug of plasmid per 3-4 x 105 cells. The FuGENE 
6 Transfection Reagent (Boehringer Mannheim) was used 
according to the supplier’s instructions (3 µl of Reagent per 
1 ug DNA). To determine the efficiency of transfection, the 
process was carried out using pMT-EP construct containing 
lac-Z as a  reporter gene. Cell cultures were washed in PBS and 
incubated at 37°C in the presence of the staining solution which 
contained 5 mM K3Fe(CN)6, 2 mM MgCl2, 0.8 mg/ml X-gal 
made in PBS.

Hygromycin B (Boehringer Mannheim) at a concentration 
of 0.05 mg/ml was added 48 hours after transfection to select 
for transfected cells. After one week, concentration of hygro-
mycin B was changed to 0.10 mg/ml and maintained with each 
change of fresh medium over the next 3-4 month. 

Parental, non transfected cells and transfected cells were 
verified for IGF-I presence using antibodies to IGF-I by immu-
noperoxidase technique (Fig.  4). 

Northern blot 
Content of IGF-I antisense RNA was determined in 

50% confluent cell cultures. Cells were deprived of serum 
and cultured overnight in DMEM containing 0.1% BSA; 
60 µM ZnSO4 (Sigma) was then added for 5 hours to induce 
the MTI promoter. The cells were then prepared for North-
ern blot as described earlier [37]. Labeling of rat and human 
IGF-I cDNA and chicken beta actin cDNA and hybridizations 
were done according to Maniatis and procedures previously 
described [37]; the 770 bp human IGF-I cDNA and 500 bp rat 
IGF-I cDNA used as probes were a gift from J. Ilan (CWRU, 

Figure 1. Histology. IGF-I immunoperoxidase staining of CNS1 
rat glioma [55] resulting from subcutaneous injection of cloned 
cells into Lewis rat (counterstaining with hematoxyline). (X 200)

Figure 2. Diagrammatic representation of steps employed to 
construct the episomal vector pMT/EP used for preparation of 
IGF-I antisense and triple helix expression vectors. 

pBS-MT

Figure 3. Schema of IGF-I antisense and IGF-I triple helix IGF-I 
technology. In antisense technology the end result is the inhibi-
tion of IGF-I mRNA (sense RNA) activity by binding to the anti-
sense RNA [15]. In IGF-I triple helix technology the oligopurine 
third strand (23 bp) prepared by PCR forms RNA-DNA triple 
helix with IGF-I gene [16,36]. 

Homopurine triple helix is formed in ‘in vitro’ experiment 
(oligopurine strand poly A 3’ GAG…GAG 5’ cap) and DNA 
of IGF- I). We admit that similar mechanism occurs in ‘in vivo’ 
studies. # Hoogsteen hydrogen bonds; :: Watson-Crick bonds.
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Cleveland). The Northern blot was used also to verify expres-
sion of IGF-I in solid glioblastomas.

Immunocytochemical stainning
Localization of IGF-I and other antigens was done by 

immunofluorescence technique [6,10]. Cells were fixed in 4% 
methanol. Antibodies to rat MHC-I (OX-18) (from Valbiotech, 
Paris, France) and antibodies to mouse MHC-I (5 F1.3, anti 
Kb; from ATCC, Bethesda, MD, USA) gave the same stain-
ing. To stain B-7, a fusion protein CTLA4-Ig was used (Bristol 
Myers Squib, Seattle, WA, USA) [35]. 

Flow cytometric analysis
Cells were washed in PBS and incubated (30 min., 40C) with 

saturated amounts of monoclonal antibodies, labeling rat or 
human MHC-I (HLA  ABC), MHC- II, CD80 and CD86 anti-
gens (Becton Dickinson Pharmingen, direct immunostaining). 
Paraformaldehyde-fixed cells were collected (10.000 events 
per sample) in FACScan BD cytometer. Data were presented 
as percentage of positive cells. The human or rat glioma cells 
examined by flow cytometry were tested in two parallel groups 
of samples: one group of non irradiated cells; another group 
after irradiation with 60Co, 5000 rads.

Electron microscopy
Cells were fixed in 1% glutaraldehyde and 4% formalde-

hyde in 0.l M phosphate buffer, pH 7.2. The fixed cells were 
then rinsed in 0.1 M phosphate buffer (3x) followed by a post-

fixation in phosphate – buffered 1% OsO4. After rinsing in 
distilled water for 20 min, the cells were stained with 2% uranyl 
acetate for 40 min at 60°C. They were then rinsed in distilled 
water (3x), dehydrated in progressive concentration of ethanol 
and 100% propylene oxide and embedded in Epon resin. 80-
nm sections were cut, placed on 200 mesh copper grids, and 
contrasted with lead citrate and uranyl acetate. Photomicro-
graphs were taken with a Philips EM-2000 electron microscope 
operating at 80 kV.

In vivo experiment
For determination of tumorigenicity 5 mln CNS-1 rat cells 

were injected subcutaneously into Lewis rats. Animals were 
separated into groups of eight. Experimental sets were injected 
with: a) parental cells; b) IGF-I «triple-helix» transfected cells 
expressing MHC-I; c) IGF-I «triple-helix» transfected cells 
expressing both MHC-I and B-7 molecules. 

Vaccination of glioblastoma patients 
Human glioma cell lines were transfected with the 

pMT– AG TH plasmid vector. Clones of transfected cells 
(down-regulated for IGF-I and expressing MHC-I and B-7 
molecules) were selected two months after day of transfection. 
Before injection, cells were irradiated as described previously 
and 5 mln cells were injected subcutaneously into the left arm 
of operated glioblastoma patients. Blood was collected before 
the first vaccination, and again 3 weeks after the first and the 
second injection. Peripheral blood lymphocyte (PBL) typing 
was performed using mouse monoclonal antibodies directed 
against the superficial cell antigens (Tab. 1). 

Results

Parental rat glioma CNS-1 line was subcloned using cloning 
cylinders. The subcloned cell line expressing IGF-I (Fig. 1) was 
used for in vitro transfection and for in vivo injection experi-
ments. Endogenous IGF-I was down-regulated, when CNS-1 
cells were stably transfected with either IGF-I “antisense” or 
“triple helix” vector and grown in presence of Zn2+, in order 
to activate the MT-I promoter. Transfected cells examined by 
northern blot analysis show the IGF-I RNA in “antisense” 
orientation (Fig. 5). The RNA of non-transfected cells is distri-
buted in 7.5 kb and l.0 kb bands corresponding to the different 
processing stages of endogenous IGF-I RNA (lane a). The 
RNA of pMT-Anti IGF-I transfected cells shows only an abun-
dant 1. 0 kb band (lane b). As expected, RNA of pMT-AG triple 
helix transfected cells shows no band when rat IGF-I cDNA is 
used as probe (lane c). The internal control to this experiment 
was the beta actine bands (Fig. 5).

IGF-I «triple helix» or «antisense» cells were up-regulated 
in expression of MHC-I and B-7 molecules as measured by 
flow cytometry and immunocytochemical staining (Fig. 6 A, B). 
Transfection with either pMT-EP «empty vector» or with vector 
expressing IGF-II antisense RNA [6] in place of IGF-I anti-
sense RNA, produced no increase in MHC-I or B-7 molecules. 
The transfected cultures were positively stained either for 
both MHC-I and B-7 antigens (in 60% of cloned lines), or for 
MHC-I (only in 40% of cloned lines). The data show that trans-

Figure 4. IGF-I immunoperoxidase staining of CNS-1 rat glioma 
cells. These cells after transfection with IGF-I antisense or IGF-I 
triple helix expression vectors lose their capacity to synthetize 
IGF-I (see also Fig. 5) (X 200).
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fection with pMT-Anti IGF-I and pMT-AG triple helix vectors 
induced a  significant increase in expression of MHC-I and B-7 
(Tab.  2). The “triple helix” rat and human cells as compared to 
“antisense” cells showed slightly higher expression of MHC-I 
or B7: i.e. transfection of rat glioma with either the pMT-Anti 
IGF-I or pMT-AG triple helix vector induced mean increases of 
12,5% and 14,5% in the expression of MHC-I, respectively.

Apoptosis induced morphological changes in pMT-Anti-
IGF-I and pMT-AG triple-helix transfected cells were detected 
using electron microscopy (Fig. 7 A,B). The apoptotic changes 
occurred within 5-6 hours after incubation of IGF-I «triple-
helix» or «antisense» transfected cells in presence of 55-60 µM 
ZnSO4. Apoptosis was also analyzed in culture cell population 
using the May-Grünwald-Giemsa and Hematoxylin/Eosine 
stainings. Apoptosis was detected in approximately 70% of the 
IGF-I antisense and triple helix transfected cells. In contrast, 
evidence of apoptosis was observed only in 3-5% of the non-
transfected cells. These results, confirmed in three separate 
experiments, are in agreement with electron micrographies 
images of transfected IGF-I «antisense» and «triple-helix» 
cells.

When 5 mln of CNS cells were injected subcutaneously into 
Lewis rats, tumor was observed in 6-10 days. In contrast, no 
tumors were observed in animals injected subcutaneously with 

Sample no
FL 1

MoAb  FITC
conjugated

FL 2
MoAb PE
conjugated

Notes

1 CD45 CD14 PBL gate defining, contamination of monocytes   

2 CD4 CD8 CD4/CD8 ratio

3 CD3 CD16+CD56 T & NK cells

4, 5 CD25 CD4 (CD8) Activated Th (Tc) cells – Th (Tc) cells positive with interleukine-2 
receptor

6, 7 CD45RO CD4(CD8) Th (Tc) memory cells

8 CD19 CD5 B cell subsets (T dependent and T independent B cells)

9 CD8 CD11 b Tc & Ts cells

10 control antibody
(IgG-1)

control antibody
(IgG-2a)

Negative isotype control 

Table 1. Peripheral blood lymphocyte (PBL) typing. Monoclonal antibodies (MoAb) used for direct immunofluorescence. FL1 and FL2 
indicate standard fluorescence channels of flow cytometer, FITC, fluoresceine isothiocyanate, PE, phycoerythrin.

Cells Rat  CNS-1 glioma Human primary glioma

Non transfected
IGF-I antisense

IGF-I triple helix
IGF-II antisense

IGF-I

++
--
--

++

MHC-I

<0.5
12.5
14.5
<0.5

B-7

<0.5
18.0
19.5
<0.5

IGF-I

++
--
--

++

MHC-I

<0.5
9.0

10.0
<0.5

B-7

<0.5
11.0
12.5
<0.5

Table 2. Expression of IGF-I, MHC-I and B-7 in “antisense” and “triple helix” transfected cells*. 

* Cells were analyzed by immunocytochemistry for IGF-I (ABC method with immunoperoxidase staining), and by flow cytometry (FACScan 
Becton Dickinson) for MHC-I and B7. The data of flow cytometry are presented as percent change in value of fluorescence relative to 
fluorescence in control non transfected cells. The average values of three experiments are shown; the increase in MHC-I and B7 expression 
in antisense and triple helix transfected cells are significant at the P<0.01 level (Wilcoxon’s signed rank test).

7.5 kb

1.0 kb

a b c

Figure 5. Northern blot analysis of rat CNS-1 glioma cell line: 
lane a – parental cells showing two bands; lane b – IGF-I anti-
sense transfected cells showing one band; lane c – IGF-I triple 
helix transfected cells presenting negative blocks. Beta-actin was 
used as the control (lowest band).
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of those injected with autologous cells presenting both MHC-I 
and B-7 (Fig. 9), the significant changes were observed mostly 
after the first vaccination. There was increase in CD 8 per-
centage with characteristic switching from CD8+CD11b+ to 
CD8+CD11b-phenotype. Additionally, there was an increased 
percent of lymphocytes positive for the superficial interleukine-
2 receptor (CD25).

Discussion

These data demonstrate that in IGF-I «triple helix» trans-
fected CNS-1 rat glioma and in primary human glioma cells, 
changes in immunogenic properties and apoptosis occur. These 
properties were used for selection of human glioma cells that 
were used in IGF-I triple-helix immunogene therapy.

In the triple helix strategies, the oligonucleotides are 

Figure 6. Immunofluorescence localization of MHC-I A) and B-7 B) in IGF-I “triple helix” transfected rat glioma cells using polyclonal 
antibodies (X400).

A B

Figure 7. Ultrastructure characteristics of CNS-1 rat glioma cells: (a) parental non-transfected cells; (b) IGF-I triple-helix transfected cells. 
a) Parental cell with a nucleus which is uniform and well separated from cytoplasm. b) Transfected cell has characteristics of apoptotic cell 
with distorted nucleus and condensed electron dense chromatin (original magnification X7000).

A B

5 x 106 CNS-1 cells stable transfected with IGF-I «triple-helix» 
vector, and expressing either MHC-I or both MHC-I and B-7. 
All eight of these mice remained tumor free for 8-10 months. 
The efficiency of triple helix approach to suppress CNS-1 rat 
glioma established tumors was 80% using the transfected cells 
expressing both MHC-I and B-7, and 30% using the transfected 
cells expressing only MHC-I (Fig. 8). 

Human glioma cell cultures established from five glioblas-
toma multiforme cancers demonstrated morphological charac-
teristics similar to those previously described [36]. Each cell 
line was subcloned to obtain IGF-I positive clones the percent 
of IGF-I positive cells in the human cell lines ranged from 50 to 
70%). Analysis of RNA of human glioma cells four weeks after 
transfection was described earlier [36].

The phenotypic changes in peripheral blood lymphocytes 
(PBL) of the vaccinated glioblastoma patients were as pre-
sented in the Tab. 3. In the group of five glioma patients, each 
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targeted to double stranded DNA containing polypurine-
polypyrimidine sequences that readily form triple helixes. The 
results of the triple helix strategy presented in this study show 
that an RNA strand containing a 23-nucleotide (nt) oligopu-
rine sequence [15,17,38] may be capable of forming triple-helix 
structures with an oligopurine-oligopyrimidine sequence of the 
IGF-I gene as well in cultured rat C6 glioma [15] as in CNS-1 
rat glioma. Although we cannot exclude other mechanisms [15], 
triple helix formation remains the most plausible possibility for 
the inhibition of IGF-I gene expression. The suppression in 
IGF-I RNA level (Fig. 5) is accompanied by a reduction of 
cellular IGF-I. This suggests that the RNA strand, which forms 
the triple helix (Fig. 3), has inhibited gene transcription in 
glioma cells.

The induction of IGF-I triple-helix forming structure, simi-
larly to IGF-I antisense approach, was followed by enhanced 
expression of MHC-I and B-7 (Tab. 2), and loss of in vivo 

tumorigenicity. Moreover, our previous studies on the IGF-I 
antisense strategy demonstrated an extensive lymphocytic 
CD8 positive infiltrate 4-5 days after injection of transfected 
glioma, teratocarcinoma and hepatoma in the respective ani-
mal bearing tumor model systems [6,10,16]. Recently it was 
demonstrated that a subject with glioblastoma multiforme was 
recruited for an ex vivo IGF-I antisense gene therapy protocol 
[39]. After subcutaneous injection, the subject developed peri-
tumor necrosis; the tissue section bordering the necrotic tumor 
tissue showed the infiltration of lymphocytes consisted of both 
CD4 and CD8 T-cells. In the results presented here concerning 
peripheral blood lymphocytes (PBL) of glioblastoma patients 
treated by IGF-I triple helix immuno-gene therapy the eminent 
changes were observed after vaccinations (Tab. 3). There was 
increase in percentage of CD 8+ lyphocytes with characteristic 
switching from CD8+CD11b+ to CD8+CD11b- phenotype. 
This alteration may reflect the enhanced activation of  cyto-

Figure 8. Survival curves of Lewis rats inoculated subcutaneously 
with CNS-1 rat glioma cells nad injected above the hind leg with 
5 000 000 CNS-1 cells. The following groups of animals (every 
group, n=8) were considered according to the type of injection: 
group 1, PBS; group 2, IGF-I “triple helix” cells expressing 
only MHC-I; group 3, IGF-I “triple helix” cells expressing both 
MHC- I and B-7. 0 point = 5 days after primary inoculation of 
CNS-1 cells. The % survival was significant at the p<0.01 level. 
(1.0 corresponds to 100%).

Figure 9. Flow cytometry analysis (FACScan Becton Dickinson). Expression of MHC-I (A) and B-7 (B) in primary human glioblastoma cell 
line. A) and B) upper panels: non transfected cells; lower panels: transfected cells (upregulation of MHC-I and B-7). The glioblastoma cell 
line presented here corresponds to the patient “P” of Tab. 3.

A B
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toxic T-cells in blood. Additionally, an increased percentage 
of lymphocytes positive for superficial interleukine-2 receptor 
(CD25) was found, especially in the context of CD4 molecules. 
Generally, this has been raported as a specific features of 
activation for both Th and Tc populations in our results. This 
finding is compatible with the previous observation of T lym-
phocytes in IGF-I antisense gene therapy of gliomas [6,10,39].

The simulateous increase in the presence and role of 
B-7 and MHC-I antigens in the induction of T-cell immunity 
against tumors has been extensively investigated [26,33,34]. 
In the current paper we demonstrate that the injection of 
IGF-I triple helix transfected cells presenting both MHC-I and 
B- 7 molecules stopped effectively the established rat glioma 
tumors. This was not the case for cells expressing MHC-I only  
(Fig. 8). In in vivo experiments using IGF-I «antisense» vector 
in place of the IGF-I «triple-helix» vector gave similar results; 
data not shown. 

In this context, antigenic peptides presented by class 
I  MHC molecules were necessary but, in general, not sufficient 
to stimulate T cell response. In the absence of B-7 molecule, 
MHC-peptide complexes could selectively inactivate T-cells 
[40]. (Although “triple helix” cells as compared to “antisense” 
cells show slightly higher expression of MHC-I and B7 there are 
no qualitive immunogenic and apoptotic differences between 
IGF I “antisense” and “triple helix” approaches.) 

The costimulatory molecule B-7 of antigen presenting cells 
(APCs) bound to the counter-receptor CD28 and/or CTLA4 
expressed on the T-cells [41-43]. In our work, the absence of 
IGF-I synthesis in «triple-helix» transfected cells, could lead to 
a higher level of IGF-I receptor and hence to greater tyrosine 

kinase content; IGF-I and IGF-II present in fetal calf serum 
of culture medium, as well as intracellular IGF-II can act 
via the type I receptor [37]. There is a relation between the 
signal transduction pathway of tyrosine kinase and induction 
of B-7 molecules: enhancement in B-7 co-stimulation through 
a  cAMP mechanism linked to tyrosine kinase of the CD 28 
receptor has been previously reported [44]. Similar signaling 
through the tyrosine kinase activity of the IGF-I receptor 
shows that: tyrosine kinase activates IRS-1 (Insulin receptor 
substrate-1), and then IRS-1 activates PI3K (phosphatidilino-
sitol 3 kinase) [45,46]. This mechanism could be considered in 
the cytokine induced B7-1 expression demonstrated in fetal 
human microglia in culture [47]. 

Using CNS-1 glioma cells we have confirmed the relation 
between the immunogenicity and apoptosis found in IGF-I 
transfected cells [36]. The appearance of apoptotic cells dem-
onstrated that cell death by apoptosis for «triple-helix» cells, is 
directly related to the suppression of IGF-I expression. IGF-I 
can block the apoptosis pathway leading to a proliferation of 
the cell population that is normally programmed to die [14,48]. 
On the other hand, when function of IGF-I receptor (IGF- I-R) 
is depressed, certain cancer cells i.e. glioma cells undergo mas-
sive apoptosis [49]. It was concluded that IGF-I-R activated by 
its ligand plays a very protective role in programmed cell death, 
and that this protection is even more striking in vivo than in 
vitro [50]. Apoptosis could play a specific role in our strategies; 
the phenotypic modifications due to apoptosis may explain 
the recognition of the transfected cells by the immune system 
like tumor-specific immunity mediated by CD8+T described 
earlier by us [10,37]. Apoptotic cells, in the context of MHC-I, 

Molecule
Before vaccination After 1st vaccination After 2nd vaccination

P Q R S T P Q R S T P Q R S T

CD3 84 71 78 66 80 88 77 79 71 90 85 84 79 71 91

CD4 34 32 42 42 56 41 23 47 46 45 37 40 47 39 48

CD8 54 46 34 30 27 53 61 36 32 45 50 48 40 42 44

CD4/CD8 0.63 0.70 0.62 1.4 2.07 0,77 0.38 0.85 1.44 1.0 0.74 0.83 1.18 0.93 1.09

CD19 3 7 10 9 4 3 2 12 17 2 2 6 11 9 2

CD3-(16+56)+ 9 11 9 23 10 6 15 10 14 6 11 9 12 22 7

CD25 11 9 13 18 15 20 17 19 27 26 33 24 21 24 27

CD4+25+ 4.8 6.5 9.4 12.4 10.4 8.1 9.5 13 11 14.1 19 17 15 16.5 18

CD8+25+ 3.4 0.9 2.0 1.9 3.2 3.6 4.0 3.7 10 1.7 5.2 1.0 2.9 0.8 1.7

CD4+45RO+ nt nt nt 41 26 12 nt nt 40 32 22 24 26 36 30

CD8+45RO+ nt nt nt 18 6 17 nt nt 13 25 14 18 17 19 22

CD8+11b+ 26 43 21 20 14 27 46 21 15 19 20 31 24 26 27

CD8+11b- 28 3 13 10 13 26 15 15 17 26 30 17 16 16 17

CD5+19- 81 76 75 67 78 79 77 77 60 89 84 79 77 65 88

CD19+5+ 1 0.7 2.1 1.1 0.7 1.1 0.7 2.9 3.2 0.6 0,7 0.4 4 5.7 1

Table 3. IGF-I triple helix gene therapy of glioblastoma patients. Expression of CD molecules in peripheral blood lymphocytes (PBL) 
derived from “vaccinated “ persons*.

* Five cases indicated by P, Q, R, S, T; nt = not tested. PBL were analyzed by flow cytometry (FACScan Becton Dickinson). Double direct 
immunotyping with pairs of monoclonal antibodies conjugated with FITC and PE, respectively. Lymphocyte gate was defined according to 
the CD45 backgating. The data are expressed as percent of positive cells as compared to the isotype control. 
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are recognized by dendritic cells activating lymphocytes T-CD8 
[51,52]. B-7 molecules can be included in this mechanism, 
because both MHC-I and B-7 molecules are necessary for 
T  cell activation [32,33]. 

The IGF-I antisense approach for treatement of human 
gliomas and hepatomas was recently published [39,53,54]. The 
phenotypic changes in PBL found in IGF-I triple helix gene 
therapy of patients with glioblastoma multiforme, and estab-
lishment of the immune characteristics necessary to produce an 
effective vaccine, constitute the start point for a Phase II clini-
cal protocol of triple-helix cellular therapy for cancers highly 
expressing IGF-I.
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