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Abstract 

Introduction: Certain specific antigens, which behave as oncoproteins, are present in normal 
fetal/neonatal brain development, and are absent from mature brain tissues: among them, growth 
factors, especially insulin-like growth factor type I (IGF-I). When IGF-I reappears in the mature 
brain, this growth factor is over expressed in neoplastic glia, participating in the development of 
the most common human brain malignant tumor, glioblastoma multiforme, which is invariably 
fatal. Targeting the IGF-I system has emerged as a useful method to reduce glial malignant de-
velopment.  
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1. Introduction 

The IGF system involves three ligands (in-

sulin, IGF-I and IGF-II), their receptors 

IGF-I-R and IGF-II-R, and IGF binding 

proteins (IGFBPs, BP1 to BP6 having been 

characterized). Both IGF-I and IGF-II are 

ligands for IGF-I-R. The IGF-I-R competes 

with IGFBPs for free IGF-I and IGF-II (the 

affinity of IGF-I-R and IGFBP for IGF-I is 

generally of the same order of magnitude) 

[1-3]. The action of IGF-I on cellular meta-

bolism depends on IGFBPs, which prolong 

the half-life of this growth factor and modi-

fy its interaction with its receptor. IGFBPs 

have growth regulatory actions that are 

probably independent of their capacity to 
bind IGF-I [4]. 

The IGF-I is a polypeptide of 76 amino 

acids, which participates in cell and tissue 

differentiation, stimulates both foetal and 

postnatal growth [2], and particularly neu-

rogenesis and myelinisation [5,6]. As a me-

diator of the effects of growth hormone 

(GH) IGF-I is a locally acting stimulator 

[2].  IGF-I has characteristics of both a cir-

culating hormone (synthesised by the liver) 

and a tissue growth factor with autocrine or 

paracrine properties. IGF-I acts through its 

binding to a specific IGF-I-R [1,2,7]. IGF-I-

R is already present at the two-cell stage of 

development and is especially highly ex-

pressed from the time of neural tube forma-

tion, although glial cells express relatively 

little IGF-I-R mRNA [8,9].  

Methodology: In practice, in case-control study, when human glioblastoma cells, and compa-

ratively studied primary hepatocarcinoma and colon adenocarcinoma cells derived from cancer 

biopsy, are transfected in vitro with vectors expressing either IGF-I antisense RNA or inducing 

IGF RNA-DNA triple helix, the synthesis of IGF-I is stopped on translation or transcription 

levels, respectively (anti – gene strategy). Three cancer groups of two patients each, cancer 

stage I, after surgery and radiotherapy, were injected using antisense / triple helix „‟vaccines‟‟ 
of 1 million irradiated cells. The control groups received injected placebo. 

Results: Down regulation in the expression of IGF-I coincides with the reappearance of B7 

and MHC class I antigens at the surface of transfected cells (immunogenicity). When injected 

subcutaneously, the transfected cancer cells, “vaccines”, initiate an immune reaction involving 

CD8+ lymphocytes, followed by tumor regression. The glioblastoma patients treated by clas-

sical surgery and radiotherapy, were “vaccinated” by three successive injections. The median 

survival of treated patients was 21 months (current progress in treatment of this disease in-

volves an increase in medium survival from 8-11 months to an average of 15 months, using a 

chemotherapy). Using the same strategy, the patients with liver carcinoma and colon adenocar-

cinoma were comparatively treated. The obtained immune anti-tumor response mediated by 
TCD8 was similar to that of glioblastoma patients. 

Conclusion: The cellular immunogene therapy using anti - gene approach constitutes one of 

the current efficient therapies of glioblastoma and other malignancies expressing IGF-I. The 

described methodology applied in Europe, and previously in the USA for glioblastoma treat-
ment, is introduced now in university hospitals of Colombia (Bogota). 

Keywords: IGF-I, glioma, antisense, immunogene therapy, TCD8 
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In contrast to IGF-I-R, which is widespread 

in the developing brain, the expression of 

IGF-I is principally found in the cerebel-

lum, sensory relay systems and the cortex. 

IGF-I mRNA, which is relatively scarce in 

the prenatal state, increases dramatically in 

the early postnatal-period, followed by a 

decline over several weeks after birth. Dur-

ing post-natal development IGF-I mRNA is 

found in the developing hippocampus, and 

in the anterolateral ventricle subventricular 

zone, suggesting a potential role in promot-

ing proliferation of glial cells originating in 
these zones [5,8,10,11]. 

IGF-I is involved in neural development, 

neurogenesis, glial differentiation and glu-

cose metabolism, acting locally in a auto-

crine/paracrine fashion, with a predominant 

role compared to other growth factors 

[2,12,13]. 

Glial cells, especially astrocytes, are now 

considered to be involved in the regulation 

of many neuron functions [14-16]. In fact, 

normal brain function is based on neuron 

activity, which is regulated by glial cells. 

These functions involve regulation of syn-

aptic neurotransmitters or ion concentra-

tions, providing fuel to neurons, or control 

of neurogenesis and synaptogenesis [17,18]. 

In addition, the astrocyte calcium wave may 

be considered as a “parallel” electric signal, 

which can allow cross-talk between astro-

cytes themselves and between astrocytes 

and neurons [19]. Dysfunctions of glia are 

involved in many neuropathologies, in fact, 

when it comes to brain malignant tumours 

such as gliomas, cancer-dependent glial 

malfunctions have some deleterious conse-

quences on brain function.  

This present work reports results relevant to 

application of anti-gene IGF-I strategy in 

phase I clinical trial of glioblastoma pa-
tients. 

Current treatment options for patients with 

advanced malignant tumors are limited in 

efficacy, therefore the search for new strat-

egies such as chemotherapy [20], use of 

inhibitors, including antibodies, antisense 

oligonucleotides, short peptides and other 

small molecules [5, 21,22], and more spe-

cifically, cellular immune therapy [23] con-

stitutes a current challenge. Immunogene 

therapy of cancer was introduced as a new 

domain of oncology by Trojan et al in 

1992/3 [24]. 

Anti-gene, antisense or triple helix ap-

proach [25,26], has proven to stop the de-

velopment of established animal tumors of 

glioma, hepatoma, melanoma and terato-

carcinoma (containing three tissue deriva-

tives). Moreover, we have signaled anti-

gene therapy as a useful treatment in hu-

man gliomas, mediated by immune anti-

tumor CD8
+ 

T cells induced in vivo by in-

jection of cellular “vaccines” presenting 

immunogenic character (expression of 

MHC-I) [5,27-29].  

The principal goal of this work - Phase I of 

cancer gene therapy - was to compare the 

clinical results obtained using anti gene 

therapy applied in three different tumors, 

principally neuroectodermal glioblastoma, 

and endodermal liver and colon cancers 

[5,30,31]. We expose the mechanism of this 

therapy based on the results of previously 

described studies: the immune anti-tumor 

phenomenon observed in the antisense anti 

IGF-I treatment of rat and human gliomas 

and signaled by the increase of CTL CD8
+
 

in the tumor tissue as in peripheral blood 

lymphocytes [5]. In the presented work, we 

have used the strategy of combined anti-

sense/ triple helix technologies to prepare 

the anti-gene IGF-I “vaccines” and investi-

gate an immune response in treated patients 
with malignant tumors expressing IGF-I.  

2. Material and methods 

The IGF-I antisense strategy suppressing 

IGF-I expression was applied as previously 
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described [27,32,33], essentially with the 

use of episomal based vectors expressing 

either IGF-I RNA antisense or expressing 

23 bp RNA forming the triple helix with 

IGF-I DNA [34].  

The established cancer cells were originated 

from biopsies of patients with malignant 

glioma (glioblastoma multiforme), hepato-

carcinoma and colon adenocarcinoma (Uni-

versity Hospital of Bromberg, Poland). Cell 

lines were established during 3-4 weeks in 

culture with conventional protocol in 

DMEM (Gibco-BRL, Invitrogen, UK) sup-

plemented with 10% FCS, 2mM L-

glutamine, 100 U/ml penicillin and 100 

micrograms/ml streptomycin at 37°C and 

5% CO2. Established primary cells were 

transfected by Ca++/Ph or comparatively 

with FuGENE 6 transfection reagent tech-

nique (Boehringer Mannheim, Ingelheim, 

Germany). 48 hours after transfection, hy-

gromycin B was added up to 150ug/ml. 

Two weeks after transfection, hygromycin 

resistant cells were verified for expression 

of IGF-I by immunohistochemical [32,33] 

but also by RT-PCR (reverse transcriptase 

polymerase chain reaction) using RNA iso-

lation kit from Roche Diagnostics (Basel, 

Switzerland) and application according to 

Reverse Transcription System from Prome-

ga Corporation (Charbonnières-les-Bains, 

France) with the following primers: for-

ward, GCATCTCTTCTACCTGGCGCTG; 

reverse, 
CAGGCTTGAGGGGTGCGCAATA.  

The established transfected cell lines were 

examined in flow cytometry with fluores-

cence-activated cell sorter (FACS) equip-

ment FACSCAN and/or FACScalibur (Bec-

ton Dickinson, Le Pont-De-Claix, France), 

using specific monoclonal antibodies 

(mAbs) to major histocompatibility com-

plex (MHC) I and II, CD80, CD86, namely 

W632, BU26, MEM-233 and BU63, re-

spectively (AbD Serotec, Düsseldorf, Ger-

many). The secondary antibody used was 

Goat F(ab‟)2 anti-mouse Ig conjugated to 

FITC (fluorescein isothiocyanate) (Tebu, 

Le Perray-en-Yvelines, France). Thus, IGF-

I antisense and triple helix transfected cells 

that were positive in expressing MHC-I 

were submitted to 5000 CGy gamma irradi-

ation with 60Co or 137Cs (following the 

indications of Ethical Committee of NIH, 

no1602).  

The clinical trial of immunogene therapy 

concerned two patients with glioblastoma 

(astrocytoma IV), two patients with primary 

hepatocarcinoma and two with primary 

colon adenocarcinoma. The inclusion crite-

ria were as follows: age > 17 years; clinical 

data of glioblastoma, colon and liver can-

cers and radiography (TAC vs RNM); stage 

I of cancer; histologic confirmation of 

glioblastoma multiforme, colon adenocarci-

noma and hepatocarcinoma; possibility of 

total resection in tumoral recidiv;  Kar-

nofsky > 60% or Zubrod ECOG (Eastern 

Cooperative Oncology Group) <2; haemato-

logic results in agreement with surgery con-

ditions; hope of life - superior  than 3 

months; no VIH. The exclusion criteria 

concerned: multifocal localisation of tumor 

or tumoral dissemination; pregnant women; 

Karnofsky – less than 40%; missing letter 

of agreement; in the case of glioblastoma: 1. 

subependima or leptomeningea; 2. comuni-

cation between  ventrículum and cavity of 

resection (without possibilty of reparation 

using implant); 3. increase of intracranial 

pression due to paliative treatment or as to 

complication; 

Every treated cancer was of stage I. Patients 

received 2 successive subcutaneous injec-

tions of irradiated anti - gene IGF-I (anti-

sense / triple helix, 50:50) whole cell prepa-

rations, of 1 million transfected cells. All 

vaccine preparations were injected subcuta-

neously, generally into the left arm of can-

cer patients. The control clinical trial con-

sisted also of three cancer groups, with 

stage I. In every cancer group were two 
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patients, of comparative age. The control 

patients received the injection of placebo 

(physiologic solution).  

Blood samples were collected before and 

after vaccinations which corresponded to 2-

3 weeks after the vaccine injections. 

PBMCs were isolated from blood red cells 

using ficoll-hypaque centrifugation. Flow 

cytometry analyses were performed as 

above but using mAbs conjugated to FITC 

and directed to cell surface markers, namely 

CD8. Particularly, dual staining were per-

formed using mAbs specific to CD8-FITC 

and CD11b-PE (phycoerythrin), CD8-FITC 

and CD11b+PE. The surface markers CD3, 
CD4, CD19, CD56 were also explored. 

Table 1.  Flow cytometric „FACS‟ peripheral blood lymphocyte CD marker patterns following 

cellular immunogene therapy in human cancers: glioblastoma multiforme, hepatocarcinoma and   

colon adenocarcinoma. The time of established cell line as well as the time of established trans-

fected cell line (vaccine) are mentioned in weeks. CD molecules were labelled in peripheral 

blood lymphocytes (PBL) obtained from pre-vaccinated patients (C – control) and after two suc-

cessive vaccinations (V1 and V2) in the same cancer patients.  Two cases of each of the designat-

ed cancers were examined. Flow cytometry analysis data are expressed as percent of positive 

cells when compared to the isotype control. Differences in percentage of CD8+ CD11b- and 

CD8+ CD11b- subpopulations before and after vaccinations were strongly significant. See also 

figure 2. 

Name 
of pa-
tient 

Age  Type of cancer Established 
line 

Transfected 
line 

PBL cells 
CD8+ CD11b+ 

PBL cells 
CD8+ CD11b- 

B.P. 67 glioblastoma 4 weeks 4 weeks C-23%              
V1-21%,  
V2-20% 

C-14%              
V1-24% 
V2-29% 

A.W. 66 glioblastoma 
 

4 weeks 4 weeks C-24% 
V1-21%, 
V2-19% 

C-15% 
V1-23% 
V2-27% 

A.B. 45 hepatocarcinoma 4 weeks 4 weeks C-24% 
V1-21%, 
V221% 

C-14% 
V1-23% 
V2-24% 

H.T. 69 hepatocarcinoma 5 weeks 5 weeks C-25% 
V1-22% 
V2-21% 

C-13% 
V1-24% 
V2-25% 

A.M. 56 colon adenocarci-
noma 

5 weeks 5 weeks C-26% 
V1-25% 
V2-21% 

C-10% 
V1-25% 
V2-30% 

S.K. 48 colon adenocarci-
noma 

4 weeks 4 weeks C- 27% 
V1-25 % 
V2- 22% 

C-11% 
V1-24% 
V2-29% 

 

3. Results  

It was observed in the group of patients 

with glioblastoma that the two control pa-

tients without complement immunogene 

therapy have only survived 9,5 and 10 

months respectively while the two other 

patients receiving injections of cell prepara-
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tions had prolonged survival up to 19 and 

24 months respectively. The case relevant 

to the vaccinated patients with liver and 

colon cancers, was monitoring onward. All 

treated patients presented a slight increase 

of temperature 24-36 hours after vaccina-

tion that lasted a couple of days. A clear-cut 

change was observed concerning PBMCs‟ 

cell surface expression of vaccinated pa-

tients essentially relevant to the CD8+ cell 

subpopulation: CD8+CD11b-, which 

showed a significant increase in its percen-

tage after vaccination (Table 1, and Figure 

1 a, b, c). No difference was noticed about 

cell populations with or CD8+ CD11b+ in 

PBMCs harvested before and after vaccina-

tion. The interesting observation in progress 

concerned the PBMC subpopulation with 

CD8+CD28+ phenotype in vaccinated pa-

tients. The increased percentage of these 

cells might indicate a stimulation of im-

mune effectors in patients vaccinated with 

anti - gene IGF-I modified tumor cells and 

might thus explain their improved survival 

time. 

The vaccinated glioblastoma patients had a 

prolonged survival time (19 and 24 months, 

respectively) compared to the range of 12-

14 months in conventional therapy. For this 

reason, admitting that the group of glioblas-

toma patients treated with antisense/triple 

helix cell injection has given the significant 

results, all liver and colon cancer patients 

were treated, after surgery and radiotherapy 

with this type of therapy. Moreover, the 

period of 19 months, was chosen as the end 

of clinical observations in all treated cancer 

patients. At 19 months, all liver and colon 

cancer patients were alive and the treat-

ments were well tolerated (we do not in-

clude the details of clinical observations 

concerning treated cancers, because it is not 
the subject of this work).  

4. Discussion 

Glioblastoma, as well as other CNS malig-

nancies  [14-16, 35], were recently success-

fully treated by antisense therapy targeting 

TGF beta, using either antisense anti TGF 

beta expressing vector [36] or applying oli-

godeoxynucleotides [37,38]. Using phos-

phorothioate TFG beta2 antisense oligonuc-

leotides (AP-12009), an international phase 

II/III study was initiated in patients with 

TGF beta-overexpressing tumours such as 

high-grade gliomas, and by 2005-2006 the 

trial was ongoing in over 140 patients with 

anaplastic astrocytoma (AA) or glioblasto-

ma; the treatment was very well tolerated. 

By 2007, overall survival was 24 months, 

and in the control group, survival was 20 

months [37, 39]. Results from the clinical 

trials concerning other tumours over ex-

pressing TGF beta were also recently pub-

lished (pancreatic carcinoma, metastatic 

melanoma or advanced colorectal carcino-

ma); the treatment was well tolerated in all 

types of tumour diseases [37]. 

In anti-gene anti IGF-I approach, we have 

applied both antisense and triple helix tech-

nologies, stopping simultaneously the ex-

pression of IGF-I on translation and tran-

scription levels [5]. Moreover, in vivo AS 

IGF-I approach was also developed [40]; 

45 patients with PHC were co-transfected 

in vivo with antisense IGF-I expression 

vector and sense B7.1 expression vector. At 

two years following treatment of PHC stage 

II, there was marked reduction in tumour 
recurrence – from 62 to 20%.  
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Figure 1 a, b, c 
a 

 
 
b. 

 
c. 

 

Figure 1 a, b, c.    Flow cytometric (“FACS”) peripheral blood lymphocyte CD marker patterns 

following cellular gene therapy in human cancers. a – glioblastoma multiforme; b – hepatocarci-

noma; c - colon adenocarcinoma. CD molecules were labelled in peripheral blood lymphocytes 

(PBL) obtained from pre-vaccinated and “vaccinated” cancer patients.  Each of the first column 

corresponds to data obtained before vaccinations; each second and third column corresponds to 

data obtained after first and second vaccinations (IGF-I antisense/triple helix cells). Two cases of 

each of the designated cancers were examined (bar graphs represent the median value of the two 

cases). Data are expressed as percent of positive cells when compared to the isotype control. Dif-

ferences in percentage of CD8+CD11b- and CD8+CD11+ subpopulations before and after vacci-

nation were strongly significant (with a range of p below 0.01) and are illustrated in the bar graph 

for statistical significance. (The original FACS data concerning PBL cells are in the archives of 

Collegium Medicum of Nicolas Copernic University, Bromberg, Poland). 
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After here described IGF-I antisense/triple 

helix strategy, all treated patients have well 

tolerated the three injections of transfected 

"cancer cells". The PBL cells have shown 

an increase in CD8
+
CD28+ molecules with 

a characteristic switching from CD8+11b+ 

to CD8+11b- phenotype, observed after two 

cell vaccinations, reflecting the enhanced 

activation of cytotoxic T-cells in blood (Ta-

ble 1, and Figure 2a).   The work in 

progress has also shown in different treated 

tumours described here, an increased per-

centage of T CD25 (interleukin -2 recep-

tor), in the context of CD4, which has con-

firmed the results obtained in glioblastoma 

treatment [5].   

The cellular therapy described here has 

shown that both cell populations, as well 

MHC-I and B7 expressing transfected cells 

as apoptotic cells, are necessary to induce in 

vivo an immune anti-tumour response in-

volving APC activating CD8+ T cells [5,28, 

32,41,42] (Figure 2a). 

As far as the relationship between anti-gene 

anti IGF-I technology and immunogenicity 

is considered, the absence of IGF-I synthe-

sis in “antisense” and “triple-helix” trans-

fected cells, could lead to a compensative 

increase in IGF-I receptor (tyrosine kinase); 

IGF-I and IGF-II present in foetal calf se-

rum of culture medium, as well as intracel-

lular IGF-II can interact with the type I re-

ceptor [33]. Indeed, the increase of IGF-I 

receptor level could explain the expression 

of B7. There is a relationship between the 

signal transduction pathway of tyrosine 

kinase and the induction of B7 molecules: 

enhancement in B-7 co-stimulation through 

a cAMP mechanism linked to tyrosine ki-

nase of the CD 28 receptor has been pre-

viously reported [43]. The co-stimulatory 

B7 molecule in antigen presenting cells 

(APCs) is bound to the counter-receptor 

CD28 and/or CTLA4 expressed on the T-

cells [14,44].   

The immunogene therapy represents a nov-

el approach for cancer therapy. The under-

standing of molecular biology of cancer 

cells has progressively helped to identify 

the different molecular pathways altered in 

various cancers. Activation of the 

PI3K/AKT/GWK3/GS pathway is mediated 

by some tyrosine kinase receptors, under 

the control of several growth factors and 

cytokines as EGF, PDGF, VEGF, TGF be-

ta, CSF and especially IGF-I, whose recep-

tor, IGF-I-R, plays a principal role in the 

tumor growth process [3,4,5] (Figure 2b).  

As far as PI3K/AKT/GWK3/GS pathway (in 

relation with glioma) is considered, it was 

recently demonstrated that in experimental 

antisense anti glycogene synthetase, GS, 

tumor therapy, the transfected AS GS cells 

were also immunogenic (MHC-I expression) 

[48,49]. Anyway, in AS GS strategy an im-

mune anti-tumor response was not as strik-

ing as when using AS IGF-I approach. This 

shows that AS IGF-I appears as a dominant 

tool for the arrest of tumour progression. 

Moreover, targeting IGF-I instead of IGF-I 

receptor seems more efficient: because of 

downstream elements involved in the IGF-I-

R transduction pathway, signals from GF-I-

R can be inappropriate or exaggerated [4]. 

Nevertheless, if crosstalk of IGF-I's related 

different pathways is considered, IGF-I, 

through its binding to IGF-I-R, which acti-

vates PI3K/AKT transduction cascade, has 

been reported to block the apoptosis path-

way (IRS/PI3K/AKT/Bcl or AKT/GSK3 

or Ca
2+

 or caspases) [3,5]. The final result 

3,5of AS IGF-I approach including the 

TK/PI3K/AKT pathway elements inhibition 

is an immune response mediated in vivo by 

lymphocytes T CD8 and APC cells [50].  

Our presented work has permitted to start 

Phase I and II in South America (Colombia). 

This way we have established criteria for 

selection of vaccines (expression of IGF-I, 

MHC-I, B7) and of PBL cells markers (CD 

8+ related molecules) in patients presenting 

the arrest of growing tumors. 
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Figure 2a.  Schema of cancer immunogene therapy. The cells isolated from tumor biopsy are 

growing in tissue culture. The established cell line is transfected by vector of anti -gene type (an-

tisense and triple helix IGF-I). The transfected cells, and originated apoptotic cells, are injected in 

proportion 50-50 („vaccine‟) in the cancer patients. The presence of MHC-I and B7 molecules 

present in tissues and cells, as well as induced immune response mediated by lymphocyte and 

APC cells participate in shown immunogene mechanism.  

 

Figure 2b. Schema: arrest of IGF-I in anti – gene IGF-I transfected glial cells. The cells stop to 

express IGF-I but they become immunogenic expressing MHC-I and B7. One part of transfected 

cells enters in apoptosis [5,43,45-47]. Abbreviations: TAP 1,2 (transporter associated with antigen 

processing antigen); TK (tyrosine kinase); PI3K (phosphatidyinositol 3 kinase); PDK1 (phosphoi-

nositide-dependent kinase 1); AKT (PKB, protein kinase B); Bcl 2 (key molecule of apoptose); 

GSK3 (glycogene synthetase kinase 3); GS (glycogene synthetase); PKC (protein kinase C).  
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5. Agreements of Ethical Committees 

Human experiments were conducted in 

accordance with the Declaration of Helsin-

ki (1964).  The experiment was conducted 

with the understanding and the consent of 

the human subject. The responsible Ethical 

Committees have approved the experi-

ments. 

The approval for the gene therapy clinical 

trial (based on NIH clinical protocol 

n°1602, Bethesda, Maryland, 24. 11. 1993), 

containing scientific basis of methodology, 

cell therapy product standardization of 

preparation, detailed clinical protocol in-

cluding inclusion criteria and exclusion 

criteria (i.e. HIV and EBV active infection) 

and the letter of agreement, was admini-

strated by the Bioethical Commissions of 

the L. Rydygier Medical University, Brom-

berg (Bydgoszcz), Jagiellonian University, 

Cracow, Poland (n° KB/176/2001, 28. 06. 

2002, and n° KBET/184/L/2000, 21. 09. 

2000), La Sabana University, Chia, Colom-

bia, no P 004-10, 15. 12. 2010, Cartagena´s 

University, Colombia, no 3 – 19.10.2011, 

and registered by international Wiley Gene 

Therapy Clinical Trial database, Stockholm, 

n° 635 and 636 (J Gene Med, updated 

2002). The protocol was verified by Minis-

try of Health, AFSSAPS Committee, Paris, 

France, 03. 06. 2005, and by NATO 

Science program 2003 - 2007 (n° LST 

980517). 

6. Acknowledgements 

We would like to thank Drs H. T. Duc, 

(INSERM, University of Paris XI), J. C. 

Dib (INS, Bogota), P. A. Camacho (Foscal 

Clinic, Floridablanca), and J. J. Rey (UN-

AB, Floridablanca) for helpful discussion of 

results and for suggestions concerning clin-

ical trial phase II. This work was supported 

by the subventions of Collegium Medicum - 

Jagiellonian University, Cracow; Collegium 

Medicum - UMC University, Bydgoszcz; 

Faculty of Health Sciences - UNAB Uni-

versity, Floridablanca, and ICGT SA Socie-

ty, Bogota.  

7. Conflict of interest 

No conflict of interest. 

8. References 

1. Hajeri-Germond M, Trojan A, Naval 

J, et al.  Diagnostic of CNS neoplasia 

– AFP and IGF-I targets. In: Trojan J, 

ed.  Brain: from development to neop-

lasia and gene therapy solution. Vol.1. 

1st ed. Saarbrucken, Germany: Lam-

bert Academic Publishers; 

2017/18:76-94. 

2. Le Roith D. The insulin-like growth 

factor system. Exp Diabesity Res. 

2003;4:205-212.  

3.  Baserga  R.  The Insulin-Like 

Growth Factor-I Receptor as a target 

for cancer therapy. Expert Opinion 

Ther Targets. 2005;9:753-768.  

4. Pollak MN, Schernhammer ES, Han-

kinson SE. Insulin-like growth factors 

and neoplasia. Nat Rev Cancer. 

2004;4:505–518.  

5. Trojan J, Cloix J-F, Ardourel M, et al. 

IGF-I biology and targeting in malig-

nant glioma. Neurosci. 

2007;45(3):795-811. 

6. Rabinovsky E D. The multifunctional 

role of IGF-1 in peripheral nerve re-

generation. Neurol Res. 2004;26:204-

210. 

7. Trojan A, Aristizabal B, Jay LM, et 

al. Testing of IGF-I biomarker in an 

ethical context. Adv Modern Onco 

Res. 2016;2(4): doi: 10.18282/amor: 

v2:i4.58; 2016a  



Trojan J. et al. Medical Research Archives, vol. 6, issue 7, July 2018 Page 11 of 13 

Copyright 2018 KEI Journals. All Rights Reserved              http://journals.ke-i.org/index.php/mra 

8. Bondy C A, Werner H, Roberts CTJr, 

et al. Cellular pattern of insulin-like 

growth factor-I (IGF-I) and type I 

IGF receptor gene expression in early 

organogenesis: comparison with IGF-

II gene expression. Mol Endocrinol. 

1990;4:1386-1398. 

9. Schultz GA, Hahnel A, Arcellana-

Panlilio M, et al. Expression of IGF 

ligand and receptor genes during pre-

implantation mammalian develop-

ment. Mol Reprod Dev. 1993;35:414-

420. 

10. Bartlett W P, Li X S, Williams M. 

Expression of IGF-1 mRNA in the 

murine subventricular zone during 

postnatal development. Brain Res Mol 

Brain Res. 1992;12: 285-291. 

11. Wilkins A, Chandran S, Compston A. 

A role for oligodendrocyte-derived 

IGF-1 in trophic support of cortical 

neurons. Glia.2001;36:48-57. 

12. Porcu, P, Rubini, M. The role of the 

IGF-I receptor in the growth and 

transformation of  mammaliancells. 

Cell Prolif. 1994;27:63-71. 

13. Adhami V M, Afaq F, Mukhtar H.  

Insulin-like growth factor-I axis as a 

pathway for cancer chemoprevention. 

Clin Cancer Res. 2006;12:5611-5614. 

14. Harding BN, Golden JA. Develop-

mental neuropathology. Internat 

Soc Neuropathol. Basel, Suiss 2004.  

15. Esiri M, Perl D, ed. Oppenheimer’s 

diagnostic neuropathology. 3
rd

 ed, 

FL: CRC Press; 2006.      

16. Love S, Arie Perry A, Ironside J, 

Budka H, ed. Greenfield's Neuropa-

thology. 9
th
 ed, NY: CRC Press; 

2015. 

17. Pfrieger FW. Role of glia in synapse 

development. Curr Opin Neurobiol. 

2002;12:486-490. 

18. Barres BA. What is a glial cell?. Glia. 

2003;43: 4-5. 

19. Hofer T, Venance L, Giaume C. Con-

trol and plasticity of intercellular cal-

cium waves in astrocytes: a modeling 

approach. J Neurosci. 2002;22:4850-

4859. 

20. Stupp R, Hegi ME,  Neyns B, et al. 

Phase I/IIa study of cilengitide and 

temozolomide with concomitant radi-

otherapy followed by cilengitide and 

temozolomid maintenance therapy in 

patients with newly diagnosed gliob-

lastoma. J Clin Oncol. 2010; 28(16): 

2712-2718. 

21. Wen PY, Yung WK, Lamborn KR et 

al. Phase I/II study of imatinib mesy-

late for recurrent malignant gliomas: 

Norty American Brain Tumor Con-

sortium Study 99-08.  Clin Cancer 

Res. 2006;12:4899-4907. 

22. Pan Q, Luo X, Chegini N. Blocking 

neuropilin-1 function has an additive 

effect with anti VEGF to inhibit tu-

mor growth. Cancer Cell. 2007;11(1): 

53-67. 

23. Kjaergaard J, Wang LX, Kuriyama H, 

et al. Active immunotherapy for ad-

vanced intracranial murine tumors by 

using dendritic cell-tumor cell fusion 

vaccines.  J Neurosurg. 2005;103: 

156-164. 

24.  Wikipedia – Encyclopedia, Gene 

therapy – History 1990s 

25. Rubenstein, JL, Nicolas JF, Jacob F. 

Construction of a retrovirus capable 

of transducing and expressing genes 

in multipotential embryonic cells. 

https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&text=Seth+Love&search-alias=books&field-author=Seth+Love&sort=relevancerank
https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&text=Arie+Perry&search-alias=books&field-author=Arie+Perry&sort=relevancerank
https://www.amazon.com/s/ref=dp_byline_sr_book_3?ie=UTF8&text=James+Ironside&search-alias=books&field-author=James+Ironside&sort=relevancerank
https://www.amazon.com/s/ref=dp_byline_sr_book_4?ie=UTF8&text=Herbert+Budka&search-alias=books&field-author=Herbert+Budka&sort=relevancerank


Trojan J. et al. Medical Research Archives, vol. 6, issue 7, July 2018 Page 12 of 13 

Copyright 2018 KEI Journals. All Rights Reserved              http://journals.ke-i.org/index.php/mra 

Proc Natl Acad Sci USA. 

1984;81:7137-7140. 

26. Helene C. Control of oncogene 

expression by antisense nucleic acids. 

Euro J Cancer. 1994; 30A: 1721-

1726. 

27. Trojan J, Johnson TR, Rudin SD, et 

al. Gene therapy of murine teratocar-

cinoma: separate functions for insu-

lin-like growth factors I and II in im-

munogenicity and differentiation of 

multipotential embryonic cells. Proc 

Natl Acad Sci USA. 1994; 91:6088-

6092. 

28. Ellouk-Achard S. Djenabi GA, De 

Oliveira, et al. Induction of apoptosis 

in rat hepatoma cells by expression of 

IGF-I antisense cDNA. J Hepa-

tol.1998;29:807-818. 

29. Trabado S, Van Binh PN, Martin C, 

et al. Stimulation of anti-melanoma 

immune effectors via modified tumor 

cells exhibiting inhibited IGF-I and 

low CD9. Biomed & Pharmacother. 

2007;61(8):494-498. 

30. Djavan W, Aldert M, Seitz C, et al. 

Insulin-like growth factors and pros-

tate cancer. World J Urol. 

2001;19(4): 225-233. 

31. Wu Y, Yakar S, Henninghausen L, et 

al. Circulating Insulin-like growth 

factor-I levels regulate colon cancer 

growth and metastasis. Cancer Res. 

2002;62:1030-1035. 

32. Trojan J, Johnson TR, Rudin SD, et 

al. Treatment and prevention of rat 

glioblastoma by immunogenic C6 

cells expressing antisense insulin-like 

growth factor I RNA. Science. 

1993;259:94-97. 

33. Lafarge-Frayssinet C, Duc HT, Sara-

sin A, et al. Antisense IGF-I transfer 

into rat hepatomacell line inhibits tu-

morigenesis by modulating MHC-I. 

Cancer Gene Ther. 1997;4:276-285. 

34. Shevelev A, Burfeind P, Schulze E, et 

al. Potential triple helix-mediated in-

hibition of IGF-I gene expression sig-

nificantly reduces tumorigenicity of 

glioblastoma in an animal model. 

Cancer Gene Ther. 1997;4:105-101. 

35. DeAngelis LM.  Brain tumors. N Engl 

J Med. 2001;344:114-123. 

36. Fakhrai H, Mantil JC, Liu L, et al. 

Phase I clinical trial of a TGF-beta 

antisense-modified tumor cell vaccine 

in patients with advanced glioma. 

Cancer Gene Ther. 2006; 13(12): 

1052-1060. 

37. Schlingensiepen KH, Schlingensiepen 

R, Steinbrecher A, et al. Targeted tu-

mor therapy with the TGF-beta2 anti-

sense compound AP 12009. Cytokine 

Growth Factor Rev. 2006;17:129-

139. 

38. Schlingensiepen KH, Fischer-Blass 

B, Schmaus S, et al. Antisense 

therapeutics for tumor treatment: the 

TGF-beta2 inhibitor AP 12009 in 

clinical development against 

malignant tumors. Recent Results 

Cancer Res. 2008;177:137-150. 

39. Hau P, Jachimczak R, Schlingensie-

pen KH, et al. Inhibition of TGF-

beta2 with AP 12009 in recurrent ma-

lignant gliomas: from preclinical to 

phase I/II studies. Oligonucleotides. 

2007;17(2); 201-212.  

40. Anthony DD. Ex vivo and in vivo 

IGF-1 antisense RNA strategies for 

treatment of cancers in humans [ab-



Trojan J. et al. Medical Research Archives, vol. 6, issue 7, July 2018 Page 13 of 13 

Copyright 2018 KEI Journals. All Rights Reserved              http://journals.ke-i.org/index.php/mra 

stract]. Cancer Gene Ther. 1997; 

2:322. 

41. Matthew L, Saiter B , Bhardwag N. 

Dendritic cells acquire antigen from 

apoptotic cells and induce class I re-

stricted CTL. Nature. 1998;392:86-

89. 

42. Upegui-Gonzalez LC, Ly A, Sierzega 

M, et al. IGF-I triple helix strategy in 

hepatoma Treatment. Hepato/ Ga-

stroenterol. 2001;48:660-666.  

43. Schwartz RH. Costimulation of T 

lymphocytes: the role of CD28, 

CTLA-4 and B7/BBI in interleukin-2 

production and immunotherapy. Cell. 

1992;71:1065-1068. 

44. Kindt TJ, Goldsby RA, Osborne BA, 

ed. Kuby Immunology. NY: WH 

Freeman and Co; 2007. 

45. Beckner ME, Gobbel GT, Abounader 

R.  Glycolytic glioma cells with ac-

tive glycogen synthase are sensitive to 

PTEN and inhibitors of PI3K and 

gluconeogenesis. Lab Investigat. 

2005;85(12):1457–1470. 

46. Trojan J, Pan YX, Wei MX, et al. 

Methodology for anti - gene anti - 

IGF-I therapy of malignant tumours.  

Chemother Res Pract. doi:10.1155/ 

2012/721873; 2011/2012  

47. Pan Y, Trojan J, Guo Y, Anthony 

DD.  Rescue of MHC-1 antigen 

processing machinery by down-

regulation in expression of IGF-I in 

human glioblastoma cells.  PLoS 

ONE. 2013;8:ID: e58428. 

48. Premkumar DR, Arnold B, Jane EP, 

Pollack IF. Synergistic interactions 

between 17 AAG and phosphatidyli-

nositol 3-kinase inhibition in human 

malignant glioma cells. Mol Carcino-

gene.  2006;45:47-59. 

49. Ardourel M-Y, Blin M, Moret J-L, et 

al. A new putative target for antisense 

gene therapy of glioma: glycogen 

synthetase. Cancer Biol Ther. 

2007;6(5):719-723. 

50. Trojan J, ed. Cancer immunogene 

therapy – case of glioblastoma. Anti – 

gene anti IGF-I approach. Saarbruck-

en, Germany: Lambert Academic 

Publishers; 2017. 

 


