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S-Adenosylmethionine - induced cytotoxicity in
glioblastoma cells does not affect the Igf-1r methylation
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Abstract

Despite treatment consisting of intensive multimodality therapy, glioblastoma (GB) patients have a very poor
prognosis explaining the need of searching for novel therapeutic approaches. Exogenous administration of S-Adeno-
sylmethionine (SAM), a methyl donor agent, was suggested to induce cancer cell death by affecting DNA methylation
pattern. In this study, we investigate the cytotoxic effect of SAM on two glioblastoma (GB) cell lines (18 and 38) in
vitro. For this purpose, we treated the cells with increasing doses of SAM, and analyzed the cell viability by MTT assay,
7 days after the treatment. We found that SAM treatment induced cytotoxicity in both cell lines, but the 38 cells were
more sensitive than 18 cells. This biological methyl donor was demonstrated to inhibit the mitogenic effect of growth
factors in cancer cells. Here, we hypothesize that SAM induced igf-1r hypermethylation and subsequently IGF-1R
downregulation, would be the cause of the cytotoxicity of the SAM treatment in GB cells. This hypothesis was encour-
aged by our previous results, showing that IGF-1R function is important for GB cell survival and proliferation. First,
we found that in both GB cell lines expressing IGF-1R, the igf-1r was partially methylated. To our knowledge this is the
first report describing the methylation status of igf-1r promoter gene in glioblastoma cells. The next set of experiments
indicated that SAM treatment did not modify the igf-1r CpG island methylation status or the expression of the IGF-1R,
suggesting that SAM - induced cytotoxicity is independent of igf-1r methylation in glioblastoma cell lines.
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Rezumat

În cazul tumorilor gliale de tipul glioblastomului (GB), prognosticul este rezervat, chiar în urma unui tra-
tament multimodal, justificând pe deplin necesitatea descoperirii de noi modalităţi terapeutice. Studii anterioare au
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arătat că S-adenozil-metionina (SAM), principalul donor de grupări metil în numeroase procese biologice, ar indu-
ce moartea celulelor canceroase prin modificarea profilului de metilare ADN. Alte studii ştiinţifice sugerează, că
SAM inhibă efectul mitogen al factorilor de creştere în celulele canceroase. De asemenea, studiile noastre anterioa-
re demonstrează importanţa IGF-1R în supravieţuirea şi proliferarea celulelor de GB. În acest studiu, a fost investi-
gat efectul citotoxic indus de SAM în două linii celulare de GB (18 şi 38). Celulele în cultură au fost expuse timp
de 7 zile la diferite concentraţii de SAM, iar viabilitatea celulară a fost analizată prin metoda MTT. Rezultatele
obţinute au demonstrat, că SAM induce citotoxicitate în ambele linii celulare studiate, cu un effect mai pronunţat în
linia celulară 38. Pentru explicarea citotoxicităţii observate în urma tratamentelor cu diferite doze de SAM, s-a an-
alizat posibilitatea că efectul citotoxic indus de SAM să fie cauzat de hipermetilarea oncogenei igf-1r şi inhibarea
expresiei proteinei IGF-1R. Rezultatele obţinute au arătat că gena igf-1r este parţial metilată în cele 2 linii celulare
de GB. De asemenea, SAM nu are efect asupra profilului de metilare al genei igf-1r. Toate aceste date sugerează
faptul că efectul citotoxic indus de SAM nu este relaţionat cu modificarea profilului de metilare ADN al genei igf-1r.

Cuvinte cheie: Metilare ADN, glioblastom, Igf-1r

Introduction

Insulin-like  growth  factor  receptor-1
(IGF-1R) is a receptor tyrosine kinase, encoded
by the igf-1r oncogene, located on chromosome
15q25–q26,  promoting  oncogenic  transforma-
tion,  growth  and  survival  of  cancer  cells  (1).
IGF-1R overproduction or enhanced activity has
been observed in many types of cancer including
breast (2, 3), lung (4, 5), colon (6), prostate (7),
melanoma tumor types (8) and glial tumors (9).

In glioblastoma, igf-1r was identified as a
potential genetic marker (10) and also represents
an activator  of  downstream signal  transduction
pathways which enhances therapeutic resistance
against radiation and chemotherapy (9, 11, 12).

The igf-1r  gene  expression  levels  are
determined, to a large extent, at the transcrip-
tional level.  Molecular characterization of the
igf-1r  regulatory  region  revealed  that  igf-r1
gene promoter region lacks a TATA box, the
gene consists in a single specific transcription
initiation site and both the 5′ flanking and 5′un-
translated region are highly CG-rich (13, 14).

The molecular  mechanism responsible
for  the  increased  transcriptional  activation  of
igf-1r gene in cancer, however, remains largely
unidentified. 

Mutations in the igf-1r gene have been
shown to lead to abnormalities in the function
or number of IGF-1R and may also delay in-
trauterine  and  subsequent  growth  in  humans

(15).  Amplification of the igf-1r locus at band
15q2  has  been  found  in  a  small  number  of
breast and melanoma cases (2). DNA methyla-
tion is an important epigenetic factor, inversely
associated with gene expression (16). This pro-
cess involves a covalent addition of a methyl
group to  the Cytosine in the  next  vicinity  to
Guanine to 5’position of promotor region (16).

Abnormal  methylation  patterns  have
been detected early in cancers, including those
of  the glioblastoma (16*,  17).  These changes
consist  mainly  of  global  DNA  hypomethyla-
tion, regional DNA hypermethylation and over-
expression of DNA methyltransferase 1 (18).

Despite the fact that the pathway leading
to hypomethylation in cancer is unknown, it is
clear that hypomethylation is a hallmark of most
cancer genomes. It has been proposed that hypo-
methylation contributes to malignancy by direct
activation of several oncogenes including c-myc
(19), h-ras (20), hox1 (21) and c-ros (22), by ac-
tivation of latent retrotransposons (23) and/or by
inducing chromosome instability (24).

Several reports have suggested that exo-
genous administration of  a methyl  donor agent
(SAM),  the  primary  substrate  for  methyltrans-
ferase reaction leads to  DNA hypermethylation
(25, 26) induced cytotoxicity in cancer cells by si-
lencing genes involved in cell proliferation (27). 

In this study, we investigate the cyto-
toxic effect of SAM on two glioblastoma (GB)
cell  lines. We also hypothesize that  SAM in-
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duced  igf-1r  hypermethylation  and  sub-
sequently  IGF-1R  downregulation,  would  be
the cause of the cytotoxicity of the SAM treat-
ment in GB cells.

Materials and methods

Cell lines and reagents
For these studies we used 2 primary glio-

blastoma cell lines (18, 38) which were established
from tumors at the Academic University Hospital
in Uppsala according to standard procedures (28)
and have been previously characterized (29). 

The cell  lines were cultured in MEM
containing  10% fetal  bovine  serum (FBS),  2
mM glutamine and antibiotic (100 IU/ml peni-
cillin and 100 IU/ml streptomycin).

The cells were grown in tissue culture
flasks  and  incubated  at  37°C,  5% CO2,  and
90% relative humidity.

MTT assay
The assay is based upon the cleavage of

the  yellow  tetrazolium  salt  MTT  (3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyl  tetrazolium
bromide) to purple formazan crystals by meta-

bolically active cells. 4x103 cells/well were cul-
tured in 0.2 ml medium, seeded in 96-well cul-
ture plates and incubated for 7 days in growth
medium  with  increasing  concentrations  of
S’Adenosylmethyonine  (SAM)  (New England
Bio-labs) ranging from 0.1 µM to 200 µM. The
medium was renewed every second day  with
fresh amounts of SAM. After treatment, 10 µl
of  MTT labeling reagent  were added to each
well and plates were incubated at 37 C for 4 h.
Following MTT incubation,  the cultures were
solubilized and a cell growth curve analysis on
control cells (untreated cells) and cells treated
with SAM was performed.

Cell treatment
For  the  experimental  purposes  600.000

cells were cultured in 60 mm dishes and treated
with increasing concentrations of SAM (New Eng-
land Bio-labs) ranging from 50 µM to 200 µM ad-

ded to the regular growth media under sterile con-
ditions  for  7  days.  Culture media was  changed
every second day and fresh SAM was added. 

DNA extraction
Approximately 2 x106 cells from each

cell line were collected, centrifuged and resus-
pended in 200 µl PBS-1X. DNA was extracted
using DNA extraction kit  (Viogene, Sweden).
The quality and integrity of the extracted DNA
was evaluated in terms of A 260/280 ratio.

Bisulphite treatment
One microgram of DNA was modified

using  the  CpGenome  DNA  modification  kit
(Chemicon, Sweden) as per the manufacturer’s
instructions.  Bisulphite  causes  deamination  of
cytosine that is transformed to uracyl (thymine)
unless the cytosine is methylated, in this case it
remains  as  cytosine.  All  samples  were resus-
pended in 25 µl of TE and 1 µl of this was used
for subsequent PCR reactions.

Methylation-specific PCR (MSP)
Methylation status of the samples was

investigated  by  MSP as  previously  described
(30).  PCR reactions were performed in  25-µl
volumes containing 1x manufacterer’s buffer, 1
unit of Platinum Taq DNA Polymerase (Invitro-
gen, Sweden), 6 mM MgCl2, 10 mM dNTP and
10 pmol/µl of each primer. PCR was performed
with one cycle of 940C for 10 min, 37 cycles of
920C for 15 s, 600C for 30 s and 720C for 30 s,
followed by one cycle of 720C for 7 min. 

Bisulphite modified DNA was amplified
with primers designed using the program “Meth
Primer: designing primers for methylation PCRs”
(31):  unmethylated  forward  primer:  5’-
GGAGGTTGATGATGTTGATAGTTT-3’;  un-
methylated  reverse  primer  5’-AAAACAAAAA
AAACAATACTCCAA-3’ (160-bp), and methyl-
ated  forward  primer  5’-GTCGACGACGTCG
ATAGTTC-3’ and methylated reverse primer 5’-
AAAAACGAAAACAATACTCCG-3’ (165-bp).

Universal methylated human male gen-
omic DNA (New England Biolabs) was used as
positive  control  for  the  methylation  reaction.
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Genomic DNA purified from peripheral blood of
a healthy voluntary donor was used as the con-
trol for the unmethylated reaction. A blank con-
trol  containing all  PCR products  but  no DNA
template was also included in all PCR reactions.

Resulted  products  were  separated  by
agarose gel electrophoresis 2%, stained with ethidi-
um bromide and visualized under UV illumination.

Protein measurement
Protein content of cell lysates was de-

termined by a dye-binding assay with a reagent
purchased from BioRad. Bovine serum albumin
was used as a standard. Protein was determined
according to the Bradford method (32).

Western blot
IGF-1R  protein  expression  in  glio-

blastoma cells was examined by Western blotting.
Briefly, 100 mg of total cell lysate protein from
untreated and treated cells was electrophoretically
separated on a 10% SDS-PAGE gel and trans-
ferred to a nitrocellulose membrane. After fixing
and blocking, a polyclonal rabbit antibody react-
ive to the β-subunit of IGF-1R and a monoclonal
mouse antibody reactive to  β-Actin (Santa Cruz
Biotechnology)  were  used  to  probe  the  mem-
branes  and  visualized  using  the  ECL  system
(Amersham Biosciences AB, Uppsala, Sweden).

Results

The effect of SAM treatment on glioblastoma
viability

Exogenous  administration  of  the
methyl  donor  agent,  S-Adenosylmethionine
(SAM), leads to cancer cell death by affecting
DNA methylation pattern (33). 

To explore the possibility that SAM in-
duces  cytotoxicity  in  glioblastoma  cells,  we
treated the cells with increasing doses of SAM
and analyzed the cell viability by MTT assay.
Cells were exposed to increased SAM concen-
trations (ranging from 0.1 to 200 µM) and in-
cubated for 7 days. The medium was  replaced
every second day with fresh amounts of SAM.
The  growth  inhibition  profiles  over  7  days
SAM treatment is depicted in  Figure 1.  As il-
lustrated in Figure 1, SAM treatment resulted in
inducing  dose-dependent  cytotoxicity  in  both
18 and 38 GB  cell  lines.  In  18  cell  line, the
cytotoxic effect induced by SAM treatment var-
ied between 4% to 41%, depending of the con-
centration of the drug (0.1 to 200 µM) (Figure
1A). 38 GB cell line displayed increased sensit-
ivity  to  SAM treatment  than the  18  GB cell
line,  after  7  days  of  drug  incubation.  At  the
smallest drug concentration used (0.1 µM), the
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Figure 1. Cell toxicity assay after 7 days of treatment with increasing doses of S-adenosylmethyonine. 
All  cells were plated at exactly the same density of viable cell  per plate in triplicates and were  exposed to
S-adenosylmethyonine at concentrations ranging from 0.1 to 200  µM in differentiating media for 7days. The
medium was refreshed with S-adenosylmethyonine after 3 days. Cell toxicity assay for 18 (A) and 38 (B).
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cytotoxicity induced in  38 cell  line was 22%,
compared to control cells. (Figure 1B). At the
concentration of 200 µM, cell death induced by
SAM treatment  was  52% in  38  GB cell  line
(Figure 1B). 

Our results showed that SAM induced
cytotoxicity in a concentration-dependent man-
ner in GB cells. 

Our results showed that SAM treatment
induced  an  increase  in  the  cytotoxicity  in  a
dose-dependent manner, in both GB cell lines. 

Igf-1r  methylation status and the protein ex-
pression in glioblastoma cell lines

Igf-1r methylation status was investig-
ated by the analysis of the methylation of igf-1r
promotor  region  (49-698  nucleotides  corres-
ponding to the first CpG in the igf-1r promoter
region) in 2 primary GB cell lines: 18, 38. Ex-
tracted  DNA  was  treated  with  bisulfite  and
amplified with both methylated and unmethyl-

ated primers. Using primers (described above)
specific for the unmethylated DNA, the 160 bp
unmethylated igf-1r allele was detected in both
glioblastoma  cell  lines  (Figure  1A).  Using
primers specific  for the methylated DNA, we
obtained  amplification  of  165bp  methylated
igf-1r allele in the glioblastoma cell lines (Fig-
ure 2A). As controls for the methylated and un-
methylated reaction we used universal methyl-
ated human genomic DNA (M-DNA) and hu-
man  lymphocytes,  respectively  (Figure  2A).
Our data indicate that igf-1r is partially methyl-
ated in GB cell lines. To our knowledge this is
the first report describing the methylation status
of igf-1r promotor gene in GB cells. 

Next, we determined the IGF-1R pro-
tein expression levels in the glioblastoma cell
lines. After membrane fractionation, the levels
of the IGF-1R protein were assayed by western
blotting.  Our  results  show  that  both  glio-
blastoma cell  lines express IGF-1R protein at
the cell surface (Figure 2B).  β-Actin was used
as a loading control.

The effect of the SAM treatment on IGF-1R
expression pattern

The possibility that  DNA methylation
is involved in the regulation of igf-1r transcrip-
tion levels and IGF-1R protein expression was
investigated in 18 and 38 cell lines. 

SAM  is  the  principal  methyl  group
donor in many biological methylation reactions,
including DNA methylation. 

To investigate if SAM induced cytotox-
icity in glioblastoma cells interfered with igf-1r
promoter methylation status, cells were treated
with  drug  concentrations ranging from 50 to
200 µM of SAM for 7 days, and the igf-1r gene
methylation and the protein expression were as-
sessed as described above. 

Surprisingly, we found that SAM treat-
ment  modified  neither  the  igf-1r CpG island
methylation status (Figure 3),  nor the  expres-
sion level of the IGF-1R protein  in any of the
glioblastoma cell lines analyzed (Figure 4).
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Figure 2. Methylation status of igf-1r promoter in
glioblastoma cell lines. 

The  presence  of  the  visible  PCR  product  in  un-
methylated lanes indicates the presence of unmethyl-
ated allele  (160 bp)  of  igf-1r,  and  the  methylated
lanes  indicates  the  presence  of  methylated  allele
(165bp)  of  igf-1r;  blood  (positive  control  for  un-
methylated  band),  M-DNA,  universal  methylated
human  genomic  DNA,  (positive  control  for  the
methylated band); (A). IGF-1R expression in 18 and
38; β-actin (loading control protein) (B).
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Discussions

Glioblastomas  (GB)  remain
one of the most lethal forms of cancer.
Despite,  the  multimodality  treatment
including: craniotomy, gamma knife ra-
diosurgery, chemoradiotherapy and tar-
geted therapy, GB patients have a very
poor prognosis explaining the need of
searching for  new approaches  in  the
treatment of this disease. 

Recent  study  showed  that
SAM (S-Adenosyl methionine) is an
attractive agent for treatment of liver
cancer (34). More importantly, it has
been demonstrated that SAM inhib-
its apoptosis in normal hepatocytes,
but it was found to have a pro-apop-
totic effect in liver cancer cells (34).

In  the  present  study,  we
found that SAM, induced cytotoxicity
in two GB (18 and 38) cell lines, in
vitro.  We  found  that  both  GB  cell
lines  were  sensitive  to  SAM  treat-
ment,  cell  lines  displayed  cytotoxic
responses to SAM treatment in a dose
dependent  manner  but  differences
between the two cell lines were evid-
ent in antiproliferative responses.

Our data showed that 38 GB
cells  were  more  sensitive  to  drug
treatment  in  comparison  with  18
cells, especially at the smallest drug
concentration used in this study (0.1
µM SAM).  At the concentration of
0.1  µM  SAM,  the  cytotoxicity  in-
duced by drug treatment was 4% in
the 18 cell  line and 22% in the 38
cell  line.  At  the highest  concentra-
tion of drug (200 µM SAM), the dif-
ference between the cell cytotoxicity
induced  by  treatment  was  much
smaller, 200 µM SAM treatment in-
ducing 41% in the 18kj40 cell  line
and 52% in the 38 cell line. 
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Figure 3. Methylation status of igf-1r promoter gene after SAM
treatment. 

All cells lines were treated with increased doses of SAM for 7 days and
the MSP was performed on the extracted DNA from the treated cells in
comparison with the untreated cells. The partial methylation status of
igf-1r was maintained after the SAM treatment in both glioblastoma cell
lines: 18 (A) and 38 (B).

Figure 4. IGF-1R expression after SAM treatment in glioblastoma
cell lines. 

After 7 days of SAM treatment, cell lysates from untreated and treated
cells were electrophoretically separated on a 10% SDS-PAGE gel and
IGF-1R expression levels were detected in comparison with the un-
treated cells in glioblatoma cell lines: 18 (A) and 38 (B). β –actin was
used as a loading control.
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It is well known that growth factor sig-
naling pathways  are often  upregulated  in  GB
and contribute to oncogenic initiation and fur-
ther  progression  (35).  We  have  previously
shown that in GB cells, IGF-1R together with
PDGFR  inhibits  proliferation  in  high-grade
glioma cells (12, 35).

The interference of SAM-induced cyto-
toxicity in GB cells with igf1r methylation could,
therefore, not be excluded. This hypothesis was
encouraged by other reports that identified DNA
hypomethylation as the molecular mechanism re-
sponsible  for  the upregulation of  several  onco-
genes like members of Eph family of receptor tyr-
osine kinases (RTK) (36), the c-fms oncogene that
encodes for CSF-1R (37), the erbB2/neu (38) and
other oncogenes such as c-myc (19), hox11 (21)
h-ras (20) and c-ros (22).  Thus,  in  the present
study we address the possibility that the igf-1r hy-
permethylation by SAM could be the responsible
mechanism for SAM-induced cell death by down-
regulation and impairing IGF-1R in GB cells. 

First, we investigated the igf-1r methyl-
ation pattern in GB cells. Igf-1r promoter was
mapped for CpG islands by using MethPrimer
software. We identified 2 CpG islands consist-
ent in high CpG dinucleotides. Amplification of
the CpG islands region using specific primers
for the methylated versus unmethylated igf-1r
alleles revealed surprisingly a partial methyla-
tion status of the igf-1r promoter region. As ex-
pected, the GB cells expressed IGF-1R at the
cell surface and the level of protein was similar
in both GB cell lines analyzed. The functional
significance of the partial methylation status of
a gene is not fully understood. 

Since  SAM induced cell  death  in  the
GB cell  lines  analyzed,  we  next  investigated
whether SAM-induced igf-1r CpG island hyper-
methylation could mediate the drug cytotoxicity
in the cells.  Surprisingly, neither changes in the
igf-1r CpG island methylation, nor in the level
of IGF-1R protein expression was seen in GB
cells, after SAM. The lack of change in igf-1r
gene methylation profile and in the expression

of IGF-1R following SAM treatment indicates
that the antitumor effect of SAM administration
was  independent  of  igf-1r  gene  methylation
status in GB cell lines investigated. 

In this study, we have shown that igf-1r
gene is partially methylated in glioblastoma cell
lines. To our knowledge, no study thus far has
examined the igf-1r methylation profile in GB
cells. We also demonstrated that SAM-induced
cytotoxicity is  independent of  igf-1r  methyla-
tion status in GB cells.

Further studies are warranted to determ-
ine the generality and the biological importance of
igf-1r partial methylation in cancer cells.
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