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Abstract. Disruption of the normal pattern of parental origin-
specific gene expression is referred to as loss of imprinting 
(loi), which is common in various cancers. to investigate 
a possible role of loi in the early stage of human cell trans-
formation, we studied LOI in 18 human fibroblast cell lines 
immortalized spontaneously, by viral oncogenes, by chemical 
or physical carcinogens, or by infection with a retrovirus 
vector encoding the human telomerase catalytic subunit, 
hTERT cDNA. LOI was observed in all the 18 immortal cell 
lines. The gene most commonly exhibiting LOI was NDN 
which displayed LOI in 15 of the 18 cell lines (83%). The 
other genes exhibiting LOI at high frequencies were PEG3 
(50%), MAGE-L2 (61%) and ZNF 127 (50%). Expression of 
NDN that was lost in the immortal cell lines was restored by 
treatment with 5-aza-2'-deoxycytidine. The ratio of histone 
H3 lysine 9 methylation to histone H3 lysine 4 methylation of 
the chromatin containing the NDN promoter in the immortal 
Wi-38Va13 cells was greater than that in the parental cells, 
suggesting chromatin structure-mediated regulation of NDN 
expression. We previously demonstrated that inactivation of 
the p16inK4a/prb pathway is necessary for immortalization of 

human cells. Human fibroblasts in the pre-crisis phase and 
cells with an extended lifespan that eventually senesce, both 
of which have the normal p16inK4a/pRb pathway, did not show 
LOI at any imprinted gene examined. Although it is not clear 
if loi plays a causal role in immortalization of human cells 
or is merely coincidental, these findings indicate a possible 
involvement of loi in immortalization of human cells or a 
common mechanism involved in both processes. 

Introduction

Alterations of gene expression without a change in DNA 
sequence, i.e. changes in gene expression mediated by epige-
netic modifications, play an important role in malignant 
transformation of human cells (1). An imprinted gene is one of 
the representative genes, the expression of which is controlled 
by an epigenetic mechanism. Epigenetic control of imprinted 
genes results in expression of only one allele, which depends 
on the parent of origin (2). Disruption of the normal pattern of 
parent-of-origin-specific gene expression is referred to as loss 
of imprinting (loi), which is common in various cancers (3). 
For example, LOI of the insulin-like growth factor II (IGF2) 
gene is the most common LOI event across the widest range of 
tumor types, including colon, liver, lung and ovarian cancer, 
as well as Wilms' tumor, the embryonic kidney cancer (3). 

li et al (1) examined the correlation between tumor-
forming ability in athymic nude mice and change in imprinted 
gene expression following treatment of immortal but non-
tumorigenic human osteoblasts with a carcinogenic agent 
N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) and a carci-
nogenic promoter 12-O-tetradecanoyl phorbol-13-acetate 
(TPA). They found that expression of ten imprinted genes 
was enhanced after the cells acquired tumorigenicity. In 
addition, changes in the expression of imprinted genes were 
accompanied by changes in the methylation status during 
the promoter region of the genes. The findings suggest 
that changes in the expression of imprinted genes medi-
ated by an epigenetic modification can be involved in the 
malignant conversion of immortal human osteoblasts. Holm 
et al (4) also studied the correlation between LOI and cellular 
transformation in imprint-free mouse embryonic fibroblasts 
derived from imprint-free mouse embryonic stem cells. Their 
results indicate that LOI can predispose mouse fibroblasts 
to transformation, including spontaneous immortalization 
and subsequent tumorigenesis. It should be noted that careful 
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studies are needed when we demonstrate the causal role of 
loi in the spontaneous immortalization of mouse embryonic 
fibroblasts, because it is well-known that mouse fibroblasts 
themselves have a high frequency of spontanous transformation. 

The above study reported by Li et al (1) represents the 
possible involvement of loi in the malignant transformation 
of already immortalized human cells. Studies on the effect 
of LOI during the immortalization process of human cells 
have not been performed. In the present study, to investigate 
a possible role of loi in immortalization of human cells, we 
examined the expression of nine imprinted genes in 18 human 
fibroblast cell lines immortalized spontaneously, by viral onco-
genes, by chemical or physical carcinogens, or by infection with 
a retrovirus vector encoding the human telomerase catalytic 
subunit, hTERT cDNA, and compared with the expression in 
their seven parental cells. 

Materials and methods

Cells and culture conditions. Eighteen human immortal fibro-
blast cell lines and their seven parental cells that we used in the 
present study are shown in Table I. They were immortalized 
spontaneously, by viral oncogenes, by chemical or physical 
carcinogens, or by infection with a retrovirus vector encoding 
the human telomerase catalytic subunit, hTERT cDna. these 
cells were grown in Eagle's minimum essential medium 
containing 10% fetal bovine serum, 0.2 mM serine, 0.1 mM 
aspartic acid, 1.0 mM pyruvate, and 0.22% NaHCO3 at 37˚ in 
a 5% CO2 incubator. 

DNA and RNA isolation. Genomic DNA was extracted from 
cells with a DNA extract kit (DNA Extractor Wb kit, Wako 
Pure Chemical, Osaka, Japan). Total cellular RNAs were 
isolated from cells using the RNeasy mini kit (Qiagen, Hiden, 
Germany). Total RNAs (2 µl) were reverse-transcribed with 
oligo(dT) primers by using the ready-to-go you-prime First-
Strand beads (Amersham bioscience, Piscataway, NJ) for 
first-strand cDNA synthesis according to the manufacturer's 
instructions. 

DNA detection and RNA expression. Polymerase chain 
reaction (PCR) and reverse transcriptase polymerase chain 
reaction (RT-PCR) were performed in a reaction mixture 
(25 µl) containing 1 µl of DNA (5 ng) or RT reaction products 
(2.5 ng), 0.025 units of Taq polymerase (Ampli Taq Gold, 
Applied biosystems, Foster City, CA), 200 µM dNTP, 15 mM 
Tris-HCl (pH 8.0), 50 mM KCl, 2.5 mM MgCl2, and 20 pmol 
of forward and reverse primers (Table II) (13). The PCR products 
were subjected to a 2% agarose gel electrophoresis. The gels 
were stained with SYbR-Green I (biowhittaker Molecular 
Applications, Rockland, ME) and analyzed by a fluorescence 
imaging analyzer (luminescent image analyzer, laS-1000 
plus, Fuji film, Tokyo, Japan). To determine DNA polymor-
phisms within the transcribed region, imprinted genes amplified 
by PCR were digested with restriction enzymes and subjected 
to a 2% agarose gel electrophoresis. Human colorectal cancer 
cell lines (HTb-38 and CCL-247 cells) were used as the control 
cells with DNA polymorphism. In the present study, we assayed 
expressions of nine imprinted genes in the immortal cell lines 

Table I. Human immortal cell lines used in the present study.

Gender Parental cells Immortal cells Cell type Agents used for immortalization Reference

Male WHE-7 E6Cl 6 fibroblast E6a (5)
  e7cl 1 fibroblast E7a (5)
  e7cl 2 Fibroblast  (5)
  e7cl 3 Fibroblast  (5)
  e7cl 4 Fibroblast  (5)
  e6/e7cl 2 fibroblast E6/E7a (5)
  e6/e7cl 3 Fibroblast  (5)
  e6/e7cl 5 Fibroblast  (5)
Male MDAH 087 LCS-ST Fibroblast Spontaneouslyb (6)
  LCS-AF.1-2 Fibroblast Aflatoxin b1 (7)
  LCS-AF.1-3 Fibroblast Aflatoxin b1 (7)
  LCS-AF.3-1 Fibroblast Aflatoxin b1 (7)
  lcS-4X2 fibroblast X-ray (8)
female Wi-38 Wi-38Va13 fibroblast SV 40c (9)
Female OUMS-24 OUMS-24F Fibroblast 4NQOd (10)
Female KMS-6 KMST-6 Fibroblast 60co (11)
female ay ayt fibroblast hTERTe (12)
female Pel Pelt fibroblast hTERT (12)

aE6, E7, or E6/E7 represents the human papilloma virus type 16 E6, E7, or both E6 and E7, respectively; bshows that MDAH 087 cells were 
spontaneously immortalized; cSimian virus 40; d4-nitroquinoline 1-oxide; ehuman telomerase catalytic subunit.
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by RT-PCR analysis and compared with those in their seven 
parental cells. We measured loss of expression of the imprinted 
genes. We also scored gain of expression of the polymorphic 
allele of the imprinted genes, including re-expression of 
non-expressed genes and biallelic expression of normally 
monoallelic expressed genes. We referred to both as LOI. When 
monoallelic expression of imprinted genes was maintained, we 
scored this as conserved. For imprinted genes with conserved 
expression in cells without DNA polymorphisms, we scored 
the results as not clear, because we did not distinguish whether 
the expression was monoallelic or biallelic. because we failed 
to determine whether the expression of an imprinted gene, 
ZNF127, was monoallelic or biallelic, changes in the expression 
of the gene in the immortal cell lines were scored as follows. 
When the expression was positive in the parental cells but 
negative in the immortal cell lines, we scored this as loss of 
expression. When the expression was negative in the parental 
cells but positive in the immortal cell lines, we scored this as 
gain of expression. When the expression was positive in both 
the parental and immortal cells, we scored as not clear. When 
the expression was negative in both the parental and immortal 
cells, we scored as conserved. 

Chromatin immunoprecipitation (ChIP) assay. the chiP assay 
was performed with a ChIP assay kit (Upstate biotechnology, 
Lake Placid, NY) with anti-dimethyl-histone H3 (Lys 9) and 
anti-dimethyl-histone H3 (Lys 4), as described previously 
(13,14). These antibodies were purchased from Upstate 
biotechnology. Immunoprecipitated DNA was amplified with 
an advantage-GC genomic polymerase mix (Clontech, Palo 
Alto, CA). The primers used for amplification of the promoter 
region of NDN which is from 190 bp upstream to 408 bp 
downstream of the transcription site and the PCR conditions 
are shown in table ii. CEN16 was used as an internal control. 

The primer sequences of CEN16 and the PCR conditions 
were the same as those described by Xin et al (15). The PCR 
products were subjected to a 2% agarose gel electrophoresis. 
The gels were stained and analyzed as described above. 

Treatment of cells with 5-aza-2'-deoxycytidine (5-AZC). 
Cells were treated with 3 µM 5-AZC (Sigma-Aldrich, Tokyo, 
japan) for 96 h. 

Results

DNA polymorphisms of imprinted genes in the parental 
cells. gel electrophoresis patterns representing Dna poly-
morphisms of imprinted genes within the transcribed region 
in the seven parental cells are shown in fig. 1a. When 
compared with HTb-38 or CCL-247 cells used as the control 
cells with DNA polymorphisms, WHE-7 cells displayed 
Dna polymorphisms in NDN, IGF2 and SNRPN. Dna 
polymorphism of imprinted genes in the other parental cells 
was also analyzed and the results are shown in Table III. All 
the parental cells expressed the nine imprinted genes with the 
exception of ZNF127, which was not expressed in three of the 
seven parental cells. 

Changes in expression of imprinted genes with DNA poly-
morphisms. Typical examples of changes in imprinted gene 
expression in immortal cells and their parental WHE-7 cells 
with DNA polymorphisms within the transcribed region are 
shown in Fig. 1b. WHE-7 cells expressed NDN, IGF2 and 
SNRPN. The cDNA products of the parental WHE-7 cells 
which were digested with Ndeii, Apai, or BstUi, respectively, 
had a single band, indicating monoallelic expression of the 
imprinted genes. NDN expressions were lost in seven of the 
eight immortal cell lines. NDN expression was conserved 

  Table III. Expression of imprinted genes in the parental cells.
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in e7cl 2 cells. IGF2 expressions were observed in all the 
eight immortal cell lines. However, the cDNA products in 
E7Cl 2 and E6/E7Cl 5 cells which were digested with Apai 
had two bands, indicating biallelic expression of the imprinted 
gene. SNRPN expressions were also observed in all the eight 
immortal cell lines. The cDNA product in E6/E7Cl 2 cells 
which was digested with BstUI had a single band, but the 
position of band was shifted. We did not know what this meant. 
So, we scored this as not clear in this case. The cDNA products 
in the other seven cell lines which were digested with BstUi 
had a single band, indicating that the gene expressions were 
conserved. 

Changes in expression of imprinted genes without DNA poly-
morphisms. The parental WHE-7 cells did not display DNA 
polymorphisms in PEG1, PEG3, MAGEL-2, LIT 1 and NOEY2 
(Fig. 1A). As shown in Fig. 1C, all the imprinted genes were 
expressed in WHE-7 cells, but some imprinted genes were 
not expressed in the immortal cell lines. The expression of the 
imprinted genes was lost in E7Cl 3 and E6/E7Cl 5 for PEG1, 
E6Cl 6, E7Cl 1, E7Cl 2, E6/E7Cl 2, and E6/E7Cl 5 for PEG3, 
all the immortal cell lines except for E7Cl 1 and E7Cl 2 for 
MAGE-L2, and E6/E7Cl 2 for NOEY2. loss of LIT1 expres-

sion was not observed in any of the immortal cell lines. The 
expression of each imprinted gene was conserved in the other 
immortal cell lines. 

LOI in the immortal cell lines. All the results obtained from 
RT-PCR analysis are summarized in Table IV. LOI was 
observed in all the immortal cell lines that we examined. Genes 
most commonly exhibiting LOI were NDN, PEG3, MALE-L2 
and ZNF127 which showed LOI in 15, 9, 11 and 9 of the 18 
cell lines, i.e. 83% for NDN, 61% for MAGE-L2, and 50% for 
PEG3 and ZNF127. 

Involvement of DNA methylation in LOI. Next, we examined 
an involvement of Dna methylation in loi in the immortal 
cell lines. as shown in fig. 1D, loss of NDN expressions in 
the immortal cell lines was restored by treatment with an 
inhibitor of cytosine methyltransferase, 5-AZC. 

ChIP assay in the promoter region of NDN. because a differ-
ence in the methylation status was found between the parental 
cells and their immortal cell lines, ChIP assay of methylation 
patterns of histone H3 lysine 9 (H3-K9) and histone H3 
lysine 4 (H3-K4) in order to examine a possible involvement 

Figure 1. Expression of imprinted genes in human fibroblasts. (A) DNA polymorphism of imprinted genes in the parental cells. Following amplification by 
PCR, imprinted genes were digested with the indicated restriction enzymes and subjected to a 2% agarose gel electrophoresis. *Control cells with mono-
morphism; **Control cells with polymorphism. HTb-38 or CCL-247 cells were used for the control cells. (b) Loss and gain of expression of polymorphic, 
imprinted genes in human immortal cell lines derived from WHE-7 cells. HTb-38 cells were used as a positive control of cells with biallelic expression. After 
RT-PCR, cDNA of imprinted genes was digested with the indicated restriction enzymes and subjected to a 2% agarose gel electrophoresis. HTb-38 cells were 
used as control cells with biallelic expression. (C) Loss of expression of monomorphic, imprinted genes in human immortal cell lines derived from WHE-7 
cells. (D) restoration of NDN expression in human immortal cell lines by 5-aza-2'-deoxycytidine (5-AZC). 
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of chromatin states in the transcriptional regulation of NDN 
promoter was performed. Methylation of H3-K4 is well known 
to be associated with an open chromatin configuration such as 
that found at transcriptionally active promoter. In contrast, 
methylation of H3-K9 is a marker of condensed, inactive 
chromatin (16). the NDN promoter in the parental Wi-38 

cells exhibited hypomethylation of H3-K9 and hypermethyla-
tion of H3-K4 (fig. 2). conversely, the NDN promoter in the 
immortal WI-38 VA 13 cells exhibited hypermethylation of 
H3-K9 and hypomethylation of H3-K4. The ratio of H3-K9 
to H3-K4 methylation was much greater in the immortal cell 
line than in the parental cells. 

  Table IV. Expression of imprinted genes in human immortal cell lines.

Figure 2. Methylation of histone H3. (A) Methylation status of histone H3 lysine 9 (H3-K9) and histone H3 lysine 4 (H3-K4) detected by ChIP assay in the 
promoter region of NDN in WI-38 cells and their human immortal cell line, WI-38 VA 13 cells. CEN16 was used as the internal control. ChIP PCR products 
were subjected to a 2% agarose gel electrophoresis. The gels were stained with SYbR-Green I, the UV signals of which were quantified by densitometry with 
Software LabWorks version 4.0 (UVP, Upland, CA, USA). (b) Ratio of histone H3 lysine (K9) methylation (K9 Me) to histone H3 lysine 4 (K4) methylation 
(K4 Me) in WI-38 cells and their human immortal cell line, WI-38 VA13 cells.
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Expression of imprinted genes in human fibroblasts with an 
extended lifespan that eventually senesce. We previously 
demonstrated that inactivation of the p16inK4a/prb pathway 
is necessary for immortalization of human fibroblasts (12). 
To examine the correlation between the inactivation of 
this pathway and LOI, we studied expression of imprinted 
genes in the human telomerase catalytic subunit hTERT 
cDNA-transduced human fibroblasts, i.e. WHEt, Ayt and 
Pelt cells. Each of their parental cells, i.e. WHE-7, Ay and Pel 
cells senesced at 70 (8), 10 (12) and 12 (12), respectively. WHEt 
cells had a considerable extension of lifespan, but eventually 
senesced at 207 population doublings (PD). Conversely, Ayt and 
Pelt cells were immortal because they maintained a vigorous 
growth for over 400 PD (12). WHEt cells at PD 20 and PD 190 
expressed p16 protein and mRNA and the CpG islands within 
the promoter region of INK4a were unmethylated. Conversely, 
immortal Ayt and Pelt cells failed to express p16 protein and 
mRNA. Similar levels of two signals showing methylation and 
unmethylation of the INK4a CpG islands were observed in the 
immortal Ayt and Pelt cells. both cells had a hyperphosphory-
lated Rb protein (12). 

As shown in Fig. 3, the expression of NDN and IGF2 was 
conserved in WHEt cells (PD 140). Conversely, the expression 
of NDN, PEG3 and MAGE-L2 was lost in the immortal ayt 
cells (PD 339) and the expression of NDN was lost in the 
immortal Pelt cells (PD 281). in this connection, these gene 
expressions were conserved in Ayt and Pelt cells in the pre-
crisis phase. Altogether, human fibroblasts in the pre-crisis 
phase and cells with an extended lifespan that eventually 
senesce, both of which have the normal p16inK4a/prb pathway, 
did not show LOI at any imprinted gene examined. 

Discussion

LOI of nine imprinted genes in 18 human immortal fibroblast 
cell lines was examined. LOI was observed in all the immortal 
cell lines. Cells with an extended lifespan that eventually 
senesce as well as cells in the pre-crisis phase did not show 
LOI. The gene most commonly exhibiting LOI was NDN. 

The other genes exhibiting LOI at high frequencies were 
MAGE-L2, PEG3 and ZNF127. NDN, MAGE-L2 and ZNF127 
are mapped to the human chromosome 15q11-q13. Their 
expressions are critical for Prader-Willi syndrome (PWS) 
which is a neurodevelopmental disorder. The genes are mater-
nally imprinted and transcribed only from the paternal allele 
(17). NDN which codes the nuclear-binding protein necdin is 
mapped to human chromosome 15q11.2-q12, a region deleted 
in PWS (17-19). Necdin appears in most of the terminally 
differentiated neurons in the central and peripheral nervous 
systems and suppresses the cell growth and apoptosis (18,20). 
Necdin binds to Simian virus 40 (SV 40) large T antigen, 
adenovirus E1A, and the transcription factor E2F1 and acts as a 
growth suppressor, like pRb (21). Necdin also interacts with the 
tumor suppressor gene product p53 and inhibits p53-mediated 
apoptosis (22). These findings suggest that necdin blocks 
cell cycle reentry of postmitotic neurons and promotes their 
survivals by preventing p53-mediated apoptosis. 

the NDN gene product necdin acts in many human 
tissues besides neurons. Necdin in combination with Msx 2, 
a transcription factor, plays a crucial role in both the smooth 
muscle differentiation and the maintenance of smooth muscles 
in the differentiated state (23). NDN is expressed in normal 
human fibroblasts derived from skin, gingiva and periodontal 
ligament as shown in the present study. Expression of NDN is 
downregulated in human melanoma cells (24), mouse neuro-
blastoma cells (25), NIH3T3 cells (20) and monkey kidney 
cells transformed by SV 40 (21). Ectopic expression of necdin 
induces a growth arrest in human melanoma cells (24) and 
NIH3T3 cells (20) as well as results in a growth arrest and a 
restoration of neuronal phenotype in mouse neuroblastoma 
cells (25). 

Imprinting in the chromosome 15q11-q13 region, including 
NDN, MAGE-L2, ZNF127 and SNRPN which are paternally 
expressed genes, is under the control of an imprinting center 
(IC) located in the 5' region of SNRPN (26). the mouse 
homologues of these genes map to mouse chromosome 7 in 
a region syntenic with human chromosome 15q11-q13 (17). 
Mice heterozygous for the paternally inherited IC-deletion 
die as neonates due to methylation of the paternal allele of the 
genes (27). 

because (I) DNA methylation is a common mechanism 
of genomic imprinting and (II) LOI of SNRPN was rare in 
the immortal cell lines when compared with that of the other 
imprinted genes under the control of the same IC, such as NDN, 
MAGE-L2 and ZNF127, we considered that DNA methylation 
was one of the possible mechanisms of LOI in the imprinted 
genes that we examined. Loss of NDN expression in the 
immortal cell lines was restored by 5-AZC. The result suggests 
that an epigenetic mechanism related to DNA methylation is 
participating in the loi of NDN and that a modification of 
chromatin state may be involved in the transcriptional regula-
tion of NDN promoter. Our findings obtained from ChIP assay 
indicate that the chromatin containing the NDN promoter is 
heterochromatic in the immoral cell line, suggesting that the 
reversible conversion of NDN expression between the parental 
cells and their immortal cell lines is attributed to the epigenetic 
mechanism by chromatin structure-mediated regulation of 
NDN expression. A change in the expression of imprinted 
gene by chromatin modification was also observed in the other 

Figure 3. Expression of imprinted genes in human fibroblasts with an 
extended lifespan and in human immortal cell lines. WHEt cells (PD 140) 
are human fibroblasts with an extended lifespan that eventually senesced. 
Ayt cells (PD 339) and Pelt cells (PD 281) are human immortal cell lines. 
WHEt, Ayt and Pelt cells were derived from their parental cells, WHE-7, 
Ay and Pel cells, respectively, which were infected with a retrovirus vector 
encoding human telomerase catalytic subunit (hTERT) cDna (12). 
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imprinted gene. Shibui et al (13) in our laboratory demonstrated 
that changes by sodium arsenite in the expression of SNRPN 
in human cells can be associated with the chromatin structure-
mediated regulation of SNRPN promoter.

Reynolds et al (28) have demonstrated that upon removal 
of p16inK4a activity in primary human mammary epithelial 
cells, polycomb repressors, EZH2 and SUZ12, are upregu-
lated and recruited to HOXA9, a locus expressed during 
normal breast development and epigenetically silenced in 
breast cancer. the upregulation of polycomb repressors 
leads to the recruitment of DNA methyltransferases and the 
downregulation of expression of the targeted locus, HOXA9, 
by DNA hypermethylation (28). These findings suggest the 
important role of Dna hypermethylation by the recruitment 
of DNA methyltransferase caused by inactivation of p16inK4a 
and pRb pathway in immortalization of human cells. LOI was 
detectable in the immortal cell lines but undetectable in their 
cells either in the pre-crisis phase or with an extended lifespan 
that eventually senesce, meaning that loi can have a close 
correlation with immortalization. because the inactivation of 
p16inK4a and pRb pathway is associated with immortalization 
of human cells, including fibroblasts, as described previously 
(12), it is very interesting to clarify the correlation between 
LOI and the recruitment of DNA methyltransferase in the 
immortal cell lines that we used in the present study. 

The human cell lines used were derived from human 
fibroblasts which had been immortalized spontaneously, by 
viral oncogenes, by chemical or physical carcinogens, or by 
infection with a retrovirus vector encoding hTERT cDna. 
LOI was observed in all the cell lines independent of the 
factors by which human fibroblasts became immortal. in 
addition, Shibui et al (13) have demonstrated that treatment 
of human cells with various mutagenic or non-mutagenic 
carcinogens, e.g. mitomycin C, 4-nitroquinoline 1-oxide, 
diethylstilbestrol, sodium arsenite and nickel chloride, induces 
LOI independent of their mutagenic activity. These suggest 
that epigenetic modifications act as an independent factor 
necessary for the conversion of normal human cells into cells 
with immortality. Holm et al (4) suggest the possibility that 
LOI at key loci encoding tumor suppressors and oncogenes 
provides the first step toward tumor formation by conferring 
cellular immortality. 

In the present study, to investigate the possible involvement 
of LOI in immortalization of human fibroblasts, expressions 
of nine imprinted genes in 18 human immortal fibroblast cell 
lines were compared with those in their seven parental cells. 
We demonstrated that immortalization of human fibroblasts 
was accompanied by LOI. Although it is not clear if LOI plays 
a causal role in immortalization of human cells or is merely 
coincidental, the finding indicates a possible involvement of 
LOI in immortalization of human fibroblasts or a common 
mechanism involved in both processes. 
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