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Abstract: Loss of imprinting (LOI) of insulin-like growth faer Il gene [GF2) is an
epigenetic abnormality associated with human desadowever, little is known about the
characteristics ofGF2 imprinting in newborn cord blood cells. METHODS:tétal of 923
cord blood samples from term singletons and relatedcal data were collectedGF2
imprinting status in 273 specimens were succegsfathalyzed using RT-PCR and
restriction fragment length polymorphism. RESULT®I of IGF2 was detected in 20.9%
of informative samples. The mean birth weights (Bjhe LOI and the normal imprinting
groups were 3462.7 + 460.2 g and 3363.7 + 427tégpectively. The abdominal perimeters
in the LOI group tended to be larger than thath@ hormal imprinting group. Pregnancy
complications, delivery modes, newborn diseasesuroences of malignant tumors in
grandparents, and other maternal factors were ssuicgated with LOI ofGF2. 22.2% of
the infants withiIGF2 LOI also showed LOI in their father's lymphocyteile 21.4% in
their mother's lymphocytes. CONCLUSIONS: About 2086 Han Chinese newborns
indicated LOI ofIGF2 in their cord blood lymphocytes that may repregéet epigenetic
characteristics in this ethnic group. WhiteF2 LOI tends to be weakly inherited between
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parents and offspring, abnormal imprinting seemsbt statistically unrelated with
phenotypes of newborns, although it might have sso@ation with later phenotypes of
infants.
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1. Introduction

Genomic imprinting is an important biological phemenon defined by allelic-specific epigenetic
modifications, brought about by the parent-of-arigipecific gene expression. In other words, the
expression of the imprinted genes depends on whttlg are inherited maternally or paternally [IL, 2
Genomic imprinting is tissue-specific, phase-speeihd probably race-specific in some cases [3¢ Th
IGF2 gene encodes for insulin-like growth factqrwhich is structurally homologous to insulin and
displays growth promoting and metabolic effects v@arious cell typesIGF2 is the first gene
discovered to be imprinted and expressed exclysivein the paternal allele in human. It is also the
first imprinted gene found to display loss of inmpimg (LOI) or aberrant imprinting in human disemse
Evidently, LOI or reactivation of the normally siematernal allele of GF2 is associated with an
increase oflGF2 expression that may subsequently play an impomalet in human diseases [4].
Research shows that embryos were less likely teivaiwhen both the paternal and the maternal
alleles ofl GF2 were not expressed. In another case, if the sitetérnal allele was activated while the
normally expressed paternal allele remained silahgrtion seemed unavoidable as result of the
trophoblast cells’ failure to grow [5]. Researclsalkexhibits that about 25% Beckwith-Wiedemann
syndrome (BWS) were related to LOI I&F2 [6] while IGF2 LOI were also associated with various
tumors [1]. This study focuses mainly on invesiiggtthe imprinting status dfGF2 in cord blood
lymphocytes from Han Chinese newborns, to figuretba epigenetic features this ethnic group and
evaluate the possible associations betwi€d#2 LOI and infant phenotypes as well as other related
factors.

2. Materialsand Methods
2.1 Collection of cord blood samples and clinical data

A total of 4 ml of cord blood samples were collecteom 923 Han Chinese term singleton
newborns at Nanjing Drum Tower Hospital, affiliatagth Nanjing University Medical School, in
China from August 2005 to March 2006. This studysva@proved by the Scientific Research Ethics
Committee of Drum Tower Hospital and informed canisavere obtained from all participants.

Clinical data were obtained from involved pareatsl newborns, which included parents family
history, heights of mothers and their weight gauriry pregnancy, obstetrical history, levels of
hemoglobin, hematokrit, and other biochemical pesfiin second and third-trimester including
albumin, total protein, fasting plasma glucoseglyderide, cholesterol, L-cholesterol, H-choleskero
apoprotein Al, apoprotein B in serum. Complicatioigpregnancy and childbirth events were also
noted. In addition, a physical examination was quened for all newborns and their birth weights,
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heights, and head, chest, and abdominal circundfesgrand shoulders radical lines were recorded.
Moreover, blood glucose levels in cord blood ancelhe2 hours after birth, and bilirubin
percutaneously were measured. The neonatal scge@nogram of congenital hypothyrosis, using
dissociation-enhanced lanthanide fluroimmunoasdalLFIA) and phenylketonuria through the
fluorescent assay of all normal neonates, were themed out. Each newborn was followed up for 30
days after birth; after the 30-day period, ultragbacanning was performed to check the infantgréiv
and kidneys.

2.2 Nucleic acid preparation

Nucleated cellsfrom cord blood and peripheral blood samples wenpasated using gradient
centrifugation with Ficoll-Hypague. DNA was extradt with the proteinase K/phenol chloroform
protocol as described previously [7], while RNA weadracted with Trizol (invitrogen), following the
manufacturer’s instruction.

2.3 Screening for informative samples

The IGF2 exon 9Apal polymorphism site was detected using PCR. The arisequences are as
follows: forward primer. 5-CTTGGACTTTGAGTCAAATTGG; reverse primer. 5'-
GGTCGTGCCAA TTACATTTCA-3'. DNA was denatured at 92 for 3 min, amplified by 36 cycles
of 94°C for 1 min, 55 °C for 40 sec, and 72 °C for 4. $CR products were digested for at least 4
hours with endonucleaggal at 30 °C (10 unites of enzyme fouBPCR product and 14 buffer in
a final volume of 15ul); ran through a 2% agarose gel and visualized etitidium bromide. The A
(not digested byApal) and B alleles (digested #\pal) are 292 bp and 229 bp, respectively. Samples of
heterozygous A/B at th&pal polymorphism were selected to synthesize cDNA.

2.4 RNA reverse transcription and |GF2 imprinting assay

In order to avoid any possible gDNA contaminatithe RNA was treated with RNase-free DNase |
(Invitrogen) and RNase inhibitor (Promega) for 2 mt 25 °C, followed by heating for 15 min at 65
°C, to inactivate the DNase I, and then the tre&B@A was extracted with Trizol once. cDNA was
synthesized by SuperScriptlll (invitrogen) with/lof random hexamer, d of 10 mmol/L dNTP, 4l
of 5 X buffer, 2ul of DTT in a total volume of 1l at 25 °C for 25 min, and at 42 °C for 50 min.
Reverse transcriptase was inactivated through rgeddr 10 min at 70C. cDNA was amplified by
PCR using the primers fé6GF2, under the same conditions used for gDNA withdhly exception of
increasing the amount of cDNA to twd. A total of 12.5u1 of RT-PCR product was over digested
with Apal for at least 4 hours at 30 °C, under the same tiondias above, ran on a 2% agarose gel,
and visualized with ethidium bromide using Labwdrk software (UVP). Loss of imprinting (LOI)
was assigned when the ratio of the more-abunddasssabundant allele was less than 3:1[7].

To ensure the absence of gDNA contamination, aHFCR analysis were performed in duplicate,
that is, in both the presence and absence of ewensscriptase.

2.5 Satistical analysis
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The various groups were compared usingytheest. Differences of means of continuous parametri
data were analyzed using theest. All statistical data were analyzed by meanSRSS version 13.0.
All p values are two-sided;pvalue smaller than 0.05 indicated significantefiénce.

3. Results
3.1 1GF2 imprinting status in cord blood nucleated cells

392 out of the 923 cord blood samples collected5#2 were heterozygous (A/B) and informative
of the IGF2 exon 9Apal polymorphism site while the other 345 (37.3%) wieoenozygous A/A and
186 (20.2%) were homozygous B/B. Out of the 3®rmative samples, 310 RNA samples were
available and 273 samples were successfully areglifiy RT-PCR. LOI was shown in 57 (20.9%) of
the informative specimens examined whereas the all@tio expression was detected in 107
specimens with allele A (39.2%) and 109 with aligl€39.9%).

3.2 Characteristics of parents of infants with LOI

No statistical differences were observed in maleaggs, gestational ages, pre-pregnancy body
mass index (BMI), weight gain during pregnancy gatity between normal imprinting and LOI
groups (see Table 1); none of the pregnant womgagad in drug abuse, smoking, or alcohol
assumption. The delivery ways were similar betwdntwo groups. There were also no significant
differences observed in the level of hemoglobimmamkrit, and other biochemistry profile in the
second- and third-trimester. Incidences of pregeaniplications between LOI and normal imprinting
groups were as followings: preeclampsia was 9.72%2(6) vs. 5.26% (3/57), diabetes mellitus
3.24% (7/216)s. 1.75% (1/57), oligoamnios 5.09% (11/218) 1.75% (1/57), polyhydramnios 4.62%
(10/216)vs. 8.87% (5/57), and malignant tumor in maternal aatkmal grandparents 1.16% (10/864)
vs. 2.63% (6/228), respectively, all of which indedt no significant differences. Nevertheless,
frequency of LOI tended to be higher in polyhydramsrthan in oligoamnios.

Analysis of parents’ age distribution unexpecteadlyealed that frequency of LOI tended to increase
when mothers were over 35 years old, but no sicamti differences were noted in comparison to other
age groupsp(= 0.240). Although the mean paternal age of the LOI graugs not significantly higher
than that of the normal imprinting group (31.5 &5byrsvs. 30.4 + 4.47 yrsp = 0.111), fathers over
the age of 35 had a higher chance of having LOidsaf29.8%vs. 17.6,p < 0.05) (see Table 1).

3.3 Characteristics of infants with LOI

All of the 273 neonates with LOI were live birthev&n of the newborns had congenital defects,
including inguinal/umbilical/ diaphragmatic hern@yngenital heart diseases, sacrococcygeal teratoma
and congenital adrenal cortical hyperplasia; ongboen with diaphragmatic hernia died 3 days after
birth. In general, we did not find any specific &gk in the two groups (see Table 2). Incidences of
fetal distress, asphyxia and jaundice in the L@ aarmal imprinting groups were 12.5% (27/248)
15.8% (9/57), 2.3% (5/216%. 1.75% (1/57) and 14.4% (31/21) 17.5% (10/57), respectively, with
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no significant differences (see Table 3). No casphenylketonuria or congenital hypothyrosis was
found in these individuals.

Table 1. Clinical information in newborn singletons withmual imprinting and LOI of GF2.

Normal imprinting LOI
singletons (%) singletons (%) p value
Total 216 57
Pre-pregnancy BMI 20.7+2.54 20.8 £ 2.57 0.792
(kg/m?, mean + s.e.m)
Parity
0 111(51.4) 27(47.4)
>1 105(48.6) 30(52.6)
Mean gestational age 39.5+1.20 39.6 £0.91 0.111
(week) (mean £ s.e.m.)
Maternal ages (years)
<25 44(20.4) 10(17.5)
25-29 121(56.0) 29(50.9)
30-34 46(21.3) 15(26.3)
> 35 5(2.3) 3(5.3)
Mean * s.e.m. 27.3+3.55 27.9 +4.00 0.260
Paternal ages (years)
<25 11(5.1) 4(7.0)
25-29 88(40.7) 22(38.6)
30-34 79(36.6) 14(24.6)
> 35 38(17.6) 17(29.8) 0.021
Mean = s.e.m. 30.4 +4.47 31.5+£5.07 0.111
Pregnancy complications
Hypertensive disorders 21(9.7) 3(5.3) 0.290
Diabetes mellitus 7(3.2) 1(1.8) 0.554
Oligoamnios 11(5.1) 1(1.8) 0.270
Polyhydramnios 10(4.6) 5(2.3) 0.222

%0R=1.99 95%CI [1.02, 3.88]

We also compared the physical constitution of ttiarits. The mean BW was 3462.7 + 46059
3363.7 + 427.7 g in the LOI and the normal impngtigroup, respectivelyp(= 0.127). Other body
indexes did not show any significant differences veall, including BMI, sitting height, head
circumference, chest circumference and shouldelisaklines. However, abdominal circumference in
the LOI group tended to be larger than that ofrthemal imprinting group = 0.053), although the
difference is not significant. In addition, in coargon to the 15.3% (33/216) in the normal impngti
group, the frequency of 2500 - 2999 g BW in LOI gyois only 5.3% (3/57)p(< 0.05). The
occurrence of BW over 4000 g in the LOI group, ba bther hand, was 12.3% (7/57), which is not
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significantly higher than the 6.5% (14/216) in thermal imprinting group = 0.144), while the
incidence of low BW under 2500 g was 3.5% (2/570.@1 group, in comparison to the 1.5% (3/216)
in the normal imprinting groupp(= 0.288) (see Table 3). In comparing the rate of LOIGF2 among

the different BW groups, the graph revealed a Ubstalistribution (see Figure 1), with the LOI rafe
BW under 2500 g to be surprisingly as high as 4@%), which is the highest rate among the BW
groups compared. Due to the limited number of Gases were unable to note any statistical
differences among the other groups. We also evaduatd compared the relationship between BW and
the decrease in the level of plasma glucose 2 hadtesbirth and found that the plasma glucoseeslu
for infants with BW under 2500 g and over 4000 ¢hwiOl were all 2.8 mmol/L, which is larger than
the 1.5 mmol/L and 1.2 mmol/L found in normal imqimng infants p < 0.01). We followed up the
newborns with LOI for 30 days and, after the 30-gayiod, scanned the infants’ livers and kidneys
using ultrasound but failed to find any neoplasnoagithem. We also measured the weight gain of all
of the LOI infants as well as 60 of the 216 nornmaprinting infants during the 30-day period. The
mean weight gains in the LOI and normal imprintgrgups were 1173 + 258.6 g and 1246.0 + 243.3 g,
respectivelyp = 0.118).

LOI% 50%
40. 40%

40% 33. 30%

30%
21.10% 21.60%

20%

8. 33%
10%-

0% | ‘ ‘
" (2500g 2500- 3000- 3500- =4000g

2999g  3499g  3999g

Figure 1. The birth weight distribution of singletons witlOLof IGF2. The percentage of LOI in
singletons with 2500-3000g birth weight is sigrafitly lower than that in singletons over 4000gHbirt
weight (8.33%vs. 33.4%,p < 0.05). Although the percentage of LOI in singfetander 25009 birth
weight is up to 40% (2/5), there was no statistitiierences compared to other groups due to the

limited cases.
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Table2. IGF2 imprinting status and congenital defects

Congenital defects Normal LOI
imprinting Notes
Inguinal/umbilical hernia 2 1
Diaphragmatic hernia 1 O Died in 3 days after birth
Congenital heart diseases 1 0 Ventricular septédcte
3mm
Sacrococcygeal teratoma 1 0 Benign
Congenital adrenal cortical 0 1 Familial
hyperplasia

3.4 Inheritance assay of IGF2 LOI

To investigate the possible hereditary naturéGF2 LOI, we obtained peripheral blood samples
from parents of newborns with LOI ¢GF2 in their cord blood to examine thdiGF2 imprinting
status. 34 paternal and 37 maternal samples wamiegd; of which, 27 specimens (10 paternal and
17 maternal) were informative at théF2 Apal site. Of the 27 samples, th&F2 Apal sites of 23
specimens could be successfully detected using ®:-HFhe result indicated that for 2 out of 9 infant
(22.2%) with LOI, their father's lymphocytes alswosved LOI while 3 out of 14 (21.4%) had LOI in
their mother’s lymphocytes. All of these parentpesred normal without any familial diseases or

congenital malformations. Moreover, there were @ hewborns found to have both parents showing
LOL.

Table 3. Characteristics of term singletons according362 imprinting status in cord blood cells

ltems Normal LOI p value
imprinting
Total 216 57
Sex
Male (%) 99(45.8) 32(56.1)
Female (%) 117(54.2) 25(43.9)
Birth weight distribution (%)
< 25009 3(1.4) 2(3.5) 0.288
2500 - 2999¢ 33(15.3) 3(5.3) 0.046
3000 - 3499¢g 97(44.9) 26(45.6) 0.836
3500 - 3999¢g 69(31.9) 19(33.3) 0.839
> 4000g 14(6.5) 7(12.3) 0.159

Physical constitution (mean + s.e.m.)



Int. J. Mol. Sci. 2007, 8

280

Mean Birth weight 3363.7 £ 427.7 3462.7 £ 460.2 20.1
BMI (kg/m?) 13.56 +1.34 13.61+£1.32 0.542
Sitting height (cm) 32.1+£1.93 322+1.74 0.892
Head circumference (cm) 33.7+1.42 33.7+1.55 68.9
Chest circumference (cm) 32.8+2.3 33.0+1.63 50.4
Shoulders radical lines (cm) 12.4 £ 0.97 12.5 60.9 0.608
Abdominal perimeter (cm) 33.2+2.02 33.8+2.27 053.
Other newborn diseases and defects (%)

Fetal distress 27(47.4) 9(15.8) 0.514

Asphyxia 5(8.8) 1(1.8) 0.797

Jaundice 31(14.4) 10(17.5) 0.548

Phenylketonuria 0 0

Congenital hypothyrosis 0 0

%0R=0.31,95%CI [0.09,1.04]
4. Discussion

IGF2, a growth factor indispensable during fetal depeient, plays an important role in the
regulation of placental nutrient supply and subsetly, the modulation of fetal growth [8, 9]. Many
researches have shown an association between LOBFKZ and BWS, a congenital overgrowth,
malformation, and embryonic tumor predispositiomdspme [10]. LOI oflGF2 might be an early
stage event in some tumors and can be found in 2¥&orts of malignancy [1, 11]. LOI 66GF2 in
peripheral blood lymphocytes (PBL) occurs in abdd% of normal people [12, 13]. This particular
population might be at high risk for developing cars and diseases. In response to the growing
speculation, suggested by researchers, that LOGB2 might be a potential heritable biomarker for
neoplasm predisposition [12, 14], we felt the needurveyl GF2 imprinting status in various kinds of
ethnicity and developmental stages. In some smaalpte studied GF2 showed biallelic expression in
the cord blood of 20% - 30% infants, which is higtien that of adults [4, 13]. However, owing te th
limited number of samples investigated and a ldailinical background on related individuals, these
studies were unable to identify the traits of nemisownithIGF2 LOI in their cord blood. Under strict
guality control, we set up a large bank of cordobleamples for both the experimental conditions and
clinical data collections. In addition, donatiorfsbéood from some parents allowed us to survey the
possible hereditary nature of abnormal imprintidy examining a relatively large number of
specimens for the first time, we found that ~20%Hah Chinese newborns showed LOIIGIF2 in
cord blood nucleated cells, suggesting that it mgyesent an epigenetic characteristic for this
ethnicity, which has the largest population inwuald.

Although IGF2 LOI has been linked to many human diseases, théhanem remains unclear.
Theoretically, the total amount of mMRNA encodii@f2 increases one-fold when a silenced maternal
allele is expressed. Experimentally, many quamntgatesearch also demonstrated that, on average, th
mean level oflGF2 expression increases one-fold [15] and LOI in lldessue can induce tumor
growth by promoting cell proliferation. It was reped that a high expressioni@F2, induced by LOI,
is characteristic of undifferentiated, immature dyperplasia cells, which promotes the prolifenatio
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of not only cancer but also normal cells [16, IMpreover, epidemiological data consistently prove

the existence of a positive relationship betweeneiased body size and colorectal malignancy as well
as the IGF2 peptide level in serum, and BMI termdstrease in patients with colorectal cancer [18,

19].

Our study indicated no noticeable increase in trearmBW of newborns with LOI ofGF2.
However, it did show the incidence of significar®ILdecreases in low BW groups. These results
highlighted the notion that epigenetic regulatiaesl indeed have some effects on BW modulation. It
is noteworthy to mention that while there were mgnificant statistical differences in the abdominal
perimeters between the LOI group and the normaltimtipg group, it tended to increase in the LOI
group. Neonates in these two groups also showedp# rdecrease in glycemia after birth.
Hypoglycemia could be seen in 30% - 50% of BWS authany symptoms, and could be naturally
recovered within the first 3 days, for which hyperlinism may be accounted [20, 21].

Environmental exposures such as tobacco smokirgphal and nutrient ingestion including
calcium, folic acid, selenium and fat did not shamy correlations to LOI ofGF2 [14]; we showed
that many maternal environmental factors from sdcamd third trimester mothers, including
concentration of albumin and lipid in serum, pregorancy BMI, and weight gain during pregnancy,
also did not appear to have an impact on imprintifige latest mouse study demonstrated that
maternal nutrient deficiency during developmentidomduce LOI, thus confirming the idea that
environmental factors can give rise to the epigenalierations [22]. The fact that the biallelic
expression olGF2 originates from the loss of maternal imprintingggest that abnormal maternal
factors might be the primary cause of LOI [23].

This study showed that LOI #6GF2 tended to increase with mother’'s age althoughiguifecant
differences were observed. On the other hand, newbwith LOI also increased significantly with
fathers over 35 years old, suggesting possiblerpaténfluences on aberrant imprinting; fathersag
may alter offspring imprinting through contributenf abnormal sperms including spermatozoal RNA
as well as the epigenetic alterations as previalesgribed [24].

Research relating to LOI inheritance in humanseiy Vacking. Although we have observed a weak
association between parental and newborn LOI,stiilstoo early to draw any conclusions. Additibna
investigations based on a larger specimen sizeeséed for further confirmation. In our studiespgna
newborns with LOI oflGF2 did not indicate significant phenotypes. Thus, eamnot exclude the
possibility that epigenetic abnormality induced pbigpes may occur gradually throughout life. One
way to account for this problem is to continuedlidw these infants to observe any phenotype change
in future. In addition, the relationship betweBBF2 imprinting status in lymphocytes and IGF2
peptide concentration in serum remains to be inyestd.

Acknowledgement

This work is supported by Jiangsu Natural ScienoenBation (BK2004008) and Jiangsu Science
and Technology Development Project (Internationatiece and Technology Cooperation,
BZ2004008).



Int. J. Mol. Sci. 2007, 8 282

References

1.
2.

10.

11.

12.

13.

14.

15.

16.

17.

Feinberg, A.P.; Tycko, B. The history of canepigeneticsNat. Rev. Cancer 2004, 4, 143-153.
Hernandez, L.; Kozlov, S.; Piras, G.; Stew@rt,. Paternal and maternal genomes confer opposite
effects on proliferation, cell-cycle length, serasme, and tumor formatioRroc. Natl. Acad. Sci.
USA 2003, 100, 13344-13349.

Fukuzawa, R.; Breslow, N.E.; Morison, |.M.; Dwy®.; Kusafuka, T.; Kobayashi, Y.; Becroft,
D.M.; Beckwith, J.B.; Perlman, E.J.; Reeve, A.Eigepetic differences between Wilms’ tumours
in white and east-Asian childreibbancet 2004, 363, 446-451.

Ravenel, J.D.; Broman, K.W.; Perlman, E.J.; NiemE.L.; Jayawardena, T.M.; Bell, D.W.;
Haber, D.A.; Uejima, H.; Feinberg, A.P. Loss of mmting of insulin-like growth factor-Il (IGF2)
gene in distinguishing specific biologic subtypésMiims tumor. J.Natl. Cancer Inst. 2001, 93,
1698-1703.

Barton, S.C.; Surani, M.A.; Norris, M.L. Role gpfaternal and maternal genomes in mouse
developmentNature 1984, 311, 374-376.

Joyce, J.A.; Lam, W.K.; Catchpoole, D.J.; JeriRs, Reik, W.; Maher, E.R.; Schofield, P.N.
Imprinting of IGF2 and H19: lack of reciprocity isporadic Beckwith-Wiedemann syndrome
Hum. Mol. Genet. 1997, 6, 1543-1548.

Cui, H.; Horon, L.L.; Ohlsson, R.; Hamilton, S.Reinberg, A.P. Loss of imprinting in normal
tissue of colorectal cancer patients with micrdgtgenstability. Nat. Med. 1998, 4, 1276-1280.
Constancia, M.; Hemberger, M.; Hughes, J.; D¥&n Ferguson-Smith, A.; Fundele, R.; Stewart,
F.; Kelsey, G.; Fowden, A.; Sibley, C.; Reik, Wa&ntal-specific IGF-1l is a major modulator of
placental and fetal growtNature 2002, 417, 945-948.

Reik, W.; Constancia, M.; Fowden, A.; Andershin, Dean, W.; Ferguson-Smith, A.; Tycko, B.;
Sibley, C. Regulation of supply and demand for mmetienutrients in mammals by imprinted
genesJ. Physiol. 2003, 547, 35-44.

Cooper, W.N.; Luharia, A.; Evans, G.A.; Raza, Hhire, A.C.; Grundy, R.; Bowdin, S.C.; Riccio,
A.; Sebastio, G.; Bliek, J.; Schofield, P.N.; ReW,; Macdonald, F.; Maher, E.R. Molecular
subtypes and phenotypic expression of Beckwith-&heahn syndromeEur. J. Hum. Genet.
2005, 13, 1025-1032.

Feinberg, A.P.; Cui, H.; Ohlsson, R. DNA methign and genomic imprinting: insights from
cancer into epigenetic mechanisi@min. Cancer Biol. 2002, 12, 389-398.

Cui, H.; Cruz-Correa, M.; Giardiello, F.M.; Hheon, D.F.; Kafonek, D.R.; Brandenburg, S.; Wu,
Y.; He, X.; Powe, N.R.; Feinberg, A.P. Loss of IGR#rinting: a potential marker of colorectal
cancer riskScience 2003, 299, 1753-1755.

Vorwerk, P.; Wex, H.; Bessert, C.; Hohmann, &hmidt, U.; Mittler, U. Loss of imprinting of
IGF-1I gene in children with acute lymphoblastickemia Leuk. Res. 2003, 27, 807-812.
Cruz-Correa, M.; Cui, H.; Giardiello, F.M.; PewN.R.; Hylind, L.; Robinson, A.; Hutcheon,
D.F.; Kafonek, D.R.; Brandenburg, S.; Wu, Y.; He, Xeinberg, A.P. Loss of imprinting of
insulin growth factor Il gene: a potential heriwtbdiomarker for colon neoplasia predisposition
Gastroenterology 2004, 126, 964-970.

Woodson, K.; Flood, A.; Green, L.; Tangrea, .;J.Manson, J.; Cash, B.; Schatzkin, A,
Schoenfeld, P. Loss of insulin-like growth factbmhprinting and the presence of screen-detected
colorectal adenomas in womehNatl. Cancer Inst. 2004, 96, 407-410.

Hofmann, W.K.; Takeuchi, S.; Frantzen, M.A.; étizer, D.; Koeffler, H.P. Loss of genomic
imprinting of insulin-like growth factor 2 is strgly associated with cellular proliferation in
normal hematopoietic cell&xp. Hematol. 2002, 30, 318-323.

Sakatani, T.; Kaneda, A.; lacobuzio-Donahué,.CCarter, M.G.; de Boom Witzel, S.; Okano, H.;
Ko, M.S. Ohlsson, R.; Longo, D.L.; Feinberg, A.Bgss of imprinting of Igf2 alters intestinal
maturation and tumorigenesis in mi€eience 2005, 307, 1976-1978.



Int

18.

19.

20.

21.

22.

23.

24.

.J. Mol. &i. 2007, 8 283

Giacosa, A.; Franceschi, S.; La Vecchia, CveFa A.; Andreatta, R. Energy intake, overweight,
physical exercise and colorectal cancer.t&k. J. Cancer. Prev. 1999, 8 Suppl 1, S53-60.
Manousos, O.; Souglakos, J.; Bosetti, C.; Tapro; Chatzidakis, V.; Trichopoulos, D.; Adami,
H.O.; Mantzoros, C. IGF-I and IGF-II in relation ¢olorectal cancetnt. J. Cancer 1999, 83, 15-
17.

DeBaun, M.R.; King, A.A.; White, N. Hypoglycemin Beckwith-Wiedemann syndromgemin.
Perinatol. 2000, 24, 164-171.

Hussain, K.; Cosgrove, K.E.; Shepherd, R.Mhdna, A.; Smith, V.V.; Kassem, S.; Gregory,
J.W.; Sivaprasadarao, A.; Christesen, H.T.; JacgbBeB.; Brusgaard, K.; Glaser, B.; Maher,
E.A.; Lindley, K.J.; Hindmarsh, P.; Dattani, M.; Bue, M.J. Hyperinsulinemic hypoglycemia in
Beckwith-Wiedemann syndrome due to defects in theetion of pancreatic beta-cell adenosine
triphosphate-sensitive potassium channkl€lin. Endocrinol. Metab. 2005, 90, 4376-4382.
Waterland, R.A.; Lin, J.R.; Smith, C.A.; JirtR.L. Post-weaning diet affects genomic imprinting
at the insulin-like growth factor 2 (Igf2) locudum Mol Genet 2006, 15, 705-716.

Sato, A.; Otsu, E.; Negishi, H.; Utsunomiya; Arima, T. Aberrant DNA methylation of
imprinted loci in superovulated oocytétum. Reprod. 2007, 22, 26-35.

Miller, D.; Ostermeier, G.C. Spermatozoal RN&hy is it there and what does it d@¥ynecol.
Obstet. Fertil. 2006, 34, 840-846.

© 2007 by MDPI (http://www.mdpi.org). Reproductiapermitted for noncommercial purposes.



