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Abstract
BACKGROUND—Loss of imprinting (LOI) is an epigenetic alteration involving loss of parental
origin-specific expression at normally imprinted genes. A LOI for IGF2, a paracrine growth
factor, has been implicated in the development of prostate and other cancers. In the current study,
we define IGF2 LOI in histologically normal prostate tissues in relationship to tumor foci and
gene expression.

METHODS—Microdissected tumor associated (TA) adjacent (2 mm) and distant (10 mm) tissues
surrounding tumor foci were generated. IGF2 imprinting in informative prostate tissue sets was
quantitated using a fluorescent primer extension assay and expression analyzed utilizing
quantitative PCR. DNA methylation analyses were performed using quantitative pyrosequencing.

RESULTS—A marked IGF2 LOI was found in adjacent TA tissues (39 ± 3.1%) and did not
significantly decrease in tissues distant (38 ± 5.3%) from tumor foci (45 ± 2.9%; P = 0.21). IGF2
imprinting correlated with IGF2 expression in TA tissues, but not within the tumor foci.
Hypomethylation of the IGF2 DMR0 region correlated with decreased IGF2 expression in tumors
(P < 0.01). The expression of IGF2 and its adjacent imprinted gene H19 were increased in
adjacent and distant tissues compared to tumors (P < 0.05) indicating the importance of factors
other than LOI in driving IGF2 expression.

CONCLUSIONS—LOI of IGF2 occurs not only adjacent to prostate tumor foci, but is widely
prevalent even in distant areas within the peripheral zone. These data provide evidence for a
widespread epigenetic field defect in histologically normal tissues that might be employed to
identify prostate cancer in patients.
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INTRODUCTION
The concept of “field cancerization” or “field effect” was first proposed by Slaughter et al.
[1]. These authors concluded that in oral cancer, the frequency of independent multiple
tumors far exceeded that expected by chance alone. Multifocal cancer has been observed in
colon, bladder, esophagus, breast, and prostate [2]. In radical prostatectomy specimens
removed for prostate cancer (PCa), typically four or more independent foci of cancer are
found [3]. Several distinct precancerous lesions for PCa, prostatic intra-epithelial neoplasia
(PIN), and proliferative inflammatory atrophy (PIA), also arise in a multifocal pattern [4,5].
This diffuse pattern of cancer development within the peripheral prostate suggests a
carcinogenic stimulus has lead to cancer promotion in multiple susceptible cells [6].

Insulin-like Growth Factor-2 (IGF2) is a major embryonic mitogen and has an important
role in the adult prostate as a paracrine and autocrine regulator of cell proliferation [7]. The
production of IGF2 has been demonstrated in the media of cultured prostatic stromal cells
[8] and its protein levels increase with aging in the human prostate [9]. IGF2 has been
implicated in the neoplastic transformation of susceptible cells. Transgenic mice engineered
to overexpress IGF2 as adults develop diverse carcinomas after a long latency period [10].
In addition, the overexpression of both IGF2, and IGF-IR, in pancreatic cells results in
accelerated ß-cell tumor formation, with the rapid development of lymph node metastases
[11]. These studies provide in vivo evidence that IGF2 can drive the acquisition of a cancer
phenotype in susceptible cells.

Genomic imprinting is an epigenetic control in which one allele is expressed and other allele
silenced based on the parental (maternal or paternal) origin of DNA. IGF2 displays genomic
imprinting and is a paternally imprinted in most tissues [12]. The current model for the
mechanism underlying this reciprocal imprinting (enhancer competition model) proposes a
critical role for CTCF, which binds to the unmethylated maternal imprint control region
(ICR) [13]. Normal development requires accurate IGF2 expression, and several disorders
can be attributed to an abnormally high dose of IGF2 potentially caused by LOI. LOI has
been reported in colorectal carcinomas [14], Wilm’s tumor [15], esophageal carcinoma [16],
childhood acute lymphoblastic leukemia [17], and prostate cancer [18]. In cells that express
both parental IGF2 alleles, the increase in IGF2 production may be a mechanism for
promoting cancer development. In the mouse, CTCF serves as a strategic protein that
implements DNA loops and helps silence DNA transcription [13,19]. A mouse model of
IGF2 LOI and overexpression supports a role for IGF2 as a tumor initiator in intestinal
cancers [20]. However, recent studies have cast doubt in humans on the link between IGF2
LOI and increased IGF2 expression in tumor tissues [16].

Previous studies in our laboratory have demonstrated that IGF2 LOI occurs in prostate
cancer, and surprisingly within normal tissues from the peripheral prostate [18]. In contrast,
the transition zone of the prostate, which rarely develops cancer, maintains the IGF2 imprint
as do virtually all other adult tissues [18]. Aging human and mice prostate tissues show a
relaxation of IGF2 imprinting associated with increased IGF2 expression [21]. This LOI is
more pronounced in histologically normal tissues from men with cancer compared to those
without [21]. In the present study, we define whether IGF2 LOI occurs as a widespread field
defect within prostate tissues containing cancer, or whether it is a response related to the
adjacent tumor (i.e., field cancerization). We demonstrate LOI in tissues adjacent (2 mm) to
tumors, but also in regions distant (10 mm) from tumor foci. Notably, IGF2 levels were 2–5
fold higher in adjacent and distant normal regions when compared to tumor foci. These data
indicate that IGF2 LOI marks a widespread field defect within the peripheral prostate, and
that elevated IGF2 levels seen in the histologically normal prostate may be important in
driving the development of multifocal prostate cancers during aging.
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MATERIALS AND METHODS
Tissue Samples and Identification of IGF2 Informative Specimens

Prostatectomy samples containing tumor and associated normal tissue (TA) were obtained
from men diagnosed with cancer, ranging in age from 44 to 69 years under IRB approved
protocol. DNA from these 18 samples was sequenced for an exon 7 IGF2 single nucleotide
polymorphism (SNP; C to G) at position 1926 (genbank accession: X07868). Nine samples
were informative for this IGF2 polymorphism and were used for quantitating the IGF2
imprint status. Normal prostate samples without any associated tumors (NTA) were also
obtained from age-matched cystoprostatectomy cases and from men undergoing organ
donation under IRB approved protocols.

Microdissection of Prostate Tumor, Adjacent and Distant Regions
To define the relationship of IGF2 LOI to tumor foci, histological sections containing both
cancer and normal regions were generated. Microdissection was performed to obtain normal
tissue from regions adjacent to tumor foci (2 mm) and at a greater distance (10 mm) (Fig.
1A) as described [22]. Tissue was collected in RNAlater® Solution (Invitrogen, CA) for
RNA analysis and portion stored on dry ice for further studies.

RNA Extraction and cDNA Synthesis
RNA was extracted from tissues using RNeasy Mini Kit (Qiagen, Valencia, CA) following
manufacturer’s instructions. DNase-treated RNA was reverse-transcribed to cDNA using
QuantiTect Rev. Transcription Kit (Qiagen, Valencia, CA) following manufacturer’s
instructions. Briefly, 250 ng of RNA was incubated at 42°C for 2 min with genomic DNA
wipe-out buffer (Qiagen, Valencia, CA) to removes genomic DNA contamination. In next
step, RNA was reverse-transcribed using Quantiscript RT, buffer and poly dT primers at
42°C for 30 min. Lastly, reaction is incubated at 95°C for 3 min to inactivate Quantiscript
Reverse Transcriptase.

Analysis of IGF2 LOI Using Fluorescent Primer Extension Assay
IGF2 imprinting assay was performed using a SNP located in exon 7 at 1926 position (C to
G; accession: X07868) using fluorescent primer extension (FluPE) as initially described by
Bennett-Baker et al. [23] and our laboratory [21]. Briefly, cDNAs were generated from
DNAse treated-RNA, and a 245bp PCR product amplified from cDNA using primer
sequences GCATATCTAAGCAACTACG (forward) and GTCATGGTGGAAA-
CATGGAA (reverse) [18]. Products were then quantified using picogreen (Invitrogen, CA)
and subject to primer extension using fluorescent primer (5′-
CCAATGTTTTCATGGTCTGAGCG) and specific dNTP/ddNTPs. A 3bp or a 5bp
extension for an imprinted allele or both if imprinting is no longer maintained was
visualized on a sequencing gel. Quantitation was performed using ImageJ software (NIH,
USA). A standard curve with variable ratios of each allele was run with each assay
confirming a linear relationship with the above parameters.

Quantitative Real-time PCR
Quantitative real-time PCR (qPCR) expression profiles of IGF2, CTCF, H19, WT1, and
PTEN were measured as previously described [21] using a MyiQ™ Two-Color Real-Time
PCR Detection System (Bio-Rad, Hercules, CA). Primers were designed using Primer
Express (Applied Biosystems, Foster City, CA) (Table I). Relative quantification of gene
expression changes was recorded after normalizing for 18S expression, computed by using
the 2−ΔΔCT method (user manual 2, ABI Prism 7700 SDS). In the 2−ΔΔCT analysis, the
threshold cycle (CT) from tumor was used as a calibrator sample. Statistical analyses of the
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data were performed by comparing tumor CT with associated near, far tumor CT for each
gene using a two-tailed t-test with unequal group variance.

Methylation Analysis in IGF2 DMR0 and H19 ICR Region
DNA methylation was analyzed in IGF2 DMR0 and IGF2-H19 imprint control region (ICR)
using pyrosequencing methodology using a PSQ HS 96 and PyroMark MD System and Pyro
Gold Reagent kits (Biotage, Uppsala, Sweden) as described [24]. Methylation was
quantified using Pyro Q-CpG Software (Biotage, Uppsala, Sweden), which calculates the
ratio of converted Cs (Ts) to unconverted Cs at each CpG and expresses this as a percentage
methylation. Average methylation of sample sets across each region at each CpG was
calculated. The following controls were included on each 96-well plate: prostate cell line
PPC1 (0–20% methylation at IGF2 DMR0), M. SssI-treated methylated DNA from PPC1
(100% methylation), and a negative control for PCR amplification.

Statistical Analysis
Correlation analysis was done using GraphPad Prizm (San Diego, CA) between IGF2, H19,
and CTCF expression in the distant region using Spearman’s correlation with significance
measured using P-values less than 0.05 derived from two-tailed t-test.

RESULTS
IGF2 LOI is Widely Demonstrated Throughout Histologically Normal Prostate Tissues
Associated with Cancer

The clinical and pathological characteristics at radical prostatectomy of the prostate cancer
study population are presented in Table I. Average tumor volume was 19% (range 5–70%)
and all pre-operative PSAs were less than 12. Genotyping revealed 9 of 18 prostate samples
to be informative for exon 7 IGF2 polymorphism (50%). The FluPE assay generates some
“leakage” from the upper allele (12%) when the lower allele is dominant that was corrected
for in the subsequent analyses.

Tumor, adjacent and distant region DNA (Fig. 1A) from these nine informative samples was
subsequently utilized for IGF2 LOI analysis using FluPE. LOI in prostate cancer samples
ranged from 32 to 68% (mean 45%) (Fig. 1B). Mean LOI in adjacent and distant TA regions
(39 and 38%, respectively) did not significantly differ from tumor. One sample (No. 3;
Table I) demonstrated imprinting in a distant TA region. Controls including associated
seminal vesicle, bladder, and kidney tissues demonstrated minimal (10–15%) but detectable
expression of the silenced allele by FluPE. This low level appears to represent the normal
physiologic “silenced” state of associated genitourinary tissues, and was significantly lower
than that seen in all prostate tissues analyzed.

IGF2 and H19 Expression is Higher in the Normal Tissue of Prostates Containing Cancer
than in Tissues without Associated Cancer or in Tumors

IGF2 changes in expression have been linked to altered imprinting in mouse models [20,25],
but results in human tumors have been conflicting. Relative expression of IGF2 and its
adjacent imprinted 3′ neighbor H19 were measured in adjacent and distant TA regions and
were compared to tumor foci using qPCR. When all 18 prostate samples were analyzed,
IGF2 mRNA expression was significantly greater in normal adjacent and distant TA tissues
compared to their associated tumors (Fig. 2A; P < 0.05). However, in a subset of five TA
tissues, IGF2 expression was higher in the associated tumor foci. We also compared IGF2
expression in the normal TA samples to a separate panel of age-matched peripheral prostate
tissues from prostate specimens without any associated cancer (NTA). In TA tissues
associated with tumors, IGF2 expression was significantly higher by 3.1 fold (dCT, 13.29 ±
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0.32; N = 14) compared to NTA normal prostate tissues (dCT, 14.92 ± 0.65; N = 6; P =
0.025). In summary, the expression of IGF2 is greater in TA tissues than tissues without
associated cancer or in tumors.

H19 is inversely linked to IGF2 expression in mouse models [26] and may play a role in
human cancer progression [27]. H19 mRNA expression was significantly greater in TA
adjacent and distant tissues when compared to tumors (Fig. 2B; P < 0.05). However, several
samples [5] demonstrated decreased expression in TA tissues compared to tumor foci. A
positive correlation was found between IGF2 and H19 expression in distant TA tissues (P =
0.0001; Fig. 2C). Notably, this correlation was not demonstrated within tumors (r = 0.41; P
= 0.11). Thus, IGF2 and H19 expression is greater in adjacent and distant TA tissues than in
the associated tumors. Furthermore, the inverse correlation in expression between IGF2 and
H19 that genetic mouse models predict [28,29] is not seen in these human prostate tissues.

IGF2 Imprinting and Expression Correlates in TA Tissues, but not Prostate Tumors
Studies have suggested that IGF2 LOI is associated with increased IGF2 expression [30,31].
No correlation was seen between IGF2 LOI and expression in prostate tumors (r = −0.49, P
= 0.09; Fig. 3A). However, in distant TA tissues LOI positively correlated with increased
IGF2 expression (r = 0.58, P = 0.017; Fig. 3B). No association was seen between IGF2 LOI
and H19 expression in any of the tissues tested.

Increased IGF2 Expression is Associated with Decreased DNA Methylation at DMR0
Several genomic areas within 11p15.2 have been postulated to modulate IGF2 expression
[24,31]. We examined the methylation status of two of these, DMR0 and CTCF6 (a CTCF
binding site within the ICR) using pyrosequencing in prostate tumor-normal pairs showing
either increased (n = 5) or decreased (n = 7) IGF2 tumor expression (Fig. 4A). In tumor
samples with decreased tumor IGF2 expression, five of six CpGs in the DMR0 region
showed decreased methylation compared to TA tissues with higher IGF2 levels (Fig. 4B; P
< 0.05). In a correlation analysis of all 12 T–N pairs, significance was observed between
lower tumor IGF2 levels and decreased methylation at the DMR0 region of tumor samples (r
= 0.40 to 0.75, P < 0.05). No significant methylation changes within ICR CTCF#6
correlated with expression.

Hypermethylation with in the Imprint Control Region (ICR) is Associated with IGF2 LOI in
TA Prostate Tissues Compared to NTAT issues Displaying Imprinting

The striking finding of IGF2 LOI throughout histologically normal peripheral prostate
tissues associated with cancer lead us to next examine altered DNA methylation as an
underlying mechanism. The IGF2-H19 ICR contains several CTCF binding sites that can be
methylated leading to IGF2 LOI in several mouse models [28,32]. We compared the
methylation status at the critical CTCF6 region in TA distant tissues (n = 6) demonstrating
IGF2 LOI to NTA normal tissues from imprinted urologic organs including kidney, bladder,
seminal vesicles, and prostates without cancer (n = 7). Increased methylation at CTCF#6
was seen in TA prostate tissues displaying LOI (Fig. 4C). In contrast, hypermethylation at
CTCF#6 was not seen in tumors (all containing LOI) when compared to imprinted normal
urologic tissues (Fig. 2). Consistent with the enhancer competition model [13], DNA
hypermethylation with the ICR is associated with LOI in histologically normal tissues, but
this model is not valid in prostate tumors.

DISCUSSION
Defining aspects of prostate cancer include both its multifocality and the marked increase in
the disease with aging. These features are consistent with the presence of a field effect that
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arises in the human prostate. Epigenetic factors including DNA methylation, genomic
imprinting, and histone modifications have been postulated as candidates for the field defect
[6]. In the present study, we define IGF2 LOI in relation to distance from tumor foci and
find evidence of a widespread IGF2 LOI throughout the peripheral prostate in men with
prostate cancer. Furthermore, we demonstrate that levels of IGF2 are increased in these
tumor-associated tissues. LOI neither occurs in periuretheral samples of benign prostatic
hyperplasia (BPH), nor is it found in other adult tissues [18]. Given its role in initiating
tumor growth [10], this epigenetic modification may represent an important biologic change
in the development of prostate cancer.

We examined tumors and their matched adjacent (2 mm) and distant (10 mm) non-tumor
tissues for imprinting and expression using a sensitive fluorescent primer extension (FluPE)
assay. Samples were analyzed in a three-dimensional fashion to avoid tumor contamination.
Given the surprising finding that IGF2 LOI occurs both adjacent to tumors and at more
distant sites, our data indicate that LOI is unlikely to be a local (i.e., field cancerization)
effect of the tumor. In contrast, other research has identified nuclear morphology [33-35]
and DNA hypermethylation [36,37] changes in normal tissues immediately adjacent to a
tumor focus. In these studies, ex vivo core biopsies taken at varying distances (1–4 mm)
from a PCa focus revealed increased methylation of APC, RARb2, or RASSF1A in a small
subset of samples (10–20%) [36]. Hanson et al. separated the adjacent tissue compartments
and found methylation of GSTpi and RARb2 to be more marked in reactive stroma [37]. In
the current study, IGF2 LOI occurs with more frequency (85%), and marks a wider field
effect throughout the prostate rather than a local response to the tumor. LOI in tumor tissues
is only slightly more extensive (mean 45%) than that seen in the adjacent and distant
peripheral prostate (mean 39 and 38%, respectively; Fig. 1B). Other studies supporting a
broader field defect in the prostate include microarray-based studies [38,39] and alterations
in the protein markers Mcm-2, Ki67 [40] and alpha-methylacyl-CoA racemase [41].

A second major finding is that elevated levels of IGF2 are found in adjacent and distant TA
tissues when compared to associated tumors and to non-cancer containing prostates. IGF2
has important mitogenic properties in normal epithelium [42], prostate cancer cell lines, and
stromal cells associated with prostate cancer [43]. Analyzing all samples, IGF2 mRNA
expression was greater in adjacent and distant TA tissues (2.45 ± 0.58 and 3.40 ± 0.81 fold,
respectively; P < 0.05) compared to related tumor tissues. A subset of tumors (27%) was
found to elaborate higher levels of IGF2. We also compared prostate tissues from age-
matched men without prostate cancer (NTA) and found IGF2 levels to be significantly
higher in TA tissues (3.1 fold; P = 0.025). This paradoxical increase IGF2 expression seen
within TA tissues raises intriguing questions as to the role of IGF2 in prostate tumorigenesis.
High levels of IGF2 result in varied carcinomas after a long latency period [10]. More
modest two-fold increases in IGF2 levels lead ApcMin mice to develop twice as many
intestinal tumors as control littermates do [20]. These studies suggest that chronic IGF2
exposure has the capacity to act on selected cells as an early initiation factor in the
development of neoplasia.

Current hypotheses involving the enhancer competition model of IGF2 LOI would predict
an increase in IGF2 expression with LOI [44-46]. We find a correlation between the extent
of LOI and increased expression in TA tissue samples (P = 0.02) consistent with this model.
This correlation has been noted in normal esophageal epithelia [16]. However, within
prostate tumor samples, no association of IGF2 expression with LOI is found (Fig. 3A). Our
data suggest other mechanisms may be more important in regulating IGF2 expression than
imprinting in prostate tumors. We also examined two negative regulators of IGF2
expression, WT1 and PTEN [47], in these samples and found no correlation with expression
(data not shown).
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The enhancer competition model of imprinting predicts that H19 and IGF2 expression is
inversely related since they compete for a common transcriptional enhancer [12,44,45]. In
contrast, when analyzing TA tissues a positive correlation exists between IGF2 and H19
(e.g., both increase expression). This would suggest other factors play a role in the
regulation of these genes. H19, a maternally imprinted non-coding RNA may have tumor
suppressor activity [48], although more recent studies suggest a potentiating role in tumor
angiogenesis, invasion, and metastasis [27,49]. We found H19 expression to be greater in
adjacent and distant normal prostate (4.4 ± 1.04 and 8.05 ± 3.12, respectively; P < 0.05)
compared to tumor foci. This decrease in expression putatively supports a tumor suppressive
role for H19 in prostate cancer.

We used quantitative pyrosequencing to determine if alterations in methylation were linked
to increased IGF2 expression. A significant correlation was seen between decreased IGF2
expression and hypomethylation at 5 CpGs within the IGF2 DMR0 region. Human DMR0,
which does not bind CTCF, may act as a silencer element that can suppress IGF2
independent of the ICR-CTCF regulatory pathway [50]. The function of DMR0 is not clear
although hypomethylation has been demonstrated in Wilm’s tumors [24], colorectal (94%)
and breast cancers (35%) [50,51].

Another component of the enhancer competition model is hypermethylation at several CTCF
binding sites within the ICR, most notably CTCF#6, leading to an inhibition of CTCF
binding and biallelic expression [28,45,46]. Consistent with this, increased methylation
within CTCF6 was seen in distant TA tissues (demonstrating LOI) compared to imprinted
NTA tissues from prostates and other tissues without associated cancer (Fig. 4C). This
indicates a role for hypermethylation of CTCF in the regulation of imprinting in prostate
tissues. In contrast, significant hypermethylation of CTCF#6 was not seen in tumor foci
(Fig. 2) when compared to imprinted NTA tissues. LOI may regulated by other factors in
tumors, possibly an allele-specific activation of specific IGF2 promoters [52].

CONCLUSIONS
In summary, we find that LOI of IGF2 occurs not only in prostate tumor foci, but is
widespread throughout the peripheral prostate providing evidence for a field defect. This
may contribute to the known multifocality of prostate cancer. This data supports a recently
proposed epigenetic progenitor model of cancer that suggests LOI may play a more crucial
early role in progenitor cells than in established tumors [53]. IGF2 LOI in normal colonic
epithelia has been associated with an increased risk of colorectal neoplasia in some studies
[20]. Furthermore, IGF2 is increased in normal prostate tissue in prostates with cancer
indicating that IGF2 may be important in the early stages of prostate carcinogenesis. IGF2
LOI may be a clinically relevant molecular marker found in normal tissues for prostate
cancer.
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FluPE fluorescent primer extension assay

ICR imprint control region

IGF2 insulin-like growth factor 2

LOI loss of imprinting

DMR0 differentially methylated region 0

TA tumor associated

NTA non-tumor associated
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Fig. 1.
(A) Schematic showing prostate tumor, adjacent and distant normal tissue microdissection.
Radical prostatectomy samples containing tumor foci were sectioned and samples
microdissected for subsequent analyses. Adjacent and distant tumor-associated (TA) tissues
did not contain histologic cancer. Samples were assessed in a three-dimensional pattern. (B)
Fluorescent primer extension (FluPE) assay for IGF2 loss ofimprinting (LOI). Analysis of 9
informative sample sets using FluPE was performed and image analysis done using ImageJ
software. LOI in prostate tumor foci ranged from 32 to 68% (mean 45%). Mean LOI in
adjacent and distant TA regions was 39 and 38%, respectively. Analyses were performed in
duplicate.
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Fig. 2. IGF2 and H19 expression in tumor and TA tissues
Gene expression was measured using quantitative PCR(qPCR) in adjacent and distant TA
tissues relative to the tumor for 18 microdissected sample sets (A), IGF2 mRNA expression
(B), H19 mRNA expression (C). In contrast to predicted results, a positive correlation
between IGF2 and H19 expression in distant TA tissues was seen (r = 0.82, P = 0.0001). No
correlation was found between IGF2 and H19 gene expressionin tumors (data not shown) (*
= P < 0.05).
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Fig. 3. Correlation between IGF2 LOI and IGF2 expression
Gene expression was analyzed using qPCR and FLuPE utilized for imprinting analyses.
Correlation analyses were performed using Spearman’s correlation. (A) Tumor samples (r =
−0.49, P = 0.09), (B) distant TA tissues (r = 0.58, P = 0.017).

Bhusari et al. Page 13

Prostate. Author manuscript; available in PMC 2013 November 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 4. Analysis of methylation status in paired prostate tumors and TA tissues
(A) Alterations in IGF2 expression have been linked to changes in methylation within
DMR0 of the IGF2 promoter, as well as within CTCF#6 in the imprint control region (ICR)
[24,54]. Methylation was analyzed using pyrosequencing specific primers. Tissues analyzed
included prostate tumors with low or high IGF2 expression and distant TA tissues. An
additional set of tissues from bladder, kidney, and prostates without cancer (NTA) that
demonstrated maintained IGF2 imprinting were also analyzed for methylation. (B) At
DMR0, tumors with low IGF2 expression demonstrate significantly decreased methylation
compared to distant TA tissues. (C) CpG methylation analysis of CTCF6 in NTA tissues.
TA prostate tissues from men with associated cancer (n = 6) demonstrating LOI is compared
to imprinted NTA tissues (n = 7). A trend towards increased methylation in distant TA
tissues is noted with significance seen at CpG 10 (P = 0.02).
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