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Abstract
BAC arrays were used to evaluate genomic instability along the colon of patients with ulcerative
colitis (UC). Genomic instability increases with disease progression and biopsies more proximal to
dysplasia showed increased instability. Pan-colonic field copy number gain or loss involving small
(< 1 Mb) regions were detected in most patients and were particularly apparent in the UC
progressor patients who had dysplasia or cancer. Chromosomal copy gains or losses affecting
large regions were mainly restricted to dysplastic biopsies. Areas of significant chromosomal
losses were detected in the UC progressors on chromosomes 2q36, 3q25, 3p21, 4q34, 4p16.2,
15q22, and 16p13 (p-value ≤ 0.04). These results extend our understanding of the dynamic nature
of pan-colonic genomic instability in this disease.
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1. Introduction
Ulcerative colitis (UC) is an inflammatory bowel disease (IBD) associated with an increased
risk of developing colorectal cancer. Two clear clinical risk factors for UC-associated colon
cancer have been identified: the duration of disease (> 8 years) and the concomitant
diagnosis of primary sclerosing cholangitis (PSC), a disease of the biliary tract [1–3]. The
standard of care for management of colon cancer risk in UC is currently colonoscopy (with 8
– 40 random biopsies) with follow up every 1 – 3 years [4;5]. This approach is time-
consuming and expensive. With the incidence of IBD increasing, it is becoming even more
important to develop molecular techniques for improved surveillance and identification of
those patients with the greatest cancer risk (i.e., those who currently have pre-cancer or
dysplasia). Therefore, we hope to identify DNA biomarkers which were significantly altered
in both non-dysplastic and dysplastic biopsies from UC progressor patients (patients with
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high-grade dysplasia or cancer), but absent or minimally altered in control groups, including
non-UC controls and UC non-progressors. Towards that end, we took the approach of a
mapping study, in which several biopsies per individual were analyzed by BAC array-CGH
(comparative genome hybridization) and then tested for conserved alterations within patient
samples and between patients. Multiple biopsies (ranging from 2 to 9) were analyzed per
patient in UC and UC/PSC progressors. Included in these sets were sites of varying
histologic grades of dysplasia (negative for dysplasia, low grade dysplasia (LGD) or high
grade dysplasia (HGD)) sampled along the full length of the colon and biopsy samples that
were taken at a range of distances from sites of cancer or high grade dysplasia. The tissue
samples for the progressors and non-progressors were graded and matched for severity of
inflammation (grade 0–3+).

Cancer development with UC occurs through a multi-stage process involving genomic
instability and clonal outgrowth which eventually leads to dysplasia. Progression of
ulcerative colitis to cancer is facilitated by an environment in which chronic inflammation
and damage from bile acid results in repeated cycles of injury and repair. We have shown
premature telomere length shortening and increased DNA damage resulting from chronic
inflammation in ulcerative colitis patients compared to age-matched normal control
individuals [6]. Propagation of mutations resulting from this damage leads to a mutator
phenotype [7] and subsequently a field defect, in which localized regions within the colon
have acquired the same mutation(s) or other genomic alterations [7–10]. We and others have
also demonstrated that pan-colonic chromosomal instability is detectable early in disease
progression and even in non-dysplastic biopsies, by FISH [11;12] and by arbitrarily primed
PCR (AP-PCR) or inter–simple sequence repeat PCR (ISSR-PCR)[11;13;14]. While these
assays demonstrate clearly that instability is present and highly associated with UC
neoplasia, none of these assays are amenable to the high-throughput that would be required
of a clinical biomarker.

In this retrospective study, we addressed the following: (1) whether pan-colonic genomic
changes could be detected by a relatively inexpensive and high through-put technology such
as BAC array-CGH; (2) whether specific genomic changes found in colonic biopsies of a
single patient are conserved regardless of differences in the histological grade and/or spatial
location of the biopsy within the colon; and (3) whether genomic instability could serve as a
biomarker that could distinguish UC non-progressors from progressors. Since field defects
are typically acquired during the early stages of neoplastic progression, we hypothesized that
this approach could elucidate clinically relevant biomarkers of cancer risk which precede
dysplasia, thereby making them applicable for cancer surveillance.

2. Materials and Methods
2.1 Patient information

Patient samples were collected at either the University of Washington Medical Center or the
Cleveland Clinic Foundation with the approval of the Institutional Human Subjects Review
Board at each institute. Patient data is summarized in Table 1; biopsy samples were
collected from surgically resected colons or colonoscopy from three groups of patients: 10
UC progressors (patients with the diagnosis of high-grade dysplasia or cancer), 10 UC non-
progressors (patients without any dysplasia or cancer), and 8 non-UC colons (diagnoses
included diverticulitis, hyperplastic polyps, appendicitis, tentative endometrial cancer, and
meningomyelocele). Five patients with UC also had concomitant PSC. None of the patients
had a known family history of colorectal carcinoma. For most patients, no medication data
was available. However, patient C was on asacol, patient E was on azulfidin and transplant
meds, patient H was on sulfasalazine, and patient I was on FK506, asacol, & URSO (letters
correspond to those shown in Figure 1). For one UC progressor patient, disease duration was
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at least 8 years; however, the exact age of disease onset was not available. Two of the 10 UC
non-progressor patients subsequently developed colon cancer and underwent colectomy 7
and 8 years later after the biopsies in this study were taken. The data for these patients is
included in the non-progressor subset because that is the initial classification of the patient.
None of the other UC non-progressor patients developed high-grade dysplasia or cancer.

Epithelial cells were isolated from frozen colon biopsies as described previously [12].
Genomic DNA was isolated from purified epithelium using Qiagen DNA extraction kits as
per manufacturer’s instructions. DNA was adjusted to a concentration of 50 ng/μl after
quantification with Nanodrop-1000. For BAC arrays, one hundred ng of DNA was used for
labeling and hybridization at the Fred Hutchinson Cancer Research Center Microarray
Facility as described previously [15]. Fluorescence intensity values were entered into the
BAC-arrayer software for block normalization and filtering of the data to generate
normalized log2 ratio intensities.

2.2 Analysis by array
Arrays were also analyzed using a variety of algorithms including Wavelet (levels=3; as
described by Hsu et al., 2005)[16], circular binary segmentation (CBS), and GLAD with
threshold set to 0.2 and processed with the following website:
http://compbio.med.harvard.edu/CGHweb [17]). Regions of copy gain or loss were
visualized using Ideogram Browser with no pre-filtering [18]. MAD (median absolute
deviation), and statistical calculations for all data points were generated in StatView version
5.0.1 (SAS Institute Inc).

2.3 Analysis by group
Significant regions of conserved copy number gains and losses as determined by wavelet
were recorded in a binary format for 1 Mb windows (based on start and end positions) per
chromosome arm and analyzed with Statistical Analysis of array-CGH (STAC) version 2.0.1
software [20]. Confidence cutoff was set at 0.95; five hundred permutations of the data were
performed. A footprint p-value cutoff of 0.05 was used to select significant regions of copy
gain or loss. Cytoband locations and genes were obtained with NCBI MapViewer Build
36.3.

3. Results
In this retrospective study, we examined colon biopsies taken from UC progressor and UC
non-progressor patients to explore the extent and conservation of genomic alterations. UC
progressor patients were defined as individuals who had at least one biopsy diagnosed as
high-grade dysplasia or cancer. UC patients included in this study had a long duration of
disease (UC non-progressors, mean 19.6 years; UC progressors, mean 14.3 years). In total,
88 arrays were analyzed including samples from 8 non-UC colons (1 site per patient), 10 UC
non-progressor patients (2 patients, 4 sites each; 9 patients, 1 site; 17 samples total), and 10
UC progressor patients (average = 5.7 (range 2 to 9) biopsies per patient; for a total of 57
samples). For the UC progressor patients, DNA was analyzed from biopsies diagnosed as
negative for dysplasia (n=44), low grade dysplasia (LGD; n=9), low/high grade dysplasia
(LGD/HGD; n=2), or high grade dysplasia (HGD; n=3).

3.1 Instability affected by environment
Using this mapping approach, we were able to evaluate genomic instability along the length
of the colon for individual UC progressor patients. Figure 1 shows copy number plots for
our UC progressor patients. As expected, we observed more extensive and increasing
numbers of copy number alterations in dysplastic samples compared to samples which were
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non-dysplastic. However, non-dysplastic biopsies immediately adjacent to dysplasia
typically showed numerous common regions of chromosomal losses and gains in the DNA,
irrespective of the degree of dysplasia (high or low grade or indefinite for dysplasia) (Figure
1A). While the field defect of DNA instability in the normal-appearing mucosa surrounding
neoplasia was as expected, there were several findings that were surprising. First, copy
number alterations could vary greatly even between adjacent biopsies (spatial distances < 2
cm apart such as biopsies III and IV, Figure 1A). Moreover, biopsies adjacent to regions of
high-grade dysplasia or cancer (Figure 1A, plots I and II) could have relatively normal
copy numbers. Finally, as shown in Figure 1J, we observed that some non-dysplastic
biopsies from the progressors demonstrated substantial genomic instability (sometimes
involving entire chromosome arms) while other non-dysplastic biopsies from the same colon
did not. For example, we observed much more instability on chromosomes 7, 18, and 19 in a
non-dysplastic biopsies in one region of a progressor colon (Figure 1E, plot I) compared
with another negative biopsy from the same patient (Figure 1E, plot V). We also observed
that a biopsy graded indefinite for dysplasia (Figure 1E, Biopsy VI) showed intermediate
levels of instability whereas much greater instability was detected in the low-grade dysplasia
biopsy from the same patient (Figure 1E, IV).

3.2 Instability increases with proximity to dysplasia
Several algorithms were used to detect BACs with copy number alterations (see Methods);
we report here the results using the wavelet algorithm [16]. Consistent with our previous
findings [21], the total number of BACs showing copy alterations (copy number gain or
copy number loss) in non-dysplastic biopsies increased with proximity to dysplasia in the
progressor patients, with a sharp increase in copy number alterations for biopsies located
within 10 cm of dysplasia (Figure 2). There was no trend observed in a similar comparison
of altered BACs relative to physical location of the biopsy sample in the colon (plotted as
distance to rectum in Figure 2B). This suggests that there was no left or right colon bias in
these patients.

3.3 Absolute number of Copy number gains, but not losses, distinguishes UC progressors
from UC non-progressors and controls

Having observed an increase in the size and number of alterations with histological grade
progression, we next asked whether samples grouped by histological grade would show a
difference in extent of genomic instability. For this analysis, we focused on chromosomes 1–
22 since individuals could have one or two copies of chromosome X. We observed a
significant increase in both the number and maximum size of regions of copy gains (Kruskal
Wallis p-values = 0.0007 and 0.0002, respectively) with neoplastic progression (Figure 3A,
3C). Although trends of increasing size and number of regions of copy number loss were
also observed, these failed to reach statistical significance (Kruskal Wallis test). The copy
number losses observed in the non-UC controls and UC non-progressor patients suggest that
small fields of highly unstable clones can be well tolerated without developing into cancer.

3.4 Field effect of copy number alterations observed along the colon
By comparing array data from multiple biopsies sampled from the same patient, we
identified alterations specific to individual UC progressor patients (see Supplemental Table
1). Analyses of 9 UC progressor patients (each with four or more biopsies per patient)
showed that the majority (average 84.8 ± 4.8%) of copy number alterations involving two or
more consecutive BACs were detected in only a single biopsy whereas a small fraction,
average 2.4 ± 1.5%, of all copy number gains and losses were conserved between all
biopsies sampled from an individual patient. All of the UC progressors had widespread
individual-specific genomic alterations consistent with a field effect (field size ranged from
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49 to 161 cm). In general, there were more conserved copy losses than copy gains.
Chromosome arms which showed the greatest frequency of copy number loss were 1p, 3p,
9p, and 15q. Three of the nine patients showed loss at the PTPRD (protein-tyrosine
phosphatase receptor-type delta) locus on chromosome arm 9p in all biopsies sampled.
However, there was relatively low concordance between patients in terms of actual regions
of copy number gain or loss, supporting the mutator phenotype [22].

To determine whether there were conserved alterations within the colons of UC progressor
patients, —we examined whether a specific chromosomal gain or loss could be detected in
two or more biopsies (regardless of histological diagnosis)--amongst the colons of the UC
progressor patients. While there were no regions of copy number gain which reached
statistical significance, we identified 26 regions of copy number loss which were detectable
in multiple biopsies from individual UC progressor patients as well as in multiple patients
(Supplemental Table 1). These regions were located on chromosomes 1 through 6, 9, 10, 11,
13, 15, 16, and 17.

Having shown that there is conservation in copy number alterations in colonic biopsies, we
next asked whether BAC arrays would have utility to develop a clinical biomarker.

3.5 An overall metric of instability increases with UC progression
To examine whether the overall levels of genomic instability detected by BAC arrays could
distinguish patients grouped by disease progression we used median absolute deviation
(MAD) values as a measure of the variability of copy number estimates. As expected, we
observed a general increase in copy number variability from the minimal changes in colonic
biopsies of non-UC controls (range 0.036 to 0.057, median 0.0505), compared to UC non-
progressors (0.05 to 0.067; median, 0.054), and to UC progressors (range 0.039 to 0.15;
median, 0.063) (Figure 4) with statistically significant differences between groups
(ANOVA, p-value <0.01). A wide scatter was observed in the UC progressor samples;
greater instability was observed in non-dysplastic samples located within a 10cm radius
surrounding sites of dysplasia (data not shown). While the non-UC controls were
statistically distinct from UC groups (t-test, p=0.015–0.03) and the UC non-progressors
could be distinguished from UC progressors as a whole (t-test, p=0.027), the overlap
between these the MAD value in the progressors and non-progressor groups decreases the
clinically utility of using the MAD value to distinguish UC patients with dysplasia from
those that are dysplasia-free. For the purposes of a clinical biomarker in these setting, the
MAD values would need to be mutually exclusive.

3.6 Common copy number alterations detectable in negative rectal biopsies
Ideally, a clinically useful biomarker test for cancer or dysplasia in UC could use a single
colonic biopsy that is easily obtained (i.e. located in the rectum) and the biomarker should
accurately distinguish UC progressors from non-progressors regardless of the histologic
diagnosis of the biopsy used (i.e. the biomarker should be detectable even in non-dysplastic
biopsies of UC progressors). Two biopsies were selected per UC progressor patient,
including the most distal (distance to rectum ranged from 2.6 cm to 32 cm; mean, 14.6 ± 9.8
cm) non-dysplastic biopsy for UC non-progressors and one dysplastic biopsy (9 LGD sites
and 2 LGD/HGD biopsies). The latter provides an internal positive control for the UC
progressors. Alterations detected in non-UC controls (n = 8), and UC non-progressors (n =
10) were compared to UC progressors (n=10). The STAC algorithm [20] was applied to
regions of copy number gain or loss identified using the wavelet analysis to detect conserved
copy number alterations at 1 Mb intervals.
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We postulated that alterations would fall into one of a number of groups, and results for
regions of copy number gain or loss, frequency, and footprint p-value are summarized in
Table 2. No significant alterations were detected in the samples from normal control
patients. Some alterations might only be detectable in UC non-progressors (group 1) and
others found in all UC samples tested (group 5). Moreover, some alterations might be
detectable only in UC progressors, but exclusively in negative for dysplasia biopsies (group
2), or exclusively in dysplastic biopsies (group 3). The most interesting alterations would be
those detectable in both negative for dysplasia and dysplastic biopsies from UC progressors,
but not observed in UC non-progressors (group 4).

For the UC non-progressors, one region of significant gain was detected on chromosome
4p15.1 (Table 2). For the UC progressors, regions of gain on chromosomes 11q13, and
15p11.2 were detected in the negative/rectal biopsies but not in the dysplastic samples.
However, 2 regions of copy number gain at chromosome arm 6p22 and 10p12 were
identified only in UC progressor dysplastic samples, as well as two regions of copy number
loss at 5q31 and 7q32. By comparison, seven regions of copy number loss were detected
using this analysis, including ten sites in which changes were significant in both the negative
and dysplastic biopsies. Significant losses were specifically in the UC progressors at sites on
chromosomes 2q36, 3q25, 3p21, 4q34, 4p16.2, 15q22, and 16p13 (footprint p-values =
0.0002 to 0.04). It looks like chromosomal gains, but not losses, could potentially be used to
distinguish UC progressors regardless of the histological diagnosis of the biopsies.

4. Discussion
UC patients are at increased risk for colon cancer and efforts are underway to find
biomarkers that could help define which of these patients are undergoing neoplastic
progression and need close colonoscopic surveillance versus those who do not. We and
others have previously described evidence of DNA changes in the epithelium of UC
progressors; our goal in this study was to determine whether an assay of genomic instability,
that is amenable to high-throughput and objective assessment (eg. the BAC array), could be
used as a clinical tool for measuring genomic instability as a neoplastic biomarker in UC.
The mapping studies described herein were designed 1) to measure the extent of genomic
instability, 2) to determine if BAC-array measured instability could act as a biomarker that
can distinguish UC progressors from UC non-progressors, and 3) whether the genomic
instability alters as biopsies become increasingly more dysplastic.

4.1 Instability occurs as a field defect
Our data supports the hypothesis that a field effect, stemming from chronic inflammation
and clonal outgrowth, is present in the colons of patients with ulcerative colitis [23]. The
inflammatory response prompts stem cells with damaged DNA to expand causing the clonal
copy number alterations, methylation changes, and nucleotide mutations to spread through
whole crypts, crypt clusters and eventually larger colon patches through a process of crypt
fission[9;13;24–26]. Patches of mutations can reflect the unequal division of mutated vs.
wildtype clones, thereby mutated crypts can give rise to wildtype, mixed wildtype and
mutated crypts, or exclusively mutated crypts. Clonal expansion of these genomic mutations
within epithelial sheets has been described [23;25]. Evidence from FISH studies have shown
that chromosomal instability increases dramatically from low grade to high grade dysplasia,
leading to gain (or loss) of whole chromosome arms as demonstrated in high grade dysplasia
and cancer samples [12]. Our data supports a study by Greaves et al. in which the mean
patch size of cytochrome c oxidase deficient crypts increases with age [26]. We have
previously reported that UC is a disease of premature aging due to telomere length
shortening and increased DNA damage [6]. Thus the large field defects that we have
observed in UC may be due to not only to the chronic inflammation and mutator
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phenotypes, but also due to the premature aging of the UC colon whereby the colon of a 30
year old UC patient is more analogous to the colon of a 60 to 70 year old without UC.

4.2 BAC array-measured genomic instability as a biomarker to distinguish UC Progressors
from C Non-Progressors

The BAC arrays could objectively detect small interstitial changes in DNA copy number in
both the non-dysplastic and dysplastic colonic epithelium UC progressors; however
instability could also be measured in the UC non-progressors. Thus, very small segments of
DNA (< 1Mb) were lost and/or gained in the normal appearing mucosa in all of the UC
patients regardless of whether they were graded as histologically dysplastic or not. In order
for a neoplastic biomarker to be clinically relevant in UC, it must detect all of the patients
who have dysplasia (achieve 100% sensitivity) and have at least some discrimination for the
neoplasia-free patients to make it worth using. As seen in Figure 4, when using total
genomic instability as the potential biomarker--there is too much overlap of the amounts of
global instability found non-progressors and progressors to clinically separate the 2 cohorts.
However, if we examine a panel of specific DNA loci, in its capability to distinguish
progressors from non-progressors, we find the data is more promising. ROC curves of copy
number gains or copy number losses detected by these BAC arrays have at least a moderate
sensitivity (AUC=0.716 and AUC=0.813 for copy number gains and losses, respectively)
and specificity for distinguishing between UC non-progressors and progressors (data not
shown). This data will require futher validation with a larger patient set before determining
whether a subset of BACs could be as a discriminating biomarker for UC neoplasia.

4.3 Potential markers identified in this study
Many of the loci shown in Table 2 have not previously been detected in studies of ulcerative
colitis or inflammatory bowel disease. Although we did not detect alterations in any of the
BACs reported in a recent study by our group [27], we believe that this is due to the small
sample sizes and the increased proximity to dysplasia in samples used in the earlier study.
However, loss at 5q31 agrees with proteomic studies showing downregulation of the cellular
stress response protein, VDAC1 [28]; in addition, 5q31 has been described as a
susceptibility locus for IBD, although the association is much stronger for Crohn’s Disease
than for UC [29]. MicroRNA 629 (MIR629) at chromosome arm 15q22 was expressed at a
level several-fold lower in active UC compared to normal tissues [30]. Downregulation of
alkaline phosphatase expression has also been suggested to contribute to chronic
inflammation; oral administration of intestinal alkaline phosphatase tablets resulted in
marked decrease in intestinal inflammation and improved intestinal wall morphology in a rat
model of colitis [31]. The gain at chromosome arm 6p22.1 in UC progressors negative for
dysplasia is interesting since superoxide dismutase (SOD2) functions to dissipate oxidative
stress in chronically inflamed UC colons [32]. Experiments to validate alterations which
would distinguish UC progressors from non-progressors are currently underway.

4.4 Dysplasia to Cancer defect gradient
Tiny DNA alterations were found throughout the entire colon of all UC patients. In order for
these changes to be detectable by BAC array, they have to be clonal— e.g. involving at least
15–20% of the cells within a biopsy to be distinguishable from the background. The copy
number alterations became much more extensive in the genomic DNA from the dysplastic
mucosa: not only are there more incidents of copy changes throughout the DNA but in
addition, the originally small defects become much larger in size and encompass a greater
proportion of the biopsy (i.e. greater deviation of log2 ratios from the baseline). This
progression of instability is undoubtedly associated with the other simultaneous events that
are unraveling in the transition to dysplasia—which include breakage of chromosomes
associated with shortened telomeres, development of aneuploidy, impairment of DNA repair

Lai et al. Page 7

Cancer Lett. Author manuscript; available in PMC 2013 July 28.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



function caused by reactive oxygen and reactive nitrogen species, and loss of p53 function to
just name a few [9]. The fundamental underlying event for the DNA changes is likely
caused by chronic inflammation. While the role of inflammation has long been accepted in
UC tumorigenesis, we found it quite interesting to note that interstitial, small scale genomic
alterations could be detected at a low level even in the colons of control individuals and at
an intermediate level in patients with diverticulitis (data not shown). The hypothesis that
acute inflammation in the general population could be linked to colon tumorigenesis is
supported by the association of recurrent diverticulitis with an elevated risk of sporadic
colon cancer [33;34]. Whether patients who have apparently sporadic cancer might actually
have occult or asymptomatic bouts of acute colonic inflammation remains an area of future
interest.

4.5 Genomic instability in UC patients with and without Primary Sclerosing Cholangitis
(PSC)

Three of the main clinical risks for development of UC-associated neoplasia are the duration
of disease, the extent of disease, and the concomitant presence of the biliary tract disease:
PSC. In the assessment of BAC-measured genomic instability as a biomarker for neoplasia,
we studied UC progressors with and without PSC (n=5 cases and n=6 cases, respectively).
As noted above, there were many more conserved alterations in the patients that progressed
to cancer than those that progressed to high grade dysplasia, however the set of UC only
patients, as compared to individuals with UC and PSC, showed a substantial greater number
DNA alterations (average 11 to 3.6 respectively). This may seem odd, as the reverse might
be expected since PSC confers an approximately 5-fold increased risk of developing
colorectal cancer in the setting of UC [1;5]. These UC and UC/PSC patients had comparable
disease duration (average 13 vs. 11, respectively); the UC only patients had slightly earlier
ages of onset (average 22.4 vs. 30 years respectively). Yet the clonal expansion seemed less
robust in the PSC patients. These findings suggest that tumorigenesis might be driven
through different etiologies in UC patients with and without PSC or may be affected by the
treatment regimen. The smaller number of DNA alterations may be attributable to the milder
pancolitis typically observed in UC patients with PSC, however the abnormal bile
conjugates present in UC/PSC patients may augment the inflammatory induced genomic
instability pathway with an alternative/supplemental pathway of tumorigenesis [35]. Altered
bile acids, such as would be present in PSC patients, have been shown to stimulate colon
cancer production through a blockage of apoptosis, trans-activation of epidermal growth
factor receptors, and increased proliferation [36;37]. Moreover, some bile conjugates can
directly interact with DNA causing adducts and base substitutions. Changes such as these
would not be detected by BAC-array copy number analysis. This information suggests that
even in the setting of mild inflammation, the addition of abnormal bile conjugates can
provide a substantial increase in cancer formation. The somewhat differing pathogenesis of
colonic tumorigenesis in UC patients with and without PSC could be pertinent to future
considerations of chemoprevention in these patients.

4.6 Summary
In conclusion, these findings of widespread genomic instability support that there is a
tolerated degree of genomic damage in the colons of ulcerative colitis patients, irrespective
of whether they progress to high-grade dysplasia or cancer. These DNA changes are likely
clonal in nature and have been identified consistently in samples taken along the full length
of the colon from the same patients. The defects in DNA increase in frequency and size as
the epithelium becomes increasingly more dysplastic. While BAC-measured global
measures of instability could not distinguish between UC progressors and non-progressors in
a clinically meaningful way, it is possible that a panel of selected BAC targets might be
useful as a functional neoplastic biomarker. Future work will be required to determine
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whether the use of arrays with greater resolution or the use of specific array targets can be
used to distinguish UC progressors from non-progressors

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Instability along the colon of UC progressor patients
Shown are whole genome plots illustrating the copy number instability in biopsies sampled
taken along the colons of ten UC progressor patients (A–J). Left, maps of the respective
colons showing relative spatial locations and histological diagnoses. Blue, negative for
dysplasia; green, indefinite for dysplasia; yellow, low grade dysplasia; pink, high grade
dysplasia; red, cancer; blank, no histological diagnosis available. Right, whole genome plots
showing normalized log2 ratios for chromosomes 1–22 and X (ordered from left to right).
Roman numerals correspond to the biopsy position on the respective colon maps. The
horizontal line indicates log2 ratio of zero, or normal copy number of 2. Spots above the line
indicate BACs with copy number gain; spots below the line indicate BACs with copy
number loss.
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Figure 2. BAC alterations affected by distance to dysplasia but not distance to rectum
Shown are scatterplots of number of BACs with copy number gain or loss as detected by
wavelet. A, Alterations plotted as a function of distance to dysplasia (cm). B, Alterations
plotted relative to distance to rectum (cm). Negative for dysplasia, open blue triangles;
dysplasia, open red squares. This data suggests that a single non-dysplastic biopsy from the
rectum could detect genomic instability.
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Figure 3. The number and max size of copy number alterations increases with UC progression
A & C, The number of regions of copy number gain (A) and loss (C) increase with UC
disease progression. Shown is the average number of regions of copy gain +/− SEM for non-
UC, UC non-progressors, UC progressors at sites negative for dysplasia (located > 10 cm or
< 10 cm from a site of dysplasia) and UC progressors at dysplastic sites. Asterisks indicate
significant difference for comparisons to UC NP using Mann Whitney * p<0.05; ** p-value
<0.01. B & D, The maximum size of regions of copy number gain (B) or loss (D) increase
with UC disease progression. Shown is the maximum size (Mb) of regions of copy gain +/−
SEM for non-UC, UC non-progressors, UC progressors at sites negative for dysplasia
(located > 10 cm or < 10 cm from a site of dysplasia) and UC progressors at dysplastic sites.
Asterisks indicate significant difference for comparisons to UC NP using Mann Whitney *
p<0.05; ** p-value <0.01.
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Figure 4. MAD (median absolute deviation) values of global genomic instability increase with
neoplastic progression
Shown are boxplots of the MAD values for the BAC arrays. The lines indicate the median
values and the boxes denote the 75% and 25% for the arrays within each group. The error
bars indicate the 90% and 10% for the arrays within each group. The MAD values for
genomic instability sufficiently overlap between UC non-progressors (UC-NP) and UC
progressors (UC-P), prevent the use of this measure as a clinically meaningful biomarker of
neoplasia.
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