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Abstract

Colon cancer is the second most lethal cancer. It is predicted to claim 50,310 lives in 2014.
Chromosome Instability (CIN) is observed in 80-90% of colon cancers, and is thought to
contribute to colon cancer progression and recurrence. However, there are no animal models of
CIN that have been validated for studies of colon cancer development or drug testing. In this study,
we sought to validate a mitotic error-induced CIN model mouse, the Shugoshinl (Sgol)
haploinsufficient mouse, as a colon cancer study model. Wild-type and Sgo1~* mice were treated
with the colonic carcinogen, azoxymethane (AOM). We tracked colon tumor development 12, 24,
and 36 weeks after treatment to assess progression of colon tumorigenesis. Initially, more
precancerous lesions, Aberrant Crypt Foci (ACF), developed in Sgo1~* mice. However, the ACF
did not develop straightforwardly into larger tumors. At the 36-week endpoint, the number of
gross tumors in Sgo1~* mice was no different from that in wild-type controls. However, Copy
Number Variation (CNV) analysis indicated that fully developed colon tumor in Sgo1~* mice
carried 13.75 times more CNV. Immunohistological analyses indicated that Sgo1~"* mice
differentially expressed IL-6, Bcl2, and p16'NK4A We propose that formation of ACF in Sgo1~/*
mice is facilitated by the IL6-STAT3-SOCS3 oncogenic pathway and by the Bcl2-anti-apoptotic
pathway, yet further development of the ACF to tumors is inhibited by the p16/NK4A tumor
suppressor pathway. Manipulating these pathways would be beneficial for inhibiting development
of colon cancer with CIN.
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Introduction

Colorectal cancer is the second most lethal cancer in the U.S. The American Cancer Society
predicts 50,310 deaths from colorectal cancer in 2014 (1). Various factors, including age,
environmental factors, smoking habits, diet, and genetic predispositions such as a mutation
in tumor suppressor Adenomatous Polyposis Coli (apc), play major roles in colorectal
cancer development. Increased Chromosome Instability (CIN) is a prevailing biological trait
of colon cancer. Eighty to ninety percent of human colon cancer is associated with high CIN,
which far exceeds the Microsatellite Instability (MIN) observed in approximately 15% (2).

Studies demonstrated that CIN plays a critical role in cancer progression and, perhaps, in
initiation (3-5). High CIN may also increase the rate of relapse, leading to poor prognosis
(6). Tumor mass-sequencing revealed that human colon cancers have several sets of
frequently mutated genes and corresponding pathways, including PI3K, KRAS, APC, TP53,
FBXW?7, and chromosome cohesion (7-9). /n vitro manipulation of these genes results in
elevated CIN (10-15), suggesting that the normal functions of these genes include prevention
of CIN (16). Once the high CIN condition is introduced, accelerated chromosome loss
leading to loss of heterozygosity (LOH) of tumor suppressors can occur. Also chromosome
gain and oncogene activation contributing to tumorigenesis can occur, although detailed
entire genome analysis studies are rare (17). Since goc mutation is an early event in human
colonic carcinogenesis (18), CIN begins early in carcinogenesis. With additional mutations,
the degree of CIN increases, accelerating further mutations. With feedback-type effects, CIN
is a critical phenotype that must be addressed as anti-cancer measures are developed (16).

The current development of colon cancer drugs depends on a set of animal models that each
have a specific focus, including: (i) wild-type animals treated with a chemical carcinogen
(e.g., AOM), (ii) wild-type animals treated with a chemical carcinogen and inflammatory
reagent (e.g., DSS; AOM-DSS colitis model), (iii) transgenic apc™™* mice that mimic
prevailing mutations in gpc, and (iv) transgenic Msh2 and Msh3 mice that represent
mutations causing MIN (19-20). Each animal model, an essential bridge to human trials,
reflects a specific aspect of carcinogenesis. Thus, the usefulness of each animal model is
limited within the scope of the particular model. For this reason, we need a new animal
model that characterizes previously under-represented aspects of colonic carcinogenesis.
Once such a model is validated and introduced to the drug assessment system, it will help
researchers to identify effective treatments for human populations that have thus far been
non-responsive to existing drugs, due to differences in the molecular causes of their cancers.

In recent years, researchers have developed new transgenic mouse models targeting mitotic
processes, such as the mitotic spindle checkpoint (21). These models have received
recognition as excellent study models for certain cancers, with well-defined defects in
biological processes (22-25). As a part of these efforts, Shugoshin 1 (Sgo1) haploinsufficient
model mice were established (26-29). Evidence suggests that Sgol and the chromosome
cohesion pathway is involved in colon cancer (9, 29, 30).

Sgol is a centromeric protein, protecting chromosome-tethering cohesin proteins from
premature degradation during mitosis, thus maintaining mitotic chromosome cohesion
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(26-31). Reduced amounts of Sgol result in chromosome cohesion defects and elevated CIN
(15, 28, 29). Studies by us and others showed that Sgo1l affects centrosomal function, and
that the defect leading to multipolar cell division leads to CIN (29, 31).

In the present study, building upon our previous work that showed the rapid development of
colon lesions and micro-tumors (29), we sought to validate Sgo1~* haploinsufficient mice
as a new model for colon cancers that are aggravated by high CIN. Unexpectedly, early
colonic lesions and microadenomas in Sgo1~/* did not develop into larger tumors in a
straightforward manner. However, we observed that a tumor in Sgol animals had 13.75
times more CNV than a tumor in control animals. We identified antagonizing oncogenic and
tumor-suppressing pathways that are differentially expressed in Sgo1~"* mice and may be
responsible for the different dynamics in colon cancer development.

Materials and Methods

Animals and AOM treatments

Sgol1~"* mice were generated and maintained in the OUHSC Biomedical Research Center
rodent barrier facility (26, 29). We bred forty-five female wild-type mice and forty-five
female Sgo1™* mice. All mice were generated with the low-cancer-susceptible C57BL/6
background. Standard diet (Purina) was fed throughout the experiment. On the 7th week
after birth, the mice were grouped. Beginning in the 8th week, all mice were
intraperitoneally injected with 4 mg/kg AOM diluted in 0.9% saline, twice a week for four
weeks (8 administrations in total). We euthanized 15 wild-type mice and 15 Sgo1™* mice
using CO, asphyxiation at three different time points: the 12th, 241, and 36th weeks after
completion of AOM treatment. At each end point, we performed necropsies with gross
examinations for tumors and any abnormalities. From 7 mice from each group, we collected
normal-looking colonic mucosal tissue by scraping. Visible tumors were collected
separately. The scraped colonic mucosal tissues and tumors were snap-frozen in liquid
nitrogen, and stored in a —80°C freezer. From 8 mice from each group, colons were cut open
longitudinally and fixed in 10% formalin for ACF and tumor counting. ACF were counted
with methylene blue staining and bright field microscopy (29). Visible tumors were recorded
and confirmed by a histopathologist after paraffin embedding. All treatments were in
compliance with protocols approved by the OUHSC institutional animal care and use
committee.

Immunohistochemistry (IHC) and immunoblots

Once the ACF counting was completed, we embedded the colons in paraffin and made
sections with a microtome (OUHSC Advanced Immunohistochemistry & Morphology Core
Facility). We used the sections for Hematoxylin/Eosin (H/E) staining and for IHC
(Histostain SP kit or SuperPicture 3rd Gen IHC kit, Invitrogen). The following primary
antibodies were used at 1.0 pg/ml: anti-p16!'NK4A (Lifespan Biosciences, LS-B1347), anti-
p53 (Santa Cruz Biotechnology, SC-6243), anti-Bax (biorbyt, orb4655), anti-Bcl2 (Santa
Cruz Biotechnology, SC-492), anti-BclxI (biorbyt, orb10175), anti-COX2 (Thermo
Scientific, PA5-16817), anti-IL6 (Abcam, ab6672), anti-PCNA (biorbyt, orb11248), anti-
phospho-H2AX (y-H2AX, Novus Biologicals, Catalog No. NBP-1-19931), and anti-Sgol
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(SGOLZ1; Proteintech, 16977-1-AP). IHC images were captured with a microscope with a
CCD camera (Olympus) from at least seven mice for each strain. These
immunohistochemical stains were graded on a semi-quantitative seven-point scale according
to the prevalence and intensity of stain in the cells of overall normal-looking part of colon
tissues: 1: no staining (0%), 2: weak stain in 1-5%, 3: weak stain in 5-20%, alternatively
moderate/strong stain in 5-10%, 4: weak stain in 20-60%, alternatively, moderate/strong
stain in 10-35%, 5: weak stain in >60%, alternatively moderate/strong stain in 35-50%, 6:
moderate/strong stain in 50-75%, 7: strong stain in >75%.

Standard immunoblotting procedures were followed as previously described (32). Colonic
mucosal tissues were extracted in extraction buffer with homogenizer, then boiled with SDS
loading buffer for 5 minutes. Protein concentration was quantified using protein assay dye
reagent (Biorad) and equalized. Immune complexes were detected with appropriate
secondary antibodies conjugated with horseradish peroxidase (Sigma) and with
chemiluminescence reagents (Thermo Scientific)

Data were expressed as means + SD, or as variances. The differences between groups were
analyzed using Student's t-test with Graphpad Prism5 software.

Copy Number Variation (CNV) analysis

All samples were collected at endpoint 3 (361 week). Pooled normal-looking mucosal
tissues from wild-type (/7=6) and Sgol (/#=6) animals, and colon tumors from wild-type
(m=1) and Sgol (r=1) animals (both groups developed only one 3mm-+ size tumor usable for
CNV) were sent to Miltenyi Biotec (Auburn, CA) for genomic DNA extraction followed by
array-based Comparative Genomic Hybridization for CNV analysis (4x180k). Detailed data
were uploaded as supplemental data.

Next Generation Sequencing (NGS)

Results

We isolated messenger RNA from normal-looking mucosal tissues collected from wild-type
(r7=6) and Sgo1 (/=6) animals at endpoint 2 (24" week) using a Totally RNA kit (Ambion)
followed by a PolyA purist mMRNA purification kit (Ambion). The resulting 12 samples were
sent to the OUHSC Laboratory for Molecular Biology and Cytometry Research core facility
(Microgen) for NGS. The NGS readouts were uploaded to Geospiza company server and
analyzed with Genesifter software. Mapped reads were used for equalization. Statistical
significance was evaluated with Student's t-test.

The primary objective of this study was to validate the role of Sgol haploinsufficiency as a
CIN model of colon cancer. Colon cancer model mice should meet two criteria: (i) show
increased rates of colonic Aberrant Crypt Foci (ACF), adenoma, and/or adenocarcinoma,
and (ii) show progression from ACF to adenoma/adenocarcinoma over a reasonable length
of time for laboratory experiments (e.g., 36-48 weeks). In a previous study with an endpoint
12 weeks after completion of AOM treatments, we observed that the Sgo1~* mice met the
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first criterion (29), and anticipated that the ACF would grow to tumors in Sgo1™* mice. In
the current project, we extended the time course of the analysis and tested whether the
animals met the second criterion (Fig 1A). We observed that the average body weights were
comparable between the control and Sgo1~* mice throughout the experiment (Fig 1B).
Unexpectedly, there was no significant difference in the numbers of gross tumors in the
control and Sgo1~"* mice (Table 1; colonic tumor counts). The results obtained at the 24th
and 36th weeks after the completion of AOM treatments did not support our prediction that
Sgol1~* mice would develop more tumors than the control animals.

To investigate the reason, we first counted ACF and micro-tumors (adenomas) to monitor the
dynamics of colon tumor development in Sgo1~* and control mice. At the first endpoint (12
weeks), we observed more ACF and micro-tumors in Sgo1~* mice, consistent with the
previous results (29; Fig 2A). At the second endpoint (24 weeks; Fig 2B), we observed
fewer total ACF in Sgo1~* mice than in controls (p<0.05), suggesting a rapid regression of
the ACF observed earlier in Sgo1~/* mice. At the third endpoint (36 weeks; Fig 2C), most
ACEFs had regressed in both strains, and we observed comparable numbers of micro and
larger colon tumors in Sgo1~* mice and controls. Overall, the rapid development of ACF
and micro tumors in Sgol~/* mice at the early endpoint (12 weeks) did not translate into an
increase in the development of larger or additional colon tumors.

To explain the differential development of ACF and colon tumors between Sgo1™* CIN
mice and the controls, and to answer why the development of ACFs did not translate to
tumor development, we hypothesized that Sgo1~* mice differentially express a set of genes
that influence oncogenic or tumor-suppressing processes. To test the hypothesis, we
performed immunohistochemistry experiments for following ten marker proteins:
proliferation and growth (PCNA), cancer (p53), inflammation (COX-2, IL-6), DNA damage
(phospho-HistoneH2AX), cell death (Bcl2, Bel-xl, Bax), and senescence (p16/NK4A,
p21WAFL) in normal-looking and cancerous tissues in Sgo1~* and wild-type mice. The IHC
signal was graded in a seven point-scale (see Materials and Methods). More than 1 average
scale difference was judged as differentially expressed (/7=6~8; Figure 3, asterisk).

During the early stages (12 weeks) when Sgo1~"* mice showed quick development of ACF,
we observed an increase in cytokine IL-6 and apoptosis regulator Bcl2, as documented in
our previous study (29). We considered them to be candidate factors for the accelerated
lesion formation. At the midpoint (24 weeks) when Sgo1~* mice showed an unexpected
reduction in ACF development, we observed a notable difference in the IHC signals in three
markers: IL-6, Bcl2, and tumor suppressor p16!/NK4A At the late stage (36 weeks), we
observed a difference in Bcl2, BeIxL, Bax, 1L-6, and p21WAFL another tumor suppressor.

We questioned whether the expression difference correlated with the development of lesions
and tumors. For this purpose, we focused on endpoint 2 (24 weeks), when ACF reduction
was most notable. IL-6 expression was generally low in normal-looking mucosa in both
Sgol1~* and control animals, but higher in lesions in Sgo1~"* animals (Fig 4A). In contrast,
Bcl2 expression was higher in normal-looking parts of colons in Sgo1~* than in controls. As
lesions developed, Bcl2 expression increased (Fig 4B). p16'NK4A s a bona-fide tumor
suppressor, and p16/NK4A expression was low in wild-type mice, but higher in Sgo1~* mice,
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both in normal-looking colons and in lesions. Thus the tumor suppression in Sgo1~* mice
model can be explained through the p16 behavior at least in part (Fig 4C).

Immunoblots from endpoint 2 (Fig 4D) supported the IHC results, showing activation of the
IL-6-STAT3-SOCS3 pathway, and increases in Bcl2, Bax, and p16 'NK4A However, NGS
results indicated that the messenger RNA levels were not significantly changed (Fig 4E),
suggesting that the protein accumulations may be mediated post-transcriptionally rather than
transcriptionally.

At endpoint 3, we observed limited numbers of gross colon tumors in both wild-type and
Sgol mice (Table 1), and questioned the impact of Sgol haploinsufficiency on the tumors in
Sgol. CIN was theorized to increase DNA damage, whole chromosome loss and gain, and
Copy Number Variation (CNV), although the theory has not been fully substantiated. Using
the tumors and normal-looking colonic mucosal tissues, we performed CNV analysis with
comparative genomic hybridization (Miltenyi Biotec; Fig 5). When compared with normal-
looking mucosa in wild-type animals, the tumor in wild-type animal had 12 CNV (Fig 5A).
However, when normal-looking mucosa in Sgol animals was compared with the tumor in
Sgol animal, the tumor in Sgol had 165 CNV (Fig 5B). Thus, the tumor CNV was 13.75
times higher in Sgol mice than in wild-type mice. This is a clear demonstration that tumors
with Sgol haploinsufficiency can develop high CNV, as theorized. The comparison between
tumors in wild-type and in Sgol mice indicated 40 CNV (Fig 5C), demonstrating that the
tumor in Sgol mice had additional genomic alterations compared with the tumors in wild-
type mice.

Almost all CNV in the Sgol tumor were amplification/gain (163 among 165; Fig 5B),
indicating a strong preference for genomic gain and bias against loss in this particular
model. Some genes with CNV have been shown to be involved in or associated with
carcinogenesis in the Gl tract, including amplifications of proto-oncogene Src (Src; 33),
Mitogen-Activated Protein Kinase Kinase 2 (Map2k2; 34), and cyclinD2 (Ccnd2; 35)
(Supplemental data). Amplification in these genes may have directly or indirectly
contributed to tumorigenesis in Sgo1~/* mice.

Discussion

In our previous study (29), the results of which were confirmed in this study, we observed
increased ACF and micro tumors 12 weeks after AOM treatments in Sgo1~* CIN model
mice. We anticipated that the increase would translate into enhanced colonic tumor
progression over time. However, to our surprise, numbers of colonic tumors were
comparable between Sgo1~* and control animals, indicating that ACF did not
straightforwardly develop into tumors in the Sgol1~"* mice.

We also found an increase in IL-6 and Bcl2 in our previous work, and suggested that these
increases might contribute to rapid development of ACF and tumors. We also observed IL-6
and Bcl2 increases at later endpoints in the present study, suggesting that increased IL-6 and
Bcl2 are consistent characteristics of the colonic tissues of Sgo1™* mice, and may possibly
be drivers for carcinogenesis.
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Activation of the IL-6-STAT3-SOCS3 pathway can facilitate development of colon cancer.
IL-6 is a reliable serum marker for colon cancer (36). IL-6 activates transcription factors,
including STAT3, via phosphorylation; in myeloma cells, constitutively activated STAT3
confers resistance to apoptosis through Bcl-xL expression (37). As compared to healthy
subjects, patients with active ulcerative colitis, who are prone to develop colon cancer, had
significantly more IL-6- and phospho-STAT3-positive epithelial cells (38). High CIN
correlates with IL-6 DNA amplification in the human colon (39).

Increased Bcl2 is also implicated in colon cancer development. Increased Bcl2 generally
inhibits apoptosis and aids survival of cells via interference with the Bcl2-Bax-mitochondrial
cell death pathway. Bax (Bcl2 associated X protein) was upregulated and Bcl-2 was
downregulated after selenium treatment for colon cancer cell lines, suggesting that decreased
Bcl2 aids selenium-mediated chemoprevention of colon cancer (40). A major colon cancer
signaling component, beta-catenin, induced c-Myc, E2F1, and Bcl-2 as its downstream
target in rats (41).

How does Sgol haploinsufficiency, or an increase of CIN, lead to increased expressions of
IL-6 and Bcl2? A possible link is DNA damage in high CIN tissue. CIN is known to
increase cellular DNA damage (42, 43). In human primary monocytes, IL-6 production is
increased with DNA damage (44). The hypothesis that DNA damage is an inducer of IL-6 in
colonic mucosal tissue under high CIN conditions is untested. Perhaps due to the limited
number of CIN-influenced mitotic cells in the tissue, straightforward IHC and immunoblots
did not show a notable increase in DNA damage markers (Fig 3 IHC for yH2AX; blots not
shown). Thus, better tracking systems may be needed. Alternatively, colonic cells with CIN
may acquire the ability to induce IL-6 expression in surrounding fibroblasts, as colon cancer
cells can (45).

Another question is why Sgo1~"* mice did not promote ACFs’ progression to colonic tumors
at later stages than wild-type controls. We identified a candidate pathway: senescence
mediated by p16!NK4A p16!NK4A js 5 major tumor suppressor for colon tumors. p16 is
frequently mutated or epigenetically silenced in colon cancer (46, 47). Consistent with the
idea that CIN induces senescence, mice with a hypomorphic allele of BubR1, a spindle
checkpoint component defect which also leads to CIN, show premature aging that is at least
partly dependent on p16/NK4A (48, 49). Thus, the tumorigenic effects of CIN could be
actively counteracted by senescent proteins /n vivo.

Overall, Sgo1~* lesions may develop rapidly with activation of the IL-6 pathway. In
addition, normal-looking tissues in Sgo1~* animals may have activated an anti-apoptotic
pathway, and may be resistant to apoptosis-based tumor suppression. These may contribute
to rapid development of early lesions. However, the p16'NK4A_dependent tumor suppressing
pathway is also activated in Sgo1~/* tissues, both in normal-looking parts of colons and in
lesions. This would explain the lack of further development of lesions into later stage tumors
in Sgo1~"* mice. CIN and resulting aneuploidy acts both oncogenically and as a tumor
suppressor in an organ-specific manner (22-25, 50). Our study adds further explanation to
the phenomenon.
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At the late stage (36 weeks), we observed a limited number of colon tumors. To characterize
the developed tumors, we performed CNV analysis and observed a difference in CNV at a
greater than 10 times magnitude in analyzed tumors (Fig 5). This result was striking,
although the sample numbers obtained in this experiment were not large enough to
statistically conclude that there is a heavier CNV burden in Sgol tumors. CNV analysis with
larger tumor sample sets is warranted to further determine the effect of CIN on CNV and
tumor development, and possibly identify frequent CNV sites that are specific to tumors
with Sgol defects.

In this study, we attempted to validate Sgo1~* CIN mice as a novel colon tumor study
model, and unexpectedly showed the complexity of CIN involvement in colonic
carcinogenesis. Our results suggest that CIN can alter protein expressions in tissues, which
may lead to differential dynamics of colon cancer development. With further study, this
differential protein expression may be exploited for selective eradication of CIN cells, or
modulation of the development of colon cancer with high CIN for therapeutic and/or
chemoprevention purposes such as through IL-6 inhibitor.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1. Experimental scheme
(A) Samples were collected at three endpoints (12 weeks, 24 weeks, and 36 weeks post

AOM treatments). For gross tumor formation, see Table 1. Only limited and comparable
numbers of colon tumors developed at the endpoints. No loss of animals was observed
during the entire experiment. (B) Average body weight at each endpoint showed no
statistically significant difference. A=15 for wild-type (green) and for Sgol (red).
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Fig2. Different dynamicsin the development of colonic ACFsand tumors (microadenomas) in
wild-type and Sgol mice

(A) At endpoint 1 (12 weeks), the total ACF number per animal was significantly higher in
Sgol mice, indicating rapid development of lesions in Sgol. (B) At endpoint 2 (24 weeks),
wild-type mice kept developing ACF, yet further development of ACF in Sgol mice was not
observed. The total ACF number per animal was significantly less in Sgo1 mice. Numbers of
microscopic tumors (microadenomas) showed no difference (ns: non-significant). (C) At
endpoint 3 (36 weeks), most ACF regressed in both strains.
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Fig3. Differentially expressed proteinsin Sgol colon
Paraffin-embedded colon sections were stained with the indicated antibody. Samples from

wild-type mice are indicated in green, Sgol mice in red. IHC signals were graded in 7
grades (See Materials and Methods) for indicated markers. Asterisk (blue) indicates more
than 1 grade scale difference in expression. (A) 12 weeks endpoint. IL-6 was expressed
notably higher in Sgol mice. (B) 24 weeks endpoint. p16, Bcl2, and IL-6 were notably
higher in Sgol mice. (C) 36 weeks endpoint. Bcl2, BclxL, Bax, IL-6, and p21 were notably
higher in Sgo1 mice.
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Fig 4. Different patternsof IL-6, Bcl2, and p16'NK4A protein localization in wild-type and Sgol
mice

(A) 1L-6 expression was generally low in normal-looking mucosa in Sgo1~* and wild-type
controls. Lesions in wild-type mice sporadically showed IL-6-positive cells. The signals
were prominent in lesions in Sgo1~*. (B) Bcl2 expression was higher in normal-looking
parts of colons in Sgo1~* mice than in wild-type mice. As lesions developed, Bcl2
expression increased in both Sgo1~* and wild-type mice. (C) p16'NK4A expression was low
in wild-type mice, but higher in Sgo1~"* mice, in both normal-looking colons and in lesions.
[(A)-(C): all ACF/lesions were confirmed by a histopathologist]. (D) Immunoblots for the
markers; IL6/STAT3/SOCS3 pathway (IL6, IL6 receptor (IL6R), phosphor-STAT3, SOCS3),
apoptosis pathway (Bcl2, Bax), tumor suppressor pathway (p53, p21, p16'NK4A) Samples
from Sgol (lanes 7-12) tend to show an increase in marker protein expression compared
with samples from wild type (lanes 1-6), in agreement with IHC results. (E) The differences
in protein amount may not be due to transcriptional upregulation. NGS readouts (left bar:
wild type; right bar: Sgol) did not show significant up-regulation in mRNA level for
indicated markers. Beta-actin and pgkl (Phosphoglycerate kinase 1) are commonly used for
gPCR controls. The readouts are shown as NGS quantification controls. ns: non-significant.
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Fig 5. Tumorsin Sgol mice had higher CNV than tumorsin wild-type mice
(A) Normal-looking mucosal tissues vs tumors [wild-type]. 12 CNV were identified in the

tumor. Red: amplification. Green: loss. (B) Normal-looking mucosal tissues vs tumors
[Sgol]. 165 CNV were identified in the tumor. (C) Wild-type tumors vs Sgol tumors. 40
CNV were identified. The CNV analysis was array/hybridization-based, and would detect
regional loss/gain in chromosomes as well as whole chromosome loss/gain if happened in a
majority of the tumor cells. However, it should be noted that polyploidization (e.g.
tertaploidization) may not be detected well in this method. Since we used female mice for
the experiments, no Y chromosome probes appeared positive in this analysis.
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Fig 6. Modél for differential dynamicsin lesion/tumor development with Sgol defects
Current hypothetical model for how Sgol defect-mediated CIN leads to differential

dynamics in colon lesion and tumor development. CIN leads to a high mutation rate and
DNA damage, resulting in aneuploidy and/or DNA damage (16, 42, 43). As a result, the
DNA damage checkpoint is activated and senescence is induced. The senescence serves to
inhibit lesion/tumor growth. On the other hand, DNA damage leads to activation of I1L-6
pathway. In addition, the Bcl2/Bax/BclxL-mediated cell death pathway is affected and a
resistance to cell death is acquired. These two events drive initial lesion and tumor
formation. The differential dynamics in the high CIN condition are a result of these
antagonizing pathways. Formation process of tumors with high CIN may be modulated by
interventions in these pathways.
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