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Summary:

The interphase nucleus of a cell is organized into non-random, cell-type specilic
chromosome territories (CTs). In lymphocytes, a gene-density correlated radial arrangement has
been identified, with gene-dense CTs located more in the nuclear interior and gene-poor CTs
located towards Lhe periphery. However, other [actors such as chromosome size, transcription
and interactions of the nuclear membrane and maltrix are also involved in the [1nal arrangement ol
CTs within a nucleus. In this project, the CTs ol chromosome 11 and X were studied in five
different cell lypes of mouse B cell lineage: diploid preB cells, primary B cells of
[T38HXBALB/C]N wild-type mice, primary B cells of [T38HxBALB/c]N with repT(X;11) mice,
primary B cells of BALB/c mice and a Wehi 231 mouse B lymphoma line. These two
chromosomes have not been studied before in the mouse. 3D FISH experiments that labeled the
CTs of chromosome 11 and X with chromosome-specific paints were carried out [or each cell
type. The karyotype regarding these two chromoscmes and specilicity ol the chromosome paints
was [irst confirmed through 2D FISH experiments. The radial distance [rom the centre of each
CT to the centre of the nucleus was measured using AxioVision 4.8 software. The resulis show a
non-random, statistically significant and cell-type specilic nuclear distribution of these two
chromosomes. Altered nuclear positions of translocation chromasomes in normal healthy mice
and as a resull of tumorigenesis were observed in the primary B cells ol [T38HXBALB/c]N with
repT(X;11) mice and in the Wehi 231 mouse B lymphoma line, respectively.
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Introduction

In the interphasc nucleus, chromosomes decondense into chromosome termitories (CTs)
that occupy distinct volume regions." CT position is established early in G1 and is stable
throughout interphase.” Large-scale movements of CTs relative to each other arc rare until
mitosis’, with most undergoing limited diffusion during interphase. CTs have preferred
neighbors that are cell-type specific.” It is now known that decoding chromatin does not explain
everything, bul rather epigenomes in multi-cellular organisms also depend on higher-order
chromalin organization and nuclear architecture.® At this time, the ultrastructure of CTs is not
fully understood. ~1Mbp chromatin domains are known to be the basic structural unit of CTs.”
These domains are thought to be built [rom small-scale chromatin loops of ~1000kpb. Many
~1Mbp arc joined to form clumps of chromatin. CTs are composed ol the higher-order folding of
these chromatin clumps. The compactness ol the CT can vary based on its [unction. For
example, the Barr body inactive X chromosome is more compact than the active X chromosome.”
CTs exist for physical reasons as highly crowded, long polymer molecules maximize entropy by
forming intramolecular territories and limiting intermingling.” CTs have been visually proven for
decades and recently computer modeling support has been generated.'

Different models have been proposed to explain CT architecture. The [irst, the
Interchromosomal Domain (ICD) model, was hypothesized by Zirbel in 1993.'"" He slated the
ICD was a space mainly around CTs with little penetrance into their interior. Genes were said to
be transcribed in the decondensed region of chromatin at the CT periphery and RNA transcripts
were released into the ICD. However this model [ell out of favor as genes were [ound to be
transcribed both inside and on the outside of a CT." " This finding led to the proposal of the CT
Interchromatin Compartment model.”** This model stated that CTs are spatially associated with a
second contiguous 3D spatial network, the interchromatin compartment (IC). The IC begins at
nuclear pores and expands as channels between higher-order chromatin. The IC is DNA free and
harbors splicing speckles and nuclear bodies. A thin layer of decondensed chromatin, the
perichromatin region, separates the IC from condensed chromatin. The perichromatin region is
the major area {or transcription, splicing, DNA replication and repair.”” Although the CTIC
model is the most widely accepled a couple others are also proposed. The Interchromatin
Network model'® states (hat chromatin fibers and loops intermingle in a uniform way in the
interior of individual CT and between neighboring CT. This intermingling makes the distinction
of interior and periphery of CTs meaningless. The Giant-loop model'™" states that giant loops of
chromatin can reach from on CT and expand across nuclear space to carry genes to remote sites
for co-regulation or repression. However, this model argues for no DNA [ree space, which has
been proven Lo be present by electron microscopy. ™"’

CTs are studied through microscopic and non-microscopic methods.  Microscopy is
needed to see chromatin structure. This is mainly done through (luorescence 2 sifn hybridization
(FISH) techniques that can measure mean spatial distance between two loct.  Traditional
problems with FISH have been resolution limitations; however, this 1s being solved with the
invention of new ultra-high resolution microscopes.”* Non-microscopic methads are needed (o
determine the exact interacting sequences of CTs. The main method for this type of study 1s
chromosome conformation capture (3C) that can determine the probabilily of conlacl belween
two loci that are a ‘X" distance apart." The limitation of 3C is that the area of interest has lo be
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known; recenlly the invention of Hi-C* avoids this issue because it can identify long-range
interactions for the whole genome. Because Hi-C relies on the successlul ligation of only
spatially adjacent chromalin segments, over-interpretation ol interacting sequences can occur il
ligation between non-adjacent segments; therefore comparison of Hi-C results with other data is
important to avoid this problem.

The arrangement of CTs is a lopic of great debate. There have been many theorics
proposed about why CTs are [ound in a non-random region of an interphase nucleus and why
CTs have non-random neighbors; however, it is importantl 0 remember that although there are
many theortes about how the CT's are arranged and interact, most groups agree that more than one
factor contributes to the final arrangement. There has been much study into how CT gene-
density and size affects its interphase position. It has been shown mulliple times that a non-
random gene-density correlated radial arrangement is found in human lymphocytes™*! and that a
non-random chromosome size correlated radial arrangement is found in cllipsoid fibroblasts.™
However, in libroblasts a gene-densily pattern was found at the sub-chromosome level with Alu
(genc dense) sequence-rich chromatin in the nuclear interior.” Human lymphocyte chromosomes
18 and 19 are of simiar size but dissimilar gene content; chromosome 18 is gene-poor and [ound
at the nuclear periphery whereas chromosome 19 is gene-rich and lound in the nuclear interior.
Bladder cells were discovered to have a weak linear relationship for gene-density and size
correlated radial arrangements but the ratio of density:size showed a very strong correlation®”;
this study demonstrates that both gene-density and size of CTs many have a significant role in CT
arrangement. Evolutionary studies have also demonstraled the importance and conservation of a
radial CT arrangement.” Lymphoblastoid cells from human, orangutan and gibbon showed an
evolutionary conserved gene-densily related arrangement ol homologous sequences.  Although
there was no conserved size-related radial pattern in fibroblasts, when cells with similar-sized
chromosomes were examined ({from Woll’s guenon), a gene-density radial relationship was
observed; thereforc it was proposed that geometrical conslraints account {or differences in radial
distiibution.

Transcription is also thought to be an important factor in CT amrangement.
Transciptionally active alleles are usually found on the edge ol a CT or outside of it altogether,
whereas inactive alleles are found embedded inside the CT.* Gene-rich loops coniaining
sections ol the major histocompatibility complex on human chromosome six have been {ound to
extend out of their CT at a greater frequency when their transeription is increased.™ In the past,
the nuclear periphery has been thought to be an area of transcriptional repression as this is where
constitutive heterochromatin is usuvally found. In contrast, early replicating transcriptionally
active cuchromatin is usually found in the nuclear interior. However, experiments which
identified nascent RNA production, found transcription to occur through the nucleus.™ In mice,
the interferon ¥ locus is found at the nuclear periphery whether or not it is transcriptionally active.
Artificially tethering chromalin regions in mammalian cells to the membrane only down-
regulated specific genes (cxcl] and cxcl5).7**  Also, nuclear pore complexes are emerging as a
region of increased transcription.** Certain genes arc repositioned to the nuclear interior [rom the
periphery during transcriptional aclivalion.*?** Others move (o the interior with increased
expression and to the periphery with repression.™ One study tried to reposition the Mashl
locus to the interior from the periphery but this did not initiate transcription.™ Another study
attempted to upregulate gene expression by looping out a gene [rom its CT but it was not
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successlul.” It is hypothesized that the nuclear interior may be more imporlant in acquiring a
high transcriptional rale rather than iniliating the event itsell.™ Transcription occurs in
transcription [actories that are altached to the nucleoskeleton throughout the nucleus.” It has
been found that the genes Myc and Jgh co-transcribe in a single transcriplion [actory in mouse
lymphocytes; this is imporlant as these two genes are oflen involved in Lranslocation evenls in
lymphoma.® It is possible that [unctionally related genes may meel to be co-transcribed;
thercfore, gene position in the nucleus (and in turn CT position) may be influenced by
transcription factory location. Most likely whether genes are positioned near their transcriplion
factory or whether they need to migrate out of the CT (o reach their transcription [actory 1s
dependent on cell-type and locus-specific factors. The nuclear matrix also plays an important
role in organizing and binding chromatin through binding proteins such as lamins and
telomeres.* It has been hypothesized that disruption of the matrix can alter both chromosome
and chromatin organization,™

Many groups believe the non-randomness of a DNA 1nteraction between two [ragments is
not only due to the genomic proximity between them bul must also be due Lo specific DNA
binding factors. Hi-C combined with ChIP experiments have been used lo identify these
factors.™ CCCTC-binding factor is a highly conserved protein and has a significant role in
organizing long DNA loops within chromosomes at specilic loci. Repeat sequences such as
telomeres and centromeres also interact lo [orm ‘hubs’ made from different CT.* The
arrangement ol CT may also be a resull of cellular preservation or [unction. It was found that
chromosomes are non-randomly always closer to a heterologue than a homologue.” The
conservation of homologue proximity may be evolutionally important to aveid homologous
recombination (and loss of heterozygosity) and damaging both copies of a chromosome [rom a
single stress. One interesting study demonstrated that CTs reorganize during terminal
dilferentiation in rod cells of retinal tissue.™  Nocturnal animals showed an inversed
heterochromatin and euchromatin arrangement with heterochromatin in the interior of the nucleus
and euchromaln at the periphery. This was thought have come to be as an adaptation to lower
light conditions as the increased relractive index of condensed helerochromatin makes night
vision clearer when heterochromatin is in the nuclear interior.

In my project 1 examined the chromosome territory position of chromosome X and 11 in
mouse B lineage cells. To date, no previous studies have looked at these two chromosomes in
the mouse. The goal of my project was to understand the position ol thes¢ two chromosomes in
cell lines and primary mouse cells of B cell lineage. Using FISH techniques and computer
analysis, chromosome positions in dipleid preB cells, primary B cells of [T38HxBALB/c]N wild-
type mice, primary B cells ol [T38HxBALB/cIN with repT(X;11) mice, primary B cells of
BALB/c mice and a Wehi 231 mouse B lymphoma line were examined. [ demonsirate that
chromosome territory position is non-random and cell-type specific in different species of
lymphocytes.

Materials and Methods
The techniques of 2D and 3D {luorescent in sitn hybridization were used {o visualize

chromosomes in metaphases and the interphase nucleus, respectively. Chromosome paints [or
chromosome 11 and chromosome X were purchased [rom Applied Spectral Imaging (Vista, CA).
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Nuclei were visualized following counterstaining with 4’6”-diamidino-2-phenylindole (DAPI).
Three independent experiments were carried out for the following cell combinations; 1) diploid
preB cells; ii) primary B cells of [T38HxBALB/c]N wild-type mice™; iii) primary B cells of
[T38HXBALB/cIN with repT(X;11) mice (Wiener 2010); iv) primary B cells of BALB/c mice; v}
a Wehi 231 mouse B lymphoma line.™

Metaphases were prepared for each of the cell types according to Mai and Wiener.”
Briefly, the chromosomes underwent drop fixation using a 3:1 methanol:acetic acid solution.
Then 30ul. of the chromosome-fixative solution was dropped onto a cooled slide, heated to 38°C,
dipped into acetic acid and heated again until the slide was dry. To visualize the spreads, the
slides were stained with Giemsa (Gibco). At least 20 metaphases with non-overlapping
chromosomes were examined in three independent experiments. Our previous studies have
indicated that this number suflices [or statistical signilicance. Briefly, the slides were treated
with RNAase A, followed by a pepsin/HCI treatment; next the slides were fixed in formaldehyde,
denatured at 70°C in formamide and [inally, incubated overnight in a 37°C humidified
atmosphere with the denalured chromosome paints. 2D imaging and acquisition were performed
using DAPI filter (for nuclear DNA staining), Cy3 [ilter (for detection of chromosome 11
signals), FITC filter (for detection of chromosome X signals) and Zeiss AxioVision 4.8 software
(Carl Zeiss Canada, Toronto, ON).

Cells were 3D-fixed according to our published protocols.”**¥ Brielly, the slides were
fixed in [ormaldehyde and then incubated in glycerol {or an hour, followed by a [reeze-thaw
treatment with hquid nitrogen. After a HCl incubation, the slides were equilibrated for an hour in
formamide, followed by a denaturation in [ormamide at 70°C. Finally the slides were incubated
overnight in a 37°C humidified atmosphere with the denatured chromosome paints. 3D imaging
and acquisition were performed as similarly to the 2D procedure. 80 z-stacks at 200nm each,
with x,y: 107nm, z: 200nm werc acquired. The images were deconvolved using the constrained
iterative algorithm.™ Thirty nuclei per cell type and experiment were analyzed. OQur previous
studies have indicated that this number suffices for statistical significance.” Qualitative analysis
ol 3D chromosome positions was done first, [ollowed by quantitative analysis. The distance of
each chromosome [rom the centre of the nucleus was measured using the “Circle Out-In”
measure function in the AxioVision 4.8 software.

Resids™ ™"

Metaphase spreads for each cell type were prepared, in three independent experiments,
and subsequently underwent a FISH protocol with chromosome paints which labeled all
chromoseme 11 and X regions (see Materials and Methods). The results can be seen in Figure I
with chromosome 11 labeled in red and chromosome X in green. 103 metaphases from three
diploid preB cell passages (passage #5, 18 and 42) were imaged (greater than 20 images per
sample); as expected, every metaphase had 40 chromosomes, two each of chromosome 11 and X
(Figure ). 64 metaphases from primary B cells of three [T38HXxBALB/c]N wild-lype micc were
imaged; also as expected each spread had 40 chromosomes, two each of chromosome 11 and X
(Figure li1). 65 metaphases from primary B celis of three [T38HxBALB/c]N with repT(X;11)
mice were imaged; every spread had the expected karyotype ol 40 chromosomes with one 11, X,
large T(11:X) and small T(X;11) chromosome (Figure liii). 20 metaphases [tom primary B cells
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of one BALB/c mouse were imaged; cach spread accurately had 40 chromosomes, (wo each of
chromosome 11 and X (Figure Tiv). 25 melaphases ftom a Wehi 231 mouse B lymphoma line
were imaged; this cell line has an unstable karyotype with metaphases ranging from 37 to 41
chromosomes. Each metaphase had two normal chromosome 11s, one small chromosome 11
(probable product of a deletion) and one or two X chromosomes (Figure 1v).

Interphase nuclei for each cell type were prepared, in three independent experiments, {or
3D FISH experiments which labeled in CT position of chromosomes 11 and X (see Materials and
Methods). The results can be seen in Figure IT with chromosome 11 labeled in red and
chromosome X in green. The position of cach CT was categorized as in the centre of the nucleus,
at the periphery or in between these two positions (middle); these positions are illustrated in
Figure 1Ii. The distance from the centre of the nucleus for each CT was then measured with a
function of the AxioVision program which outlined the circular nucleus, identified its centre and
calculated the straight line distance {rom the centre to the middic of a CT. These values were
assigned to a category as [ollows: <33.4% as centre, 33.4-66.6% as middle and >66.6% as
periphery of the nucleus. Tables and graphs of these measurements are shown in Figures 111, IV
and V.

91 cells {rom three diploid preB cell passages (pussage #24, 43 and 50) were imaged (30
or more per slide). As predicted [tom the 2D metaphase FISH results, two similar sized regions
of each chromosome 11 and X were identilied (Figure ITi1). A trend was seen with regards to the
position of both chromosomes. Most were found at the periphery of the nucleus: 57.1% of
chromosome 11 and 75.8% of chromosome X. Very [ew chromosome 11 and X CTs were found
in the centre of the nucleus: only 2.2% of chromosome 11 and X. Chromosome 11 CT's showed
a peak in their radial distribution at 70% of the cell’s radius whereas the peak [or chromosome X
data was more prominent at 80% (Figure II1i}).

91 cells [rom three [T38HXxBALB/cIN wild-type mice were imaged. Similar to the 2D
metaphase FISH results, two similar sized regions ol each chromosome 11 and X were identified
(Figure Iliii). The majority ol chromosome 11 CTs, 61.0%, were {ound in the middle category ol
radial distribution. In contrast, the majority of chromosome X CTs, 68.1%, werc found at the
periphery ol the nucleus. Very few chromosome 11 and X CTs were found in the centre of the
nucleus: only 3.8% of chromosome 11 and 1.1% of X. The chromosome X CT showed a peak in
its radial distribution around 80%. However, the CTs of chromosome 11 had a broad peak from
50-70% (Figure 1Hii).

100 cells from three [T38HxBALB/c]N with rcpT(X;11) mice were imaged. The small
T(X;11) CT was visible in only 11/100 cells (Figure Iliv), which therefore had three regions
labeled with chromosome 11 paint (corresponding o one each of chromosome 11, T(X;11} and
T(11:X). In all the other cells, two regions labeled with chromosome 11 paint were identified,
the region attached to a chromosome X labeled region corresponds to the T(11;X) chromosome
(Figure IIv). The second region labeled with chromosome X paint corresponds {o the
chromosome X CT. Chromasome 11 was found in 41.0% of cells at the periphery, 50.0% in the
middle region and 9.0% in the centre. CT X was {ound in 61.0% of cells at the periphery, 30.8%
in the middle region and 1.1% in the centre. The long T(11;X) CT was [ound in 51.0% of cells at
the periphery, 43.0% in the middle region and 6.0% in the centre. The small T(X;11) CT was
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found in 81.8% of cells in centre and 18.2% in the middle region. As seen in Figure 11111, the
most [requent radial distance was approximately 80% for all CT but T(X;11) which was [ound
most {requently at about 30%.

30 primary B cells from one BALB/c mouse were imaged. As expected {rom the 2D
metaphase FISH results, two similar sized regions ol ecach chromosome 11 and X were seen
(Figure Ilvi). The majority of both chromosome 11 and X were found at the periphery, 56.7 and
58.3% respectively, with 40,0 and 35.0% found in the middle region and 3.3 and 6.7% occurring
in the centre of the nucleus. Figure lliv summarizes the CT distribution in these cells.

31 cells [rom a Wehi 231 mouse B lymphoma line were imaged. Results were similar (o
those seen [rom the 2D FISH experiments. Two similar sized chromosome 11 CT, one small
(deletion) chromosome 11 CT and one or two chromosome X CTs were identilied in the nuclet
(Figure Ilvii). The deletion chromosome 11 CT was [ound in 77.4% of cells in the middle
region, 16.1% in the centre and only 6.5% at the periphery. The majority of the nermal
chromosome 11 and chromosome X CTs were found at the peniphery (77.4 and 85%
respectively), with 22.6 and 15.0% in the middle region and none found in the centre. The radial
distance of the CT was 90% of the cell’s radius for about 40% of chromosome X CTs and 20% of
normal chromosome 11 CTs (Figure Iilv). The radial distance of the deletion 11 CT peaked
around 42% of the cell’s radius.

Statistical analysis was performed on the data for the nuclear radial positioning of the
CTs. A GLM Procedure which compared the chromosome 11 CT [or all 5 cell Lypes [ound a
significant difference between all cell Lypes for this CT (p <0.0001). The same test was also done
to compare the chromosome X CT in all 5 cell Lypes and a significant difference (p <0.0001) was
{ound.

A Least Squares Means test was done to compare every cell-cell combination [or
significant differences in their nuclear positioning of the chromosome 11 CT. The comparison of
primary B cells of BALB/c mice with all other cell types yielded the following results: a
significant dilference between primary B cells of [T38HXxBALB/cIN with repT(X;11) mice (p
=0.0027), primary B cells of [T38HxBALB/c]N wild-type mice (p =0.0016) and Wehi 231
mouse B lymphoma line cells (p =0.0004) bul no significant dilference with diploid preB cells (p
- =0.7490). A similar comparison of diploid preB cells with all ‘other cell types yielded the
following new information: a significant dilference between primary B cells ol
[T38HxBALB/cIN with repT(X;11) mice (p =0.0004), pnmary B cells of [T38HxBALB/CJN
wild-type mice (p <0.0001) and Wehi 231 mouse B lymphoma line cells (p <0.0001). The
comparison ol primary B cells ol [T38HxBALB/c|N with repT(X;11) mice with all other cell
types yielded the following new results:  a significant difference with Wehi 231 ‘mouse B
lymphoma line cells (p <0.0001) but no significant diffcrence with primary B cells of
[T38HXBALB/c]N wild-type mice and (p =0.8685). The comparison ol primary B cells of
[T38HxBALB/cIN wild-type mice with all other cell types yielded the [ollowing new [inding: a
significant difference between Wehi 231 mouse B lymphoma line cells (p <0.0001).

The results [or the Least Squares Means test which compared every cell-cell combination
[or signilicant differences in their nuclear positioning of the chromosome X CT are as [ollows.
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The comparison of primary B cells of BALB/c mice with all other cell types yielded the
lollowing results: a significant differcnce between diploid preB cells (p =0.0074) and Wehi 231
mouse B lymphoma line cells (p <0.0001) but no signilicant difference with [T38HxBALB/c]N
with repT(X;11) mice (p =0.9241) or [T38HxBALB/c]N wild-type mice (p =0.1830). A similar
comparison of diploid preB cells with all other cell types yielded the following new information:
a significant difference with primary B cells of [T38HxXBALB/cIN with repT(X;11) mice (p
=0.0021) and Wehi 231 mouse B Tymphoma line cells (p =0.0078) but no significant difference
with [T38HXBALB/CIN wild-type mice (p =0.0546). The comparison of primary B cells of
[T38HXBALB/c]N with repT(X;11) mice with all other cell types yielded the [ollowing new
results: a signilicant difference belween Wehi 231 mouse B lymphoma line cells (p <0.0001)
but no signiftcant difference with prnimary B cells of [T38HxBALB/cIN wild-type mice and (p
=0.1423). The comparison of primary B cells of [T38HxBALB/cIN wild-type mice with all other
cell types yielded the following new [inding: a signilicant difference with Wehi 231 mouse B
lymphoma line cells (p =0.0001).

A T-Test Procedure found a significant dillerence between the radial positions of the two
transfocation chromosomes in the primary B cells of [T38HXBALB/c]IN with repT(X;11) mice
(p-value <0.0001). Another T-Test Procedure found a significant difference between the normal
and deletion chromosome 11s in the Wehi 231 mouse B lymphoma line cells (p-value <0.0001).

Discussion

Although chromosome 11 and X have not been studied in mice before, their CTs were
expected to be non-random and cell-type specific like all other CTs. 1In this project, the radial
distribution of these two CTs was studied in five cell Lypes ol mouse B cell lineage: diploid preB
cells, primary B cells of [T38HxBALB/cIN wild-type mice, primary B cells of
[T38HxBALB/cIN with repT(X:;11) mice, primary B cells of BALB/c mice and a Wehi 231
mouse B lymphoma line. Chromosome 11 and X were chosen because X acls as a control to
chromosome 11 which contains the genes involved in crealing a small translocation chromosome
that helped ideniily the tumor accelerating chromosomal regions necessary [or tumorigenesis in
fast-onset plasmacylomas in mice.”

Lymphocytes are spherical cells previously found to have a gene-density related radial
- arrangement ol the CTs.@** o

chromosome X is slightly larger wilh 161.5Mbp.™ The gene density of chromosome X is 6.54
(units of exons/CDS), a density less than that ol chromosome 11 which is 8.57.” This makes
chromosome 11 the second most gene-dense chromosome and chromosome X third [rom lcast
gene-dense chromosome in the mouse genome.

Two copies of chromosome X were ound in all cell types except for about hall of the
Wehi 231 mouse B lymphoma line cells that lost one copy: however, il is common {or tumors to
lose sex chromosomes.®” The same trend in tadial distribution of chromosome X was identified
in all cell types with the great majority at the nuclear periphery, less in the middle position and
very few copies found in the centre of the cell (Figure IVi). There was a statistically significant
difference in the nuclear position ol chromosome X between all five cell types (p <0.0001).
These consistent results justify the decision to use chromosome X as a control. Also these
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findings supporl theorics that state large and gene-poor chromosomes are [ound at the nuclear
periphery. The CT of chromosome 11 was [ound to have a less peripheral radial distribution than
the CT of chromosome X, in all cell types. As a smaller, more gene-dense chromosome, these
results agrec with previous work."  Although the majority of chromosome 11 CTs were still
found in a peripheral position in diploid preB cells, primary B cells of BALB/c mice and a Wehi
231 mouse B lymphoma line cells, the majority were found in a middle position in both primary
B cells of [T38HxBALB/cIN wild-type and rcpT(X;11) mice (Figure 1VB). There was a
statistically significant difference in the nuclear position of chromosome 11 between all {ive cell
types (p <0.0001).

However, when only cell-cell combinations were compared a significant difference in
chromosome X was only seen in between some ol these cells (see Results). CT X position was
significantly different between diploid preB cells and all other cell types; the same is true for
Wehi 231 mouse B lvmphoma linc cclls. Primary cells from the two T38H mouse lypes werc not
signilicantly dilferent with each other or with primary B cells of BALB/c mice. Therefore the
chromosome X CT position was only signilicantly different between cell lines and primary cells.
Statistical analysis of CT 11 revealed only two cell-cell combinations that were not significantly
diflerent: between primary B cells of BALB/c mice and diploid preB lymphocytes and between
primary B cells of [T38HxBALB/c]N wild-type and repT(X;11) mice.

Primary B cells of [T38HxBALB/cIN wild-type and repT(Xi11) mice show a very
similar distribution of their chromosome 11 and X CTs even though two translocalion
chromosomes are also present in the TepT(X;11) mice. In the category order of periphery, middle
and centre radial distribution, the values for CTs are as follows: [or chromosome 11 in the wild-
type mousc - 35.2, 61.0 and 3.8%; for chromosome 11 in the translocation mouse — 41.0, 50.0
and 9.0%: for chromosome X in the wild-type mouse — 68.1, 30.8 and 1.1%; for chromosome X
in the translocation mouse - 61.0, 37.0 and 2.0%. The long T(11;X) translocation chromosome 18
also found more often at the periphery than any other radial position: 51.0% versus 43.0% in the
middle and 6.0% in the cenlre calegorics. However, the small T(X:11) translocation
chromosome is found in 81.8% ol cells in the nuclear interior, with 18.2% in the middle position
and none found at the periphery. An explanation for this {inding could be that the genes found on
this chromosome require a higher rate of transcription. Therefore it could have moved from the
more peripheral position of the other translocation chromosome (T(11;X) and the normal 11 and
X CTs, towards the nuclear interior - an arca of greater transcription activity.**** Tt is’ knowil
that the genes on the small translocation chromosome are important in the tumorigenesis of
mouse plasmacytoma”’, which supports possible increased transcriptional activity. An inleresting
[inding in the interphase nuclei of the repT(X;11) mice cells is thal in most cells, the CT ol (he
small translocation chromosome is not visible; 1t 1s possible that both translocation chromosomes
are co-localized in these cells for not yet understood reasons. Work by the Ried group has
illustrated such lindings as ariificially introducing a third chromosome and [ollowing its
localization in the nucleus, revealed thal it paired with one of the existing chromosomes.™

The Wehi 231 mouse B lymphoma line demonstrates how CT positions can be altered
during tumorigenesis. Two normal copies of chromosome 11 were identified along with a
smaller chromosome 11 that probably underwent a deletion. Figure V shows how this alteration
greally changed the distribution of the chromosome 11 CT; a significant difTerence (p <0.0001)
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was [ound between the normal and deletion chromosome 11. The normal chromosome 11 was
found in 77.4% of cells at the periphery and in 22.6% in a middle position. The deletion
chromosome 11 was found in 77.4% of cells in the middle position and in only 6.5% ol cells at
the periphery. Although it is not known why this change occurred, it can be hypothesized the
more interior location is a result of the chromosome’s smaller size, an increased rate of
transcription necessary [or this chromosome and/or the deletion may have caused an increase in
the chromosome’s gene density.

In each cell type studied in this project, a unique non-random radial distribution was
observed [or chromosome 11 and X CTs. The consistently more peripheral position of
chromosome X coincides with it being a farger, less gene-dense CT than chromosome 11. The
significance of chromosome aberrations in altering the CT position was observed for both
translocation and deletion chromosomes. Also it was shown that each type of cell of B lineage
had a stalistically significant, different, cell-type specific radial distribution ol these two CTs.
Although the exact mechanisms are not known, different reasons for the non-random distribution
of the chromosome 11 and X CTs in each of these cell Lypes was proposed.
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Figure 1. Chromoseme 11 and X painted
metaphase  spresds. i Diploid preB  call
illustrating two capizs of each chromnseme b
and X. il. Primary {T38HXBALB/cIN mouse B
cell ilustrating two copies of each chvonosome
1T and X, §if, Primory [T38HxBALB/CIN with
repT(X:11) mouse B cell illustraving one copy
of each chromosome 1 und X and
trunslocation chromasomes T(11:X) and TG
1), iv. Primary BALBf mouse B cell
iitustrating two copies of each chromasome 11
and X. v. Wehi 231 mouse B Iymphoma line
cell illustrating two copigs of chromosome 1.
one copy of & deletion chromosome 11 and one
copy of chromosome X.

Figure IL Chromasame L1 and X painted interphase nurclei. 1. Schematic drawing of o puclens ilustrating the position af a peripheral {red), middle (blue)
and cemted (green) CT. The black armow illustrves the radius of the nuclews, <3344k is considered a centra) position, 334 - 06.65% middle and >66.65
peripheral. Ii. Diploid preB cell illustrating two CTs of exch chromosome 11 and X The green FITC (chramosome X), red Cy3 {chromosome 11} and blue
DAPE (nuclear DNA) channels ure shown separsiely followad by the combined image, @i, Pritnary 'T3SHXBALB/IN mouse B cell iflustrating two CTs of
each chromasome 11 and X. v, Primary [TIBHXBALB/cIN with repT{X:11) mouse B cell illustrating the CT5s of chromosame i1 and X and the CTs of the
transtocation chramosemes T LX) and TECTL v Primary [T38HxBALB/CEN with repTiX:11) mouse B cell fllustrting the CTs of chromosome 11 and
X und the co-locatized CT of the translocation chromosomes T¢EHEX) and TEX:D. vi. Primary [T33HxBALB/CIN mouse B call illusiruting two CTs of
eacht chromuosome 11 und X, vil. Chromasome 11 and X painted interphase nucleus of a primary Webi 231 mouse B ymphoma line cell illustrating swo
CTs of chromaseme 1 and one CT each of the deletion chromosome 11 and chromosome X.
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