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Abstract

Haemopoietic stem cells (HSC) maintain lifelongrhagoiesis through the monitoring
and production of cells from multiple haemopoiettl lineages. A key property of HSC is
their ability to maintain quiescence. Quiescenderseto a state of inactivity in which the
cell is not dividing and remains dormant. It issthproperty of the HSC that is thought to
maintain genomic integrity and to allow the HSGustain haemopoiesis over the period
of a lifetime. However, the regulation of quiescemt this context is not well understood.
Numerous studies have aimed to understand the matanechanisms underlying HSC
quiescence using high-throughput approaches. Aigus\microarray study by our group
aimed to understand the transcriptional differerosgtg/een quiescent and proliferating
human HSC. Data from this microarray showed thamntiost up regulated group of genes
in quiescent compared to proliferating human HS@vebemokine ligands, specifically
within the CXC family. Although this was a novehdiing at the time, the biological
function of these chemokine genes was not studwitithe current work presented here.
In this thesis, we aimed to extend foregoing regeand importantly, investigate the role

of CXC chemokines in HSC properties, using both &nrand mouse systems.

First, we validated the results from the microastydy using gene expression analyses to
show that chemokine ligan@®XCL1andCXCL2were significantly up regulated in
quiescent HSC (CD3€D38) in comparison to more proliferative progenitors
(CD34'CD38"). Focusing on CXCL1, we showed positive expressiahie ligand protein
in human stem/progenitor cells using immunofluoee®e and western blotting on human
primary CD34 cells. In addition, we identified positive expriessof receptor CXCR2 by
gene and protein analyses on CD8&dlls, indicating the presence of an autocrine
chemokine signalling loop. To determine the biotadjfunction of CXCL1/CXCR2
signalling in human HSC, we used shRNA to reduc&€CXexpression and a
commercially available inhibitor (SB-225002) to thkoCXCR2 receptor signalling.
Experiments on cell lines expressing CXCL1 and CZERT 1080) showed that
reduction of CXCL1 and over-expression reducedoreased cell viability and
proliferation respectively. Experiments on humaimpary CD34 cells revealed that
reduction of CXCL1 induced apoptosis and reducdédngoformation. Similarly, inhibition
of CXCR2 signalling in CD34cells using SB-225002 induced apoptosis and retuce
colony formation in a dose dependent manner. Howyekee to human sample availability

and technical challenges, experiments need repeateder for a valid conclusion to be



made and statistical analysis could not be cawmigdor some primary experiments. In
addition, further experimental work is requirecctmclusively prove that human
stem/progenitors express CXCL1 and CXCR2 as difteiechniques showed varying
results. In summary, we provide some evidenceG@aIL1 and CXCR2 is expressed by
human HSC and may be an important survival pathwaprmal human HSC which

requires further experimental data to provide vabfdclusions.

In order to gain a deeper understanding of theogio&l function of chemokine signalling
in HSC biology, we used an vivomurine system. First, we examined mRNA transcripts
of CXC chemokines in mouse HSC populations. Weeswd a small selected group of
CXC chemokines using primitive mouse HSC and sioglequantitative PCR using the
Fluidigm™ platform. Gene expression analyses idiedtthatCxcr2andCxcl4 mRNA
transcripts were detected including in the mos#,rarimitive HSC fraction. To elucidate
the mechanism of action, we used a transgenic teapand knock out mouse models for
both genes of interest. Analysis o€acr2 null mice model Cxcr2") validated previous
research in which animals lacki@xcr2show disrupted haemopoiesis with an expansion
of myeloid cells in the haemopoietic organs. Ins&@ngly, within the current work,

analysis of steady state haemopoiesis revealeg@mmsion of the most primitive HSC in
the BM of animals lackin@xcr2 and enhanced mobilisation demonstrated by anasere
in the stem/progenitor activity in the spleen ald RSC functional analyses using BM
reconstitution assays with wildtype (WT) ©kcrZ' HSC showed that there was a trend
towards a reduction in engraftment in animals toéarged with HSC lackin@xcr2.
However, this result was not statistically sigrafi¢ due to high sample variability and due
to time constraints and the length of this asdag,was not repeated. The data suggests
thatCxcr2expressing HSC may be important for stem cell neaiance via a cell
autonomous mechanism however experiments are egiarbe repeated to draw valid

conclusions.

Cxcl4-Cretransgenic mice containing a RFP construct urtteecontrol of the Rosa26
promoter Cxcl4-Creg showed RFP expression in HSC and progeny. RFRessipn in

HSC populations was in accordance witkcl4 mRNA transcripts therefore suggesting
RFP expression was correlated with endoge@a4 expression. Interestingly, flow
cytometry analysis identified that not all (~50%$& showed positive expression for RFP.
Flow cytometry sorting of positive and negative plagions revealed that cells with
enhanced colony formation potential reside withie RFP Cxcl4)positive fraction. To
extend this data, we aimed to knock out and re@xa expression and examine the
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phenotype. Targeted deletion@%cl4 in vitrousing aCxcl4shRNA vector demonstrated
thatCxcl4reductionin vitro diminished colony formation in primary and secowydar
replating assays. Since data for hur@CL4mRNA were not conclusive from the

original microarray, we reassessed the relevan€X@iL4in the human system. Gene
expression analyses showed GXCL4transcripts were indeed detected and furthermore,
up regulated in primitive HSC (CD38D38CD90") compared with proliferative
progenitors (CD34CD38"). Collectively, the data indicates tH@XCL4may play an
important role in mouse and human HSC biology, hawéurther experimental work is
required to address this.

In summary, the data presented in this thesis dstraige that several chemokines
including CXCL1, CXCL4 and receptor CXCR2 may h&es roles in HSC survival and
maintenance, both in the mouse and human systeonge\r, increased biological
replicates and further experiments are requiredtaos valid conclusions. Enhanced
understanding of the regulation of stem cell prapsiis critical for improving our ability

to manipulate normal stem ceifsvitro andin vivo. Furthermore, understanding normal
stem cell regulation is fundamental for the redeafadiseases such as leukaemia in which
leukaemic stem cells are less sensitive to driagrrent.
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Figure 3-12 CXCL1 over expression increases cell vi  ability in HT 1080 cell lines.

HT 1080 cells were lentivirally transduced with CKEPRRL or a PRRL empty vector
control. After transduction, cells were sorted &P positive cells and cells were cultured
for 96 hours in medium. Cells were analysed foelswf apoptosis using Annexin-V and
dapi staining. Data are presented as the meanriageeof viable cells. Statistical analysis
was performed using a pairetest assuming equal variance comparing the enegutiow
control with the CXCL1-PRRL groumE 3) (*P <0.05).
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3.3.5 Reduction of CXCL1 in CD34" cells leads to a reduction in
cell viability and colony formation capability

To determine if CXCL1 also affects survival andlpeoation in human HSC and
progenitor populations, a lentiviral transductigapeoach using shRNA was used.
CD34'CD38 and CD34CD38' cells were transduced with a vector encoding a CXC
shRNA (sh1l) or a control (Scr).

To get an indication of differentiation and profd&on activity transduced cells were
plated in a CFC assay. In this assay, CXCL1 redogeduced colony numbers in both
CD34'CD38 and CD34CD38' cells (Figure 3-13). The colonies grown in the GAC
knock down arm (~5% of the number obtained in th&trol arm) were smaller and less
dense than those in the control arm (Figure 3128 to limiting cell numbers after the
lentiviral transduction, cells were available flaw cytometry analysis from the
CD34'CD38' fraction only. 72 hours post infection, CO8D38" cells showed a
reduction in viability in response to CXCL1 redactias measured by Annexin-V and dapi
staining 0 = 1) (Figure 3-14). Due to the observed effect€@84 CD38 and
CD34°CD38 cells, the assay was repeated using unsorted Ciz#4. This was to
increase the material available for assays asattemg process loses a large amount of
cells. The assays were repeated with the addifiassecond shRNA vector with an
alternative sequence against CXCLL1 (sh5) to exdidgossibility of non-targeting
effects of one single shRNA sequence. CXCL1 reduatising 2 vectors reduced the
percentage of viable cells in comparison to thetrobin CD34 cells (Figure 3-15). In
addition, CXCL1 reduction resulted in a reductiorihe number of colonies obtained in

comparison to the control (Figure 3-15).

Collectively, the data shows that CXCL1 reductieduces colony formation and induces
apoptosis in human stem/progenitor cells. Althotigé experiment has not been
reproduced several times, it provides a good indincahat CXCL1 plays a role in survival
in human HSC. It is interesting that only a smaligentage of cells underwent apoptosis in
response to CXCL1 reduction, however a large rediiet colony numbers was observed
in comparison to the control. The viability staigiwas carried out after 72 hours after
transduction, whereas colony growth was examin@doxjpmately 10-14 days post
transduction. A possible explanation is that apsipts induced over time and 72 hours is
too early to detect dramatic changes in viabilitgother possible explanation is that
CXCL1 reduces cell viability and inhibits proliféi@an therefore a dramatic reduction in
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colony formation is found. This is supported by tasults in Figure 3-8 and Figure 3-11 in
which proliferation is reduced and increased inHIBO cells in response to CXCL1
reduction and over expression respectively. It éinecessary to confirm that CXCL1
expression is reduced in CD3éells in response to both sShRNA vectors, howeuertd a
lack of cells this was not possible in this studgan be inferred from the experiments on
HT 1080 cells that the vectors work to reduce CX@kfpression. However, it will be

important to confirm this in primary material.
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Figure 3-13 Reduction of CXCL1 reduces colony forma  tion in human HSC CD34 "CD38" and
CD34°CD38 cells.

Human CD34 cells were recovered from frozen and cultured oiggt in medium
supplemented with GF. Cells were stained, sorte@€@34 CD38 and CD34CD38"
fractions and lentivirally transduced with viralpgurnatant for CXCL1 knock down (sh6)
or with a control (Scr). 24 hours after the additad fresh medium, cells were sorted for
GFP cells and 1®cells per mL of Methocult™ was plated in duplicated cultured for
10-14 days and colonies were counted. Data aremmexs as the mean total number of
colonies for Scr and sh6 arms in CD3H38" (A) and CD34CD38 (B) fractions ( = 2).

No statistical test was carried out due to the sarsige of 2. Images are representative of
colonies obtained in control or with CXCL1 knockwdo(C).
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Annexin-V
Figure 3-14 Cell viability of CD34 *CD38" cells in response to CXCL1 reduction.

Human CD34 cells were recovered from frozen and cultured oigét in medium
supplemented with GF. Cells were stained and sdote@D34 CD38 and CD34CD38"
fractions and lentivirally transduced with viralpgurnatant for CXCL1 knock down (sh5)
or with a control (Scr). 24 hours after the addhitad fresh medium, cells were sorted for
GFP cells and cultured for 72 hours and analysed fanekin-V and dapi staining. Data
are presented as the percentage of cells thatwiadyke or dead (with early and late
apoptosis combined) for Scr and sh5 arms (A&} (). Image shows Annexin-V and dapi
staining in Scr and sh5 arms (B). No statisticsi veas carried out due to the sample size
of 1.
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Fi?lure 3-15 Cell viability and colony formation in response to reduction of CXCL1 in CD34
cells.

Human CD34 cells were recovered from frozen and cultured wigdt in medium
supplemented with GF. Cells were lentivirally trdnsed with viral supernatant for
CXCL1 knock down using 2 separate vectors (sh2si)l or with a control (Scr). 24
hours after the addition of fresh medium, cellsexsorted for GFPcells and 1dcells
plated in duplicate in 1mL of Methocult™ and inctézhfor 10-14 days or cultured for 72
hours and analysed using Annexin-V and dapi fop&gsis staining. Data are presented as
the total number of colonies obtained in Scr, a@ €h5 treatment arms (A) and as the
percentage of cells that were viable or dead (thiéhcombination of early and late
apoptosis) for Scr, sh2 and sh5 arms (B). No $itzidest was carried out due to the
sample size of 1. Images are representative ohmdmbtained in control or with CXCL1
knock down (C).
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3.3.6 CXCL1 over expression in CD34" cells does not alter colony
formation

To examine if over expression of CXCL1 enhancebkwviability and colony formation in
primary HSC and progenitor cells, cells were |laraily transduced with a vector
encoding the CXCL1 coding sequence (CXCL1-PRRL)e Rulimitations in cell

numbers, cells were lentivirally transduced anduret in a colony formation assay only.

The results showed that there was no differenogemet CD34 cells transduced with an
empty vector or with CXCL1-PRRL (n.s1,= 3) (Figure 3-16). There was no difference in
the types of colonies between treatments therefata are presented as the total number of
colonies. To ensure that the vector was functiocmgectly, gene expression analysis was
examined and showed an increas€XCL1levels in CD34 cells transduced with
CXCL1-PRRL in comparison to the contré! €0.01,n = 3).

It was hypothesised that an increase in coloniagddviee found in response to CXCL1
over expression. However the result found in Fig#6 does not support his hypothesis.
Possible explanations include a saturation of CX@v&ls in human primary cells or that
a more in depth analysis including cell counts apdptosis would show differences

between conditions.



B 153

>

Empty vector

2004

1504 _

100- Ll
CXCL1-PRRL
50- ;

No. of colonies per 3,000 CD34+ cells

Empty Vector CXCL1I-PRRL

C D

Friy

2

o

= =

2 50- g T

: : :

ek : 0.1
W 40+ < .14
— o

& s

g 304 .g 0.01 7 u
= % t n
©

= o

E 20_ IE- 0001 b ®

o o

o

% 10_ g 0.0001 7 L

= £

g 0 L — . ‘g 0.00001 T T
5 Empty Vector CXCL1-PRRL - Emply Vector CRCLIFREL
L

(]

o

Figure 3-16 Over expression of CXCL1 does not affec  t colony numbers in CD34 “ cells.

Human CD34 cells were thawed and cultured overnight in mediumd GF. Cells were
lentivirally transduced with viral supernatant f©XCL1-PRRL or an empty vector
control. 24 hours after the addition of fresh medi@FP positive cells were cultured and
plated 1,000 cells per mL in Methocult™ and incebldor 10-14 days. Colonies were
then counted. Data are presented as the total muhbelonies with empty vector or
CXCL1-PRRL arms (A). Images are representativeotdries obtained in control or with
CXCL1 over expressionknock down (E)XCL1gene expression was calculated relative
to housekeeping contrdd APDHusing the DeltaDeltaCT method. Data are preserged a
mean fold change of expression in the CXCL1-PRRIs esing the empty vector cells as
a calibrator which is set to the value of 1 in thnredependent samples in triplicate (C).

Relative expression is displayed®%?<"

with each dot displaying an average of technical
triplicates from three independent experiments @atistical analysis was performed
using a pairedtest o = 3) (** P <0.01). Patient samples used were of mixed agalagen

and health status.
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3.3.7 Recombinant CXCL1 treatment of CD34" cells does not alter
cell viability or cell cycle status

To examine if human stem/progenitor cells can redgo CXCL1 signalling, CD34cells
were treated with recombinant CXCL1 (CXCL1) protatra concentration typically used
in the literature (100ng/mL). After 24 hours treant with CXCL1 or an appropriate
vehicle control, cells were examined for viabilagd cell cycle status. No difference was

found in the viability (n.s.n = 3) or cell cycle status (n.s1~= 3) (Figure 3-17).

It is proposed that the exogenous treatment of CX®buld increase viability and
proliferation of CD34 cells. A possible explanation is that the timenpaind
concentration used are not optimal for this expentnA more in depth analysis with
longer time points and higher concentrations watlllo\v a more definitive conclusion on
whether human HSC or progenitor cells respond t€CX
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Figure 3-17 Treatment of CD34 * cells with rCXCL1 does not alter cell viability or cell cycle
status after 24 hours.

Human CD34 cells were thawed and cultured overnight in mediun GF. Cells were
treated with 100ng/mL CXCL1 or with a vehicle catior 24 hours. Cells were then
washed and analysed for viability using Annexinad alapi staining or fixed,
permeabilised and stained for Ki-67 and dapi. Ra¢apresented as percentage of viable
cells (A) or percentage of cells in each phaséefcell cycle (B) for both conditions. A
pairedt test (A) and two-way repeated measures ANOVA Bittak’s multiple
comparisonsvas used to examine significance between treatnferstsn = 3). Patient

samples used were of mixed age, gender and heaitis s
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3.3.8 CXCR2 inhibition on human CD34" cells using SB-225002
alters cell viability, cell cycle status and colony formation

Results in section 3.3.3 show CXCR?2 is expressed@d4 CD38 and CD34CD38

cells by mRNA and protein analysis. We wanted ® ars antagonist of CXCR2 signalling
to complement the experiments using CXCL1 reduct@ympound SB-225002 was
selected as it is an antagonist of CXCR2 signakind has been shown to inhibit the
binding of CXCL1 to CXCR2 (White et al., 1998). Digethe limiting availability of
material and the observation that CXCR2 was exprees both CD34D38 and
CD34'CD38' fractions, the cells used in this study were utlesb€D34. Cells were
treated for 72 hours with the compound at variargcentrations ranging from 0.1uM up

to 10uM and apoptosis, cell cycle and CFC assays wvagried out.

With the use of inhibitors there is always condiat any effects observed may be due to
off target non specific effects or general toxicBB-225002 is known to inhibit murine
CXCR2 signalling (Bento et al., 2008). To examine $pecificity of SB-225002 on
CXCR?2 inhibition, a stem/progenitor population (&“Kwas isolated from WT dExcr2”
mice and treated with various concentrations of22B002in vitro. A decrease in the
percentage of viable cells was found afilflin comparison to the untreated control in
both WT andCxcr2” cells (P <0.01) 1 = 3) (Figure 3-18). It can be inferred from this
result that 10uM is non specific as cells lack@ygr2respond to the compound
Alternatively, a possible explanation is that tbenpound does not function to inhibit
Cxcr2in mouse cells and effects on viability are noncfgewhich is not mediated
through inhibition of CXCR3ignalling. Unfortunately the compound at lower
concentrations does not affect the WT cells. Thgeement cannot conclude whether
Cxcr2inhibition using SB-225002 alters cell viability.

A reduction in the percentage of viable cells imparison to a vehicle treated control was
observed with 1uMR <0.05) but not with 0.1uM (n.s.h & 3) (Figure 3-19). Cell cycle
analysis was examined in concentrations from Oliutil. An increase in the percentage
of cells in G phase of cell cycléA<0.05) and a decrease in percentage of cellsin G
phase of cell cycle was founi €0.05) 6 = 3) (Figure 3-20) in the 1uM treatment arm.
There were no significant differences found witd thluM treatment arm however a trend
towards a decrease inp@nd an increase inyS and M phases was reported. However,
the increase in gxells with 1uM could also be due to the effectviaility and this

should be further investigated.
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Colony formation assays showed a trend towardseedse in colony numbers in a
primary plating assay with treatment with 1puM=2) (Figure 3-21). However a sample
size of 2 does not allow statistical analysis. £elére harvested from the assay, counted
and replated at equal numbers in Methocult™. THeréintiation and proliferation
potential in a secondary replating assay is thotmbe indicative of self renewal activity.
In a secondary colony formation assay, a trend tdsva reduction in the number of
colonies was found with both 0.1 and 1uM treatm@rigure 3-21) 1§ = 2). Again, sample
size did not permit statistical analysis. Unfortiehg conclusions cannot be drawn,
however some evidence is provided to suggest tR&IR2 signalling regulates survival in
human HSC.
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Figure 3-18 CXCR2 inhibition using SB-225002 decrea ses cell viability in c-Kit enriched cells

derived from WT and Cxcr2” animals.

To examine the specificity of SB-225002 on CXCRAailition, c-Kit" cells were enriched
from WT orCxcr2” animals. Cells were cultured with GF for 72 hourshie presence of
various concentrations of SB-225002 or a vehiclgrod. Cells were then analysed for
apoptosis using Annexin-V and dapi staining. Dagpaiesented as the mean percentage of
viable cells in response to treatment. Animals vibetsveen 8 and 12 weeks and male.
Statistical analysis was performed using a repeategsure’s two-way ANOVA with the
Sidak’s multiple comparison test to compare thattnents within each group and for each

treatment between groups (*<0.001,n = 3).
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Figure 3-19 CXCR?2 inhibition using SB-225002 reduce s cell viability in CD34 * cells in vitro.

CD34 cells derived from mobilised PB were thawed ammbvered overnight in medium
supplemented with GF. Cells were cultured for 7@rBavith medium and GF in the
presence of the desired concentration of inhimtahe appropriate vehicle control. Cells
were washed and stained for Annexin-V and dapiaaradysed. Data are presented as the
mean percentage of viable cells relative to theckelreated control (set to 100%) (B)
with representative dot plots for Annexin-V and idstgining with vehicle treated and

1uM treatment arms (A). Statistical analysis was qrnied using a one-way repeated
measure ANOVA with Tukey’'s multiple comparisonstiesscompare differences between
untreated and each treatmemt(3) (n.s., *P <0.05). Patient samples used were of mixed

age, gender and health status.
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Figure 3-20 CXCR2 inhibition using SB-225002 on CD3 4" cells alters cell cycle status.

CD34 cells derived from mobilised PB were thawed ammbvered overnight in medium
supplemented with GF. Cells were cultured for 7@reon medium and GF in the presence
of the desired concentration of inhibitor or appraie vehicle control. Cells were washed,
fixed, permeabilised and stained for Ki-67 and dam analysed. Data are presented as the
mean percentage of cells in each phase of theydt; G, G, or G, S and M (B) with
representative dot plots for Ki-67 and dapi stagnif). Statistical analysis was performed
using a repeated measures two-way ANOVA with Tukewyultiple comparison test to
assess differences between treatments3) (**P <0.01). Patient samples used were of

mixed age, gender and health status.
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Figure 3-21 CXCR2 inhibition using SB-225002 decrea ses colony formation in primary and

secondary colony assays in CD34 "~ cells in vitro.

CD34 cells derived from mobilised PB were thawed ambvered overnight in medium
supplemented with GF. 1,000 CD34+ cells were plagrdnL of methylcellulose™ with

the addition of the desired concentration of infeibor appropriate vehicle control. The

mix was vortexed and plated in duplicate and intedbéor 10-14 days. After this time
period, colonies were counted, cells were resusgggrabunted and replated at 10,000 cells
per mL of methycellulose™ with the addition of fnd@shibitor. All cells were replated and
no differences were noted in colony type betwearditions therefore data is presented as
the mean total number of colonies after culturprimary (A) and secondary colony
formation assay (B). No statistical significancgt$ewvere carried out due to the sample

size of 2. Patient samples used were of mixedgaygjer and health status.
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3.4 Discussion

Published microarray data from our laboratory regobthanCXCL1, CXCL2andCXCL6
were up regulated in quiescent, human HSC populatdthoughCXCL6did not reach
significance (Graham et al., 2007). Significantiffetentially expressed candidates from
microarray studies offer important discoveries. ldwer, it is understood that these
candidates should be experimentally validated gaiticular, microarray expression data
can contain a high level of noise. In additionhailtgh gene expression differences can be
validated, there are cases where the protein isaalated or indeed not functional.
Considering these points, the first objectiveshis study was to validate this gene
expression data from the previous microarray sardyextend the research to investigate

the biological function.

In this study, CD34 and CD38 cell surface markegsenused to isolate populations taking
the assumption that cells in these populationsradéferent states of the cell cycle with
the CD34CD38 population existing as more quiescent than the40B38" population.
The results obtained in this chapter showed thatndkinesvere up regulated in the
guiescent fraction using CD34 and CD38 cell surfaegkers. In addition, the differential
expression o€D38andCDC6in sorted samples provided conclusive evidencetheat
sorted populations showed differential expressioG@38therefore the sort was efficient
andCDC6therefore the cells were in differential statushaf cell cycle. It can be argued
that the CD34CD38' fraction is more of a progenitor population, therefexperiments
should compare chemokine gene expression of chere®kn different populations within
the stem CD34CD38 fraction to get a more in depth analysis of a stethpopulation.
Ideally, a more enriched HSC population should Haeen used in this study, however this
would have reduced the material obtained and tber¢he ability to perform techniques

accurately.

The microarray study did not implicate the rece@¥CR2 as being differentially
expressed between quiescent and proliferating hith&h populations and it remains
unclear from the available literature whether fhasticular receptor is expressed on any
subsets of HSC. One study stated that CXCR2 wasxpressed by human stem or
progenitor populations (CD3€D38 and CD34CD38), including cells isolated from
adult BM or mobilised PB (Rosu-Myles et al., 2008dwever, the technique used in this

study to analyse protein expression was flow cytoyrfer cell surface staining only. In
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the results in this chapter, it can be clearly sbahCXCR?2 is expressed on human HSC
and progenitor populations, both at the mRNA aradgin level by immunofluorescence.
One previous study showed positive staining of CZ@R CD34 cells isolated from PB
from normal controls, however this was variablenNsstn samples (Emadi et al., 2005).
The results here are completely novel with the ahigmokine receptor known to be
expressed by HSC or progenitor cells is CXCR4 wisdhvolved in cell survival and
mobilisation (reviewed in the introduction sectioHpwever, to fortify the results in this

chapter another method can be used to examine CXER2ssion.

Experiments in this chapter show that CXCR2 infebitusing SB-225002 on CD34ells
resulted in a decrease in cell viability, cell @status and colony formation. This
implicates that CXCR2 may be controlling these stethproperties. In the literature, the
compound has been tesiad/itro andin vivoto show it can be used to prevent CXCR2
ligand CXCL1 and CXCLS8 induced neutrophil chemosaai similar concentrations
(Catusse et al., 2003, Lane et al., 2001, Whitd.£1998). However, due to the nature of
compounds it could not be conclusively concluded 8B-225002 mediated CXCR2
inhibition is responsible for the cellular effecthe literature also suggests that higher
concentrations of the compound can inhibit CXCRyhailling. It would therefore be
useful to examine whether human HSC express CXGRHhisiis unclear in the literature.
One study showed that human CD84lls derived from the cord blood (CB) of normal
donors expressed high levels of CXCR1, howeverdhaild be validated (Rosu-Myles et
al., 2000). However, as both CXCR2 inhibition an¥iGL 1 reduction showed a reduction
in cell viability and colony formation, collectiwethis provided evidence that CXCL1-
CXCR2 signallin may play a role in HSC survival andintenance but these experiments

should be repeated to allow significance to bessesk

There is little literature available on the role@XCR1 or CXCR2 on stem cell properties.
A study on CB cells showed that inhibition agai@XCR1 and CXCR2 decreased the
percentage of stem cells, defined by CD133 posgiaaing, suggesting these receptors
are fundamental to cell survival (Khalaf et al.1@R A study on myeloid metaplasia with
myelofibrosis showed that inhibition of CXCR1 an¥CR2 on CD34 cells resulted in an
increase in proliferation and skewed differentiatibowever this was in a disease setting
and not in normal haemopoiesis (Emadi et al., 2008¢ predominant role of CXCR2
signalling is in directed cell movement. CXCR2 eeg®ing cells including granulocytes

are directed towards different sites due to ligaxpression. The studies in this chapter did
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not examine cell migration, however it will be irgsting to examine whether CXCR2

expressing human HSC migrate in response to ligtntulation.

The results show th&XCL1is expressed on CD32D38 cells at the mRNA level.
Protein analysis through several techniques provaggposite results. Flow cytometry and
ELISA showed negative expression, while immunofésaence and western blotting
showed positive expression. It is possible thdinamal reasons are responsible for a lack
of signal with flow cytometry and ELISA. Howevehjs can not be concluded. Further

experiments are required to firmly conclude theregpion of CXCL1 on human HSC.

Results showed CXCL1 reduction in both cell ling3 (L080) and primary CD34ells
reduced cell survival and proliferation. Previotigdges have shown that CXCL1 knock
down decreases cell viability in melanoma cellditBotton et al., 2011). Furthermore,
CXCL1 knock down and over expression have been sliowlecrease and increase cell
proliferation in epithelial ovarian cancer celldsm(Bolitho et al., 2010). CXCL1 reduction
has also been shown to reduce cell proliferatiostier cell types, including
oligodendrocyte progenitors (Zhou et al., 2005)ll€atively, the role of CXCL1-CXCR2
signalling in survival and proliferation is not relyhowever this has not been shown on
primary HSC. To conclude this chapter, the requitvide some evidence that CXCL1-
CXCR2 is a novel signalling pathway that may plagle in stem cell survival and

proliferation however repetition of experiments sgquired to conclude this hypothesis.
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4 Results II: Analysis of haemopoieisis and stem
cell activity in  Cxcr2” mice

4.1 Introduction

Results from chapter 3 provide evidence thalGK€R2signalling pathway may support
human HSC and progenitor survivalvitro. However, the haemopoietic structure is
incredibly complex with HSC interacting with var®other cell types in the BM niche.
Consequently, HSC are influenced by external caasedl as internal cues (reviewed in
the introduction section). With a particular foarsCxcr2signalling, there is evidence in
the literature tha€xcr2 binding ligands play a role in HSC mobilisatiorelis et al.,
2002). However the role @xcr2signalling in HSC behaviour is largely unstudied aot
well understood. Gene-targeting studies have bsed to identify key roles of signalling
pathways in biological processes and a mouse mioaéiich mouseCxcr2is excised, is
available for study. In addition, the mouse syspeovides the advantages of more

material for in depth experiments including the akm vivoassays.

In this chapter, we wanted to extend the researthe first part of this study and examine
how Cxcr2signalling controls stem cell propertigsvivo using a mouse model which
lacksCxcr2 (Cxcr2"). This model has been generated and animals aiéevand live to
adulthood. The mice have previously been charasg@mand animals lackir@xcr2display
an increase in the numbers of mature myeloid egitkprogenitors in the haemopoietic
organs including the BM, spleen and PB. This phgm®has been shown to be
environment dependent (Cacalano et al., 1994, Begyemet al., 1996). It is proposed from
previous literature thaxcr2 negatively regulates myeloid cell production amd t
regulation is mediated throu@xcr2binding ligands. However, whether mouse HSC
expres<Cxcr2 and whether this signalling plays a role in thection of the stem cells has

not been assessed to date.

The results in this chapter were designed to inyatst whether HSC and progenitor
populations derived froExcr2’” animals differ in terms of their frequency and fiioic in
comparison to WT controls. Data from the human arpents suggests th&XCR2 is
controlling cell survival. Therefore the predictimnthat in &Cxcr2” mouse model, the

HSC will show loss of function in terms of stemlaadtivity.



166

4.2 Aims and Objectives

The specific aims of this chapter were:
I To examine Cxcr2 expression on mouse HSC

The results in chapter 3 show that human HSC shasitipe expression of CXCR2.

However whether mouse HSC expr&€r2is not known to date.

Il To investigate how a lack ofCxcr2 alters the frequency of mature cells in the
haemopoietic organs

This objective was to examine hdwxcr2 signalling affects the haemopoietic system.
Previously published data shows differences ifribguency of mature haemopoietic cells
in Cxcr2” animals. However this has been shown to be depéndethe environment the
animals are housed in. We wanted to examine theqgtixge of the mice used in this study.

11 To investigate whether a lack of Cxcr2 alters HSC and progenitor populations

in terms of their frequency, properties and functio

This objective was to understand whether a ladkxafr2 signalling affects the number and
function of HSC/progenitor populations.
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4.3 Results

4.3.1 CXCR2 is expressed on mouse HSC

Data from chapter 3 showed human HSC populatiopsess CXCR2 and an autocrine
signalling loop with ligand CXCL1 is involved inesth cell viability and proliferation. It is
unclear in the literature whether mouse HSC pojuiatexpress the receptor. One study
identified positive expression in lineagegative, CD45cells derived from mouse BM
(Yoon et al., 2012). However, this population reyergs a mix of stem and progenitor

cells. A similar study examined a more primitivepptation (LSK) forCxcr2expression.
Variation was found between samples with both pasend negative expression reported
(Wright et al., 2002). It is therefore unclear e titerature whetheZxcr2is expressed on
mouse HSC. Furthermore, recent research has igehtéll surface markers expressed by
mouse HSC and more primitive populations can blated and studied. The first objective
in this chapter was to exami@xcr2 expression on mouse HSC. Due to the small numbers
of stem cells available from mouse HSC populati@mduding the most primitive subset),
single cell Q-PCR was used to assess expressiOran® on sorted populations. Mouse

BM was harvested, stained for a cocktail of antiescgainst stem cell markers and sorted
for LSK in addition to CD150CD48 (LT-HSC), CD150CD48 (ST-HSC), CD150CD48
and CD150CD48 (MPP) populations and examined f@xcr2expression. The

terminology used in this thesis follows previousaach (Khandanpour et al., 2010, Kiel

et al., 2005). The experiments in section 4.3.1levearried out in collaboration with Dr

Amelie Guitart.

Results showe@xcr2was expressed at the mRNA level on all HSC poparatexamined
with no trend towards differences in expressiomien populations (Figure 4-1). Relative
expression was used to compare expression wigtnactll geng21(Cheng et al., 2000).
This is the first study to show th@ikcr2is expressed on mouse HSC populations
including the most primitive LT-HSC. The lack offérence in expression between stem
and progenitor populations suggests that signaiingportant for stem and progenitor
function. Alternatively, it is possible that CXCRdifferentially expressed at the protein
level in these populations. However, protein exgimsof CXCR2was not examined due
to time constraints in this study and the low ocelinbers that are available from mouse
HSC and progenitor populations. Protein expresaialyses will be useful to confirm the

protein is translated.
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To determine whether an autocrine loofCatr2 signalling exists on mouse HSC, mouse
homologs of humag@xcr2binding ligand<Cxcl1, Cxcl2zandCxcl5/6(as highlighted from
the original microarray) were examined for genereggion using the methodology
described above. Results showed that the ligastisckwere not detected on any of the
populations using single cell Q-PCR (data not shoWrman be interpreted from these
results that either @xcr2autocrine signalling loop is not present on mouS&€Hor
alternatively, other CXC ligands are expressed twvinere not assessed in this particular
experiment. Alternatively, it is possible th@xcr2expressing HSC signal to other cell
types in the BM niche in a paracrine manner. T@supthis, previous studies have shown
that CXCR2 expression is detected on BM derivegldge negative cells which respond to
Cxcl5expressed by EC (Yoon et al., 2012). Therefoexgtis literature to support the
result that CXCR2 is expressed on stem/progendpulations and they can respond to
ligand expression from other cell types presenh&BM niche.
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Figure 4-1 Mouse HSC populations express  Cxcr2 at the mRNA level.

Normal BM was freshly isolated and stained for lamdiies against LSK, CD150 and
CD48. 500 cells were sorted, RT and Q-PCR wasezhout forCxcr2mRNA expression.
Fold change was calculated relative to housekeegngol2M (A). Data is also

displayed as the relative expressiot{2<" (B). Results show the mean of technical
triplicates from two independent experiments uswg separate WT animals, both male at
age 6-12 weeks(= 2) (A). Panel B shows relative expression in cangon to a stem cell

genep2l No statistical analysis was carried out due slimple size of 2.
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4.3.2 Cxcr2” animals display differential numbers of mature
haemopoietic cells

Preliminary experiments were carried out@xcr2” animals on a Balb/c background.
However, analysis of the stem cell populationegst animals showed little/no staining of
stem cell marker Sca-1 which was confirmed in ttegdture (data not shown) (Spangrude
and Brooks, 1993). A lack of Sca-1 staining madestiem cell analysis difficult to
interpret without the ability to examine populationhich were Sca®1In addition,

animals on a Balb/c background are not commonlg us&M reconstitution assays with
no clear way to discriminate between donor and belgt. Consequently, experiments
were carried out on animals on a C57/BL6 backgraomnwdhich normal Sca-1 staining was
observed (Figure 4-7). C57/BL6 animals are commaosBd for BM reconstitution assays
due to the existence of two strains with differegit surface markers (Weissman, 2000).

This allows the discrimination of donor versus hadts in transplantation assays.

Previous literature has documented that the obdeslienotype it€xcr2”” animals is
dependent upon the environment in which the anier@soused in (Broxmeyer et al.,
1996). In this section, immunophenotypic analysid eell counts were used to assess the
cellularity and frequency of mature haemopoietitsdgnyeloid (GR1, CD11B), lymphoid
(CD19 and B220) and erythroid cells (TER119)) ia ltaemopoietic organs (BM, spleen,
PB and thymus)Cxcr2”™ animals were examined with age and sex matcheditféimhates

as controls.

4.3.2.1 BM

Analysis of the BM showed a trend towards an ingeda the cellularity in the absence of
Cxcr2 which was not statistically significant (n.s.+ 12) (Figure 4-2).

Immunophenotypic analysis showed a significant elese in erythroid cells in the absence
of Cxcr2 (P <0.05,n = 12) (Figure 4-2). A significant increase was fdum the

granulocyte cells in th€xcr2™ mice @ <0.001,n = 12) (Figure 4-2). Finally a trend
towards a decrease was found in the B cells ifCte2 mice which was not significant
(n.s.,n=12) (Figure 4-2).

4.3.2.2 Spleen

Analysis of the spleen showed a trend towards amése in the cellularity in théxcr2”

animals, which was not statistically significanis(mn = 6) (Figure 4-3). This was most
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likely due sample variation as an increase in spiee in theCxcr2”™ animals was clearly
noted after dissection. There was an increasesimtimbers of erythroid cells in tkixcr2

" mice P <0.01.n = 6) and in the granulocyte celB €0.05,n = 6) (Figure 4-3) (Figure
4-4). There was no statistically significant di#faces in the B and T cell numbers between
strains (n.s.n = 6) (Figure 4-3).

4.3.2.3 PB

PB analysis showed an increase in cellularity &@dkcr2” animals P <0.05,n = 12)
(Figure 4-5). There was no difference in the nursloérerythroid cells in thExcr2”
animals Q.s, n = 6) (Figure 4-5). A trend towards an increase feasd in the
granulocytes (n.sn = 6) (Figure 4-5) which was not significant duestoall sample size
and inter sample variability. Finally no differenioethe numbers of B cells was found
between strains (n.91,= 6) (Figure 4-5). T cells information is not awdile due to

technical problems during the staining.

4.3.2.4 Thymi

Analysis of the thymi showed no difference in chtity (n.s.,n = 6) with no difference in

the number of T cells between strains (ms=,6) (Figure 4-6).

Collectively, the data in this section is in ac@rde with results from previous reports
(Broxmeyer et al., 1996, Cacalano et al., 1994viBusly it has been shown that the
number of myeloid cells are increasedixcr2”” animals which is only displayed in
animals housed in a normal environment and not ugelen-free conditions (Broxmeyer
et al., 1996). Although the use of animals in ttiapter were housed in a ‘clean’ facility,
it is likely this was not germ-free and therefdne teason why a difference in myeloid
cells was observed. As reported previously, arease in myeloid cells was observed in
the BM, spleen and PB with an overall increase BGAtellularity. It has been proposed
thatCxcr2is a negative regulator of myeloid cells therefalack ofCxcr2in the
organism results in an expansion of the myeloidgammentln addition to differences in
the number of myeloid cells between strains, déffices were found in numbers of
erythroid cells in the BM and spleen between ssdinis possible that a reduction in the
BM is due to the increase of myeloid cells whictiuees the overall number of erythroid
cells. However, an increase of erythroid cells feamd in the spleen @xcr2” animals. It
Is possible tha€xcr2plays a role in both myeloid and erythroid regwatiThe lack of
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difference in the cellularity of thymus and numbefd cells suggests that this is not

altered byCxcr2signalling.
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Figure 4-2 Cellularity and absolute numbers of matu  re cells in the BM between WT and
Cxcr2” animals.

Whole BM was assessed for cellularity and the altsaiumber of mature cells was
assessed using flow cytometry and WT @xdr2” (KO). Data are presented as the mean
total number of cells (WBC) between strains (Apbsolute numbers of mature cells;
erythroid (TER119), granulocyte (GRICD11B") or B cells (CD19B220") (B). Statistical
analysis was carried out using a two-tailed unplastedent’s test with Welch'’s

correction for unequal variance P*<0.05; *** P <0.001,n = 12). Plots display a
representative image of staining observed with @RI11B" dotplots (C) or TER119
histogram (D). Animals were between 6 to 12 weekbsraixed gender (WT 7 male, 5

female;Cxcr2” 6 male, 6 female).



174

Cellularity B Mature Cells

- -
@ 6.0x10% @ 6.0x107+
s mwr ¢ s . T
g —— oK g8 . 1 KO
— A
9 4.0410%- 2 4.0<107
0] w
] ]
Q Q
6 2.0x10% T 2.0x107 ’l‘
o o
o=t =
I s
5 5 o.j nilin
F = bl @I el

-~ W

° oo'i@ QOQ\
& S
T cells ot

1.5x10°

1.0x108 |l| W T

5.0<107 ; Ko

2.0<107

2.0<107

el (1T

3.106

v (1N 110 11

1><1006 Ill | | |
& b‘oo‘b & &

= ~
oy L &

Total no. of cells per harvest (M

|
&

Figure 4-3 Cellularity and absolute numbers of matu  re cells in the spleen between WT and
Cxcr2” animals.

Spleen was assessed for cellularity and the alesolunhber of mature cells was assessed
using flow cytometry. Data are presented as thennteal number of cells (WBC)
between strains (A) or absolute numbers of matells;@rythroid (TER119, granulocyte
(GR1'CD11B"), B cells (CD19B220") (B) or T cell subsets (CD&DS8" , CD4CDS,
CD4'CD8 and CD4CDS8") (C). Statistical analysis was carried out usirig@-tailed
unpaired student'stest with Welch’s correction for unequal variantd(<0.05; ** P
<0.01,n = 6). Animals were between 6 to 12 weeks and mgestler (WT 3 male, 3

female;Cxcr2” 4 male, 2 female).
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Figure 4-4 Flow cytometry plots of mature cells in the spleen between WT and Cxcr2”

animals.

Plots display a representative image of staininggoled in GRICD11B' dotplots (A) or
TER119 histogram (B) irCxcr2” or WT spleens.
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Figure 4-5 Cellularity and absolute numbers of matu  re cells in the PB between WT and

Cxcr2” animals.

PB was assessed for cellularity and the percemtagature cells was assessed using flow
cytometry. Data are presented as the mean totabewai cells (WBC) between strains

(A) or absolute numbers of mature cells; eryth(@HBR119), granulocyte

(GR1'CD11B") or B cells (CD19B220") (B). Statistical analysis was carried out using a
two-tailed unpaired studentigest with Welch'’s correction for unequal variantd(

<0.05,n = 6). Plots display a representative image of stgiobserved in GRCD11B"
dotplots (C). Animals were between 6 to 12 weeldraixed gender (WT 3 male, 3

female;Cxcr2” 4 male, 2 female).
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Figure 4-6 Cellularity and absolute numbers of matu  re cells in the thymi between WT and
Cxcr2” animals.

Thymi were assessed for cellularity and the peeggnof mature cells was assessed using
flow cytometry. Data are presented as the meahrataber of cells (WBC) between
strains (A) or absolute numbers of T cell subsé34' CD8", CD4CD8, CD4'CD8 and
CD4CD8") (B). Statistical analysis was carried out usirigze-tailed unpaired students
test with Welch’s correction for unequal variannes(,n = 6). Animals were between 6 to
12 weeks and mixed gender (WT 3 male, 3 fem@ier2” 4 male, 2 female).
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4.3.3 Cxcr2” animals show differences in the frequencies of
stem and progenitor cells in the BM and spleen

Analysis of the stem and progenitor compartmenérms of frequency and functionality

has not been assessedixcrZ”” animals to date.

A method for assessing whether a gene plays adteyrr stem or progenitor function is to
examine the frequencies of stem and progenitos aethnimals lacking the gene. As an
example, a reduction or expansion of the stemcoalipartment can give an indication of
genes involved in stem cell maintenance or cellecysnalysis of stem and progenitor
populations can be examined using flow cytometiyaivariety of cell surface markers to
distinguish different cell types (as described etimods section). Stem cell populations can
be identified as described in section (4.3.1). Bnitgr populations can be analysed using
the lineage negative fraction, with Sca-1 negadive c-Kit positive cells (LK) which can

be further sorted into lineage restricted progemtgpulations using CD16/CD32 and
CD34 staining for the identification of GMP, CMPMNIEP populations.
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4.3.3.1 BM

4.3.3.1.1 Stem cell frequency

There was a decrease in the number of lineageinegatls in theCxcr2”™ animals P
<0.05,n=12) (Figure 4-7). Within the lineage negativectran, the LSK and further
enriched stem cell populations were examined. Tivaga trend towards an increase in
the number of LSK cells which was not significardsnlikely due to high variability
betweerCxcrZ” samples (n.sn = 12) (Figure 4-7). The CD150D48 fraction (LT-HSC)
showed an increase in thxcr2” animals P <0.05,n = 12) (Figure 4-7). Finally, there
were no differences between CD1GD48 (ST-HSC), CD150CD48" (MPP) or CD150
CD48" (MPP) fractions but a trend towards an increasalipopulations was noted (n.s.,

= 12) (Figure 4-7). Representative flow cytometigtp are shown (Figure 4-8).

As these animals show an expansion of myeloid eetlsn the BM, the reduction in the
percentage of lineage negative cells and subsdguetitnumber is possibly due to this
disruption of mature cells within the organ. Theedeollectively suggests th@xcr2”
animals have an expansion of the stem cell poulstiincluding the most primitive (LT-
HSC) fraction in the BM. This suggests tlaicr2is important for steady state
haemopoiesis. This could suggest that CXCR2 siggals negatively regulating stem cell
production. Stem cell frequency gives no conclugiekcation of stem cell function.
However, often ‘loss of function’ in HSC is initiglassociated with transient expansion in
stem cells numbers due to increased proliferatigresentual exhaustion and depletion of
repopulating stem cells. As an example, HSC witleelbcycle inhibitors show a transient
expansion which results in exhaustion and reduc®@ Hctivity in BM reconstitution
assays (Cheng et al., 2000). To conclude thigivo cell cycle analysis and BM

reconstitution assays are required.

4.3.3.1.2 Progenitor frequency

In terms of the progenitor populations, the LK fraa contains progenitor cells and shows
a trend towards a decrease in @er2” condition (n.s.n = 6) (Figure 4-9). There were no
statistically significant differences between GNP and MEP populations in terms of
absolute numbers however there was a trend toveaxrdscrease in the GMP population
and decrease in the CMP and MEP populations (n=s6) (Figure 4-9). It is likely that
differences might be found with an increase in darsjze as a high volume of variation

was noted between animals and a sample sime=d@ was used in this assay. Observation
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of representative flow cytometry plots of GMP, Cldird MEP staining demonstrates that
the distribution of cell types between strainsifedent with an increase in GMP and CMP

populations and a decrease in MEP populatio@xir2” animals (Figure 4-9).

It is not surprising that the flow cytometry platisow a differential distribution of GMP,
CMP and MEP populations due to the differencesatune cell types (granulocytes and
erythroid) that we see in the mature cells in tiv iB section 4.3.2. This does however
suggest that the deregulation of myeloid cells tltgurs in theCxcr2’” mice occurs at the
primitive, progenitor level. However, this cannet doncluded due to a lack of significance

in absolute progenitor numbers between strains.



181

4.3.3.2 Spleen

4.3.3.2.1  Stem cell frequency

There was a trend towards an increase in the nuailieeage negative cells in ti@xcrZ
" animals in the spleen (n.s.= 6) (Figure 4-10). There was a significant inceeiasthe
number of LSK cells in th€xcr2”™ animals P <0.05,n = 6) (Figure 4-10). Finally, All
HSC fractions showed a trend towards an increatfeei@xcr2’” animals which was not
statistically significant, most likely due to theehd sample size for this result (n.s 5 3)
(Figure 4-10).

The data suggests thaxcr2” animals have an expansion of the stem cell popuistboth
in the BM and spleen and show extramedullary (spleaemopoiesis. This suggests that
the HSC are both expanded and there is enhanceitisatibn in theCxcr2” animals. This
Is in accordance with previous literature whichwb@n increase in the numbers of CFU
in BM and spleen derived cells @xcr2” conditions in comparison to WT controls
(Broxmeyer et al., 1996, Cacalano et al., 1994)weéicer, this study extends this previous

research and shows detailed analysis of the stémagailations.

4.3.3.2.2  Progenitor frequency

In terms of progenitor cells in the spleen, theft#ction showed an increase in the
CxcrZ” animals P <0.05,n= 6) (Figure 4-11). There were trends towards iases in all
progenitor populations including the GMP, CMP anBmpopulations (n.s. for GMP and
CMP respectively with®? <0.001 for MEPn = 3) (Figure 4-11). It can be seen from
representative flow cytometry plots that the dsttion of progenitor populations differ
between strains with a greater population of GM& @MP populations in th€xcr2”
animals (Figure 4-11). The increase in progenitpypations is in accordance with results
in the previous sections which showed an increaseature myeloid and erythroid cells in

the spleen derived froixcr2” animals.
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Figure 4-7 Absolute numbers of stem cell population s between WT and Cxcr2” animals in
the BM.

Whole BM was made into a single cell suspensionstaithed for antibodies to examine
the stem cell populations and analysed using figiernetry. Data are presented as the
mean absolute cell numbers for lineage negativel(8K (B) or HSC (C) populations
between WT an€xcr2”animals. Statistical analysis was carried out usitgo-tailed
unpaired student’stest with Welch’s correction for unequal variantd>(<0.05,n = 12).

Animals were between 6 to 12 weeks and mixed gefWi&r7 male, 5 femaleCxcr2” 6
male, 6 female).
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Figure 4-8 Representative flow cytometry plots of | ineage negative, LSK and HSC

populations between WT and Cxcr2” animals.

Plots display a representative image of lineagatneg) (A), LSK (B) and HSC

populations (C) between WT amkcr2” animals.
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Figure 4-9 Absolute numbers of progenitor populatio ns between WT and Cxcr2” animals in
the BM.

The BM was made into a single cell suspension taidesd with antibodies to examine the
progenitor populations and analysed using flow mgtry. Data are presented as the mean
absolute cell numbers for LK (A) or progenitor ptgtions (B) between WT an@xcr2”
animals. Statistical analysis was carried out uSitagistical analysis was carried out using
a two-tailed unpaired student'sest with Welch’s correction for unequal variannes(,n

= 6). Images demonstrate representative flow cytonpots for LSK (C) and progenitor
(D) staining between WT ar@ixcr2” animals. Animals were between 6 to 12 weeks and

mixed gender (WT 3 male, 3 fema@xcr2” 1 male, 5 female).
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Figure 4-10 Absolute numbers of stem cell populatio

the spleen.

ns between WT and Cxcr2” animals in

Spleen was made into a single cell suspensiontaimed for antibodies to examine the

stem cell populations and analysed using flow cyioyn Data is presented as the mean

absolute cell numbers for lineage negative (A), UBKor HSC (C) populations between

WT andCxcr2” animals. Statistical analysis was carried out usimgo-tailed unpaired

student’st test with Welch'’s correction for unequal variantd>(<0.05,n = 6). Dotplot

shows representative flow cytometry staining peofdr LSK staining between WT and

Cxcr2” animals (D). Animals were between 6 to 12 weeksraed gender (WT 3 male,

3 femaleCxcrZ" 1 male, 5 female).
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Figure 4-11 Absolute numbers of progenitor populati

the spleen.

ons between WT and Cxcr2” animals in

The spleen was made into a single cell suspensidrstained with antibodies to examine

the progenitor populations and analysed using figtemetry. Data are presented as the

mean absolute cell numbers for LK (A) and progen(iB) populations between WT and

CxcrZ" animals. Statistical analysis was carried out usibgo-tailed unpaired student’s
test with Welch’s correction for unequal variantd>(<0.05; *** P <0.001,n = 3).

Dotplots display representative flow cytometry stag observed for LK (C) and

progenitor populations (D) between WT aBxcr2” animals. Animals were between 6 to
12 weeks and same gender (WT 3 fem@ber2” 3 female).
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4.3.4 Cxcr2” animals show an increase in colony numbers
derived from the spleen and PB

HSC and progenitor cells are contained within tivi, Bpleen and PB and have the
capacity to differentiate into cells of myeloid dgchphoid lineages. The CFC assay
measures the differentiation and proliferation c#yausing their ability to form colonies

in culture as described in the previous chapteis @absay was used to examine the
differences in proliferation and differentiationpeity of cells derived from the BM,

spleen and PB from WT ar@kcr2” animals. To examine the self renewal capacity of BM
derived cells, colonies grown in a primary plataggay were harvested and replated into a
secondary assay. Using this assay, the self rermpakity of BM stem/progenitor cells

was compared between strains.

4.3.4.1 BM

BM derived fromCxcr2"-and WT animals showed both strains generated asadni
methylcellulose and had comparable lineage diffemgon potential. No difference in
CFU was found in primary plating assays derivedfi®M cells between strains (n.s.5
8) (Figure 4-12). No difference in colony types evebserved between strains therefore
colonies were counted as total number of colordasa(not shown). After colony counts,
colonies were harvested from plates, pooled arekrs] into a secondary colony
formation assay to get an indication of the seiereal activity of the stem/progenitor
cells. No difference in colonies in a secondarynoglformation assay was found in cells
derived from the BM however huge variation was ddietween samples in tlxcr2”

condition (n.s.n = 3) (Figure 4-12).

4.3.4.2 Spleen

An increase in CFU-GM colonies was found in cebsived from theCxcr2” spleen P
<0.001,n = 3) (Figure 4-13). This was not statisticallyrsfgcant which likely reflects a
small sample size and sample variability. Similaglyrend towards an increase in CFU-E
colonies was found (n.91,= 3). Finally, no CFU-GEMM colonies were found ither
condition. The increase in CFU-GM and CFU-E colenesulted in an overall trend
towards increase in the total number of colonieh@Cxcr2’” animals in comparison to
the WT controls (n.sn = 3).
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4.3.4.3 PB

An increase in CFU-GM colonies was found in thed®Bxcr2” animals P <0.01.,n = 6)
(Figure 4-14). No difference in CFU-E or CFU-GEMMI@nies was found between
strains (n.s.n = 6). However the increase in CFU-GM colonies atilely resulted in a
trend towards an increase in the total number lfndes in theCxcr2”™ animals which

failed to reach significance (n.s.= 6)

Data from previous literature which showed an iaseein CFU in the spleen and PB in
cells derived fronCxcr2Z”” animals in comparison to controls (Broxmeyer etk96).
This indicates that stem/progenitor activity existghe circulation and extramedullary
sites of haemopoiesis including the spleen andTPB.results in section 4.3.3.2 with
immunophenotypic analyses support this. The lackgsfificance with colony assays in
the spleen and PB likely represents inter sampiati@n. However, in the study by
Broxmeyeret al.,an increase in CFU in BM derived cells was regbmeBM cells which
lack Cxcr2 The lack of difference in CFU found in the BM WweenCxcr2” and WT cells
in this chapter could, and most likely reflectshigical issues. Observation of the CFU
numbers obtained from BM samples in the Broxmeye.,study showed a much higher
number of CFU obtained in the WT condition thamhia results in this thesis (>80 CFU
per sample in comparison to ~20 per sample). Toeref is likely that technical issues
resulted in small CFU numbers and may not be asratee To support this idea, an
increase in myeloid, stem and progenitor populatismoted irCxcr2”” animals using
flow cytometry analysis as described in sectioBs241 and 4.3.3.1. Therefore it was
predicted that BM derive@xcr2” cells would produce an increase in CFU in compariso

to WT controls.

The results from the replating assay suggestdtibat is no difference in self renewal
activity between strains however low numbers of GfJe noted, small sample sizes
were used and high variation was noted betweenlsamfherefore this result is not
conclusive to whether cells lacki@xcr2in the BM show altered

proliferation/differentiation or self renewal adtix
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Figure 4-12 WT and Cxcr2” CFC analysis in BM derived cells showed no differen  ce between
strains in primary or secondary plates.

N
?

No. of colonies per 10,000 cells

(=]
L

No. of colonies per 10,000 cells X>

Whole BM from eitheiCxcr2” or WT animals was made into a cell suspension, WBC
counted and Ttxells plated per mL in Methocult™ and incubatedf6¢14 days.

Colonies were subsequently scored, counted andtegpinto a secondary assay. Data are
presented as the mean total number of coloniepmaary (A) ({ = 8) and secondary
replating assay (Bn(= 3). Statistical analysis was carried out using@tailed unpaired
student’s test with Welch'’s correction for unequal varianoes(). Animals were between
6 to 12 weeks and mixed gender (CFC1 WT 5 malengafe,Cxcr2” 5 male, 3 female;
CFC2 WT 1 male, 2 femal€xcr2” 2 male, 1 female).
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Figure 4-13 WT and Cxcr2” CFC analysis in spleen derived cells.

Spleen was isolated fro@xcr2” or WT animals, WBC counted and°télls plated per

mL in Methocult™ and incubated for 10-14 days. @a&s were subsequently scored and
counted. Data are presented as the mean total mambeype of colonies (A) and total
number of colonies (B)n(= 3). Statistical analysis was carried out using@way

ANOVA with Sidak’s multiple comparisons to asseffedences between groups (A) (***
P <0.001) and a two-tailed unpaired studentesst with Welch’s correction for unequal
variance (B) (n.sP = 0.058). Animals were between 6 to 12 weeks antesgender (WT

3 femaleCxcr2” 3 female).
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Figure 4-14 WT and Cxcr2” CFC analysis in PB derived cells.

PB was isolated from WT ar@ixcr2” animals, WBC counted, RBC lysed and 100,000
cells plated per mL in Methocult™ and incubated10¢14 days. Colonies were
subsequently scored and counted. Data are presantbd mean total number and type of
colonies (A) and total number of colonies (B)H3). Statistical analysis was carried out
using a two-way ANOVA with Sidak’s multiple compsoh test to assess differences
between groups (A) (** P <0.0Bnd a two-tailed unpaired studenttest with Welch’s
correction for unequal variance (B). Animals weetwieen 6 to 12 weeks and same gender
(WT 3 femaleCxcr2”" 3 female).
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4.3.5 Analysis of viability in Cxcr2” HSC populations

The results from section 4.3.3.1.1 showed an expams LT-HSC in the BM ofcxcr2’”
animals indicating expansion of stem cells with@klofCxcr2.To test whether HSC
derived fromCxcr2” or WT animals differed in terms of their stem qetbperties, it was
aimed to examine viability and cell cycle statu$di&C derived from botbtrains. BM was
harvested and stained for antibodies to identiffCH®pulations with the addition of
Annexin-V and Ki-67 to measure cell death and feddition respectively. The results are
representative of one sample therefore no stalstitalysis has been carried out and only

trends are discussed.

Results showed a trend towards a decrease in therage of Annexin-Vcells in cell
populations in th€xcr2” animals in the whole BM, lineage negative, LSK,
CD150CD48, CD150CD48, CD150CD48 and CD150CD48 HSC populations
(Figure 4-15). A sample size nf= 1 was used therefore no standard deviation tsstal
significance is recorded.

Although it cannot be concluded, the results sugipes the stem/progenitor populations
are more viable (less Annexin“Mn theCxcr2’” animals in comparison to the WT
littermates § = 1). Analysis of viability of the WT cells, showedpercentage of Annexin-
V™ cells in whole BM which is likely basal levels apoptosis (16.4%). This is not
surprising as the BM contains a mixture of diversk types including terminally
differentiated mature cell types which have a shigrtspan and are regulated by apoptosis.
In addition, the cells were examiner vivowhich means they are taken from their niche
environment where their survival and maintenanee@gulated by extrinsic signals. The
percentage of apoptotic cells was decreased asaprimitive cell population was
analysed from lineage negative (9.77%) to LSK ameHSC population (5.0% and 5.5%
respectively). This indicates that the Annexin-#ising is correct as the expression
pattern of staining correlates to the pattern etquednterestingly, an increase in the
percentage of Annexin-\tells was found in the CD150D48" population which
suggests this particular MPP population exhibitsgher level of basal apoptosis than the
other HSC populations. It is unclear why cells lagkCxcr2show increased viability in
comparison to controls. It is possible tRadcr2inhibition results in a compensation of
other chemokines includingxcrlwhich results in enhanced cell viability. Howewis
cannot be concluded without analysigGxicrland other chemokines in the absence of
Cxcr2.
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Ki-67 staining was used to examine proliferatiotHiBC populations. Although this stain
used alone cannot discriminate between cellsyineBsus G, the percentage of Ki-67
cells shows cells in £S and M phases and therefore can indicate ¢eltsare actively
proliferating. Data showed a decrease in the péagerof Ki-67 cell populations
suggesting a decrease in cell proliferation inGer2” animals in the whole BM, lineage
negative and LK populations (Figure 4-15). No diéfece was found between WT and
Cxcr2” animals in the LSK or other HSC populations inchgrthe CD150CD48 and
CD150CD48 populations. A trend towards an increase was fonnide CD150CD48"
and CD150CD48" populationsif = 1) (Figure 4-15). No statistical tests were eatout

due to the sample size of 1.

In the WT cells, it can be seen that the BM andftd€tions show the highest levels of
proliferation which is decreased in the HSC popoiet, with the lowest levels noted in the
most primitive CD150CD48 fraction. This staining pattern is as would bedjpted as the
most primitive HSC are known to be less prolifaratiNo difference in Ki-67cells is

found between HSC populations between strains thétexception of the MPP population
(CD150CD48") and this trend is found in the less primitive AKd lineage negative
fraction also. Although with a sample size of Indasions cannot be drawn, it can be
inferred that the MPP population becomes more figraliive in the absence Gicr2 In
contrast, the whole BM, lineage negative and LKticm seem to be less proliferative in
the absence d@xcr2.Higher proliferation in the MPP population couldué in cell
exhaustion an@xcr2controls cell cycle differently in MPP in companisth more mature
cell types. A more in depth analysis of cell cyatalysis with the addition of DNA stains
to distinguish between cells ih@nd G can be used. Alternatively, the cycling status of
cells can be examined vivowith the use of label retaining dyes including
bromodeoxyuridine (Brd-U).



194

Viability
A B Proliferation
60~
20-
]  WT R WT
S Ok ¢ 0 ko
8 £ 401
> g
= 104 ~
o & 204
g 5 =
=2
0-
e@ ‘S\@ V{- \f-;l. o@’ 4 4 b.x x
& > PP
o S &S
0? o\ Q\ 5 0\
. o""’b o o
Loy
WT Cxcr2”-
250K
200K +
150K H
O
vy
LL |100k
50K
i 0 T T

Annexin-V

Figure 4-15 Cxcr2"HSC viability and proliferation.

WT or Cxcr2” stem and progenitor populations were stained farekin-V and analysed
for viability or fixed, permeabilised and stained Ki-67. Data is presented as the mean
percentage of Annexin-\tells (A) or Ki-67 cells (B) in various cell populations in BM
derived cells in the WT an@xcr2” conditions. The sample size is one, therefore no
standard deviation or statistical analysis is sh¢wn 1). Dotplots of representative
samples show flow cytometry staining of Annexifi-3&lls in the CD15@C D48’ fraction
(C) or Ki-67 staining in LK fraction (D). Animals eve between 6 to 12 weeks and same

gender (WT 1 femaleCxcr2” 1 female).
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4.3.6 Analysis of engraftment in a BM reconstitution assay with
WT or Cxcr2” HSC

The gold standard technique for assaying HSC fanatiactivity is the BM reconstitution
assay. More specifically, this technique involvas isolation of HSC and transplantation
into a host in which the BM has been ablated vathdl irradiation. After transplantation,
the HSC will home and engratft into the BM niche gnéhthey will balance self renewal
and multilineage differentiation to produce progémtuding the mature cell types of
haemopoiesis. A decrease in engraftment and nmeléiie differentiation infers that the
HSC population is not functional. The use of docelts (CD45.2) from a different
genetic background than the host (CD4pallows the contribution of donor cells to be

tracked using flow cytometry.

WT or Cxcr2'"HSC were isolated from animals on a CD4%ackground and were
transplanted into several host CD4%ahimals which had been previously irradiated. The
HSC were transplanted with unmanipulated BM fro@45.1 animal to act as a
‘support’ for the survival of the hosts with abldteaemopoietic systems. Monoclonal
antibodies against CD45.1 and CD45.2 were usedflgithcytometry analysis to examine
donor engraftment in different cell populations iotrme. It was hypothesised thakcr2

null HSC would show a decrease in engraftment pieien comparison to the control WT
HSC.
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4.3.6.1 Primary BM reconstitution assays

To examine whether HSC derived from WTGxcr2” animals contained differences in
engraftment potential, PB from recipient animalswaamined for the percentages of
CD45.T versus CD45.2cells every 4 weeks up to 16 weeks post transplams time
frame allows the donor HSC to engraft into the Bighe and result in multilineage BM
reconstitution. The engraftment of donor cells wasked in the PB over 16 weeks using
CD45.1 and CD45.2 staining. Furthermore, within@45.2 fraction, the percentage of
myeloid (GR1 and CD11B), B (CD19) and T (CD4 and CD8) cells were examined.
This was to examine whether HSC fr@rcr2”” animals had the potential for multilineage
differentiation. Mice were sacrificed at 16 weeksftransplant and haemopoietic organs

were examined for the presence of donor derived.cel

From 4 weeks up to 16 weeks post transplant, a t@mards a decrease in the percentage
of CD45.Z cells was found in the PB of animals transplamtétl Cxcr2” donor HSC in
comparison to the control (n.e.=7, 6) (Figure 4-16). In the WT control, a trendvéwds
increase in CD45!cells was found over the 16 week period indicatihat the transplant
was successful. No significant differences weredditetween conditions, and it was
observed that a great deal of variation was fouithlinvboth conditions. It can be seen
from Figure 4-16 that several samples showed tie/éhgraftment up until the 16 week
timepoint in the recipients transplanted with WT@&S his is likely due to a technical
problem during the injection as WT HSC should h@né engraft in irradiated recipients.
Similarly, some samples in ti@xcr2” condition showed nol/little engraftment and the
majority of samples showed a small percentage gfadftment. However these were not
excluded from the analysis as this would introdoies. It can be seen from the WT donor
cells that percentage of engraftment increasestowerwhich is as expected in a BM
reconstitution assay. Similarly, in tkixcrZ’” condition, some HSC do engraft and the
percentage engraftment increases over time. THisates that the HSC that do engraft are
capable of self renewal, however the overall pdeggengraftment is lower than in
comparison to the control. A possible explanat®a defect in cell homing in HSC

lackingCxcr2.

In addition to examining engraftment of donor cet® cells that did engraft (CD45)2
were examined for their potential to produce ogiet of different lineages. Within the
CD45.7 cells, the percentage of cells positive for matgks of all the myeloid,

lymphoid and T cell lineages was examined. Datavellono difference in the ability of
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any of the recipient animals to produce all theuraatell types over a period of 16 weeks
post transplant (n.s,= 7, 6) for WT andCxcr2’” conditions respectively at 16 weeks post
transplant (Figure 4-16)These results indicate that although the HSC derfinam Cxcr2

" show a trend towards decreased engraftment, thethi8@ngraft are capable of
multilineage differentiation. This would supporethypothesis that HSC lacki@xcr2
show a defect in homing, as it is clear from theuhein Figure 4-16 that some HSC can
engraft and produce multilineage differentiatidnterestingly, there was no difference in
the percentage of myeloid cells in the PB in angti@nsplanted with WT a@xcr2 HSC.
As theCxcr2”™ animals show increased number of myeloid cellbiénttaemopoietic
organs at steady state, this suggests that itia @rcr2’” cell autonomous HSC that is
responsible for this expansion. As the host animasNT withCxcr2not deleted, it is
possible that a lack of this receptor is requiredll tissues to result in the observed
phenotype. However, this is speculation.

At 16 weeks post transplant, the animals were fsa@ili and haemopoietic organs were
analysed for donor derived cells in mature celeypnd stem/progenitor cells. To achieve
this, CD45.1 and CD45.2 staining was examined ieloigt (GR1 and CD11B), lymphoid
(CD19), progenitors (LK, GMP, CMP and MEP) and staits (LT-HSC, ST-HSC, MPP)

in the BM and spleen.

The results showed a similar pattern obtainedeRB analysis (Figure 4-16). A trend
towards a decrease in engraftment was found iBhend spleen (n.sn=7, 6). A trend
towards a reduction in engraftment was noted imta&ure cells in both in the BM (n.s.)
and spleenR<0.05 for myeloid and n.s. for T cells respectively 7, 6) (Figure 4-17). In
terms of progenitors, there was a trend towardslaation in the LK, GMP, CMP and
MEP populations in the WT ar@ixcr2” conditions respectively (n.s1,= 7, 6) (Figure
4-18). Similarly, the LK population in spleen dexd/cells showed trend towards a

decrease in engraftment which was not statisticijgificant (n.s.n =7, 6) (Figure 4-18).

Analysis of the stem cell populations within the BRowed a decrease in the engraftment
of lineage negative®<0.05), LSK (n.s.), CD15€D48 (n.s.), CD15@CD48 (n.s.),
CD150'CD48" (n.s.) and CD15€D48" (n.s.) populations in the WT ai@kcr2”

conditions respectively (Figure 4-18). Similarlgetlineage negative and LSK populations
in the spleen showed a trend towards decreasenior @ell engraftment in recipients
transplanted witlCxcrZ”- HSC (n.s.) (Figure 4-18).
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Collectively, the data shows th@kcr2 cell autonomous signalling is important for stem
cell functional activity. The lack of significaneeross the analysis represents
heterogeneity in engraftment observed in both W&rGxcr2”™ donor derived cells and is
likely technical. The evidence th@kcr2” HSCcan still contribute to mature cell types,
stem and progenitor cells in the BM and spleerrinhathch" HSC can still function,
however this is to a lesser extent than the WihdfCxcr2”™ HSC can produce

multilineage reconstitution over time then they stith functional and it is possible that
their defect is not in stem cell function but il é®@ming after transplantation. It is unclear
from these experiments whether the reduction imaftrgent found withCxcr2” donor

cells is due to a decrease in stem cell functioa decrease in cell homing.Gkcr2”

could not engraft in the BM but engrafted in altdive sites of haemopoeisis, an increase
of engraftment would be found in the spleen or RBifCxcr2’” transplanted animals.
However, this was not the case. It may be pos#ilaethe cells cannot home and undergo
apoptosis and therefore show a reduction in enggaft, however this cannot be

concluded at this stage.
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Figure 4-16 WT and Cxcr2” HSC show no significant differential engraftment in a primary

BM transplantation assay.

Data are presented as the mean percentage of CI#HLin recipient mice transplanted
with either WT orCxcr2” HSC(LT-HSC, 16 cells per mouse) along with CD45.1 support
marrow (2x18cells per mouse) over a 16 week period (A) (ms.7, 6). Each recipient
animal is displayed as a single symbol on the geddl6 weeks post transplant (B) (nrs.,
=7, 6). Representative flow cytometry plots of Gand CD45.2 staining in recipients
with WT or Cxcr2” HSC are shown (C). The percentage of myeloid (GRD11B), B
(CD19") and T (CD4, CD8") cells found in the PB within CD45.2lonor cells are shown
(D). Antibodies against CD4 and CD8 were used endéime fluorophore therefore T cells
are labelled as double positive cells (CP@D8") only. Statistical analysis was carried out
using two-way repeated measures ANOVA with Sidakigtiple comparison test to
compare conditions at each timepoint (A) and aesitid unpaired testwith Welch’s
correction for unequal variance (D) (n.$1H7, 6). Animals were between 6 to 12 weeks
and mixed gender (donor WT 2 femabxcr2” 2 female; recipients WT 4 male, 3 female;

Cxcr2” 4 male, 2 female).
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Figure 4-17 WT and Cxcr2” HSC show no differential engraftment in BM but show a

decrease in myeloid cells in the spleen.

Data are presented as the mean percentage of Cfi2within whole BM (A) or
spleen (B) myeloid and B cells in recipient micansplanted with either WT @xcr2”
HSC after 16 weeks post transplant. Statisticalyarsawas carried out using a student’s
unpaired testwith Welch’s correction for unequal varianceR*0.05,n = 7, 6). Spleen B
cell data was not available (B). Animals were betw6 to 12 weeks and mixed gender
(donor WT 2 femaleCxcr2” 2 female; recipients WT 4 male, 3 femabxcr2” 4 male, 2

female).
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Figure 4-18 WT and Cxcr2” HSC show no differential engraftment in BM and sple  en derived
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Data are presented as the mean percentage of Cl2é8s2within BM and spleen HSC
and progenitor cell types. The percentage of CDO4&efs within BM HSC (A), BM
progenitor (B), spleen HSC (C) and spleen progeli) was assessed in recipient mice
transplanted with either WT @xcr2” HSC after a 16 week period (A). Statistical analysi
was carried out using a student’s unpatregstwith Welch’s correction for unequal
variance (n.sn=7, 6). Animals were between 6 to 12 weeks andcgender (donor

WT 2 femaleCxcr2” 2 female; recipients WT 4 male, 3 femalxcrZ” 4 male, 2

female).
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4.3.7 Survival curve of WT and Cxcr2” animals over a year
period

A BM reconstitution assays stresses the haemopagsiem so HSC will be forced to
reconstitute the BM and functional activity canassessed. As an alternative approach to
stress the haemopoietic systédxcr2” and WT animals were aged for 52 weeks and the

haemopoietic system was examined.

4.3.7.1 Survival curve

Firstly, it was observed that ti@xcr2” animals showed a decrease in survival in aged
animals with 2 animals sacrificed out of 5 (67%vsual) in comparison to WT animals
with no deaths up to 52 weeks old (100% survivailyre 4-19) Limited assays were
carried out orCxcr2”” animals post-mortem and it therefore cannot beloded the
reason for death of the animals. However, BM wadyaed in one of the sacrificed mice
and compared with a WT control at a similar agee fidsults showed that phenotype of the
young mice is exaggerated with such an increasigeiigranulocyte population that the
erythroid cells within the BM are at a very low é&\Figure 4-19). Flow cytometry
analysis of these populations on a WT aged miceusad as a comparison and it can be
observed that an increase in myeloid cells andedeserin erythrocytes is strikingly
observed in age@xcr2” animals. Based on this analysis, it is hypothesisatithe BM
became depleted of erythrocytes and this is likelye the cause of premature death.
However, this is purely speculative as more in degsisays were not carried out at this
stage. Based on the survival animals, the expetsyaascribed in the following section

used 5 WT and 8xcr2” animals for analysis.
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Figure 4-19 Survival curve for aged WT and Cxcr2” animals.

The data are presented as a survival curve fqpeheentage survival of WT @xcr2”
animals up to a 52 week period where the surviamignals for sacrificed for analysis £
5) (A). Flow cytometry plots show granulocyte (Bideerythroid staining in the BM of a
CxcrZ” animal that was sacrificed before the year pedathlysis of a WT control at a
similar age was used as comparison (B, C). Aniwal® all F due to availability and
between 48 and 52 weeks of age. A log-rank (Ma@te{) test was used to compare
survival curves using percentage of survival oiraetand showed no statistically
significant difference between the two survivahas q = 5).
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4.3.7.2 Cellularity and frequency of mature cellt  ypes

BM, spleen, PB and thymus were analysed for celtyland absolute numbers of mature
cell types including granulocytes, erythroid, Bdancells in aged WT an@xcr2”
animals as described in section 4.3.2.

43.7.2.1 BM

The BM showed no difference in cellularity betwa®ft andCxcr2” conditions (n.s.n =

5, 3) (Figure 4-20). There was a significant deseda erythroid cells in théxcr2”
condition P <0.01,n =5, 3) (Figure 4-20). A trend towards an increass found in the
granulocytes in th€xcr2” conditions (n.s.n =5, 3) (Figure 4-20). Finally a trend towards
a decrease was found in the B cells in@xer2” condition which was not significant (n.s.,
n=>5, 3) (Figure 4-20).

4.3.7.2.2 Spleen

The spleen showed no difference in cellularity st/ WT andCxcr2” conditions (n.s.)
which likely reflects sample variation as an ineeaas noted in spleen sizedrcr2”
animals upon dissection (Figure 4-21). There wadiffierence in erythroid cells between
strains (n.s.) (Figure 4-21). There was a trendatd& an increase in the granulocytic
population in thexcr2” condition (n.s.) (Figure 4-21). There was a treowlards a
decrease in the B and T cell populations inGxer2” condition (n.s.n =5, 3) (Figure
4-21).

43.72.3 PB

The PB showed a trend towards increase in ceﬂyl'mritherch" conditions (n.sn=>5,

3) (Figure 4-22). There was a trend towards are@se in erythroid cells in ti@xcr2”
condition (n.s.) (Figure 4-22). A trend towardsiacrease was found in the granulocytes
in theCxcr2"” condition (n.s.) (Figure 4-22). Finally a trend s a decrease was found
in the B cells in th€xcr2” condition (n.s.n = 2, 3) (Figure 4-22). The lack of samples in
these assays was due to technical problems withirglaT cells subsets were not analysed

in the PB due to technical problems.
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43.7.2.4  Thymi

The thymi showed no difference in cellularity beénéVT andCxcr2’” conditions (n.s.n
=5, 3) (Figure 4-23). There was no difference icells in the thyme however only double
positive cells (CDACD8") were analysed (n.s1,= 5, 3) (Figure 4-23).

Collectively, the data shows the same trend iffriguency of mature cell types between
the conditions as in the young mice. The lack ghiicance for particular cell types
including granulocytes in the BM, spleen and PBe$ a small sample size and variation

between samples.
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Whole BM was assessed for cellularity and the altsaiumber of mature cells was

assessed using flow cytometry. Data are presestdteamean total number of cells
(WBC) between strains (A) or absolute numbers aiumeacells; erythroid (TER119
granulocyte (GRICD11B') or B cells (CD19B220") (B). Statistical analysis was carried
out using a student’s unpairetestwith Welch’s correction for unequal varianceR*

<0.05;n =5, 3). Plots display a representative imageaihstg observed with
GR1'CD11B’ dotplots (C) or TER1I%histogram (D). Animals were between 6 to 12
weeks and the same gender (WT 5 fem@her2” 3 female).
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Figure 4-21 Cellularity and absolute numbers of mat  ure cell types in spleen of WT and

Cxcr2” aged animals.

Spleen was assessed for cellularity and the alesolunber of mature cells was assessed
using flow cytometry. Data are presented as thenn@al number of cells (WBC)
between strains (A) or absolute numbers of matells;@rythroid (TER119, granulocyte
(GR1'CD11B"), B cells (CD19B220") or T cells (CD4CDS8") (B). Statistical analysis
was carried out using a student’s unpatregbtwith Welch’s correction for unequal
variance K = 5, 3). Plots display a representative imageaihsig observed with
GR1'CD11B’ dotplots (C). Animals were between 6 to 12 weeldsthe same gender
(WT 5 femaleCxcr2” 3 female).
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Figure 4-22 Cellularity and absolute numbers of mat  ure cell types in PB of WT and Cxcr2”
aged animals.

PB was assessed for cellularity and the absolutgoru of mature cells was assessed using
flow cytometry. Data are presented as the meahnataber of cells (WBC) between
strains (A) 6 =5, 3) or absolute numbers of mature cells; eojth(TER119),

granulocyte (GRICD11B’) or B cells (CD198220") (B) (n = 2, 1). Statistical analysis

was carried out using a student’s unpatrebtwith Welch’s correction for unequal
variance (A) and no statistical test was carrietiopanel B. Plots display a representative
image of staining observed with GRID11B" dotplots (C). Animals were between 6 to 12
weeks and the same gender (WT 5 fem@her2” 3 female).
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Figure 4-23 Cellularity and absolute numbers of mat  ure cell types in thymi of WT and  Cxcr2
" aged animals.

Thymi was assessed for cellularity and the abseluteber of mature cells was assessed
using flow cytometry. Data are presented as thennteal number of cells (WBC)
between strains (A) or absolute numbers of T ¢€IB4'CD8") (B). For this particular
experiment, CD4 and CD8 antibodies were used Wwigtrsime fluorochrome therefore
only double positive population data is availal@®@ CD8"). Statistical analysis was
carried out using a student’s unpaitedstwith Welch'’s correction for unequal variance
(n=15, 3). Animals were between 6 to 12 weeks ancg#imee gender (WT 5 female;

Cxcr2” 3 female).
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4.3.7.3 Frequency of stem and progenitor cells in aged WT
and Cxcr2” mice

The frequency of stem and progenitor populations e@mined in aged WT a@kcr2”

animals as described in section 4.3.3.

43.7.3.1 BM

4.3.7.3.1.1 Stem cell frequency

There was a trend towards a decrease in the nusfiireage negative cells in ti@xcr2”
animals which can be seen with representative dgiwmetry plots (n.sn =5, 3) (Figure
4-24; Figure 4-25). There was a trend towards arease in the number of LSK cells in
theCxcr2” animals (n.s.n = 5, 3) (Figure 4-24; Figure 4-25). Finally therer& no
significant differences between the various HSCutatpons (n.s.n = 3, 5) (Figure 4-24;
Figure 4-25).

4.3.7.3.2 Progenitor populations

In terms of progenitors, the LK fraction showeddikberence between strains (n1s5 5,
3) (Figure 4-26). There were no statistically siigaint differences between GMP, CMP
and MEP populations between strains however reptasee flow cytometry plots show
the differential distribution of populations betwestrains (n.sn = 3, 5) (Figure 4-26).
However the trends showed the same as found iyailneg animals. The lack of

significance likely reflects the small sample size.

The lineage negative and LSK frequency in the BleMsh similar trend to those obtained
in young animals (Figure 4-7). However, no differenvas noted between strains for the
HSC populations. This could be due to smaller sarages in the ageing analysis or it is
possible that there are no differences in the aqy of HSC populations in aged animals.
Interestingly, an increase (9.7 fold) is notedhe absolute number of LT-HSC in WT BM
derived from young and aged animals. This is iroetance with previous literature to
show that LT-HSC are increased in frequency inaasp to ageing, but display decreased
functionality (Snoeck, 2013). Although an increasstill noted between young and aged
LT-HSC in theCxcrZ" animals, the fold increase is lower than that oesmwith the WT
(2.8 fold). It is possible that an expansion of HBC occurs at an earlier stage in the

Cxcr2” animals therefore no differences are seen in ageel as an expansion is also
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noted in the WT. This would infer that the HSC has@uced self renewal potential,

however this cannot be concluded at this stage.
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4.3.7.3.3 Spleen

4.3.7.3.3.1Stem cell populations

There was a trend towards an increase in the nuaili@eage negative cells in ti@xcrZ
" animals in the spleen (n.s.7 5, 3) (Figure 4-27). There was no differencethin
number of LSK cells between strains (nss, 5, 3) (Figure 4-27). Finally there were no

significant differences between the various HSCuteiions (n.s.n = 3, 5) (Figure 4-27).

4.3.7.3.3.2Progenitor populations

In terms of progenitors, the LK fraction showedent! towards an increase in rcr2”
condition (n.s.n =5, 3) (Figure 4-28). There were no statisticallynificant differences
between GMP, CMP and MEP populations between st aiis.n = 3, 5) (Figure 4-28).
However the lack of significance likely reflectetbmall sample size, the differential

distribution of cell types can be seen with repnésteve flow cytometry plots between

strains and the data showed the same trends las yoting mice.
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Figure 4-24 Absolute numbers of stem cell populatio ns in the BM between WT and Cxcr2”
aged animals.

Whole BM was made into a single cell suspensionstaithed for antibodies to examine
the stem cell populations and analysed using figiwroetry. Data are presented as the
meanzstandard deviation absolute cell numberdrieaye negative, LSK or HSC
populations between WT ai@kcr2” animals. Statistical analysis was carried out using
student’s unpairetitestwith Welch’s correction for unequal variance (nms5, 5, 3).

Animals were between 6 to 12 weeks and the samieg¢WT 5 femaleCxcr2’” 3
female).
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Figure 4-25 Representative flow cytometry plots of lineage negative, LSK and HSC

populations between WT and Cxcr2” animals in aged animals.

Images show representative flow cytometry plotsnelage negative (A), LSK (B) and
HSC staining (C) in WT an@xcr2” animals. Animals were all F due to availability and

between 48 and 52 weeks of age.
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Figure 4-26 Absolute numbers of progenitor populati ons between WT and Cxcr2” animals.

Whole BM was made into a single cell suspensionstaithed for antibodies to examine
the progenitor populations and analysed using flgiemetry. Percentages of cells within
whole BM was multiplied by the WBC cellularity di¢ BM and absolute numbers
compared. Data are presented as the mean absellutembers for LK, CMP, GMP and
MEP populations between WT afikcr2”” animals. Statistical analysis was carried out
using a student’s unpaireédestwith Welch’s correction for unequal variance (nss 5,

3). Animals were between 6 to 12 weeks and the sgmder (WT 5 femaleSxcr2” 3
female).
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Figure 4-27 Absolute numbers of stem cell populatio ns between WT and Cxcr2” aged

animals in spleen.

Spleen was made into a single cell suspensiontanted with antibodies to examine the
stem cell populations and analysed using flow cgiwyn Percentages of cells within
whole spleen was multiplied by the WBC cellulaafythe spleen and absolute numbers
compared. Data is presented as the mean absoluteic#ers for lineage negative, LSK
or HSC populations between WT a@scr2” animals. Statistical analysis was carried out
using a student’s unpaireédestwith Welch’s correction for unequal variance (nss, 5,

3). Animals were between 6 to 12 weeks and the ggnder (WT 5 femal€xcrZ” 3
female).
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Figure 4-28 Absolute numbers of progenitor populati ons between WT and Cxcr2” animals in
the spleen.

Spleen was made into a single cell suspensiontanted with antibodies to examine the
progenitor populations and analysed using flow mgtry. Percentages of cells within
whole spleen was multiplied by the WBC cellulaafythe spleen and absolute numbers
compared. Data is presented as the mean absolutelcwers for LK, CMP, GMP and
MEP populations between WT afikcr2”~ animals. Statistical analysis was carried out
using a student’s unpaireédestwith Welch’s correction for unequal varianges.,n =5,
3). Animals were between 6 to 12 weeks and the ggmder (WT 5 femal€xcr2” 3
female).
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4.3.7.4 CFC assays

As anin vitro measure of the stem/progenitor activity in a popoia cells from aged
animals were plated in Methocult™ and examined@ony growth as described in

section 4.3.4.

4.3.7.5 BM

No difference in colonies was found in the BM betwetrains. Colonies were pooled and
counted as total number of colonies as no diffesendifferent types were found (n.s.5

3, 1) (Figure 4-29). No statistical analysis wasied out due to the sample size of 1 in the
Cxcr2” population. This was due to contamination in sevemples. Colonies were
reseeded into a secondary colony formation assggttan indication of the self renewal
activity of the stem/progenitor cells. A trend todsan increase was noted in @wecr2”
condition, however small sample size does not aftovetatistical analysis (n.s1= 3, 1)
(Figure 4-29).

4.3.7.6 Spleen

There is a trend towards an increase in CFU-GMrgetowas found in the spleen. No
difference in CFU-E or CFU-GEMM colonies were fouiithe increase in CFU-GM
colonies causes an overall trend towards increadeitotal number of colonies in the
Cxcr2” animals (n.s.n =5, 3) (Figure 4-30). The lack of significancdilely due to

variation between samples in this assay and a saaple size in one of the conditions.

Not enough material from PB in aged animals wadata for colony formation assays. It
is predicted an increase would be found inG@ker2” condition as reported in the young

animals.

Taken collectively, the data shows the same trend goung animals. The lack of
difference in CFU in the BM oExcr2”animals is likely technical due to small numbers of
CFU obtained.
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Figure 4-29 WT and Cxcr2” CFC analysis in BM derived cells shows no differenc e between
strains in primary or secondary plates in aged anim als.

Whole BM was made into a cell suspension, WBC cediand 10cells plated per mL in
Methocult™ and incubated for 10-14 days. Data aesgnted as the mean total number of
colonies in a primary (A) and secondary replate((B} 3, 1). No statistical test was
carried out due to the sample size of 1 in ondéefconditionsAnimals were between 6 to
12 weeks and the same gender (WT 3 fen@ker2” 1 female).



220

Spleen

40

N
2

| I ,

(=]
1

No. of colonies per 100,000 cells

Figure 4-30 WT and Cxcr2” CFC analysis in spleen derived cells shows no diffe  rence
between strains in aged animals.

The spleen was made into a cell suspension, WB@tedwand 1dcells plated per mL in
Methocult™ and incubated for 10-14 days. Data aesgnted as the mean total number of
colonies in a primary plating assay € 5, 3). Statistical analysis was carried out g@sin
student’s unpairetitest with Welch'’s correction for unequal varianoes(). Animals were
between 6 to 12 weeks and the same gender (WT &de@xcr2” 3 female).
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4.3.7.7 Stem cell viability and cell cycle status

The stem and progenitor populations were examiaedidbility and cell cycle status in

aged mice as described in section 4.3.5.

Data shows a trend towards a decrease in the gageeaf Annexin-Vcells in cell
populations in th€xcrZ” animals in the LSK, CD15€CD48, CD150CD48 (P <0.05),
CD150CD48" (P <0.01) and CD15€D48" populations P <0.05). A total of 5 and 3
animals for WT an€xcr2” conditions were analysed respectivel (Figure 4-8%yend
towards an increase in Annexir-¥ells was found in thExcr2” animals in the whole
BM, lineage negative and LK fractions but this @ statistically significant and likely
represents no differences between populations (n=s5, 3) (Figure 4-31).

The data suggests that the stem/progenitor popuokatire more viable in ti@xcr2”

animals in comparison to the WT littermates. Thigiaccordance with data obtained on
HSC populations in young mice. Furthermore, thegase in sample sized in aged animals
allowed statistical analysis. It can seen from detdhe WT cells that there is a basal level
of apoptosis in BM cells which decreases in the l#Bid more primitive HSC populations
which suggests the staining is correct. Interestjng the WT mice in both young and

aged mice show a high percentage of Annexireddls in the CD150CD48" (MPP)
population in comparison to the other HSC fractisaggesting this is a more apoptotic
population. In addition, the CD150D48" population in theCxcr2” mice shows a lower

percentage of Annexin-\tells in comparison to the WT.

Ki-67 staining was used to examine proliferatidth@ugh this stain used alone cannot
discriminate between cells inn@ersus G, percentage of positive cells can indicate
proliferation. Data shows a trend towards decr@asiee percentage of Ki-6ell
populationsCxcr2”” animals in the whole BM, lineage negative and Lipylations
(Figure 4-31) (n.sn=4, 2).
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Figure 4-31 Cxcr2” HSC show an increase in viability in aged HSC.

WT or Cxcr2”” stem and progenitor populations were stained farekin-V and analysed
for viability or fixed, permeabilised and stained Ki-67. Data are presented as the mean
percentage of Annexin-\tells fi=5, 3) (A) or Ki-67 cells (B) f = 4, 2). Statistical
analysis was carried out using a student’s unpairestwith Welch’s correction for
unequal variance. Sample size is too low for@xer2”” conditions in the Ki-67
experiment, therefore no statistical analysis @sh Representative plots of Annexin-V
staining in the CD15@D48" fraction (C) or Ki-67 staining in the LK fractiqid) are
displayed Animals were between 6 to 12 weeks and the san#degéA WT 5 female;
Cxcr2” 3 female; B WT 4 female€Cxcr2” 2 female).
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4.4 Discussion

The results in this chapter focus on the analylsssraouse model which lackxcr2.The
results are found to be in accordance with pubtisiierature which shows an increase in
the myeloid cells in the haemopoietic organs, antherease in CFU in the spleen and PB
in theCxcr2"” animals (Broxmeyer et al., 1996, Cacalano et 894) However, it has not

been examined to date whether this signalling payimvay play a role in HSC function.

Previous literature which first documented the tgpe of theCxcr2” mice showed data
to suggest thatxcr2signalling controlled myeloid regulation (Broxmeyetral., 1996).
Therefore it was proposed this signalling pathvagantrolling negative regulation of
myeloid cells. However, i€xcr2signalling was solely controlling myeloid regulatjo
there would be no additional phenotypeCixcr2’™ animals particularly involving the HSC
population. More specifically, this does not explthe expansion of the LT-HSC in the
BM and enhanced mobilised with extramedullary hgeoresis in the spleen and PB. In

addition, this does not explain wiixcr2"- HSC show a defect in BM engraftment.

The expansion of the myeloid cells is due to a lafd&xcr2 signalling. However it was
interesting to observe that the progenitor popoiretiGMP, CMP and MEP) show a trend
towards differences in t@xcr2”” animals in comparison to the WT controls. If thigsio

be repeated and gain statistical significance,dbigd suggest th&xcr2regulates

myeloid cell production at a more primitive levielh at the mature cells. In addition to an
increase in myeloid cells, tt@xcr2” animals show an increase in the HSC in comparison
to the controls in the BM. It is possible tl@tcr2 signalling contributes to establishing
numbers of HSC in addition to mature cells. A poes study has noted th@kcr2

signalling is involved in the regulation of oligattrocyte numbers @@xcr2” animals

show differences in comparison to the controls @wadi-Claudio et al., 2006).

In addition to the expansion of LT-HSC in the BM@#cr2"” animals, the HSC were
shown to be more viable than the WT counterparihiofigh a sample size of 1 in the
young animals does not allow a valid conclusiobdalrawn. However, from the human
data in the previous chapter it is predicted thack of Cxcr2would decrease cell

viability. It is possible that mechanisms of sidimg differ between species and this should
be further examined. It could be inferred t8atr2 signalling negative controls stem cell
viability, or alternatively the lack of the recepts causing a compensatory effect resulting

in an increase in viability. As an example, it kcblbe thatCxcr2reduction results in an
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increase irCxcrlexpression. In support of thiSxcrlandCxcr2have been shown to
show compensatory effects with each other. FurtbegsrmRNA transcripts of CXCR1
have been shown to be expressed in the BM andrsptea previous study;xcr2”

animals showed an over expressioi€atrlin endothelium in comparison to levels in WT
mice (Sanchez et al., 2007). Studies inhibithgrlhave shown a decrease in cell
viability, it is therefore likely that an increaseexpression could support viability

however this has not been tested in this studyg§ier et al., 2010).

The true functional assay of a stem cell is thétglo reconstitute a host with a lethally
ablated BM. In this experiment, it was found thedre was a trend towards a reduction in
the ability of the HSC derived from ti@xcr2” donor to engraft to the same level as the
WT donor HSC. This suggests tl&tcr2 signalling may have an effect on stem cell
function in a cell autonomous manner. However riatg@erimental variation resulted in
the difference between conditions to be not sigaiit. Therefore, it cannot be concluded
thatCxcr2null HSC show a defect in functional activity withe results in this thesis.
However, the data indicates there may be differéeteeen samples. If this is the case, it
is unclear from this experiment whether the HSGveerfrom theCxcrZ” donor show a
trend towards a decrease in engraftment due téeatda homing or due to a problem
within the BM niche. Indeed, CD45.2ells derived from th€xcr2"” donors were found to
produce multilineage reconstitution and a percentfgCD45.2 cells from theCxcr2”
recipients were found in all mature cells, stem pradjenitor cells. Furthermore, the
percentage engraftment from do@xcr2” HSC increased over time which suggests the
HSC were capable of self renewal. It is known atr2 signalling plays a role in
neutrophil mobilisation and it is possible thastheceptor may play a role in HSC
mobilisation (Eash et al., 2010). Indeed, a vargdtgtudies have shown that
administration ofCxcr2ligands results in the immediate mobilisation ofGHfom the BM
into the periphery which i€xcr2dependent (Pelus and Fukuda, 2006). Furthermore,
previous research reported tiatcr2signalling in combination witicxcr4 (a key HSC
mobilisation gene) regulated neutrophil mobilisat{&ash et al., 2010). Whether these
genes may play a role together in HSC mobilisatias not been assessed. To support this
idea, the evidence that CFU are found in extrantequsites of haemopoiesis Gxcr2”
animals does indicate that there may be a defédSiG mobilisation. The results show
thatCxcr2” HSC do not locate to the PB or spleen insteadeBiM as a reduction in
engraftment was found in all haemopoietic siteeréfore if the HSC cannot home to the
BM it is likely that they undergo apoptosis.
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Data from this chapter showed that mouse HSC ptpuok including the most primitive
LSKCD150 CD48 fraction express the recept@xcr2.However due to limited cell
numbers and time constraints in this study, althamgRNA data is available on the
receptor. To strengthen this result, protein expoesshould be assayed. To date, very few
chemokine receptors have been reported on HSCmBarity of research has been on
CXCR4 which responds to CXCL12 resulting in HSC raigpn to and from the BM. Gene
expression analysis for CXCR2 binding ligands orCHBowed no positive expression for
the ligands tested. This could be technical, o tiey are expressed on a less primitive
stem cell population. It cannot be concluded froméxperiments conducted in this study
what is the mechanism of action of CXCR2 signalliflgis presents a future avenue of

research.
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5 Results IlI: Human and mouse HSC express
CXCL4 which regulates HSC self renewal

5.1 Introduction

The results shown in chapters 4 and 5 provide eciléo support that CXCR2 signalling
plays a role in stem cell properties including stalvand proliferation in both human and
mouse systems. However, a discrepancy betweerutharhand mouse experiments
exists. In chapter 4, it was shown that CXCR2 higdigands Cxcl1, Cxcl2andCxcl5/6)
MRNA transcripts were found in human HSC. Howeirechapter 5 it was shown that the
mouse homologs of these specific genes were noessed by the mouse HSC
populations tested. Explanations for this resultengeviously discussed. In addition to
Cxcr2binding ligands, another member within the CXC ifgraf chemokines Cxcl4) was
examined for expression on mouse HSC populatioresiriestigatedxcl4 expression on
mouse HSC for several reasonsCkcl4is within the CXC family of chemokine ligands
and is structurally similar t€xcr2binding ligands; 2. Examination of previously
unpublished microarray data from our lab identif@dl4as being highly expressed in
mouse HSC populations at levels comparable to se&#hgeneCxcr4 (data not shown,
unpublished data); 3. Literature searching idezdithatCxcl4 supports human HSC
survival and adhesion (reviewed in the introducsention). This chemokine therefore
seemed to be an ideal candidate to further purBli@.experiments in this chapter were
designed to elucidate the biological roledcl4in mouse HSC behaviour. Furthermore,
we wanted to examinéXCL4expression in human HSC to examine whether thas is

novel stem cell factor highly expressed in both sgoand human HSC populations.

Cxcl4is a chemokine belonging to the CXC group, whgchredominantly expressed by
activated platelets and promotes blood coaguldtmrnewed in the introduction section).
There is some literature available on the rol€x¢l4 signalling in human stem/progenitor
cells (reviewed in introduction section) with eunde thatCxcl4inhibits haemopoeisis and
promotes stem/progenitor survival, however thisaswell understood. Furthermore, as
far as we have understood, there are no data osefwel4in terms of HSC behaviour.

In this chapter, expression of the chemokine wasnéxed in both mouse and human HSC
systems. In addition, the functional role was itigeged in the mouse system using
transgenicxcl4-Credriven reporter miceCxcl4null mice €xcl4”) and reduction of

Cxcl4 expressionn vitro using sShRNA mediated lentiviral transduction.
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5.2 Aims and Objectives

The specific aims of this chapter were:
I To examineCxcl4 expression on mouse HSC populations

It was hypothesised that this chemokine may plegteain HSC properties therefore

MRNA expression was analysed in mouse HSC popukatising Q-PCR.

Il To examine whether aCxcl4-Cre driven reporter mouse model activity
correlates with gene expression in HSC populations

A reporter mouse model in whi€xcl4drives RFPexpression is available. We wanted to
use this mouse model to validate the gene expressita. Furthermore, it was aimed to

use this mouse model to elucidate the biologicattion ofCxcl4.
1] To investigate how a lack of Cxcl4 alters stem/progenitor cell behaviour

We wanted to use different approaches to mod@at4 expression in an aim to
understand the role of this chemokine in HSC behaviWe used animals lacki@xcl4
(Cxcl4") and examined whether these animals displayedreliftes in stem/progenitor
cell frequency, properties and function. As anraléve approach we aimed to reduce

Cxcl4expressionn vitro using shRNA and to examine the resulting phenotype.
Vv To examine the expression o€XCL4 on human HSC

The microarray study used for this thesis was patlusive forlCXCL4expression on
human HSC, therefore this objective was to asséssher this gene is also expressed in
human HSC and may play a role in human HSC praserti
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5.3 Results

5.3.1 CXCL4 is expressed on mouse HSC

Data in chapter 3 showed thaxcr2is expressed on mouse HSC populations, however
Cxcr2binding ligands were not detected by Q-PCR amalyther chemokines in the
same functional group were examined for expressmoparticularCxcl4 (also known as
platelet factor 4). This chemokine is not a knowgarmd forCxcr2,but is part of the CXC
functional group and is structurally related toest&XC chemokine ligand&urthermore
there is evidence th&xcl4 can bind Cxcl8n vitro (Dudek et al., 2003). In additioGxcl4
was reported to be highly expressed in mouse H&@ & search in unpublished
microarrays from our group (data not shown). Theeedxnent in this section was carried

out with Dr Amelie Guitart.

Q-PCR using the Fluidigm™ platform was used to drar@xcl4 expression in mouse
HSC populations. Gene expression was examinecib 3K fraction sorted using CD150
and CDA48 using the terminology described in chapt&ata showed detectable
expression o€xcl4in the LT-HSC (CD150CD48), ST-HSC (CD15®D48) and MPP
(CD150CD48 and CD15@CD48") populations. Examination of differences between
populations revealed a trend towards decreaseei€150CD48 fraction (n.s.), an
increase in the CD15@D48 population P <0.01) and a decrease in the CDTIDAS'
fraction P <0.01) with the fold change calculated using thel&MCD48 fraction as the
calibrator and set to the value ofril< 3) (Figure 5-1). Gene expressionRiflis

compared to a gene highly expressed in HSC popuka{21) to demonstrate expression

at relatively high levels (Cheng et al., 2000).

In summary, results show th@kcl4is highly expressed on mouse HSC populations with
the highest expression found in the MPP populafitve. observation th&xcl4is highly
expressed in mouse HSC populations including thédSTC population merited further
investigation into the role of this chemokine iaratcell activity. ACxcl4is well known

to be expressed in cell types of megakaryocytedidblineage, it is possible thakcl4is
actively transcribed in the MPP population and readlls destined for a particular lineage
at an early stage in lineage differentiation. Hogrethis is speculation as was not

investigated further.
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Figure 5-1 Cxcl4 is expressed on mouse HSC at the mRNA level.

Normal BM was freshly isolated and stained for laodiies against LSK, CD150 and
CD48. 500 cells were sorted, RT, preamplified arREBCR was carried out to ass€><l4
MRNA expression. Results are shown relative to élkersping contrgb2M fold change
using the CD150CD48 population as a calibrator set to 1 (A) and digpthas relative
expression levels ("N (B). Results displays the mean expression level froethr
independent experiments performed in triplicate gnel B shows relative expression
levels (2P°"<T with a stem cell gene to compare expression $eEdch dot represents
average expression from thréex¢l4) and two p21) independent experiments (B).
Animals were 6-12 weeks of age and males. Statldest carried out was a repeated
measures one-way ANOVA using Dunnett’s multiple panison test to compare
differences between the LT-HS3fction and each population for panel A onlyP&4

expression was examined in two samples amly 8, ** P <0.01).



230

5.3.2 Lineage tracing of Cxcl4 marks a proportion of HSC with
enhanced colony formation activity

The gene expression data identifies tBatl4is highly expressed in HSC populations
including the LT-HSC fractionCxcl4-Cre €commonly referred to a3f4-Cre)is a widely
used transgenic model which has been studied exédngpreviously (Tiedt et al., 2007).

In this study, we used this reporter model to destrate thaCxcl4-Crerecombines in a
proportion of BM derived HSC. This transgenic mousmel expresses Cre-recombinase
in cells in which endogenowdxcl4is expressedrhe cross oCxcl4-Crewith a reporter
strain allows cells in which Cre-recombinase atfiig active, to be identified and
isolated. Briefly,Cxcl4-Cremice were crossed with a tandem reg®aP under the
Rosa2@romoter which should show RFP expression in edfgessingCxcl4and their
progeny. Thé&Rosa26-RFP,Cxcl4-Cre" transgenic mouse model was used \Ritisa26
RFP";Cxcl4-Cre andRosa26-RFPCxcl4-Cre models used as controls which showed no
difference in phenotype and were used interchanigefbe experiments in this section

were carried out in collaboration with Dr Simon &alnus.

5.3.2.1 Cxcl4-Cre is expressed in HSC and subsequent
progeny

The transgenic model has been used previouslyaw &P expression in cells positive
for Cxcl4 expression including megakaryocytes and plateleesi( et al., 2007). However,
an in depth analysis of the reporter model in H8@utations has not been examined to
date. Results from section 5.3.1 demonstrate tidagenousxcl4is expressed in mouse
HSC. We wanted to use the reporter mouse modelRodide validation endogenous
Cxcl4dis expressed in HSC and 2. Elucidate the biolodigaition ofCxcl4. Mice were
analysed for expression Gikcl4using RFP as a marker with flow cytometry analysis
combination with antibodies to identify HSC popidast.

Firstly, it was noted that positive RFP expressi@s found within the haemopoietic
organs tested (BM, spleen and thymi) with the hsgjlegpression in the BM followed by
the spleen and thymin & 3, Figure 5-2). The controls were negative foPR¥pression as

expected (data not shown). Representative plotbeassualised in (Figure 5-3).

Examination of the stem cell compartment showetlRfi cells were found in HSC
populations. Results showed a proportion of Rég!s in the BM, LSK and HSC
compartments including the most primitive CD16048 fraction (= 9) (Figure 5-2).
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As a positive control, BM derived megakaryocyted BB derived platelets were isolated
and examined for RFP expression within CDdélls. Megakaryocyte and platelets are
CD41" and are known to expre€scl4therefore should show positive expression for RFP.
Results showed RFRells in platelets (94.3%) and the majority of mieayyocytes
(50.2%) 6 = 3) (Figure 5-4). This result is as expected aasllbeen shown previously
suggesting that the transgenic model functionsectiyr. Although all of the platelets are
positive for RFP expression, only 50% of megakayyes were found to be positive for
RFP. However, previous results have shown that iimreanegakaryocytes may have
incomplete recombination and therefore RFP expsasshich reflects the cell type and
not the model (Tiedt et al., 2007). As a technazaitrol, RFP and RFPcells were sorted
from Rosa26-RFP,Cxcl4-Cre” mice and examined for the presence of gend@néc
Results showed the presenceCoéin both RFP and RFPfractions using standard PCR
(Figure 5-2).

The Cxcl4-Cremodel has been used previously for megakaryocydeptatelet biology but
Cxcl4expression in the HSC population has not beenifteht This is likely due to
differences in the techniques with previous redeasing histology which is not as
sensitive as flow cytometry for RFP expression. ¢tibination of detection of
endogenou€xcl4mRNA in HSC (Figure 5-1) and the positive RFP egpien in HSC
(Figure 5-2) suggests th@kcl4-Crereflects transcriptional activity @@xcl4 promoter in

these populations.

As described in section 2.3.7.2.1, the BAC usedré¢ate the transgenic mice in this study
also contained other genes, one of which is knanpidy a role in stem cell maintenance.

Therefore, the results should be concluded withicau

Gender was not noted for the animals used in #asan. Without knowing whether the
gender was similar or different between groups am¢sllow a valid conclusion to be

drawn. Experiments should be repeated with the gyevatiable controlled.
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Figure 5-2 Mature haemopoietic organs and HSC popul  ations express RFP which is under

the control of the Cxcl4 promoter.

BM, spleen and thymi were isolated, stained for H®@ulations and examined for RFP
expression using flow cytometry. Data are preseasethe mean percentage of REBIls
in mature haemopoietic organs BM, spleen and tl{xnin BM and HSC populations
LSK and LSK,CD150CD48 from three independent experimenis=(3) (B). Image
represents the presenceQe in DNA isolated from LSK sorted cells which are RRP)
and RFP(-). Animals were 6-12 weeks of age. Animals wgiken by Dr Simon

Calaminus (Beatson Institute for Cancer Reseanuthggnder was not noted.
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Figure 5-3 Representative plots of RFP expression in organs in Pf4-Cre’-Rosa26-RFP" mice.

BM, spleen and thymi were isolated, stained for H®@ulations and examined for RFP
expression using flow cytometry. Data shows repriedive image of plot for RFP
expression of cells in mature haemopoietic orgavs gpleen and thymi in BM and HSC
populations LSK and LSK,CD15@D48 from three independent experiments (B). Panel
A demonstrates staining profile for all controledsn this study (A). Animals were given

by Dr Simon Calaminus (Beatson Institute for CariResearch) and gender was not noted.
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Figure 5-4 Positive control cells megakaryocytes an  d platelets express RFP which is under

the control of the Cxcl4 promoter.

BM derived megakaryocytes and PB derived platelet® isolated, stained for CD41 and
analysed for RFP expression using flow cytometigtalare presented as the mean
percentage of RFReells within the CD41fraction from three independent experiments (
= 3) (B). Representative flow cytometry plots shéid41 and RFP expression in cell
populations between strains (A). Animals were gikgrDr Simon Calaminus (Beatson

Institute for Cancer Research) and gender wasaotetn
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5.3.2.2 Lineage tracing of Cxcl4 marks a stem/progenitor
population with increased colony formation activity

Interestingly, experiments in section 5.3.2.1 shobtat only a proportion of HSC
expressed RFP. Technical controls were carriedoostiggest that this was a true
biological result (Figure 5-2). It can be inferfiedm the data thaCxcl4is only
transcriptionally active in a subset of cells. Tdfere, the question arose, why are only a
proportion of cells positive faExcl4 expression in the HSC? RF&nd RFPnegative cells
were isolated from the BM from th@xcl4-Creand seeded into a CFC assay to get an
indication of how these populations differ in terofglifferentiation and proliferation
capacity.

Results showed an increase in the number of calahitained in RFPsorted cells in
comparison to cells lacking RFP expression in engary CFC assayP(<0.05,n = 3)

(Figure 5-5). To get an indication of self renewaelivity, cells were replated into a
secondary colony formation assay and results shewiezhd towards a decrease in colony
numbers between RFRersus RFPcells, which was not statistically significant dilatly

represents sample variation (nrs5 3) (Figure 5-5).

The results indicate th&xcl4" cells have enhanced colony formation capability in
comparison to negative cells. This infers tBatl4" cells exhibit an increase in viability,
differentiation or proliferation in comparison teetnegative counterparts. Previous
literature has shown that human haemopoietic cetigond to exogeno@xcl4which

results in an enhancement in cell viability, therefthis result would be in accordance

with literature available (Han et al., 1997). Itghi be expected that an increase in primary
colonies would result in an increase in coloniea secondary plating, however this was
not found. One explanation is th@xcl4™ cells are more proliferative and exhaust therefore
produce less colonies in a replating assay. Howdlvisrcannot be concluded.
Furthermore, the transgenic model used does ndk atdive transcription. Therefore, it is
possible thaCxcl4is modulated in response to culture conditions Wwiciculd skew the
results in a secondary plating assay. It is alssipte that RFP expression is not solely
dependent o&xcl4transcriptional activity due to the random integmatof theCxcl4-Cre

transgene.
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Figure 5-5 Cxcl4” BM cells show enhanced colony capability in a prima ry plating assay over
Cxcl4’ counterparts.

Representative flow cytometry plots display the RERus of cells prior to plating into a
CFC assay (A). Data are presented as the mearctdbaly number from cells sorted for
RFPexpression. Results show primary (B) and secon@rplating assaya(= 3). A
ratio paired test was carried out to assess statistical sigmée (**P <0.01). Animals
were given by Dr Simon Calaminus (Beatson InstifateCancer Research) and gender

was not noted.
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5.3.3 Cxcl4 reduction in vitro reduces colony formation activity in
mouse stem/progenitor cells

The results from section 5.3.2.2 implicate Gatl4 may mark a stem/progenitor
population with enhanced colony formation activifp. validate thisCxcl4 expression
was reduced using a vector with a shRNA hairpigeaing the mous€xcl4 coding
sequence. Positively transduced cells were platedcolony formation assay and colony

growth was compared with a non-targeting shRNA @bnt

5.3.3.1 Optimisation of construct for ~ Cxcl4 reduction in
vitro

As described in chapter 3, different ShRNA sequemgminst a target gene can result in
varying levels of gene modification. A set of 5 pDKL vectors each with a different
shRNA sequence were tested for their knock downieffcy inCxcl4 expressing mouse
cell lines. Cell lines used were c-Kit positive rselBM cells which were immortalised for
long term culture using integration of oncogenes 8&ith, data not shown). These cells
were chosen for optimisation experiments for twasons: 1. These cells were shown to be
positive forCxcl4 expressiorand 2. Their immortalisation using oncogenes tanséd
them into cell lines allowing an abundance of cllsarry out the required experiments.
Cells were transduced using lentivirus particles subsequently cultured in puro for
several days before RNA was extracted and Q-PCRus&s to test foCxcl4 expression.
Each vector resulted in the following fold changemase in comparison to the control
which was set to the value of 1; shl (0.70, nsf., (0.60P <0.01), sh3 (0.80, n.s.), sh4
(0.33,P <0.01) and sh5 (0.14,<0.001) 6 = 3) (Figure 5-6). An interesting observation
was that all vectors resulted in some amour@afl4 reduction and fewer cells were
obtained in comparison to the control cells (daigsimown). The construct which resulted
in the best reduction i@xcl4 expression (sh5) was sub cloned into a pLKO.1 vegith a
GFP reporter tag. Thexcl4pLKO.1-GFP vector will be described as sh1l for diaify.

This vector was tested in cell lines and confirteedhow a reduction in gene expression
of Cxcl4 (n= 3,P <0.001) in comparison to a control which was seh&ovalue of 1
(Figure 5-6). Ideally, protein expression wouldds@amined for the effect of the shRNA on
Cxcl4 protein reduction. However, due to difficulties kvaintibodies against mou€cl4

and time constraints, this experiment was not edrout.
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5.3.3.2 Reduction of Cxcl4 in c-Kit * cells reduces colony
formation capability

A stem/progenitor population (c-Kit enriched moidd) was transduced with the shRNA
vector (shl) described in section 5.3.3.1. C-Krided mouse BM cells were deemed
appropriate for this study as a more primitive tiat would have provided fewer cells for
the assay. Furthermore, primitive HSC are knowpetdlifficult to transduce due to their
non proliferative status. After transduction, thERSGcells were sorted and subsequently
cultured in a colony formation assay. Results shibavsignificant decrease in colonies in a
primary assay witl€xcl4reduction in comparison to the number of coloniesimed in

the control armP <0.05,n = 3) (Figure 5-7). No differences in the differentony types
between conditions were observed therefore dataaogsred as the total colony number
obtained. This data suggests t6atl4reduction reduces colony formation therefGrecl4
plays a role in stem/progenitor survival and peshtion. To examine self renewal
potential, cells from a primary plating assay weladed into a secondary assay. In a
secondary replating assdyxcl4reduction showed a significant reduction in colony
numbers in comparison to the contrBl<{0.01,n = 3) (Figure 5-7). To ensure that the
shRNA vector reduce@xcl4 expression in primary mouse cells, cells were rstegefrom
the primary plating assay and examined for geneesspon levels oE€xcl4 using Q-PCR.
Results showed a mean 0.50 reductio@xcl4 gene expression levels in comparison to
the control cells which was set to the value oflie decrease in gene expression was not
statistically significant due to variation that wa®sent in technical triplicates derived
from 3 independent samples (nrs= 3) (Figure 5-7). This result indicates tiaatcl4
controls stem/progenitor cell survival, prolifeatiand self renewal. A more in depth
analysis of apoptosis and cell cycle status inaese taCxcl4reduction is needed to

confirm these results, however was not completedtduime constraints.
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Figure 5-6 Reduction of Cxcl4 using shRNA results in a reductionin ~ Cxcl4 expression in

mouse cell lines.

Cell lines were transduced using lentivirus@xcl4 shRNA or a control hairpin.
Subsequently RNA was extracted, RT and Q-PCR choug forCxcl4 expression. Data
are presented as the mean fold changexiti4 expression in transduced cell lines with 5
vectors in a pLKO.1 puro background (A) and 1 veoia pLKO.1-GFP background (C)
compared to the control which is set to the value. @ata was calculated using
housekeeping ger@apdhand using the DeltaDeltaCT method. Relative exjprass
displayed in panels B and D with each individua @a®an average of technical triplicates
in three independent experiments. A one-way regeagasures ANOVA with Dunnett’s
multiple comparisons test was used to assesstg@tsignificance between each shRNA
vector and the Scr control (A) and a ratio pairezbt was used for panel C*<0.05; **

P <0.01; ** P <0.001,n = 3). Animals were 6-12 weeks of age and males were used.
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Figure 5-7 Cxcl4 reduction in c-Kit * mouse BM cells reduces colony formation in primary

and secondary plating assays.

C-Kit" BM cells were transduced with shRNA agai@sgtl4or a control hairpin. GFP
cells were sorted into Methocult™ and cultured¥6+14 days and colonies were counted.
Subsequently, cells were put into a replating gssalyured and colonies were counted.
Data are presented as the mean fold chan@eadid expression in th€xcl4 shRNA
condition in comparison to the control, which i tgethe value of 1 (A). Standard
deviation represents 3 independent experimenth, wals 3 technical replicates. Data
were calculated using the DeltaDeltaCT method antékeeping ger@apdh.Data is
also presented as relative expression with eachegotsenting an average of three
technical replicates from three independent expamnis(B). Data are presented as mean
colony numbers in shRNA condition and control impary (C) and secondary (D) colony
formation assays. Statistical analysis carriedwas a ratio paired two-tailddest (A, B &
C) and a paired two-tailedest (B) (*P <0.05; ** P <0.01,n = 3). Animals were 6-12

weeks of age and males were used.
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5.3.4 Analysis of haemopoiesis in Cxcl4” animals

The results in sections 5.3.2.2 and 5.3.3.2 progidéence thatxcl4 controls colony
formation and self renewal in mouse stem/progemitqrulations. To compliment these
experiments, analysis of animals lacking @el4gene were analyse@xcl4”). Cxcl4”
mice have been generated previously and shownhibiean increase in platelet counts
and defects in blood coagulation in comparison  &vntrols (Zhang et al., 2001)
(Lambert et al., 2007). However, to date the HS@martment and functional activity of
these populations has not been assessed. Inutlig theCxcl4™ mouse model was used
to examine the frequency of stem and progenitoufaions and to examine their
functional activity inin vitro andin vivoassays. As the previous results st@xel4
supports the survival and self renewal of HSC, erpents were designed to test whether

similar results could be obtained in cells lack@xgl4.

Cxcl4” animals and age/sex matched WT controls were athi@57/BL6 background).
Animals were genotyped prior to use using optimBe&dR conditions for primers to detect
endogenou€xcl4or Neomycin(Figure 5-8). The haemopoietic system was assénsed
measuring the frequency of mature cells/HSC/prdgecklls in the haemopoietic organs
(BM, spleen, PB and thymus). Functional activitytled HSC populations was
experimentally tested using vitro andin vivoassays including colony formation assays
with replates and BM reconstitution assays. Thesthaus were described previously in

chapter 4.
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Figure 5-8 Genotyping analysis of WT and Cxcl4”animals.

Genomic DNA was extracted from tail tips/ear nadeimples from animals and PCR was
carried out using two sets of primers against memskgenou€xcl4andNeomycin

Image shows a representative image of PCR progtutsl andCxcl4”- DNA. DNA
derived from WT cells shows the presence of endoge@xcl4 (800bp), while DNA
derived from cells lackin@xcl4show the presence of a band correspondirdgtamycin
expression (620bp). Genotyping was performed totifewhether animals were WT,
Cxcl4”™ or Cxcl4™. Positive (known WT an@xcl4” DNA) and negative controls (no
DNA template) were run to ensure the PCR reactiorked correctly and no
contamination of reagents was present. Animals welgused in this study if genotyping
gave a clear result of a single band for eitbecl4 or Neomycirto ensure that

heterozygotes were not included in any experiments.
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5.3.4.1 Mature cell types in haemopoietic organs

The frequency of mature cell types was examingtierBM, spleen, PB and thymi as

described previously.

53411 BM

BM analysis showed no difference in the ceIIuIa'nityherclét" animals in comparison
to the controls (n.sn= 6, 7) (Figure 5-9). There were no differencethmmnumbers of
erythroid cells, granulocytes or B cells in the Btween the strains (n.e.7 6, 7)
(Figure 5-9).

5.3.4.1.2 Spleen

Spleen analysis showed no difference in celluldrétween the strains (n.8.57 6, 7)
(Figure 5-10). No differences in erythroid, grarayies, B or T cells was found between
strains (n.s.n =6, 7) (Figure 5-10).

53413 PB

PB analysis showed no difference in the celluldrittheCxcl4’”~ animals in comparison to
the WT animals (n.sn = 6, 8) (Figure 5-11). A trend towards an increass noted in
platelet counts in thExcl4”™ animals (n.s.n = 6, 8). Finally, no differences were noted in
the numbers of mature cells in the PB betweennstr@.s.n = 6, 7) (Figure 5-11).

534.1.4 Thymi

Analysis of the thymi showed no difference in tledlidarity between strains (n.s1= 6,
7) with no difference in T cells between strains(m = 6, 7) (Figure 5-12).

In summary, results showed no differences in tiielaety or numbers of mature cell
types in the haemopoietic organs betw€anl4™ animals and WT controls. This infers
thatCxcl4is not involved in the regulation of mature haemepo cells. An increase in
platelet count found in th@xcl4” animals is in accordance with previous literature the
lack of significance likely reflects small sampieeswith previous research examining a

much larger sample size
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Figure 5-9 Cellularity and absolute numbers of matu  re cells in the BM between WT and

Cxcl4”animals.

BM was isolated, assessed for cellularity, stamgainst mature markers and examined
using flow cytometry. Data are presented as thennaeblularity (A) and absolute numbers
of erythroid cells (TER119, granulocytes (GRTD11B") and B (CD19B220") cells (B)

in the BM between WT an@xcl4” animals. A Mann Whitney U test showed no statistica
significance between conditions (n1s5 6, 7). Animals were 6-12 weeks of age and

gender was the same (WT 6 femalgscl4” 7 females).
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Figure 5-10 Cellularity and absolute numbers of mat  ure cells in the spleen between WT and

Cxcla” animals.

Spleen cells were isolated, assessed for cellyland stained with antibodies against
mature cell types and analysed using flow cytomddgta are presented as the mean
cellularity (A) and absolute numbers of erythrogis (TER119), granulocytes
(GRI'CD11B), B (CD19B220) (B) and T cell subsets (CD@D8", CD4CDS,
CD4'CD8 and CD4ACDS") (C) in the spleen between WT a@ecl4”- animals. No
statistical differences were reported using a taitled unpaired test (A) and two-tailed
unpaired test with Welch’s correction for unequal varianBe&( C) (n.s.,n=6, 7).
Animals were 6-12 weeks of age and gender wasatine $WT 6 femaleCxcl4” 7

females).
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Figure 5-11 Cellularity and absolute numbers of mat  ure cells in the PB between WT and

Cxcl4”animals.

PB was harvested, assessed for cellularity, RB@ Wysed and stained with antibodies to
identify mature cell populations. extracted withaarticoagulant and assessed for
cellularity neat and platelet count. Data are presstas the mean cellularity (A), absolute
numbers of erythroid cells (TER1)9granulocytes (GRTD11B"), B (CD19B220")

(B), T cell subsets (CO€DS8’, CD4CD8, CD4'CD8 and CDACDS8") (C) and platelet
counts (D) in the PB between WT a@dcl4” animals. No statistical differences were
reported using a student’s unpaitddst with Welch’s correction for unequal variance
(n.s.,n=6, 7 (A-C),n= 6, 8 (D)). Animals were 6-12 weeks of age anddgenvas the
same (WT 6 female€xcl4” 7 females).
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Figure 5-12 Cellularity and absolute numbers of mat  ure cells in the thymi between WT and
Cxcl4”animals.

Thymi were isolated, assessed for cellularity aadthed with antibodies against mature
cell types and analysed using flow cytometry. Caatapresented as the mean cellularity
(A) and absolute numbers of T cell subsets (GIPB", CD4CDS, CD4'CD8 and CD4
CD8" (B) in the thymi between WT ar@ixcl4” animals. No statistical differences were
reported using a student’s unpaitddst with Welch’s correction for unequal variance
(n.s.,n=6, 7). Animals were 6-12 weeks of age and gendearthe same (WT 6 females;
Cxcl4” 7 females).
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5.3.4.2 The numbers of stem and progenitor populat  ions in
mice lacking Cxcl4

Assessment of the frequency of stem and progepitpulations irCxcl4” mice has not
previously been carried out. The frequency of saémeh progenitor populations was
examined using antibody staining against a vaonétell surface markers and analysed

using flow cytometry as mentioned previously.

53421 BM

5.3.4.2.1.1 HSC populations

No difference was found in the number of lineaggatiee cells in th€xcl4"animals in
comparison to controls (n.s1.= 6, 7) (Figure 5-13).Within the lineage negatikaction,
the LSK and further enriched stem cell populatiomese examined. There was no
difference in the LSK cells between strains (ms:,6, 7) (Figure 5-13). There were no

differences noted between HSC populations betweams (n.s.n = 6, 7) (Figure 5-13).

5.3.4.2.1.2 Progenitor populations

In terms of progenitors, the LK fraction containsgenitor cells and showed no
differences between straiis.s.,n = 6, 7) (Figure 5-14). There were no statistically
significant differences between GMP, CMP and MEPypations in terms of absolute

numbers (n.sn =6, 7) (Figure 5-14).
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5.3.4.2.2 Spleen

5.3.4.2.2.1 HSC populations

A trend towards an increase in the number of lieaaggative cells in théxcl4"animals
was reported which was not statistically significéms.,n = 6) (Figure 5-15). There was a
trend towards increase in the number of LSK celitheCxcl4" condition which was not
statistically significant (n.sn = 6) (Figure 5-15). All HSC fractions showed nofeliénces
in the absolute number of HSC populations betweenlitions (n.s.n = 6) (Figure 5-15).

5.3.4.2.2.2 Progenitor populations

In terms of progenitor cells in the spleen, theft#&ction showed a trend towards an
increase in th€xcl4 animals which was not statistically significants(in = 6). There
were no differences in the progenitor populatiorduding the GMP, CMP and MEP
populations (n.sn = 3) (Figure 5-16).

In summary, the data collectively shows that a laiokxcl4in animals does not alter stem
or progenitor frequency in either the BM or splegs.only female animals were
examined, future experiments should compare stérfucetion in male animals in case
the effects are gender specific. Frequency doealn@tys confer to stem cell function,
therefore experiments were designed to test funality of stem/progenitor cells iGxcl4

I animals.
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Figure 5-13 The numbers of HSC in the BM of WT and Cxcl4™animals.

BM was isolated and stained for antibodies aga#®€ markers and examined using flow
cytometry. Data are presented as the mean absulaoibers of lineage negative (A), LSK
(B) and HSC populations (C) in the BM between W &xcl4” animals. No statistical
differences were reported using a student’s un@aitest with Welch’s correction for
unequal variance (n.$1,= 6, 7). Animals were 6-12 weeks of age and genderthe same
(WT 6 femalesCxcl4” 7 females).
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Figure 5-14 The numbers of progenitor cells in the BM of WT and Cxcl4”animals.

BM was isolated and stained against progenitor arar&nd examined using flow
cytometry. Data are presented as the mean absulaibers of LK (A) and progenitor
populations (B) in the BM between WT a@dcl4” animals. No statistical differences
were reported using a student’s unpatregst with Welch'’s correction for unequal
variance (n.sn= 6, 7). Animals were 6-12 weeks of age and genadesrthe same (WT 6

femalesCxcl4” 7 females).
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Figure 5-15 The numbers of HSC in the spleen of WT  and Cxcl4™animals.

The spleen was isolated and stained with antibaiegnst HSC markers and examined
using flow cytometry. Data are presented as thenmbaolute numbers of lineage negative
(A), LSK (B) and HSC populations (C) in the spldmiween WT an€xcl4 animals. No
statistical differences were reported using a sttisleinpaired test assuming equal
variance between conditions (n1s5 6, 7). Animals were 6-12 weeks of age and gender

was the same (WT 6 femal&xcl4” 7 females).
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Figure 5-16 The numbers of progenitors in the splee  n of WT and Cxcl4”animals.

The spleen was isolated and stained with antibaiesst HSC markers and examined
using flow cytometry. Data are presented as thenmabaolute numbers of LK (A) and
progenitor populations (B) in the spleen between &@Cxcl4” animals. No statistical
differences were reported using a student’s ungaiest assuming equal variance (ms.,
=6, 7 (A),n=3 (B)). Animals were 6-12 weeks of age and gemdes the same (WT 6
femalesCxcl4” 7 females).
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5.3.4.3 WT and Cxcl4™ stem/progenitors show no difference
in viability or cell cycle status

Although results in section 5.3.4.2 show animat&ilag Cxcl4 do not show different
frequencies of stem or progenitor cells, we wanbeekamine stem cell functionality. We

examined viability and cell cycle status in HSQlascribed in chapter 4.

BM cells harvested from WT ar@ixcl4” animals were stained for LSK and Annexin-V.
Results showed no difference in Annexih-a¢lls between different populations between

strains (n.s.n = 3) (Figure 5-17).

Ki-67 staining showed no differences in Ki6lls between strains (n.s.= 3) (Figure

5-17). However, a trend towards an increase isthiotall populations.

The staining pattern obtained suggests that treyagas technically sound with the
highest percentage of viable and quiescent cetlserHSC compartments. Therefore, it
can be inferred from the data that there are rfergifices in cell viability or proliferation
in HSC populations between WT a@acl4” conditions. As there is trend towards an
increase in Ki-67 cells in theCxcl4” cells, it suggests that this experiment should be

repeated with more animals and perhaps examinirig amamals.
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Figure 5-17 Viability and cell cycle status in HSC  derived from WT and Cxcl4™ animals.

BM cells were stained with antibodies against lgeeeéSca-1, c-Kit, CD150 and CD48 and
Annexin-V or Ki-67 and analysed using flow cytonyeft SK only for panel A). Data are
presented as the mean percentage of AnneXiAY cells in BM, lineag@egative, LK

and LSK cells (A) or the percentage of Ki-@2lls in BM, lineage negative, LK, LSK and
HSC populations (B) between strains. Statisticstl ¢arried out was a student’s unpaired
test assuming equal variances (B) and with Welcbisection (A) (n.s.n = 3). Animals

were 6-12 weeks of age and gender was the same3(féffialesCxcl4’”" 3 females).
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5.3.4.4 Cxcl4” BM cells show no difference in colony
numbers compared to controls

Colony formation primary and secondary replatingggs were used to get an indication of

whether stem/progenitor cell function is impairadells lackingCxcl4.

53441 BM

Results showed no difference in colony numberlls derived from the BM in a primary
plating assay (n.sn = 6) (Figure 5-18). In a secondary replating asezsylts showed a
trend towards a decrease in twecl4” condition which was not statistically significanted

to high variation between samples (ms, 5) (Figure 5-18).

High variation found between individual samplesutes] in a lack of statistical
significance. However, this result in combinatiohwlata obtained in section 5.3.3.2
provides evidence to support ti@tcl4reduction reduces colony formation capability.
This could be due to a role Gixcl4in differentiation, survival or proliferation. Thuld
also inferCxcl4plays a role in stem cell self renewal. Howevee, @+C assay is a more
progenitor assay and more in depth experimenteegréred to confirm the role @xcl4

in stem cell properties.

5.3.4.4.2 Spleen

Results showed no difference in colony numbersils derived from the spleen in a
primary plating assay, however a trend towardsarease in the CFU-GM colony types
was noted (n.sn = 4) Figure 5-19). No difference in the CFU-E orlG&GEMM colonies
was found (n.sn = 4) (Figure 5-19). When the colony types were tedrtollectively, a
trend towards an increase in the number inGkel4” condition was noted which was not

statistically significant (n.sn = 4) (Figure 5-19).

The trend towards increase in the number of cotini¢he spleen cells in ti@xcl4”

condition suggests there is increased stem/prageativity in the absence @ixcl4.This
is in accordance with the trend towards an increggerted in the frequency of LK and
LSK populations in th€xcl4"condition (Figure 5-15; Figure 5-16). However, teeults

were not statistically significant.
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Figure 5-18 Cxcl4a” BM cells show no difference in colony numbers in pr imary or secondary
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replating assays in comparison to WT cells.

BM cells harvested from WT ar@ixcl4” animals were cultured in Methocult™ for 10-14
days and colonies were counted, cells harvesteghlated in a secondary plating assay.
Data are presented as the mean number of totalieslbetween strains in a primary (A)
(n.s.,n=6) and secondary replating assay (B) (m.s.5). Statistical test carried out was a
student’s unpairetitest with the assumption of equal variance (A)aitd Welch'’s
correction (B). Animals were 6-12 weeks of age gedder was the same (CFC1 WT 6
femalesCxcl4” 6 females; CFC2 WT 5 femaleBxcl4’ 5 females).
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Figure 5-19 Cxcla™ spleen cells show no difference in colony numbers i n comparison to WT

cells.

Spleen cells harvested from WT a@gcl4” animals were cultured in Methocult™ for 10-
14 days and colonies were counted. Data are pesbastthe mean number of different
colony types (A) and total colonies between stré)sn a primary assay. Statistical test
carried out was a student’s two-tailed unpairegst assuming equal variance (ms, 4).
Animals were 6-12 weeks of age and gender wasaine §WT 4 femaleCxcl4” 4
females).
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5.3.4.5 WT and Cxcl4” show no difference in BM
reconstitution potential

Collectively, the results show that cells in whigkcl4is reduced show a reduction in
colony formation. The gold standard technique fwaging HSC activity is the BM
reconstitution assay. LT-HSC were isolated from WTxcl4” BM and examined for the
ability to engraft in a recipient with a lethallplated BM as described previously in

chapter 4.

PB from irradiated recipient animals were examifiedhe percentages of CD45.ersus
CD45.7 cells to track engraftment as described previoimsthapter 4. Furthermore,
within the CD45.2 fraction, the percentage of myeloid (GRihd CD11B), B (CD19)
and T (CD4 and CD8) cells were examined to assess the donor coriibti
multilineage differentiation. Due to availability mice, different sexes were used in this

assay. This should be noted as same sex would thelexperiment more reliable.

At up to 16 weeks post transplant, no differencethé percentage of donor cells in the PB
was found between WT ar@kcl4” groups (n.s.n = 7, 6) (Figure 5-20). Panel B in Figure
5-20 shows engraftment levels obtained in individuamals from each group and it can

be seen that although some inter group variatisstexhe means are similar.

Within the CD45.2 cells, the percentage of cells positive for matieks was examined at
16 weeks post transplant. Data showed no differenttee ability of the recipient animals
to produce mature cell types at 16 weeks postptans(n.s.n = 7, 6) for WT andCxcl4’
conditions (Figure 5-20). The data trended towardgcrease in myeloid cells and
decrease in T cells i@xcl4” derived cells, however this was not statisticaigyniicant

and likely represents heterogeneity between samples

Primary recipients were sacrificed at 16 weeks pasisplant and the engraftment of
donor cells was examined in the mature cell typgge(oid, erythroid and B cells) and
stem cells within the BM and spleen. No differenaese found in the engraftment of any
cell types in the BM or spleen between WT &hatl4 conditions (n.sn=7,6).
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In terms of the stem cell populations, no diffeenwere found in CD45"Zells between
groups in the BM (n.sn = 7, 6). Similar results were obtained with theegpl between

conditions (n.sn=7, 6).

If Cxcl4was regulating self renewal, the assay to condluidas a secondary BM
transplantation assay. In this assay, donor dested cells are harvested from primary
recipients and transplanted into secondary redipiand examined for engraftment. Due to
time constraints in this study, this experimentldowt be completed. It can be seen in
Figure 5-20 that an increase in CD45c2lls over 16 weeks is found in the recipients
transplanted with WT HSC. This is as expected aslitates that the HSC are self
renewing over time and able to contribute to haesresis. A defect in self renewal
activity would reduce the ability of the donor setb contribute to haemopoiesis. In the
recipients transplanted witbxcl4” HSC, an increase in CD45.2ells are found up to 12
weeks. However, at the 16 week time-point, a radobto change in engraftment is found
in comparison to the 12 week time-point (Figure®-2 his could potentially represent a
defect in self renewal which would complement thevipus results, however this is not
conclusive. To assess defects in self-renewal asn@ly, engraftment in secondary

transplantation assays needs to be assessed.

Donor cells from animals were aged matched (6-1&ka)ebut differed in sex due to
availability (WT F, KO M). Recipient animals wergeamatched (6-12 weeks) and were
gender matched but due to toxicity related deattad &nalysed animals were skewed (WT
3M, 4F; andCxcl4” 1M, 5 F). This experiment should be repeated wéltsalerived from
donors matched for gender. This is important imstell biology and there is evidence to
support that HSC behave differently in responsgetader (Nakada et al., 2014).
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Figure 5-20 WT and Cxcl4” HSC show no difference in the engraftment or multilinea ge

differentiation capacity after BM transplantation.

LT-HSC (1) were sorted from BM from WT d€xcl4”animals and mixed with 2.0x10

BM cells from mice on a CD45.1 backgrourhta are presented as the mean percentage
of CD45.2 cells in recipient mice transplanted with either \WICxcl4 "HSC in the PB
across 16 weeks (A). Each recipient animal is diggdl as a single symbol on the graph at
16 weeks post transplant to demonstrate heteraganeingraftment between samples

(B). A representative flow cytometry plot is useddemonstrate engraftment between
conditions (C). Within the CD45'2ells, the percentage of mature cell types was
examined in the PB including myeloid (GRD11B), B (CD19) and T (CD4CDS§")

cells (D). Antibodies against CD4 and CD8 were usdtie same fluorophore therefore T
cells are labelled as double positive cells (GORDS8") only. Data are presented as the
mean percentage of mature cell types within the £P4fraction 1= 7, 6) (B). A two-

way ANOVA was used with Sidak’s multiple comparisdn compare differences between
WT andCxcl4” null animals at each time point (A). A two tailedpairedt test was used

to compare differences in percentage of mature eathin CD45.2 cells between WT
andCxcl4” conditions (D). Animals were 6-12 weeks of age anxed gender (donor WT
2 femalesCxcl4” 2 males; recipient WT 3 males, 4 femal@gcl4” 1 male and 5

females).
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Figure 5-21 WT and Cxcl4™ show no differences in the contribution to mature, stem and

progenitors in a BM reconstitution assay.

LT-HSC (1) were sorted from BM from WT a@xcl4”animals and mixed with 2.0x10
BM cells from mice on a CD45.1 background. Animatse sacrificed at 16 weeks post
transplant and examined for the percentage of CD4%lls within the BM and spleen
HSC and progenitor cell types (A-D). Data are pné=e as the mean percentage of
CD45.Z cells within each cell fraction stated% 7). No statistically significant
differences were reported using a student’s un@aitest with Welch’s correction for
unequal variance (n.sAnimals were 6-12 weeks of age and mixed genderqidd/T 2

femalesCxcl4” 2 males; recipient WT 3 males, 4 femaléggl4” 1 male and 5 females).
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5.3.5 CXCL4 is highly expressed on human HSC and up regulated
on the most primitive, quiescent fraction

To relate the mouse work to the human systeKCL4expression was examined on
human HSC populations. Data from a published micayaon human HSC populations
was shown to be inconclusive fIGXCL4expression ((Graham et al., 2007); data not
shown). Furthermore, there was no literature t@geatiCXCL4is expressed by human
HSC. To examine this, human HSC populations wered@nd examined f@@XCL4

expression at the mRNA and protein level.

5.3.5.1 CXCL4 gene expression

Primitive HSC (CD34CD38) and more proliferative progenitor (CD®D38") fractions

in BM and PB derived human samples were stainetedand examined f&XCL4
expression. Results showed high levels of expressithe HSC populations from both
sources, with an up regulation in the most pringiiraction (CD34CD38). The results
showed a 0.03 and 0.12 fold chang€XCL4levels in the BM and PB respectively in the
CD34'CD38§ fraction using the CD3€D38 fraction which was set to the value of 1
(Figure 5-22). This suggests tf@XCL4is highly expressed in human HSC in comparison
to progenitor populations. The CD®D38 HSC fraction can be further enriched for a
purer, more primitive population. Gene expressi@s wxamined in CD3€D38" versus
CD34'CD38CD90 and CD34CD38CD90" fractions. PB derived samples were used due
to the availability of material. Results showedugregulation in the CD3€D38CD90

and the CD34CD38' fraction in comparison to the CD32D38CD90" fraction which

was set to the value of b € 3) (Figure 5-22). Collectively, the results shinatCXCL4is
expressed in human HSC populations with highestessipon in the most primitive,
quiescent HSC fraction (CD38D38CD90").

5.3.5.2 CXCL4 protein expression

To ensure that the CXCL4 protein was translateokem expression was examined using
intracellular flow cytometry. PB derived HSC wetaised to assess HSC (CO8D38
CD90") and progenitor (CD3€D38) fractions with the addition of a monoclonal
antibody against CXCL4.

Results showed that all HSC populations stainedipesor CXCL4 in comparison to
isotype control stained cells (CD34£D34'CD38 and CD34CD38"). This was not in
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accordance with the gene expression data andawecfftometry plots suggest this is non
specific staining due to a shift in the whole p@piain (Figure 5-23). It is understood that
there can be technical problems associated wittokime antibodies using intracellular
staining and this was not further pursued duente onstraints. ldeally western blotting
or immunofluorescence should be used for conclusiwaence of CXCL4 protein

expression in human HSC.
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Figure 5-22 CXCLA4 is highly expressed in human HSC with an up regulat  ion in the more
primitive fraction.

BM or PB derived cells were sorted for CD34, CD88 &€D90 cell populations (500
cells), RT and Q-PCR was carried out. Gene expmessas calculated using expression
levels of housekeeping contt@APDHandusing the DeltaDeltaCT method. Data are
presented as the mean fold changéXCL4expression in BM and PB derived
CD34'CD38' fraction using the CD3€D38 as a calibrator set to the value of 1 (A) (***
P <0.001) 6 = 3). Panel C displays the fold change&CiKCL4expression in the
CD34'CD38CD90 and CD34CD38§ fraction using the CD3£€D38CD90" as a
calibrator set to the value of 1 (C) (F*<0.01; ** P <0.001) ( = 3). Panels B and D
show relative expression using%*“". Each dot represents the average of technical
triplicates from three independent experimentsakqult test (A) and a repeated measures
one-way ANOVA with Dunnett’s test for multiple commsons (C) was used to analyse
statistical differences between the CD3B38CD90" population against the other

populations. Patient samples used were of mixedgeageler and health status.
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Figure 5-23 CXCLA4 flow cytometry monoclonal antibody is not appropria te to detect CXCL4
in human HSC.

Human PB samples were stained with antibodies 84, CD38, CD90, fixed,
permeabilised and analysed for CXCL4 expressiota Bee presented as the flow
cytometry plots for the gating strategy used fdiedent human HSC populations (A) and
the observed histogram for CXCLéxpression in each population (B)< 1). Gates are

set according to isotype control which correlatethwnstained cells.
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5.4 Discussion

Collectively, the data from this chapter show thatnan and mouse HSC expr&sCL4

and the chemokine may play a role in stem cell @tdgs, such as stem cell self renewal.

The Cxcl4-Crereporter model was previously used to study platet#ogy as it was
originally thought thaCxcl4was expressed solely on platelets and megakarycyte
However, data from this study identifies tiiatcl4is also expressed on HSC populations
and subsequent mature cells in haemopoiesis. Té&iqo arises, why was this not
identified in previous studies? Previously thisdalohas been shown to be specific for
platelet and megakaryocyte cells (Bertozzi et2411,0) (Tiedt et al., 2007). However, other
studies have shown th@kcl4 driven reporter models show expression outsidgeticells
(Chagraoui et al., 2011). It is possible that tecdlreasons and differences in data
analysis are responsible for discrepancies betwegties. More specifically, previous
studies have used immunohistochemistry, while ftgtometry is thought to be more
sensitive. Secondly, varying reporter genes haea bised, such dacZ, which possibly
show variations in expression. As data in this tfraphowed endogeno@xcl4

expression in HSC populations at the mMRNA leve$ finovides further evidence that
Cxcl4is expressed in HSC populations. The identificatfatCxcl4-Creis expressed in
HSC is important, not only for the study©xkcl4in HSC biology, but also for those who
use theCxcl4-Cremodels. Although these models have provided in\déuidata regarding
platelet biology, any HSC phenotype, for exampliagithese mice, may be misinterpreted
as involving platelet and megakaryocyte biologyjchhmay not be the case and should be
interpreted with care. As a positive control udingCxcl4-Cremodel, platelets and
megakaryocytes were examined for RFP expressioiit &as predicted these cell types
should show maximum RFP expression. The resultwetiohat approximately 100% of
platelets showed RFRxpression and approximately 50% of the megakatgsavere

RFP. This is perhaps due to the presence of immategakaryocytes which have yet to
produceCxcl4and subsequently RFP expression, which has beed moainother study
with integrinf1. In contrast, th€xcl4-Cretransgene, although useful, has its pitfalls.

Integration can be random therefore an active mimidineage tracing would be better.

In addition, a proportion of RFRells are noted in thymocytes which cannot be éxpth
by megakaryocytes and platelelis suggests th&xcl4becomes transcriptionally active
in stem cells which then results in a proportiompasitive cells in all lineages including

thymocytes. The reason only a proportion of matetks are RFPsuggests that only a
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subset of HSC switch ddxcl4therefore mature cell types contain a mix of baibkitive
and negative cells. Indeed, HSC analysis showslhBtSC are RFP Again, cells which
are marked witlCxcl4transcription with a dynamic reporter would helgleess these

guestions.

As Cxcl4is thought to be a ‘platelet specific’ gene, isigprising that expression was
found in a stem cell population. In support of tlggenes thought to be associated solely
with platelet biology or other lineage specificlgmhave been identified to be expressed in
stem cell populations (Pina et al., 2012). Indgdatelets are a major source of CXCL12
and CXCR4 (Chatterjee and Gawaz, 2013). One exatoepport this has been reported
in a previous study in which another ‘platelet assted’ gene{wf) was noted to be
expressed in HSC in the mouse system (Kent 2@09). Furthermore, this particular
gene was noted to be highest and consistently ss@dan the self renewing HSC fraction
which supports the results and conclusions propws#ds chapter. In addition, recent
research published in Nature by Sten Jacobseniamtdup used ¥wf driven GFP
reporter mouse model (Sanjuan-Pla et al., 2013)irTasearch showed only a subset of
HSC were positive fovwftranscription. They have data to show that thisutetmpn

marks a mouse HSC subset primed for platelet-gpag@he expression. They suggest the
HSC hierarchy starts with platelet primed HSC atdbex. Possiblgxcl4is playing a

similar role in HSC biology, however experimentdl weed to address this.

Results using shRNA to knock dow@xcl4 in vitroshowed a decrease in colony formation
in cells with reduce®@xcl4in primary plating assays, which was more exaggdrat
secondary replating assays. This result indici@sxcl4is controlling colony formation,
but to a greater extent self-renewal. This coulduggported by the experiments using
Cxcl4” BM which showed a reduction of colonies in a seespdeplating assay in the
cells lackingCxcl4 however it should be noted that this result wasshatistically

significant. It is possible th&xcl4 mice are less sensitive than WT cells witkcl4
reductionin vitro. Furthermore, a transgenic reporter mouse modidme promoter of
Cxcl4-Cre showed thaCxcl4 negative cells showed decreased colony formati@n in
primary plating assay. In the secondary replatejifierence was found between
conditions. One possibility for the discrepancyhiase results is that the transgenic
reporter model does not mark acti®gcl4expression and only reports expression in which
aCxcl4dtranscription was active at some point. It is poigsihat the cells respond to
culture conditions and switch on or switch @Hcl4transcription and show skewed

results. Therefore more conclusive evidence waaiodd usingCxcl4 reductionin vitro
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and fromCxcl4” cells. Possible future work will be to study a sgenic model which
marks activeCxcl4transcription with a reporter gene. In this wag #éxpression pattern of
Cxcl4dand its activity can be traced over time. In addititheCxcl4”mice were all female
and the transplantation assays had mixed gendéesgdssible that th€xcl4is gender
specific and further experiments should address This could be explained by the

experiment in whicl€xcl4is reducedn vitro as these animals were male.

The key experiment to investigate self renewabigsxamine the ability of a HSC
population to reconstitute a lethally ablated BMaisecondary transplantation assay. This
experiment is currently under way and it is hypsetbed that a decrease in engraftment
will be noted in recipients engrafted witxcl4” HSC populations, however this was
outside the timeframe of this study. An experimentompliment this could use WT HSC
transduced witlcxcl4shRNA and the engraftment in secondary recipiemsilgl be

examined. However, this experiment was outsiddithe frame in this study.

The data in this chapter examines the rol€xil4in adult haemopoiesis. It is possible
that the chemokine may play a role in early haenegmin addition to adult

haemopoiesis, however this should be further ingat&d.

The results in this chapter showed t62CL4is highly expressed in a primitive human
HSC population, however the role is unclear. Dedenfmouse studies suggested that it
was playing a role in self renewal and this shdaddexamined in human studies. There is
little literature on the expression GXCL40on human HSC populations. One study
examined expression between BM, CB and G-CSF nsebilPB and noted a much higher
expression in BM derived cells (Ng et al., 20048sRts in this chapter showed both BM
and PB derived samples had an up regulation inesgjon in the CD3€D38 fraction,
however expression between samples was not compairgegossible that BM derived
cells express higher levels due to the increasgiigscence in these cells in comparison to
PB sources. The data in this chapter investigatadra in depth analysis @fxcl4
expression in the stem cell compartment. Althoungind is little literature currently to
suggest human HSC expr&3XCL4 there is evidence to support that the cells eapand

to the chemokine. Studies have shown that recomb{&8CL4 (rCXCL4)supports the
viability of BM cells, including the CD34fraction, and provides a protective effect from
cytotoxic drugs (Han et al., 1997). Furthermao@X{CL4was found to increase quiescence
in CD34 cells in comparison to the control (Huang et2000). Another study noted that
CXCL4enhanced the adhesion of CD3#lls to intact stroma (Dudek et al., 2003).
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However, self renewal has not been assessedhdssble that cells respond to the
chemokine and plays several functions in thess,geltluding promoting cell viability and
self renewal. This also suggested GXICL4may be acting in an autocrine fashion, with
evidence that human HSC express and respond thémeokine. This is in accordance
with data from the mouse system, in which the matise/progenitor cells expressed

CXCL4and also responded to modulation.

To extend this research in a possible future aveieemechanism of action can be
examined. CXCL4 is a curious chemokine and in itleegiture it is not well understood
which receptor it binds to or how it elicits itdexfts. Although there are various proposed
mechanisms of action, currently it is unclear ia literature therefore future experiments

are required to address this, particularly in thietext of HSC properties.
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6 Conclusion

6.1 Concluding remarks and future work

The haemopoietic system is an elegant hierarcbrganisation in which a stem cell
population is responsible for producing and maimiej all the mature haemopoietic cell
types over the period of a lifetime (Weissman, 3008@e biological decisions of the HSC
population are tightly controlled for the mainteparf the stem cell pool and the
production of multi-lineage differentiated cells fmasal haemopoiesis and when required
in response to haemopoietic stress or injury (Rasset al., 2005). HSC respond to
intrinsic and extrinsic factors in the BM niche (£@008, Pietras et al., 2011, Blank et al.,
2008). The deregulation of cellular fate decisioossequently disrupts stem cell
maintenance and subsequently results in defetkeihaemopoietic system. There is
evidence to suggest that stem cell fate decisimnderegulated in response to ageing and
in malignant transformation, including diseasethefhaemopoietic system, such as
leukaemia (Geiger et al., 2013) (Warr et al., 20HDhwever to begin to understand cancer
and cancer stem cell properties in particulas gssential to first understand the regulation
of normal stem cells. It is therefore fundamerttak the molecular mechanisms underlying

cellular fate decisions are well understood.

A variety of studies have aimed to understand tbieoular mechanisms of HSC cellular
fate regulation. Studies have used a combinatiatate driven approaches using high-
throughput expression studies and hypothesis dressarch for the identification of novel
candidates in the regulation of HSC fate. One e$¢hstudies compared the global gene
expression profile between quiescent and prolifegat!SC populations through a
microarray that aimed to identify novel transciopial targets that may be key to HSC
regulation (Graham et al., 2007). However, the matd a microarray alone does not allow
for interpretation of the biological role of thesgemokine ligands within the haemopoietic
hierarchy. Therefore, it was aimed to expand cuikenwledge that is critical to the
current understanding of HSC fate regulation. Tineaf this present study was to validate
findings from the study conducted by Grahainal as well as focus on the biological role
of CXC chemokines within haemopoiesis, includint cgcle regulation. In this

conclusion chapter, the results obtained fromghigly are discussed in accordance with

previous literature and possible future avenuesdsearch are proposed.



272

6.1.1 High-throughput screening as a tool to identify novel
candidates in biological processes

The genes examined in this study were identifiechfa microarray screen comparing
gene expression in quiesceng)@nd dividing (G, G;, S and M) normal HSC populations
(Graham et al., 2007). This highlights the advaesagf using a high-throughput approach
to identify novel candidates in biological process®ystems biology is a field of study
which combines biology with informatics in an aimunderstand complex interactions
within biological systems. Systems biology has eyadrover the past several years as a
novel high-throughput approach to compare expragsadterns between different cell
populations which has aided biological and biom&diesearch (Soon et al., 2013).
Systems biology approaches allow global expregsatterns to be compared between
different cell populations at the epigenetic, gengtrotein and phospho-protein levels.
This approach allows a data driven method whichtthasbility to identify several
differentially regulated components in a varietyceflular processes. This can be applied
to studying genes involved in biological processesh as HSC cellular fates or disease
populations. Furthermore, analysis can identifydedates for further study that can prove
useful for drug discovery research. In terms ofnstell biology, these techniques have
allowed us to increase our understanding of thiogical system.

Various studies have employed this approach to eathe differential expression
between HSC populations. However, only one prevgiudy to date has identified

CXCR2 signalling in this context. This is likely €wo differences in samples used, method
of cell isolation, culture conditions, data acquasi and the informatics analysis. This
highlights an important issue in which althoughhatgroughput screening has increased
our understanding, there are disadvantages invol¥Vée main limiting factors are
expense and the need for large amounts of materiatreens which is sometimes not
possible when studying rare populations, includitegn cell populations. Importantly, the
expression data obtained is combined with bioinfdres analysis and there are several
different approaches in the analysis step (Slo@d@2). Consequently, it is possible that
significant and biologically relevant candidates aeglected due to the particular
threshold values used in the analysis step or duerto technical problems with the assay.
As an example, in this study the chemokiX¥CL4was investigated due to its structural
similarity to the candidates identified from theesen and from unpublished data and
evidence in the literature. Howev€&@XCL4was not originally identified as differentially

expressed between quiescent and proliferating ridraman HSC in the original
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microarray. On the contrary, it is understood thate is a high level of ‘noise’ obtained
from global expression studies, leading to theftifieation of candidates which are not
biologically significant. Therefore, it is crucifdr candidates to be validated after the array
step. Collectively these points highlight that thex the need for data driven expression
data in combination with hypothesis driven reseagbroaches. This includes the use of
appropriate bioinformatics analysis, a comprehengview of the literature and most

importantly experimental validation.

6.1.2 The role of CXCR2 signalling in HSC properties

The aim of this study was to extend previous reseaith the main question addressing
what is the biological role of particular CXC chelkmes in terms of HSC properties?
Importantly, the current study corroborated theroacray data from the Grahaghal,

study to show thaCXCL1 and its receptor CXCR2 are expressed by hud#a
populations. Furthermore through inhibition expemts, the current study demonstrated
that CXCL1 and CXCR2 may play a pro survival reldnuman HSC. However, it is
important that these experiments are repeatedtionoén appropriate number of biological
replicates so that proper conclusions can be miadeldition, as discussed in section 3.3.2
further experiments are required to conclude thatdn HSC express CXCL1 due to
technical issues with antibodies.

CXCR2 is a promiscuous receptor, which is capablerming several ligands, which are
structurally very similar, thus suggesting redurcyalmetween them (Rossi and Zlotnik,
2000). It was therefore surprising that one kegrig for the receptor showed such a
dramatic effect on the viability of HSC, consideriseveral other ligands for the receptor
were also found to be expressed on HSC. Howewvereiults obtained in this study were
supported by evidence in the literature which shthas although CXCR2 ligands share
similar roles in some processes, in other processiel as autocrine driven viability and
proliferation, CXCL1 and CXCR2 pathways play clgatistinct roles. This has been
reported in various cell types, including oligodesayte precursor cells and epithelial
ovarian carcinoma cells (Bolitho et al., 2010, gélic and Zecevic, 2008, Botton et al.,
2011, Tsai et al., 2002). To extend this resedtthre experiments should validate this
research. In addition, experiments to extend #sgarch might examine the mechanism of
action with examination of signalling pathways itwem. Experiments from other cell
types implicate the involvement of ERK1/2 and epiakd growth factor (EGF) in CXCR2
signalling (Miyake et al., 2013). These have bdews to influence cell proliferation in
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human ES cells and could therefore be potentialidate pathways to explore (Schuldiner
et al., 2000). It is not surprising that a pro swal/signalling pathway is expressed in
normal HSC and up regulated in the quiescent sphilpton as stem cells are designed to
be robust and viable in order to protect the haemabiec system. Indeed, this is supported
by the evidence that a variety of pro survival geaed pathways are up regulated in the
most primitive HSC population. Survival is an imgaot feature of HSC as the balance of
survival and programmed cell death in the HSC patjnt is tightly regulated to control
the numbers of the stem cell pool (Wagers et QD22

For experimental research, it should be considéraidHSC do not exist in isolation

vivo, they reside in the BM where complex signallingurs, with both intrinsic and
extrinsic factors involving several diverse ceppég. Examining human signalling
pathwaysn vitro gives a good indication of human function. Howewerivo assays can
add the advantage of examining the HSC populatidhe presence of complex signalling
in the niche. This is important to this particustdy as there is evidence that other cell
types in the niche can contribute to determiningCH8ll fate (Yin and Li, 2006). To
extend the human research in this study, possiiiled experiments could examine the
CXCL1 and CXCR?2 interaction on human HSC in thetexhof the niche. Several
approaches to modelling the niche interaction hmeen developed which could be used.
Furthermore, human HSC could be transduced witbnilds to inhibit CXCL1 or CXCR2

expression and the effdatvivoobserved using BM transplantation assays.

The majority of experiments examining stem cellchion have used mouse models. The
advantages are the availability of more materidl miore elegarnn vivomodels of HSC
function. The availability of £xcr2” mouse model allowed the human work to be
strengthened and to give a more in depth analysiseaole of this signalling pathway in

HSC biological propertiem vivo.

Briefly, the results in this study show tf@kcr2”” animals exhibit extramedullary
haemopoiesis amd an expansion of viable LT-HS®énBM. The data indicate3xcr2’”
HSC may display a reduced ability of LT-HSC to exigthe BM of an irradiated host.
However, this result needs to be repeated duertatva between replicates.

To strengthen these results, in addition to repatibf the experiments in this thesis, future
work could examine which cell typ€xcr2 expressing HSC signal to. From the results in

this thesis it is therefore currently unclear ia #tnimal system which ligands are involved
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in Cxcr2signalling and in addition, which cell types ar@messing these ligands. One
possibility is that CXCR2 binding ligands are exgsed by the HSC which were not
examined in this study. A well-studied chemokirgnsiling pathway in haemopoiesis is
CXCR4 and ligand CXCL12, which involves signallingtween the HSC and stromal

cells (Sugiyama et al., 2006). There is literatorehow that CXCR?2 ligands are expressed
by cell types residing in the BM niche, includin@ Bnd the possibility of a HSC/stromal
cell interactions also possible (Miyake et al., 2013). Alternalyyét is possible that
CXCRZ2 ligands are expressed by a more prolifergitragenitor population which signals
to LT-HSC. Figure 6-highlights possibilities of how CXCR2 signallingnsediated in the

mouse system which future experiments can assess.

For future research, it will be essential to rebattransplantation experiments with the
adidition of serial transplantation assays. If téjm®n shows thaCxcr2expressing HSC
show a disadvantage in transplantation abilityamparison to the WT controls,
experiments should aim to test why. Two hypothesegproposed from this result in
which either theCxcr2” HSC exhaust faster than the WT cells, subsequisiyg
reconstitution potential, or alternatively tB&crZ” HSC have a defect in migration and
cannot home to the BM for engraftment. If we feehsider the first hypothesis that the
Cxcr2” HSC are exhausting faster than the control couatespThe tight regulation of
self renewal and multilineage differentiation ispensible for the maintenance of
haemopoiesis and deregulation in these properieseasult in stem cell exhaustion. Cell
cycle blocking can inhibit self renewal and in gast, cell cycle activation can lead to
stem cell exhaustion which has been elegantly shasimg manipulation of these
properties (Yoshida et al., 2008). Deregulatiokef self renewal genes results in the
activation of cell cycle and consequently resuitstem cell exhaustion and therefore
reconstitution potential. Future work to furtheaexne this should analyse the cell cycle
status of WT an€xcr2” HSC populations. Analysisx vivoshows that there is no
difference in proliferation as measured using Kisé&ining in HSC populations between
Cxcr2” cohorts and their control counterparts. Howevessjie future experiments to
conclude this involven vivocell cycle assays, including the treatment and esyosnt
analysis of Brd-U to track proliferation of the lsgh vivo or administrating 5-FU that will
introduce stress to the system, which can be agdllystween strains. In addition, to
compare the self renewal capacity betw€snr2’ HSC and their WT counterparts,

secondary transplantations can be examined and éxg&riments are currently underway.
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In contrastCxcr2is well-studied for its effects on cellular mig@tiand there is evidence
to support this hypothesis in the HSC system. Cker2” mouse model shows the
presence of circulating HSC in the periphery antbened numbers of HSC in the spleen.
Furthermore, CXCR2 binding ligands have been ifiedtas factors which, when added
exogenously to mice, results in mobilisation (Pelnd Fukuda, 2006). In addition, G-CSF
treatment, which also leads to HSC mobilisatiors, Ir@en shown to modulate the
expression o€xcllandCxcl2in the BM niche (Pelus, 2008). Future work showdrmine
the ability of HSC from WT an@xcr2” HSC to home to the BM immediately post

injection into irradiated hosts which will addrébks hypothesis.

Autocrine Paracrine
ligands

A .
0 @
0 CXCR2 CXCR2 Progenitor
0 0
0
HSC HSC >

Mature cell

ligands

Figure 6-1 Potential mechanisms of CXCR2 signalling within mouse BM.

The schematic diagram illustrates potential medrasimediating CXCR2 signalling in
mouse HSC. It is unknown from experiments in thiests how CXCR2 ligands are
binding to the receptor and which cell types awived are in the mouse system. It is
possible that an autocrine loop exists with ligamdsel A). Alternatively, paracrine
signalling could be involved with ligands expresbgdnore mature progenitor cells or

mature cells within the BM niche including EC (pbBég

6.1.3 The role of CXCL4 signalling in HSC properties

A key gene identified in this study as importanH8C regulation is CXCL4. The current
study shows that CXCL4 is expressed by both humdmaouse primitive HSC
populations. Furthermore, experiments using tramsgaouse models in combination
with knock down, collectively identifies CXCL4 atestem cell colony formation ability

and indicate CXCL4 may play a role in stem cellgandies. The observation that CXCL4



277

Is up regulated in the most primitive fraction ainmian HSC supports this hypothesis as it
is predicted a key stem cell gene would be higkjyressed in this HSC population. The
results are fortified by evidence in the literatimevhich human CD34cells have been
shown to respond to exogenous CXCL4 with effectsalhviability, adhesion and stem
cell expansion (Dudek et al., 2003, Lu et al., 2002t al., 2006, Han et al., 1997).
Importantly, the expression of CXCL4 on human araige HSC and its role in stem cell
properties are novel. One possibility is that CXG$.4hvolved in self renewal. HSC self
renewal is a fundamental process of HSC and toalatgiety of self renewal genes have
been identified (Zon, 2008). However, there id stilich left to be discovered in this field
and the results in this study identify a novel gewelved in the process of self renewal.
However, as discussed in chapter 5, serial BM plamsations are required to confirm this

result and cannot be concluded with the resulteisthesis.

CXCL4 was originally thought of as a lineage speajene. A variety of studies have
identified this gene as expressed solely on megakgtes and platelets, however the
current study identifies that this gene is exprédseHSC populations. This finding is
corroborated by emerging literature that suggémstsgenes associated with lineage
commitment, in particular megakaryocyte/platelgiression, are expressed by HSC and
involved in biological roles. An example of thisMs/f which shows expression in self
renewing mouse HSC populations (Kent et al., 208B@rnatively, it is possible that
CXCL4 is active in a population of HSC which arestileed for a particular lineage,

however this would require future investigation.

As a possible avenue for future research, the nmesimeof action of CXCL4 activity is
currently not well understood in the literature aodld be investigated (Kasper and
Petersen, 2011). As the results show HSC expre€d @Xnd modulation of the protein
demonstrates a phenotyevitro, this suggests the signalling is occurring in atoerine
manner. However, CXCL4 signalling is complex antlstandard as exhibited by the other
structurally similar chemokine ligands with ‘clasai GPCR signalling (Rossi and
Zlotnik, 2000). As detailed in the introduction, CK4 signalling is complicated.
Expression of CXCRS3B to date is not known on humme/se HSC and could be a
possible avenue of future work. Similarly, it issgble CXCL4 is functioning through
binding to integrin receptors which have indeednb&®own to be important for HSC
behaviour (Yin and Li, 2006). Additionally, CXCL4n heterodimerise with other
chemokine ligands (Slungaard, 2005). In the contéxtSC, an interesting study has
observed the ability of CXCL4 to adhere and bin€®34 cells through binding of
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CXCLS8 and with a CD3%4chondroitin sulphate-containing moiety (Dudeklgt2003).

This would suggest a link between CXCL4 and CXCRRIEC biology. Furthermore,
CXCL4 can bind GAG which may also transducer tigaai. | think that understanding the
mechanism of action of CXCL4 signalling in stemlis& particularly important and
requires further examination. Figure 6-2 demonssrgbssible mechanisms of CXCL4
signalling which can be studied further in futuesearch. Understanding the mechanism of
action will not only be important for furthering ounderstanding of haemopoiesis, but

also for the other roles of the protein, includingnegakaryocytic/platelet research.

A B
CXCL4 CXCL8 CXCL4
CXCL4, CXCL10, 0
. CXCL11 . . .
CXCR3 (] CXCR2 0 Integrin
0 0 receptors

HSC HSC HSC

C

Figure 6-2 Potential signalling mechanisms for CXCL 4.

The schematic diagram illustrates potential medrasimediating CXCL4 signalling in
human and mouse HSC. It is unknown from experimientsis thesis how CXCL4
mediates its effects. It is possible that an autedoop exists with ligands including
CXCRZ3B, integrin receptors or GAG (panels A andAlernatively, CXCL4 could elicit
its effects through binding other ligands such X€C8 (panel B).

Finally, in this thesis we have identified a rabe €XCL4 in mouse HSC biology. Gene
expression analyses have shown that this ligaagpsessed by human HSC and indeed is
up regulated in the most primitive subsets. Thisilanfer that CXCL4 is important for
stem cell behaviour in human HSC. However, dué@te tonstraints, an investigation into
the function in human HSC could not be carried Buture experiments could use
inhibitors or shRNA plasmids to block/reduce CXiignalling and examine the
phenotype in human HSC.
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6.1.4 Understanding normal HSC regulation can be applied to
studying disease models

Currently, HSC cellular fates are not well undesst@and understanding this process in
normal HSC is essential before understanding hevwptbcess is deregulated in response
to disease. Global gene expression studies haveuseel as an approach for investigating
the differences between normal and cancer cells. dpgproach has provided a starting
point for many important discoveries for potentigure therapies. A well understood
chemokine signalling pathway in HSC biology is CX&hd CXCL12, which is shown to
exhibit roles in normal HSC, but also is dereguateleukaemia. Based on experimental
data, research is examining the therapeutic adgardbCXCR4 inhibitors in cancer
(Burger and Burkle, 2007). The modulation of chemelsignalling can therefore

represent a novel therapy in haematological matigies.

The role of chemokines in malignancies was desgribé¢he introduction section.

Although the role of CXC chemokines in haematolafmalignancies was outside the
scope of this particular study, the previously mi#d microarray was used to compare
normal dividing and proliferating HSC, but alscetcamine transcriptional differences
between normal and leukaemic HSC populations (Gnadtzal., 2007). This was carried
out using CML patient samples which were analysetbmparison to normal HSC
populations. Briefly, CML is a disease in which tH8C compartment is transformed with
a fusion oncogene (BCR-ABL) which allows the HSGhwow deregulated cell fate,
including increased survival and proliferation, efhare responsible for the disease
pathogenesis (Calabretta and Perrotti, 2004, Saw$689, Rowley, 1973) (panel A,
Figure 6-3). CML therefore represents an ideal rhodehich the leukemic HSC are
responsible for the pathogenesis of the diseas¢hanefore should be targeted for the
eradication of the disease. Indeed, studies hawgrskhat it is the HSC fraction that is less
sensitive to standard therapy battvitro andin vivoand which consequently prevents the
eradication of the disease (Jiang et al., 2007tz+tlal., 2002, Bhatia et al., 2003, Graham
et al., 2002). It is therefore fundamental thatumderstand how these leukaemic stem cells
(LSC) are deregulated for future novel candidabesHerapy to be identified. Informatic
analyses were used to show that chemokine ligaeds gdown regulated in quiescent
leukaemic HSC in comparison to normal counterg@taham et al., 2007) (panel B,
Figure 6-3). The data from this study suggests CKCXCR2 and CXCL4 signalling is a
pro survival pathway in human HSC, therefore gusprising that this would be down

regulated in leukaemia. LSC are known to up reguatvival pathways in comparison to
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their normal counterparts. However, this was ndhfer examined in this study. Results
from an unpublished study indicate that CML LSCregulate chemokine ligands after
treatment with standard therapy drugs, therefatantbe speculated that these genes may
indeed play a role in the survival of LSC (unpuibéid data) (panel C, Figure 6-3). In
addition, the data from the microarray identifiedttchemokine ligands were expressed at
higher levels in quiescent CML cells in comparisomproliferating cells. The

identification of genes up regulated in quiesceMiL@ SC is important as this population

is less sensitive to current therapy (panel D, FEdit3).

A I I
Normal CML TKI
Go
LSC t LSC
Normal CML t
dividing dividing
D 4

o

-~

TKI 4

\
. )
/

chemokine '\ e
LSC inhibitor  Programed
cell death

Figure 6-3 CXC chemokines are deregulated in CML an  d may provide a novel therapy.

CML occurs due to mutation resulting in the juxtsiion of BCR and ABL genes in a
novel chromosome. The result of this mutation stean cell population results in the
generation of a LSC and the pathogenesis of tleades(A). A previously published
microarray identified that chemokinegSXCL1, CXCL2ndCXCL§ are up regulated in
CML Gg versus dividing, however expression is down relgdlen CML G in comparison
to normal G (B). Interestingly, treatment of LSC with standéndrapy has been shown to
increase chemokine expression.(IE)s possible that this is due to up regulatidthis
chemokine as a survival pathway. Consequentlybitibn of chemokine signalling may

represent a novel future therapy (D).

Interestingly, both CXCL1 and CXCR2 have been iggiked in playing a biological role

in diseases, including solid tumours. Tumours jpmexlinical lung cancer model have been
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noted to be decreased of&cr2” background (Keane et al., 2004). Similar resulisha
been obtained for CXCRB prostate and breast cancer models (Waugh ansbw/iR008,
Snoussi et al., 2010). In terms of a possible m@sha previous research suggests
primary MSC express CXCR2 and facilitate the masstof mammary cancer cells to the
BM (Halpern et al., 2011). Furthermore, CXCL1 his®deen identified to play a role in
promoting tumourigenesis, tumour migration and aggnesis (Dhawan and Richmond,
2002, Halpern et al., 2011). Based on the abundaintte literature, CXCR2 inhibitors
have emerged as a useful pharmaceutical targetninast, there is also evidence that
CXCR2 signalling is involved in tumour preventiofthvevidence to show that CXCR2
ligands, including CXCL1, are involved in the reitment of immune cells to clear tumour
cells (Acosta and Gil, 2009). Future research cedtmmine whether CXCL1 and CXCR2
is a survival pathway in CML HSC.

Focusing on CXCL4, a previous study shows that CKXCan inhibit tumour growth
(Vandercappellen et al., 2011). Although theratikelliterature available on CXCL4 in
leukaemia, a recent study notes that the genepieesed in murine HSC populations in a
CML model (Zhang et al., 2012). Furthermd@eCL4expression is reported to be
modulated in the absence of hypoxia gene HIFlaghhas previously been shown to
mediate cellular responses to hypoxia within the Ethe and is essential for HSC
maintenance (Miyamoto et al., 2007, Kranc et Q9 Takubo et al., 2010, Zhang et al.,
2012). Hypoxia related genes have also been intptida haemopoietic malignancies
therefore are an important avenue for leukaemigared. As an example, in human AML,
targeting HIF genes compromises AML functions, iicgting these genes in future
therapies and HIF genes have been shown to betiesseiCML (Zhang et al., 2012,
Wang et al., 2011). In addition, CXCL4 has beennshto regulate adhesion of both
normal and leukaemic HSC to EC (Zhang et al., 2004¢refore, CXCL4 in normal HSC
biology and leukaemia may be interesting for furfwgrsuit. Furthermore, experiments in
this thesis show that CXCL4 is expressed in mouS€ Mhich was validated usir@gxcl4-
Cre. As discussed in chapter 5, this therefore raiseserns in studies using this model
for megakaryocyte/platelet biology. This observatabso opens up new possibilities for
the use of this mouse model in haemopoietic studagding diseaseCxcl4-Crecan
therefore be used in combination with other mourserss to examine disease. As an
example, experiments usi@xcl4-Crecoupled to inhibition/activation ¢¥-catenin have

shown this drives a myelofibrosis phenotype (datashown).
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A possible future avenue to extend the researdhisrstudy would be to explore the
biological roles of CXCL1/CXCR2 and CXCL4 signaltiiin disease models, including
leukaemia, however this was not within the scopthisfstudy. Possible future
experiments should examine expression and funciitinese genes and pathways in
leukaemic HSC in comparison to normal HSC. Seveaise models of CML are
currently available and could provide insight imtbether these chemokines play a role in
leukaemia initiation and maintenance and could idea novel therapy (Koschmieder and
Schemionek, 2011). Future experiments could exadisease initiation and maintenance
in animals lacking-xcr2or Cxcl4.Animals on aCxcr2” or Cxcl4” background could be
crossed with animal models of CML or alternative8;R-ABL" cells can be generated

using retroviral transduction which can be transfgd intoCxcr2’ or Cxcl4” hosts.
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7 Supplementary

7.1 Western blotting images

Original western blot images from the followinguigs are shown below (Figure 3-4,
Figure 3-7 and Figure 3-10). Images can be fourtélgare 7-2, Figure 7-4 and Figure 7-4
respectively. In addition, a western blot imagéwafan rCXCL1 is displayed (Figure
7-1). Original, full blots are provided with an alay of the molecular weight marker with

sizes of bands.

20kD
15kD

10kD

Figure 7-1 Raw western blot image of human rCXCL1.

Raw image of western blot with human rCXCL1 proteimch has been run on a 15% gel.
L = molecular marker ladder. 1 = rCXCL1. Approximaizes of the marker are shown on
the left of the image in kD. Three bands were fowitti the protein at ~8kD, ~12kD and
~16kD.
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50kD

20kD
15kD

Figure 7-2 Raw western blot image for primary human cells sorted for CD34 "CD38 and

CD34"CD38" populations.

Raw image of western blot with human primary CD8&élls which has been run on a 15%
gel. L = molecular marker ladder, 1 = PB CD3®38', 2 = PB CD34CD38, 3 = BM
CD34'CD38, 4 = BM CD34CD38 with both CXCL1 ang-Tubulin antibodies.
Approximate sizes of the marker are shown on thiet of the image (kD). Several bands
were found with the CXCL1 antibody with the mosbqminent at ~16kD. A single band

was found in the housekeeping control at the estichsize of 50kD.
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20kD
15kD

Figure 7-3 Raw western blot image for HT1080 cells  transduced with plasmids to reduce
CXCL1 or control.

Raw image of western blot with HT1080 cells whiavé been transduced with plamids to
knock down CXCLZ1 (sh) or the control (Scr). The lgas been run on a 15% gel. L =
molecular marker ladder, 1 = unstransduced, 2 #3=ershl, 4 = sh2, 5 = sh3, 6 = sh4 and
7 = sh5 with CXCL1 antibody (A) arn@t Tubulin (B) antibodies. Approximate sizes of the
marker are shown on the left of each panel (kDyeg# bands were found with the

CXCL1 antibody with the most prominent at ~16kDsiAgle band was found in the

housekeeping control at the estimated size of 50kD.
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50kD
40kD

20kD
15kD

Figure 7-4 Raw western blot image for HT1080 cells  transduced with empty vector or CXCL1

over expression vector.

Raw image of western blot with human HT1080 cekkd which has been run on a 15%
gel. L = molecular marker ladder, 1 = Empty Vectbr CXCL1-PRRL with CXCL1
antibody (A) or3-Tubulin antibody (B). Approximate sizes of the marlare shown on the
left of each panel (kD). Several bands were fouitd the CXCL1 antibody with the most
prominent at ~16kD (A). A single band was foundha housekeeping control at the
estimated size of 50kD (B).
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