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SSSSummaryummaryummaryummary

Cancer is a severe disease lead ing to human death and will become the biggest threat
for human health. Cancer cells display perturbations in severa l signa lling pathways
lead ing to uncontrolled cell growth. In addition, the tumour stroma displays
abnormalities with altered deposition of extracellular matrix and increased
angiogenesis resulting in abnormal vessels. Two very important pathways involved in
tumour angiogenesis are Platelet Derived Growth Factor (PDGF) and Vascular
Endothelia l Growth Factor (VEGF) signa lling pathways. These signa lling pathways
have been targeted for anti-angiogenic therapy with varying results. It is therefore
important to understand why some tumour types respond to this therapy while others
are resistant.

B16 and B16/BB melanomas which respond to combination anti-angiogenic therapy,
as well as Kat4 human thyroid carcinomas which are resistant to the same therapy
were studied in this project. Results show that the apoptotic rate of endothelia l cells is
increased in B16 and B16/BB melanomas after treatment, but has no effect in Kat4
tumors. The empty basement membranes present after targeting VEGF pathway in
B16 and B16/BB melanomas , indica ted that vessel regression has occurred.

Vascular changes can also be monitored by measuring vessel leakiness and perfusion
before and after treatment. A reliable marker for vessel leakiness is indeed important
for accurate analysis. Therefore we generated a fluorescence dye conjugated low
molecular weight protein, Alexa-BSA, was tested successfully in anima l tumor
models. Using this probe, we could detect leaky vessels in different tumor models and
acquire clear images by fluorescence microscope and multiphoton microscope. This
dye can be a reliable marker for vessel leakiness in further studies.

Another important aspect is that the intracellular sorting of PDGF-β receptor is
important for the duration of PDGF-β receptorsigna lling. Changes in PDGF-β
receptor traffick ing could affect the receptor transformation ability. To invest igate
this, proteins known to affect PDGF-β receptor traffick ing were transfected to
NIH3T3 fibroblast transformed by v-sis gene correspond ing to PDGF-B chain (sis-
3T3 cells) . The growth properties of successfully transfected cell clones were
determined by 3-(4, 5- Dimethylthiazol- 2-yl) -2, 5-diphenyltetrazolium bromide
(MTT) assay and soft agar assay. Results of MTT assay and soft agar assay for
determining the cell growth properties show that PKCα-ps transfected cells grow
faster than parental and Alix transfected cells . Alix transfected cells decrease the
growth rate of parental cells.

http://en.wikipedia.org/wiki/Di-
http://en.wikipedia.org/wiki/Methyl
http://en.wikipedia.org/wiki/Thiazole
http://en.wikipedia.org/wiki/Phenyl
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1111 IntroductionIntroductionIntroductionIntroduction

Solid tumours const itute more than 90% all human cancers, including 80% or more of
carcinomas and the rest of melanomas, lymphomas and sarcomas (Shockly et al.,
1991). Cancer cells undergo abnormal, rapid and uncontrolled growth during the
whole process. As normal cells, cancer cells need oxygen and nutrients for survival,
proliferation and metastasis. The way they get the nutrients is from blood vessels
formed by angiogenesis in tumours. Tumour stroma also plays a very important role
in tumour growth. It displays abnormalities with altered deposition of extracellular
matrix and increased angiogenesis resulting in abnormal vessels. So an attract ive anti-
cancer therapy proposed origina lly by Folkman (1972), anti-angiogenesis therapy, is
to target endothelia l cells of tumor vasculature, rather than the tumor cells themselves .
In this way, the tumour cells would be dead or quiescent without oxygen and
nutrients. Two very important pathways involved in tumour angiogenesis are Platelet
Derived Growth Factor (PDGF) and Vascular Endothelia l Growth Factor (VEGF)
signa lling pathways. Studies on targeting these two pathways for anti-angiogenic
therapy gave varying results.

1111.1.1.1.1 RoleRoleRoleRole ofofofof growthgrowthgrowthgrowth factorsfactorsfactorsfactors andandandand receptorreceptorreceptorreceptor tyrosinetyrosinetyrosinetyrosine kinaseskinaseskinaseskinases inininin ccccancerancerancerancer
1.11.11.11.1.1.1.1.1 ReceptorReceptorReceptorReceptor tyrosinetyrosinetyrosinetyrosine kinaseskinaseskinaseskinases

Protein tyrosine kinases (PTKs) are a diverse family of protein which is involved in
many cellular events, such as cell growth, differentiation, motility and cell apoptosis.
So far there are more than 90 PTKs have been identified, of which there are 32 non-
receptor tyrosine kinases (NRTKs) and 58 receptor tyrosine kinases (RTKs)
(Robinson et al., 2000; Reind l and Spiekermann 2006). Receptor tyrosine kinases are
a class of cell surface receptors for many growth factors, such as VEGFs, PDGFs,
epidermal growth factors (EGFs), and et al. There are approxima tely 20 subfamilies
of RTKs sharing similar structure consist ing of an extracellular domain for ligand
binding, a transmembrane domain and an intracellular kinase/catalytic domain.

1.1.1.1.1.21.21.21.2 BiologyBiologyBiologyBiology ofofofof PDGFPDGFPDGFPDGF isoformsisoformsisoformsisoforms andandandand PDGFPDGFPDGFPDGF receptorsreceptorsreceptorsreceptors

Studies on PDGF isoforms and PDGF receptors as growth factor prototypes have
been performed for more than 25 years (Andrae et al., 2008). PDGF family contains
five different disulfide-boned dimeric isoforms, PDGF -AA, -BB, -AB, -CC and -DD,
which are built up of four PDGF polypeptides coded by four different genes. PDGF A
and B chains contain a proxima tely 100 amino acid residues and share about 60%
amino acid sequence identity (Heldin and Westermark, 1999; Andrae et al., 2008;
Fredriksson, 2004). PDGFs exert their cellular funct ions by inducing dimerization of
two structurally related tyrosine kinase receptors, PDGF -α and -β receptors
(Ostman and Heldin, 2007; Pietras et al., 2003).
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PDGF receptors belong to the class III RTKs. Each receptor consists of a five-
extracellular IgG-like domain and an intracellular tyrosine kinase domain. Ligand
binding to the extracellula r domain activates the autophosphrylation of intracellular
tyrosine kinase domain, by which cellular responses are activated. PDGF isoforms
have different affinities to its receptors. All PDGF isforms can induce PDGF α-
receptor dimerization except PDGF-DD, but only PDGF-BB and -DD induce PDGF
β-receptor dimerization. In addition, all isoforms except PDGF-AA can activate
PDGFαβ heterod imeric receptor. (Pietras et al., 2003) (Figure 1). The binding of
PDGF isoforms to which receptors depend on which isoform is stimula ted and which
receptor the target cells express (Heldin, 2004; Pietras et al., 2003).

The differentia l expression of PDGF isoforms and correspond ing receptors in
different tissues character ize their roles in individual development and provide
valuable evidences for cancer therapy. It has been reported that PDGF A is mainly
expressed in epithelia l cells and PDGF α-receptor is found in the underlying
mesenchymal cells during embryo development. Activation of PDGF α-receptor
contributes to hair follicle formation and oligodendrocyte development in central
nervous systerm; PDGF B is mainly produced by vascular endothelia l cells with the β
receptor expressed in pericytes wrapping the endothelia l cells , and vascular smooth
muscle cells (Heldin and Westermark, 1999; Pietras et al., 2003). Knock-out mouse
model studies showed that PDGF BB and PDGFRβ are involved in mesangial cell
development and vessel formation (Heldin, 2004; Pietras et al., 2003). The
overlapping expression of PDGF α and PDGF β receptors was found in some cell
types, such as smooth muscle cells and fibroblasts, with PDGF β-receptor being the
predominant receptor (Heldin and Westermark, 1999). PDGF C and PDGF D also
play important roles in embryonic development. PDGF C was shown to be
indispensable for heart, ear and CNS development, while PDGF D is important for
kidney, eye and brain maturation (Reigstad et al., 2005). Perturbation of any of the
PDGF isoforms or their receptors, usua lly overexpression and mutation, is reported to
be related to different tumor development. This study will focus on PDGF BB and
PDGF-β receptor signa ling because of their primary funct ion in vessel endothelia l
cells and pericytes. Because of the extensive studies on classica l PDGF and their
receptors in clinica l and basic research, it attracts more and more attention on their
critica l roles in cancer research. To further explore the mechanism behind these
growth factors and fine-tune their expression becomes another important way for
cancer therapy.
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FigureFigureFigureFigure 1.1.1.1. PDGF isoforms and their binging affinities to different receptors. Five PDGF isoforms exert

cellu lar effects by binding and activating PDGF α and β homo- or hetero- receptors. Each receptor

consists of five IgG-l ike ext raxel lular domains and an intracellular tyrosine kinase domain. All

isoforms induce activation of homodimer PDGFα receptor except PDGF-DD, whereas only PDGF-BB,

-DD can induce dimer ization of PDGFβ homodimer. Except PDGF AA, other isoforms have binding
affinity to PDGF-αβ heterodimeric receptor, while PDGF-CC prefers PDGFα homodimeric receptor

and PDGF-DD prefer PDGFβ homodimeric receptor. (Ludwig institute for cancer research,
Biomedical center, Uppsala)

1.1.1.1.1.31.31.31.3 VEGFVEGFVEGFVEGF isoformsisoformsisoformsisoforms andandandand VEGFVEGFVEGFVEGF receptorsreceptorsreceptorsreceptors

Vessels endothelia l growth factors (VEGFs) are crucia l effectors in development,
normal physiologica l status, as well as in many pathologica l conditions, including
wound healing, revasculariza tion and tumor angiogenesis. There are five human
VEGF rela ted ligands that have been identified, VEGF -A, -B,-C,-D and placenta
growth factor (PIGF). Another two non-human VEGF were identified as VEGF -E
and -F, exist ing in Orf parapoxvirus and some snake venoms respectively (Roskoski,
2008). The biologica lly active form of VEGFs are homod imers and the only
heterod imer VEGFA-PIGF reported by Park and colleagues showed no mitogenic
activity for cells, indica ting a potentia l regulator role of the heterod imer (Park et al.,
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1994) As PDGF stimula tion, VEGFs also stimula te cellular responses by binding to
and activating 3 different membrane bounded tyrosine kinase receptors, VEGFR -
1(Flt-1), -2 (KDR/Flk-1) and -3 (Flt-4). In addition, two non-tyrosine kinase co-
receptors, Neuropilin 1 and 2 were also discovered to bind some VEGF splicing
forms and assist the VEGF to bind VEGF receptors (Soker, 1998). Each VEGF
isoform has specificity in binding to different receptors. It has been shown that VEGF
-A plays important roles in angiogenesis, vasculogenesis, and it is a survival factor
for endothelia l cells; VEGF -B was also found to be involved in angiogenesis in
embryonic development; VEGF -C and -D participate in lymphaniogenesis and PIGF
is related to angiogenesis during wound healing, inflammation, ischemia and
vasculogenesis (Roskoski, 2008; Conway, 2001; Kerbel, 2008).

VEGF receptors belong to class V RTKs character ized by a seven IgG-like
extracellular domain, a small transmembrane domain and intracellular kinase domain
separated by a short kinase inser t sequence. The dimeric VEGFs have different
affinity for the VEGF receptors, of which the signa lling of VEGF A and VEGFR -2
are thought to be the most important pathway in med iating endothelia l cell survival
and angiogenesis (Yancopoulos, 2000). Thus the following section will focus on the
signa l transduction induced by VEGF -A and VEGFR-2.

1.1.1.1.1.41.41.41.4 SignalSignalSignalSignal transductiontransductiontransductiontransduction ofofofof PDGFPDGFPDGFPDGF andandandand VEGFVEGFVEGFVEGF receptorreceptorreceptorreceptorssss

A parallel study performed during this project was to invest igate the regulation of
growth factors at cellular level. The PDGF functions by binding to its receptors,
transduction network is subsequently initiated; dimerized receptors activate there
intracellular kinase domain, followed receptor autophosphorylation resulting in amino
acid reorientation and stabiliza tion of the active receptor conformation , creating
docking site for phospho tyrosine binding domains in related downstream signa l
transduction proteins. (Schlessinger , 2000). This process will attract many other signa ling
molecules to interact with the receptor cytoplasmic domains and pass the signa l to
downstream molecules to modulate cell growth, differentiation, survival and motility
(Heldin et al., 1998; Heldin and Westermark, 1999; Betsholtz, 2003; Sandilands and
Frame, 2008).

The already known and extensively studied signa ling molecules recruited by the
PDGFR and VEGFR associa tion are almost the same profile of signa ling components,
including rasGTPase activating protein (RasGAP), Phosphoinositide 3-kinase (PI3-
kinase ), phospholipase C γ (PLCγ), Mitogen-Activated Protein Kinase (MAPK), Raf-
1 (serine-threonine kinase ) and Src (proto-oncogenic non-receptor tyrosine kinases )
and Src-related tyrosine kinases and adaptor proteins such as SHC (a common
substrate of tyrosine kinase receptors) (Bennasroune et al., 2004). Internaliza tion of
the receptors on plasma membrane is clathrin dependent, following a sorting event in
early and late endosomes for receptor recycling back to cell surface or degradation in
lysosomes (Ewan et al., 2006). The delivery of ligand-receptor complexes in early

http://en.wikipedia.org/wiki/Phosphoinositide_3-kinase
http://en.wikipedia.org/wiki/Proto-oncogene
http://en.wikipedia.org/wiki/Tyrosine_kinases
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endosomes recruit PI3 kinase , RasGAP, PLCγ, SHC and Grb2, which are enough for
cell proliferation and survival( Wang et al., 2004).
Previous research showed that in some signa ling pathways PDGF (Robin et al., 2004)
and PDGF receptor (Brown et al., 2009) were activated through an indirect PKC-
dependent pathway and inhibition of PKC activity blocked the Gab1 (Grb2-associa ted
binder-1) tyrosine phosphorylation by PDGF (Saito, 2002). New find ings in our lab
indica ted that PKC activity is necessary for PDGFRβ recycling and a direct
phosphorylation site on PDGFRβ by PKCα was detected (Hellberg et al., 2009). Alix
is an adaptor protein involved in regulating sorting of membrane receptor and
cytoskeleton associa ted tyrosine kinases (Schmidt et al., 2005). It has been
demonstrated that Alix is involved in PDGFRβ recycling, ubiquitination and
numerous cellular events, such as modulation of cellular architecture, apoptosis,
growth, and endocytosis (Lennartsson et al., 2006). Although a lot of studies about
funct ion of PKC family and Alix have been performed, their exact mechanisms on
regulating tyrosine receptor kinases are still not clear. Then to further explore and
confirm regulation mechanisms for PDGF-β receptor traffick ing by related proteins
and the downstream signa ling cascade is indeed significant for cancer research.

The signa ling by PDGFR and VEGFR can be attenuated in two ways, by protein
tyrosine phospha tases (PTP), including e.g. Shp1 and tyrosine phospha tases
regulating PDGFR and VEGFR, TC-PTP (T- cell protein tyrosine phospha tase)
(Ostman, 2001) and by receptor internaliza tion and degradation. Loss of TC-PTP was
shown to induce the PDGFRβ recycling (Karlsson et al., 2006). The recycling of
receptors prolongs duration of signa l transduction and result in abnormal cell
proliferation, even though most receptors are eventually sorted to multivesicular
bodies (MVBs) and late endosomes, followed by lysosomal degradation by lysosomal
acid hydrolases . Because recycling of the receptor could participate in cell
transforming ability of PDGFR, it prompts the idea that perturbation of duration of
PDGF receptor signa ling may affect the signa ling outcome and phenotype changes.
Research in this aspect may supply new ideas for anti-cancer therapy.

1.21.21.21.2 RTKRTKRTKRTK inhibitorsinhibitorsinhibitorsinhibitors andandandand anti-angiogenesisanti-angiogenesisanti-angiogenesisanti-angiogenesis therapytherapytherapytherapy

Blood vessels are formed to carry necessary oxygen and nutrients to growing organs.
The de novo formation of blood vessels from endothelia l precursor cells during
embryonic development is denoted vasculogenesis, while angiogenesis is defined as
the process by which new blood vessels form from preexist ing vasculature. During
angiogenesis, vessels grow by means of vessel sprouting or non-sprouting manner,
and remodel into a highly organized vescular net work of larger vessel. The normal
angiogenesis process is strict ly controlled by a balance between many pro-angiogenic
and anti-angiogenic factors, which is called “angiogenic switch”. The “on” and “off”
status of the “angiogenic switch” essentia lly determine activating or inhibiting vessel
growth. Normally in adults, this “angiogenic switch” stays at “off” status, except in
female reproductive cycle or wound healing (Thomas, 2007; Carmeliet, 2005).
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During pathologica l conditions, this “angiogenic switch” turns “ON” automatically,
inducing abnormal vessel growth, such as in cancers (Folkman, 2003). Early in 1971
Folkman hypothesized that tumor growth is dependent on angiogenesis, (Folkman,
1971). During the following 40 years, an explosion of interests in cancer researche s
targeting tumor induced vessel formation, which is named anti-angiogenesis therapy,
acquired tons of evidence and progress in cancer treatment. This also generated some
new drugs as anti-angiogenic agents.

Many anti-angiogenic studies targeting VEGF/VEGFR signa lling pathways have
been performed during last decades. Some studies (Shojaei and Ferrara, 2008;
Crawford, 2009) showed that monotherapy by targeting VEGF/VEGFR signa lling
pathways was not effective for some tumor types. Other study (Hasumi et al., 2007)
found that the sensitivity to anti-VEGF treatment correla ted with the degree of
pericyte coverage of the tumour blood vessels. Vessel endothelia l cells express
PDGF-BB and VEGF receptors, while the pericytes around vessels express VEGF
ligands and PDGF receptors. So it is proposed that the crosstalk between endothelia l
cells and pericytes and the ir surrounding microenvironment is essentia l for vessel
integrity and angiogenesis. Pericytes may directly protect the endothelia l cells from
apoptosis during anti-VEGF therapy. This prompted studies where pericytes were
targeted by inhibition of PDGF signa lling in combination with anti-VEGF therapy.

Target ing of the vasculature may cause vessel regression and leave empty sleeves of
basement membrane for some time . Studies by Mancuso and his colleagues (Mancuso
et al., 2006) showed a full regrowth of targeted vessels in tumors after 7-day remova l
of anti-VEGF therapy, stating that empty sleeves of basement membrane and
accompanying pericytes serve as scaffold for tumor regrowth. This gives us some
clue to invest igate the relation of basement membrane scaffolds and vessel loss with
varying results of anti-angiogenic therapy for different tumor types.

The two receptor tyrosine kinase inhibitors used in this study, PTK787 (VEGFR
inhibitor) and STI571 (PDGFR inhibitor) have been developed to disturb the
signa lling of VEGF and PDGF pathways .

Monotherapy by STI571 in chronic myeloid leukaemia (CML) has been extremely
successful and revolutionized the treatment for CML and other malignant diseases,
such as gastrointest inal stroma tumor (GIST) (Deininger and Brain, 2003). Treatment
by targeting VEGFR pathways was also reported promising in exper imental models,
but not in some patients (Giannell i et al., 2007). The anti-angiogenesis therapy by
targeting these two pathways combinationa l therapy has acquired varying results in
some tumor types , as in our case, in B16 and B16/BB mouse melanoma tumours and
Kat4 human thyroidea carcinoma tumours. B16 melanoma is a malignant skin cancer
with a rich vasculature but little fibroblast stroma , while B16/BB melanoma cell line
was previously established to overexpress PDGF BB and this tumor model has higher
pericytes coverage around vessels (Furuhashi, 2004; Hasumi, 2007). Kat4 tumors
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have a rich fibroblast stroma and fewer small vessels. So more efforts should be
devoted to elucida ting the mechanisms behind tumor response to anti-cancer
treatment.

1.31.31.31.3 AimAimAimAim

It is important to understand why some tumour types respond to combination therapy
while others are resistant. The aim of this study is to invest igate the effects of
targeting of VEGF/VEGFR and PDGF/PDGFR pathways on the vasculature of two
tumour types that only express PDGF and VEGF receptors in the stroma , namely B16
mouse melanoma tumours and Kat4 human thyroidea carcinoma tumours. Comparing
the vasculature in these two tumours before and after therapy could provide important
information regarding why some tumours respond to combined VEGF- and PDGF
receptor inhibition. Severa l funct iona l parameters , vessel leakiness and vessel
perfusion were also determined.

The intracellular sorting of PDGFR-β is important for the duration of PDGFR-β
signa lling. The second aim of this study was to invest igate if changes in PDGFR-β
traffick ing also change the transforming ability of the receptor. The already
established sis-3T3 cell line was transfected with proteins regulating PDGFβ receptor
traffick ing. The growth properties of successfully transfected cell clones were
determined.
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2222 ResultsResultsResultsResults

2.12.12.12.1 ImmunohistochemistryImmunohistochemistryImmunohistochemistryImmunohistochemistry stainingstainingstainingstaining ofofofof Kat4Kat4Kat4Kat4 tumor,tumor,tumor,tumor, B16B16B16B16 andandandand B16/BBB16/BBB16/BBB16/BBmelanomamelanomamelanomamelanoma

Different types of tumours respond differently to the same anti-angiogenic therapy,
the reason for this is not known. Comparing the vasculature differences in different
tumor types before and after treatment is important to understand the varied responses .
The endothelia l cell apoptosis was invest igated in B16, B16/BB and Kat 4 tumors
after anti-VEGFR and anti-PDGFR therapy. In B16 and B16/BB tumors, there was a
significant increase in the apoptotic rate of endothelia l cells after combination therapy,
while the increase in apoptotic rate is more obvious in B16/BB tumors. No increase
in apoptotic rate was detected in Kat4 tumors after short (4days) and long (21days)
combination treatment, but there are differences in apoptotic rate between Kat4 and
B16, B16/BB tumors (Figure 2).

FigureFigureFigureFigure 2.2.2.2.Apoptotic rate of vessel endothelial cells in B16, B16/BB and Kat 4 tumors.
Difference in apoptotic rate of endothelial cells after anti-VEGF treatment is significant in between

vehicle and combination treatment group in B16 tumors (P<0.05); and this difference is more

significant in B16/ BB tumors (P<0.001). Difference in apoptotic rate was not detected in Kat4 tumors

after short (4days) and long (21days) combination treatment. Differences in apoptotic rate were

detected between Kat4 tumor and B16, B16/ BB tumors.
* P<0.05 compared to B16 vehicle treatment; ** P<0.001 compared to B16/ BB vehicle treatment

Φ P<0.05 compared to Kat4 4-day vehicle and combination treatment tumors

§ P<0.05 compared to Kat4 21-day vehicle and combination treatment tumors

$ P<0.001 compared to Kat4 4-day vehicle and combination treatment tumors

#### P<0.001 compared to Kat4 21-day vehicle and combination treatment tumors
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2.22.22.22.2 DoubleDoubleDoubleDouble immunofluorescenceimmunofluorescenceimmunofluorescenceimmunofluorescence stainingstainingstainingstaining ofofofof CollagenCollagenCollagenCollagen IVIVIVIV andandandand CDCDCDCD 31313131 inininin B16B16B16B16 andandandand
B16/BBB16/BBB16/BBB16/BBmousemousemousemouse melanomamelanomamelanomamelanoma

In order to invest igate how the induced endothelia l cell apoptosis affected the tumor
vasculature, the vessel regression was evaluated by staining basement membrane and
endothelia l cells. The B16 tumors are rich in vasculature, as shown in Figure 3 A,
B,C, and almost all the vessels are covered by basement membrane in vehicle
treatment tumors (Figure3A, B,C). In tumors treated with combination therapy, there
are some areas where the vessels have regressed (shown by arrow in Figure 3E),
leaving the empty basement membrane where the vessels used to be (arrow in Figure
3D and F). In B16/BB vehicle treated tumor, there are also abundant basement
membranes around vessels (shown in Figure 3G, H, I). But in combination treatment
tumors, there are more areas with empty sleeves, reflect ing more vessel loss in this
treatment group (shown by arrows in Figure 3J, K, and L). Thus, the increased
apoptosis seen in Figure 2 is accompanied by vessel regression.
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FigureFigureFigureFigure 3.3.3.3. Double immunofluorescence staining of Collagen IV (green) and CD31(red) in B16 and
B16/BB mouse melanoma before and after treatment. Picture A, B, C show the staining of CIV, CD31

and merged staining in vehicle treatment of B16 tumors, where tumor vessels are well covered by
basement membrane; picture D, E, F show the staining in combination treatment of B16 tumors, in

which some empty sleeves formed after treatment (arrow area). Staining of CIV and CD31 in vehicle

group (G, H, I) and combination group (J, K, L) in B16/ BB show that more empty sleeves formed after

treatment (arrow area).
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2.32.32.32.3 AnimalAnimalAnimalAnimal experimentexperimentexperimentexperiment forforforfor testingtestingtestingtesting Alexa-FluorAlexa-FluorAlexa-FluorAlexa-Fluor®®®®546546546546-bovine-bovine-bovine-bovine serumserumserumserum albuminalbuminalbuminalbumin (BSA(BSA(BSA(BSA))))

Tumors display abnormal vessel growth and morphology. Vessel funct iona l
parameters, vessel leakiness and vessel perfusion, are very important for evaluating
the efficiency of different anti-angiogenic therapies. Therefore a reliable marker to
evaluate vessel leakiness is needed for accurate analysis. Thus in our lab, we
generated a red fluorescence dye Alexa-Fluor®546 labeled protein (Alexa-BSA),
which is a marker with low molecular weight (67KD) for invest igating vessel
leakiness. When combined with green fluorescein isothiocyanate-Dextran (FITC-
Dextran), a high molecular weight polysaccharide used for invest igating vessel
perfusion, the vessel leakiness in tumors can be quantified by multiphoton
microscope.

2.3.12.3.12.3.12.3.1 LabelingLabelingLabelingLabeling ofofofof BSABSABSABSAwithwithwithwith Alexa-FluorAlexa-FluorAlexa-FluorAlexa-Fluor®®®®546546546546

The concentration of Alexa-BSA = 12.173 mg/mL
The degree of labeling (DOL) = (16. 09 * 67) / (12.173 * 104) = 85%
The degree of labeling (85%) shows almost every BSA molecule was conjugated with
one Alexa dye molecule.

2.3.22.3.22.3.22.3.2 ResultResultResultResult ofofofof animalanimalanimalanimal testtesttesttest forforforfor Alexa-BSAAlexa-BSAAlexa-BSAAlexa-BSA usedusedusedused forforforfor evaluatingevaluatingevaluatingevaluating vesselvesselvesselvessel leakinessleakinessleakinessleakiness

In the CT26 human colon carcinoma tumor model, vehicle treated tumors do not
show any green FITC-dextran staining (Figure 4A), but show very good red Alexa-
BSA staining, although there is still some background (Figure 4B). So there is no
overlapping area of FITC-dextran and Alexa-BSA (Figure 4C). In anima ls treated
with STI and PTK, there are green FITC-dextran (Figure 4D) and Alexa-BSA
staining (Figure 4E), and these two dyes show consistent staining of areas in tumors
(Figure 4F). The morphology of vessels in the vehicle treatment group seems more
sprouting and unorganized than vessels in the combination treatment group. In
combination treatment tumors, vessel reorganized and became better perfused as
indica ted by more FITC-dextran staining. To better invest igate the vascular changes
before and after treatment for tumors, multiphoton microscope will be used for
further research. Some pictures (Figure 5) were photographed by multiphoton
microscope to give an example for this state-of- the-art, by which 3D structures of
vessels can be well invest igated and changes in vessel leakiness or perfusion can be
quantified.

dict://key.0895DFE8DB67F9409DB285590D870EDD/polysaccharide
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FigureFigureFigureFigure 4.4.4.4. Test of vessel leakiness and perfusion by alexa-BSA (red) and FITC-dextran (green) before
and after anti-cancer therapy in CT26 human colon carcinoma. In vehicle treatment group, no FITC-

dextran (A) was detected, but Alexa-BSA was detected. The merged staining shows no overlap area

(C). In treatment group, FITC-dextran (D) and Alexa-BSA (E) was detected and the staining shows

very good overlapping of these two dyes (F).
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FigureFigureFigureFigure 5.5.5.5. The 3D structure of vessels or vessel leakiness indicated by Alexa-BSA and photographed by
multiphoton microscope. All pictures show the 3D structure of vessels in animal test for Alexa-BSA.

The structures can be shown in a video by which you can rotate the structures and indicate where the

vessel leakiness and vessel perfusion is.
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2.42.42.42.4 StableStableStableStable ccccellellellell transfectiontransfectiontransfectiontransfection withwithwithwith pTRE2pTRE2pTRE2pTRE2hyghyghyghyg2-Myc-Luc2-Myc-Luc2-Myc-Luc2-Myc-Luc vector,vector,vector,vector, AlixAlixAlixAlix andandandand
constitutiveconstitutiveconstitutiveconstitutive activeactiveactiveactive PKCPKCPKCPKCαααα-ps-ps-ps-ps proteinproteinproteinprotein DNADNADNADNA

PDGF-β receptor signa lling is an important research area in our lab. Because PDGF-β
receptor sorting affect the duration of PDGF-β receptor signa lling, this is essentia l for
cell proliferation and cancer progression. In order to know if changes in PDGF-β
receptor traffick ing could affect the receptor transformation ability, proteins (PKC
and Alix) known to affect PDGF-β receptor traffick ing were transfected to sis-3T3
cells . The expression of target protein levels and growth properties of successfully
transfected cell clones were determined .

2.4.12.4.12.4.12.4.1 WesternWesternWesternWestern blotblotblotblot analysisanalysisanalysisanalysis ofofofof overexpressionoverexpressionoverexpressionoverexpression ofofofof targettargettargettarget proteinsproteinsproteinsproteins fromfromfromfrom selectedselectedselectedselected
clonesclonesclonesclones

To invest igate if the clones were successfully transfected with target protein DNA
that affect the PDGFR-β traffick ing, all clones harvested were analyzed by westerblot
analysis to determine if the clones overexpress the target proteins (Figure 6). Fourteen
clones were obtained which were numbered from Alix #1 to # 14 (Figure 6A). All
clones express Alix protein, but at different levels. Clone #5 expresses highest
amount of Alix protein compared to other clones, and clone #1 expresses the lowest
level of Alix.

Twelve clones transfected with PKCα-ps and two clones transfected with PKCα-wt
and empty vectors were harvested (Figure 6B). The two clones (labelled with wt #1
and wt #2) transfected with PKCα-wt did not express more PKC protein compared to
empty vectors transfected clones (labelled v #1 and v #2). These two PKCα-wt clones
were discarded. Of the 12 clones transfected with PKCα-ps clones #1 to #12, clones
#2, #3, #4 and #6 express more PKCα-ps protein compared to control vector clones.

To make sure the differences in expression levels of target proteins from each clone is
not resulted from differences in amount of sample load ing, some of the clones
expressing more and some expressing less target proteins were selected from previous
western blot analysis for another round of westernblot by using 10% SDS gel and β-
actin antibody. β-actin is a member of actin family. The gene expression of β-actin is
normally constant in cells. Therefore by probing β-actin expression as internal control
in the selected clones could indica te if there is any difference in sample load ing. The
westernblot analysis again showed that the selected Alix clones (Figure 6C, Alix
clones #1, #10, #4, #5 and control clones v #1and #2) and PKCα-ps clones(Figure 6D,
PKCα-ps clones #8, #11, #12, #3, #4 and control clones v #1) express equal amount
of β-actin, while with different expression levels of target protein.
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FigureFigureFigureFigure 6.6.6.6. Expression of target proteins in each harvested clone. 14 clones are harvested from alix

transfected cells (A). Each clone expresses different levels of Alix protein. But clone #5 express more

Alix protein than other clones. 12 clones for PKCα-ps and each of 2 clones for PKCα-wt and

pTRE2Hyg2-Myc-Luc vector were harvested (B). 2 clones for PKCα-wt do not express more PKC
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than control vector clones. Of the 12 PKCα-ps clones which were numbered from #1 to #12, clone #2,

#3, #4 and #6 express more PKCα-ps protein compared to control vector clones. Some clones

expressing more (#4, 5 for Alix; clone#8, 11, 12 for PKCα-ps) or less (#1, #10 for Alix; #3, #4 for

PKCα-ps) Alix (C) or PKCα-ps (D) were selected to analyze β-actin expression.

2.4.22.4.22.4.22.4.2 MMMMTTTTTTTT ((((3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide ) assayassayassayassay

MTT is a yellow tetrazole which can be reduced to a purple crysta l, formazan, in
mitochond ria of viable cells. This purple formazan can be dissolved in Dimethyl
sulfoxide (DMSO), and by measuring the absorbance of the dissolved formazan, the
viable cells can be determined. So this is an assay for evaluating cell proliferation.

To invest igate if changes in expression of Alix or PKCα activity altered the growth
rate, clones expressing the highest level of target proteins were selected to perform
MTT assay. Alix clone #5, PKCα-ps clone #4 and pTRE2Hyg2-Myc-Luc empty
vector clone #1 were selected and cultured with equal number of cells in 96-well plate
for one to five days growing. Figure 7 shows the abosorbance value at a wavelength
of 600 nm for each protein transfected cells growing during five days. The
absorbance is proportiona l to concentration of formazan crysta l formed, which
indirect ly reflect the growth rate of viable cells for each day. In this assay, result
showed that Alix transfected cells grows slower compared with PKCα-ps and
pTRE2Hyg2-Myc-Luc empty vector transfected cells, while PKCα-ps transfected
cells grows faster than Alix and pTRE2Hyg2-Myc-Luc empty vector transfected cells
(Figure 7).
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FigureFigureFigureFigure 7.7.7.7. Absorbance value at wavelength 600 nm for pTRE2Hyg2-Myc-Luc empty vector, Alix and
PKCα-ps transfected sis-3T3 cells during cell growth for 5 days. The Alix transfected cells (blue

curve) grow slower than pTRE2Hyg2-Myc-Luc empty vector transfected cells (red curve). But PKCα-

ps transfected cells (green curve) grow faster than other cells.

2.4.32.4.32.4.32.4.3 SoftSoftSoftSoft agaragaragaragar assayassayassayassay

Soft agar assay is a colony formation assay which is used to assess the transformation
changes in transfected cells. Usua lly adherent cells need to attach to a solid surface
for growth. They stop growing when suspended in vicious fluid, which is defined as
anchorage-dependent growth. But if these cell lines are transformed, they acquired
some phenotypic changes such as anchorage independence; therefore they can grow
in vicious fluid and form colonies. Equal number of cells from each type of
transfected cells were seeded in 10% FBS in soft agar as positive control, so all the
cells formed colonies in these plates (Figure 8B, D, F). The pictures were taken at
11th day after seeding cells in plates. In lower concentration of FBS in soft agar
plates, only PKCα-ps transfected cells formed colonies in plates with 3% FBS in soft
agar (Figure 8E). No colonies formed in 3% FBS soft agar plates seeding Alix and
pTRE2Hyg2-Myc-Luc empty vector transfected cells (Figure 8A), although some
cells form closely in the plate seeding Alix transfected cells (Figure 8C). None of the
three transfected cell types show colony formation in 0.5% and 1% FBS soft agar.
The cells may not be happy growing in such lower concentration of FBS. In order to
see if the colonies will form later in plates seeding Alix and pTRE2Hyg2-Myc-Luc
empty vector transfected cells, all plates were incubate for another 18 days. But no
colony formed in the plates (data not shown).
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FigureFigureFigureFigure 8.8.8.8. Colony formation of Alix, PKCα-ps and pTRE2Hyg2-Myc-Luc transfected cells on 11th day
after seeding. All three types of cells can form colonies in 10% FBS in soft agar shown in picture B

(pTRE2Hyg2-Myc-Luc transfected cells), D (Alix transfected cells) and F (PKCα-ps transfected cells),

for which were used as positive controls. But in 3% FBS in soft agar, no colony form of pTRE2Hyg2-
Myc-Luc transfected cells (A) and Alix transfected cells (C), although some cells form closely in Alix

transfected cells; but there are some colonies formed in PKCα-ps transfected cells (E).
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3333 DiscussionDiscussionDiscussionDiscussion

Previous studies in our group on combination therapy targeting vessel endothelia l
cells and pericytes on B16 and B16/BB melanoma, as well as Kat4 tumors acquired
different results. Combination therapy reduced the tumor growth in B16 and B16/BB
melanoma (Hasumi et al., 2007), but showed no effect on Kat4 tumors (Agnieszka et
al., in preparation). The apoptotic rate of endothelia l cells after treatment of each
tumor was analyzed in this study. The apoptotic rate of endothelia l cells increased
significantly following combination therapy in B16 and B16/BB melanomas, and this
difference is more obvious in B16/BB melanoma (Figure 2). This effect may correla te
with the decreased tumor growth, because the tumors would get less nutrients and
oxygen when many vessels were efficiently targeted.

No difference was found in conbination treatment group between B16 and B16/BB
melanomas, although it has been reported that number of PDGFRβ, NG2 and ASMA
positive pericytes was decreased in B16/BB melanoma, but not in B16 tumor
(Hasumi et al., 2007). The reason could be attributed to overexpression of PDGF BB
in B16/BB tumor, which resulted in recruitment of more abnormal pericytes. When
targeted by PDGFR inhibitor STI571, these pericytes were more easily affected.
Because B16 and B16/BB melanomas are rich in vasculature, targeting endothelia l
cells may be the main effect for combination treatment, and targeting the pericytes, to
some degree, increases the sensitivity of anti-VEGFR treatment. This is in line with
some research that pericytes do not protect vessels from regression in some tumors
(Inai et al., 2004).

No difference in apoptotic rate of endothelia l cells was detected in kat 4 tumors
before and after either short (4 days) or long (21 days) combination treatment, but
there are differences between B16, B16/BB and Kat4 tumors. In Kat4 tumor, the
tumor volume was also not decreased by the same anti-agiogenesis therapy used in
B16 and B16/BB tumors (Agnieszka et al., in preparation). One reason could be that
in B16 and B16/BB tumors, treatment was started when tumor volume reached 20
mm3, which was started in an early stage for tumor development; but in Kat4 4-day
treatment and 21-day treatment tumors, the treatment was started when tumor volume
reached 400mm3 and 100mm3, respectively. The treatment started later in Kat4
tumors, maybe an advanced stage of tumors, which is more difficult to control the
tumor development.

Because of rich in vasculature, B16 and B16/BB tumors may have a lower intest inal
fluid pressure (IFP); but in Kat4 tumors, oppositely, which are rich in tumor stroma, a
higher IFP could be present because of lack of vessels, lead ing to more hypoxia
microenvironment of tumors and other signa lling molecules such as basic fibroblast
growth factors (bFGF) could be activated for vessel growth, instead of VEGF
pathways which was targeted (Shojaei and Ferrara, 2008; Fukumura and Jain, 2007).
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It is said that hypoxia induced factor-1 could activate VEGF signa lling pathway,
which may counteract the effect of anti-VEGFR therapy (Crawford, 2009). Tumor
associa ted fibroblast (TAF), which is a very important cellular population of tumor
stroma, was reported playing a role in tumor resistance in anti-VEGF therapy by
upregulation of PDGF -C signa ling (Crawford, 2009). These find ings highlight the
tumor stroma as a promising anti-cancer target in future.

Anti-VEGFR therapy could inhibit endothelia l cell growth or kill the endothelia l cells .
The empty sleeves caused by vessel loss after the treatment could be another way to
invest igate the efficiency of anti-angiogenic therapies. All vessel basement membrane
express type IV collagen and it accumula ted in tumor interst itium (Timpl et al., 1981),
suggest ing it could be an appropriate marker for basement membrane. In B16 and
B16/BB melanomas, vessels are wrapped by basement membrane in vehicle
treatment group; but after combination treatment, there were some empty basement
membrane/ empty sleeves presenting which indica te where the vessel used to be.
Following combination therapy in B16/BB tumors, there were more empty sleeves
compared to B16 tumors. The vessel density was also decreased after treatment in
each tumors. This may be caused by killing of the immature vessels in this tumor type .

Labelling of Alexa to BSA presented successful result. The degree of labelling is 85%,
which means almost every BSA molecule combines with one Alexa dye molecule.
Animal exper iment also gave satisfying staining with this Alexa-BSA (Figure 4).
Although from the picture, there are many obvious differences in vessel lek iness and
vessel perfusion between vehicle treatment tumors and combination 9-day treatment
tumors, it is not proper to compare these differences in this exper iment, because of
only 2 mice involved in each group, which should not be used for statist ica l
comparison.

Alix and PKCα are two proteins which are already known to affect the PDGFRβ
signa lling. Previous research reported that PKCα inhibition reversed anti-adipogenic
effect of PDGF (Artemenko et al., 2005). From cell transfection exper iment, some
clones were harvested for each type of transfected sis-3T3 cells. Overexpression of
targeted proteins was analyzed by westernblot, which showed some clones expressed
more and some expressed less targeted proteins. The clone expressing highest target
proteins was chosen for growth assays.

In MTT assay, PKCα-ps transfected cells grew faster compared to control and Alix
transfected cells; in soft agar assay, PKCα-ps transfected cells also formed colonies in
lower concentration of FBS. Both exper iment showed that PKCα-ps accelera ted
parental sis-3T3 cell growth. The possibility is that PKCα increased PDGFRβ
recycling in early endosomes which was already verified in our lab (Hellberg et al.,
2009). But this result should be further confirmed if PKCα signa lling is in a PDGF
dependent manner, by adding PDGFR inhibitor to cells.
Alix transfected cells grew slower than parental cells and they did not form colonies
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in lower concentration of FBS in soft agar. This indica ted that Alix may perform in an
opposite signa lling pathway for cell growth. Studies (Wu et al., 2001) showed that
Alix overexpression counteracts some defects resulting in loss of contact inhibition in
malignant HeLa cells . Overexpression of Alix reduced the rate of PDGFRβ remova l
from cell membrane and the receptor degradation by an indirect way (Lennartsson et
al., 2006). This overexpression of Alix may downregulate the ligand stimula ted
PDGFRβ traffick ing and inhibit cell proliferation.

4444 FutureFutureFutureFuture perspectivesperspectivesperspectivesperspectives

When the growth properties and transformed phenotype by altered PDGFR-β
traffick ing is determined in selected transformed clones in vitro, anima l models will
be used to further confirm those find ings in vivo. The Alix and PKCα-ps transfected
cells in parallel with parental cells will be labelled with different fluorescence dyes.
Sis-3T3 cells will be injected to mice left dorsal skin and grow until tumor forms. The
labelled parental cells and cells altering the PDGFR-β traffick ing will be injected to
mice together. The in vivo contribution of different cells to tumor growth will be
monitored by multiphoton microscope in collaboration with other lab.
The advantage of multiphoton microscope is that the fluorophore is only excited in
the focus area, and then clearer pictures can be obtained for more accurate analysis.
Another advantage is that multiphoton microscope can be used for living mice. The
laser in the microscope could go deeper in tissues than confocal microscope. Then by
using this multiphoton mic roscope, we could get clear 3D structures for vessels,
which is very useful to invest igate vessel leakiness and vessel perfusion in tumors.
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5555 MaterialMaterialMaterialMaterial andandandandMethodsMethodsMethodsMethods

5.15.15.15.1 AntibodiesAntibodiesAntibodiesAntibodies

PrimaryPrimaryPrimaryPrimary antibodiesantibodiesantibodiesantibodies

Rabbit polycolona l cleaved caspase-3 antibody was purchased from Cell Signaling
Technology Company. Goat anti-mouse CD31/PECAM-1 antibody was purchased
from SantaCruz Biotechnology Company. Rat anti-mouse CD31/PECAM-1 antibody
was purchased from BD pharmingen. Rabbit Alix antibody was homemade antibody.
Mouse PKCα antibody was from BD biosciences. Mouse anti β-actin antibody was
bought from Sigma.

SecondaySecondaySecondaySeconday antibodiesantibodiesantibodiesantibodies

E0432 goat anti-rabbit secondary antibody and E0466 rabbit anti-goat secondary
antibody was from DAKO Company in Denmark. Horserad ish peroxidase conjugated
anti-mouse and anti-rabbit secondary antibodies were purchased from Rockland.

SerumSerumSerumSerum

Goat serum (lot: 00047265) and rabbit serum (lot: 00048336) were purchased from
DAKO Company from Denmark.

TumorTumorTumorTumor tissuestissuestissuestissues

B16, B16/BB and Kat4 tumor tissues are harvested from previous exper iment in the
lab. B16 and B16/BB tumors were treated when tumor volume reached 20 mm3, and
the treatment stopped at tumor volume reached 400mm3, while Kat4 tumors with 4-
day treatment were treated when tumor volume reached 400mm3, and Kat4 tumors
with 21-day treatment were treated when tumor volume reached 200 mm3. The
reason for these different time or tumor volumes in treatment is that B16 and B16/BB
tumors grow much faster than other tumor types, and Kat4 tumors grow slower. For
ethical reasons, tumor volume should not be more than 1000mm3 during the
exper iment. So in B16 and B16/BB tumors, treatment started earlier and in Kat4
tumors, treatment started later until it reached a bigger tumor volume which is much
easier for exper iment.

CT26 colon carcinoma is an exper iment for testing Alexa-BSA, regardless of which
tumor type was chosen. This tumor model was established at the same time for
another study in our lab, and it gave some convenience when establish the same
model for Alexa-BSA testing.
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DrugsDrugsDrugsDrugs andandandand treatmenttreatmenttreatmenttreatment

PTK787 is VEGF receptor inhibitor and STI571 is PDGF receptor inhibitor, and they
are provided by Novatis Company in Swizzer land.

Vehicle treatment: mice treated by feeding with 100ul mixture of DMSO, tween80
and dist illed water (5% DMSO and 1% Tween-80 in H2O).

Combination treatment: mice were treated by gavage with 100ul 25mg/kg PTK787
and 100ul 100mg/kg STI571.

5.25.25.25.2 ImmunohistochemistryImmunohistochemistryImmunohistochemistryImmunohistochemistry andandandand ImmunofluorescenceImmunofluorescenceImmunofluorescenceImmunofluorescence stainingstainingstainingstaining

5.2.15.2.15.2.15.2.1 ImmunohistochemistryImmunohistochemistryImmunohistochemistryImmunohistochemistry stainingstainingstainingstaining

Paraffin sections of tumor tissues were cut at 5um thickness. Deparaffinized and
rehydrated sections (Xylene 3x5 min, Abs EtOH 2x2 min, 95 % EtOH 2x2 min, 70%
EtOH 1x2 min, distilled H2O). Antigen retrieva l was performed in a microwave oven
at 750W in citrate buffer ( pH 6.0 )for 2×7 min, cool down and wash in PBT (PBS
with 0,1 % Tween-20). Endogenous peroxidase activity was quenched by incubation
in 3% H2O2 in PBT for 10 min. Sections were washed in PBT for 3×5min and
blocked sections in 20% goat serum in PBT (serum should be isotype-matched to
secondary antibody) for 30 min. Endothelia l cells were detected by primary goat anti-
mouse CD31/PCAM-1 antibody (sc-1506, Santa Cruz) 1:50 dilution in 20% rabbit
serum and subsequently corresponding rabbit anti-goat secondary antibody by
repeating above steps. Positive reactions were developed NBT/BCIP (Roche, Basel,
Switzer land for alkaline phospha te substrate) after incubation with ABC-AP (alkaline
phospha te).Apoptot ic endothelia l cells were detected by incubating sections with
polyclona l anti-cleaved caspase 3 antibody (#9661, Cell signa lling tech) 1:200 diluted
in 20% goat serum in PBT overnight in 4℃cold room. Omission of the primary
antibody was used as a nega tive control. On second day incubated sections with goat
anti-rabbit secondary antibody (DAKO E0432) 1:500 dilution in PBT for 45 min at
room temperature (RT). Washed sections in PBT for 4×5min and incubated sections
with ABC-HRP (horserad ish peroxidase) complex. Positive reactions were developed
by using DAB (Vector Laboratories, Burlingame, CA) as a peroxidase substrate. The
sections were washed with PBT after developed and performed antigen retrieva l
again as above. Sections were countersta ined by nuclear-fast red solution for 5 min
for red nucleus staining. Sections were dehydrated in xylene and gradient ethanol,
coverslipped in Mountex resin (Histolab, Gothenburg, Sweden) for microscopy.
Quantification of total vessel endothelia l cells and apoptotic endothelia l cells was
performed after CD31 and cleaved caspase 3 staining, using an eyepiece grid as an
unbiased counting. The apoptotic rate of vessel endothelia l cells was decided by the
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percentage of apoptotic endothelia l cells stained brown to all the endothelia l cells
stained blue.

5.2.25.2.25.2.25.2.2 StatisticalStatisticalStatisticalStatistical analysisanalysisanalysisanalysis

The differences in means of apoptotic rate among all groups will be analyzed by one-
way analysis of variance (one-way ANOVA) followed by post hoc analysis applying
the Duncan’s test. P < 0.05 was considered as statist ica lly significant.

5.2.35.2.35.2.35.2.3 ImmunofluorescenceImmunofluorescenceImmunofluorescenceImmunofluorescence stainingstainingstainingstaining

80µm frozen sections were permeablized in 0.3% Triton X-100 in PBS (v/v, PBS plus)
for 30min at room temperature, then incubated in 3% bovine serum albumin (BSA)
in PBS plus to block unspecific antigens for 30min. Basement membrane collagen IV
(Abcam) and endothelia l cell maker CD31 (platelet endothelia l cell adhesion
molecule-1, BD Bioscience ) antigens were then probed by rabbit collagen IV and rat
CD31 primary antibodies at 1 to 500 dilution in above block solution overnight at
4°C. After being washed in PBS plus for 6×10 min, sections were incubated for 4
hours at room temperature in fluorophore-labeled, green donkey anti-rabbit secondary
antibody with 1:100 dilution in PBS plus (alexa 488, Invitrogen), and red donkey
anti-rat secondary antibodies with 1:1,000 dilution in PBS plus (Alexa 555,
Invitrogen) Then sections were rinsed in PBS plus for 6×10 min, followed fixation in
4% paraformaldehyde (PFA) for 30 min at room temperature, then washed in PBS for
3×5 min and mounted in Vectashield by staining the nuclear blue (Vector) . Sections
were examined with a Zeiss Axiophot fluorescence microscope or a Zeiss LSM-510
confocal microscope.

5.35.35.35.3 LabelingLabelingLabelingLabeling ofofofof BSABSABSABSAwithwithwithwith Alexa-FluorAlexa-FluorAlexa-FluorAlexa-Fluor®®®®546546546546

The procedure of labeling of BSA with Alexa-Fluor®546 was performed according
to Amine reactive probe manufacturer’s instruct ions. 60ul 10mg/ml BSA in 0.1M
Na2CO3 buffer (pH8.3) was mixed with 900ug Alexa-Fluor®546 dye (red) in 50ul
DMSO and allowed to react for 1 hour at room temperature by vortexing every 10
min. The mixture was dia lyzed to remove the unbound Alexa-Fluor®546 dye in a
beaker with 1000 ml PBS by stirring overnight. Before testing the labeling efficiency
of the BSA, transferred the alexa-conjugated BSA in a new eppendorf tube. The
alexa-conjugated BSA was diluted 1 to 10 in PBS. The labeling efficiency of the
reaction can be determined by measuring the absorbance of BSA at λ280 and the
absorbance of the alexa-fluor 546 at its absorbance maximum λmax. Correct the
contribution of alexa-fluor 546 to the absorbance at A280 by the formula: Aprotein =
A280-Amax *(Correction Factor, CF), CF= A280 free dye / Amax free dye. The protein
concentration assuming 0.7ABSA units= 1mg/ml.(note: this value is different for
different proteins) The degree of labeling (D.O.L) can be calculated by DOL= Amax ×
MW/ [protein] × εdye, while MW is the molecular weight of BSA, εdye is the
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extinct ion coefficient of the dye at its absorbance maximum and the protein
concentration is in mg/ml.

5.3.15.3.15.3.15.3.1 DeterminationDeterminationDeterminationDetermination ofofofof concentrationconcentrationconcentrationconcentration ofofofof Alexa-BSAAlexa-BSAAlexa-BSAAlexa-BSA andandandand degreedegreedegreedegree ofofofof labelinglabelinglabelinglabeling
(according(according(according(according totototo amine-reactiveamine-reactiveamine-reactiveamine-reactive probeprobeprobeprobe instructions)instructions)instructions)instructions)

The absorbance of Alexa-BSA at wavelength of 280 nm: A280 = 1.932
The absorbance of Alexa at wavelength of 556 nm: Amax = 1.609
a. Correct the contribution of Alexa to absorbance at A280:

AAlexa-BSA====A280 － Amax * CF
(Correction factor) CF = A280 free dye / Amax free dye = 0.12 (This value was given by
instruct ions)
AAlexa-BSA====A280 － Amax * CF = 1.932 － 1.609 * 0.12 = 1.739

The absorbance should be 10 times higher because the sample for absorbance
determination was 10 times diluted, AAlexa-BSA = 17.39

b. The protein concentration assuming 0.7 AAlexa-BSA = 1mg/mL, so
The concentration of Alexa-BSA = 12.173 mg/mL

c. The degree of labeling (D.O.L)
The degree of labeling was determined by measuring conjugated protein
absorbance at wavelength 280 and absorbance of Alexa at maximum wavelength (λ
= 556 nm).
DOL = (Amax * MW) / ([Protein] * ε dye)
ε dye : the extinct ion coefficient of the dye at its absorbance maximum and the
protein concentration is in mg/mL
MW: Molecular weight of BSA is 67 KD
DOL = (16. 09 * 67) / (12.173 * 104) = 85%

5.3.25.3.25.3.25.3.2 ColonColonColonColon carcinomacarcinomacarcinomacarcinoma animalanimalanimalanimal modelmodelmodelmodel establishmentestablishmentestablishmentestablishment

CT26 human colon carcinoma animal models were established in Fox Chase SCID
mice by subcutaneous inject ion of 2×105 cells in 100ul filtered PBS in mice left
dorsal skin. Treatment started when the tumor volume reached 100mm3. The tumors
were measured in three dimensions, length, width and height by caliper and tumor
volume was calculated by the following formular: tumor volume =
π/6×length×width×height. 4 mice were randomly grouped in 2 groups, vehicle group
and combination treatment group. Two mice in vehicle group were treated by feeding
100ul mixture of DMSO, tween80 and dist illed water every day. 2 mice in
combination treatment group were treated by gavage with 100ul 25mg/kg PTK787
(VEGFR inhibitor, Novatis company, Switzer land ) and 100ul 100mg/kg STI571
(PDGFR inhibitor , Novatis company, Switzer land ) each day. The mice were treated
until the tumor volume in vehicle group reached 800 mm3, and the mice in
combination treatment group were sacrificed on the same days as vehicle group. Mice
were anesthetized and then injected with 100ul Alexa conjugated BSA in the tail vein
30 min before sacrifice to allow time for protein leaking out of the vessels , two
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minutes before sacrifice, 50ul FITC-dextran was injected from left ventricle to stain
perfused vessels . Then mice were perfused by 20ml PBS and 40-50ml 4% PFA for
fixation. Tumors were excised and cut into two parts, one was frozen by liquid
nitrogen for fluorescence microscopy and one was fixed by 4%PFA for paraffin
imbedding.

5.45.45.45.4 StableStableStableStable ccccellellellell transfectiontransfectiontransfectiontransfection andandandand newnewnewnew ccccellellellell lineslineslineslines screeningscreeningscreeningscreening

Sis-3T3 fibroblasts (NIH3T3 cells transfected with v-sis gene overexpress platelet
derived growth factor BB) were cultured in Dulbecco ’s modified Eagel’s med ium
(DMEM) supplemented with 10% fetal bovine serum (FBS) and 100 U/ml penicillin,
100 μg/ml streptomycin, 100 μg/ml amphoter icin B. Cell transfection exper iments
were performed using the following gene expression plasmid constructs (Figure 9).

FigureFigureFigureFigure 9.9.9.9. pTRE2Hyg2-Myc vector information. The length of the vector is 5.4 kb. The vector contains

hygromycine resistance gene (at the site of 3846-5387 base pairs) which is used for stable cell
transfection selection. (Vector Instruction from Clontech LTD, 2002)

Alix DNA (kind gift from Dr. Johan Lennarsson, LICR Uppsala) or const itutive
active PKCα-ps DNA (kind gift from Dr. Christer Larsson, Lund University) were
transfected into cells together with pTRE2hyg2-Myc-Luc vector (clontech) by using
transfection reagent jetPEI. The total amount of DNA for each protein was kept
constant.

Cells were cultured in 75 ml flask and splitted in three 10 cm Petri dish until they
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were 50% to 80% confluent. Before transfection, 4.7µg Alix DNA or 4µg const itutive
active PKCα–ps DNA were added to the mixture of 250µl MaCl and 5µg
pTRE2hyg2-Myc-Luc vector in eppendorf tubes, respectively. 250µ l mixture of 80µl
jet PEI solution and 1ml NaCl were assed to the eppendorf tubes, vortexed and
incubated for 15min. Each solution was added to one dish, the vector without any
DNA was used as control. Stable clones of the cell lines were isola ted under
continuous 200µg/ml hygromycin select ion for 2 to 3 weeks. Colonies were picked
from each plate by trypsinizing and transferred the cells to 96 well plates. Colonies
were expanded and protein expression was detected by washing twice by ice cold
PBS, lysed on ice with lysis buffer that contained 20 mM Tris-HCl, pH 7.5, 0.5%
Triton X-100, 0.5% deoxycholate, 150 mM NaCl, 10 mM EDTA, 0.5 mM Na3VO4,
and 1% trasylol. Cell lysate s were collected by scraping the plate surface by
scrapers on ice and the lysates were then centrifuged at 13,000 ×g for 15 minutes at
4°C. The supernatant was used as total cell lysate and took 50 ul lysate and added
same volume of 2×sample buffer (125mM Tris HCl pH 6.8, 20 % glycerol, 4%
sodium dodecyl sulphate (SDS), 0.02% bromphenol blue) to a new eppendorf tube,
heated at 95 ℃ for 5 min for westernblot analysis. Another 50µl cell lysates were
kept for protein concentration determination. All samples were froze in -20℃ freezer
for further exper iment.

5.55.55.55.5 SodiumSodiumSodiumSodium dodecyldodecyldodecyldodecyl sulfatesulfatesulfatesulfate polyacrylamidepolyacrylamidepolyacrylamidepolyacrylamide gelgelgelgel electrophoresiselectrophoresiselectrophoresiselectrophoresis (SDS-PAGE)(SDS-PAGE)(SDS-PAGE)(SDS-PAGE) andandandand
westernblotwesternblotwesternblotwesternblot analysisanalysisanalysisanalysis

Twenty μl of total cell lysate sample collected was mixed with 1ml of BCA assay
reagent A and B (50:1, Pierce) mixture and incubated at 37°C for 30 minutes. The
mixture absorbance value at 562 nm was analyzed by a spectrophotometer
(BECKMAN). The relative protein concentration of each sample was calculated
according to the lowest absorbance value in all samples and different volumes
containing same amount of protein for each sample was used for western blotting.
Samples containing equal protein amounts were loaded onto 7% polyacrylamide gel
(separation gel containing 17.4% of 40% acrylamide (from Saveen Werner AB),
19.8% of 2 M Tris-Cl (Sigma) pH6.8, 0.5% of 20% SDS ( Sigma), 61.8% dist illed
water, 0.1% of TEMED (N, N, N’, N’-tetramethylethylened iamine, MERCK) and
0.4% APS (ammonium persulfate, Sigma) and the staking gel containing 10% of the
40% acrylamide, 13.8% of 0,5 M Tris-Cl pH6.8, 5% of 20% SDS solution, 13.1% of
glycerol, 62.2% dist illed water, 0.1% TEMED and 5% of 10% APS) and
electrophoresed with elution buffer (Medicago AB, Sweden) containing 5% of 20%
SDS at 150 volts. The samples on the gel were then transferred to Protran®
nitrocellulose membranes (Whatman) by semi-dry electrical transferring machine
(BIO-RAD SD, SEMI-DRY TRANSFER CELL) at 15 volts, for one hour. The
membranes were blocked with 5% BSA in TBS-T (20 mM Tris HCl [pH 7.6], 137
mM NaCl, 0.05% Tween 20) and then probed with the mouse PKCα and rabbit alix
antibodies . The mouse anti-PKC antibody (BD Biosciences) was used at 1:1,000
dilution, and rabbit anti-alix antibody (homemade) was used at 1ug/ml concentration
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in 1% BSA with 0.01% azide overnight at 4℃. The membranes were washed in Tris
buffer saline (TBS, Medicago) with 0.05% Tween-20 for 6×5 min to remove the
unbound antibodies. Then membranes were incubated with correspond ing horserad ish
peroxidase conjugated anti-mouse and anti-rabbit secondary antibodies by1 to 10000
dilutions in TBS-T for 1 hour at room temperature. Membranes were washed by TBS-
T for 6×5min, and were subsequently incubated for one minute with the pro-
chemiluminescent reagent (ECL western blotting detection reagents, GE healthcare).
The reagent is converted to chemiluminescent molecule by peroxidase conjugated to
the secondary antibodies (Rockland) and produce a light signa l which can be detected
by LAS-100 plus CCD camera (Fujifilm, Tokyo, Japan). The intensity of the bands
represented the amount of the proteins and were analyzed by AIDA advanced image
data analyzer soft ware (Fujifilm, Tokyo, Japan). To correct the differences by sample
load ing, following steps was performed. Antibodies were stripped off the membranes
by 0.4M NaOH followed by 5×5min washing, and incubated the membranes with
5%BSA for 30min as above. The membranes were washed for 2×5min and incubated
with mouse anti β-actin primary antibody 1 to 10000 dilution in 1% BSA with 0.01%
azide overnight at 4℃. Membranes were subsequently washed in TBS-T for 6×5 min,
incubated with horserad ish peroxidase conjugated anti-mouse secondary antibody for
1 hour. The membranes were subsequently incubated for one minute with the pro-
chemiluminescent reagent and signa ls were detected by LAS-100 plus CCD –camera
which would be analyzed by AIDA advanced image data analyzer soft ware (Fujifilm,
Tokyo, Japan).

5.65.65.65.6 MTTMTTMTTMTT ((((3-(4,5-3-(4,5-3-(4,5-3-(4,5-DiDiDiDimethylmethylmethylmethylthiazolthiazolthiazolthiazol-2-yl)-2,5-di-2-yl)-2,5-di-2-yl)-2,5-di-2-yl)-2,5-diphenylphenylphenylphenyltetrazoliumtetrazoliumtetrazoliumtetrazolium bromidebromidebromidebromide)))) assayassayassayassay

Cells were serum starved overnight (1%FBS/DMEM + antibiot ics ), trypsinized cells
and diluted in DMEM with antibiot ics and 1%FBS. The cells were counted in cell
counter and diluted in DMEM/1%FBS to 30,000 cells /ml. One hundred ul of the cells
suspension were added to five 96-well plates. The exper iment was performed in
quadraplictes. During the following five days, 15ul MTT solution was added,
(5mg/mL in PBS), to the wells on one plate every day. The plates were incubated for
4 hours at 37 °C. The med ium was removed and 100uL DMSO, EtOH (1:1) was
added to dissolve the formazan precipitate for each well by incubating for 30 min at
RT. The absorbance for each well was measured in victor plate reader (Wallac
Sverige AB) at OD600. The average absorbance value for each type transfected cells
on each day was statist ica lly calculated and graphed.

5.75.75.75.7 SoftSoftSoftSoft agaragaragaragar assayassayassayassay

The phenotypic changes of transfected sis-3T3 cells were tested by use of DMEM
supplemented with 100 U/ml penicillin, 100 μg/ml streptomycin, 100 μg/ml
amphoter icin B and 0.5 % FBS, 1 % FBS, 3 % FBS respectively, and using 10 %FBS
as positive controls since all cells are transformed. The ability of clony formation and
cell growth rate in soft agar was tested by plating 7.5×104 cells in 0.4 ml of DMEM

http://en.wikipedia.org/wiki/Di-
http://en.wikipedia.org/wiki/Methyl
http://en.wikipedia.org/wiki/Thiazole
http://en.wikipedia.org/wiki/Phenyl
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supplemented with antibiot ics, the indica ted concentration of FBS and 0.3 % Low-
Melting-temperature Agarose (Seaplaque) in 12well plates coated with 0.8 ml 0.6 %
low-melting-temperature agarose. Colony formation of each target protein DNA
transfected cells was monitored for 2 to 4 weeks in and then microphotograped by
Axiover t 40 CFLmicroscope (Vassbotn et al., 1993).
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