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Abstract

The acquisition of an angiogenic phenotype (angiogenic switch) is essential for
cervical carcinogenesis. The angiogenic switch is balanced by the angiogenic
activators and inhibitors. Thrombospondin-1 (TSP-1) is an endogenous angiogenic
inhibitor with multiple functional domains and interacting receptors. Our study was
firstly aimed to examine the spatial and temporal relationship of TSP-1 expression
in patients with squamous cell carcinoma of uterine cervix and its precursor lesions,
and to correlate its expression with tumor angiogenesis. Our results indicate the
disruption of TSP-1 fence (the expression of TSP-1 in basal epithelia) and the
switch to angiogenic phenotype occurred concordantly during the transition from
low grade squamous intraepithelial lesion (LSIL) into high grade squamous
intraepithelial lesion (HSIL). This concordance suggests that TSP-1 play a role in
the regulation of angiogenic switch during cervical carcinogenesis. We conclude
that the onset of angiogenesis is an early event in cervical carcinogenesis due, in
part, to the down-regulation of TSP-1 by the dysplastic epithelium.

Stroma reaction (also called stromagenesis) is a host reaction of stroma cells
that, when induced in cancer, produces a progressive and permissive
mesenchymal microenvironment, thereby supporting tumor progress. In addition to
the well-known angiogenesis inhibitor, TSP-1 has been shown to exert different
biological functions on various stromal cell types, e.g. fibroblasts. Therefore, we
hypothesized that TSP-1 may play a role in stroma reaction, characterized by
fibroblast activation. We firstly tried to elucidate the correlation between the TSP-1
expression and the overexpression of stroma markers in human cervical lesions;
secondly, we tried to elucidate whether TSP-1 can exhibit its anti-tumor effects
through the angio-inhibitory effects and the ability to inhibit tumor stroma reaction

in SCID mice xenotransplant model; thirdly, we tried to elucidate whether TSP-1
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can change the stroma reaction by inhibiting the migration and invasive ability of
myofibroblast (activated fibroblasts) from invading tumor cell cluster. Our results
revealed: First, immunohistochemistry staining of human clinical specimens
showed the disappearance of TSP-1 coincided with the emergence of the
overexpression of two stromal markers, a-SMA and desmin, in a stepwise pattern.
Second, transfection of SiHa cervical cancer cells with a plasmid expressing the
TSP-1 protein exhibited anti-angiogenic activity in vitro, and resulted in reduced
tumor growth in SCID mice, which was accompanied by a decrease in tumor
vascularization and lower expressions of a-SMA and desmin than those in the
vector controls. Third, transfection with TSP-1 and purified TSP-1 added to
NIH3T3 cells did not alter the protein levels of a-SMA and desmin which was
increased by transforming growth factor B (TGF-), a potent fibroblast activation
and transdifferentiation factor, but significantly inhibited matrix metalloprotease-2
(MMP-2) activity. The increased migration ability and the invasive ability into tumor
cluster of TGF-B3-treated-NIH3T3 cells were dose-dependently inhibited by TSP-1.
In contrast, ectopic TSP-1 expression in SiHa cells has little effect on the invasive
ability of the NIH3T3 cells.

Together, these data demonstrate that TSP-1 possesses a novel role to
reduce the expression of stromal markers in both human clinical specimens, and
an in vivo tumor model. The inhibitory ability of TSP-1 to reverse stroma reaction
could be partly attributed to the blockage of myofibroblasts from invading cancer.
By targeting the tumor-stroma microenvironment, treatment effectiveness could be

increased.

Keywords: activated fibroblasts, angiogenesis, a-smooth muscle actin, cervical

neoplasms, desmin, fibroblasts, myofibroblasts, stromal reaction, thrombospondin-1
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7 TSP-1 attenuates the invasive ability of activated fibroblasts from invading
into tumor clusters.

8 TSP-1 inhibited cancer progression via inhibiting stroma reaction.
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Abbreviations
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CIS: carcinoma in situ

CM: conditioned medium

dKO: double knock out

HSIL: high grade squamous intraepithelial lesion
HUVEC: human umbilical vein endothelial cell
IHC: immunohistochemical

LSIL: low grade squamous intraepithelial lesion
MMP: matrix metalloprotease

MF: myofibroblast

MVD: microvessel density

NF: normal fibroblast

SCC: squamous cell carcinoma

SCID: severe combined immunodeficiency
TGF-B: Transforming growth factor 3

TSR: type-1 repeat of thrombospondin

TSP: thrombospondin

TSP-1: thrombospondin-1

VEGF: vascular endothelial growth factor
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Chapter 1 Background

1.1 Tumor angiogenesis overview.

1.1.1 Tumor growth is angiogenesis dependent.

Angiogenesis is defined as the formation of new blood vessels by proliferation of
new capillaries from pre-existing microvessels. This process is distinct from
vasculogenesis, which is defined as the formation of blood vessel de novo from
angioblasts (Hanahan D and Folkman J 1996; Risau W 1997). Angiogenesis
involves degradation of the basement membrane surrounding an existing capillary
or venule, migration of endothelial cells through the basement membrane to create
a sprout, proliferation of endothelial cells, formation of a lumen within the new
sprout and joining of two sprouts to from a functional capillary loop, and vessel
maturation (Bussolino F et al. 1997; Jendraschak E and Sage EH 1996). The idea
that tumor growth is angiogenesis dependent was first proposed in 1971, allowing
anti-angiogenic therapy to be used to treat cancer (Folkman J 1971). The
development of a solid tumor progresses from a prevascular phase to a vascular
phase. The prevascular tumor does not induce angiogenesis, is limited in size, and
rarely metastasizes. The vascularized tumor induces host microvessels to undergo
angiogenesis. The best characterized example is the hypoxia-dependent
angiogenic switch in which host cell-derived endothelial cells invade into the tumor
stroma to form new blood vessels (Carmeliet P and Jain RK 2000). One of the
genetic proofs that tumor growth is angiogenesis-dependent is the induction of
tumor angiogenesis by ras oncogene (Folkman J 1992). Ras induces the
sequential activation of Myc, via a mechanism enables it to repress the expression
of endogenous angiogenic inhibitors, e.g. thrombospondins (TSPs) (Watnick RS et
al. 2003), and to activate angiogenic activators, e.g. vascular endothelial growth

factor (VEGF) (Udagawa T et al. 2002). Thus, blocking angiogenesis can result in
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tumor dormancy, tumors that can not expand beyond a microscopic size (Folkman
J 2003b). Within the dormant tumors, the proliferating tumor cells are balanced by

apoptotic tumor cells and few if any microvessels (Achilles EG et al. 2001).

1.1.2 Angiogenic activators and inhibitors are produced by tumor and host
cells, respectively

In the early 1980’s, it became more clearly that tumor cells can produce specific
angiogenesis activators that stimulate the proliferation of capillary endothelial cells
(Shing Y et al. 1984). The growth of tumor vasculature is no longer regarded as an
inflammatory reaction. Angiogenesis activators are stored in extracellular matrix
(ECM) in a “stand-by mode” before they become activated by specific enzyme
when angiogenesis is required, physiologically or pathologically (Folkman J 2003b).
Angiogenesis inhibitors can be expressed by tumor cells or by normal cells of the
host and are endogenous molecular defense barriers in pathological hotspots of
angiogenesis (Folkman J 2003b). Angiogenesis inhibitors are endogenous and
from cryptic fragments of matrix protein, e.g. angiostatin from plasminogen
(O'Reilly MS et al. 1994), endostatin from fragment of collagen XVIII (O'Reilly MS
et al. 1997), and tumstatin from collage 1V (Maeshima Y et al. 2002). The existence
of naturally occurring angiogenic inhibitors which a tumor would have to overcome
to induce angiogenesis also formed the basis for the subsequent concept of the

“angiogenic switch” (Bouck N 1990; Hanahan D and Folkman J 1996).

1.1.3 Angiogenic switch depends on the balance of angiogenic activators
and inhibitors
Bouck et al. proposed that the onset of angiogenesis was the result of a shift in the

balance of angiogenic activators and inhibitors, which were controlled by
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oncogenes and tumor suppressor genes (Bouck N 1990). The balance of
activators and inhibitors governs the angiogenic switch (Hanahan D and Folkman J
1996; Hawighorst T et al. 2001). The angiogenic switch is characterized by
down-regulation of angiogenic inhibitors or up-regulation of angiogenic activators
or both. When inhibitors are over activators, the switch is in the “off’ position. When
activators are over inhibitors, the switch is in the “on” position (Hanahan D and
Folkman J 1996). Change in the relative balance of activators and inhibitors
activate the angiogenic switch, before stabilizer molecules activate the maturation
of nascent blood vessels (Bussolino F et al. 1997). This shift takes place between
the angiogenic activators and inhibitors within the tumor cell itself; and between the
tumor cell’'s angiogenic proteins and the host’s anti-angiogenic proteins (Hanahan
D and Folkman J 1996). For a tumor to switch to the angiogenic phenotype, it must
overcome natural angiogenic inhibitors that might exist in the host’s circulation,
extracellular matrix or within the tumor cells.

The discoveries of endogenous angiogenesis inhibitors are associated with
neovascularized tumors, suggest a new paradigm of tumorigenesis (Folkman J
1995a). The extent to which the inhibitors are decreased during this switch dictates
whether a primary tumor grows rapidly or slowly and whether metastases grow at
all (Folkman J 1995a). Rastinejad et al. demonstrated that tumor cells did not
become angiogenic until they had significantly reduced their own production of
TSP (Rastinejad F et al. 1989). In certain tumors, the angiogenic switch also
involves down-regulation of endogenous angiogenic inhibitors, in addition to
increased expression of angiogenic activator. For example, ras transfection
decreases expression of TSP and increases VEGF expression (Kerbel R and

Folkman J 2002).
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1.1.4 The angiogenic process relies on a complex tumor-host interaction
The mechanisms of angiogenesis involve angiogenic activity arising from at least
two sources: tumor cells that mediate the release of angiogenic activators and
host cells (e.g. macrophages) recruited by the tumor from surrounding host ECM
(Folkman J 1992). During angiogenic processes, there exist a complex
interaction among cell components such as tumor, stromal, endothelial and
inflammatory cells, growth factors, and the ECM, which are regulated by
angiogenesis activators and inhibitors (Rice A and Quinn CM 2002).

Tissue mass, whether it is neoplastic or normal, may be regulated by
microvascular endothelial cells (Folkman J 2003b). Both tumors and organs may
limit their own growth by increasing the production of angiogenic inhibitors with
size, until a critical size is reached where further growth is actively self-inhibited
(Folkman J et al. 2000). Tumor mass, as well as normal organ size, is under the
tight control of microvascular endothelium (Franck-Lissbrant | et al. 1998). If
normal cells are similarly dependent upon endothelial-derived paracrine factors,
the ratio of endothelial cells to normal parenchymal cells is likely to be lower than
for tumor cells. Nevertheless, the regulation of tissue mass or organ size by
vascular endothelial cells may be based upon mechanisms which also operate in
tumors (Folkman J 1998). Cancer growth requires the proliferation of endothelial
cells, in addition to malignant cells (Folkman J 1996). Without the proliferation of
endothelial cells, a tumor cannot grow beyond the size of a colony. Folkman
proposed the “two compartment model” explain the interaction of endothelial cells
and tumor cells, which constitute two important compartments of a tumor. Within a
tumor, these two cell compartments can stimulate each other’s growth via a
perfusion effect or paracrine effect (Folkman J 1996). Coordinated tumor/vascular

growth exploits an ultimate limitation to tumor size under angiogenic control, where
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opposing angiogenic stimuli come into dynamic balance (Hahnfeldt P et al. 1999).

During tumor angiogenesis, there is continued recruitment of endothelia and
continued expansion of the tumor mass. Ultimately, each newly recruited
endothelial cell can support a large population of tumor cells. This leverage may be
exploited to cancer therapeutic advantage (Folkman J et al. 2000). Administration
of an angiogenic inhibitor, which is not directly cytotoxic to tumor cells, can
increase tumor cell apoptosis and inhibit tumor growth by inhibiting endothelial
proliferation and migration, or by inducing apoptosis of the endothelial cells
(Folkman J 2003a). By administering angiogenic inhibitors to swift the stimulatory
climate in the tumor back to inhibition, recruited endothelial cells are removed,
followed by the subsequent loss of the relatively abundant amount of supported

tumor cells (Folkman J et al. 2000; Hahnfeldt P et al. 1999).

1.2 Angiogenesis in cervical carcinogenesis

1.2.1 Angiogenesis plays an important role in cervical carcinogenesis.
Cervical cancer is the second most common malignancies among women
worldwide, with nearly 80% of cases arising in less developed countries. There are
approximately 500,000 diagnoses of cervical cancer per year, leading to 200,000
deaths each year (Ellenson LH and Wu TC 2004). It develops usually by a
sequence of gradual, stepwise events starting at low-grade squamous
intra-epithelial lesion (LSIL) and progressing through high-grade squamous
intra-epithelial lesion (HSIL), until invasive cancer (Pinto AP and Crum CP 2000).
Tumor development and metastasis is a complex process that includes
transformation, proliferation, neovascularization, and metastatic spread. Among
these processes, angiogenesis is now regarded as one of the most important

events occurring in neoplastic processes, and its role in cervical neoplasm is
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evident (Bremer GL et al. 1996; Sotiropoulou M et al. 2004). Hockel et al. reported
an association between tumor hypoxia and progression of cervical cancer, and this
would seem to correlate with the angiogenic potential of the tumor (Hockel M et al.
1996). However, trying to connect this finding with actual vessel counts or
angiogenic factors has proven to be difficult. Two commonly used tumor
vascularity measurements are microvessel density (MVD), the hotspot method that
provides a histological assessment of tumor angiogenesis, and intercapillary
distance (ICD), which is thought to reflect tumor oxygenation (West CM et al. 2001).
Accumulating evidence has shown that angiogenesis is related to cervical
neoplasm in histologic parameters, prognosis, survival (Cantu De Leon D et al.

2003) and therapeutic efficacy (Kohno Y et al. 1993; Siracha E et al. 1994).

1.2.2 Timing of angiogenic switch in cervical carcinogenesis

The timing of angiogenic switch during cervical carcinogenesis remains
controversial. A debate exists regarding the ability of cervical intra-epithelial
neoplasm (CIN) to induce angiogenesis (Abulafia O et al. 1996; Abulafia O et al.
1999; Smith-McCune KK and Weidner N 1994). Smith-McCune and Weidner found
a significant increase of MVD in the CIN Ill lesions compared with those underlying
low grade lesions such as condyloma and CIN | (Smith-McCune KK and Weidner N
1994). Sotiropoulou et al. reported that there was also a significant difference in the
number of vessels between carcinoma in situ (CIS) and controls. Additionally, no
significant correlation was found in relation to depth of invasion and histological
grade of the microinvasive carcinomas (Sotiropoulou M et al. 2004). On the
contrary, results from Abulafia el al. showing that microinvasive squamous cell
carcinoma, but not CIS is angiogenic (Abulafia O et al. 1996). In order to eliminate

the heterogeneity in the inborn characters of angiogenesis, Wu et al. examined the
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surgical specimens that have cervical lesions with different severities within the
same histologic slide, so that every lesion can be used as an internal control for
each other (Wu MP et al. 2004). Their data showed that the angiogenic switch in
cervical carcinogenesis occurred during the transition from low-grade CIN to
high-grade CIN, and the neovascularization was largely confined to a narrow zone
immediately underneath the dysplastic epithelium (Wu MP et al. 2004). This is in
concordance with the results from Smith-McCune and Weidner (Smith-McCune KK
and Weidner N 1994) and Sotiropoulou (Sotiropoulou M et al. 2004). Altogether, it
seems that the onset of angiogenesis in cervical cancer is an early event, usually in
a preinvasive stage, and further suggests that cervical carcinogenesis is

angiogenesis-dependent (Folkman J 2003b; Sotiropoulou M et al. 2004).

1.3 Thrombospodin (TSP)

1.3.1 Gene function of thrombospondin 1 (TSP-1)

The TSPs are a family of extracellular proteins that participate in cell-to-cell and
cell-to-matrix communication. Five family members have been identified (Lawler J
2000). TSP is a homotrimeric glycoprotein with disulfide-linked subunits of MW
180,000. TSP was first described by Baenziger and Majerus in 1970 as a large
glycoprotein released from platelet a-granules upon activation on platelet aggregation
(NCBI OMIM)(Baenziger NL et al. 1971). TSP is not limited to platelet and is
synthesized and secreted for incorporation into the extracellular matrix (ECM) by a
variety of cells including endothelial cells, fibroblasts, smooth muscle cells, and type I
pneumocytes (OMIM). TSP binds heparin, sulfatides, fibrinogen, fibronectin,
plasminogen, and type V collagen. Dixit et al. reported characterization of a cDNA
encoding the amino-terminal 376 amino acid residues of human TSP (Dixit VM et al.

1986). Five family members, each representing a separate gene product, have been
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identified (Lawler J 2000). TSP-1 and TSP-2 contain NH2-terminal, COOH-terminal,
and procollagen homology domains, and type | (TSR or properdin), type Il (EGF-like),
and type Ill (Ca®*-binding) repeats (Bornstein P 1992). The function of the TSP-1 in
epithelial tumor development remained controversial.

TSP-1 is a matricellular glycoprotein that inhibits proliferation and migration of
vascular endothelial cells in vitro and inhibits neovascularization in vivo,
contributing to the normal quiescence of the vasculature (Bornstein P 2001;
Jimenez B et al. 2000). Volpert et al. demonstrated that TSP-I, derive specificity for
remodeling vessels from their dependence on Fas/Fas ligand-mediated apoptosis
to block angiogenesis. TSP-1 upregulated FasL on endothelial cells, thereby
specifically sensitizing the stimulated cells to apoptosis (Volpert OV et al. 2002).
Isenberg et al. found that endogenous TSP-1 limited the angiogenic response to
nitric oxide (NO) in mouse muscle explant assays. In human umbilical vein
endothelial cells, TSP-1 was a potent antagonist of NO-induced chemotaxis,
adhesion, and proliferation. TSP-1 antagonized these cGMP-dependent
endothelial responses to NO both upstream and downstream of cGMP signaling
(Isenberg JS et al. 2005b). Ridnour et al. found that slow and prolonged release of
NO at various concentrations produced a triphasic response in TSP-1 protein
expression in human umbilical vein endothelial cells (Ridnour LA et al. 2005).

Mammary tumor-prone mice that either lacked, or specifically overexpressed
TSP-1 in the mammary gland were generated to ascertain the participation of the
TSP-1 in tumor progression (Rodriguez-Manzaneque JC et al. 2001). Tumor
burden and vasculature were significantly increased in TSP1-deficient animals,
and capillaries within the tumor appeared distended and sinusoidal. In contrast,
TSP-1 overexpressors showed delayed tumor growth or lacked frank tumor

development. Absence of TSP-1 resulted in increased association of VEGF with its
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receptor VEGFR2 and higher levels of active matrix metalloproteinase 9 (MMP-9),
a molecule previously shown to facilitate both angiogenesis and tumor invasion
(Rodriguez-Manzaneque JC et al. 2001). In vitro, enzymatic activation of
pro-MMP9 was suppressed by TSP-1. Together these results argued for a
protective role of endogenous inhibitors of angiogenesis in tumor growth and

implicated TSP-1 in the in vivo regulation of MMP-9 activation and VEGF signaling.

1.3.2 TSP-1 is a matricellular protein with multiple receptors and diverse
functions

TSPs are belong to the category of 'matricellular proteins', which has the has been
applied to a group of extracellular proteins that (Bornstein P and Sage EH 2002).
Is characterized by that (i). they do not subserve structural roles, but function
contextually as modulators of cell-matrix interaction, (ii) bind to many cell-surface
receptors, the ECM, growth factors, cytokines and proteases (Chen H et al. 2000),
(i) generally induce de-adhesion, in contrast to the adhesivity of most matrix
protein (Bornstein P and Sage EH 2002). TSP-1 is a matricellular protein that acts
as a molecular facilitator by bringing together cytokines, growth factors, matrix
components, membrane receptors and extracellular proteases (Chen H et al.
2000). In addition to a well known endogenous angiogenesis inhibitor, TSP-1 has
multiple diverse functions in in vitro and in vivo models (Rice A and Quinn CM
2002; Schneider BP and Miller KD 2005). TSP-1 interacts with multiple
extracellular macromolecules and cell surface receptors, thus exerting a wide
range of functions, among them CD36, CD47 and integrins are most well known to
transmit the downstream signaling (Asch AS et al. 1991; Frazier WA 1991). The
binding sites for these receptors on TSP-1 are dispersed throughout the molecule,

with most domains binding multiple receptors. In some cases, TSP-1 binds to
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multiple receptors concurrently (Chen H et al. 2000). TSP-1 may function to direct
the clustering of receptors to specialized domains for adhesion and signal
transduction (Chen H et al. 2000). As for breast cancer cell per se, TSP-1 has
multiple functions on, linked with both a stimulatory (Wang TN et al. 1996) and
inhibitory role (Zabrenetzky V et al. 1994) in tumor invasiveness and progression.
Correlative expression data in breast cancer indicate that increased TSP-1
expression is associated with decreased malignant tumor growth, invasion and
organ metastasis (Volpert OV et al. 1995). Conversely, antisense inhibition of
TSP-1 expression in squamous cell carcinoma was reported to suppress tumor
growth in vivo (Castle V et al. 1991). Thus, TSP-1 has been described a tumor
suppressor and as a tumor promoter (Hawighorst T et al. 2002). The definite role
of TSP-1 in breast carcinoma is still unclear. In vitro model showed TSP-1
promotes attachment, migration, and invasion of human MDA-MB-231 breast
carcinoma cells (Tuszynski GP and Nicosia RF 1996; Wang TN et al. 1996).
However, TSP-1 inhibits tumor growth in vivo through a reduction of angiogenesis
(Dameron KM et al. 1994; Weinstat-Saslow DL et al. 1994). In addition,
overexpression of TSP-1 in MDA-435 breast carcinoma cells shows that TSP-1 is
pro-invasive and anti-angiogenesis in a controversial way. TSP-1 may also exert
its bi-phasic effects by different concentrations (Tolsma SS et al. 1993) or even
opposite activities via different domains (Taraboletti G et al. 2000). Moreover,
TSP-1 may inhibit or stimulate endothelial cell proliferation and angiogenesis when
binding with its different receptor CD36 (Dawson DW et al. 1997) or integrin, a6p1,
a4p1, a3p1 (Calzada MJ et al. 2004).

Streit et al. found overexpression of TSP-1 inhibited tumor growth of A431
xenotransplants, and completely abolished tumor formation by SCC-13 cells (A431

and SCC-13 are human cutaneous squamous cell carcinoma cell lines). TSP-1
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overexpressing A431 tumors were characterized by extensive areas of necrosis
and by decreased tumor vessel number and size (Streit M et al. 1999). Hawighorst
et al. subjected TSP-2-deficient and wild type mice to a two-step chemical skin
carcinogenesis protocol. Loss of TSP-2 expression results in an early growth
advantage of initiated/promoted epidermal cells, but not in enhanced malignant
conversion rate. However, TSP-2 did not act as a promoter or an initiator. In
TSP-2-deficient mice, tumor cell apoptosis was significantly reduced, without the
change of tumor differentiation or proliferation. These results reveal upregulation of
an endogenous angiogenesis inhibitor during multistep tumorigenesis. Enhanced
stromal TSP-2 expression is a host anti-tumor defense mechanism (Hawighorst T
et al. 2001). TSP-1 has been found to be more effective than TSP-2 as an inhibitor
of endothelial cell migration and angiogenesis in a cornea assay (Volpert OV et al.
1995). By contrast, transfection of a full-length TSP-2 suppresses squamous cell
carcinoma growth and angiogenesis more effectively than TSP-1 (Streit M et al.
1999).

The effects of TSP-1 on tumor cell growth were indirect since there is no change
in tumor cell proliferation rates, anchorage-dependent and —independent growth, and
susceptibility to apoptosis (Streit M et al. 1999)TSP-2 does not appear to contribute
directly to the structural integrity of connective tissue elements. Instead, a model of
action of TSP-2 acts ‘at a distance’, i.e. by modulating the activity and bioavailability of
protease and growth factors in the pericellular environment, and very likely, by
interaction with cell-surface receptors (Bornstein P 2000). The definite roles of TSP-1
in tumor progression remain controversial. The results by Dawson et al. indicated the
protective effect of TSP-1 in angiogenesis (Dawson DW et al. 1997) while other
studies showed the activatory roles of stromal TSP-1 in oral SCC by enhancing the

motility and proteolytic activity (Hayashido Y et al. 2003). The contradictory findings
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may be due to the interaction of TSP-1’s multi-domains with their receptors (Chen H et
al. 2000), such as CD36 (Dawson DW et al. 1997), CD47/integrin-associated protein
(Manna PP and Frazier WA 2004) and integrin (Reynolds LE et al. 2002). For example,
mice lacking B3 integrins not only support tumorigenesis, but have enhanced tumor

growth as well (Reynolds LE et al. 2002).

1.3.3 TSP-1 and clinical cancer prognosis

In human adrenocortical carcinomas, non-small cell lung carcinomas, gliomas and
thyroid carcinomas, TSP levels were lower in malignant tumors than in adenomas
(Bunone G et al. 1999; de Fraipont F et al. 2000; Hsu SC et al. 1996; Kazuno M et
al. 1999; Oshika Y et al. 1998; Tenan M et al. 2000). Several studies showed that
TSP-1 expression is inversely correlated with tumor grade and survival rate in
thyroid, colon and bladder carcinomas (Bunone G et al. 1999; Grossfeld GD et al.
1997; Tokunaga T et al. 1999). TSP-1 expression in the stromal area was much
stronger in tumors than in normal tissue in breast tumors and cholangiocarcinomas
(Bertin N et al. 1997; Clezardin P et al. 1993; Kawahara N et al. 1998; Pratt DA et
al. 1989). Similarly, in colorectal carcinomas and pleural mesothelioma, the level of
TSP-1 expression was higher in tumors than in normal tissue (Ohta Y et al. 1999;
Yoshida Y et al. 1999). In all of these tumors, TSP-1 levels were of little prognostic
value. While, in esophageal and gallbladder carcinomas, TSP-1 expression
appeared to be directly correlated with the occurrence of metastases (Ohtani Y et

al. 1999; Oshiba G et al. 1999).

1.4 Matrix metalloproteases (MMPs) and tumor progression

1.4.1 MMPs in angiogenesis and tumor progression
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Invasion and metastasis of cancer cells are known to be initiated by an interaction
between cancer cells and host cells, meanwhile, extracellular matrix (ECM) plays a
major role in recognition and migration of cancer cells. Angiogenesis is an invasive
process that required proteolysis of ECM, proliferation and migration of endothelial
cells (EC), and synthesis of new matrix components (Stetler-Stevenson WG et al.
1996). MMPs are a family of extracellular endopeptidases that selectively degrade
components of the ECM (Stetler-Stevenson WG et al. 1996). MMPs have been
implicated in the mechanism involved in cellular invasion and migration. The
mechanism includes cell-cell or cell-ECM attachment, proteolytic modification of ECM,
and then migration through the modified matrix by a cancer cells (Brooks PC et al.
1996). The acquisition of an angiogneic phenotype may be associated with increased
activation of MMPs (Bergers G et al. 2000; Fang J et al. 2000). Angiogenic tumor
nodules were characterized by the presence of capillary vessels, and both angiogenic
and proteolytic activities in vitro. MMP-2 and MMP-9, both belonging to the gelatinase
subgroup, have been shown to play a major role in cancer invasion (Park CC et al.
2000). Bergers et al. showed that the switch from vascular quiescence to angiogenesis
involves a MMP-9, which is upregulated in angiogenic islets and tumors, rendering
VEGF more available to its receptors. Remarkably, MMP-9 is not expressed in tumor
cells, but rather in a small number of cells that are proximal to the vasculature (Bergers
G et al. 2000).

The presence of a prominent MMP-2 was detected in the angiogenic nodules,
when compared with the preangiogenic ones. Suppression of MMP-2 activity by
antisense oligonucleotides in the vascular nodules resulted in the loss of angiogenic
potential both in vitro an in vivo in the chick chorioallantoic membrane assay (Fang J et
al. 2000). TSP2-null mice display a variety of connective tissue abnormalities,

including fragile skin and the presence of abnormally large collagen fibrils with
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irregular contours in skin and tendon. TSP2-null skin fibroblasts show a defect in
attachment to a number of matrix proteins, and a reduction in cell spreading (Yang Z et
al. 2000).TSP-2 null fibroblasts produce a twofold increase in MMP-2 activity and
protein, in comparison to wild-type cells. The adhesive defect of TSP-2-null fibroblasts
was corrected by treatment with MMP inhibitors, or with a neutralizing antibody to
MMP-2 (Bornstein P et al. 2000a; Yang Z et al. 2000). TSP-2 interacts directly with
MMP-2. TSP-2 deficient fibroblast show enhanced MMP-2 activity in vitro suggest
modulation of MMP activity as an additional mechanism of action by which TSP-2 may
inhibit tumor angiogenesis (Bein K and Simons M 2000; Yang Z et al. 2000). TSP-2
binds MMP-2 and that the adhesive defect in TSP-2 null fibroblasts results from
increased MMP-2 activity (Bornstein P et al. 2000a). As comparing TSP-1 and TSP-2
in modulating MMPs, TSP-1 modulates angiogenesis in vitro by up-regulation of matrix
metalloproteinases-9 in endothelial cells (Qian X et al. 1997). TSP-2 binds MMP-2 and
that the adhesive defect in TSP-null fibroblasts results from increased MMP-2 activity

(Bornstein P et al. 2000a).

1.4.2 TSP-1 can modulate the matrix degradation by changing the MMPs

The interactions between tumor cells and the surrounding stroma may play an
important role in the cancer progression, which is characterized by a strong
desmoplastic reaction (Qian X et al. 2001). The different components of the ECM
are capable of modulating tumor cell growth, motility, differentiation, and gene
expression. MMPs represent a family of zinc containing enzyme, which degrade
extracellular matrix components, and are believed to play a central role in tumor
invasion and angiogenesis (Stetler-Stevenson WG 1999). MMP-9, one of the two
type IV collagenases of the MMP family, is capable of cleaving a wide range of

ECM components, including denatured collagens (gelatins). Alves F et al. used a
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MMP inhibitor specifically to target certain MMPs and inhibits on tumor progression.
This model shows that specifically targeting certain MMPs may have potency of
novel anti-metastatic strategies (Alves F et al. 2001). Accumulating evidence
suggests that TSP-1 functions as a modulator in tumor invasion and angiogenesis.
TSP-1 was shown to promote breast tumor cell invasion both in vitro and in vivo
(Wang TN et al. 1996). Also, TSP-1 has been noted to regulate the production of
MMP-9 (or gelatinase B) in endothelial cells (Qian X et al. 1997). These
observations suggest that TSP-1 may play a crucial role in proteolytic degradation
of ECM, an essential process during tumor invasion and metastasis. TSP-1
augmented the production of MMP-9 in pancreatic cancer cells in vitro. The
TSP-1-mediated stimulation of MMP-9 activity was specific and dose- and
time-dependent (Qian X et al. 2001). The stromal TSP-1 from fibroblast also
promote breast cancer cell invasion by wupregulating tumor matrix

metalloproteinase-9 production (Wang TN et al. 2002).

1.5 Stroma reaction and fibroblast activation during carcinogenesis

1.5.1 The invasion process of cancer cells is associated with stroma reaction
The cooperation between epithelial and mesenchymal cells is essential for
embryonic development and also plays an important role in pathological
phenomena such as wound healing and tumor progression. It is well known that
many epithelial tumors are characterized by the local accumulation of connective
tissue cells and extracellular material; this phenomenon has been called the
stroma reaction. Stroma reaction, also known as stromagenesis, is a host reaction
of connective tissue that, when induced in cancer, produces a progressive and
permissive mesenchymal microenvironment, thereby supporting tumor

progression (Amatangelo MD et al. 2005). The stromal microenvironment is
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complex and comprises several cell types, including fibroblasts, the primary
producers of the noncellular scaffolds known as ECM. The locally activated host
microenvironment (both cellular and extracellular elements) in turn modifies the
proliferative and invasive behavior of the tumor cells (Liotta LA and Kohn EC
2001).

Paget first propose ‘seed and soil hypothesis’ to highlight the influence of
tumor growth by interactions between malignant cells and the tumor stroma in
1889 (Paget S 1889). In ‘seed and soil hypothesis’ (Paget S 1889) of cancer
biology, cancer cells are the ‘seeds’, the microenvironment is the ‘soil’; in which the
‘seeds’ must find a receptive environment (Fidler 1J 2003). The normal host
microenvironment is nonpermissive for neoplastic progression, tumor-reactive
stroma promotes neoplastic growth and metastasis (Chlenski A et al. 2007b).
Within the same microenvironment, vascular sprouts migrate and invade towards
the tumor mass while tumor cells migrate outwards in the opposite direction
(Carmeliet P and Jain RK 2000). Activation of the local invasive environment
seems to create a permissive field for the malignant cells (Liotta LA and Kohn EC
2001). The presence of host cells is original considered as a reaction against the
aberrant behavior of the cancer cells as a mechanical and immunological defense
against the cancer cells. It was described by the pathologist as desmoplasia,
inflammation and angiogenesis with accumulation of stromal fibroblasts,
leukocytes and endothelial cells respectively. Recently, there is growing evidence
that tumor-infiltrated host cells are recruited and diverted by the cancer cells to
contribute to their malignant progression rather than to protect the host (Mueller
MM and Fusenig NE 2004).

The complexity of multicellular organisms necessitates a high degree of

coordination among a diverse range of specialized cell types. Maintaining this
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organization requires a constant and dynamic stream of intercellular
communication (Radisky DC and Bissell MJ 2004). Increasing evidence suggests
that this organized exchange of information is essential for maintaining the
differentiated state of cells, and that sustained disruption of key intercellular
signaling pathways can predispose to malignancy (Bissell MJ and Radisky D 2001).
It is well established that cellular tumorigenic potential is profoundly influenced by
the microenvironment and that malignant cells can be induced to maintain a
differentiated state by growth in an appropriate tissue microenvironment (Kenny
PA and Bissell MJ 2003). Throughout the entire process of cancer etiology,
progression and metastasis, the microenvironment of the local host tissue can be
an active participant (Liotta LA and Kohn EC 2001). The invasion process of
cancer cells is associated with the generation of specific stroma, called
‘cancer-induced stroma’ (Ishii G et al. 2005). The main constituents of
cancer-induced stroma are inflammatory cells, (including lymphocytes,
granulocytes, macrophages, and pericytes), fibroblasts and the endothelial cells of
blood and lymph vessels. Inflammatory cells and endothelial cells are recruited into
cancer stroma and involved in tumor immunity (Coussens LM and Werb Z 2002)
and angiogenesis, respectively (Folkman J et al. 2000). New blood and lymph
vessels (Carmeliet P and Jain RK 2000), immunocytes and inflammatory cells
(Opdenakker G and Van Damme J 2004) as well as stromal fibroblasts (De Wever
O and Mareel M 2003) don't inhibit but rather stimulate cancer invasion and
metastasis, in line with Paget's “seed” and “soil” hypothesis in 1889 (Paget S

1889).

1.5.2 Stroma reaction is characterized by the fibroblast activation

The stromal cells that surround and sustain epithelia have been viewed primarily
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as a source of oxygen, nutrients, and additional growth stimuli for tumors.
Bhowmick et al. report that defective stromal cells stimulate the development of
epithelial tumors, which suggests that normal stromal cells may prevent epithelia
from becoming tumorigenic (Bhowmick NA et al. 2004). Fibroblasts, as the major
component of stroma, are recruited and can convert into smooth muscle
actin-positive fibroblasts, i.e., myofibroblasts or activated fibroblasts, during stroma
reaction (Kunz-Schughart LA and Knuechel R 2002a; Kunz-Schughart LA and
Knuechel R 2002b). The term “myofibroblast’ was firstly used to describe, in
experimental granulation tissue of Wistar rats, fibroblastic cells with a smooth
muscle cell-like morphology, a strongly developed microfilamentous apparatus and
a contractile phenotype (Desmouliere A et al. 2004; Majno G et al. 1971).
Myofibroblasts appear at the invasion front during stromal changes cells sharing
characteristics with fibroblasts and smooth muscle cells (De Wever O and Mareel
M 2003). Myofibroblast can also produce collagens and extracellular matrix
proteins in response to several extracellular stimuli.

There assumably exists a continuous cross-signaling between the epithelial
and the stromal compartment in normal and in pathological situations alterations
that lead to invasion. The paracrine signaling interactions between cancer cells
and associated fibroblasts play important roles in tumor formation and progression
(Kunz-Schughart LA and Knuechel R 2002a; Kunz-Schughart LA and Knuechel R
2002b). Stromal fibroblasts create a context that promotes tumor progression
(Barcellos-Hoff MH and Ravani SA 2000). Furthermore, investigators have found
evidence that the proliferative activity of stromal fibroblasts in cancer-induced
stroma is closely linked to lymph node and distant organ metastasis (Hasebe T et
al. 2000) and that soluble factor secretion by stromal fibroblasts influences tumor

progression.
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Fibroblasts within cancer stroma have a migratory and invasive capacity
similar to that of cancer cells and associate with cancer cells by transmitting
reciprocal signals (Ishii G et al. 2005). It is unclear who is invading whom between
epithelial and mesenchymal cells. The transition from normal to invasive
carcinoma is preceded by, or is concomitant with, activation of local host stroma

(Liotta LA and Kohn EC 2001).
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Chapter 2 Materials and Methods

2.1 Materials and Methods in Chapter 3

2.1.1 Sample selections

Surgical specimen collections, obtained from cervical punch biopsy, conization, or
hysterectomy, were retrieved from the Department of Pathology, Chi Mei
Foundation Hospital. Thirty-six patients with a mean age of 49.2 years (range from
31 to 65 years) who had pathological diagnoses of cervical intra-epithelial
neoplasm (CIN) 1, carcinoma in situ, and FIGO stage Ib squamous cell carcinoma
(SCC) (n=12 from each group) were recruited in this study. They received cervical
punch biopsy, conization, or radical abdominal hysterectomy, respectively. Two
representative blocks that contained serial changes of cervical lesions from each
specimen were analyzed. In each block, the cervical lesions of various severity as
well as adjacent normal cervical epithelia were categorized into normal, LSIL, HSIL,
and SCC epithelium. In addition, two tissue sections that contained normal cervical
epithelium from 12 patients with benign uterine disease who underwent
hysterectomy for uterine leiomyoma or adenomyosis were used as normal controls.
The MVD counts and TSP-1 expression were assessed in these samples by

immunohistochemistry.

2.1.2 Immunohistochemical (IHC) staining

Formalin-fixed, paraffin-embedded tissue blocks were cut with serial sections of 4
nm thickness. One section from each sample was stained with hematoxylin-eosin
for the confirmation of histologic diagnoses. Adjacent sections were stained for von
Willebrand factor antigen and TSP-1 by the use of standard immunoperoxidase
staining methods. The paraffin was removed in xylene, and the tissue sections

were rehydrated in descending dilutions of ethanol. After sections were heated and
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boiled for 13 minutes in a microwave oven in 10 mM citrate (pH 6.0) buffer, they
were treated with 3% hydrogen peroxide to block endogenous peroxidase activity.
Specimens were then incubated with mouse anti-human von-Willebrand factor
monoclonal antibody (clone F8/86; Dako Corp., Glostrup, Denmark) diluted to a
1:50 ratio, or mouse anti-human TSP-1 monoclonal antibody (Calbiochem Co. La
Jolla CA, U.S.A) with a 1:250 dilution. Slides were then incubated with
supersensitive immuno-detection system of BioGenex (San Ramon, CA, U.S.A).
The 3,3-diaminobenzidin tetra-hydrochloride was used as chromogen. Human
placenta, which was known to exhibit TSP-1 expression, was used as the positive
control. A negative control, for which the primary antibody was substituted with the
same concentration of the appropriate IgG, was used in each staining run. Sections

were counter-stained lightly with hematoxylin.

2.1.3 Microvessel density (MVD) in different cervical lesions

Sections were scanned at low magnification (100x) to identify areas of capillaries.
The vessels that were defined as any positively stained single cell or cluster of cells
were counted to determine the MVD count per high-power microscopic field (200x;
20x objective lens and 10x ocular lens, 0.785 mm? per field). MVD were scored
from three fields for each lesion by use of the microvessel counting protocol and
criteria developed by Weidner et al, with minor modifications.(Weidner N et al. 1993)
The quantization was simultaneously performed (with use of a multi-headed
microscope) by three investigators who had to concur on the areas to be analyzed

and on vessel identification and count.

2.1.4 TSP-1 expression in different cervical lesions

Preliminary results showed that TSP-1 expression was largely localized in the

37

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com

basal layer of uterine cervical epithelium. Thus we measured TSP-1 intensity, and
classified into 4 arbitrary units according to the percentage of TSP-1-expressing
basal epithelial cells. Scores of 4, 3, 2, or 1 were given under the conditions that
TSP-1 was expressed in 75 to 100%, 50 to 75%, 25 to 50%, or less than 25% of the

basal epithelial cells, respectively.

2.1.5 Statistical analysis

All values were reported as mean = S.D. (standard deviation). Due to small sample
size and ordinal property of TSP-1 expression measurement, TSP-1 and MVD
were subjected to non-parametrical data analysis method. Kruskal-Wallis test was
performed to detect any difference of MVD and TSP-1 expression intensities
among normal, LSIL, HSIL and SCC epithelium, and to detect any difference of
MVD among the four levels of TSP-1 expression intensity. A value of p< 0.05 was
considered as statistically significant. Dunn test was adapted as the post hoc
comparing method to test the differences between groups pairwisely. Based on
Bonfferroni correction method, the alpha level of each post hoc comparison was
corrected into 0.008. In addition, statistical comparisons between different lesions

on the same slide were made with Wilcoxon signed-rank test.

2.2 Material and Methods in Chapter 4

2.2.1 Sample selections

Surgical specimen collections, obtained from cervical conization, or hysterectomy,
were retrieved from the Department of Pathology, Chi Mei Foundation Hospital,
Tainan, Taiwan. Patients who had pathological diagnoses of carcinoma in situ (CIS),
and International Federation of Gynecology and Obstetrics (FIGO) stage Ib

squamous cell carcinoma (SCC), in which tumor is confined to cervix but beyond
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microscopic lesion, (n= 15 from each group) were recruited in this study. They
received conization for CIS, or radical hysterectomy for SCC, respectively. Two
representative blocks from each specimen were analyzed. Additionally, two tissue
sections containing normal cervical epithelium from 15 patients with benign uterine
disease who underwent hysterectomy for uterine leiomyoma or adenomyosis were

used as normal controls.

2.2.2 Immunohistochemical staining and scoring system

Formalin-fixed, paraffin-embedded tissue blocks were cut with serial sections of 4
nm thickness. One section from each sample was stained with hematoxylin-eosin
for the confirmation of histological diagnoses by one of the authors (Tzeng C-C).
Adjacent sections were stained for TSP-1, a-SMA, and desmin in human surgical
specimens, and TSP-1, a-SMA, desmin, and CD34 in mice xenograft by the use of
standard immunoperoxidase staining methods. The paraffin was removed in xylene,
and the tissue sections were rehydrated in descending dilutions of ethanol. After
sections were boiled for 13 minutes in a microwave oven in 10 mM citrate (pH 6.0)
buffer, they were treated with 3% hydrogen peroxide to block endogenous
peroxidase activity. Specimens were then incubated with mouse anti-human TSP-1
(Calbiochem Co. La Jolla, CA; 1:250), a-SMA 1A4 (Dako, Glostrup, Denmark; 1:50),
desmin D33 (Dako, 1:250), or CD34 monoclonal antibodies (Serotec, Oxford, UK;
1:250). Slides were then incubated with supersensitive immuno-detection system
of BioGenex (San Ramon, CA). The 3,3’-diaminobenzidin tetra-hydrochloride was
used as a chromogen. Human placenta was used as the positive control for TSP-1,
whereas smooth muscle cells were used as the positive control for a-SMA and
desmin. A negative control, for which the primary antibody was substituted with the

same concentration of the appropriate IgG, was used in each staining run. Sections
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were counter-stained with hematoxylin. All stained slides were examined by the
authors (Tzeng C-C and Wu M-P) who were blinded to the patients’ clinical
information. The expression of a-SMA and desmin was categorized into 4 grades.
They were arbitrarily scored as 0: no to little staining; 1: weak staining; 2: moderate
staining; 3: strong staining. Microvessel density was defined as the number of
blood vessels characterized as CD34-positive tube-like structures, and scored as:

0: no to scanty, 1: scanty, 2: moderate; 3. abundant.

2.2.3 Cell cultures and transfection
The cervical cancer SiHa cell line and mouse fibroblast NIH 3T3 cells were used to
study TSP-1 function. Epithelial cells and fibroblasts derived from normal uterine
cervix were used as representatives of normal, quiescent cells. Normal cervical
epithelial cells were prepared as previously described (Chou CY et al. 1995).
Normal cervical fibroblast cells were derived in a similar manner except that
Dulbecco's Modified Eagle Medium supplemented with 10% fetal bovine serum
(Biological Industries Co., Haemek, Israel) was used instead of serum-free
keratinocyte medium for epithelial cells.

Full-length human TSP-1 cDNA construct, a kind gift from Professor Frazier, W.
A. at Washington University, St. Louis, MO (Sheibani N and Frazier WA 1995), was
subcloned into the eukaryotic expression vector pCDNAS3.1 (Invitrogen, Rockville,
MD), transfected into SiHa or NIH 3T3 cells by using lipofectamine 2000
(Invitrogen). G418 at a final concentration of 1 mg/ml was added 24 hours after
transfection. The G418-resistant colonies were expanded and examined for the
expression of TSP-1. To assess proliferation, cells were plated at the density of 10°
per dish on 60-mm dishes and the medium was changed every two days. Viable

cells were counted with a hemocytometer using trypan blue (0.4%) exclusion.
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2.2.4 Immunoblotting

Equal amounts of protein lysates were fractionated by SDS-PAGE at 80-100V for
2.5-3 hrs. The proteins were transferred to PVDF membrane (Amershan Corp.,
Arlington Heights, IL). The blots were incubated with anti-human TSP-1 antibody
(Neomarker, Fremont, CA; 1:1000), anti-human a-SMA 1A4 Ab, anti-desmin Ab
(Abcam, Cambridge, MA) or anti-matrix metalloproteases 2 and 9 (MMP-2, -9)
(Calbiochem, Darmstadt, Germany; 1: 500). Blots were then processed by

chemiluminescent substrate detection system (Amersham).

2.2.5 Matrigel angiogenesis assay

Matrigel (BD Biosciences, Bedford, MA) was thawed overnight at 4°C, then was
added (80 ul) to each well of a 96-well plate at 37°C and allowed to polymerize
(Colorado PC et al. 2000). Before angiogenesis assay, HUVECs were cultured at
low serum condition (M199 with 2% FBS) overnight. A suspension of 20,000
HUVECs in M199 medium was seeded into each well coated with Matrigel. The
cells were treated with 40 ug/ml bovine serum albumin (BSA), indicated culture
medium from different cell lines, or purified TSP-1 (Sigma, St. Louis, MO) in various
concentrations. Cells were incubated for 6-8 hours at 37°C and viewed using an
Olympus Optical (Tokyo, Japan) CK30 microscope. The formation of tubular
network structures represents angiogenesis ability. All assays were performed in

triplicate.

2.2.6 Animal models
Subcutaneous tumors were generated by inoculating 10’ SiHa-vector or

SiHa-TSP-1 cells into six aged 9-week-old SCID mice in each group. All
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manipulations were conducted under aseptic conditions in a laminar flow hood.
The smallest and largest tumor diameters were measured weekly, using a digital
caliper, and the tumor volumes were calculated using the following formula:
volume= 4/3m x (1/2 smaller diameter)®x 1/2 larger diameter. The mice were
sacrificed for histological examination 12 weeks after the tumor cell inoculation.
The animal experiments were performed according to the ethical guidelines and

approved by the institutional ethical committee.

2.2.7 Fibroblast activation

Transforming growth factor B (TGF-B) (Sigma, St. Louis, MO) at 2-20 ng/ml was
used to activate NIH3T3 fibroblasts for the indicated time (Meyer-Ter-Vehn T et al.
2006). TGF-B at 10 ng/ml was later used to activate fibroblasts for cell migration

assay and 20 ng/ml for Matrigel multicellular co-culture invasion assays.

2.2.8 Cell migration assay and MMPs zymography

Cell migration was assayed in the 48-well Boyden chamber (Neuro Probe,
Gaithersburg, MD) as described (Albini A et al. 1987). A 50 pl aliquot containing
5,000 cells of NIH3T3 or NIH3T3-TSP-1 were placed on the upper compartment,
and fibronectin was used as the chemoattractant in the lower compartment of the
chamber. The assays were run for 6 h in Dulbecco's modified Eagle's medium
containing 0.1% BSA at 37°C. After incubation, cells were fixed with methanol,
stained with Giemsa solution (Merck, Darmstadt, Germany), and counted
immediately after staining. Conditioned medium from the culture was cleared of
cells and debris by centrifugation at 3000 x g for 10 min and concentrated by
10-fold using Amicon Microcon (Ym-10). MMP-2 and MMP-9 activities in the

conditioned medium were measured by gelatin zymography as previously
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described (Shen MR et al. 2003).

2.2.9 Matrigel multi-cellular co-culture invasion assay of activated fibroblasts
To detect the invasive ability of fibroblasts into tumor cells cluster, we applied the
multicellular Matrigel multi-cellular co-culture system as described by
Walter-Yohrling et al. with a slight modification (Walter-Yohrling J et al. 2003). A
layer of Matrigel (80 ul) was added to each well of a 96-well plate and allowed to
polymerize. In the central area of each well, a Matrigel plug of approximately 2 pl
was removed, and then filled with 10° cancer cells (SiHa or SiHa-TSP-1) in 5yl of
Matrigel. The Matrigel was allowed to polymerize for 30 min to form a tumor cell
cluster. A total of 10° fluorescent dye PKH26-labeled (Red) or PKH67-labeled
(Green) (Sigma, St. Louis, MO) fibroblasts (normal fibroblasts, NIH3T3 or
NIH3T3-TSP-1) in 150 L aliquot were dispersed diffusely in the periphery of each
well. Following 16 to 24-h incubation, red fluorescence for PKH26 dye or green
fluorescence for PKH67 and bright field images were captured with an inverted
fluorescent light microscope (Olympus 1X70). Positive invasion of activated
fibroblasts was defined as the presence of fibroblasts accumulation in the central
tumor cluster following activated fibroblasts migration and invasion toward tumor
cluster. In contrast, lack of invasion is defined as diffuse distribution of fibroblasts

in the periphery of tumor clusters.

2.2.10 Statistical analysis

All values were reported as mean + S.D. (standard deviation). Kruskal-Wallis test
with Dunn post hoc comparison test was used for statistical analysis in a-SMA and
desmin expression in normal cervix, CIS and SCC among the non-parametric

measurement multi-groups comparison. Mann-Whitney U test was used for two
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group comparison in SiHa-induced or SiHa-TSP-1-induced tumors. Repeated
ANOVA measurement was used for tumor growth curves. Student t test was used
for NIH3T3 cell migration assay in which TSP-1 was added in lower, upper or both,

or comparing NIH3T3 with or without TGF-[3 treatment.
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Chapter 3 TSP-1 acts as a fence to inhibit angiogenesis that occurs during
cervical carcinogenesis

3.1 Summary

Purpose. The acquisition of an angiogenic phenotype (angiogenic switch) is
essential for cervical carcinogenesis. This study was aimed to examine the spatial
and temporal relationship of TSP-1 expression in patients with precursor lesions
and squamous cell carcinoma of uterine cervix, and to correlate its expression with
tumor angiogenesis.

Patients and Methods. TSP-1 expression and microvessel density (MVD) were
assessed by immunohistochemistry in samples obtained from patients with
pathological diagnoses of cervical intra-epithelial neoplasm I, carcinoma in situ,
invasive squamous cell carcinoma (SCC), and benign disease (n=12 from each
group). Two representative blocks that contained serial changes of cervical lesions
from these 48 subjects were examined, and the pathological findings were
categorized into the four groups of normal cervical epithelia, low-grade squamous
intraepithelial lesions (LSIL), high-grade SIL (HSIL), and SCC.

Results. A total of 120 foci with various cervical lesions from 98 slides were
examined and classified into normal (48), LSIL (36), HSIL (24), and SCC epithelium
(22). Immunohistochemical studies showed that TSP-1 was mainly localized at the
basal epithelial cells, and we named it as the ‘TSP-1 fence’. The mean MVD counts
and TSP-1 scores for normal, LSIL, HSIL, and SCC epithelium were 7.3 +2.9,9.9 +
3.4,17.7 £ 5.1 and 22.8 + 8.6, and 3.8 + 0.4, 3.8 £+ 0.4,1.8 + 0.4 and 1.5 £ 0.5,
respectively. The TSP-1 intensities were significantly higher and the MVD counts
lower in the groups of normal and LSIL epithelium, compared with those with HSIL
and SCC epithelium (p <.001, Kruskal-Wallis test and Dunn post hoc comparison).

In addition, MVD counts was negatively associated with the intensity of TSP-1 (p
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<.001).

Discussion. Our results indicate the disruption of TSP-1 fence and the switch to
angiogenic phenotype occurred during the transition from LSIL into HSIL. This
concordance suggests that TSP-1 play a role in the regulation of angiogenic switch.
We conclude that the onset of angiogenesis is an early event in cervical
carcinogenesis due, in part, to the down-regulation of TSP-1 by the dysplastic

epithelium.

Keywords:  thrombospondin-1 (TSP-1), angiogenesis, microvessel density

(MVD), cervical neoplasms

Published in: Cancer J 10(1):27-32;2004. (SCI, IF: 2.028, Oncol 78/127)
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3.2 Introduction

Cervical cancer is the second most frequent causes of death from malignant
neoplasms among women worldwide (Chou CY et al. 1994). It develops usually by
a sequence of gradual, stepwise events starting at low-grade squamous
intra-epithelial lesion (LSIL) and progressing through high-grade SIL (HSIL), until
invasive cancer (Pinto AP and Crum CP 2000). Tumor development and metastasis
is a complex process that includes transformation, proliferation, neovascularization,
and metastatic spread. The angiogenic switch- acquisition of an angiogenic
phenotype that is induced by a change in the balance of angiogenesis activators
and inhibitors, is essential for tumor growth and metastasis (Hanahan D and
Folkman J 1996; Hawighorst T et al. 2001). It has been reported that tumor
microvasculature, accompanied by the overexpression of VEGF, was progressively
up-regulated during the process of cervical carcinogenesis (Guidi AJ et al. 1995).
However, the timing of angiogenic switch during cervical carcinogenesis remains to
be debated (Smith-McCune KK and Weidner N 1994).

The TSPs are a family of extracellular proteins that participate in cell-to-cell
and cell-to-matrix communication. Five family members have been identified
(Lawler J 2000). Recent work has identified the roles of TSP-1 as an endogenous
angiogenic inhibitor that plays an important role in the angiogenic switch in skin,
prostate and bladder cancers (Campbell SC et al. 1998; Hawighorst T et al. 2001;
Jin RJ et al. 2000). Evidence revealing the role of TSP-1 in cervical carcinogenesis
is currently lacking. The purpose of this study was aimed to examine the spatial and
temporal expression of TSP-1 in patients with preinvasive and invasive squamous
cell carcinoma of the uterine cervix, and correlated TSP-1 expression with

microvessel density (MVD).
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3.3 Results

3.3.1 MVD during cervical carcinogenesis

A total of 96 tissue sections were recruited for this study. Among them, different
extent of cervical lesions i.e. LSIL, HSIL and invasive cancer that appeared in the
same slide were scored individually and regarded as different lesions. Accordingly,
normal cervical epithelia in 48 slides, LSIL in 36 slides, HSIL in 24 slides, and SCC in
12 slides were eligible for analysis. The MVD count and TSP-1 expression in the four
groups are summarized in Table I.

A representative immunohistochemical staining of von-Willebrand factor is
shown in Fig. 1. Microvessels were only scarcely visible in the groups of normal
cervical epithelium and LSIL, whereas in HSIL and SCC groups, microvessels were
abundant (Fig. 1). It is noteworthy that the neovascularization in HSIL is confined to a
narrow zone immediately underneath the dysplastic epithelium and along the
basement membrane. The mean MVD counts for normal, LSIL, HSIL, and SCC
epithelium were 7.3 £2.9,9.9+3.4,17.7 £5.1 and 22.8 £ 8.6, respectively. Statistical
analyses with Kruskal-Wallis test revealed that the MVD counts were significantly
different among these four groups (p < .001). Furthermore, the MVD counts were
significantly lower in the groups of low vascularity i.e. normal and LSIL epithelium,
compared with those with high vascularity i.e. HSIL and SCC (p <.001, Dunn post
hoc comparison). Together, these results clearly indicate that MVD counts increase
during the transition from LSIL into HSIL.

Since more than one category of cervical epithelium may apply to a block and
two blocks were taken from each patient, we also analyzed the data as dependent
samples. Pairwise comparisons between different lesions on the same slide with
Wilcoxon signed-rank test showed that the mean MVD counts for normal/ LSIL

epithelium, LSIL/ HSIL epithelium, and HSIL/ SCC epithelium were 7.1 £ 3.0/9.9 £
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3.4, 9.8 £ 3.5/17.7 £ 5.1, and 18.4 + 4.7/22.8 + 8.6 respectively, a significant

difference (Table 2).

3.3.2 TSP-1 expression during cervical carcinogenesis

A representative immunostaining of TSP-1 in various cervical epithelial lesions is
shown in Fig. 2. In the groups of normal and LSIL epithelium, intense TSP-1
expression was found and localized mainly in the basal epithelial cell layer. It
arrayed like a barrier therefore we named it as ‘TSP-1 fence’ (Fig. 2). In contrast,
this “TSP-1 fence” disappeared partially in HSIL, and became nearly invisible in
SCC epithelium. The mean TSP-1 scores for normal, LSIL, HSIL, and SCC
epithelium were 3.8 £ 0.4, 3.8 + 0.4, 1.8 + 0.4 and 1.5 + 0.5, respectively. The
TSP-1 scores were significantly different among these four groups (p < .001,
Kruskal-Wallis test), and Dunn post hoc comparison further confirmed that the
TSP-1 intensities were significantly higher in the groups of low vascularity,
compared with those with high vascularity (p < .001). These results indicate the
disruption of TSP-1 fence occurred during the transition from LSIL into HSIL.

When two blocks from the same patient were considered as dependent
samples, TSP-1 score was significantly different only between LSIL/HSIL
epithelium (Table 2). The mean TSP-1 scores for normal/LSIL, LSIL/ HSIL, and
HSIL/SCC epithelium were 3.8 + 0.4/ 3.8 + 0.4, 3.8 + 0.4/ 1.8 + 0.4 and 1.8 £

0.4/1.5 £ 0.5, respectively.

3.3.3 Association of MVD and TSP-1
Among the 120 cervical lesions examined, 66 cases were grade 4 positive for
TSP-1 staining, 18 cases were grade 3 positive, 24 cases were grade 2 positive,

and 12 were grade 1 positive. The mean MVD counts for TSP-1 grades 1, 2, 3 and
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4 cervical lesions were 21.0 £ 9.2, 18.6 + 5.3, 8.0 + 3.1 and 8.6 + 3.4, respectively.
These results indicate that the down-regulation of TSP-1 grade 3 into TSP-1 grade
2 was accompanied by a significant elevation of MVD counts. A Kruskal-Wallis
analysis revealed that MVD counts was negatively associated with the intensity of
TSP-1 (p < .001). A p-value less than 0.001 from Dunn post hoc comparison test
further pointed out the difference of MVD counts between low TSP-1 expression

group (score 1 or 2) and high TSP-1 expression group (grade 3 or 4).
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3.4 Discussion

The timing of angiogenic switch during cervical carcinogenesis remains
controversial. A debate exists regarding the ability of CIN to induce angiogenesis
(Abulafia O et al. 1996; Abulafia O et al. 1999; Smith-McCune KK and Weidner N
1994). Smith-McCune and Weidner found a significant increase of MVD in the CIN
lIl lesions compared with those underlying low grade lesions such as condyloma
and CIN | (Smith-McCune KK and Weidner N 1994). On the contrary, reports from
Abulafia el al. showing that microinvasive squamous cell carcinoma is angiogenic,
but not carcinoma in situ (Abulafia O et al. 1996). In the present study, we intend to
examine the slides that contain different severities of cervical lesions in the same
slide, so that every lesion can be used as an internal control for each other. Thus,
the heterogeneity in the inborn characters of angiogenesis can be eliminated. Our
data showed that the angiogenic switch in cervical carcinogenesis occurred during
the transition from LSIL to HSIL, and the neovascularization was largely confined to
a narrow zone immediately underneath the dysplastic epithelium. This is in
concordance with the results from Smith-McCune and Weidner (Smith-McCune KK
and Weidner N 1994). and further suggests that cervical carcinogenesis is
angiogenesis-dependent.

Our results also showed that TSP-1 was mainly localized on basal cervical
epithelial cells, and arrayed like a barrier. We therefore name it as the ‘TSP-1 fence’.
TSP-1 decreases significantly during the transition from LSIL to HSIL, which is
concomitant with the increase of MVD counts. The temporal and spatial
concordance of TSP-1 down-regulation and the emergence of angiogenic imply
that the “TSP-1 fence” may act as an angiogenic barrier to inhibit angiogenesis
which occurred in early phase of cervical carcinogenesis. The disappearance of the

angiogenic barrier may induce a vigorous angiogenic response for tumor growth
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and perhaps tumor metastasis (Sheibani N and Frazier WA 1999). Evidence from
Kodama et al. showing that TSP-1 mRNA expression was significantly lower in
advanced-stage cervical cancer, and its expression is of value as a prognostic
factor in cervical cancer (Kodama J et al. 2001). The origin of TSP-1 is currently
unknown, and two possible origins including tumor cells themselves and host cells
(endothelial cells) may be responsible for the production (Folkman J 1992). Our
data suggest that the basal epithelial cells contribute to the production of TSP-1
under physiological condition, and lose the ability to secrete TSP-1 during the
transformation from LSIL to HSIL.

Argument has been raised that our statistical comparisons were made
between different lesions, irrespective of the patients. Since more than one
category of cervical epithelium may apply to a block and two blocks were taken
from each patient, we also analyzed the data as dependent samples. Pairwise
comparisons with Wilcoxon signed-rank test further confirm the significant
decrease of TSP-1 and elevation of MVD during the transition from LSIL to HSIL.

Accumulating evidence indicates that for most tumors, the switch to the
angiogenic phenotype depends upon the outcome of a balance between
angiogenic stimulators and angiogenic inhibitors (Folkman J 1992). Up-regulation
of angiogenesis activators alone may not be enough for the emergence of
angiogenic switch; it accompanies with down-regulation of some angiogenesis
inhibitors in the same time (Folkman J 1995b). TSP-1 and VEGF appear to be the
constituents of a "switch" that regulates in concert many components of the
angiogenic and differentiated phenotypes of endothelial cells (Sheibani N and
Frazier WA 1999). In skin cancer model, down-regulation of TSP-1 and
up-regulation of VEGF happened coincidently and had spatial correlation

throughout the consecutive stages of tumorigenesis (Hawighorst T et al. 2001). In
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contrast, down-regulation of TSP-1 secretion is a key event in the switch from
anti-angiogenic to an angiogenic phenotype, while VEGF seems to play little role in
bladder cancer (Campbell SC et al. 1998). VEGF has been found to increase
significantly in high-grade cervical intraepithelial lesions as compared with
low-grade intraepithelial lesions and benign epithelium (Guidi AJ et al. 1995). We
here suggest that TSP-1, as one of the endogenous angiogenic inhibitors, may play
the comparable role to other angiogenic activators such as VEGF in the
angiogenesis balance during cervical carcinogenesis.

The angiogenic response, which is induced by the disappearance of “TSP-1
fence”, modulates the peri-cellular environment, and can potentially change the
cell-matrix interactions associated with cell movement and further progression.
TSP-1 does not appear to contribute directly to the structural integrity of connective
tissue elements. Instead, TSP-1 acts by modulating the activity and bioavailability
of protease and growth factors and by interaction with cell-surface receptors
(Bornstein P et al. 2000b; Stetler-Stevenson WG 1999). MMPs have been shown to
play an active role in the neovascularization of tumors through their ability to
degrade the extracellular matrix (Liotta LA et al. 1982; Zetter BR 1990). Bergers et
al. showed that the switch from vascular quiescence to angiogenesis involves
MMP-9, which is upregulated in angiogenic islets and tumors, rendering VEGF
more available to its receptors (Bergers G et al. 2000). Notably, MMP-9 is
negatively modulated by TSP-1. Thus, TSP-1 acts as a multifunctional modulator of
angiogenesis by modulating through the activity and bioavailability of MMP-9. How

does TSP-1 modulate MMPs deserves for further studies.
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Chapter 4 A novel role of TSP-1 in cervical carcinogenesis: Inhibit stroma
reaction by inhibiting activated fibroblasts from invading cancer

4.1 Summary

TSP-1, a potent angiogenesis inhibitor, has been shown to exert different biological
functions on various cell types. Here we investigate the role of TSP-1 in tumor
stroma reaction, which is mainly characterized by fibroblast activation to create a
permissive microenvironment for tumor progression. Immunohistochemistry
examinations in the human surgical specimens showed the downregulation of
TSP-1 during the progression of cervical carcinogenesis was accompanied by the
emergence of the upregulation of stroma markers, a-SMA and desmin.
Transfection of SiHa cervical cancer cells with a plasmid expressing the TSP-1
protein exhibited anti-angiogenic activity in vitro, and resulted in reduced tumor
growth in SCID mice, which was accompanied by a decrease in tumor
vascularization and lower expressions of a-SMA and desmin than those in the
vector controls. Transfection with TSP-1 and purified TSP-1 added to NIH3T3 cells
did not alter the protein levels of a-SMA and desmin, but significantly inhibited
matrix metalloprotease-2 (MMP-2) activity. Transforming growth factor $ (TGF-f3),
a major factor to activate fibroblasts, increased a-SMA and desmin expression,
and the ability of cell migration and invasion in NIH3T3 cells. The increased
migration ability and the invasive ability into tumor cluster of
TGF-B-treated-NIH3T3 cells were dose-dependently inhibited by TSP-1. In
contrast, ectopic TSP-1 expression in SiHa cells has little effect on the invasive
ability of the NIH3T3 cells. Together, our findings demonstrate a novel role of
TSP-1 to inhibit tumor stroma reaction that could be attributed to the blockage of

activated fibroblasts from invading cancer cells.
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4.2 Introduction

Our understanding of cancer has largely come from the analysis of aberrations
within the tumor cell population. Recent evidence has begun to emerge of the
important roles of tumor microenvironment in tumorigenesis (Mueller MM and
Fusenig NE 2004). Stroma reaction, also known as stromagenesis, is a host
response of mesenchymal alteration induced in cancer that produces a
progressive and permissive mesenchymal microenvironment, thereby supporting
tumor progression (Amatangelo MD et al. 2005). Stroma reaction is characterized
by the activation of quiescent fibroblasts, the predominant cell type within a normal
stroma, into activated fibroblast. Activated fibroblasts are defined by the expression
of a-smooth muscle actin (a-SMA), desmin, vimentin, etc in the fibroblasts (Lazard
D et al. 1993). Activated fibroblasts can produce noncellular scaffolds in response
to extracellular stimuli, and create a context to promote tumor progression
(Barcellos-Hoff MH and Ravani SA 2000). Additionally, activated fibroblasts within
tumor stroma have a propensity to migrate and invade like cancer cells (Ishii G et
al. 2005). The proliferative activity of activated fibroblasts in cancer-induced stroma
is closely linked to tumor progression, lymph node and distant organ metastasis of
breast cancer (Hasebe T et al. 2000).

TSPs consist of a family of five extracellular proteins that participate in
cell-to-cell and cell-to-matrix communications (Lawler J 2000). Among them,
TSP-1 is a 450-kDa homo-trimeric matricellular glycoprotein with potent
anti-angiogenic effects. In many tumor types, TSP-1 can block in vivo
neovascularization and decrease malignant tumor growth (Kodama J et al. 2001;
Streit M et al. 1999); whereas in others, it promotes cancer cell adhesion, migration
and invasion (Bertin N et al. 1997). The differential effects of TSP-1 on

tumorigenesis indicate that TSP-1 exerts different biological functions in different
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cell types.

We previously demonstrated that the downregulation of TSP-1 in cervical
epithelium temporally and spatially coincided with the emergence of angiogenic
switch during cervical carcinogenesis (Wu MP et al. 2004). However, the exact
biologic roles of TSP-1 in tumor stroma reaction and progression remain to be
further explored. This study was initiated to test the hypothesis that TSP-1 may
inhibit stroma reaction which supports tumor progression through inhibiting
activated fibroblasts from invading cancer cells. By studies in cell lines, SCID mice
xenograft and clinical human specimens, we demonstrated a novel role of TSP-1
by which it inhibited tumor progression, at least in part, through blocking the
migration and invasion of activated fibroblasts and leading to stroma

normalization.
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4.3 Specific aims and strategies:

Aim |. To correlate the TSP-1 expression and stroma marker expression in
clinical human specimens during cervical carcinogenesis

This is to offer the clinical correlation that TSP-1 downregulation associates with
stroma marker overexpression (i.e. stroma reaction) of different cervical lesions
during cervical carcinogenesis. The correlative data was followed by the further
related study for the causal relationship.

Strategies (Human cervical lesion specimens) Immunohistochemistry (IHC)
stains were used to evaluate the TSP-1 expression and two stroma markers
(a-smooth muscle actin and desmin). Patients with different stages of cervical
lesion were recruited for IHC study, in which 15 cases with diagnosis of benign
gynecologic lesion, 15 cases with carcinoma in situ (CIS), and 15 cases of FIGO
stage Ib squamous cell carcinoma (SCC). The expression of two stroma markers,
a-SMA and desmin, were assessed in these samples. The expression of different
markers was categorizes into 4 grades. They were arbitrarily scored as 0: no to

little; 1: weak; 2: moderate; 3: strong in a-SMA and desmin.

To elucidate the anti-tumor effects of TSP-1 through its angio-inhibitory
effects and its ability to modulate the stroma reaction.

lla. To elucidate that TSP-1 inhibits tumor formation (TSP-1-overexpressing tumor
is smaller, as compared with vector control); and the anti-tumor effect is through
the angio-inhibitory effects of TSP-1 (angiogenesis is measured by microvessel
density, MVD).

Strategies (SCID xenograft model) To elucidate that TSP-1-overexpressing
tumor (as compared with vector control) may have smaller and less vascularized

tumor formation. The established TSP-1-overexpressing clones with SCID
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xenograft model were used to elucidate the causal relationship between TSP-1
and tumor angiogenesis and stroma reaction. Human TSP-1 cDNA is a kindly gift
from Professor Frazier WA (Washington University, School of Medicine, St. Louis,
MO, U.S.A). The expression plasmid pcDNA/TSP-1 contains the human TSP-1
cDNA under the control of the CMV promoter and a neomycin selection cassette.
The plasmid pcDNA was used as the empty vector control. Human cervical
squamous cell carcinoma cell line (SiHa) was transfected with pcDNA /TSP-1 or
pcDNA with lipofectamine 2000. We inoculated SCID mice with SiHa-TSP-1 or
SiHa-pcDNA, to demonstrate that TSP-1 can suppress tumor growth and
angiogenesis in xenografts. The tumor sizes of the inoculation sites can be seen
subsequently from TSP-1 expressing tumor, as compared with the vector controls.
The SCID mice were sacrificed for the evaluation for tumor size, and tumor
angiogenesis (by immuno-histochemistry stains for microvessel densities).

llb. To elucidate that TSP-1 inhibits stroma reaction measured by marker
expressions (TSP-1-overexpressing tumor may have less stroma marker
expression as compared with those of vector control-induced tumors).

Strategies. After sacrificing experimental animals, the harvested tumor specimens
will be sent for IHC, which are counterstained with hematoxylin, a-SMA, and
desmin in TSP-1-overexpressing tumor, and Siha-induced tumor. a-SMA, and
desmin were uses as stroma markers for the evaluation of stroma reaction.
Tumor-associated stroma from SiHa-TSP-1-induced tumor tumors will be
compared with SiHa-induced tumor. The morphologic pattern, as well as the levels
of expression of a-SMA and desmin within the tumor-associated stroma will be

evaluated.

Aim l1ll. To elucidate that TSP-1 can change the invasive ability of activated
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fibroblasts during stroma reaction

llla. To elucidate that endogenous TSP-1 can weaken the invasive ability of
myofibroblasts from invading tumor cell cluster, either via transfection into tumor
cells or myofibroblasts.

Strategies (multicellular matrigel coculture model) To elucidate that TSP-1 can
change the Matrigel invasive ability of normal fibroblasts or myofibroblasts during
stroma reaction. In addition to the angiogenesis tube formation assay, Matrigel was
used as a multi-cellular co-culture invasion assay. We established Matrigel
multicellular co-culture system, which was modified from the report of
Walter-Yohrling J et al. (Walter-Yohrling J et al. 2003), for the evaluation of the
tumor stromal interaction, which comprises cancer cells (SiHa vs SiHa-TSP-1), and
(myo)fibroblast (293T, NIH3T3, 7-4) with or without TSP-1-overexpression. The
details of multicellular matrigel co-culture system in vitro model were in the
Methodology section. Fluorescent labels were used to visualize the localization of
the HUVECs and myofibroblasts in the presence of the cancer cells cluster. The
interaction between the tumor cells and mesenchymal compartments (fibroblasts or
myofibroblasts) creates a local heterotypic ‘invasion field’. It is unclear who is
invading whom, i.e. cancer cells invading fibroblasts or fibroblasts invading cancer
cells. 293T, NIH-3T3, and 7-4 were used for (myo)fibroblasts. Among them, 7-4
and NIH3T3 are either with or without ras overexpression. SiHa, as well as
SiHa-TSP-1, was placed in the central well, while NIH3T3 with or without TSP-1
overexpression were placed in the peripheral to see the effect of endogenous
TSP-1 on the invasion ability.

lllb. To elucidate that exogenous TSP-1 can weaken the invasive ability of
myofibroblasts from invading tumor cell cluster, either via the addition into tumor

cells or myofibroblasts.
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Strategies. To elucidate that exogenous TSP-1 can weaken the chemo-invasive
ability of myofibroblasts from invading tumor cell cluster, either in tumor cells or
myofibroblasts. NIH3T3 could invade SiHa cell cluster in the absence of TSP-1.
Different concentrations of purified TSP-1, either low concentration, 10, 20 ug/ml,
or high concentration 40 ug/ml, were added into SiHa cell clusters or NIH3T3 in the

peripheral to see the inhibitory effects of TSP-1 in the myofibroblast invasion.
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4.4 Results

4.4.1 The downregulation of TSP-1 coincides with the upregulation of stroma
markers during cervical carcinogenesis

A representative immunohistocheminsty staining of TSP-1, a-SMA and desmin in
various human cervical epithelial lesions was shown in Figure 1. In the group of
normal cervical epithelium, TSP-1 expression was localized mainly in basal
epithelial cell layer, but became invisible in CIS and SCC epithelia (upper panel,
Figure 3). In contrast, the stains for a-SMA (middle panel, Figure 3) and desmin
(lower panel, Figure 3) were hardly visible in the stromal area of normal cervix. The
staining intensities of a-SMA and desmin increased overtly in stromal area of CIS
and SCC. The mean a-SMA and desmin scores in the three groups are
summarized in Table 3. Statistical analyses with Kruskal-Wallis test revealed that
a-SMA and desmin scores were significantly different among normal, CIS and SCC
groups. In addition, a-SMA scores were significantly different when compared
normal with CIS, CIS with SCC, normal with SCC, with p values of 0.002, 0.006,
and <0.001, respectively. Similarly, desmin scores were also significantly different
among pair-wise comparisons with p values of 0.019, <0.001, <0.001, respectively

(Dunn post hoc comparison test).

4.4.2 TSP-1 inhibits angiogenesis, tumor development and SCC-induced
stromal reaction in vivo

To test whether manipulation of TSP-1 activity would alter tumor formation in vivo
and whether TSP-1is involved in tumor stroma reaction, we developed SiHa-TSP-1
cell lines which were stably transfected with the full-length TSP-1 cDNA.
Immunoblots confirmed the overexpression of TSP-1 in C44 and C57 clones, as

compared with parental cells (SiHa) or vector control (C5, C9 and C12) (Figure 4,
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A). The C44 clone (SiHa-TSP-1) was used for further study. As shown in Figure 4,
B, increased expression of TSP-1 did not alter the growth rate of cancer cells. We
next examined the anti-angiogenic activity of TSP-1 by Matrigel angiogenesis
assay. HUVECs seeded on Matrigel rapidly formed tubules networks within 6 hours
(left upper panel, Figure 4, C), which was attenuated by either the purified TSP-1 at
10 pg/ml or by the conditioned medium (CM) from normal cervical epithelium
(upper panel, Figure 4, C). In the same line of observations, only TSP-1 containing
CM from SiHa-TSP-1 (SiHa-TSP-1 CM) but neither parental SiHa (SiHa CM) nor
vector control cells (SiHa-vector CM) had potent inhibitory effect on the tube
forming ability of HUVECs (lower panel, Figure 4, C).

The SiHa-TSP-1 and its vector control were inoculated into SCID mice
subcutaneously. Rapid tumor growth was evident in SCID mice inoculated with
vector control cells. In contrast, SiHa-TSP-1 cells exhibited significantly reduced
rate of tumor growth and tumor size (p= 0.013, ANOVA test; Figure 5, A and B).
Moreover, the SiHa-TSP-1-innoculated tumor was less vascularized, as compared
with SiHa-vector control (CD34, Figure 5, C) (0.58 £ 0.18 vs 1.67 + 0.19 (n=6), p=
0.002. In SiHa-vector inoculated tumor, the expression level of TSP-1 was
negligible, while TSP-1 was much highly expressed in tumor site (T) and stroma
area (S) of SiHa-TSP-1 inoculated tumor. In contrast, the expression levels of
a-SMA and desmin were high in SiHa-vector inoculated tumor, but significantly
reduced in SiHa-TSP-1 inoculated tumor (Figure 5, C; 0.95 + 0.42 vs 2.17 + 0.43
for a-SMA, p= 0.002; 0.48 £ 0.46 vs 152 = 0.63 for desmin, p= 0.015,

Mann-Whitney U test).

4.4.3 TSP-1 does not downregulate a-SMA and desmin expression but

inhibits MMP-2 activity
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Phenotypic switching of quiescent fibroblasts into activated fibroblasts is the most
prominent stromal reaction during carcinogenesis. Activated fibroblasts are often
characterized by acquisition of high a-SMA expression. Due to difficulties in
long-term culturing primary cells, NIH3T3 fibroblasts were used instead. Western
blot analysis showed that NIH3T3 cells had higher level of a-SMA expression than
those in normal primary cervical fibroblasts (NF) and HUVECs (Figure 6, A). To
examine if TSP-1 could directly modulate the a-SMA expression, we established
clones stably expressing TSP-1 protein in NIH3T3 cells (NIH3T3-TSP-1). Western
blot confirmed the expression of TSP-1 protein in NIH3T3-TSP-1 but not NIH3T3
or vector control cells (Figure 6, A and B). TSP-1 overexpression by transfection or
by exogenous addition of TSP-1 (1-20 ug/ml) did not have any detectable effect on
the expression of the a-SMA and desmin in these cells (Figure 6, B). We then
tested the effect of TSP-1 on the MMP-2 and MMP-9 activities which are key
regulators for matrix degradation. Elevated levels of TSP-1 either by plasmid
transfection or by direct addition of TSP-1 at concentrations ranging from 1 to 20
pug/ml did not downregulate the expression of MMP-2 protein level (Figure 6, B; the
MMP-9 level was negligible, and therefore the data were not shown). However,
MMP-2 activity was inhibited by both ectopic expression and the addition of TSP-1

in a dose-dependent manner using gelatin zymography (Figure 6, C).

4.4.4 TSP-1 inhibits the migration of untreated and TGF-B treated NIH3T3
cells

TGF-B, a potent fibroblast activation and trandifferentiation factor, was used to
activate NIH3T3 fibroblasts (Bierie B and Moses HL 2006). To elucidate the
biological functions associated with TGF-B-mediated fibroblast activation, we

examined the effects of TGF-3 on a-SMA, desmin expression and MMP activity in
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NIH3T3 cells. TGF-B at as low as 2 ng/ml potently enhanced the expression of
a-SMA and desmin TSP-1 was added to TGF-B-treated NIH3T3 to see whether or
not it can change a-SMA expression after TGF-3 treatment. The TGF-B-increased
a-SMA expression can not blocked with TSP-1 (Figure 6, D). No significant change
of MMP-2 protein level and its gelatinyltic activity was observed in TGF-3-treated
cells (Figure 6, D and E). We then compared the effects of TSP-1 on the migration
ability of untreated and TGF-B-treated NIH3T3 cells using cell migration assay.
TGF-B at 10ng/ml increased NIH3T3 cell migration (p=0.038). The stimulatory
effect of TGF-B on cell migration was inhibited by purified TSP-1, p= 0.010, 0.007,
0.006. The migration ability of untreated NIH3T3 was also markedly inhibited by
TSP-1 at 10 ug/ml in the lower, upper or both chambers (with p=0.021, 0.009, and
0.009, Student t test) (Figure 4, F). The inhibitory effect was in a dose-dependent
manner at TSP-1 concentrations of 0.1-10 ug/ml (data not shown). Reduced cell
migration was also observed in NIH3T3-TSP-1 cells compared with NIH3T3-vector

cells, p=0.044 (Figure 6, F).

4.4.5 TSP-1 inhibits activated fibroblasts from invading tumor cell cluster

Activated fibroblasts, like other invasive cancer cells, have the ability to invade
tumor cell clusters (Ishii G et al. 2005). Since TSP-1 directly reduced MMP-2
activity and TGF-B-induced migration ability, we examined the effect of TSP-1 on
invasive ability of activated fibroblasts into tumor cell cluster. NIH3T3 cells but not
human normal fibroblasts (NF), expressed a-SMA and had the ability to invade
SiHa tumor cluster, regardless of the expression status of TSP-1 in tumor cells
(Figure 7, A). Exogenous TSP-1 (10, 20 or 40 yg/ml) in tumor cluster also failed to
inhibit NIH3T3 from invading SiHa tumor cluster (Figure 7, B). By contrast, the

invasive ability of NIH3T3-TSP-1 cells to SiHa (or SiHa-TSP-1) tumor cluster was
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significantly reduced when compared with NIH3T3, indicating a direct inhibitory
effect of TSP-1 on the invasive ability of NIH3T3 (Figure 7, A). We next examined
the effect of exogenous TSP-1 on the invasive ability of NIH3T3 cells. Consistent
with stable expression of TSP-1 in NIH3T3 cells, we found a dosage-dependent
inhibition of NIH3T3 cell invasion. A complete inhibition was observed at 20 pg/ml
or higher (Figure 7, C). We further used TGF-B to activate NIH3T3 and
investigated the effect of TGF-B on TSP-1-mediated inhibition of NIH3T3 invasion.
TSP-1 potently inhibited fibroblast invasion regardless of the presence of TGF-3
although a higher dose of TSP-1 was required for a complete inhibition of
TGF-beta-treated NIH3T3 cells (Figure 7, C and D). Taken together, our results
indicate that the TSP-1-mediated inhibition of the invasive ability could only be
demonstrated when the manipulation of TSP-1 expression was in fibroblasts, but

not tumor cells.
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4.5 Discussion

Our current understanding on the role of TSP-1 in tumor progression and clinical
prognosis has extended far beyond anti-angiogenesis. The present study provides
evidence that TSP-1 has the potential to inhibit stroma reaction during cervical
carcinogenesis. This conclusion is supported by the following findings: (i) The
concordance of the downregulation of TSP-1 and the upregulation of stroma
markers in surgical specimens of cervical carcinoma suggests that TSP-1 plays an
inhibitory role in stroma reaction. (i) Transfection of SiHa cells with a plasmid
expressing the TSP-1 protein resulted in reduced tumor growth in SCID mice that
was accompanied_by a decrease in tumor vascularization and a lower level of
stroma markers, a-SMA and desmin, than the vector transfection. (iii) Ectopic
expression of TSP-1 or by addition of purified TSP-1 manifested an inhibition of
MMP-2 activity, TGF-B-enhanced cell migration, and the invasive ability of
activated fibroblasts from tumor cell clusters.

We previously pointed out that the switch of angiogenic phenotype, partly due
to the down-regulation of TSP-1, occurred during the transition from low-grade to
high-grade squamous intra-epithelial lesion (Wu MP et al. 2004). In this study, we
demonstrated a temporal inverse correlation of TSP-1 and stromal marker
expression during cervical carcinogenesis using human clinical specimens. The
inhibitory effect of TSP-1 on stromal marker expression was further confirmed in
SCID mouse xenografts using transfection of TSP-1 cDNA expression vectors.
Genetic manipulation of TSP-1 expression level in the cells demonstrated that
TSP-1-mediated inhibition of stroma reaction was primarily due to the inhibition of
activated fibroblast migration and invasion, rather than a direct effect on the
stromal maker expression. These results indicate that TSP-1 participates not only

in the negative regulation of angiogenesis but also stroma reaction during cervical
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carcinogenesis.

Cancer progression is a complex process involving transformation, invasion,
angiogenesis and metastasis (Hanahan D and Weinberg RA 2000). Although
TSP-1 is commonly believed to have anti-tumor effects due to its anti-angiogenic
ability, however, results from various studies have demonstrated different
correlations among the levels of TSP-1 and tumor progression and clinical
prognosis in different tumor types, indicating different biological functions of TSP-1
in different cancer cell types. The lower expression levels of TSP-1 in cervical
cancer than those in normal tissue is similar to some human tumors in which
decreased TSP-1 expression is associated with malignancy (Bunone G et al. 1999;
de Fraipont F et al. 2000). Among these cancers, TSP-1 expression is inversely
correlated with tumor grade and survival rate in thyroid, colon and bladder
carcinomas (Bunone G et al. 1999; de Fraipont F et al. 2001). The prognostic value
of TSP-1 in cervical cancer requires further investigation. In contrast, TSP-1
expression was higher in tumors or tumor-associated stroma than in normal
epithelial or stroma tissue in other cancer types (Bertin N et al. 1997). Thus, TSP-1
seems to have activatory as well as inhibitory properties in tumor progression.
There are several likely explanations to account for its dualistic effects. Firstly,
TSP-1 interacts with multiple extracellular macromolecules and cell surface
receptors, thus exerting a wide range of responses (Brown EJ and Frazier WA
2001; de Fraipont F et al. 2001). Secondly, the exposure to high stromal TSP-1
may induce expression of angiogenesis activators in tumor cells, which override
the effects of TSP-1 (Fontana A et al. 2005). Thirdly, TSP-1 exerts its effects on
multiple types of stromal cells such as inhibiting fibroblasts migration (Streit M et al.
2000), decreasing the recruitment of inflammatory cells (Doyen V et al. 2003),

inducing apoptosis of endothelial cells (Reiher FK et al. 2002; Streit M et al. 1999),
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or activating smooth muscle cells proliferation (Isenberg JS et al. 2005a). Fourthly,
some limitations still remain among the various models (Hlatky L et al. 2002).

It has become increasing clear that, from the context of tumor-stroma
interactions, stroma plays an active role in tumor progression (Mueller MM and
Fusenig NE 2004). Stromal cells can acquire oncogenic transformation following
the exposure to carcinogen (Kalas W et al. 2005), manipulation of MMPs
(Rodriguez-Manzaneque JC et al. 2001), and the recruitment of inflammatory cells
to the stroma (Doyen V et al. 2003; Vallejo AN et al. 2000). Stroma reaction is often
accompanied with stromal marker expression and functional changes into an
invasive phenotype. Inhibition of stroma reaction by TSP-1 might be through
reduced expression of stromal markers and invasiveness or inhibition of activated
fibroblast migration and recruitment to tumor stroma. Using Western blot analysis,
migration and Matrigel co-culture invasion assays, we demonstrated that TSP-1
potently exerted inhibitory effect on the migration and invasion of fibroblasts with or
without TGF-B treatment, however, it has little effect on the expression level of
a-SMA expression, a typical marker for activated fibroblasts. Unlike TSP-1,
secreted protein, acidic and rich in cysteine (SPARC) was shown to inhibit
fibroblast activation by blocking a-SMA overexpression (Chlenski A et al. 2007b).
Although SPARC and TSP-1 are both matricellular proteins that inhibit
angiogenesis and interfere with the organization of the extracelluar matrix;
however, TSP-1 inhibits stroma reaction through a mechanism distinct from
SPARC.

It is worth mentioning that the stroma reaction occurred mainly at the
tumor-stroma junction as shown in both clinical and animal specimens, this
phenomenon was attenuated by the upregulation of TSP-1. Furthermore, this

highlights the importance of the interaction between tumor and stroma, and
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suggests a likely possibility that modulation of tumor microenvironment can
potentially change the cell-matrix interactions associated with cell movement and
further progression. Consistent with this notion, it has been shown that TSP-1
inhibits the activity of MMP-2 and MMP-9 via a direct interaction with these
proteases in specific regions (Bein K and Simons M 2000; Rodriguez-Manzaneque
JC et al. 2001). In this study, no MMP-9 activity could be detected in NIH3T3 cells.
Instead, we observed that TSP-1 inhibited MMP-2 activity, which was not altered
by TGF-B treatment, followed by a decrease in the migration and invasive ability of
activated fibroblasts. More studies are needed to address the exact mechanism
whereby TSP-1 decreased MMP-2 activity in the context of activated fibroblasts.

Our present results show that TSP-1 inhibited TGF-B-enhanced migration and
the invasive ability of NIH3T3. TSP-1 is known to function as an activator of TGF-3
and this activity is mapped to the type-1 repeats of TSP-1 (TSRs) (Crawford SE et
al. 1998; Kawataki T et al. 2000). Moreover, the activation of TGF- by TSP-1 can
either inhibit (Miyanaga K et al. 2002) or increase (Kawataki T et al. 2000)
malignancy depending on cell types. The complexity and duality in the functions of
TSP-1 and TGF-B may be due to their ability to suppress tumor cell proliferation at
early stages, but to enhance tumor invasion and metastasis by enhancing the host
stroma reaction at later stages (Radisky DC and Bissell MJ 2004). Further
investigation is needed to dissect the dynamic interaction between TSP-1 and
TGF-B in the regulation of cervical cancer growth.

Furthermore, TSP-1 expression in both the stroma and tumor areas of SCID
mouse xenografts were different from that mainly expressed in basal epithelia of
normal human cervix. This discrepancy may stem from species differences,
differential sensitivities of antibodies to murine and human samples, host

compensatory response or different study model (heterotopic versus orthotopic
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animal model). In addition, clinical observations and genetic manipulations in our
study have pointed to TSP-1 as a central mediator to inhibit the invasive ability of
activated fibroblasts and their subsequent recruitment to stroma. However, we
cannot completely rule out the possibility of other factors, e.g. the interaction with
TGF-B, involved in stroma reaction (Hugo C 2003).

To summarize, our current study demonstrates that TSP-1 plays a broader
role in tumor cell biology including the inhibition of activated fibroblast migration
and invasion, in addition to its well-known anti-angiogenic effects. In viewing the
fact that stromal therapy has recently emerged as a strategy for cancer treatment
(Meyerhardt JA and Mayer RJ 2005), this study carries significant implications with
regard to the application of targeted interventions on the TSP-1-mediated stroma
reaction may represent a potentially new strategy for inhibiting the progression of

cancer.
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Chapter 5 Discussion

5.1 How does TSP-1 regulate angiogenesis in cervical neoplasm

5.1.1 The roles of angiogenic activators in cervical neoplasm

VEGF is disulfide-bonded glycoprotein whose transcription and expression is
upregulated with hypoxia and appears to play an important role in the development
and growth of tumors (Senger DR et al. 1994). The tumor microvasculature,
accompanied by the overexpression of VEGF, was progressively upregulated
during the process of cervical carcinogenesis. VEGF has been found to increase
significantly in HSIL as compared with LSIL and benign epithelium (Guidi AJ et al.
1995). Meanwhile, Dobb et al. found the progressive increases in MVD and VEGF
expression starting at CIN | through CIN Il to invasive SCC. There was a strong
correlation between MVD and VEGF expression, and both were associated with
histological grade of CIN. The onset of angiogenesis is an early event in
premalignant changes of the cervix due to, in part, enhanced expression of VEGF
by the abnormal epithelium (Dobbs SP et al. 1997). Cheng et al. found that cytosol
VEGF might be a biomarker for the status of pelvic lymph nodes in early-stage
cervical carcinoma and an independent prognostic indicator of its overall survival
(Cheng WF et al. 2000). On the contrary, Raleigh et al. found no relationship
between hypoxia and VEGF expression in cervical cancer (Raleigh JA et al. 1998).
In summary, it appears that hypoxia is important in the response of cervical tumors
to treatment, but the actual angiogenic factors that play a role in the development
and progression of cervical tumors are not yet clear (Wolf JK and Ramirez PT

2001).

5.1.2 TSP-1 may play a comparative role to VEGF

TSP-1 and -2 can inhibit angiogenesis in response to many angiogenic cytokines
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and growth factors such as basic fibroblast growth factor (bFGF), VEGF and others
(Tolsma SS et al. 1993). Evidence suggests that TSP-1 is involved in angiogenesis.
However, the mechanisms by which TSP-1 regulates angiogenesis are not well
known, and the exact role of TSP-1 in angiogenesis has been controversial; both
stimulatory (Qian X et al. 1997) and inhibitory effects (Streit M et al. 1999) of TSP-1
on angiogenesis have been reported.

Up-regulation of angiogenesis activators alone may not be enough for the
emergence of angiogenic switch; it accompanies with down-regulation of some
angiogenesis inhibitors in the same time (Folkman J 1995b). Rastinejad et al.
demonstrated that tumor cells did not become angiogenic until they had
significantly reduced their own production of TSP (Rastinejad F et al. 1989). VEGF
has been found to increase significantly in HSIL as compared with low-grade
intraepithelial lesions and benign epithelium (Guidi AJ et al. 1995). TSP-1, as one
of the endogenous angiogenic inhibitors, may play the comparable role to other
angiogenic activators such as VEGF in the angiogenesis balance during cervical
carcinogenesis. In skin cancer model, down-regulation of TSP-1 and up-regulation
of VEGF happened coincidently and had spatial correlation throughout the
consecutive stages of tumorigenesis (Hawighorst T et al. 2001). Additionally, Kwak
et al. showed higher VEGF and lower TSP-1 expression in prostate cancer than in
non-cancerous tissues (Kwak C et al. 2002). Genetic evidences also imply that
TSP-1 and VEGF play a comparative role to each other; the overexpression of
VEGF and down-regulation of TSP-1 can be trigger by the same oncogene, ras;
and the loss function of tumor suppressor genes, p53. Activating mutations in K-ras
and H-ras up-regulate VEGF expression and down-regulate expression of TSP-1
(Udagawa T et al. 2002),(Rak J et al. 2000). Wild-type p53 normally suppresses

tumor angiogenesis by up-regulating TSP-1 (Dameron KM et al. 1994), and

74

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

suppressing transcription of VEGF (Zhang L et al. 2000). TSP-1 and VEGF appear
to be the constituents of a "switch" that regulates in concert many components of

the angiogenic and differentiated phenotypes of endothelial cells.

5.1.3 TSP-1 specifically induces endothelial cell apoptosis

TSP-1 inhibits angiogenesis and modulates endothelial cell adhesion, motility,
and growth. The type | repeats (TSR) of TSP-1 induced programmed cell death
(PCD) in bovine aortic endothelial cells based on morphological changes,
assessment of DNA fragmentation, and internucleosomal DNA cleavage. Intact
TSP1 also induced DNA fragmentation (Guo N et al. 1997). The endothelial cell
response was specific and not dependent on the activation of TGF-3 (Guo N et al.
1997; Miao WM et al. 2001). TSP-1 induces endothelial cell apoptosis by
involving interaction with the microvascular endothelial cell receptor CD36, which
is modulated by hypoxia and by oncogenes (de Fraipont F et al. 2001). The in
vivo and the induction of apoptosis by TSP-1 all required the sequential
activation of CD36, p59fyn, caspase-3 like proteases and p38 mitogen-activated
protein kinases (Jimenez B et al. 2000; Nor JE et al. 2000). Moreover, TSP-1
was significantly reduced in tumor-derived endothelial cells which display
increased survival and angiogenic properties in respect to normal endothelial
cells. Tumor-derived endothelial cells were shown to display a basal
upregulation of the phosphatidylinositol 3-kinase (PI3K)/Akt pathway. TSP-1
production by tumor-derived endothelial cells was enhanced by the treatment
with LY294002 and wortmannin (the PI3K inhibitors) and with rapamycin (the
mammalian target of rapamycin (mTOR) inhibitor). The blockade of TSP-1 with
an anti-TSP-1 antibody in negative dominant Akt tumor-derived endothelial cells

restored their proangiogenic phenotype. The upregulation of the PI3K/Akt/mTOR
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pathway is responsible for the inhibition of TSP-1 synthesis which is critical in
determining the proangiogenic phenotype of TEC (Bussolati B et al. 2006). A
recent report by Yamauchi et al. revealed a a novel antiangiogenic pathway of
TSP-1 mediated by suppression of the cell cycle, different to the known
mechanism of CD36-dependent endothelial cell apoptosis (Yamauchi M et al.
2007). The HUVEC, , TSP-1 induces little apoptosis of endothelial cells, which
did not express CD36 at detectable levels; but causes cell-cycle arrest,
increasing the amounts of p21(CIP/WAF-1) and unphosphorylated

retinoblastoma (Rb) (Yamauchi M et al. 2007).

5.1.4 TSP-1 acts as “an angiogenic fence” during cervical carcinogenesis

In bladder cancer, the down-regulation of TSP-1 secretion is a key event in the
switch from anti-angiogenic to an angiogenic phenotype, while VEGF seems to
play little role (Campbell SC et al. 1998). Recent work has identified TSP-1 as an
endogenous angiogenic inhibitor that plays an important role in the angiogenic
switch in skin, prostate and bladder cancers (Campbell SC et al. 1998; Hawighorst
T et al. 2001; Jin RJ et al. 2000). Wu et al. examined the spatial and temporal
expression of TSP-1 in patients with preinvasive and invasive squamous cell
carcinoma of the uterine cervix (Wu MP et al. 2004). Temporal relationship is that
TSP-1 decreases significantly during the transition from LSIL to HSIL, which is
concomitant with the increase of MVD counts. In spatial relationship, TSP-1 was
mainly localized on basal cervical epithelial cells, and arrayed like a barrier, and
was therefore proposed as the “TSP-1 fence”. The temporal and spatial
concordance of TSP-1 down-regulation and the emergence of angiogenesis which
occurred in early phase of cervical carcinogenesis imply that the “TSP-1 fence”

may act as an angiogenic barrier to inhibit angiogenesis. The disappearance of the
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angiogenic barrier may induce a vigorous angiogenic response for tumor growth
and perhaps tumor metastasis (Sheibani N and Frazier WA 1999).

The origin from where TSP-1 is produced is currently unknown, and two
possible origins including tumor cells themselves and host cells (e.g. stromal,
endothelial cells, etc) may be responsible for the production (Folkman J 1992).
Previous data suggested that the basal epithelial cells contribute to the production
of TSP-1 under physiological condition, and lose the ability to secrete TSP-1 during
the transition from LSIL to HSIL (Wu MP et al. 2004). As for the TSP-1 expression
and prognosis, Kodama et al. showed that TSP-1 mRNA expression was
significantly lower in advanced-stage cervical cancer, and its expression is of value
as a prognostic factor in cervical cancer (Kodama J et al. 2001). The inverse
correlation between TSP and MVD expressions also indicates that decreased TSP
expression may be associated with an angiogenic phenotype in this class of

neoplasm.

5.1.5 TSP-1 may influence angiogenesis by changing the ECM

The disappearance of “TSP-1 fence” modulates the peri-cellular environment, and
can potentially change the cell-matrix interactions associated with cell movement
and further progression. The basement membrane (BM), a specialized form of
ECM, has been recognized to be involved in the regulation of tumor angiogenesis
(Kalluri R 2003). TSP-1 does not appear to contribute directly to the structural
integrity of connective tissue elements. Instead, TSP-1 acts by modulating the
activity and bioavailability of protease and growth factors and by interaction with
cell-surface receptors (Bornstein P et al. 2000b; Stetler-Stevenson WG 1999).
MMPs have been shown to play an active role in the neovascularization of tumors

through their ability to degrade the ECM (Liotta LA et al. 1982; Zetter BR 1990).
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Bergers et al. showed that the switch from vascular quiescence to angiogenesis
involves MMP-9, which is up-regulated in angiogenic islets and tumors, rendering
VEGF more available to its receptors (Bergers G et al. 2000). Notably, MMP-9 is
negatively modulated by TSP-1. Thus, TSP-1 acts as a multifunctional modulator of
angiogenesis by modulating through the activity and bioavailability of MMP-9 (Albo
D et al. 2002; Qian X et al. 1997). How does TSP-1 modulate MMPs in cervical

carcinogenesis deserves further studies.

5.1.6 Do TSP-1 or other angiogenic inhibitors play a physiologic
gatekeeper role in cancer prevention

TSP-1 has been proposed to act as “an angiogenic fence” to inhibit angiogenesis
that occurs during cervical carcinogenesis (Wu MP et al. 2004). The loss of the
TSP-1 barrier in early cervical cancer lesions leads to more aggressive and more
vascular cancer phenotype. In a related situation, elevated angiogenesis inhibitor
endostatin level in conjunction with elevated VEGF are associated with either more
aggressive or with metastasis or shortened survival in renal cell cancer, colon
cancer, and soft tissue sarcoma (Feldman AL et al. 2001a; Feldman AL et al. 2002;
Feldman AL et al. 2001b). These observations showed that the angiogenic
inhibitors can be modulated as a result of changes in the tumor environment or in
tumor disease burden (Feldman AL et al. 2000; Ozatli D et al. 1999). Although
circulating angiogenic activators such as bFGF, VEGF and angiogenin have been
evaluated not only as diagnostic and/or prognostic factors in cancer patients, little is
known about the clinical significance of angiogenic inhibitors. Neither the source
nor the mechanism of TSP-1 protein externalization has been clarified in detail
(Kuroi K and Toi M 2001).

The cause-effect relationship of TSP-1 as a gatekeeper during cervical

78

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

carcinoma has not been clearly established. Although the levels of TSP-1
decreased with increasing malignancy potential of lesions, these determinations
are only semi-quantitative and may be influenced by the degree of antibody
reactivity and the samples variability (Libutti SK 2004). Meanwhile, the inverse
relationship between TSP-1 staining and severity of tumor lesions may be
influenced directly or indirectly by other processes, e.g angiogenic factors.
Similarly, a cause-effect relationship has never been established between
increasing MVD and decreasing TSP-1 levels (Libutti SK 2004). The prevention of
blood vessel development appears to be the mechanism of action of many
successful chemopreventive drugs of natural or synthetic origin, which is termed
"angioprevention". The hypothesis that anti-angiogenesis is at the basis of tumor
prevention also suggests that many anti-angiogenic drugs could be used for
chemoprevention in higher risk populations or in early intervention. There is a
growing body of experimental evidence that anti-angiogenic strategies will
contribute to the future therapy of cancer (Bisacchi D et al. 2003). Further work for
angiogenic inhibitors as therapeutic implications is to elucidate the causal-effect
relationship between the change of these angiogenic inhibitors and tumor
progression. Proof of such a relationship would provide a rationale for the use of
angiogenic inhibitors as preventive agents in patients at high risk for developing

cancer.

5.2 MVD and other modalities in evaluation of angiogenesis status

5.2.1 The usefulness of MVD in assessing angiogenesis

One often-quantified aspect of tumor vasculature is MVD. However, does MVD
measurement reflect every aspect of angiogenesis remains controversial? The use

of MVD measurement within isolated regions of high vessel concentration (i.e.,
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hotspots) was reported by Weidner et al. in the early 1990s, as a significant and
independent prognostic indicator in early-stage breast carcinoma (Weidner N et al.
1992). MVD is a measure of the number of vessels per high-power (microscope)
field which means inter-capillary distance. Inter-capillary distances are determined
at the local level by the net balance between angiogenic activators and inhibitors in
each micro-environment; it does not reflect the angiogenic activity or angiogenic
dependence of a tumor (Hlatky L et al. 2002). From this point, MVD may be a
useful prognostic indicator; however, it may not be a good indicator to monitor
anti-angiogenic treatment efficacy such as inclusion criteria or follow-up
parameters (Hlatky L et al. 2002). Though, both vascularity measurements, ICD
and MVD, provided independent prognostic information in multivariate analysis in
cervical neoplasm. There was a significant correlation between tumor hypoxia and

ICD but not MVD (Weber WA et al. 2001).

5.2.2 MVD used as a prognostic indicator in cervical neoplasm

MVD has been shown to serve as a prognostic indicator in cervical squamous cell
carcinomas (Abulafia O et al. 1999; Bremer GL et al. 1996; Di Leo S et al. 1998).
MVD together with depth of invasion, regional lymph node status, and vascular
invasion, is a strong independent prognostic indicator for overall survival in
patients with clinical stage IB cervical carcinoma (Dellas A et al. 1997). MVD may
play a role in predicting recurrence and survival in patients with stage Il squamous
cell cancer (Cantu De Leon D et al. 2003). Nevertheless, two reports
independently showed that high MVD predicts improved survival in cervical cancer
patients treated with radiotherapy (Siracha E et al. 1994) or intra-arterial
chemotherapy (Kohno Y et al. 1993). The vascular densities were significantly

higher in the effective group than the non-effective group. Rutgers et al. reported
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that increased angiogenesis in squamous cell carcinoma of the cervix is not
associated with a worsened prognosis (Rutgers JL et al. 1995). Another report
further addressed that MVD was not a significant prognostic factor, although it
might associate with the presence of lymph node metastases and vascular space
invasion of tumor cells (Graflund M et al. 2002).

It is possible that the discrepancies of results from MVD assay are due to the
methodology being used. For example, different types of antibody, as well as
whether MVD is assessed at the periphery or center of the tumor can influence its
value as a prognostic indicator. Vieira et al. compared the performance of three
different monoclonal antibodies, i.e. anti-CD31, anti-CD34 and BNH9 in the
guantification of angiogenesis in cervical cancer. The results showed that MVD
value estimated by anti-CD34 and BNH9 was significantly higher than that
estimated by anti-CD31. Furthermore, the agreement between anti-CD34 and
BNH9 to quantify microvessel density is higher than anti-CD31 with others (Vieira

SC et al. 2004).

5.2.3 MVD may not be an indicator of anti-angiogenic treatment efficacy

It is a common misconception that anti-angiogenic treatment can be applied only to
cancers with high MVD. However, MVD does not reflect the angiogenic activity or
angiogenic dependence of a tumor (Hlatky L et al. 2002). Since virtually all tumors
are angiogenesis-dependent, low MVDs within tumors are not sufficient criteria to
exclude patients from treatment with angiogenesis inhibitors (Folkman J et al.
2000). Also, MVD is not predictive of tumor response under anti-angiogenic
treatment and therefore is not useful for stratifying patients for clinical trials (Hlatky
L et al. 2002). There was a considerable degree of heterogeneity in the intensity of

angiogenesis within each tumor. In many situations, the MVD count of a tumor is
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often lower than that of its corresponding normal tissue (Eberhard A et al. 2000).
Also, rapid tumor growth does not imply high MVD, because tumor cells can
remain viable at lower oxygen concentrations. In other words, they can exist at
greater distances from the vasculature than can their normal-cell counterparts.
Individual tumors can make a wide variety of angiogenic activators, and the
relative expressions of these factors can change over time. The net angiogenic
influence of the tumor microenvironment should be thought of as the sum of the
angiogenic activators and inhibitors that arise from both the tumor cells (Hahnfeldt
P et al. 1999) and host tissues (Hlatky L et al. 1994). Tumor MVD count may not
vary in accordance with the tissue or blood levels of any single angiogenic
activator (Hlatky L et al. 2002). Anti-angiogenic therapy has an ultimate limitation to
tumor size under angiogenic control, where opposing angiogenic stimuli come into
dynamic balance (Hahnfeldt P et al. 1999). All tumor vessels are not equal in their
ability to provide oxygen and nutrients to the tumor cells they support. Some can
be ineffective. Thus, inhibition of ineffective vessels has little consequence in the
reduction of tumor growth (Hlatky L et al. 2002). The lack of a parallel relationship
between tumor size and tumor MVD points to the error in interpreting the lack of a
decrease in MVD during therapy as a failure to inhibit vascularization. Thus, the
efficacy of anti-angiogenic agents cannot be simply visualized by alterations in

MVD during treatment period (Hlatky L et al. 2002).

5.2.4 Other models for angiogenesis study

Though MVD offers a convenient way for the evaluation of angiogenesis, it still has
its limitations. Hypoxia my not be morphologically detectable and is more likely to
be detected by functional imaging than by histological tissue assessment (Mayr NA

et al. 1999). Cheng et al. developed a novel method to evaluate in vivo
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angiogenesis in patients with cervical carcinoma. Using color Doppler ultrasound
and a quantitative image processing, they found that intratumoral vascularity index
(V1), but not resistant index (RI), showed better correlation with tumor stage, tumor
size, depth of stromal invasion, lymphovascular emboli, and pelvic lymph node
metastases. In addition, the in vivo indicator of angiogenic activity (VI) is well
correlated with the conventional indicator of tumor angiogenic activity, MVD
(Cheng WF et al. 1999). Recently, the combined use of three-dimensional (3D)
imaging and power Doppler provides the possibility to assess the cervical cancer
volume and quantify the power Doppler signal in the whole target organ, which is in
contrast to two-dimensional (2D) ultrasound where information on vascularization
and blood flow is restricted to one subjectively chosen 2D plane. We have
demonstrated that 3D power Doppler ultrasound system is accurate in the
measurement of cervical cancer volume and provides a global assessment of the
vascular heterogeneity in cervical cancer (Hsu KF et al. 2004). Therefore, it can be
used in the monitoring of response and vascular changes of tumors after
anti-angiogenesis therapy. Tumor vascularity and oxygenation have long been
implicated as important determinants of radiation therapy (Mayr NA et al. 1999),
and tumor oxygenation levels can be measured by using a sterile polarographic
needle electrode (Cooper RA et al. 2000). Alternatively, dynamic
contrast-enhanced pattern of magnetic resonance imaging (MRI) are used to
asses tissue microcirculation. Tumor perfusion imaging is non-invasive and has
the potential to be easy to implement clinically, and reproducible for therapy
monitoring (Hawighorst H 1999; Ueda T et al. 1999). The dynamic contrast MRI is
based on the combination of rapid dynamic MRI techniques and bolus injection of
gadolinium (Gd) contrast agent. In the first-pass (bolus injection) method, contrast

enhancement patterns are used to assess tissue microcirculation (Ueda T et al.
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1999). The equilibrium method is based on tracer-kinetic model to measure tissue
perfusion (Hawighorst H 1999). There is reportedly a significant correlation
between tumor oxygenation measured on pO, histograph and maximal
enhancement of tumor in dynamic contrast-enhanced MRI. However, intra-tumor
MVD and MRI parameters are not significantly correlated (Cooper RA et al. 2000).
Results from Mayr et al. further suggested that MR microcirculation parameters do
not always correlate with histo-morphometric parameters, while there is evidence
that MR parameters predict patients' treatment outcome. It can be interpreted as
that MR microcirculation assessment may reflect the "dynamic”, instead of “static”
single time point by histo-morphologic parameters, angiogenic and metabolic
status of a tumor (Mayr NA et al. 1999).

Various in vivo and in vitro models have been developed to test the effects of
angiogenic agonists or antagonists. In developing an animal model for
angiogenesis study, Guedez et al. described the directed in vivo angiogenesis
assay (DIVAA) to overcome the difficulties for quantifying the angiogenic response.
The assay consists of subcutaneous implantation of semi-closed silicone cylinders
(angio-reactors) into nude mice, and the results seemed reproducible and
guantitative in dose-response analysis and was capable of identifying the effective
doses of angiogenesis-modulating factors in vivo (Guedez L et al. 2003).
Alternatively Matrigel-perfusion assay is widely used to measure angiogenesis.
Matrigel, an extracellular matrix gel-like plug, contains angiogenic factors and/or
experimental inhibitor is implanted into the skin of mice. The new blood vessels
that grow into the plug can be quantified by measuring perfusion of hemoglobin or
large fluorescently tagged molecules (such as intravenously administered dextran)
into the plugs (Kerbel RS and Kamen BA 2004). Subsequently, Guidolin et al.

described an automatic image analysis method to evaluate the angiostatic activity
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by using the in vitro Matrigel assay. This method allows to establish several
parameters, such as dimensional (area % covered by endothelial cells and the
total length of the cellular network per field), topological (the number of meshes
and the number of branching points per field), and fractal (fractal dimension,
lacunarity) of the capillary-like network (Guidolin D et al. 2004). Their results
indicate that both topological and fractal parameters allowed a characterization of
the spatial texture generated by endothelial cells during in vitro angiogenesis, and
it can be implemented in a computer program to facilitate calculation, and exhibit a

wider dynamic range than the fractal ones (Guidolin D et al. 2004).

5.3 Anti-angiogenic therapy offers a paradigm shift for anti-cancer therapy
5.3.1 Tumor vasculature as a therapeutic target

There exist some limitations in conventional chemotherapy, e.g. tumor cells are
easy to develop resistance to cytotoxic agents that cause DNA damage or disrupt
DNA replication, a phenomenon related to their genomic instability after varying
periods of sensitivity (Kerbel RS et al. 2001). Conventional chemotherapy
scheduling are normally given on one or a few consecutive days, followed by 3 to
4-week periods of rest, to allow recovery of normal proliferating cells, mainly bone
marrow progenitors. The applied clinical strategy involves multidrug regimens
designed to kill as many tumor cells as possible by administering combined
cytotoxic agents at the maximum tolerated dose (MTD). The goal is to obtain total
eradication of the cancer cells (Gasparini G 2001). However, most solid neoplasms
are the result of multiple genetic abnormalities and may contain heterogeneous
subpopulations of cells with different cell kinetics, invasive, and metastatic
properties (Fidler 13 and Ellis LM 2000).

There are more and more researches highlight the importance of tumor-host
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interactions and of the surrounding microenvironment in tumor development,
invasiveness, metastasis, and responsiveness to therapy. There are some
advantages to regard tumor vasculature as the therapeutic targets. Tumor
endothelia, as compared with tumor cells, are composed of more genetically stable
cells. It is less likelihood of emergence of acquired chemo-resistance. There are
fewer systemic side-effects and less toxicity. They offer a more feasibility of
long-term administration and possibility of combination with other cytostatic and/or
molecularly-targeted therapy (Gasparini G 2001). Furthermore, tumor endothelia
are qualitatively distinct from normal endothelia at the molecular level, so they offer
a specific and selective target (St Croix B et al. 2000). Systemic administration of
inhibitors can easily target with no difficulty in reaching the concentration of drug
needed (Gasparini G 2001). Tumor endothelia may proliferate under the stimulus
of known growth factors, so therapeutic neutralization of endothelial cell growth
factors can also be used as a therapeutic modality (Klement G et al. 2000). The
proliferation and migration of tumor endothelia can be inhibited by naturally
occurring angiogenesis inhibitors, e.g. endostatin, angiostatin, TSP-1, etc.
(Browder T et al. 2000; O'Reilly MS et al. 1997). Recently, promising results have
been reported in an adult phase | study of ABT-510, a peptide derivative of TSP-1.
Total cessation of tumor growth was achieved by the combination therapy with a
histone deacetlylase inhibitor (valproic acid, VPA), while the microvascular density
was significantly reduced as compared with controls or tumors treated with single
agents in neuroblastoma xenografts. In addition, the number of structurally
abnormal vessels was reduced, suggesting that these agents may "normalize" the
tumor vasculature (Yang Q et al. 2007). Endothelial cells do not appear to acquire
resistance to some antiangiogenic agents. It offer the possibility of re-inducing a

response after interruption of therapy (Boehm T et al. 1997)..
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5.3.2 Low-dose ‘metronic’ chemotherapy is anti-angiogenic
Surprisingly, cytotoxic chemotherapy is found to have anti-angiogenic effects,
particularly when administered at low and frequent doses. This scheduling is more
effective in targeting tumor endothelia than large single bolus doses followed by
long rest period (Browder T et al. 2000). Conventional cytotoxic chemotherapeutic
drugs were designed to treat cancer by directly killing or inhibiting the proliferation
of rapidly dividing tumor cells. However, recent studies have highlighted the
possibility that cytotoxic agents might reasonably be considered to have
meaningful anti-angiogenic activity as a secondary mechanism (Miller KD et al.
2001). Browder et al. developed an alternative anti-angiogenic schedule for
administration of cyclophosphamide that provided more sustained apoptosis of
endothelial cells within the vascular bed of a tumor (Browder T et al. 2000). The
use of chronically administering chemotherapeutic agents in a frequent, even daily,
significantly low doses below the MTD, with no prolonged drug-free breaks is
called “anti-angiogenic” or “metronomic” chemotherapy (Hanahan D et al. 2000).
Evidences of this antiangiogenic activity of metronomic chemotherapy have been
conducted in vivo mouse corneal model (O'Leary JJ et al. 1999), disc model
(Presta M et al. 1999), chorio-allantoic membrane (CAM) (Presta M et al. 1999).
The sustained and potent anti-angiogenic effects are based on targeting the
endothelial cells of newly growing tumor blood vessels (Browder T et al. 2000;
Klement G et al. 2000). The activated, differentiated endothelial cells, as well as
circulating endothelial progenitor cells, are sensitive to low-dose chemotherapy
(Bertolini F et al. 2003; Wang J et al. 2003).

The potential advantages of metronomic chemotherapeutic include: (i) it may

significantly delay the onset of mutation-dependent mechanisms of acquired drug
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resistance, because the target of the therapy is presumed to be the genetically
stable, activated endothelial cells rather than the genetically unstable highly
mutable cancer cells (Bocci G et al. 2003); (ii) it would facilitate the efficacy and
durability of long-term integration of chemotherapy drugs with targeted
antiangiogenic agents (Klement G et al. 2000); (iii) it can reduce or lose traditional
toxic side effects due to the high sensitivity and selectivity characters (Bocci G et al.
2002; Wang J et al. 2003); (iv) it could induce an antiangiogenic effect by
decreasing the mobilization and/or viability of circulating bone marrow-derived

endothelial precursor cells (CEPSs) (Lyden D et al. 2001).

5.3.3 TSP-1 plays the angio-inhibitory roles via a mediator of the low-dose
metronomic chemotherapy, in addition to direct endothelial targeting

TSP-1 has been shown to possess potent angio-inhibitory effects in epithelial
tumor development. Experiment showed that human squamous cell carcinoma cell
lines, stably transfected to overexpress human TSP-1 exhibit inhibited tumor
growth or completely abolished tumor formation in xenotransplants (Streit M et al.
1999). In addition to the direct targeting effects, Bocci et al. reported that
protracted exposure of endothelial cells in vitro to low concentrations of cytotoxic
chemotherapeutic drugs caused marked induction of gene and protein expression
of TSP-1. Increases in circulating TSP-1 were also detected in the plasma of
human tumor-bearing severe combined immunodeficient mice treated with
metronomic low-dose cyclophosphamide (Bocci G et al. 2003). The induced
angiogenic inhibitor can cause further growth arrest or apoptosis of endothelial
cells. The induction of TSP-1, as a secondary mediator of the anti-angiogenic
effects, in low-dose metronomic chemotherapy regimens can explain the ‘indirect’

pathway induce growth arrest or apoptosis of endothelial cells (Kerbel RS and
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Kamen BA 2004). In summary, TSP-1 may exhibit its anti-angiogenic effects in two
ways: one is its direct targeting on endothelia; the other one is that it acts as a

mediator of metronomic chemotherapy.

5.4 Host stroma is an active participant during tumor progression
5.4.1 Myofibroblasts in host stroma stimulate cancer invasion
Interactions between cancer cells and the tissue microenvironment play an
essential role in controlling tumor development and progression (Willhauck MJ et
al. 2007). Maintenance of epithelial tissues needs the stroma. When the epithelium
changes, the stroma inevitably follows. The changes in the stroma drive invasion
and metastasis, the hallmarks of malignancy (De Wever O and Mareel M 2003).
However, Kinzler and Volgestein proposed landscape defect to describe that
changes in the epithelial compartment might be secondary to alterations of the
stroma stroma reaction occurs before epithelial changes (Kinzler KW and
Vogelstein B 1998). A subcutaneous syngeneic colon cancer (PROb) model
revealed the invasive cancers were rich in myofibroblasts localized mainly at the
front of invasion (Dimanche-Boitrel MT et al. 1994). However, the original PROb
cells harvested from routine cell culture failed to invade when confronted in vitro
with collagen, Matrigel or embryonic chick heart tissue. By contrast, freshly
dissociated tumor cell suspensions, containing PROb cells and tumor-associated
stromal cells, were invasive in all three in vitro assays (Dimanche-Boitrel MT et al.
1994). Therefore, epithelial compartment and stroma compartment might invade
each other.

Fibroblasts are regarded as precursors of tumor-associated myofibroblasts,
however, they are not the only ones. Other precursors to be considered comprise

preexisting myofibroblasts, CD34-positive stem cells, smooth muscle cells and
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pericytes. In cocultures of epithelial organoids, vascular smooth muscle cells and
pericytes participated at the formation of myofibroblasts to a lesser extent than
fibroblasts (Ronnov-Jessen L et al. 1995).

The interaction between the epithelial and mesenchymal compartments
creates a local heterotypic ‘invasion field’ from which the metastatic cell emerges
and disseminates. De Wever et al. showed the pro-invasive activity of
myofibroblasts using human colon cancer cells from established cell lines with
myofibroblasts compared with fibroblasts. Stromal cells isolated from surgical
colon cancer fragments yielded myofibroblasts, while, stromal cells from normal
mucosa at some distance from the tumor yield normal mucosa (De Wever O et al.
2004a). In 48-hour cultures, the colon cancer cells invaded into the collagen only
when myofibroblasts but not fibroblasts were added to the collagen. The
pro-invasive activity was found also with conditioned media from myofibroblast but
not from fibroblast cultures instead of the cells themselves (De Wever O et al.
2004a). Ronnove-Jessen et al. yielded fibroblasts and myofibroblasts isolated
primary cultures from normal breast tissue and from carcinomas, respectively
(Ronnov-Jessen L et al. 1992). Breast cancer cells formed smooth-edged spheres
when alone inside collagen, however they invaded into the collagen when
cocultured with myofibroblasts (Ronnov-Jessen L et al. 1995). This illustrates that
the source of the fibroblasts and the coculture conditions are crucial for the

interaction with cancer cells (Kunz-Schughart LA et al. 2001).

5.4.2 Myofibroblasts themselves are invasive
Myofibroblasts are present in the stroma of many malignant tumors and they are
frequently localized at the front of invasion (De Wever O and Mareel M 2003).

That myofibroblasts may participate at the transition from the noninvasive toward
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the invasive phenotype is compatible with their appearance in benign lesions
that have a high risk of progression toward invasive cancer. In CIN (cervical
intraepithelial neoplasia), a-SMA-positive stromal cells were considered as a
sign of imminent invasion (Cintorino M et al. 1991). Moreover, the presence of
myofibroblasts has been positively correlated with poor prognosis (Seemayer TA
et al. 1979).

Experimental and clinical observations indicate that myofibroblasts produce
pro-invasive signals. N-Cadherin and its soluble form act as invasion-promoters.
N-Cadherin is expressed in invasive cancer cells and in host cells such as
myofibroblasts, neurons, smooth muscle cells, and endothelial cells.
N-Cadherin-dependent heterotypic contacts may promote matrix invasion,
perineural invasion, muscular invasion, and transendothelial migration; the
extracellular, the juxtamembrane and the beta-catenin binding domain of
N-cadherin are implicated in positive invasion signalling pathways (De Wever O
et al. 2004a).

Myofibroblasts invade the tumor site and this invasion may proceed
angiogenic invasion. Fukumura et al. used solid tumor implantation in transgenic
mice expressing GFP under the control of the VEGF promoter leads to induction of
VEGF promoter activity in myofibroblast-like cells. Subsequently, GFP-positive
myofibroblast-like cells invade the whole tumor site (Fukumura D et al. 1998).
During avascular growth of developing hepatic metastases, myofibroblast-like cells
are already present, before endothelial cell recruitment (Olaso E et al. 2003). De
Wever et al. studied the invasion mechanism in collagen type | of myofibroblasts
treated with colon cancer cell-derived TGF-B1. The experiments demonstrate that
TGF-B stimulates migration on solid substrate and invasion into collagen of

myofibroblasts and that N-cadherin is a necessary element in the pro-invasive loop
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(De Wever O et al. 2004b). N-cadherin activity was implicated in TGF- stimulated

invasion.

5.5 Factors acting on fibroblast trans-differentiation and activation

5.5.1 Factors that enhance fibroblasts activation and transdifferentiation
The main precursors of myofibroblasts are fibroblasts. There are many factors
which can enhance Factors that enhance fibroblasts activation and
transdifferentiation, e.g. TGF-3, p311, Unc 119, etc.

TGF-B is a potent inhibitor of epithelial cell growth and migration (Annes JP et
al. 2003). On the other side, it can stimulate migration, proliferation and contractility
of mesenchymal cells, and increases the production of typical extracellular-matrix
components. TGF-B is one of the candidate signals from the cancer cells
converted the fibroblasts into myofibroblast which in their turn made the cancer
cells invasive (Desmouliere A et al. 1993; Ronnov-Jessen L and Petersen OW
1993; Ronnov-Jessen L et al. 1992). Cancer cell-derived TGF-f is able to directly
transdifferentiate fibroblasts to myofibroblasts, characterized by morphological
changes and up-regulation of a-SMA in vitro and in vivo (Desmouliere A et al. 1993;
Ronnov-Jessen L and Petersen OW 1993; Tuxhorn JA et al. 2002b). The in vitro
findings that TGF-B induces myofibroblast transdifferentiation in cancer were
confirmed in prostate- and colon-cancer mice models (Tuxhorn JA et al. 2002a;
Tuxhorn JA et al. 2002b). Moreover, TGF-3 causes accumulation of N-cadherin at
the tip of myofibroblast filopodia which was implicated in myofibroblast invasion
(De Wever O et al. 2004b). TGF- causes cancer progression through paracrine
and autocrine effects (De Wever O and Mareel M 2003). Paracrine effects of
TGF-B implicate stimulation of angiogenesis, escape from immuno-surveillance

and recruitment of myofibroblasts. Autocrine effects of TGF-[3 in cancer cells with a
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functional TGF- receptor complex may be caused by a convergence between
TGF-B signalling and beta-catenin or activating Ras mutations (De Wever O and
Mareel M 2003). Fibroblasts, migrating from vascular structures in vitro were
converted to myofibroblasts by breast carcinoma cells MCF-7 or their conditioned
medium (Ronnov-Jessen L et al. 1992). In resting fibroblast cultures deprived of
serum, a-SMA was induced without concurrent cell proliferation by addition of
TGF-B or conditioned medium of MCF-7 cell cultures. The activity of the
conditioned medium was neutralized by antibody against TGF- (Ronnov-Jessen L
and Petersen OW 1993). In 3-D cultures cancer cells and TGF-8 induced a-SMA
but the response was more variable than in 2-D cultures on solid substrate
(Kunz-Schughart LA et al. 2003). With human colon fibroblasts, the induction of
a-SMA was dependent upon the time of treatment and the concentration of TGF-3
the a-SMA-inducing activity of conditioned media from colon cancer cell cultures
was neutralized by an antibody against TGF-3 (De Wever O et al. 2004a).

TSP-1 is one of the key regulators of TGF-B (Crawford SE et al. 1998). TSP-1
has been reported to function as an activator of TGF-f and this activity has been
mapped to the type-1 repeats of TSP-1 (TSRs) (Crawford SE et al. 1998; Kawataki
T et al. 2000). The activation of TGF- by TSP-1 can either inhibit (Miyanaga K et
al. 2002) or increase (Kawataki T et al. 2000) malignancy in different cell types.
The complexity and duality of function of TSP-1 and TGF-B may be due to the
ability to suppress tumor cell proliferation at early stages, and to enhance tumor
invasion and metastasis by affecting the host stroma in later stages (Radisky DC
and Bissell MJ 2004). Therefore the mechanisms supporting TGF-B-mediated
inhibition of tumor growth and tumor angiogenesis are complex and vary with the
type of tumor.

TSP-1, in our model, inhibits the migration, and invasive ability of
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myofibroblasts, but not a-SMA expression. TSP-1 may inhibit the myofibroblasts
activity in a TGF-B-irrelevant pathway (Wu MP et al. 2008). The relationships
between TSP-1 and TGF- in tumor growth need to be further investigated in a
variety of tumor in order to determine important common signaling pathways for
the regulation of tumor growth (Ren B et al. 2006). Moreover, the interaction
between TGF-B and TSP-1 and the final biologic effects on tumor progression is
still unclear. The underlying mechanisms that lead to the activation of storma and,
more precisely, to the conversion and/or recruitment of fibroblasts that exhibit
myofibroblastic phenotype need further exploration (Micke P and Ostman A 2004).

P311, an intracellular protein involved in cell migration, is found in human
wound myofibroblast precursors (proto-myofibroblasts) and myofibroblasts. By
binding to the TGF-B1 latency associated protein (LAP), P311 induced NIH 3T3
cells to transform into non-fibrogenic myofibroblasts characterized by lack of
TGF-B1 production (Shi J et al. 2006). Meanwhile, P311-induced myofibroblasts
migrate in an ameboid, which is characterized by lack of focal adhesions and
stress fibers, rather than a mesenchymal pattern. Ameboid migration is also
characterized by absence of integrins and MMPs clustering/activation and
changes in small GTPases activity, all leading to increased cell motility. TGF-betal,
the major stimulus of collagen production during wound repair, also reversed the
ameboid phenotype to mesenchymal. P311 promotes a motile proto-myofibroblast
and myofibroblast phenotype specifically adapted to rapidly populate the initial
wound matrix (Shi J et al. 2006).

Uncl19 is an adaptor protein that is involved in the development of the
vertebrate nervous system. Unc119 was found to stimulate the induction of a-SMA
and myofibroblast differentiation by TGF- in human lung fibroblasts (Vepachedu

R et al. 2007). Unc119 increases the kinase activity of Fyn and associates with itin
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coprecipitation and colocalization studies. Phosphorylation and activation of Fyn in
response to TGF-f and platelet-derived growth factor is delayed in
Uncl19-deficient cells. This delay translates into suppressed cell proliferation. In
Src family kinase-deficient (SYF) cells, Unc119 knockdown does not affect cell
proliferation. Unc119 overexpression does not stimulatea-SMA in SYF cells and
this defect is restored upon reconstitution with Fyn indicating that Uncl19
stimulation of a-SMA requires at least Fyn. Unc119 overexpression stimulated p38,
but not JNK, phosphorylation. Blocking p38 MAPK resulted in reduceda-SMA
expression by Unc119 suggesting that the p38 pathway regulates Unc119-induced
myofibroblast differentiation. Unc119 stimulates the production of TGF- and IL-6,
known inducers of myofibroblast differentiation. The results suggest that Unc119
plays an important role in fibrotic processes through myofibroblast differentiation

(Vepachedu R et al. 2007).

5.5.2 Factors that inhibit fibroblasts activation and transdifferentiation
Reversine, a 2,6-disubstituted purine, was discovered that induces lineage
reversal of C2C12 myoblast cells to become multipotent progenitor cells which can
redifferentiate into osteoblasts and adipocytes (Chen S et al. 2004). Moreover,
reversine is active in multiple cell types, including 3T3E1 osteoblasts and human
primary skeletal myoblasts. Biochemical and cellular experiments suggest that
reversine functions as a dual inhibitor of nonmuscle myosin Il heavy chain and
MEK1, and that both activities are required for reversine's effect (Chen S et al.
2007). This and other such molecules are likely to provide new insights into the
molecular mechanisms that control cellular dedifferentiation

Adenylyl cyclase agoinst was found to inhibit cardiac myofibroblast

formation and collagen synthesis by activation and overexpression of adenylyl
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cyclase. A 24-h incubation of cardiac fibroblast with TGF-Bbeta or angiotensin Il
increased a-SMA expression, which was inhibited by the adenylyl cyclase agoinst
forskolin and a cAMP analog that activates protein kinase A. Treatment with
forskolin blunted serum-, TGF-B, and angiotensin Il-stimulated collagen synthesis.
Thus, adenylyl cyclase stimulation blunts collagen synthesis and, in parallel, the
transformation of adult rat cardiac fibroblast to myofibroblasts. (Swaney JS et al.
2005)

Scaffold. Willhauck et al. report that stromal modulation induced by a
biodegradable meshwork (Hyalograft 3D) inhibited tumor vascularization and
invasion of the locally invasive low-grade malignant human HaCaT-ras II-4
keratinocytes in a surface xenotransplantation assay (Willhauck MJ et al. 2007).
The scaffold caused formation of an active granulation tissue that shifted to a
fibrotic-type connective tissue with accumulation of myofibroblasts and collagen
bundles (De Wever O et al. 2004a). Most importantly, in transplants with scaffolds,
the epithelial-stromal border was normalized developing an ultrastructurally
complete basement membrane (BM) including hemidesmosomes. The observed
reversion of the tumor phenotype was not due to decreased tumor cell proliferation
but correlated with normalization of epidermal differentiation, condensation of ECM
and reduction of peritumoral protease activity Furthermore, inhibited invasion was
paralleled by eliminated tumor vascularization (Willhauck MJ et al. 2007). This was
substantiated by a diminished endothelial VEGF-receptor (VEGFR) expression
and, in turn, by a concomitant increase in TSP-1 and endostatin, known to impair
angiogenesis. This clearly demonstrates that the scaffold-modulated connective
tissue not only blocks tumor invasion but reverts the tumor phenotype (Willhauck
MJ et al. 2007).

SPARC is a matricellular glycoprotein that is capable of inhibiting the growth of
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several different types of cancer by enhancing tumor stroma formation and
prevents fibroblast activation (Chlenski A et al. 2007b). SPARC was noted to
impair the growth of xenografts comprised of 293 cells. In addition to enhancing
stroma formation, SPARC prevents fibroblast activation in 293 xenografts,
suggesting that the anti-cancer effects of SPARC may be due, at least in part, to
the formation of tumor stroma that is not supportive of tumor growth. In vitro, 3T3
fibroblasts cocultured with SPARC-transfected 293 cells remain negative for
a-SMA, whereas wild-type 293 cells induce fibroblast activation. Moreover,
activation of 3T3 cells and primary fibroblasts by TGF-B is blocked by SPARC
treatment. Therefore, in addition to blocking angiogenesis, SPARC may inhibit
tumor growth by promoting the assembly of stroma that is non-permissive for
tumor progression (Chlenski A et al. 2007b). SPARC has deadhesive effects on
cultured cells and have been characterized as antiproliferative factors in some
cellular contexts (Framson PE and Sage EH 2004).

Although, TSP-1 has significant effects on stroma marker expression,
myofibroblast migration and Matrigel invasion, however, it has little effect on the
transdifferentiation of quiescent fibroblasts into myofibroblasts, characterized by
the overexpression of a-SMA, either by transfection or direct addition in vitro. It is
different from other study by Chlenski A, et al. that SPARC prevent fibroblast
activation by downregulating of a-SMA in myofibroblasts, as well as enhancing
normal fibroblast migration ability and eventually increasing unresponsive tumor
stroma formation that is not supportive of tumor growth (Chlenski A et al. 2007a).
In contrast, TSP-1 inhibits myofibroblast migration, but limited effect on a-SMA
expression. Thus, we speculate that the alteration of a-SMA expression may not

be necessarily in TSP-1-induced decrease stroma reaction in all kinds of cancer.
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Chapter 6 Conclusion and implications
6.1 Tumor angiogenesis can be used as a therapeutic target
Angiogenesis plays a critical role in the growth and metastasis of tumors. TSP-1 is
a potent angiogenesis inhibitor, and the down-regulation of TSP-1 has been
suggested to alter tumor growth by modulating angiogenesis in a variety of tumor
types. Expression of TSP-1 is up-regulated by the tumor suppressor gene, p53,
and down-regulated by oncogenes such as Myc and Ras. TSP-1 inhibits
angiogenesis by inhibiting endothelial cell migration and proliferation and by
inducing apoptosis. An understanding of the molecular basis of TSP-1-mediated
inhibition of angiogenesis and tumor progression will aid in the development of
novel therapeutics for the treatment of cancer (Ren B et al. 2006).
Anti-angiogenesis effect of metronomic scheduling has cause the paradigm
shift from conventional dose-density chemotherapy to metronomic scheduling.
Significant anti-angiogenic and anti-tumor effects are unlikely to be achieved in the
clinical setting with a single chemotherapeutic agent at metronomic doses.
Pioneering studies by Kakeji and Teicher showed the potentiality or synergism
when angiogenic inhibitors were combined with standard schedules of certain
cytotoxic agents (Kakeji Y and Teicher BA 1997). The efficacy of metronomic
chemotherapy can be significantly increased when administered in combination
with anti-angiogenic drugs, such as antibodies against VEGF or VEGFR2
(Klement G et al. 2000). Browder et al. have used cyclophospamide and TNP-470
to reveal the antiangiogenic capability of cancer chemotherapy to eradicate
chemo-resistant tumors (Browder T et al. 2000). The proposed rationale for the
beneficial effect of such combinations was based on their ability to target both the
parenchymal and stromal components of neoplasia (Gasparini G and Harris AL

1994). Tumor endothelial targeting and tumor cell targeting should not be thought
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of as mutually exclusive. Antiangiogenic therapy can be added to chemotherapy,
radiotherapy, immunotherapy, gene therapy or any other traditionally cancer
cell-directed modality (Folkman J et al. 2000).

A “new” paradigm for dosing of chemotherapy is theoretically based on
targeting the vascular system of the tumor rather than the tumor itself by using
low-dose continuous chemotherapy (Kamen BA et al. 2000). As angiogenic
inhibitors become more widely used in anti-cancer therapy. It will be important to
reduce the harsh side-effects and risk of drug resistance of conventional
chemotherapy (Folkman J 2003b). The paradigm of anti-cancer treatment may
shift from cancer-centered to epigenic, endothelia-centered therapy (Folkman J et
al. 2000). The focus is not on the gene alterations within tumor cells, but on
physiological constraints imposed on the overall tumor system (Kamen BA et al.
2000). Conventional anticancer therapy use cytotoxic drugs to kill tumor cells and
to achieve the goal of cancer eradication. Homogeneous groups of patients are
treated with the same chemotherapeutic schedule (Gasparini G 2001). While,
individual tailored therapy use metronomic therapy and/or molecular target
treatments (e.g. angiogenic inhibitors) to target the molecular abnormalities
involved in tumor and endothelia to achieve the goal of cancer control in each
patient (Gasparini G 2001). The final goals of anti-angiogenesis therapy are not to
cure cancer, instead, it is to make cancer more survivable and controllable, and
eventually to be converted to a chronic manageable disease, like heart disease or
diabetes, especially in conjunction with radiation, chemotherapy and other

treatment (Ezzell C 1998).

6.2 Stroma reaction can be used as a therapeutic target

In viewing the fact that stromal therapy has recently emerged as a strategy for

99

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

cancer treatment. The clinical studies have shown the effective treatment for many
types of cancer (Meyerhardt JA and Mayer RJ 2005). TSP-1 is potentially an
example of a molecule that is capable of altering the composition of the tumor
stroma, in addition to inhibiting angiogenesis. By inhibiting vascular cells, inhibiting
the recruitment and preventing fibroblast activation, TSP-1 may play a role in
‘normalizing’ the tumor stroma and creating a microenvironment that is
on-permissive for tumor growth (Wu MP et al. 2008). Myofibroblasts, the major
component of stroma, plays a major role in tumor progression (Desmouliere A et al.
2004). However, the definite role of TSP-1 in myofibroblasts still remains to be
determined. Both the upregulation (Castle VP et al. 1993) and repression
(Sheibani N and Frazier WA 1996) of TSP-1 have been reported to cause NIH3T3
into the malignant phenotype. Our data revealed the inhibitory effect of TSP-1 in
myofibroblast migration and invasion, like those in the wound healing processes
(Streit M et al. 2000). Integrin-ERK1/2 pathway is related to migratory ability and
spindle-like morphological alterations, as evidenced by actin polyperization and
focal adhesion-complex aggregation (Chen PS et al. 2007). It has been reported
that TSP-1, cooperatively with integrin, affects focal adhesion kinase-dependent
signaling to induces focal adhesion disassembly and spreading (Orr AW et al.
2004; Sipes JM et al. 1999). Further work on the biologic mechanisms of
myofibroblast recruitment is needed, before myofibroblasts could be used as a

therapeutic target or biologic tracer of cancer cells.

6.3 Conclusion
After the clinical observation that TSP-1 plays an important role in the regulation of
angiogenic switch during cervical carcinogenesis (Wu MP et al. 2004), we further

elucidate the cause-effect relationship between TSP-1 and tumor-stroma
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interaction (Wu MP et al. 2008). The in vivo xenotransplant animal model
elucidates the anti-angiogenic effect of TSP-1 and the ability to modulate
tumor-stroma interaction morphologically and functionally. Furthermore, TSP-1
reduces the stroma reaction by changing the behaviors of stromal cells, i.e.
myofibroblasts in multicellular Matrigel co-culture model. Much work on the
biologic mechanisms of fibroblast recruitment is needed, but the present study
may offer the evidence that TSP-1 can change the tumor-stroma reaction during
tumor progression by acting on the activity of myofibroblasts (Wu MP et al. 2008).
It suggests that fibroblasts could be used as a biologic tracer of cancer cells and
could act as an efficient drug delivery system to prevent or slow the local growth of
cancer cells. Elucidation of the mechanism by which fibroblasts are recruited into
cancer stroma could lead to new insights into not only the mechanisms of cancer
progression but also strategies for cancer treatment. A better understanding of
stromal contributions to cancer progression will likely increase our awareness of
the importance of the combinatorial signals that support and promote growth,
dedifferentiation, invasion, and ectopic survival and eventually result in the
identification of new therapeutics targeting the stroma (De Wever O and Mareel M

2003).
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Tables
Table 1. Distribution of mean microvessel density count and thrombospondin-1
score in the four groups of normal epithelia (Normal), low-grade squamous

intraepithelial lesions, high grade SIL, or invasive squamous cell carcinoma (SCC).

Cervical MVD TSP-1 score
lesions No. Mean + SD  p-value Mean+SD  p-value
Normal 48 7.3+£29 <0.001 3.8+£0.4 <0.001
LSIL 36 9.9+£34 3.8+£0.4
HSIL 24 17.7 £5.1 1.8+04
SCC 12 22.8+8.6 1.5+05

Distribution of mean microvessel density (MVD) count and thrombospondins-1
(TSP-1) score in the four groups of normal cervical epithelia (normal), low-grade
squamous intraepithelial lesions (LSIL), high-grade SIL (HSIL), or invasive
squamous cell carcinoma (SCC). TSP-1 decreased significantly during the
transition from LSIL to HSIL, which was concomitant with the increase of MVD
counts. Statistical analyses with Kruskal-Wallis test revealed that MVD counts and
TSP-1 scores significantly differed among the four groups (p < .001). In addition,
MVD counts were significantly lower (p <.001) and TSP-1 scores higher (p <.001)
in subjects with normal and LSIL epithelium as compared with those with HSIL and

SCC epithelium (Dunn post hoc comparison test) (Wu MP et al. 2004).
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Table 2. Paired comparisons of MVD and TSP-1 score between normal/LSIL,

LSIL/HSIL, and HSIL/SCC epithelium groups

Cervical lesions MVD TSP-1 score

No. Mean + SD p-value  Mean + SD p-value

Normal /LSIL 36 7.1+3.0/ 9.9+3.4 <0.001 3.8+0.4/3.8#0.4 n.s.
LSIL / HSIL 24 9.843.5/17.7¢5.1 <0.001 3.8£0.4/ 1.8#0.4 <0.05

HSIL / SCC 12 18.4+4.7/ 22.848.6 <0.05 1.840.5/1.5+0.5 n.s.

Wilcoxon signed- rank test was applied for paired comparisons between different
lesions on the same slide. MVD was significantly different between normal/ LSIL
epithelium, LSIL/ HSIL epithelium, and HSIL/ SCC epithelium. In contrast, the
TSP-1 score was significantly different only between LSIL/HSIL epithelium. note,

n.s.: not significantly different (Wu MP et al. 2004).
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Table 3. Distribution of stroma markers, a-SMA and desmin scores, in the three

groups of normal, CIS or SCC

a-SMA desmin
Cervical p-value Cervical p-value
lesions No. Mean + SD lesions No. Mean = SD
Normal*® 15 0.67+0.42 <0.001 Normal®® 15 0.21+0.18 <0.001
CIs®P 15 2.13+0.61 cis®e 15  0.57+0.31
SCC™® 15 2.78%0.21 scce! 15  1.78+0.44

Statistical analyses with Kruskal-Wallis test revealed that a-SMA and desmin

scores were significantly different among normal, CIS and SCC groups with both

p-value < 0.001. In addition, a-SMA scores were significantly different when

compared with normal and CIS?, CIS and SCCP, normal and CIS®, with p-value of

0.002, 0.006, and <0.001, respectively (Dunn post hoc comparison test). Desmin

scores were also significantly different when compared with normal and CIS?, CIS

and SCC® normal and CIS, with p-value 0.019, <0.001, <0.001, respectively

(Dunn post hoc comparison test).
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Table 4. Distribution of CD34-positive microvessel density, a-SMA and desmin

scores in the SiHa-vector induced (SiHa-vector) or SiHa-TSP-1-induced (TSP-1)

tumors

CD34 a-SMA

desmin

tumor No. Meanz SD p-value Meant SD p-valu

e

Meant SD p-value

SiHa-vector 6 1.67+0.19 0.002 2.17£0.43 0.002

1.52+ 0.63 0.015

SiHa-TSP-1 6 0.58+0.18 0.95+£ 0.42

0.48+ 0.46

Statistical analyses with Mann-Whitney U test revealed that microvessel density,

a-SMA and desmin scores significantly differed between SiHa-vector induced

SiHa-TSP-1-induced.
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Figures

1§ g

Fig. 1 Microvessels igﬁfﬁiﬁé‘i'“é“rﬂ'cérﬁé'ﬁl '_Iéélic;ﬁs.'ﬁmﬁ%ohistochemistry. (x 200)
of representative _5ubjen':fﬁ"?’xr‘ithi°ﬁ6‘i’“"""é*f“.t‘f‘é‘r’i‘i'f’i‘*é’ézl’”é'iﬁ‘rtﬁéﬁ’iﬁ” i"ﬁ"ormalj, low-grade
squamous intraepithelial lesions (LSILY, high-grade SIL (HSIL), or invasive
sguamous cell carcinoma (SCC) revealed that microvessels were anly scarcely
visible in normal and LSIL epithelium  In contrast, microvessels were abundant in

HSIL and SCC epithelium.
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Fig.2 TSP-1 expression in different cervical lesions. Immunohistochemistry (£
A400) of representative subjects with normal cervical epithelia (normal), low-grade
sqguamous intraepithelial lesions (LSILY, high-grade SIL (HSIL), or invasive
sguamous cell carcinoma (SCC) revealed that thrombospondins-1 (TSP-1)
expression was localized mainly in the basal epithelial cell layer (upper panel). The
staining intensity gradually decreased in cells of superficial layers; therefore, we
named it 'TSP-1fence’. This"TSP-1 fence” existed only in normal and LSIL
epithelium, became much less obwvious in HSIL epithelium, and was hardly visible in
SCC epithelium.
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Normal cervix cCIs SCC

TSP

Fig. 3 Immunochistochemistry (X200) of representative subjects with normal
cervical epithelium, carcinoma in situ {CIS), and squamous cell carcinoma

(SCC) revealed that TSP-1 was localized in basal epithelial layer of normal cervix,
and was downregulated in CIS and SCC . Indirect contrast, the staining intensities

of @-ShA and desmin were significantly upregulated in the stroma of CIS and SCC

lesions compared with those in normal cervix.
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Fig. 4 Molecular characterization and functional expression of TSP-1 in SiHa
cells. A, TSP-1 levels measured by Western blotting in parental cells (SiHa), cells
transfected with empty vector (C5, C9, C12), and cells transfected with human
TSP-1 cDNA (C44 C5T). Positive control was total protein isolated from normal
cervical epithelial cells (ME). B. Cell numbers were counted at the indicated time
points with a hemocytometer by using trypan blue exclusion to monitor cell viability.
C. The anti-angiogenic ability of TSP-1. Shown were the representative results of
Matrigel angiogenesis assay to determine the formation of vascular netwiork by
human umbilical vein endothelial cells {HUWECS) under normal culture condition,
treated with indicated Chs from different cell lines (SiHa, SiHa-vector, and SiHa-
TSP-1), ar purified TSP-1 at 10ugfml. All assays were performed in triplicate.
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Fig. 5 A, B TSP-1 inhibits tumor development, tumor angiogenesis, and
stroma marker expression in SCID mice. A. Representative gross tumor
wenografts resulting from the transplantation of vector control {SiHa-vector) or cells
transfected with human TSP-1 cOMNA (SiHa-TSP-1) at 12 weeks after tumor
transplantation. B. Tumar growth curves of SCID mice subcutaneously inoculated
with SiHa-vector or SiHa-TSP-1 cell lines. Each point is meanx S D (n=6in each

group).
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Fig. 5C TSP-1 inhibits tumor development, tumor angiogenesis, and stroma
marker expression in SCID mice. C. Immunohistochemistry (2007 of
representative sections from SCID mice subcutaneously inoculated with SiHa-
vector or SiHa-TSP-1 cell lines revealed a negligible level of TSP-1 in tumor (T and
stroma (5) area, highly vascularized as shown by positive CD34 stain, and strang
staining intensities for o-SkA and desmin in SiHa-vector-induced tumaor stroma. In
contrast, the SiHa-TSP-1-induced tumor shows less vascularization and
overexpressed TSP-1 with downregulated « -SMA and desmin staining intensities

compared with the SiHa-vector-induced tumor.
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Fig. 6A, B, C Augmentation of TSP-1 activity is associated with decreased
NIH3T3 cell migration and MMP -2 activity, but not with « -SMA and desmin
expression. A. A representative Vestern immunoblot showing that stable
transfection of TSP-1in MIH3T3 cells upregulated the protein level of TSP-1, but not
downregulated the protein level of «-SMA, as compared with normal fibroblast (NF)
derived from normal utering cervix with higher pratein level of TSP-1, and lower o -
ShA. B. A representative VWestern immunoblot showing that TSP-1 transfection
(MIH3T2-TSP-11, as well as purified TSP-1 at various concentrations, did not change
the protein levels of «-SMA, desmin and MMP-2 . Experiments were repeated three
times. C. Decreased MMF-2 activity was noted with the transfection of TSP-1 cDMNA
or the addition of TSP-1 to MIH3T3 cells. Shown is a gelatin zymography of

conditioned media (a representative of three similar experiments).
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Fig. 60, E TGF-4 treatment for 24 hours increases NIH3T3 cell migration, and
a -SMA and desmin expression. The TGF- 4-increased «-SMA expression can
not be blocked by TSP-1. DL A representative Western immunoblot showing that
TGE- g treatment (2,10, 20 ng/ml) upregulated o -ShA and desmin, but did not
change MWMP-2 expression in NIH3T3 cells. Experiments were repeated three times.
The addition of TSP-1 AT 1,10, 20, &« o/ml did not block TGRF- g2-increased @ -ShA
expression. E. There was no change on the MWMP-2 activity after TGF- 4 treatment.
Showin is a gelatin zymography of conditioned media (a representative of three

similar experiments).
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Fig.6 F. Cell migration assay with modified Boyden chamber of MIH3T3-vector,
MIH3T3-TSP-1, or NIH3T3 cells in the absence (0f Q) or presence of purified TSP-1.
Each column represents mean £ 5.0 (n= 6). TSP-1 was added on the lower (0F 107,

Upper (10703 or both {10/ 10) compartments of the Boyden chamber. # or t, p= 005,

*% ortt,p< 001
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Fig.7 A, B TSP-1 attenuates the invasive ability of activated fibroblasts from
invading into tumor clusters. A Matrigel multi-cellular co-culture system was used
to evaluate the invasive ability of fibroblasts into tumaor cell cluster. Brightfield and
fluorescent images were captured on an inverted phase microscope using a dx
objective for the same field. A. To test the effects of gain of TSP-1 function on tumor
cells and fibroblasts, tumaor cells with or without TSP-1 transfection (SiHa or SiHa-
TSP-1) wiere placed into the central area of the Matrigel to form the tumor cell cluster;
fluorescence (PKHZ28)-labeled fibroblasts (MIH3T3 or NIHAT3-TSP-1) (red) were
evenly dispersed on the peripheral area. Primary cervical normal fibroblasts (NF) in
the central area with SiHa tumor cell clusterin the peripheral (SiHal NF) was used as
negative control. B. To test whether the addition of TSP-1 to tumor cell cluster or
fibroblasts in the absence or presence of TGF- 4 can prevent the fibroblasts from
invading into tumor cluster, SiHa cells were placed in the central area, while NIH3T3
cells (labeled with red fluorescence PKH26) were placed in the peripheral area.

Furified TSP-1 was added into SiHa with different concentrations.
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Fig.7 C, D. To test whether the addition of TSP-1 to tumor cell cluster or fibroblasts in
the absence or presence of TGF-4 can prevent the fibroblasts from invading into
turmor cluster, SiHa cells were placed in the central area, while NIH3T3 cells (labeled
green fluorescence PKHET in C and D) were placed in the peripheral area. Purified
T5P-1 was added into untreated MNIH3T3 cells (C) or TGF- 4 (10ng/mi)-treated
MIH3T3 cells (D) with different concentrations.
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Fig. 8 TSP-1 inhibited cancer progression via inhibiting stroma reaction.
Stroma reaction occurs parallel to tumorigensasis. In addition to the epithelial
component, host stroma, including endothelial cells, (myoifibroblasts, and
inflammatory cells, e.g. macrophage, etc, plays an active participant. TSP-1 can
inhibit angiogenesis status, the migration and invasive ability of myofibroblasts . (F

fibroblast, MF: myaofibroblast, M macrophages).
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The effects of TSP-1 on tumor angiogenesis and
stroma reaction during cervical carcinogenesis

\
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TSP-1 has anti-tumor potentials by inhibiting
angiogenesis and stroma reaction during cervical carcinogenesis

Fig. 9 The flow chart of this study. After obtained the correlative

observations from clinical specimens of cervical cancer, we further elucidate

the cause-effect relationship between TSP-1 and tumor-stroma interaction.

The inhibitory ability to reverse stroma reaction could be partly attributed to the

blockage of myofibroblasts from invading cancer. Dotted lines: not performed

inthis study .
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Appendix- supplementary articles and manuscripts
S.1 (Review) Angiogenesis, thrombospondin-1, and cervical carcinogenesis

Authors: Ming-Ping Wu, Cheng-Yang Chou

Journal: Taiwanese J Obstet Gynecol (Taiwan) 44(2):128-138;2005.

Abstract:

Angiogenesis, the growth of new vessels from existing vasculature, plays an
essential role in tumor development. The process involves interaction among
cancer cells, endothelial cells, and components of the extracellular matrix, and is
regulated by the balance of angiogenesis activators and angiogenesis inhibitors.
This review profiles some fundamental concepts of angiogenesis, the importance
of angiogenesis in cervical neoplasm, and the roles of thrombospondin-1 (TSP1),
as an angiogenic inhibitor, in cervical carcinogenesis. The usefulness and
limitations of microvessel density (MVD) in evaluation of angiogenic status are
discussed. From the recent researches and evolving concepts, it comes up the
paradigm shift for anticancer therapy, from conventional cancer-centered
chemotherapy to angiogenic or “metronomic” chemotherapy and/or combined
angiogenic inhibitors. The epigenetic strategy which views the tumor system as a

whole, transcends the cancer gene-centered approach.
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S.2 Tumor/normal counterpart microvessel density ratio has a better
correlation with clinicopathologic parameters in endometrial carcinoma than
tumor microvessel density alone

Authors: Ming-Ping Wu, Yu-Jen Cheng, Yue-Shan Lin, Chieh-Yi Kang, Kuo-Feng

Huang, Ching-Cherng Tzeng

Journal: Taiwanese J Obstet Gynecol (Taiwan) 43(3):199-205;2004.

Abstract:

Objective: Angiogenesis is essential for tumor growth and metastasis.
Angiogenesis regulators, which are controlled by ovarian hormones, play an
important role during endometrial carcinogenesis. The aims of the study were to
evaluate: (1) the relationship between angiogenesis and clinico-pathologic
parameters; (2) the possible regulatory roles of estrogen and progesterone
receptor status in the angiogenesis of endometrial carcinoma.

Materials and Methods: Twenty patients undergoing surgery for endometrial
carcinoma were enrolled. The microvessel density (MVD) of the excised tumor was
assessed immuno-histochemically. The relationships between the MVDs of the
tumor or tumor/normal ratio and clinico-pathologic parameters including histologic
grading, myometrium invasion, cervical involvement, lymph node involvement,
lympho-vascular space involvement, menopausal status, histologic type, stage,
and estrogen progesterone receptor status were analyzed.

Results: MVDs (x 200 fields) of the clinico-pathologic parameters including
histologic grading, myometrium invasion, cervical involvement, lymph node
involvement, lympho-vascular space involvement, menopausal status, histologic
type, stage, and estrogen progesterone receptor status were not significantly
different in these twenty patients when only tumor lesions were counted. However,

several clinico-pathologic parameters were significantly different when MVDs were
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measured by tumor/normal ratio. Significantly, higher MVD tumor-normal ratios
(T/N ratios) were noted in tumors of high histologic grade (grade 2 and 3) (1.31
compared with 1.07, P =0.010), with lymphovascular space involvement (1.32
compared with 1.13, P =0.029), with serous type (1.48 compared with 1.13,
P=0.021) compared with tumors of histologic grade 1, without lymphovascular
space involvement, or with endometrioid type. Meanwhile, the MVD T/N ratios of
tumors were higher in tumors of estrogen receptor (-), progesterone receptor (-)
and both receptor (-) (1.33 compared with 1.02, p=0.002) as compared with
receptor (+), progesterone receptor (+) and both receptor (+).

Conclusion: There was a better correlation between MVD T/N ratios and
clinico-pathologic parameters, even when the existence of inborn heterogeneity
characters of endometrial cancer or the case number is limited. Meanwhile, the
(anti-)angiogenesis factors may have close relationship with the ovarian hormone

receptor status in different pathogenesis of endometrial carcinoma.
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S.3 TSP-1/ApoE and CD47/ApoE doubly null mice are protected from
neointima formation in response to carotid injury but not from
atherosclerosis

Authors: Ming-Ping Wu, Loretta Pappen, Dan Ye, Anna Oldenborg, Trey

Coleman, Clay Semenkovich, Jack Lawler, Kathryn J Moore, William A Frazier
Journal: In preparing

Abstract:

Nitric oxide (NO) is a pervasive regulator of the vascular system whose functions
are critical for vascular homeostasis. Further, a number of vascular pathologies,
such as neointimal hyperplasia/restenosis, are ameliorated by increasing NO
bioavailability and signaling. Recent data has revealed that TSP-1 and its
non-integrin receptor CD47 function to restrain NO-cGMP signaling in vascular
cells. Here we have used knockouts of TSP-1 and CD47 on the ApoE-null
background (dKO mice fed low or high fat diets) to investigate the role of these
proteins in the arterial response to injury after temporary carotid ligation. TSP-1
dKO but not CD47 dKO mice died due to massive lung inflammation on the high fat
diet. The morphological response to injury was identical in TSP-1 dKOs on the low
fat diet and CD47 dKOs on either diet: neointimal areas were reduced 50% relative
to ApoE single null controls, while medial thickening in the dKO strains was not
reduced and was the same as controls. However, the thickened media were
depleted of cells relative to controls, while the recruitment of macrophages to the
neointima was significantly reduced. We also tested CD47-null/C57BI/6 mice in a
hyperinflation/overstretch model and found a similar reduction of neointimal area
relative to C57BIl/6 controls. All of these effects shared by both TSP-1- and
CD47-null mice are consistent with a unique ligand-receptor relationship of TSP-1

and CD47 and are congruent with those predicted by a model in which TSP-1,
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acting via CD47, chronically opposes NO-cGMP signaling in vascular cells.
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S.4 Her2/neu overexpression is correlated with TSP-1-related angiogenesis
and TSP-1-unrelated lymphangiogenesis in breast cancer

Authors: Ming-Ping Wu, Cheng C. Tsai, Yu-Feng Tian, Cindy Kilpack, Matthew J

Morgan, Cheng-Yang Chou, Eing Mei Tsai, Ching-Cherng Tzeng

Journal: In preparing

Abstract:

Her-2/neu overexpression is linked to a poor prognosis and a significant predictor
for the response to trastuzumab (herceptin) therapy in breast cancer patients.
Recently, Her-2/neu was noted to promote angiogenesis with thrombospondin-1
(TSP-1) as a mediator during cancer development and progression in breast
cancer. However, the clinical quantitative evaluation of Her-2/neu and specified
localization of TSP-1 is currently lacking. With the assistance of Automated
Cellular Imaging System (ACIS), we offered a quantitative evaluation and clinical
correlation of Her-2/neu-induced angiogenesis and lymphangiogenesis; and
specifically localized TSP-1in either tumor or stromal area in breast cancer.
Fifty-six with invasive ductal or lobular invasive breast cancer were recruited into
this study for Her-2/neu (Fig. S1), TSP-1, CD31 (blood vessels) and D2-40
(lymphatic vessel) stains (Fig. S2). High-Her-2/neu group (=2.0) had less ER, PR
and more Ki-67 status, as compared with low-Her-2/neu group (<2.0) (p-value
<0.001, 0.001 and <0.001, respectively). High-Her-2/neu group had higher
angiogenesis status (microvessel density, MVD-CD31) (13.8+2.4 versus 7.9+3.6,
p< 0.001), and higher lymphangiogenesis status (MVD-D2-40) (4.4+1.6 versus
3.0£1.5, p= 0.002). Meanwhile, high-Her-2/neu group had lower TSP-1 expression
in tumor area (TSP-1/T) and higher TSP-1 in stromal area (TSP-1/S) (pattern 1,
17/28 cases), while low-Her-2/neu had high TSP-1/T and low TSP-1/S (pattern 2,

23/28 cases). There were two distinct TSP-1 expression patterns with pattern 1
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prone to happen in high-Her-2/neu group, pattern 2 to low-Her-2/neu group,
respectively. The expression of TSP-1 in tumor or stromal area correlated with
different level of angiogenesis, but not lymphangiogenesis (Fig. S3). In conclusion,
Her-2/neu affects biological manifestations of breast cancers by increasing both
angiogenesis and lymphangiogenesis, which are TSP-1-related and
TSP-1-unrelated, respectively. TSP-1 expressed reciprocally in tumor and stroma

area, resulting in different angiogenesis status, but not lymphangiogenesis.
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Publications during 2000-2008

I. TSP-1in tumor angiogenesis and stroma reaction

1. Ming-Ping Wu, Ming-Jer Young, Ching-Cherng Tzeng, Chii-Ruey Tzeng,

Kuo-Feng Huang, Li-Wha Wu, Cheng-Yang Chou: A novel role of
thrombospondin-1 in cervical carcinogenesis: Inhibit stroma reaction by
inhibiting activated fibroblasts from invading cancer. Carcinogenesis 2008 (In
Press) (SCI, IF: 5.366, Oncology 18/127).

2. Ming-Ping Wu, Cheng-Yang Chou: Angiogenesis, thrombospondin-1, and

cervical carcinogenesis. Taiwanese J Obstet Gynecol (Taiwan)
44(2):128-138;2005.

3. Loretta K. Pappan, Ming-Ping Wu, Dan Ye, Anna Oldenborg, Trey Coleman,

Clay F. Semenkovich, Jack Lawler, Kathryn Moore, William A. Frazier.
ApoE-null mice lacking thrombospondin-1 or its receptor CD47 are protected
against neointimal thickening of injured arteries but not against diet-induced
atherosclerosis. Cir Res 97:1201-1202;2005. (SCI, IF: 9.854, Cardiac and
Cardiovascualr system 2/74)

4. Ming-Ping Wu, Ching-Cherng Tzeng, Li-Wha Wu, Kuo-Feng Huang,

Cheng-Yang Chou: The thrombospondin-1 acts as a fence to inhibit
angiogenesis that occurs during cervical carcinogenesis. Cancer J

10(1):27-32;2004. (SCI, IF: 2.028, Oncology 78/127)

Il. Urogynecology and Minimally invasive Gynecology

1. Ming-Ping Wu: The use of prostheses for pelvic reconstructive surgery: joys or

toys? Taiwanese J Obstet Gynecol 2008 (In press)

2. Tian-Ni Kuo, Ming-Ping Wu (Corresponding): Concomitant transvaginal pelvic

floor reconstructive surgery with tension free vaginal mesh (TVM) technique
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and tendion-free midurethral sling in pelvic organ prolapse (POP) and occult
stress urinary incontinence. Taiwanese J Obstet Gynecol 2008 (In press)

3. Ming-Ping Wu, Kuan-Hui Huang: Tension-free midurethral sling surgeries in

stress urinary incontinence. Incont Pelvic Floor Dysfun 2008 (In press).

4. Ming-Ping Wu, Hann-Chorng Kuo: Office-based Assessment and Physical

Examination in Women with Urinary Incontinence and Pelvic Organ Prolapse.
Incont Pelvic Floor Dysfun 1(4):131-136;2007.

5. Yu-Feng Tian, Yue-Shan Lin, Chun-Chieh Chia, Kuo-Feng Huang, Tune-Yie
Shih, Kun-Hung Shen, Ming-Ting Chung, Yung- Chieh Tsai, Chien-Hsun Chao,

Ming-Ping _Wu* (Corresponding) Major Complications in Operative

Gynecologic Laparoscopy in Southern Taiwan: a follow-up study. J Minim
Invasive Gynecol 14:284-292;2007.

6. Chao-Hsiun Tang, Ming-Ping Wu, Jin-Tan Liu, Herng-Ching Lin, Chun-Chyang

Hsu: Delayed Parenthood and the Risk of Cesarean Delivery — Is Paternal
Age an Independent Risk Factor? Birth— Issues on Perinatal Care
33(1):18-26;2006. (SCI).

7. Ming-Ping Wu, Chin-Chuan Lin, Yu-Feng Tian, Kuo-Feng Huang, Allen W

Chiu: The feasibility of internal bladder retractor in facilitating bladder
dissection during laparoscopic-assisted vaginal hysterectomy (LAVH). J Am
Assoc Gynecol Laparosc 11(2):283-284;2004. (SCI)

8. Chun-Chieh Chia, Ming-Ping Wu, Kuo-Feng Huang, Chang-Chuan Su:

Primary stromal sarcoma of the ovary: a case report. Taiwanese J Obstet
Gynecol (Taiwan) 43(2):110-112;2004.

9. Ming-Ping Wu, Chung-Chang Shen, Kuo-Feng Huang, Cheng-Yang Chou: Is
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uterine preservation? J Am Assoc Gynecol Laparosc 10(2):307;2003. (SCI)
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Ming-Ping Wu: Internal bladder retractor for laparoscopic cystectomy. J Urol
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9(1):84-86;2002. (SCI)
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Curriculum Vitae

Name: Ming-Ping Wu

Marital status: married, spouse: Shwu-Ling Chen, M.D. (Pediatrician)
a son (Daniel), a daughter (Cindy)

Year of birth: 1964

Place of birth: Tainan, Taiwan

Present position:

1. Director, Division of Urogynecology and Pelvic Floor Reconstruction, Department
of Obstetrics & Gynecology, Chi Mei Foundation Hospital, Tainan, Taiwan

2.Deputy Chairman, Center of Faculty Development (CFD), Chi Mei Foundation
Hospital, Tainan, Taiwan

3. Assistant Professor, Department of Obstetrics & Gynecology, College of

Medicine, Taipei Medical University, Taipei, Taiwan

Office address:

Division of Urogynecology and Pelvic Floor Reconstruction, Department of
Obstetrics & Gynecology, Chi Mei Foundation Hospital,

No. 901, Chung Hwa Rd., Yung Kang, Tainan 710, Taiwan

Office telephone: (886)-6-2812811 ext 53270

Office fax: (886)-6-2828928

e-mail: mpwu@ mail.chimei.org.tw or mpwu.sti@msa.hinet.net
Website:
http://www.chimei.org.tw/main/right/right01/cmh department/57728/index.htm

Medical education:
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2000, 08 — 2008. 05. Ph.D. Institute of Clinical Medicine, College of Medicine,
National Cheng Kung University, Tainan, Taiwan
1982, 09--1989, 06 M.D., Department of Medicine, Taipei Medical College, Taipei,

Taiwan,

Postgraduate training

2007, 05- 2007, 08 Exchange Scholar, Division of Gynecology, Department of
Obstetrics & Gynecology, Kaohsiung Chang Gung Memorial Hospital,,
Kaohsiung, Taiwan

2004, 05—2005, 05 Research Associate in Department of Biochemistry and
Molecular Biophysics (Pl: Professor William A. Frazier), School of Medicine,
Washington University, St. Louis, MO, U.S.A. (Supported by the “Ph.D. student
study abroad program”, National Science Council, Taiwan No.
93-2917-1-006-002)

1999, 08-- 1999, 09 Fellowship in Urogynecology Section, Department of Obstetrics
& Gynecology, Mackay Memorial Hospital, Taipei, Taiwan.

1996, 08-- 1996, 09 Fellowship in Laparoscopic Surgery Section, Department of
Obstetrics & Gynecology, Northwest Hospital, Seattle, WA, U.S.A.

1991, 07-- 1995, 06 Resident, and Chief Resident, Department of Obstetrics &
Gynecology, National Cheng Kung University Hospital, Tainan, Taiwan.

1988, 06-- 1989, 05 Internship, Mackay Memorial Hospital, Taipei, Taiwan.

Employment:
2007, 11 till now, Director, Division of Urogynecology and Pelvic Floor
Reconstruction, Department of Obstetrics & Gynecology, Chi Mei Foundation

Hospital, Tainan, Taiwan
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2000, 06 till now, Attending Physician, Department of Obstetrics & Gynecology, Chi
Mei Foundation Hospital, Tainan, Taiwan

1998, 11-- 2000, 05 Chairman, Gynecologic Laparoscopy Research and
Development Unit, Department of Obstetrics & Gynecology, Tainan Municipal
Hospital, Tainan, Taiwan

1995, 07-- 2000, 05 Attending Physician, Department of Obstetrics & Gynecology,
Tainan Municipal Hospital, Tainan, Taiwan

1991, 07-- 1995, 06 Resident, and Chief Resident, Department of Obstetrics &

Gynecology, National Cheng Kung University Hospital, Tainan, Taiwan

License and certification:

Subspecialist of Urogynecology and Pelvic Floor Reconstruction, Taiwan Urogynecology
Association, 2007, 08

Subspecialist of Pelvic Floor Reconstructive Medicine, The Taiwan Association for Minimally
Invasive Gynecology, 2004, 08

Specialist, The Taiwan Association of Obstetrics and Gynecology, 1995, 11

Instructor, The Taiwan Association of Gynecologic Endoscopists, 1998, 09

Instructor, The Society of Ultrasound in Medicine, R.O.C.

Academic appointments:

Assistant Professor, Department of Obstetrics & Gynecology, College of Medicine,
Taipei Medical University, Taipei, Taiwan. 2004, 02.

Assistant Professor, Chung Hwa University of Medical Technology, Tainan, Taiwan.
2001, 01.

Lecturer, Department of Obstetrics & Gynecology, College of Medicine, National

Cheng Kung University, Tainan, Taiwan, 2000, 08

161

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

Lecturer, Chung Hwa College of Medical Technology, Tainan, Taiwan 1998, 07

Awards and honor:

1.Second prize, The Scientific Papers, 2007 Annual Conjoin Meeting of The
Taiwan Urogynecology Association and Taiwan Continence Society, 2007 Dec
01-02. An in vitro extracellular matrix model to evaluate the biological behaviors
of host stroma cell responses to different synthetic prostheses.

2.Third prize, the Excellent Scientific Writing, Chi Mei Foundation Hospital, Tainan,
Taiwan, October, 2005. Main article entitled: “The thrombospondin-1 acts as a
fence to inhibit angiogenesis that occurs during cervical carcinogenesis.
Cancer J 10(1):27-32;2004.”

3.Annual Best Academic Research Achievement Award, Tainan County Medical
Association, Tainan County, Taiwan, November, 2005.

4. Recipient of the grant for ‘Ph.D. Student Study Abroad Program 2004-2005’
sponsored by National Science Council, Taiwan. No. 93-2917-1-006-002.

5. International who’s who member 2005. Category: Professionals.

6. Organizing faculty and invited presentation. Asian American Multi-Specialty
Congress of Laparoscopy and Minimally Invasive Surgery organized by Society
of Laparoendoscopic Surgeons (SLS) Feb. 2004, Honolulu, Hawaii, U.S.A.

7.Annual Best Academic Research Achievement Award, Tainan County Medical
Association, Tainan County, Taiwan, November, 2003.

8.Second prize, the Excellent Scientific Writing, Chi Mei Foundation Hospital,
Tainan, Taiwan, December, 2002. Main article entitled: “Major complications in
operative gynecologic laparoscopy in southern Taiwan: 1507 cases review. J

Am Assoc Gynecol Laparosc 8(1):61-67;2001.”
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Research Grants:

1.

The roles of thrombospondin-1 in tumor angiogenesis and tumor-stroma
microenvironement; and in vivo and in vitro study. PI. NSC 95-2314-B-384-006-
National Science Council, R.O.C. 20060801—20070731.

The anti-tumor potential of thrombospondin-1 through its receptor CDA47,
integrins in breast and cervical cancer; and its downstream regulation of MMPs.
Pl 95CM-TMU-03, Chi Mei Foundation Hospital and Taipei Medical University
2006-02-01—2007-0131.

The in vivo and in vitro study of CD36 in associated with its ligands, TSP-1
and TSP-1-derived peptides, in angiogenesis inhibition; also studies on the
CD36-SHP-1 signaling pathway and induced endothelial cell apoptosis. PI
93CM-KMUOO03 Chi Mei Foundation Hospital and Kaohsiung Medical
University 20050301—20060228.

The molecular mechanisms of angio-inhibitory effects of TSP-1 in cervical
carcinogenesis; studies on the upstream regulation signaling, the interaction
with VEGF, and the TSP-1-integrin-IAP complex. PI. NSC 93-2314-B-384-006-
National Science Council, R.O.C. 20040801—20050731.

The application of RAN interference (RNAI) in anti-angiogenesis therapy
during cervical carcinogenesis. Pl. 93CM-TMU-02 Chi Mei Foundation Hospital
and Taipei Medical University. 20040101-20041231.

The angio-inhibitory effects of TSP-1 in cervical carcinogenesis; and its
molecular mechanisms with CD36, TGF-b, and MMP-9. Pl. NSC

92-2314-B-3B4-012- National Science Council, R.O.C. 20030801-20040731.
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