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Markers of angiogenesis in ovarian cancer
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Abstract. Tumor development and progression are inherently dependent on the process of angiogenesis. Recently, anti-angiogenic
therapy has started to show promise as an effective treatment strategy in many solid tumors including ovarian carcinoma.
Unfortunately, lack of effective biomarkers presents a challenge for oncologists in treatment planning as well as monitoring
response of new anti-vascular agents. Previously, quantification of angiogenesis by microvessel density analysis provided useful
prognostic information, however, its utility following anti-angiogenic therapy remains to be determined. Moreover, since secreted
cytokines play an active part in angiogenesis by mediating neovascularization in tumors, investigations have focused on their
potential role to serve as candidate biomarkers of disease detection, prognosis, and treatment response. In this article, we review

the role of key angiogenesis markers as potential biomarkers in ovarian carcinoma.
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1. Introduction

Tumor growth and metastasis are inherently depen-
dent on the development of a blood supply or neovas-
cularization. Angiogenic processes must be activat-
ed for tumor growth beyond 1 mm [33]. These pro-
cesses include a shift in balance toward greater lev-
els of pro-angiogenic compared to anti-angiogenic fac-
tors (Table 1). During angiogenesis, tumors utilize the
host's cellular machinery to develop an adequate vas-
cular supply which is dependent upon the presence of
activated endothelial cells. Multiple angiogenic acti-
vators play a role in initiating endothelial cell prolif-
eration, migration, and survival [32,69,86,87]. Collec-
tively, these components lead to the formation of new
vascular channels which deliver oxygen and nutrients
to the tumor beds.

The functional and architectural characteristics of tu-
mor blood vessels are quite different in comparison to
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normal vessels. For example, tumor vessels are tor-
tuous, highly permeable and irregularly shaped com-
pared to normal vasculature [14]. The formation of tu-
mor blood vessels is complex and likely involves mul-
tiple pathways. Angiogenesis can occur from “sprout-
ing” or intussusceptive growth from pre-existing ves-
sels[19,100]. Non-sprouting angiogenesis results from
enlargement, splitting and fusion of pre-existing ves-
sels. There is growing evidence that the initial events
in tumor vascularization likely involve cooption of ex-
isting vessels by tumor cells [49] followed by produc-
tion of factors such as Angiopoietin-2 that destabilize
the host vasculature resulting in central tumor necro-
sis. In this setting, angiogenesis occurs secondarily in
the tumor periphery as a result of increased production
of angiogenic factors. Additional mechanisms of tu-
mor neovascularization include vasculogenesis, which
is the formation of new blood vessels from precursor
mesodermal cells mobilized from the bone marrow [76,
97]. Hendrix and colleagues have described the plas-
ticity of tumor cells whereby aggressive tumor cells
adopt molecular features that are similar to endothelial
cells (i.e., vasculogenic mimicry) [79,105-107]. This
intriguing pathway suggests that aggressive tumor cells
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Table 1
Regulators of angiogenesis
Activators Inhibitors
Vascular endothelial growth factor (VEGF) Thrombospondin

Fibroblast growth factor, acidic and basic (FGF)

Transforming growth factor-beta (TGH)
Epidermal growth factor (EGF)
Platelet derived growth factor (PDGF)
Tumor necrosis factor- alpha (TN}
Interleukin-8 (IL-8)

Interleukin-6 (IL-6)

Angiopoietin 1,2 (Ang1, Ang2)
Cyclooxygenase-2 (COX-2)
Catecholamines

Hypoxia inducible factor-1-alpha (HIFel)
Matrix metalloproteinases (MMPs)
Ephrins/ Eph receptors

Prolactin (PRL)

Angiogenin

Angiostatin
Endostatin
N-terminal prolactin fragments
Interferon-alpha (INJ--
Interleukin-12 (IL-12)
Vasostatin
Growth hormone
Dopamine

may have the ability to directly participate in the devel-
opment of tumor vasculature.

Anti-angiogenic approaches are starting to show
promise in pre-clinical and clinical investigations
across multiple tumor types including ovarian carcino-
ma [18,54]. Bevacizumab was the first anti-vascular
agent to receive approval from the Food & Drug Ad-
ministration (FDA) for clinical use when givenin com-
bination with chemotherapy based on results from a
phase Il trial showing a 4.7 month improvement in
overall survival in previously untreated, metastatic col-
orectal cancer patients [52]. We have previously re-
ported the benefits of developing agents that target spe-
cific components of the vascular system and their po-
tential role in ovarian cancer therapy [58]. Further-
more, we have shown in pre-clinical models that tar-
geting genes responsible for angiogenesis with novel

studies focused on assessing the density of blood ves-
sels (MVD) as a marker for angiogenesis in human tu-
mors [16,74,118]. This method utilizes immunohisto-
chemical (IHC) staining of endothelial-specific mark-
erssuch as CD34, CD31, or factor Vlll-related antigen.
The number of blood vessels is then counted in multiple
regions of the tumor as a measure of angiogenesis.
Increased vascularity and MVD are poor prognos-
tic factors in most human malignancies [96]. Specifi-
cally in ovarian carcinoma, several studies have exam-
ined the utility of MVD as a prognostic factor [4,73,
108]. Hollingsworth and colleagues were one of the
first investigators that utilized CD34 staining and found
an inverse relationship between MVD counts and both
disease free and overall survival [50]. In contrast, Ab-
ulafia reported no correlation between overall survival
and MVD analysis in primary ovarian tumors, however

therapeutic strategies, such as siRNA targeted therapy, MVD of omental metastases from 19 patients was an
has therapeutic efficacy and these approaches are be-independent prognostic factor for patient survival [2].

ing developed clinically [65,66]. Traditional biomark-
ers may not be optimal for following patients on anti-
angiogenic therapies. Based on the growing portfolio
of anti-angiogenic approaches and the role of angio-
genesis in affecting the course of malignant disease, we
will review the predictive and prognostic relevance of
tumor neovascularization and associated biomarkers in
ovarian carcinoma.

2. Quantitative angiogenesis

To the extent that angiogenesis is related to tumor
growth, it was hypothesized that quantification of an-
giogenesis may be useful as a predictive factor. Initial

More recently, larger studies have shown not only an
inverse relationship between MVD and overall patient
survival, but also that increased vascularity related to
higher stage, higher grade, and the lower likelihood of
optimal tumor reductive surgery [4,108]. Table 2 sum-
marizes these and additional studies correlating MVD
in patients with ovarian carcinoma. Collectively, these
results suggest that MVD may be a clinically useful ap-
plication for prognosis and assist in treatment planning,
especially in patients with low-stage ovarian cancer.

In pre-clinical studies, MVD analysis has been an
effective tool to assess the effects of investigational
drugs and treatment regimens in animal models [65].
IHC staining of endothelial markers allows investiga-
tors to analyze the angiogenic effects in tumors fol-
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Table 2
Summary of tumor MVD analyses in patients with ovarian carcinoma

Author Year  Number of Patients Method Associated Outcome

Hollingsworth et al. [50] 1995 45 IHC-CD34 OS and DFS

Abulafia et al. [2] 1997 49 (primary) 19 (omental IHC — factor VIII related antigen  OS (only in MVD analysis in omen-
metastases) tal metastases)

Alvarez et al. [4] 1999 87 IHC—vWF & CD31 OS and stage

Heimburg et al. [46] 1999 38 IHC-CD34 (O}

Obermair et al. [90] 1999 63 IHC-CD34 oS

Stone et al. [108] 2003 202 IHC-CD31 OS, stage, grade, and potential for

level of cytoreduction

Chan et al. [21] 2004 46 IHC-CD34 Age and OS

Raspollini et al. [98] 2005 33 IHC —CD34* OS and response to therapy

Karavasilis et al. [59] 2006 33 IHC-CD34 No association

Linetal. [73] 2006 77 IHC — CD31 Stage, ascites, potential for level of

cytoreduction

IHC- immunohistochemistry; OS —overall survival, DFS — disease-free survival; VWF — von Willibrand factor; *IHC analyzed by computer-aided

imaging.

lowing treatment with new agents. For example, anti-
vascular therapy targeting vascular endothelial growth
factor (VEGF) and epidermal growth factor (EGF) re-

ceptors resulted in decreased tumor growth in ovari-
an cancer models [112]. In this study, CD31 staining

However, there is a sustained increase in growth fac-
tor levels in tumors resulting in progressive neovascu-
larization and tumor growth. One of the more promi-
nent angiogenic mediators for new vessel growth in tu-
mors is vascular endothelial growth factor (VEGF), al-

was used to demonstrate that therapy reduced tumor so known as vascular permeability factor (VPF). VEGF

vasculature by inducing apoptosis of tumor-associated
endothelial cells [112]. However, the applicability of
MVD analysis in the clinical setting remains to be de-
termined. Investigators are challenged with the diffi-
culty in obtaining multiple tissue biopsies, especially
in patients with recurrent disease, to correlate known
prognostic factors as well as therapeutic response with
MVD assessment. In addition, inherent difficulties
in MVD analysis including observer subjectivity and
length of time required for manual counting need to

overexpressionresults in increased endothelial cell pro-
liferation, capillary tube formation, and vascular per-
meability [81,123]. Moreover, VEGF is an important
survival factor for endothelial cells [36]. For these
reasons, VEGF may be both a potential biomarker as
well as a target for therapy. Indeed, VEGF targeted
therapy has demonstrated promising results as one of
the first clinically available anti-angiogenic agents in
cancer therapy [52,54].

The VEGF gene encodes for several members, but

be addressed. Recently, Schoell and colleagues usedVEGFA (commonly noted as VEGF) appears to play a

computer-aided image analysis to overcome some of
these limitations and reported a clinical value of MVD
analysis as a useful prognostic factor for patients with
ovariancancer[102]. As new anti-angiogenic therapies
become available, further studies will be needed to val-
idate the utility of MVD analysis in treatment planning
and response in patients with ovarian cancer.

3. Secreted growth factor s/cytokines
3.1. Vascular endothelial growth factor
Endogenous growth factors are widely known for

their importance in angiogenesis. In normal tissues,
secretion of growth factors is tightly regulated and in-

dominantrole in angiogenesis. There are four different
isoforms of VEGF that occur in humans through alter-
native RNA SpIiCing: VEGI:1, VEGF45, VEGF g9,
and VEGks. The release of VEGF by normal and tu-
mor cells is controlled by several mechanisms. VEGF
secretion, in addition to other growth factors includ-
ing EGF, platelet derived growth factor (PDGF), trans-
forming growth factor alpha and beta (TGR: (),

and fibroblast growth factor (FGF), are upregulated by
stressful conditions, such as hypoxia, a common find-
ing in solid tumors [30]. The presence of the Ras onco-
gene [40] and tumors with mutations of the p53 tu-
mor suppressor gene [122] also result in overexpres-
sion of VEGF. Lastly, inflammatory cytokines, such as
interleukin-1 (IL-1) and interleukin-6 (IL-6), released
by tumor cells and the host’s immune system stimulate

creases transiently in specific processes such as woundgrowth factor secretion [84]. In normal tissue, inacti-
healing and menstrual cycle regulation [10,38,120]. vation of VEGF is mediated by the von Hippel Lindau
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(VHL) gene [29], however this negative feedback pro-
cess is generally overwhelmed in tumor neovascular-
ization.

VEGF has multiple effects on endothelial cells
through ligand binding to the VEGFR family of re-
ceptors: VEGFR-1, 2, and 3. This receptor activation
in turn initiates a cascade of events including activa-
tion of members of the mitogen activated protein ki-
nase (MAPK) pathway and phosphatidylinositol kinase
(PI13K), which are important events for endothelial cell
survival [30,36,47]. VEGFR-1 and 2 are important not
only in tumor angiogenesis but also embryonic devel-
opment. For example, mice lacking VEGF and its re-
ceptors die in utero due to lack of adequate vascular
development[20,104]. Each receptor within the VEG-
FR family has been classified based on its function fol-
lowing activation by ligand binding. VEGFR-1 mobi-
lizes endothelial progenitor cells in addition to stimu-
lating the release of proteolytic factors such as matrix
metalloproteinase-9 (MMP-9) [45,48]. In addition, a
soluble form of VEGFR-1 has been discovered and is
known to have anti-angiogenic activity when bound to
circulating VEGF [62]. VEGFR-2 is predominantly
the receptor responsible for neovascularization. With
the association of “ligand chaperones” (neuropilin 1
and 2), VEGF binds to VEGFR-2 with high affinity and
in turn stimulates increased endothelial cell prolifera-
tion, migration, and survival [30]. VEGFR-3 binds to
other members of the VEGF gene family, VEGFC and
VEGFD. VEGFR-3 activation has been shown to play
arole in lymphangiogenesis and remains a new area for
metastatic research [60].

VEGF overexpression is reported in multiple solid
tumors including breast, ovary, colon, lung, and uterine
cancers [25,27,67,103,113]. For this reason, multiple
investigations have focused on utilizing measurements
of circulating VEGF as a potential marker for ovarian
cancer patients (Table 3) [96]. In several large studies,
serum VEGF was significantly elevated pre-operatively
in patients with malignant ovarian disease [22,23,71,
89]. In addition, one study reported only 40% of pa-
tients with low stage disease had VEGF overexpres-
sion [93]. Since growth factor expression appears to be
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as a prognostic factor for oncologists. In patients with
ovarian cancer, VEGF overexpression correlated with
advanced stage disease, ascites, and decreased over-
all survival [22,114]. Furthermore, Oehler and col-
leagues reported that serum VEGF levels significantly
decreased following cytoreductive surgery and were al-
so decreased in patients with low residual disease [91].
However, in multivariate analysis, they indicated that
serum VEGF levels were not predictive of patient sur-
vival [91]. Moreover, Alvarez and colleagues reported
that serum VEGF levels were not predictive of disease
recurrence in a small subset of patients with a posi-
tive second look surgery [5]. Interestingly, when com-
bined with MVD analyses or cyclooxygenase-2 (COX-
2) expression, VEGF expression was predictive of dis-
ease free interval and chemotherapy response [99,121].
Based on these findings, quantifying different combi-
nations of angiogenic factors, including VEGF, could
assist in deciding which patients may benefit from more
aggressive adjuvant treatment regimens.

Growth factors have become highly attractive targets
for anti-angiogenic therapy. Pre-clinical research has
demonstrated that inhibition of specific growth factors
can effectively reduce tumor growth of human ovari-
an cell lines in murine models when used alone and
in combination with chemotherapy [6,17,112]. Cur-
rently there are no effective surrogate markers for anti-
vascular therapy. Bevacizumab, a humanized mono-
clonal antibody against VEGF, is one of the few ap-
proved anti-angiogenic therapeutic agents for cancer
therapy and is currently being studied in ovarian cancer
clinical trials (Fig. 1). Previously, bevacizumab ther-
apy has shown benefit in patient survival in phase llI
colorectal and breast trials [54]. In these studies, plas-
ma VEGF levels actually increased thereby question-
ing the value of VEGF as a surrogate marker following
anti-VEGF therapy [54,119].

Anti-angiogenic agents that target VEGF activity via
receptor inhibition may also help investigators identify
new potential biomarkers in cancer therapy. Recent-
ly, Ebos and colleagues identified a soluble form of
VEGFR-2 (SVEGFR-2) that binds to VEGF [26]. Mea-
surable levels of sSVEGFR-2 were found in the plasma

related to disease burden, early stage disease may notof both mice and humans [26]. While it was proposed
be a formidable setting to depend on angiogenesis as athat ligand binding to sSVEGFR-2 may result in anti-

screening tool. However, since only 70-80% of ovari-

an carcinomas secrete CA-125, serum VEGF measure-

angiogenic activity, as seen with the soluble form of
VEGFR-1, the actual biological role has not been eluci-

ments may be a promising marker of disease presence dated. Based on these data, Motzer and colleagues in-

in a subset of patients with ovarian carcinoma [101].
The overexpression of VEGF in patients with ad-
vanced stage disease may provide useful information

vestigated the benefit of using SVEGFR-2 as a biomark-
er in a recent phase | trial [83]. In that study, patients
with metastatic renal cell carcinoma were treated with
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Table 3
Summary of VEGF measurements for disease detection in patients with ovarian carcinoma

Author Year  Study Sample Sensitivity ~ Specificity Comments
size (%) (%)

Obermair A, et al. [89] 1998 C:131 SsVEGF 54 77 No difference in sVEGF levels among all
B: 81 groups
M: 44

Oehler MK, et al. [92] 1999 C:20 SVEGF 71 65 SVEGF levels significantly higher from pa-
B: 20 tients with malignanciesersus control and
M: 41 benign groups

Cooper BC, et al. [22] 2002 B:34 sSVEGF 74 71 SVEGF levels significantly higher from pa-
L: 16 tients with malignanciesversus benign or
M: 101 LMP groups

No difference in sSVEGF levels between LMP
and benign groups

Dehaven K, et al. [23] 2002 C:125 SVEGF N/A N/A No difference in sVEGF levels among all
B: 71 study groups
M: 46

Tanir HM, et al. [110] 2003 B:50 SVEGF 92 88 SVEGEF levels significantly higher in patients
M: 12 with malignant tumors

Demirkiran F, et al. [24] 2003 B: 45 SVEGF 95 78 sSVEGF and cVEGF significantly elevated in
M: 43 cVEGF patients with malignant tumors

Harlozinska A, et al. [44] 2004 B:53 SVEGF N/A N/A sVEGF and cVEGF significantly elevated in
M: 86 cVEGF patients with malignant tumors

LiL,etal. [71] 2004 C:90 SVEGF 77 87 SVEGF levels significantly higher from pa-
B: 25 tients with malignanciesersus control and
M: 120 benign groups.

Increased sVEGF levels were significant in
patients with distant metastases

Gorelik E, et al. [39] 2005 C:45 SVEGF, 84 95 Significant elevation in serum cytokine levels
B: 37 IL-8, IL-6, from patients with malignant tumongersus
M: 44 CA-125, control and benign groups
SEGF

SVEGF- serum vascular endothelial growth factor; cVEGF- cystic vascular endothelial growth factor; C- healthy control patients; B- benign
ovarian neoplasms; M- malignant ovarian carcinoma; L- low malignant potential ovarian neoplasms; IL-8 — interleukin 8; IL-6 — interleukin 6;
SEGF — serum epidermal growth factor; N/A — not available.

single agent therapy using a small molecule inhibitor ings suggesta unique opportunity to further explore the
of VEGF and PDGF receptors, SU11248 [83]. Inter- role of VEGF as a surrogate marker of response to new
estingly, they reported a decrease in plasma sVEGFR-2 agents that mediate angiogenic activity.
levels following therapy while VEGF levels increased. Development and validation of circulating VEGF
The latter finding is consistent with previous reports of levels as a biomarker may also depend on the type
SVEGFR-2 modulation following anti-VEGF therapy, of study design and sample collection obtained by
however, the mechanism by which SU11248 affects investigators. For example, VEGF levels can differ
SVEGFR-2 is not fully known. among serum and plasma samples taken from the same
As investigators begin to understand the molecular patient [3]. This is partly due to the secretion of
pathways involved in tumor angiogenesis, new agents VEGF from components of the circulatory system in-
are being developed that target upstream regulators of cluding platelets, neutrophils, monocytes, and lympho-
VEGF expression (Fig. 1). For example, Src, a non- cytes[34,116]. In addition, anti-coagulants often found
receptor tyrosine kinase, has been reported to medi- in blood collection tubes can falsely elevate VEGF lev-
ate angiogenesis by upregulating pro-angiogenic fac- els due to platelet-derived secretion in non-clotted sam-
tors such as VEGF and interleukin-8 (IL-8) [109]. Re- ples [117]. The significance of platelet-derived VEGF
cently, we have demonstrated in ovarian cancer models remains controversial due to suggestions that platelets
that Src inhibition decreased tumor growth and signif- may mediate release of angiogenic molecules in the
icantly decreased serum VEGF and IL-8 levels. Simi- presence of tumor cells and therefore reflect the true
larly, siRNA based therapy against FAK, a non-receptor disease process [31,94]. Although, these differences
kinase known to regulate VEGF, reduced circulating in circulating levels have been demonstrated in sev-
VEGF levels in response to treatment [41]. These find- eral studies from patients with malignant disease [3]
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Tumor Cell

Anti-VEGF antibodies
(bevacizumab [Avastin])

Src inhibition (AP23994)
FAK inhibition (siRNA
therapy)

Tumor-associated
endothelial cell

Soluble VEGF receptors
(VEGF-Trap)

Hypaxia

Small molecule VEGF RTK
inhibitors (BAY 43-9006,
PTK787, ZD6474)

Fig. 1. VEGF secreted from tumor cells binds to tumor-associated endothelial cells leading to increased neovascularization and permeability.
Different therapeutic agents are capable of decreasing VEGF expression (Src or FAK inhibition) or preventing ligand binding to the VEGF
receptor (anti-VEGF antibodies or soluble VEGF receptors). In addition, small molecule inhibitors inhibit receptor tyrosine kinase (RHK) activit

of VEGF receptors, thereby preventing angiogenic activity of endothelial cells.

larger prospective studies will be required to determine
the appropriate assay and levels to utilize for clinical
consideration.

3.2. Interleukin-8

Interleukins are important members of the cytokine
family and are known to modulate normal defense sys-
tems in the human body. Stressful environments, such
as hypoxia and surgical stress, activate release of inter-
leukins from inflammatory cells, peritoneal mesothe-
lial cells, fibroblasts, and endothelial cells into the sys-
temic circulation and in turn initiate protective path-
ways [63]. Ovarian carcinoma, once labeled a “cy-
tokine propelled disease”, secretes large amounts of in-
terleukins into circulation, which in turn mediate tu-
mor growth, metastasis, and angiogenesis [77]. More-
over, increased circulating levels of interleukins have
been demonstrated in several malignancies including
ovarian carcinoma and are associated with poor patient
survival [61,75]. For these reasons, interleukins in-
volved in angiogenesis remain of particular interest as
biomarkers in ovarian carcinoma.

Interleukin-8 is well known for its role in tumor
invasion, metastatic spread, and angiogenesis. IL-8
is a small (8 kDa) chemotactic cytokine that belongs
to the CXC cytokine family known for activating and
attracting neutrophils [53]. IL-8 binds to the seven-

transmembrane spanning G-protein coupled receptors
CXCR1 and CXCR2 with high affinity and in turn acti-
vates members of the MAPK kinase pathway including
ERK 1/2 [72]. IL-8 was initially reported as a promi-
nent mediator of angiogenesis by Koch and colleagues
in 1992 [64]. They demonstrated that recombinantIL-8
induced neovascularization in a rat corneal model [64].
Subsequently, Li and colleagues demonstrated the di-
rect effect of IL-8 on human endothelial cell migration,
capillary tube formation and survival [69,70].

IL-8 is secreted by multiple sources including mono-
cytes, neutrophils and mesothelial cells. Tumor cells
also secrete IL-8, which in turn can act as an autocrine
inducer of tumor growth or paracrine modulator of host
endothelial cells in angiogenesis. In several small stud-
ies, IL-8 levels were elevated in the serum and ovarian
cystic fluid in patients with ovarian carcinoma [28,53,
75,88]. Furthermore, Lokshin and colleagues demon-
strated that IL-8 and anti-IL-8 antibody levels were
increased in ovarian cancer patients and more specif-
ically, that anti-IL-8 antibody levels correlated with
early stage disease [75]. In addition, they reported a
specificity of 98% for both IL-8 and anti-IL-8 antibody
levels and sensitivities of 63% and 66%, respectively,
in disease detection [75]. Furthermore, the specifici-
ty and sensitivity increased to 98% and 88%, respec-
tively in combination with CA-125 [75]. To this end,
IL-8 and anti-IL-8 antibodies may be possible screen-



WM. Merritt and A.K. Sood / Markers of angiogenesis in ovarian cancer

ing biomarkers for patients with ovarian tumors, espe-
cially when combined with traditional applications and
markers such as pelvic ultrasound and CA-125.

Due to the role of IL-8 in mediating tumor angio-
genesis, quantifying circulating IL-8 levels may assist
oncologists in treatment surveillance as a biomarker of
response. In most circumstances, ovarian cancer pa-
tients are treated with platinum and taxane chemother-
apy following cytoreductive surgery. Mayerhofer and
colleagues reported that IL-8 levels decreased with
chemotherapy in 31 patients [80]. In their study,
IL-8 levels demonstrated a decreasing trend midway
and following six cycles of combination chemothera-
py [80]. Conversely, Uslu reported that IL-8 levels ac-
tually increased immediately following the initiation of
chemotherapy in ovarian cancer patients, specifically
in those with residual disease [115]. However, it has
been shown that chemotherapy can transiently induce
IL-8 secretion from tumor cells [68] and therefore may
explain the differences in these two studies, especially
those patients with residual disease.

Although anti-VEGF targeted therapy has demon-
strated improvement in patient survival, few studies
have reported the benefit of targeting IL-8 in cancer
therapy. In pre-clinical murine models, Bar-Eliand col-
leagues demonstrated that therapy with fully human-
ized anti-IL-8 antibodies decreased tumor growth and
MVD [51]. To the best of our knowledge, no stud-
ies report the use of IL-8 as an anti-vascular target in
ovarian cancer. However, we recently demonstrated
in pre-clinical models that circulating IL-8 levels de-
creased secondary to Src inhibition [42] suggesting that
IL-8 may be a useful marker for response to specific
therapies. Clearly, with the emergence of new small
molecule inhibitors and now effective applications for
delivering gene-specific siRN# vivo [65], IL-8 may
be an attractive target for patients with ovarian carci-
noma.

3.3. Interleukin-6

IL-6 was originally reported as a mediator in B cell
maturation. Recently, Nilson and colleagues demon-
strated that IL-6 mediated tumor growth and angio-
genesis in ovarian cancer models [85]. In that study,
IL-6 receptors were detected on ovarian and endothe-
lial cells and were found to actively participate in the
development of tumor angiogenesis [85]. Since IL-6
is secreted into circulation, it was suggested that IL-6
may be a potential marker for disease detection and
surveillance in patients with ovarian tumors. Berek and
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colleagues were the first to report elevated serum IL-6
levels in ovarian cancer patients [13]. They found a di-
rect correlation with IL-6 overexpression and decreased
overall survival, increased tumor burden, and disease
status [13]. In a study of 73 ovarian cancer patients,
Tempfer and colleagues reported that increased IL-6
levels prior to therapy correlated with both decreased
disease free and overall survival [111]. However, these
findings have not been consistent in the literature [95].
In a more recent study, IL-6 demonstrated no added
benefit as a disease biomarker when compared to tradi-
tional markers; however, when evaluated within a pan-
el of cytokines, IL-6 was considered useful for disease
detection [39]. To date, the benefit of measuring IL-6
as a marker of angiogenesis remains to be determined
in ovarian cancetr.

4. Circulating endothelial cells

The development of new vasculature requires activa-
tion and migration of endothelial cells. In most normal
tissues, endothelial cells remain quiescent and divide
approximately every 3-5 years. However, rapid pro-
liferation of endothelial cells is crucial for the process
of angiogenesis in growing tumors. As new vascula-
ture matures, often endothelial cells can become dis-
lodged into the systemic circulation. Recent studies
have shown that levels of circulating endothelial cells
(CEC) are elevated in cancer patients 3.6-5 fold com-
pared to healthy controls and may be a reflection of
ongoing angiogenesis [12,35,78]. In addition, tumor-
derived VEGF has also been shown to mobilize CECs
in murine models and in humans [9,11,55,56]. Based
on these findings, monitoring CEC levels may provide
useful information regarding disease status and treat-
ment efficacy in cancer patients.

Within the systemic circulation, two populations of
CECs have been identified. Mature endothelial cells
(CEC) are thought to derive from mature vasculature
and circulating endothelial progenitor cells (CEP) are
mobilized from the bone marrow. CEPs may contribute
to the angiogenic process by differentiating into mature
endothelial cells, however, their direct role has yet to
be determined [7,8]. CECs and CEPs can be identi-
fied based on their expression of specific endothelial
antigens using flow cytometry [11]. This distinction is
critical for determining the effects of CECs and CEPs
in response to current cancer treatments. For example,
Beaudry and colleagues demonstrated in a murine mod-
el that CECs increased in response to ZD6474 (VEG-
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FR inhibitor), although CEPs decreased due to the in-
hibition of VEGF induced mobilization from the bone
marrow [11].

new treatment approaches have allowed investigators
to focus on specific targets that not only demonstrate
anti-tumor effects, but also anti-angiogenic properties.

CEC and CEP levels may be particularly useful for
following response to anti-angiogenic therapy. Pre-
clinical models have demonstrated that CEPs increase
following treatment with cyclophosphamide, however

This progress in cancer treatment supports the current
focus for development and validation of new biomark-
ers of angiogenesis in ovarian cancer. In this review,
we have outlined some of the key components involved

treatmentwith endostatin (an inhibitor of angiogenesis) in angiogenesis in ovarian carcinoma. In addition, sev-
correlated with anincrease in CECs [15,82]. Moreover, eral of the major angiogenic factors were reviewed as
following treatment with anti-vascular agents, CECand potential markers for disease detection and treatment
CEP levels have been reflective of vascular changes surveillance in ovarian cancer patients. Although some

within the tumor and may provide more useful infor-
mation in treatment response [11]. In support of this
theory and based on the growing evidence that the fre-
guency of chemotherapy administration may have anti-
angiogenic effects [37,43], we demonstrated a decrease
in CEPs using metronomic chemotherapy scheduling,
however CEC levels remained unchanged from base-
line [15,57]. Moreover, anti-vascular therapy in com-
bination with metronomic chemotherapy demonstrated
a 79% decrease in CEP levels [57]. While pre-clinical
models of ovarian cancer have demonstrated that CEP
and CEP levels may be beneficial as a surrogate mark-
er to anti-vascular therapy [57] little is known about
their role in patients with ovarian carcinoma. Only a
few studies have followed CEC levels in patients with
malignancies. For example, in breast and lymphoma
patients, CEC levels were initially increased and cor-
related with tumor burden, however, upon remission
became normalized [35,78]. As newer anti-vascular
agents become available, quantifying CEC and CEP
levels may be helpful in monitoring tumor growth and
treatment response in patients with ovarian carcinoma.

5. Concluding remarks

Ovarian cancer remains the most deadly disease in
women among gynecologic malignancies [1]. The
majority of these patients initially respond to surgical
debulking and chemotherapeutic regimens, but most
eventually develop recurrent cancer and die from this
disease. One of the difficulties in managing ovarian
cancer patients is the lack of an effective biomarker
for disease detection. Moreover, with the emergence
of new anti-vascular therapies in ovarian cancer, there
is a need for novel biomarkers for treatment response
in patients. It is hoped that global analysis with gene
microarrays may identify potential candidates to test
as screening markers, therapeutic targets, and/or surro-
gate biomarkers of treatment response. Furthermore,

markers appear to be useful in initial studies, validation
in larger prospective trials is required.
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