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Chapter 1

Angiogenesis and Lung Cancer

S. Vázquez, U. Anido, M. Lázaro, L. Santomé,
J. Afonso, O. Fernández, A. Martínez de Alegría and
L. A. Aparicio
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1. Introduction

���—�•�’�˜�•�Ž�—�Ž�œ�’�œ�1�’�œ�1�•�‘�Ž�1�•�˜�›�–�Š�•�’�˜�—�1�˜�•�1�—�Ž� �1�‹�•�˜�˜�•�1�Ÿ�Ž�œ�œ�Ž�•�œ�1�•�›�˜�–�1�•�‘�Ž�1�Ž�¡�’�œ�•�’�—�•�1�Ÿ�Š�œ�Œ�ž�•�Š�•�ž�›�Ž�ð�1�Š�—�•�1�—�Ž�˜�3
vascularization is a prerequisite for the growth of solid tumors beyond 1-2 mm in diameter
[1]. Because of this, during tumorigenesis, tumor growth reaches a growth-limiting step
where oxygen and nutrient levels are insufficient to continue proliferation.

���ž�–�˜�›�œ�1�Š�Œ�š�ž�’�›�Ž�1�‹�•�˜�˜�•�1�Ÿ�Ž�œ�œ�Ž�•�œ�1�‹�¢�1�Œ�˜�,�˜�™�•�’�˜�—�1�˜�•�1�—�Ž�’�•�‘�‹�˜�›�’�—�•�1�Ÿ�Ž�œ�œ�Ž�•�œ�1�•�›�˜�–�1�œ�™�›�˜�ž�•�’�—�•�1�˜�›�1�’�—�•�ž�œ�3
suscepted microvascular growth and by vasculogenesis from endothelial precursor cells [2].
���—�1�–�˜�œ�•�1�œ�˜�•�’�•�1�•�ž�–�˜�›�œ�1�•�‘�Ž�1�—�Ž� �•�¢�1�•�˜�›�–�Ž�•�1�Ÿ�Ž�œ�œ�Ž�•�œ�1�Š�›�Ž�1�™�•�Š�•�ž�Ž�•�1�‹�¢�1�œ�•�›�ž�Œ�•�ž�›�Š�•�1�Š�—�•�1�•�ž�—�Œ�•�’�˜�—�Š�•�1�Š�‹�3
normalities due to the sustained and excessive exposure to angiogenic factors produced by
the tumor [3�þ�ï�1���œ�1�Š�1�›�Ž�œ�ž�•�•�1�˜�•�1�•�‘�’�œ�ð�1�•�‘�Ž�1�—�Ž� �1�•�ž�–�˜�›�,�Š�œ�œ�˜�Œ�’�Š�•�Ž�•�1�Ÿ�Š�œ�Œ�ž�•�Š�•�ž�›�Ž�1�’�œ�1�Š�‹�—�˜�›�–�Š�•�1�Š�—�•�1�’�—�3
efficient, but it is essential for tumor growth and metastasis. Despite being abnormal, these
new vessels allow tumor growth at early stages of carcinogenesis and progression from in
situ lesions to locally invasive, and eventually to metastatic tumors.

As a result, tumors tend to become hypoxic. The normal cellular response to hypoxia is to
produce growth factors such as vascular endothelial growth factor (VEGF), transforming
growth factor alpha (TGF-�…�ü�ð�1�Š�—�•�1�™�•�Š�•�Ž�•�Ž�•�1�•�Ž�›�’�Ÿ�Ž�•�1�•�›�˜� �•�‘�1�•�Š�Œ�•�˜�›�1�û�����	���ü�ð�1�‹�¢�1�—�Ž�˜�™�•�Š�œ�•�’�Œ�ð�1�œ�•�›�˜�3
mal cells or inflammatory cells [ 4], and may trigger an angiogenic switch to allow the tumor
to induce the formation of microvessels from the surrounding host vasculature [5], that
stimulate neoangiogenesis [6].

�����	�� �1�’�œ�1�•�‘�Ž�1�–�˜�œ�•�1�™�˜�•�Ž�—�•�1�Š�—�•�1�œ�™�Ž�Œ�’�•�’�Œ�1�•�›�˜� �•�‘ �1�•�Š�Œ�•�˜�›�1�•�˜�›�1�Ž�—�•�˜�•�‘�Ž�•�’�Š�•�1�Œ�Ž�•�•�œ�ð�1�Š�—�•�1�’�œ�1�Š�œ�œ�˜�Œ�’�Š�•�3
�Ž�•�1� �’�•�‘ �1�•�ž�–�˜�› �1�Ÿ�Ž�œ�œ�Ž�•�1�•�Ž�—�œ�’�•�¢�ð�1�Œ�Š�—�Œ�Ž�›�1�–�Ž�•�Š�œ�•�Š�œ�’�œ�ð�1�Š�—�•�1�™�›�˜�•�—�˜�œ�’�œ�1�ý�]�,�W�V�þ�ñ�1�‘�’�•�‘ �1�•�Ž�Ÿ�Ž�•�œ�1�˜�• �1�Œ�’�›�3
culating VEGF have been reported in patients with non-small  cell  lung cancer (NSCLC)
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���—�•�’�˜�•�Ž�—�Ž�œ�’�œ�1�’�œ�1�•�‘�Ž�1�•�˜�›�–�Š�•�’�˜�—�1�˜�•�1�—�Ž� �1�‹�•�˜�˜�•�1�Ÿ�Ž�œ�œ�Ž�•�œ�1�•�›�˜�–�1�•�‘�Ž�1�Ž�¡�’�œ�•�’�—�•�1�Ÿ�Š�œ�Œ�ž�•�Š�•�ž�›�Ž�ð�1�Š�—�•�1�—�Ž�˜�3
vascularization is a prerequisite for the growth of solid tumors beyond 1-2 mm in diameter
[1]. Because of this, during tumorigenesis, tumor growth reaches a growth-limiting step
where oxygen and nutrient levels are insufficient to continue proliferation.

���ž�–�˜�›�œ�1�Š�Œ�š�ž�’�›�Ž�1�‹�•�˜�˜�•�1�Ÿ�Ž�œ�œ�Ž�•�œ�1�‹�¢�1�Œ�˜�,�˜�™�•�’�˜�—�1�˜�•�1�—�Ž�’�•�‘�‹�˜�›�’�—�•�1�Ÿ�Ž�œ�œ�Ž�•�œ�1�•�›�˜�–�1�œ�™�›�˜�ž�•�’�—�•�1�˜�›�1�’�—�•�ž�œ�3
suscepted microvascular growth and by vasculogenesis from endothelial precursor cells [2].
���—�1�–�˜�œ�•�1�œ�˜�•�’�•�1�•�ž�–�˜�›�œ�1�•�‘�Ž�1�—�Ž� �•�¢�1�•�˜�›�–�Ž�•�1�Ÿ�Ž�œ�œ�Ž�•�œ�1�Š�›�Ž�1�™�•�Š�•�ž�Ž�•�1�‹�¢�1�œ�•�›�ž�Œ�•�ž�›�Š�•�1�Š�—�•�1�•�ž�—�Œ�•�’�˜�—�Š�•�1�Š�‹�3
normalities due to the sustained and excessive exposure to angiogenic factors produced by
the tumor [3�þ�ï�1���œ�1�Š�1�›�Ž�œ�ž�•�•�1�˜�•�1�•�‘�’�œ�ð�1�•�‘�Ž�1�—�Ž� �1�•�ž�–�˜�›�,�Š�œ�œ�˜�Œ�’�Š�•�Ž�•�1�Ÿ�Š�œ�Œ�ž�•�Š�•�ž�›�Ž�1�’�œ�1�Š�‹�—�˜�›�–�Š�•�1�Š�—�•�1�’�—�3
efficient, but it is essential for tumor growth and metastasis. Despite being abnormal, these
new vessels allow tumor growth at early stages of carcinogenesis and progression from in
situ lesions to locally invasive, and eventually to metastatic tumors.

As a result, tumors tend to become hypoxic. The normal cellular response to hypoxia is to
produce growth factors such as vascular endothelial growth factor (VEGF), transforming
growth factor alpha (TGF-�…�ü�ð�1�Š�—�•�1�™�•�Š�•�Ž�•�Ž�•�1�•�Ž�›�’�Ÿ�Ž�•�1�•�›�˜� �•�‘�1�•�Š�Œ�•�˜�›�1�û�����	���ü�ð�1�‹�¢�1�—�Ž�˜�™�•�Š�œ�•�’�Œ�ð�1�œ�•�›�˜�3
mal cells or inflammatory cells [ 4], and may trigger an angiogenic switch to allow the tumor
to induce the formation of microvessels from the surrounding host vasculature [5], that
stimulate neoangiogenesis [6].

�����	�� �1�’�œ�1�•�‘�Ž�1�–�˜�œ�•�1�™�˜�•�Ž�—�•�1�Š�—�•�1�œ�™�Ž�Œ�’�•�’�Œ�1�•�›�˜� �•�‘ �1�•�Š�Œ�•�˜�›�1�•�˜�›�1�Ž�—�•�˜�•�‘�Ž�•�’�Š�•�1�Œ�Ž�•�•�œ�ð�1�Š�—�•�1�’�œ�1�Š�œ�œ�˜�Œ�’�Š�•�3
�Ž�•�1� �’�•�‘ �1�•�ž�–�˜�› �1�Ÿ�Ž�œ�œ�Ž�•�1�•�Ž�—�œ�’�•�¢�ð�1�Œ�Š�—�Œ�Ž�›�1�–�Ž�•�Š�œ�•�Š�œ�’�œ�ð�1�Š�—�•�1�™�›�˜�•�—�˜�œ�’�œ�1�ý�]�,�W�V�þ�ñ�1�‘�’�•�‘ �1�•�Ž�Ÿ�Ž�•�œ�1�˜�• �1�Œ�’�›�3
culating VEGF have been reported in patients with non-small  cell  lung cancer (NSCLC)
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[7,10-18].  VEGF is  continuously  expressed throughout  the  development  of  many tumor
�•�¢�™�Ž�œ�ð�1 �Š�—�• �1 �’�œ�1�•�‘�Ž �1 �˜�—�•�¢ �1 �Š�—�•�’�˜�•�Ž�—�’�Œ�1�•�Š�Œ�•�˜�› �1 �”�—�˜� �—�1�•�˜ �1 �‹�Ž �1 �™�›�Ž�œ�Ž�—�• �1 �•�‘�›�˜�ž�•�‘�˜�ž�• �1 �•�‘�Ž �1 �Ž�—�•�’�›�Ž �1 �•�ž�3
mor life cycle [19]. The clinical significance of circulating levels of VEGF in patients with
NSCLC is controversial.

���’�—�Œ�Ž�1 �•�ž�–�˜�›�1 �•�›�˜� �•�‘�1 �Š�—�•�1 �–�Ž�•�Š�œ�•�Š�œ�’�œ�1 �Š�›�Ž�1 �Š�—�•�’�˜�•�Ž�—�Ž�œ�’�œ�,�•�Ž�™�Ž�—�•�Ž�—�•�ð�1 �›�Ž�•�¢�’�—�•�1 �ž�™�˜�—�1 �•�‘�Ž�1 �•�Ž�—�Ž�›�Š�3
tion of new blood vessels to sustain proliferation, survival and spread of the malignant cells,
�•�‘�Ž�›�Š�™�Ž�ž�•�’�Œ�1�œ�•�›�Š�•�Ž�•�’�Ž�œ�1�Š�’�–�Ž�•�1�Š�•�1�’�—�‘�’�‹�’�•�’�—�•�1�Š�—�•�’�˜�•�Ž�—�Ž�œ�’�œ�1�Š�›�Ž�Š�1�•�‘�Ž�˜�›�Ž�•�’�Œ�Š�•�•�¢�1�Š�•�•�›�Š�Œ�•�’�Ÿ�Ž�ï�1���Š�›�•�Ž�•�3
�’�—�•�1�Š�—�•�1�•�Š�–�Š�•�’�—�•�1�‹�•�˜�˜�•�1�Ÿ�Ž�œ�œ�Ž�•�œ�1�Œ�Š�—�1�™�˜�•�Ž�—�•�’�Š�•�•�¢�1�”�’�•�•�1�•�‘�˜�ž�œ�Š�—�•�œ�1�˜�•�1�•�ž�–�˜�›�1�Œ�Ž�•�•�œ�ï�1���‘�Ž�1�Š�—�•�’�Š�—�•�’�˜�3
genesis and vascular targeting strategies, therefore, may no result in whole tumor cell kill,
but may maintain stable disease: this has given rise to the concept cytostatic paradigm [20].

The investigation and development of different anti-angiogenesis and vascular targeting
strategies are of interest with respect to lung cancer.

�X�ï�1�
�¢�™�˜�¡�’�Š�1�Š�—�•�1�•�ž�—�•�1�Œ�Š�—�Œ�Ž�›�ð�1�
�����,�W�…�ð�1�Œ�Š�›�‹�˜�—�’�Œ�1�Š�—�‘�¢�•�›�Š�œ�Ž�1�����1�Š�—�•�1�•�•�ž�Œ�˜�œ�Ž
�•�›�Š�—�œ�™�˜�›�•�Ž�›�1�•�•�ž�•

�
�¢�™�˜�¡�’�Š�1�’�œ�1�˜�—�Ž�1�˜�•�1�•�‘�Ž�1�–�˜�œ�•�1�’�–�™�˜�›�•�Š�—�•�1�Œ�‘�Š�•�•�Ž�—�•�Ž�œ�1�•�˜�›�1�•�ž�–�˜�›�1�•�›�˜� �•�‘�1�Š�—�•�1�œ�ž�›�Ÿ�’�Ÿ�Š�•�ï�1���‘�Ž�1�Š�—�•�’�˜�3
genesis is a fundamental to avoid tumor necrosis (TN); every cell in a tissue is forced to be
within 100µm capillary blood vessel [5].

Hypoxia inducible factor-1 (HIF-1) is a regulator of VEGF under hypoxia conditions [21].

HIF-1 is a heterodimer consisting of 2 subunits, HIF-1�…�1�Š�—�•�1�
�����,�W�†�1�ûotherwise known as the
�Š�›�¢�•�1�‘�¢�•�›�˜�Œ�Š�›�‹�˜�—�1�›�Ž�Œ�Ž�™�•�˜�›�1�—�ž�Œ�•�Ž�Š�›�1�•�›�Š�—�œ�•�˜�Œ�Š�•�˜�›�ü�ð�1� �‘�’�Œ�‘�1�’�œ�1�œ�•�Š�‹�’�•�’�£�Ž�•�1�‹�¢�1�‘�¢�™�˜�¡�’�Š�ï�1���‘�Ž�1�Ž�¡�™�›�Ž�œ�3
sion of these subunits is different; HIF-1�† is constitutively expressed, unlike HIF-1�…, which
is rapidly degraded under normoxic conditions [ 22]. In the presence of oxygen, HIF-1�… is
�‘�¢�•�›�˜�¡�¢�•�Š�•�Ž�•�1 �˜�—�1 �Œ�˜�—�œ�Ž�›�Ÿ�Ž�•�1 �™�›�˜�•�¢�•�1 �›�Ž�œ�’�•�ž�Ž�œ�1 � �’�•�‘�’�—�1 �•�‘�Ž�1 �˜�¡�¢�•�Ž�—�,�•�Ž�™�Ž�—�•�Ž�—�•�1 �•�Ž�•�›�Š�•�Š�•�’�˜�—�1 �•�˜�3
main by prolylhydroxylases and binds to von Hippel-Lindau protein (pVHL), which in turn
targets it for degradation through the ubiquitin-proteasome pathway [ 23-26�þ�ï�1 �
�¢�™�˜�¡�’�Š�1 �’�—�3
hibits hydroxylation of prolyl residues 402 and 564 in the oxygen-dependent degradation
�•�˜�–�Š�’�—�1�•�‘�Š�•�1�Š�Ÿ�˜�’�•�1�‹�’�—�•�’�—�•�1�˜�•�1�•�‘�Ž�1�™���
���ï�1���’�–�’�•�Š�›�1�‘�¢�™�˜�¡�’�Š�,�•�Ž�™�Ž�—�•�Ž�—�•�1�’�—�‘�’�‹�’�•�’�˜�—�1�˜�•�1�‘�¢�•�›�˜�¡�¢�3
lation of asparagines residues within the C-terminal activation domain increases HIF-1�…
transcriptional activity. Oxygen-dependent degradation of HIF-1 �… is inhibited by src and ras
oncogenes [22-25].

The HIF-1 complex recognizes hypoxia response elements on the promoter of several genes,
�’�—�Œ�•�ž�•�’�—�•�1�����	���ð�1�����	���ð�1�Š�—�•�1���	���,�…�1�ý�X�\�þ�ï
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tein kinase (MAPK) and/or phosphoinositidyl-3 kinase (PI-3K) pathways, may enhance
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sponse element in the promoter region of its target genes. These target genes are involved in
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poiesis, anaerobic metabolism, buffering of the intracellular compartment and induction of
growth factors. HIF-1 activity in vivo promotes tumor growth in the most of the studies and
resistance to several chemotherapy agents, as platinum compounds [22�þ�ï�1 ���Š�›�‹�˜�—�’�Œ�1 �Š�—�‘�¢�3
drase (CA) IX and glucose transporter-1 are other transcriptional targets of HIF-1 and, along
with HIF-1, have been identified as novel markers of hypoxia in different tumor types
[27-31�þ�ï�1���™�,�›�Ž�•�ž�•�Š�•�’�˜�—�1�˜�•�1�����1�����1�’�—�1�Ÿ�’�Ÿ�˜�1�’�—�1�Š�1�™�Ž�›�’�—�Ž�Œ�›�˜�•�’�Œ�1�™�Š�•�•�Ž�›�—�1�œ�ž�•�•�Ž�œ�•�œ�1�•�‘�’�œ�1�–�Š�¢�1�‹�Ž�1�Š�—�1�’�–�3
portant pathway in hypoxia, possibly regulating pH to allow survival of cells under hypoxic
conditions [28].

Other study showed that HIF-1 is commonly expressed in NSCLC and is involved in the
pathogenesis  of  NSCLC.  HIF-1  expression  seems associated  with  a  poor  prognosis  and
this was found to be as an independent factor. A similar observation has been made for
the prognostic impact of the extent of TN, another marker for hypoxia in NSCLC, where
although extensive TN predicts outcome in earlier stages of the disease, no such effect is
seen in locally advanced disease. Thus, a number of other studies have included patients
� �’�•�‘ �1 �•�˜�Œ�Š�•�•�¢ �1 �Š�•�Ÿ�Š�—�Œ�Ž�• �1 �•�’�œ�Ž�Š�œ�Ž�1 �’�—�1 �•�’�•�•�Ž�›�Ž�—�• �1 �Œ�Š�—�Œ�Ž�› �1 �•�¢�™�Ž�œ�1�Š�—�• �1 �›�Ž�™�˜�›�•�Ž�• �1 �Š�—�1�Š�œ�œ�˜�Œ�’�Š�•�’�˜�—�1 �‹�Ž�3
tween HIF-1 expression and prognosis [22].  Although some other studies have reported
different results [32].

The associations between HIF-1, CA IX, TN and squamous NSCLC are coherent with the
known pathways that regulate and are regulated by HIF-1. CA IX is regulated by HIF-1. TN
and CA IX have been associated with a poor prognosis in NSCLC [22,31].

���¢�1�˜�•�‘�Ž�›�1�‘�Š�—�•�ð�1�•�•�ž�Œ�˜�œ�Ž�1�•�›�Š�—�œ�™�˜�›�•�Ž�›�1�	�������,�W�1�’�œ�1�Š�1�™�˜�•�Ž�—�•�’�Š�•�1�’�—�•�›�’�—�œ�’�Œ�1�–�Š�›�”�Ž�›�1�˜�•�1�‘�¢�™�˜�¡�’�Š�1�’�—�1�Œ�Š�—�3
cer [29]. VEGF and GLUT-1 are similarly regulated in response to hypoxia [33]. They may
functionally help each other to endure hypoxia. Therefore, an upregulated expression of
GLUT-1 allows the cell to better use an inadequate source of glucose, while an upregulated
expression of VEGF will improve the reserve of glucose and oxygen through the recruitment
of additional blood vessels [33].

3. Pathophysiology and clinical implications of VEGF

The role of angiogenesis in cancer biology was defended by Folkman in 1971, who first
�™�˜�œ�•�ž�•�Š�•�Ž�•�1�•�‘�Š�•�1�œ�˜�•�’�•�1�•�ž�–�˜�›�œ�1�›�Ž�–�Š�’�—�Ž�•�1�•�Š�•�Ž�—�•�1�Š�•�1�Š�1�œ�™�Ž�Œ�’�•�’�Œ�1�œ�’�£�Ž�1�•�ž�Ž�1�•�˜�1�•�‘�Ž�1�Š�‹�œ�Ž�—�Œ�Ž�1�˜�•�1�—�Ž�˜�Ÿ�Š�œ�3
cularization, that was conditioned by the diffusion of oxygen and nutrients [34].

Subsequent studies have shown that angiogenesis is involved in tumor development from
the initial stages to the most advanced stages of the disease [35�þ�ï�1���—�•�’�˜�•�Ž�—�Ž�œ�’�œ�1�™�•�Š�¢�œ�1�•�‘�Ž�›�Ž�3
fore, an important role in tumor growth and metastasis development.
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genic factors and the mechanisms in order to block its  action.  One of  the most  studied
has been the VEGF.
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tion and migration, promotes survival, inhibits apoptosis and regulates the permeability of
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[7,10-18].  VEGF is  continuously  expressed throughout  the  development  of  many tumor
�•�¢�™�Ž�œ�ð�1 �Š�—�• �1 �’�œ�1�•�‘�Ž �1 �˜�—�•�¢ �1 �Š�—�•�’�˜�•�Ž�—�’�Œ�1�•�Š�Œ�•�˜�› �1 �”�—�˜� �—�1�•�˜ �1 �‹�Ž �1 �™�›�Ž�œ�Ž�—�• �1 �•�‘�›�˜�ž�•�‘�˜�ž�• �1 �•�‘�Ž �1 �Ž�—�•�’�›�Ž �1 �•�ž�3
mor life cycle [19]. The clinical significance of circulating levels of VEGF in patients with
NSCLC is controversial.

���’�—�Œ�Ž�1 �•�ž�–�˜�›�1 �•�›�˜� �•�‘�1 �Š�—�•�1 �–�Ž�•�Š�œ�•�Š�œ�’�œ�1 �Š�›�Ž�1 �Š�—�•�’�˜�•�Ž�—�Ž�œ�’�œ�,�•�Ž�™�Ž�—�•�Ž�—�•�ð�1 �›�Ž�•�¢�’�—�•�1 �ž�™�˜�—�1 �•�‘�Ž�1 �•�Ž�—�Ž�›�Š�3
tion of new blood vessels to sustain proliferation, survival and spread of the malignant cells,
�•�‘�Ž�›�Š�™�Ž�ž�•�’�Œ�1�œ�•�›�Š�•�Ž�•�’�Ž�œ�1�Š�’�–�Ž�•�1�Š�•�1�’�—�‘�’�‹�’�•�’�—�•�1�Š�—�•�’�˜�•�Ž�—�Ž�œ�’�œ�1�Š�›�Ž�Š�1�•�‘�Ž�˜�›�Ž�•�’�Œ�Š�•�•�¢�1�Š�•�•�›�Š�Œ�•�’�Ÿ�Ž�ï�1���Š�›�•�Ž�•�3
�’�—�•�1�Š�—�•�1�•�Š�–�Š�•�’�—�•�1�‹�•�˜�˜�•�1�Ÿ�Ž�œ�œ�Ž�•�œ�1�Œ�Š�—�1�™�˜�•�Ž�—�•�’�Š�•�•�¢�1�”�’�•�•�1�•�‘�˜�ž�œ�Š�—�•�œ�1�˜�•�1�•�ž�–�˜�›�1�Œ�Ž�•�•�œ�ï�1���‘�Ž�1�Š�—�•�’�Š�—�•�’�˜�3
genesis and vascular targeting strategies, therefore, may no result in whole tumor cell kill,
but may maintain stable disease: this has given rise to the concept cytostatic paradigm [20].

The investigation and development of different anti-angiogenesis and vascular targeting
strategies are of interest with respect to lung cancer.
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genesis is a fundamental to avoid tumor necrosis (TN); every cell in a tissue is forced to be
within 100µm capillary blood vessel [5].

Hypoxia inducible factor-1 (HIF-1) is a regulator of VEGF under hypoxia conditions [21].

HIF-1 is a heterodimer consisting of 2 subunits, HIF-1�…�1�Š�—�•�1�
�����,�W�†�1�ûotherwise known as the
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sion of these subunits is different; HIF-1�† is constitutively expressed, unlike HIF-1�…, which
is rapidly degraded under normoxic conditions [ 22]. In the presence of oxygen, HIF-1�… is
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main by prolylhydroxylases and binds to von Hippel-Lindau protein (pVHL), which in turn
targets it for degradation through the ubiquitin-proteasome pathway [ 23-26�þ�ï�1 �
�¢�™�˜�¡�’�Š�1 �’�—�3
hibits hydroxylation of prolyl residues 402 and 564 in the oxygen-dependent degradation
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lation of asparagines residues within the C-terminal activation domain increases HIF-1�…
transcriptional activity. Oxygen-dependent degradation of HIF-1 �… is inhibited by src and ras
oncogenes [22-25].

The HIF-1 complex recognizes hypoxia response elements on the promoter of several genes,
�’�—�Œ�•�ž�•�’�—�•�1�����	���ð�1�����	���ð�1�Š�—�•�1���	���,�…�1�ý�X�\�þ�ï
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tein kinase (MAPK) and/or phosphoinositidyl-3 kinase (PI-3K) pathways, may enhance
�
�����,�W�1�Š�Œ�•�’�Ÿ�’�•�¢�ï�1�
�����,�W�1�‹�’�—�•�œ�1�•�˜�1�Š�1�Œ�˜�—�œ�Ž�›�Ÿ�Ž�•�1�œ�Ž�š�ž�Ž�—�Œ�Ž�1�û�[�,���	���	�,�Y�ü�1�”�—�˜� �—�1�Š�œ�1�•�‘�Ž�1�‘�¢�™�˜�¡�’�Œ�1�›�Ž�3
sponse element in the promoter region of its target genes. These target genes are involved in
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poiesis, anaerobic metabolism, buffering of the intracellular compartment and induction of
growth factors. HIF-1 activity in vivo promotes tumor growth in the most of the studies and
resistance to several chemotherapy agents, as platinum compounds [22�þ�ï�1 ���Š�›�‹�˜�—�’�Œ�1 �Š�—�‘�¢�3
drase (CA) IX and glucose transporter-1 are other transcriptional targets of HIF-1 and, along
with HIF-1, have been identified as novel markers of hypoxia in different tumor types
[27-31�þ�ï�1���™�,�›�Ž�•�ž�•�Š�•�’�˜�—�1�˜�•�1�����1�����1�’�—�1�Ÿ�’�Ÿ�˜�1�’�—�1�Š�1�™�Ž�›�’�—�Ž�Œ�›�˜�•�’�Œ�1�™�Š�•�•�Ž�›�—�1�œ�ž�•�•�Ž�œ�•�œ�1�•�‘�’�œ�1�–�Š�¢�1�‹�Ž�1�Š�—�1�’�–�3
portant pathway in hypoxia, possibly regulating pH to allow survival of cells under hypoxic
conditions [28].

Other study showed that HIF-1 is commonly expressed in NSCLC and is involved in the
pathogenesis  of  NSCLC.  HIF-1  expression  seems associated  with  a  poor  prognosis  and
this was found to be as an independent factor. A similar observation has been made for
the prognostic impact of the extent of TN, another marker for hypoxia in NSCLC, where
although extensive TN predicts outcome in earlier stages of the disease, no such effect is
seen in locally advanced disease. Thus, a number of other studies have included patients
� �’�•�‘ �1 �•�˜�Œ�Š�•�•�¢ �1 �Š�•�Ÿ�Š�—�Œ�Ž�• �1 �•�’�œ�Ž�Š�œ�Ž�1 �’�—�1 �•�’�•�•�Ž�›�Ž�—�• �1 �Œ�Š�—�Œ�Ž�› �1 �•�¢�™�Ž�œ�1�Š�—�• �1 �›�Ž�™�˜�›�•�Ž�• �1 �Š�—�1�Š�œ�œ�˜�Œ�’�Š�•�’�˜�—�1 �‹�Ž�3
tween HIF-1 expression and prognosis [22].  Although some other studies have reported
different results [32].

The associations between HIF-1, CA IX, TN and squamous NSCLC are coherent with the
known pathways that regulate and are regulated by HIF-1. CA IX is regulated by HIF-1. TN
and CA IX have been associated with a poor prognosis in NSCLC [22,31].
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cer [29]. VEGF and GLUT-1 are similarly regulated in response to hypoxia [33]. They may
functionally help each other to endure hypoxia. Therefore, an upregulated expression of
GLUT-1 allows the cell to better use an inadequate source of glucose, while an upregulated
expression of VEGF will improve the reserve of glucose and oxygen through the recruitment
of additional blood vessels [33].

3. Pathophysiology and clinical implications of VEGF

The role of angiogenesis in cancer biology was defended by Folkman in 1971, who first
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cularization, that was conditioned by the diffusion of oxygen and nutrients [34].

Subsequent studies have shown that angiogenesis is involved in tumor development from
the initial stages to the most advanced stages of the disease [35�þ�ï�1���—�•�’�˜�•�Ž�—�Ž�œ�’�œ�1�™�•�Š�¢�œ�1�•�‘�Ž�›�Ž�3
fore, an important role in tumor growth and metastasis development.

���’�—�Œ�Ž�1�•�‘�Ž�—�ð�1�˜�—�Ž�1�˜�• �1�•�‘�Ž�1�–�˜�œ�•�1�’�–�™�˜�›�•�Š�—�•�1�š�ž�Ž�œ�•�’�˜�—�œ�1�‘�Š�œ�1�‹�Ž�Ž�—�1�•�‘�Ž�1�’�•�Ž�—�•�’�•�’�Œ�Š�•�’�˜�—�1�˜�• �1�™�›�˜�Š�—�•�’�˜�3
genic factors and the mechanisms in order to block its  action.  One of  the most  studied
has been the VEGF.

�����	���1�’�œ�1�Š�1�™�˜�•�Ž�—�•�1�–�Ž�•�’�Š�•�˜�›�1�˜�•�1�Š�—�•�’�˜�•�Ž�—�Ž�œ�’�œ�ï�1���•�1�’�œ�1�Š�1�•�›�˜� �•�‘�1�•�Š�Œ�•�˜�›�1�•�‘�Š�•�1�œ�•�’�–�ž�•�Š�•�Ž�œ�1�•�‘�Ž�1�™�›�˜�•�’�•�Ž�›�Š�3
tion and migration, promotes survival, inhibits apoptosis and regulates the permeability of
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�Ÿ�Š�œ�Œ�ž�•�Š�›�1 �Ž�—�•�˜�•�‘�Ž�•�’�Š�•�1 �Œ�Ž�•�•�œ�ï�1 ���•�1 �‹�Ž�•�˜�—�•�œ�1�•�˜�1 �•�‘�Ž�1 �•�›�˜� �•�‘�1 �•�Š�Œ�•�˜�›�œ�1�•�Š�–�’�•�¢�ð�1� �‘�’�Œ�‘�1 �’�—�Œ�•�ž�•�Ž�œ�1�•�˜�ž�›�1 �‘�˜�3
�–�˜�•�˜�•�ž�Ž�œ�1�����	���,���1�û�Œ�˜�–�–�˜�—�•�¢�1�›�Ž�•�Ž�›�›�Ž�•�1�•�˜�1�Š�œ�1�����	���ü�,���ð�1�,���ð�1�,���ð�1�,���1�Š�—�•�1�™�•�Š�Œ�Ž�—�•�Š�•�1�•�›�˜� �•�‘�1�•�Š�Œ�3
tor (PIGF). The biological activity of VEGF is mediated by binding to receptors with tyrosine
kinase activity VEGFR-1 (also known as fms-like tyrosine kinase 1, ftl-1), VEGFR-2 (also
known as kinase-insert domain receptor, KDR) and VEGFR-3 (ftl4).

When VEGF binds to its receptors it causes receptor dimerization, autophosphorylation, and
downstream signaling of different pathways, as v-src sarcoma viral oncogene homolog
�û���›�Œ�ü�ð�1 �™�‘�˜�œ�™�‘�˜�’�—�˜�œ�’�•�˜�•�1 �û�����ü�,�Y�1 �”�’�—�Š�œ�Ž�1 �û�����Y�
�ü�1 �Š�—�•�1 �™�‘�˜�œ�™�‘�˜�•�’�™�Š�œ�Ž�,���1 �‡�1 �û�������‡ ) which activate
proliferation and angiogenesis.

In animal tumor models, VEGF is produced both by tumor cells and also by stromal tissues [4].

VEGF and its receptor are expressed in tumor cells in both small cell lung cancer (SCLC)
�Š�—�•�1�—�˜�—�,�œ�–�Š�•�•�1�Œ�Ž�•�•�1�•�ž�—�•�1�Œ�Š�—�Œ�Ž�›�1�û�����������ü�1�ý�Y�\�ð�Y�]�þ�ï�1���•�1�’�œ�1�’�—�Ÿ�˜�•�Ÿ�Ž�•�1�’�—�1�•�ž�–�˜�›�1�•�›�˜� �•�‘�1�‹�¢�1�—�Ž�˜�Š�—�•�’�˜�3
genesis, lymphangiogenesis and lymph nodal dissemination [ 38]. High levels of VEGF have
been correlated with poor prognosis [ 39]. But there are several questions about the role of
VEGF levels and its various isoforms plays as a potential biomarker, which may be useful in
the use and selection of therapies against it. VEGF levels are elevated in lung cancer patients
when compared to controls [ 40]. There is also a correlation between VEGF levels and the
clinical stage in NSCLC patients [7,10,13,15] and an inverse correlation between the VEGF
serum levels and survival [41]. Low levels of VEGF have shown to be correlated with a good
response to chemotherapy [12]. Moreover, a study showed that low levels of VEGF were
correlated with a good response to anti-EGFR. Furthermore, levels of VEGF in responders
were not significantly different from volunteers, but were different from non-responders
[42]. However, it remains unclear whether the clinical effects of anti-EGFR in patients with
�����������1 �Š�›�Ž�1 �Œ�˜�›�›�Ž�•�Š�•�Ž�•�1 � �’�•�‘�1 �›�Ž�•�ž�Œ�•�’�˜�—�œ�1�’�—�1 �•�‘�Ž�1 �•�Ž�Ÿ�Ž�•�œ�1 �˜�•�1 �Š�—�•�’�˜�•�Ž�—�’�Œ�1 �•�›�˜� �•�‘�1 �•�Š�Œ�•�˜�›�œ�ï�1 ���ž�›�•�‘�Ž�›�3
�–�˜�›�Ž�ð�1 �’�•�1 �’�œ�1 �ž�—�Œ�•�Ž�Š�›�1 � �‘�Ž�•�‘�Ž�›�1 �•�‘�Ž�œ�Ž�1 �•�Š�Œ�•�˜�›�œ�1 �Š�›�Ž�1 �Œ�˜�›�›�Ž�•�Š�•�Ž�•�1 � �’�•�‘�1 �›�Ž�œ�™�˜�—�œ�Ž�1 �•�˜�1 �Š�—�•�’�,���	�����1 �•�›�Ž�Š�•�3
ment, blocking EGFR autophosphorylation [ 43] and the subsequent signal transduction
�™�Š�•�‘� �Š�¢�œ�1�’�–�™�•�’�Œ�Š�•�Ž�•�1�’�—�1�™�›�˜�•�’�•�Ž�›�Š�•�’�˜�—�ð�1�–�Ž�•�Š�œ�•�Š�œ�’�œ�1�Š�—�•�1�’�—�‘�’�‹�’�•�’�˜�—�1�˜�•�1�Š�™�˜�™�•�˜�œ�’�œ�ð�1�Š�œ�1� �Ž�•�•�1�Š�œ�1�Š�—�3
giogenesis [44,45�þ�ï�1 ���‘�Ž�1�’�—�‘�’�‹�’�•�’�˜�—�1�˜�•�1 ���	�����1 �‘�Š�œ�1�‹�Ž�Ž�—�1�œ�‘�˜� �—�1�•�˜�1 �›�Ž�•�ž�Œ�Ž�1�™�›�˜�•�ž�Œ�•�’�˜�—�1�˜�•�1 �Š�—�•�’�˜�3
genic growth factors in various types of cancer cells [45,46].

Antiangiogenic drugs have demonstrated efficacy in the treatment of NSCLC in the last
�¢�Ž�Š�›�œ�ï�1���‘�Ž�1�–�˜�›�Ž�1�•�Ž�œ�•�Ž�•�1�Š�—�•�’�Š�—�•�’�˜�•�Ž�—�’�Œ�1�•�›�ž�•�1�’�—�1�•�ž�—�•�1�Œ�Š�—�Œ�Ž�›�1�’�œ�1�‹�Ž�Ÿ�Š�Œ�’�£�ž�–�Š�‹�ð�1�Š�1�–�˜�—�˜�Œ�•�˜�—�Š�•�1�Š�—�3
tibody directed against VEGF, which is the first antiangiogenic approved for treatment of
metastatic NSCLC in combination with chemotherapy. Two phase III studies have assessed
the efficacy of chemotherapy combinations associated with bevacizumab. The AVAiL study
[47] analyzed the combination of cisplatin and gemcitabine with or without bevacizumab in
first line treatment for NSCLC. The primary endpoint was reached, showing a benefit in
progression-free survival in the bevacizumab arm. The second study [48�þ�1�Œ�˜�–�™�Š�›�Ž�•�1�•�‘�Ž�1�Š�•�3
�•�’�•�’�˜�—�1�˜�•�1�‹�Ž�Ÿ�Š�Œ�’�£�ž�–�Š�‹�1� �’�•�‘�1�Œ�Š�›�‹�˜�™�•�Š�•�’�—�1�Š�—�•�1�™�Š�Œ�•�’�•�Š�¡�Ž�•�1�›�Ž�•�’�–�Ž�—�ð�1�Š�’�–�’�—�•�1�•�’�•�•�Ž�›�Ž�—�Œ�Ž�œ�1�’�—�1�˜�Ÿ�Ž�›�3
all survival, progression-free survival and response rate.

These detailed studies further in subsequent chapters, show that bevacizumab is an effective
and safe drug in the treatment of advanced NSCLC.
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4. Pathophysiology and clinical implications of EGF/PDGF/VEG

It is known that other several growth factors regulate developmental processes, among
� �‘�’�Œ�‘�1�Š�›�Ž�1�•�‘�Ž�1���™�’�•�Ž�›�–�Š�•�1�	�›�˜� �•�‘�1���Š�Œ�•�˜�›�1�û���	���ü�ð�1���’�‹�›�˜�‹�•�Š�œ�•�1�	�›�˜� �•�‘�1���Š�Œ�•�˜�›�1�û���	���ü�ð�1�•�›�˜� �•�‘�1�•�Š�Œ�3
tor Insulin-like type I (IGF-I) and Platelet Derived Growth Factor platelet (PDGF).

4.1. EGF

���Ž�–�‹�Ž�›�œ�1�˜�•�1�•�‘�Ž�1���	���1�•�Š�–�’�•�¢�1�˜�•�1�™�Ž�™�•�’�•�Ž�1�•�›�˜� �•�‘�1�•�Š�Œ�•�˜�›�œ�1�œ�Ž�›�Ÿ�Ž�1�Š�œ�1�Š�•�˜�—�’�œ�•�œ�1�•�˜�›�1���›�‹���1�•�Š�–�’�•�¢�1�›�Ž�3
ceptors. They include EGF, TGF�…, amphiregulin (AR), betacellulin (BTC), heparin-binding
EGF-like growth factor (HB-EGF), epiregulin (EPR), epigen (EPG), and the neuregulins
(NRGs).

���	���1�’�œ�1�Š�1�™�˜�•�¢�™�Ž�™�•�’�•�Ž�1�˜�•�1�[�Y�1�Š�–�’�—�˜�1�Š�Œ�’�•�œ�1�û�\�1�
�•�Š�ü�1�•�‘�Š�•�1�Š�™�™�Ž�Š�›�œ�1�Š�œ�1�Š�1�™�›�˜�•�ž�Œ�•�1�˜�•�1�™�›�˜�•�Ž�˜�•�¢�•�’�Œ�1�™�›�˜�Œ�3
essing of a large protein integral membrane (1207aa). This precursor protein is consisting of
8 domains called EGF-like, of which only one is active. The gene corresponding to this
�•�›�˜� �•�‘�1�•�Š�Œ�•�˜�›�1�’�œ�1�•�˜�Œ�Š�•�Ž�•�1�˜�—�1�Œ�‘�›�˜�–�˜�œ�˜�–�Ž�1�Z�š�X�[�1�Š�—�•�1�œ�•�’�–�ž�•�Š�•�Ž�œ�1�Ž�™�’�•�‘�Ž�•�’�Š�•�1�Œ�Ž�•�•�1�™�›�˜�•�’�•�Ž�›�Š�•�’�˜�—�ð�1�˜�—�3
cogenesis and is involved in wound healing. Its three-dimensional structure is characterized
�‹�¢�1�•�‘�Ž�1�™�›�Ž�œ�Ž�—�Œ�Ž�1�˜�•�1�Œ�˜�–�–�˜�—�1�•�˜�–�Š�’�—�1�•�˜�1�˜�•�‘�Ž�›�1�•�Š�–�’�•�¢�1�•�’�•�Š�—�•�œ�ï�1���‘�’�œ�1�™�›�˜�•�Ž�’�—�1�œ�‘�˜� �œ�1�Š�1�œ�•�›�˜�—�•�1�œ�Ž�3
�š�ž�Ž�—�•�’�Š�•�1�Š�—�•�1�•�ž�—�Œ�•�’�˜�—�Š�•�1�‘�˜�–�˜�•�˜�•�¢�1� �’�•�‘�1���	���…�ð�1� �‘�’�Œ�‘�1�’�œ�1�Š�1�Œ�˜�–�™�Ž�•�’�•�˜�›�1�•�˜�›�1���	���1�›�Ž�Œ�Ž�™�•�˜�›�1�œ�’�•�Ž�œ�ï

Collectively, these agonists regulate the activity of the four ErbB (Erythroblastic Leukemia
Viral Oncogene Homolog) family receptors, each of which appears to make a unique set of
contributions to a complicated signaling network.

���	���1�‹�’�—�•�œ�1�•�˜�1�Š�1�œ�™�Ž�Œ�’�•�’�Œ�1�›�Ž�Œ�Ž�™�•�˜�›�1�˜�—�1�•�‘�Ž�1�œ�ž�›�•�Š�Œ�Ž�1�˜�•�1�›�Ž�œ�™�˜�—�œ�’�Ÿ�Ž�1�Œ�Ž�•�•�œ�1�”�—�˜� �—�1�Š�œ�1���	�����1�û���™�’�•�Ž�›�3
mal growth factor receptor). EGFR is a member of the ErbB family receptors, a subfamily of
four closely related to tyrosine kinase receptors: EGFR (ErbB1), Her2/c-neu (ErbB2), Her3
(ErbB3) and Her4 (ErbB4) (Fig.1�ü�ï�1���‘�Ž�1���	���1�•�Š�–�’�•�¢�1�•�’�•�Š�—�•�œ�1�Ž�¡�‘�’�‹�’�•�œ�1�Š�1�Œ�˜�–�™�•�Ž�¡�1�™�Š�•�•�Ž�›�—�1�˜�•�1�’�—�3
teractions with the four ErbB family receptors; for example, EGFR can bind eight different
EGF family members and Neuregulin 2beta (NRG2�†) binds EGFR, ErbB3 and ErbB4. Given
�•�‘�Š�•�1���›�‹���X�1�•�Š�Œ�”�œ�1�Š�—�1���	���1�•�Š�–�’�•�¢�1�•�’�•�Š�—�•�ð�1���›�‹���Y�1�•�Š�Œ�”�œ�1�”�’�—�Š�œ�Ž�1�Š�Œ�•�’�Ÿ�’�•�¢�ð�1�Š�—�•�1�•�‘�Ž�1�•�˜�ž�›�1���›�‹���1�›�Ž�Œ�Ž�™�3
tor display distinct coupling patterns to different signaling effectors in the affinity of a given
EGF family member as a key determinant of specificity for the ligand [49].

In response to toxic environmental stimuli,  such as ultraviolet irradiation, or to receptor
�˜�Œ�Œ�ž�™�Š�•�’�˜�— �1 �‹�¢ �1 ���	���ð �1 �•�‘�Ž �1 ���	���� �1 �•�˜�›�–�œ�1 �
�˜�–�˜�, �1 �˜�› �1 �
�Ž�•�Ž�›�˜�•�’�–�Ž�›�œ �1 � �’�•�‘ �1 �˜�•�‘�Ž�› �1 �•�Š�–�’�•�¢ �1 �–�Ž�–�3
bers. Binding of EGF to the extracellular domain of EGFR leads to receptor dimerization,
activation  of  the  intrinsic  PTK (Protein  Tyrosine  Kinase),  tyrosine  autophosphorylation,
and recruitment of  various signaling proteins to these autophosphorylation sites located
primarily  in  the  C-terminal  tail  of  the  receptor.  Tyrosine  phosphorylation  of  the  EGFR
leads  to  the  recruitment  of  diverse  signaling  proteins,  including  the  Adaptor  proteins
GRB2 (Growth Factor  Receptor-Bound Protein-2)  and Nck (Nck Adaptor  Protein),  PLC-
�í�‡�ò �1 �û���‘�˜�œ�™�‘�˜�•�’�™�Š�œ�Ž�,���,�‡�ü�ð �1 ���
�� �1 �û���›�Œ�1 �
�˜�–�˜�•�˜�•�¢�,�X �1 ���˜�–�Š�’�—�1 ���˜�—�•�Š�’�—�’�—�• �1 ���›�Š�—�œ�•�˜�›�–�’�—�• �1 ���›�˜�3
�•�Ž�’�—�ü�ð �1 ���������œ �1 �û���’�•�—�Š�• �1 ���›�Š�—�œ�•�ž�Œ�Ž�› �1 �Š�—�• �1 ���Œ�•�’�Ÿ�Š�•�˜�› �1 �˜�• �1 ���›�Š�—�œ�Œ�›�’�™�•�’�˜�—�ü�ð �1 �Š�—�• �1 �œ�Ž�Ÿ�Ž�›�Š�• �1 �˜�•�‘�Ž�›
proteins and molecules (Fig 2).
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tor (PIGF). The biological activity of VEGF is mediated by binding to receptors with tyrosine
kinase activity VEGFR-1 (also known as fms-like tyrosine kinase 1, ftl-1), VEGFR-2 (also
known as kinase-insert domain receptor, KDR) and VEGFR-3 (ftl4).

When VEGF binds to its receptors it causes receptor dimerization, autophosphorylation, and
downstream signaling of different pathways, as v-src sarcoma viral oncogene homolog
�û���›�Œ�ü�ð�1 �™�‘�˜�œ�™�‘�˜�’�—�˜�œ�’�•�˜�•�1 �û�����ü�,�Y�1 �”�’�—�Š�œ�Ž�1 �û�����Y�
�ü�1 �Š�—�•�1 �™�‘�˜�œ�™�‘�˜�•�’�™�Š�œ�Ž�,���1 �‡�1 �û�������‡ ) which activate
proliferation and angiogenesis.

In animal tumor models, VEGF is produced both by tumor cells and also by stromal tissues [4].

VEGF and its receptor are expressed in tumor cells in both small cell lung cancer (SCLC)
�Š�—�•�1�—�˜�—�,�œ�–�Š�•�•�1�Œ�Ž�•�•�1�•�ž�—�•�1�Œ�Š�—�Œ�Ž�›�1�û�����������ü�1�ý�Y�\�ð�Y�]�þ�ï�1���•�1�’�œ�1�’�—�Ÿ�˜�•�Ÿ�Ž�•�1�’�—�1�•�ž�–�˜�›�1�•�›�˜� �•�‘�1�‹�¢�1�—�Ž�˜�Š�—�•�’�˜�3
genesis, lymphangiogenesis and lymph nodal dissemination [ 38]. High levels of VEGF have
been correlated with poor prognosis [ 39]. But there are several questions about the role of
VEGF levels and its various isoforms plays as a potential biomarker, which may be useful in
the use and selection of therapies against it. VEGF levels are elevated in lung cancer patients
when compared to controls [ 40]. There is also a correlation between VEGF levels and the
clinical stage in NSCLC patients [7,10,13,15] and an inverse correlation between the VEGF
serum levels and survival [41]. Low levels of VEGF have shown to be correlated with a good
response to chemotherapy [12]. Moreover, a study showed that low levels of VEGF were
correlated with a good response to anti-EGFR. Furthermore, levels of VEGF in responders
were not significantly different from volunteers, but were different from non-responders
[42]. However, it remains unclear whether the clinical effects of anti-EGFR in patients with
�����������1 �Š�›�Ž�1 �Œ�˜�›�›�Ž�•�Š�•�Ž�•�1 � �’�•�‘�1 �›�Ž�•�ž�Œ�•�’�˜�—�œ�1�’�—�1 �•�‘�Ž�1 �•�Ž�Ÿ�Ž�•�œ�1 �˜�•�1 �Š�—�•�’�˜�•�Ž�—�’�Œ�1 �•�›�˜� �•�‘�1 �•�Š�Œ�•�˜�›�œ�ï�1 ���ž�›�•�‘�Ž�›�3
�–�˜�›�Ž�ð�1 �’�•�1 �’�œ�1 �ž�—�Œ�•�Ž�Š�›�1 � �‘�Ž�•�‘�Ž�›�1 �•�‘�Ž�œ�Ž�1 �•�Š�Œ�•�˜�›�œ�1 �Š�›�Ž�1 �Œ�˜�›�›�Ž�•�Š�•�Ž�•�1 � �’�•�‘�1 �›�Ž�œ�™�˜�—�œ�Ž�1 �•�˜�1 �Š�—�•�’�,���	�����1 �•�›�Ž�Š�•�3
ment, blocking EGFR autophosphorylation [ 43] and the subsequent signal transduction
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giogenesis [44,45�þ�ï�1 ���‘�Ž�1�’�—�‘�’�‹�’�•�’�˜�—�1�˜�•�1 ���	�����1 �‘�Š�œ�1�‹�Ž�Ž�—�1�œ�‘�˜� �—�1�•�˜�1 �›�Ž�•�ž�Œ�Ž�1�™�›�˜�•�ž�Œ�•�’�˜�—�1�˜�•�1 �Š�—�•�’�˜�3
genic growth factors in various types of cancer cells [45,46].

Antiangiogenic drugs have demonstrated efficacy in the treatment of NSCLC in the last
�¢�Ž�Š�›�œ�ï�1���‘�Ž�1�–�˜�›�Ž�1�•�Ž�œ�•�Ž�•�1�Š�—�•�’�Š�—�•�’�˜�•�Ž�—�’�Œ�1�•�›�ž�•�1�’�—�1�•�ž�—�•�1�Œ�Š�—�Œ�Ž�›�1�’�œ�1�‹�Ž�Ÿ�Š�Œ�’�£�ž�–�Š�‹�ð�1�Š�1�–�˜�—�˜�Œ�•�˜�—�Š�•�1�Š�—�3
tibody directed against VEGF, which is the first antiangiogenic approved for treatment of
metastatic NSCLC in combination with chemotherapy. Two phase III studies have assessed
the efficacy of chemotherapy combinations associated with bevacizumab. The AVAiL study
[47] analyzed the combination of cisplatin and gemcitabine with or without bevacizumab in
first line treatment for NSCLC. The primary endpoint was reached, showing a benefit in
progression-free survival in the bevacizumab arm. The second study [48�þ�1�Œ�˜�–�™�Š�›�Ž�•�1�•�‘�Ž�1�Š�•�3
�•�’�•�’�˜�—�1�˜�•�1�‹�Ž�Ÿ�Š�Œ�’�£�ž�–�Š�‹�1� �’�•�‘�1�Œ�Š�›�‹�˜�™�•�Š�•�’�—�1�Š�—�•�1�™�Š�Œ�•�’�•�Š�¡�Ž�•�1�›�Ž�•�’�–�Ž�—�ð�1�Š�’�–�’�—�•�1�•�’�•�•�Ž�›�Ž�—�Œ�Ž�œ�1�’�—�1�˜�Ÿ�Ž�›�3
all survival, progression-free survival and response rate.

These detailed studies further in subsequent chapters, show that bevacizumab is an effective
and safe drug in the treatment of advanced NSCLC.
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4. Pathophysiology and clinical implications of EGF/PDGF/VEG

It is known that other several growth factors regulate developmental processes, among
� �‘�’�Œ�‘�1�Š�›�Ž�1�•�‘�Ž�1���™�’�•�Ž�›�–�Š�•�1�	�›�˜� �•�‘�1���Š�Œ�•�˜�›�1�û���	���ü�ð�1���’�‹�›�˜�‹�•�Š�œ�•�1�	�›�˜� �•�‘�1���Š�Œ�•�˜�›�1�û���	���ü�ð�1�•�›�˜� �•�‘�1�•�Š�Œ�3
tor Insulin-like type I (IGF-I) and Platelet Derived Growth Factor platelet (PDGF).

4.1. EGF

���Ž�–�‹�Ž�›�œ�1�˜�•�1�•�‘�Ž�1���	���1�•�Š�–�’�•�¢�1�˜�•�1�™�Ž�™�•�’�•�Ž�1�•�›�˜� �•�‘�1�•�Š�Œ�•�˜�›�œ�1�œ�Ž�›�Ÿ�Ž�1�Š�œ�1�Š�•�˜�—�’�œ�•�œ�1�•�˜�›�1���›�‹���1�•�Š�–�’�•�¢�1�›�Ž�3
ceptors. They include EGF, TGF�…, amphiregulin (AR), betacellulin (BTC), heparin-binding
EGF-like growth factor (HB-EGF), epiregulin (EPR), epigen (EPG), and the neuregulins
(NRGs).

���	���1�’�œ�1�Š�1�™�˜�•�¢�™�Ž�™�•�’�•�Ž�1�˜�•�1�[�Y�1�Š�–�’�—�˜�1�Š�Œ�’�•�œ�1�û�\�1�
�•�Š�ü�1�•�‘�Š�•�1�Š�™�™�Ž�Š�›�œ�1�Š�œ�1�Š�1�™�›�˜�•�ž�Œ�•�1�˜�•�1�™�›�˜�•�Ž�˜�•�¢�•�’�Œ�1�™�›�˜�Œ�3
essing of a large protein integral membrane (1207aa). This precursor protein is consisting of
8 domains called EGF-like, of which only one is active. The gene corresponding to this
�•�›�˜� �•�‘�1�•�Š�Œ�•�˜�›�1�’�œ�1�•�˜�Œ�Š�•�Ž�•�1�˜�—�1�Œ�‘�›�˜�–�˜�œ�˜�–�Ž�1�Z�š�X�[�1�Š�—�•�1�œ�•�’�–�ž�•�Š�•�Ž�œ�1�Ž�™�’�•�‘�Ž�•�’�Š�•�1�Œ�Ž�•�•�1�™�›�˜�•�’�•�Ž�›�Š�•�’�˜�—�ð�1�˜�—�3
cogenesis and is involved in wound healing. Its three-dimensional structure is characterized
�‹�¢�1�•�‘�Ž�1�™�›�Ž�œ�Ž�—�Œ�Ž�1�˜�•�1�Œ�˜�–�–�˜�—�1�•�˜�–�Š�’�—�1�•�˜�1�˜�•�‘�Ž�›�1�•�Š�–�’�•�¢�1�•�’�•�Š�—�•�œ�ï�1���‘�’�œ�1�™�›�˜�•�Ž�’�—�1�œ�‘�˜� �œ�1�Š�1�œ�•�›�˜�—�•�1�œ�Ž�3
�š�ž�Ž�—�•�’�Š�•�1�Š�—�•�1�•�ž�—�Œ�•�’�˜�—�Š�•�1�‘�˜�–�˜�•�˜�•�¢�1� �’�•�‘�1���	���…�ð�1� �‘�’�Œ�‘�1�’�œ�1�Š�1�Œ�˜�–�™�Ž�•�’�•�˜�›�1�•�˜�›�1���	���1�›�Ž�Œ�Ž�™�•�˜�›�1�œ�’�•�Ž�œ�ï

Collectively, these agonists regulate the activity of the four ErbB (Erythroblastic Leukemia
Viral Oncogene Homolog) family receptors, each of which appears to make a unique set of
contributions to a complicated signaling network.

���	���1�‹�’�—�•�œ�1�•�˜�1�Š�1�œ�™�Ž�Œ�’�•�’�Œ�1�›�Ž�Œ�Ž�™�•�˜�›�1�˜�—�1�•�‘�Ž�1�œ�ž�›�•�Š�Œ�Ž�1�˜�•�1�›�Ž�œ�™�˜�—�œ�’�Ÿ�Ž�1�Œ�Ž�•�•�œ�1�”�—�˜� �—�1�Š�œ�1���	�����1�û���™�’�•�Ž�›�3
mal growth factor receptor). EGFR is a member of the ErbB family receptors, a subfamily of
four closely related to tyrosine kinase receptors: EGFR (ErbB1), Her2/c-neu (ErbB2), Her3
(ErbB3) and Her4 (ErbB4) (Fig.1�ü�ï�1���‘�Ž�1���	���1�•�Š�–�’�•�¢�1�•�’�•�Š�—�•�œ�1�Ž�¡�‘�’�‹�’�•�œ�1�Š�1�Œ�˜�–�™�•�Ž�¡�1�™�Š�•�•�Ž�›�—�1�˜�•�1�’�—�3
teractions with the four ErbB family receptors; for example, EGFR can bind eight different
EGF family members and Neuregulin 2beta (NRG2�†) binds EGFR, ErbB3 and ErbB4. Given
�•�‘�Š�•�1���›�‹���X�1�•�Š�Œ�”�œ�1�Š�—�1���	���1�•�Š�–�’�•�¢�1�•�’�•�Š�—�•�ð�1���›�‹���Y�1�•�Š�Œ�”�œ�1�”�’�—�Š�œ�Ž�1�Š�Œ�•�’�Ÿ�’�•�¢�ð�1�Š�—�•�1�•�‘�Ž�1�•�˜�ž�›�1���›�‹���1�›�Ž�Œ�Ž�™�3
tor display distinct coupling patterns to different signaling effectors in the affinity of a given
EGF family member as a key determinant of specificity for the ligand [49].

In response to toxic environmental stimuli,  such as ultraviolet irradiation, or to receptor
�˜�Œ�Œ�ž�™�Š�•�’�˜�— �1 �‹�¢ �1 ���	���ð �1 �•�‘�Ž �1 ���	���� �1 �•�˜�›�–�œ�1 �
�˜�–�˜�, �1 �˜�› �1 �
�Ž�•�Ž�›�˜�•�’�–�Ž�›�œ �1 � �’�•�‘ �1 �˜�•�‘�Ž�› �1 �•�Š�–�’�•�¢ �1 �–�Ž�–�3
bers. Binding of EGF to the extracellular domain of EGFR leads to receptor dimerization,
activation  of  the  intrinsic  PTK (Protein  Tyrosine  Kinase),  tyrosine  autophosphorylation,
and recruitment of  various signaling proteins to these autophosphorylation sites located
primarily  in  the  C-terminal  tail  of  the  receptor.  Tyrosine  phosphorylation  of  the  EGFR
leads  to  the  recruitment  of  diverse  signaling  proteins,  including  the  Adaptor  proteins
GRB2 (Growth Factor  Receptor-Bound Protein-2)  and Nck (Nck Adaptor  Protein),  PLC-
�í�‡�ò �1 �û���‘�˜�œ�™�‘�˜�•�’�™�Š�œ�Ž�,���,�‡�ü�ð �1 ���
�� �1 �û���›�Œ�1 �
�˜�–�˜�•�˜�•�¢�,�X �1 ���˜�–�Š�’�—�1 ���˜�—�•�Š�’�—�’�—�• �1 ���›�Š�—�œ�•�˜�›�–�’�—�• �1 ���›�˜�3
�•�Ž�’�—�ü�ð �1 ���������œ �1 �û���’�•�—�Š�• �1 ���›�Š�—�œ�•�ž�Œ�Ž�› �1 �Š�—�• �1 ���Œ�•�’�Ÿ�Š�•�˜�› �1 �˜�• �1 ���›�Š�—�œ�Œ�›�’�™�•�’�˜�—�ü�ð �1 �Š�—�• �1 �œ�Ž�Ÿ�Ž�›�Š�• �1 �˜�•�‘�Ž�›
proteins and molecules (Fig 2).
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Figure 1. The binding of specific ligands to the receptor activates EGFR and generates a signal transduction cascade
through its 2-way main PI3K/Akt and Ras / Raf / MAPK eventually stimulate proliferation, cell cycle progression, repair,
angiogenesis and invasion.

Figure 2. Binding specificities of EGF-related peptide growth factors
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���•�•�‘�˜�ž�•�‘ �1 ���	���� �1 �™�•�Š�¢�œ�1 �Š�—�1 �’�–�™�˜�›�•�Š�—�• �1 �›�˜�•�Ž �1 �’�—�1 �–�Š�’�—�•�Š�’�—�’�—�• �1 �—�˜�›�–�Š�• �1 �Œ�Ž�•�• �1 �•�ž�—�Œ�•�’�˜�—�ð �1 �•�Ž�›�Ž�•�ž�•�Š�3
�•�’�˜�—�1�˜�•�1���	�����1�™�Š�•�‘� �Š�¢�1�Œ�˜�—�•�›�’�‹�ž�•�Ž�œ�1�•�˜�1�•�‘�Ž�1�•�Ž�Ÿ�Ž�•�˜�™�–�Ž�—�•�1�˜�•�1�–�Š�•�’�•�—�Š�—�Œ�¢�1�™�›�˜�•�›�Ž�œ�œ�’�˜�—�ð�1�’�—�‘�’�‹�’�3
tion  of  apoptosis,  induction  of  angiogenesis,  promotion  of  tumor-cell  motility  and
metastasis.  Aberrant  regulation of  the activity or  action of  EGFR and other members of
the RTK family have been involved in multiple cancers, including of brain, lung, breast
and ovary. Furthermore, in many tumors EGF-related growth factors are produced either
by the tumor cells themselves or are available from surrounding stromal cells, leading to
constitutive  EGFR  activation.  In  gliomas,  EGFR  amplification  is  often  accompanied  by
structural rearrangements that cause in-frame deletions in the extracellular domain of the
receptor,  the  most  frequent  is  the  EGFRvIII  variant.  Somatic  mutations  in  the  tyrosine-
kinase domain of EGFR were also identified in NSCLC.

When mutated, EGFR tyrosine kinase is constitutively activated, resulting in uncontrolled
proliferation, invasion and metastasis. Expression of EGFR and their ligands, especially
���	���…, by lung cancer cells, indicates the presence of an autocrine (self-stimulatory) growth
�•�Š�Œ�•�˜�›�1�•�˜�˜�™�ï�1���Œ�•�’�Ÿ�Š�•�’�—�•�1���	�����1�–�ž�•�Š�•�’�˜�—�œ�1�Š�›�Ž�1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1�’�—�1�Š�™�™�›�˜�¡�’�–�Š�•�Ž�•�¢�1�W�V�–�1�˜�•�1���˜�›�•�‘�1���–�Ž�›�’�3
can and European populations and 30% to 50% of Asian populations [50�þ�1 �Š�—�•�1 �Š�›�Ž�1 �œ�’�•�—�’�•�’�3
cantly more common in never-smokers (100 or less cigarettes per lifetime) or light former
�œ�–�˜�”�Ž�›�œ�1�û�š�ž�’�•�1�W�1�¢�Ž�Š�›�1�˜�›�1�–�˜�›�Ž�1�Š�•�˜�1�Š�—�•�1�•�Ž�œ�œ�1�•�‘�Š�—�1�•�Ž�—�,�™�Š�Œ�”�1�™�Ž�›�1�¢�Ž�Š�›�1�œ�–�˜�”�’�—�•�1�‘�’�œ�•�˜�›�¢�ü�ï�1���‘�Ž�1�•�Ž�ž�3
cine to arginine substitution at position 858 (L858R) in exon 21 and short in-frame deletions
�’�—�1�Ž�¡�˜�—�1�W�_�1�Š�›�Ž�1�•�‘�Ž�1�–�˜�œ�•�1�Œ�˜�–�–�˜�—�1�–�ž�•�Š�•�’�˜�—�œ�1�œ�Ž�Ž�—�1�’�—�1�Š�•�Ž�—�˜�Œ�Š�›�Œ�’�—�˜�–�Š�œ�1�˜�•�1�•�‘�Ž�1�•�ž�—�•�ï�1���‘�Ž�œ�Ž�1�–�ž�3
tations result in prolonged activation of the receptor and downstream signaling through
phosphorylated Akt, in the absence of ligand stimulation of the extracellular domain. EGFR
mutations are both prognostic for response rate to chemotherapy and survival irrespective
of therapy and are predictive of response to specific inhibitors of the EGFR tyrosine kinase.

4.2. PDGF

Platelet-derived growth factor (PDGF) is a major mitogen for fibroblasts, smooth muscle
cells (SMCs), and glia cells. Originally, was identified as a constituent of whole blood serum
�•�‘�Š�•�1� �Š�œ�1�Š�‹�œ�Ž�—�•�1�’�—�1�Œ�Ž�•�•�,�•�›�Ž�Ž�1�™�•�Š�œ�–�Š�,�•�Ž�›�’�Ÿ�Ž�•�1�œ�Ž�›�ž�–�ð�1�Š�—�•�1� �Š�œ�1�œ�ž�‹�œ�Ž�š�ž�Ž�—�•�•�¢�1�™�ž�›�’�•�’�Ž�•�1�•�›�˜�–�1�‘�ž�3
man platelets [51]. Although the �…-granules of platelets are a major storage site for PDGF,
can be synthesized by a number of different cell types including fibroblasts, muscle, bone /
cartilage, and connective tissue cells.

���‘�Ž�1�œ�¢�—�•�‘�Ž�œ�’�œ�1�’�œ�1�˜�•�•�Ž�—�1�’�—�Œ�›�Ž�Š�œ�Ž�•�1�’�—�1�›�Ž�œ�™�˜�—�œ�Ž�1�•�˜�1�Ž�¡�•�Ž�›�—�Š�•�1�œ�•�’�–�ž�•�’�ð�1�œ�ž�Œ�‘�1�Š�œ�1�Ž�¡�™�˜�œ�ž�›�Ž�1�•�˜�1�•�˜� �1�˜�¡�¢�3
gen tension, thrombin, or stimulation with various growth factors and cytokines [52].

PDGF is a family of cationic homo- and heterodimers of disulphide-bonded polypeptide
chains. In mammals, a total of four different genes encode four PDGF chains (PDGF-A,
PDGF-B, PDGF-C, and PDGF-D), which are assembled in five different isoforms known as:
AA, AB, BB, CC and DD [53]. All members carry a growth factor core domain containing a
conserved set of cysteine residues. The core domain is necessary and sufficient for receptor
binding and activation. Classification into PDGFs is based on receptor binding. It has been
generally assumed that PDGF is selective for their owns receptors.
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Section 2

Inflammation and the Lung









































































































































Chapter 7

Tropical Lung Diseases

Ntumba Jean-Marie Kayembe

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/52371

1. Introduction

���—�•�Ž�Œ�•�’�˜�ž�œ�1�•�’�œ�Ž�Š�œ�Ž�1�›�Ž�œ�ž�•�•�œ�1�•�›�˜�–�1�•�‘�Ž�1�•�’�œ�›�ž�™�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�‹�Š�•�Š�—�Œ�Ž�1�‹�Ž�•� �Ž�Ž�—�1�•�‘�Ž�1�‘�˜�œ�•�1�Š�—�•�1�•�‘�Ž�1�™�Š�•�‘�˜�3
gen. Pathogen influencing factors include virulence, immunoevasion capacities, and drug
�›�Ž�œ�’�œ�•�Š�—�Œ�Ž�1�Š�‹�’�•�’�•�¢�ï�1���Œ�Œ�˜�›�•�’�—�•�1�•�˜�1�•�‘�Ž�1�‘�˜�œ�•�ð�1�•�’�œ�Ž�Š�œ�Ž�1�˜�ž�•�Œ�˜�–�Ž�1�›�Ž�•�Š�¢�1�˜�—�1�–�Š�—�¢�1�•�Š�Œ�•�˜�›�œ�1�œ�ž�Œ�‘�1�Š�œ�ñ�1�’�–�3
munocompetence, comorbidities, terrain (ageing, malnutrition).

The lung epithelium is a large surface exposed to outside aggression. The environment
plays a key role in the onset and development of illness by many factors such as: climate,
social and cultural habits, vegetations, degree of industrial, or domestic pollutions...

Despite this exaggerated exposition, the lung is nevertheless protected through non specific
and/ or specific defense mechanisms (Agostini CV, Chilosi M, Zambello R et al, 1993).

1.1. Non specific defense mechanisms

According to its size, a foreign substance can reach the upper or lower respiratory tract, and
be cleaned via the mucociliary escalator, during coughing or sneezing. Epithelial cells also
secrete many agents such as lysozyme, toxic oxygen radicals, with antimicrobial properties.
The renewal of the epithelium, as for the skin, is an additional protecting property.

Innate  immune recognition  is  a  second protective  mechanism implicating  immune cells
and secreted mediators. Its under the control of cells carrying receptors for recognition of
foreign antigens (PRRs:  pathogen recognition receptors)  such as macrophages,  dendritic
�Œ�Ž�•�•�œ�ð�1�—�Ž�ž�•�›�˜�™�‘�’�•�œ�ð�1�–�Š�œ�•�˜�Œ�¢�•�Ž�œ�ð�1�Ž�™�’�•�‘�Ž�•�’�Š�•�1�Œ�Ž�•�•�œ�ð�1���
�1�Œ�Ž�•�•�œ�ð�1�Š�—�•�1�•�’�‹�›�˜�‹�•�Š�œ�•�œ�1� �‘�’�Œ�‘�1�Œ�Š�—�1�•�’�—�”�1�–�’�3
�Œ�›�˜�‹�’�Š�• �1 �œ�•�›�ž�Œ�•�ž�›�Ž�œ�1 �û�����������ñ �1 �™�Š�•�‘�˜�•�Ž�—�1 �Š�œ�œ�˜�Œ�’�Š�•�Ž�• �1 �–�˜�•�Ž�Œ�ž�•�Š�› �1 �™�Š�•�•�Ž�›�—�œ�ü �1 �•�˜�› �1 �•�ž�›�•�‘�Ž�› �1 �•�Ž�œ�•�›�ž�Œ�3
tion (Ahnen DJ, 1985).
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