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Abstract: Cancer and metastasis are closely associated with inflammation. Macrophages are important
effector cells in enhancing tumor proliferation, invasion and providing protection against the immune
system. Despite advanced knowledge of tumor-macrophage interactions, the role of macrophages in
emergence and invasion of circulating tumor cells (CTCs) is not known. A series of six CTC cell lines have
been derived from blood of patients with extensive disease small cell lung cancer (ED-SCLC) in our lab,
most likely representing a homogenous cell population of the actual metastasis-initiating cells (MIC) of
CTCs. SCLC has an unfavorable prognosis due to rapid dissemination and early chemoresistant relapses.
SCLC CTGCs recruit macrophages and elicit secretion of various cytokines and the six CT'C lines express
chitinase-3-like-1 (CHI3L1), vascular endothelial growth factor (VEGF) and matrix metalloproteinase-9
(MMP9) in abundance. CHI3L1 is cytokine/growth factor expressed in inflammation and cancer and found
to be correlated to metastasis and a dismal prognosis. In conclusion, SCLC CTCs have acquired the essential
means for aggressiveness and invasion in a tumor microenvironment specifically shaped by macrophages and

inflammation.
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Introduction cell spread which involves participation of different normal

cell types in the tumor stroma. Especially, tumor-associated

In most cases, mortality in cancer patients is linked to . .
’ v P macrophages (TAMs) seem to play a key role in activating

metastatic disease (1). Under such circumstances, surgical dissemination and providing protection against the immune

intervention is no more curative and, unfortunately, the system and, possibly, likewise against chemotherapy (3).

metastases may have proceeded to a chemoresistant state Characteristics of TAMs are intensely investigated in

which cannot be controlled in most tumor entities (2). respect to functional polarization, cytokines produced and

Tumor dissemination is a complex process which is often
described as a series of discrete steps comprising activation
of migrating subpopulations of tumor cells, intravasation,
survival in the circulation and extravasation at distal sites to
establish secondary lesions. Clearly, tumor cells prime the

surrounding microenvironment to support progression and
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possible therapeutic targets to switch their protumor role to
the usual antitumor effector function. Tumor dissemination
is initiated by movement of specialized cancer cells into
the circulation or the lymphatic system which are generally
described as circulating tumor cells (CTCs) (4). CTCs
have been recognized for a long time but studies of these
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cells have been hampered by relative scarcity in most
tumor types and heterogenous phenotypes. In particular,
the great majority of CTCs perish in the circulation and
the characteristics of the small subpopulation of actual
metastasis-initiating cells (MICs) among the CTCs are not
known so far (5).

Lung cancer is still the leading cause of cancer-related
death in the world, and there are about 1.5 million newly
diagnosed lung cancer cases each year (6). Small cell lung
cancer (SCLC) accounts for approximately 15% of lung
cancers and represents an aggressive tumor with high numbers
of CTCs which are involved in early dissemination (7).
The unique properties of CTCs of ED-SCLC allowed
us to expand six cell lines from blood samples of patients
with metastatic disease in vitro (BHGc7, 10, 16, 26, 27 and
UHGCcS5) and to study their cell biologic characteristics
and interaction with normal cell populations of the tumor
microenvironment (8). SCLC disseminates rapidly such
representing a suitable tumor model of both cancer spread
and development of general chemoresistance. This review
summarizes the new findings obtained employing the
novel CTC SCLC cell lines and their implications for the
treatment of SCLC which has not been improved for the
last decades (9).

TAMs

Rudolf Virchow found a characteristic link between tumors
and infiltrating leukocytes in 1863 and, subsequently,
it became clear that tumor initiation and progression is
influenced by interactions between tumor and invading
normal cells (10-12). Several stromal cell types become
activated and form a pro-tumorigenic microenvironment.
Hematopoietic cells are recruited to most tumors and
one group, the TAMs, can constitute a large portion of
the tumor mass (13,14). Macrophages produce an array
of cytokines, chemokines, polypeptide growth factors,
hormones, matrix remodeling proteases and metabolites,
many of which possess tumor-promoting and tumor-
protecting activities (15-17). For many solid tumor types,
high densities of cells expressing macrophage-associated
markers have generally been found to associate with poor
clinical outcome (18-20).

In particular, TAMs exhibit tumor-supporting effects in
response to stimulation or education by cytokines in many
solid tumors instead of fighting cancer cells (13,21,22).
TAMs are either tissue resident or derived from peripheral
sources such as monocytes of bone marrow and spleen (23).
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The tumor margin is an active site of immune cell-tumor
interactions where TAMs at the leading edge seem to drive
invasive cellular phenotypes (13). Accumulation of TAMs is
observed in regions of hypoxia in growing tumors and their
recruitment is mediated by an upregulation of macrophage
chemoattractants, including endothelin-2 (ET-2)
and vascular endothelial growth factor (VEGF) (20).
Local conditions in these regions correlate with a switch
in macrophage polarization, neoangiogenesis and the
subsequent acquisition of an invasive phenotype (24,25).
Inhibition of the matrix metalloproteinase-9 (MMP9) in
macrophages blocked the release of VEGF and thereby
inhibited angiogenesis and tumor growth (26).

Furthermore, in breast cancer and glioma, TAMs
facilitated tumor cell invasion through a paracrine signaling
loop that involves tumor-derived colony-stimulating factor
1 (CSF-1) and macrophage-derived epidermal growth
factor (EGF) as wells proteases, such as cysteine cathepsins
(27,28). Tumors and, possibly, CT'Cs educate macrophages
to promote invasion, intravasation as well as survival in
the circulation and durable growth at secondary lesions
(3,29,30). The invasiveness of tumor cells was dramatically
enhanced when they were cocultured with macrophages
or macrophage conditioned medium (31). TAMs can also
be reprogrammed by various pharmacological agents and
TAM-specific inactivation of IKK-B, which disrupts NF-«xB
signaling, resulting in a protumor polarization recovery,
recruitment of natural killer (NK) cells and subsequent
tumor regression in an ovarian cancer model (21). These
findings show that tumor-macrophage interactions
are instrumental in tumor dissemination although the
mechanisms by which TAMs acquire pro-metastatic abilities
have not been fully characterized.

Inflammation and SCLC

SCLC is an aggressive neuroendocrine malignancy
characterized by aggressive growth and early development
of metastases (7,32). This tumor responds initially excellent
to platinum-based chemotherapy in most cases but
invariably relapses rapidly with a dismal prognosis (7,33).
Contrary to increasing 5-year survival rates for other solid
cancers, therapeutic options for SCLC have remained
unchanged for the last decades, with minor improvement
in outcomes (34). The camptothecin topotecan, the single
drug approved for second-line treatment of SCLC, exhibits
low response rates of short duration (35). Despite putative
actionable genetic alterations in half of the SCLC patients
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targeted clinical trials has yielded no progress so far (13,32,36).
SCLCs show inactivation of p53 and retinoblastoma (RB1)
suppressor genes and, therefore, a range of distinct growth
factors result in intense progression (13).

Drug resistance is the most important cause of failure
of SCLC chemotherapy (33,37). Early thoracic irradiation
with concurrent etoposide/cisplatin chemotherapy is state-
of-the-art treatment for limited disease small cell lung
cancer (LD-SCLC) achieving 5-year survival rates of at
least 20% (38,39). In terms of ED-SCLC, a median survival
time of 9-13 months and 2-year survival of 5-20% are
still unsatisfactory (33,40,41). Despite extensive basic and
clinical research over the past 30 years, little progress has
been made in treating SCLC (33,35,42).

Patients with COPD are at increased risk for developing
SCLC, indicating a promotion of mutated malignant
cells by the inflammatory conditions (43,44). COPD is
characterized by an accumulation of airway macrophages
(AMs) which are activated by cigarette smoke and other
irritants to release inflammatory mediators, such as tumor
necrosis factor (TNF-a), IL-8, other CXC chemokines,
monocyte chemoattractant protein-1 (MCP-1), LTB4,
and reactive oxygen species (45). These factors in turn
release chemotactic mediators which recruit additional
inflammatory cells causing chronic inflammation, which
results in airway obstruction and respiratory symptoms.
Destruction of lung parenchyma is effected by proteases
secreted by AMs, such as MMPs and several cathepsins (46).
The lung macrophages found in abundance in COPD
display a mixed phenotype of both M1 and M2 markers (47).
Most of the inflammatory proteins in COPD macrophages
are regulated by NF-«xB which is activated in AMs of
COPD patients (48).

Epidemiological and clinical studies have suggested that
chronic inflammation promotes and aggravates malignancy
(49,50). About 25% of all cancers are etiologically linked
to chronic inflammation and infection (51). Presence of
COPD increases the incidence of lung cancer and lung
cancer death (52). COPD is established as the single
most important risk factor for lung cancer after smoking
exposure (53). The inflammation present in the tumor
microenvironment is characterized by variable leukocyte
infiltration, comprising TAMs, mast cells, dendritic cells,
NK cells, neutrophils, eosinophils and lymphocytes. These
cells produce a variety of cytotoxic mediators such as
reactive oxygen and nitrogen species, proteases, membrane
perforating agents, MMPs, TNFo, interleukins (IL-1, IL-6,
IL-8), interferons (IFNs) and enzymes, as cyclooxygenase-2
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(COX-2), lipooxygenase-5 (LOX-5) and phospholipase A2
(PLA2), which activate or are activated by transcription
factors as NF-xB and STAT3 (54). Accordingly, the use
of anti-inflammatory agents is associated with a reduced
incidence of colorectal, breast, pancreatic, and gastric
cancers (55,56). Thus, chronic inflammation preceding and
associated with SCLC may constitute an important factor
in generation of a large number of CTCs and, possibly,
chemoresistance.

SCLC and CTCs

CTCs are rare events in most tumor types, with a
frequency of approximately one CTC among 1-10 million
mononuclear blood cells (4,57). Therefore, these cancer
cells have to be enriched by various methods for further
analysis. However, SCLC patients can exhibit extreme
numbers of CTCs which have prognostic significance
and correlate with responses to chemotherapy (58-60).
For example, CTCs were identified in 90% (54/60) of
patients at baseline, with CTC reaching numbers of up to
24,281/7.5 mL blood as determined using the CellSearch®
system (61). CTC count was strongly correlated with
the number of organs bearing metastases. A reduction of
CTC count exceeding 89% in response to chemotherapy
was associated with a lower risk of death (HR =0.24; 95%
CI, 0.09-0.61). Similarly, lower numbers of CTCs were
observed for 21 patients with LD-SCLC (median =6;
range, 0-220) compared with 38 patients with ED-SCLC
(median =63; range, 0-14,040) and the absence of CTCs
in 27% of patients was correlated with prolonged survival
(HR =3.4; P<0.001) (62).

The release of CTCs has been designated “shedding”,
indicating a lack of detailed knowledge about this process.
Even small tumors are reported to shed millions of cancer
cells (63). An estimation of the release of CTCs from solid
tumors at a high daily rate of 3.2x10° to 4.1x10° per gram
of tissue is based on a rat tumor model (64). The shedding
of MTW9 rat mammary carcinoma cells comprised about
10% of the tumor weight and resulted in a CTC count
of approximately 20,000 CTCs/mL blood. Clearly this
determination of the release of CTCs reported from an
experimental animal model is not valid for human tumors. A
threshold of 3-5 CTCs/7.5 mL blood has been defined by
the CellSearch® system for breast, prostate and colon cancer
patients with favorable or poor prognosis, respectively,
which seems not compatible with millions of intravasated
cancer cells (65). In cancer patients, half of all CTCs perish
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within 2.4 h, although longer half-lives were reported in
other studies (66,67).

The actual mechanisms of tumor cell shedding are
not known so far. CTCs seem to origin as specialized
cell type, different from the bulk of the tumor cells, from
the margin of the tumors. CTCs leave the particular
microenvironmental milieu characterized by inflammation,
acidosis and hypoxia through the interaction of a host
of participating cell types. Therefore, CTCs are not
expected to represent the bulk of tumor cells and are not
typical of the cell biologic behavior of the main body
of the tumor. Most of the CTCs populations analyzed
exhibit heterogeneity, pointing to release of different cell
populations from distinct regions of the tumor or from
metastatic lesions. Out of all CT'Cs shed by the primary
tumor only about 0.1% survives in the circulation and
less than 0.01% is capable of forming secondary lesions
(57,68,69). This attrition has been attributed to shear stress
and an unfavorable microenvironmental conditions in the
blood. Furthermore, the vast majority of CTCs are likely
to become trapped in various capillary beds. Consistent
with a degradation of CTCs in the periphery, a lot of CTC-
associated materials are detectable in tumor patients.

Multiphoton intravital imaging techniques have been
used to observe macrophage-tumor interactions during
metastatic dissemination in live animals (70). Macrophages
are localized primarily near the tumor margin and decrease
in number toward the center. Local or recruited TAMs
localize to blood vessels, where they seem to help tumor
cells intravasate into the circulation. Since macrophages
seem to promote release of CTCs and invasion, preexisting
inflammation as in COPD may be one of the factors
responsible for the extremely high numbers of CTCs in
SCLC patients. A second type of cancer associated with
high CTC counts is inflammatory breast cancer (IBC).
CTC count among 147 patients with IBC reached 179
and 249 CTCs/7.5 mL blood for patients with stage III
and metastatic IBC, respectively (71). IBC patients with
CTGCs in the peripheral blood had abnormalities in adaptive
immunity that may impact tumor cell dissemination (72).
IBC carcinoma tissues exhibit marked monocytes/
macrophages infiltrates localized around tumor emboli (73).
This influx of macrophages within the IBC tumor
microenvironment correlated with increase in the number
of positive lymph node metastasis and expression of
cathepsins and MMPs. The processes associated with tumor
spread could not be studied in detail as cells determined
to disseminate the tumor, namely CTCs, are scarce in
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blood and could not be kept and expanded in tissue culture
except for one case of a colon CTC line and several breast
cancer CTC lines, established recently (74,75). We have set
up a total of six SCLC CTC lines so far and the first two
permanent CTC lines, namely BHGc7 and 10, were used to
study CTC/macrophage interaction in cocultures (8).

CTC-Macrophage Interaction

For tumor-macrophage interactions the responsible
cytokines and factors are well characterized but the specific
contributions of CTCs has been not known so far. The
first establishment of two permanent CTC lines from
blood samples of advanced stage SCLC patients allowed
us to investigate the CTC-immune cell interaction (8).
Cocultures of peripheral blood mononuclear cells
(PBMNC:s) with CTC lines BHGc7 and 10 or addition of
CTC-conditioned medium iz vitro resulted in monocyte-
macrophage differentiation and appearance of CD14",
CD163"™" and CD68" macrophages expressing markers of
TAMs (76,77). Macrophages recruited by the metastatic
SCLC26A cell line established from a pleural effusion
showed expression of osteopontin (OPN), MCP-1, 1L-8,
chitinase-3-like-1 (CHI3L1), platelet factor (Pf4), IL-1ra,
and MMP-9, among other minor cytokines/chemokines.
In contrast, BHGc7-CM induced marked overexpression
of complement factor D (CFD)/adipsin and vitamin D-BP
(VDBP), as well as increased secretion of OPN, lipocalin-2
(LCN2), CHI3L1, uPAR, MIP-1 and growth differentiation
factor 15 (GDF-15)/MIC-1. BHGc10, derived
independently from relapsed SCLC, revealed an almost
identical pattern with added expression of ENA-78/CXCLS5.
OPN expressed by macrophages has been implicated in
cytokine expression, phagocytosis, migration and tumor
recurrence and MCP-1 expression is a significant indicator
of early relapse (78-83). CHI3L3 was described as typical
marker of M2 macrophages in mice (84). According to our
results, CHI3L1 pseudo-chitinase is the corresponding
counterpart in humans where it constitutes an important
regulator of inflammation, angiogenesis and M2
macrophage differentiation in addition to its expression by
SCLC CTGCs (85,86). Pf4/CXCL4 has been demonstrated
to prevent monocyte apoptosis and to promote macrophage
differentiation from peripheral blood monocytes (87-89).
CFD is essential for alternative pathway activation
and was found to be identical to the adipokine adipsin
which is expressed in monocytes/macrophages (90-92).
VDBP is as precursor of the group-specific component
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protein-derived macrophage-activating factor (GeMAF) (93).
LCN2 plays an important role in promoting cell
migration and invasion in cooperation with MMP-9 (94).
GDF-15/MIC-1 is associated with aberrant growth and a
poor prognosis (95). Macrophage inflammatory proteins
(MIPs) lead to acute neutrophilic inflammation (96).
In conclusion, tumor and CTC-leucocyte interactions
induce monocyte-macrophage differentiation and elicit a
host of mediators which promote further recruitment of
inflammatory cells, stroma breakdown and invasion.

CHI3L1 in inflammation and cancer

CHI3L1/YKL-40 is a secreted 40 kDa glycoprotein that is
up-regulated in several human cancers and other diseases
characterized by chronic inflammation (97). CHI3LI is
expressed by a range of normal cells, including macrophages,
neutrophils, epithelial cells, smooth muscle cells, and
chondrocytes, and its expression is enhanced by a number
of cytokines, including IL13, IL6, IL1B, and IFNy (98,99).
Increased serum levels of CHI3L1 have been associated
with a negative prognosis in nonmalignant diseases such
as inflammation and asthma (99,100). Bronchial epithelial
cells treated with CHI3L1 showed a significant increase of
IL-8 production, which was dependent on MAPK (JNK
and ERK) and NF-«xB pathways activation (101). YKL-40-
induced IL-8 was found to further stimulate proliferation
and migration of BSMCs.

Elevated levels of YKIL.-40 in the circulation were found
in a number of solid tumors including glioblastoma, breast,
colon, lung, prostate, bladder, stomach and endometrial
cancer, esophageal squamous cell carcinoma, liver, pancreas,
head and neck cancer, and others (102). Furthermore,
CHI3LI has an important role in cancer progression, and
high CHI3L1 expression is associated with disease severity
and shorter overall survival in many types of cancers. High
CHI3LI expression was independently associated with poorer
overall survival in both NSCLC and SCLC patients (103).
Serum CHI3L1 levels in 120 SCLC patients were higher
in the group with a poorer response to chemotherapy and
those revealing a shorter survival (104).

Macrophages and the SCLC26A cell line express
CHI3L1, an important regulator which lacks chitinase
enzyme activity (8,86,102). Screening of the cytokines/
chemokines in the six SCLC CTC lines which were
established from distinct ED-SCLC patients (BHGc7,
10, 16, 26, 27 and UHGCcS5) revealed abundant expression
CHI3L1, VEGF and MMP9 in Western blots and
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ELISA tests (manuscript submitted). CHI3L1-positive
tumor cells, exhibiting increased expression of VEGF
and MMP?9, display the combination of characteristics
required to generate metastases as CTCs. A member of
the family of chitinases, chitinase 1 (CHIT1), is both an
immune mediator and a regulator of tissue remodeling in
lung diseases such as COPD (105). Furthermore, CHIT1
promoted the release of IL-8, MCP-1, and MMP-9.
The most prominent cytokine/chemokine detected in
the SCLC CTC supernatants CHI3L1 is also known as
YKL-40 (86). CH3L1 pseudo-chitinase, which exhibits an
inactivated enzymatic site but has retained chitin-binding
activity, functions as regulatory factor of normal cell types,
including macrophages (106). CHI3L1/YKL-40 has been
described as soluble marker of invasive cancers with poor
prognosis for a wide range of malignancies including lung
cancer and, particularly, SCLC. No CHI3L1/YKL-40
mRNA expression was described for the SCLC cancer cells,
whereas YKL-40 expression was present in all tumors in
macrophages localized in the peritumoral stroma (107).
CHI3LI is a downstream product of STAT3 and selected
tumor cells seem to be induced by inflammatory cytokines
secreted by TAMs, most likely in close contact with these
immune effector cells in the peritumoral stromal tissue (86).

CHI3LI production of expanded SCLC CTCs point to
these disseminated tumor cells as source of this protein directly
released into blood (86). Whereas in tumors with counts of
several CTCs/mL their contribution of CHI3L1 may be
negligible, in tumors which can exhibit counts exceeding
several hundred tumor CTCs/mL blood, such as SCLC,
CTCs may be the major source of this cytokine (60,108).
However, determinations of serum CHI3L1 in cancer patients
may be not tumor-specific due to secretion from inflamed
normal tissues. High expression of CHI3L1 in solid tumors,
as indicator of dissemination and poor prognosis, may at least
partially be due to CHI3L1-positive CTCs (109).

The interactions of CHI3L1 with pathways involved in
tumor cell progression, survival and metastasis are subject
of intense research (Figure I) (102). Preclinical studies and
experimental models using glioma cells indicate a role of
CHI3LLI in tumor dissemination and drug resistance (110).
The ability of CHI3L1 to bind heparan sulfates allows
its interaction with cell surface proteoglycan syndecan-1,
resulting in VEGF production and enhanced angiogenesis
in glioblastoma (110). Lung metastasis of melanoma and
breast cancer cells was reduced after blocking ChI3L1
with antibodies or removing its regulator semaphorin
7a in experimental animals (98). Treatment with chitin
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I CHI3L1 receptor(s) ? I

Syndecan-1 & Integrin
FAK — ERK1/2

VEGF - Angiogenesis \

RAGE — S100A9
Activation NFkB
and STAT3

Angiogenesis
VEGF interaction

CHI3L1 (YKL-40)
Cytokine + Growth Factor

CHI3L1- IL-13Ra2
ERK1/2, AKT, Wnt/B-catenin

Tumor Proliferation and Survival
ERK1/2-MAPK/AKT

\ Invasion
CCL2, CXCL2,

IL-8and MMP9

Inhibition by Chitosan
Microparticles

Figure 1 Scheme of the different interacting proteins and functions of CHI3L1. Receptors for CHI3L1 are not known, but interactions
are reported for syndecan-1/integrin B1, RAGE-S100A9 and IL13Ra2 and activated pathways comprise STAT3, NF-kB, ERK1/2, MAPK,

AKT which are involved in angiogenesis, proliferation, survival and invasion.

microparticles inhibited tumor growth and angiogenesis
at primary tumor sites but also reduced metastasis to the
lung (106,111). CHI3L1 was also shown to bind the surface
“Receptor for Advance Glycation End” Product (RAGE)
which supports progression of solid tumors through
promotion cell proliferation, migration and survival (112).
Interaction of CHI3L1 with RAGE stimulates growth of
intestinal epithelial cell (IEC) through STAT?3-, B-catenin-
and NF-«kB-associated signaling pathways. Similarly, the
binding of CHI3L1 to IL13Ro2 results in the activation
of ERK1/2, AKT, and Wnt/B-catenin signaling (113).
Semaphorin 7a appears to activate CHI3L1 via integrin-p1
or decreases its activity via plexin C1 (102). Melanoma lung
metastasis was impaired in the absence of IL13Ra2 (102).
Thus, CHI3L1 seems to represent an important mediator
and regulator of local inflammation in benign and malignant
diseases and important promoter of angiogenesis, invasion
and metastasis expressed in primary tumors, immune cells
and CTCs. The molecular interactions of CHI3L1 are
involved in metastasis and offer new therapeutic targets for
inhibiting tumor dissemination (114).

Mechanisms of chemoresistance in SCLC

SCLC responds well to the first cycles of platinum-based
chemotherapy but relapses appear within approximately
one year and exhibit universal chemoradioresistance (33).
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CTCs are supposed to show cancer stem cell (CSC)-like
characteristics and to belong to the small subpopulation
of cells which survive the initial cycles of chemotherapy
due to increased chemoresistance (115). In contrast to this
expectation, the first two SCLC CTC cell lines proved to be
chemosensitive to cisplatin, etoposide and the second-line
chemotherapeutics topotecan and epirubicin, with exception
of cisplatin and BHGc10 established from a patient
refractory to primary treatment (116). These findings
have been confirmed in the four additional SCLC CTC
lines (BHGc16, 26, 27 and UHGcS5) newly established.
Therefore, the use of CTCs as surrogate markers for the
SCLC bulk tumor is questionable.

All six SCLC CTC cell lines established so far exhibit
spontaneous formation of tumorospheres with diameters
of up to 1-2 mm which provide protection of the cells by
limited access of chemotherapeutics and quiescent and
hypoxic tumor cells (117,118). Tumorospheres exhibit
increased chemoresistance iz vitro to cytotoxic drugs
compared to the corresponding cells in form of single
cell suspensions. This physical mechanism of SCLC
chemoresistance explains the inefficiency of the broad
range of drugs tried due to exclusion of any potential
chemotherapeutic drug to reach the corresponding cellular
target in susceptible cells in sufficient quantities. Whether
multicellular cell aggregates exist in the primary tumors
is not known. However, some SCLC tumor cells have
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survived the initial cycles of chemotherapy by mechanisms
not known so far, possibly under the influence of the
inflammatory environment. For example, TAMs are known
to limit the cytotoxic effects of chemotherapy in preclinical
models of cancer (119).

Inflammation mediators NF-xB and STAT3

Induction and continued secretion of CHI3L1 in normal
cells require sustained activation of NF-xB (120,121). A
range of human cancers have constitutive NF-«B activation
due to the inflammatory microenvironment and oncogenic
mutations (122). Furthermore, the interaction between
NF-kB and STAT3 controls the communication between
cancer cells and inflammatory cells and influences tumor
angiogenesis and invasiveness (123-125). The persistent
activation of STAT3 also mediates tumor-promoting
inflammation (126,127). Coculture with malignant glioma
cells stimulated monocytes to significantly upregulate
expression of IL-10 and TGF-B, as well as of STAT3 (127).
NF-«B in cancer maintains the immunosuppressive
phenotype of TAMs and specific inhibition of NF-
kB signaling in TAMs induces a switch to an antitumor
phenotype and IL-12-dependent NK cell recruitment (128).

In vivo studies demonstrated that macrophages also
mediate chemoresistance by supplying survival factors and/or
activating anti-apoptotic programs in cancer cells.
Co-cultures of mammary carcinoma cell lines and macrophages
revealed macrophage-mediated STAT-3-dependent resistance
to paclitaxel, doxorubicin and etoposide (28). Macrophage
protection of tumor cells is in part dependent on cathepsin
protease activity, specifically cathepsin B and S. Additionally,
TNF-o may mediate chemoprotection, either directly through
NF-«B activation, or indirectly IL-6 expression and STAT?3
activation (129). Chemotherapeutic intervention, such as the
use of cisplatin in SCLC may cause activation of multiple
signal transduction pathways. Phosphorylation of NF-«kB,
mediated by the PI3/AKT signaling, was significantly
enhanced upon cisplatin treatment (130). These studies
point to therapeutic targets of the signaling pathways which
regulate the downstream effector CHI3L1.

Conclusions

During tissue-repair in normal organs, macrophages
promote healing by induction of neoangiogensis,
generation of trophic signals, tissue remodeling and
immunosuppression (3). In tumors, high TAM content is
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generally correlated with poor prognosis and CHI3L1 was
reported to promote macrophage recruitment, polarization
to protumor activity and angiogenesis (108,131,132). A
microenvironment primed by COPD is rich in growth
factors and cytokines that can stimulate proliferation and
survival of the mutated premalignant cells, enabling them to
accumulate further genetic changes as observed in SCLC.
We studied the CTC-induced macrophages in respect to
secreted cytokines/chemokines which are expected to be
involved in promoting invasion of CTCs in SCLC (8).
In general, invasiveness of tumor cells was dramatically
enhanced when they were co-cultured with macrophages
or macrophage-conditioned medium (31). These data
suggest that SCLC CTCs seem to recruit and “educate” a
specific type of macrophages operative in invasion, immune
protection, extravasation and possibly cachexia (Figure 2).
Thus, the well-established role of CTCs has to be extended
to specific effects on monocyte-macrophage differentiation
and specific priming (133,134). Intravasation is a
significant rate limiting step in the metastatic process (69).
Macrophages that interact with tumor cells may help to
elicit a particular “invasion signature” of gene expression
in these tumor cells (13). This co-option of macrophage
functions in CTCs seems to include the important
regulator CHI3L1 which is operational in invasion and
tumor progression, besides VEGF and MMP9. Inhibition
of CHI3L1 or its interacting proteins as well as binding to
chitosan impairs metastasis in experimental animals and
represent a new therapeutic target (102). Since the SCLC
CTC lines proved to be chemosensitive, drug resistance
seems to have been transiently induced in a subpopulation
of the primary tumor cells, possibly under the influence of
the inflammatory environment.

The detailed investigation of TAMs would require
samples of tumor tissue but hardly any cases of SCLC
are resectable. Putative contributions of CTCs at the
site of their formation are not known for any kind of
tumors. Availability of a panel of six SCLC CTC lines
can be employed to extend the study of CTC-stroma
cell interactions and the possible effects of inflammatory
cytokines on cell biology and chemosensitivity of these
cells. These CTC lines from ED-SCLC patients are
highly similar in gene and protein expression as well as in
respect to the release of a panel of cytokines. Therefore,
these CTCs seem to present the actual MICs as selected
in vivo from the initial heterogenous mixture of shedded
tumor cells during relapses. In a putative two-step model
the SCLC cells attract macrophages and polarize them for
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subpopulation of the heterogenous CTCs form tumorospheres (scanning electron microscopy of a BHGc26 tumorosphere inserted), survive

in the circulation and extravasate to form secondary lesions in distal organs, including bone, liver and brain. CTC, circulating tumor cells.

protumor assistance followed in turn by a macrophage-
linked education of a fraction of tumor cells to generate
invasive CTCs. Since we have previously found similar
features of SCLC CTCs associated with other tumors, such
as highly malignant glioblastoma, the findings reported here
may potentially hold true for other malignancies as well (86).
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